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The current study carefully explores the spectroscopic and molecular structural studies of 4-(4,5-dihydro-3-(4-morpholinophenyl)-1H-

pyrazol-5-yl)-N,N-dimethylbenzenamine (DMH). Theoretical calculations were computed at the B3LYP functional and 6-311G(d,p) basis 

set, which was compared with experimental UV-vis and FT-IR investigations. The donor-acceptor interactions of the DMH molecule 

were ascertained using the natural bond orbital (NBO). The mode of vibration was identified using the potential energy distribution (PED). 

An adaptation of the gauge independent atomic orbital (GIAO) method was used to assess the 1H and 13C NMR. The electronic transition 

of the molecule was confirmed using the time-dependent density functional theory (TD-DFT) approach. All the spectral analyses were 

compared theoretically and experimentally to bolster the goal of the findings. The theoretical band gaps were also predicted to be 4.26 

eV, a vast energy gap suggesting the stability of the compound. In order to investigate the active area, the charge distribution and molecular 

electrostatic potential of DMH molecule were also investigated. Furthermore, the molecular docking was performed against three different 

proteins to examine the inhibition rate of the synthesized molecule. 
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INTRODUCTION 

 In pharmaceutical research, morpholine (tetrahydro-1,4-

oxazine) is a well-known heterocyclic compound recognized 

for its favourable pharmacological, physicochemical and meta-

bolic properties, as well as its remarkably straightforward syn-

thesis. Numerous pharmacological effects such as analgesic, 

anti-inflammatory, antioxidant, anti-obesity, antihyperlipidemic, 

antibacterial, anti-neurodegenerative and anticancer activities, 

are exhibited by appropriately substituted morpholines [1-3]. 

Preluding, the first morpholine-containing medication to be 

sold, was first used to treat obesity in 1955 [1]. Two years later, 

a number of strong analgesics that were analogs of morpholine 

were developed. Since then, great strides have been made in 

investigating the entire range of biological roles of compounds 

containing morpholine, resulting in a sizable number of drugs 

that are currently on the market [2,4]. 

 The increase in mortality and indisposition brought on 

by different pathogenic bacteria makes the quest for novel 
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antimicrobial drugs an urgent problem. Multidrug-resistant 

microbial strains are becoming more and more common, 

which is a serious worldwide problem. At least one widely 

used antibiotic is ineffective against about 70% of bacterial 

infections [5]. Developing compounds with antimicrobial 

qualities by adding amino moieties and methoxy groups, 

which can alter their chemical makeup and boost biological 

activity, is one of the intriguing strategy [6]. Furthermore, 

aromatic rings are essential structural components of a large 

number of synthetic medications and physiologically active 

substances [7,8]. In this work, functionalized substituted amine 

compounds such as novel morpholine and piperidine derivatives 

based on 1-chloro-3-methoxy-propylbenzene, are synthesized 

and their antibacterial qualities assessed. 

 The synthesis, molecular docking analysis, anticancer 

efficacy and characterization of morpholine derivatives are 

reported in this work. Another crucial scaffold in the drug 

development is pyrazole, a five-membered heterocyclic mole-

cule containing two nearby nitrogen atoms. Because of their 
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many biological characteristics, pyrazole derivatives are widely 

employed in therapeutics [9-11]. They are the building blocks 

of several drugs used to treat ailments like pain, bacterial 

infections, viral disorders, cancer and inflammation. Pyrazole 

derivatives are employed in producing metal-organic frame-

works, coordination complexes and polymers in addition to 

medicines [12]. These materials have various applications, 

including catalysis, gas storage, sensing and drug delivery 

[13,14].  

 Understanding the electrical characteristics and reactivity 

of pyrazole derivatives now requires theoretical investigations 

employing density functional theory (DFT) and experimental 

assessments. DFT calculations help with the logical design of 

molecules with better biological properties by revealing the 

information about molecular orbitals, electronic band gaps, 

charge distribution and possible interaction locations. The 

goal of this study is to better understand the structure-activity 

correlations of pyrazole derivatives by integrating computa-

tional studies with experimental data. This study aims to explore 

the synthesis, biological evaluation and theoretical calculations 

of pyrazole derivative viz. 4-(4,5-dihydro-3-(4-morpholino-

phenyl)-1H-pyrazol-5-yl)-N,N-dimethylbenzenamine (DMH), 

focusing on their potential as drugs in the biological applica-

tions. 

EXPERIMENTAL 

 Synthesis of 4-(4,5-dihydro-3-(4-morpholino-phenyl)-

1H-pyrazol-5-yl)-N,N-dimethylbenzenamine (DMH): A 

beaker containing 1-(4-morpholinophenyl)ethanone (5 mmol) 

and 4-(dimethylamino)benzaldehyde (5 mmol) were dissolved 

in ice-cold ethanol at 20 ºC followed by the addition of NaOH 

solution (15 mmol) while keeping the temperature constant. 

The reaction was halted with ice-cold water and allowed to 

mature overnight following 6 h of stirring and TLC monitoring. 

To obtain 3-(4-(dimethylamino)phenyl)-1-(4-morpholino-

phenyl)-prop-2-en-1-one (chalcone), the solid product was 

filtered, washed with distilled water and then dried under 

vacuum. In the next step, chalcone (1 mmol) was mixed with 

hydrazine hydrate (3 mmol), NaOH solution and ethanol, 

then stirred at room temperature for 8 h. After TLC confirma-

tion, the reaction was quenched with ice and then the solid 

product was filtered, washed with distilled water and then dried 

in vacuo to obtain 4-(4,5-dihydro-3-(4-morpholinophenyl)-

1H-pyrazol-5-yl)-N,N-dimethylbenzenamine (Scheme-I).  

 Characterization: The UV-Vis spectra were recorded using 

a SpectraMax Plus 384 spectrophotometer (molecular devices). 

The sample was dissolved in methanol, and its absorption 

spectrum was recorded to determine the maximum absorption 

wavelength (max). FT-IR spectra were measured using a Bruker 

FT-IR spectrometer. The sample was mixed with KBr, pressed 

into a pellet and analyzed. A BRUKER AMX-400 spectro-

meter running at 400 MHz for 1H NMR and 100 MHz for 13C 

NMR with CDCl3 as solvent was used to perform the structural 

confirmation using 1H and 13C NMR spectroscopy at 293 K. 

The chemical shifts () were reported in ppm relative to TMS 

as an internal reference and measurements were made using 

5 mm NMR tubes. 

 Computational details: The geometrical parameters for 

the DMH molecule were evaluated by Gaussian 09W software 

with B3LYP/6-311G (d, p) basis set/functional group. Gauss-

View 5.0.1 software designed for stable structure [15,16]. 

The optimized structure also predicted the mode of vibrations 

to ensure the global minima. The nucleophilic and electro-

philic states of the titled molecule were ascertained by using 

molecular electrostatic potential studies. The reactive nature 

was also predicted by the HOMO and LUMO analysis using 

the GaussSum package [17]. Docking studies were conducted 

using Autodock Vina software to evaluate the biological 

activity of the titled molecule [18]. Theoretical UV-Vis spectra 

and FT-IR analysis were also employed and correlated with 

the experimental data. 

RESULTS AND DISCUSSION 

 Structural analysis: Molecular structure determination 

enables the identification of functional sites, charge transfer 

characteristics and electrostatic potential, all of which are 

essential for accurate computational modeling and interaction 

prediction. The lowest energy state of the titled molecule is 

optimized through quantum mechanical calculations using 

the DFT embedded in Gaussian 09W software. The lowest 

energy state of DMH molecule was computed using B3LYP 

functional and basis set of 6-311(d,p) [19]. The results show 
 

 

Scheme-I: Synthesis procedure of 4-(4,5-dihydro-3-(4-morpholinophenyl)-1H-pyrazol-5-yl)-N,N-dimethylbenzenamine (DMH) 
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the energy of the optimized structure at the stable position is 

-40.8 eV and the estimated dipole moment is 3.275 Debye. 

Therefore, energy moves from right to left, i.e. from the morpho-

lino phenyl to dimethylbenzylamine. The optimized structure 

of the molecule is shown in Fig. 1 and the bond-lengths are 

tabulated in Table-1. 

 

TABLE-1 

OPTIMIZED BOND LENGTH (Å) AND BOND ANGLE (º) OF DMH MOLECULE 

Bond length Values (Å) Bond angle Values (º) Bond angle Values (º) 

C1-C2 1.3932 C2-C1-C6 121.0179 H24-C23-H26 107.9891 

C1-C6 1.4028 C2-C1-H7 118.4906 H25-C23-H26 108.2528 

C1-H7 1.0815 C6-C1-H7 120.4855 C15-C28-C29 116.5507 

C2-C3 1.3978 C1-C2-C3 121.6559 C15-C28-N31 113.4166 

C2-H8 1.0841 C1-C2-H8 118.3944 C15-C28-H34 108.7138 

C3-C4 1.4079 C3-C2-H8 119.9415 C29-C28-N31 100.0051 

C3-C30 1.4625 C2-C3-C4 117.2683 C29-C28-H34 107.9188 

C4-C5 1.3804 C2-C3-C30 121.5819 N31-C28-H34 109.8351 

C4-H9 1.083 C4-C3-C30 121.1491 C28-C29-C30 100.6371 

C5-C6 1.412 C3-C4=C5 121.3784 C28-C29-H35 111.1147 

C5-H10 1.0829 C3-C4-H9 118.5549 C28-C29-H36 112.5086 

C6-N41 1.408 C5=C4-H9 120.0611 C30-C29-H35 110.4595 

C11-C12 1.4106 C4=C5-C6 121.4251 C30-C29-H36 114.2057 

C11-C16) 1.3902 C4=C5-H10 118.8127 H35-C29-H36 107.8525 

C11-H17 1.0811 C6-C5-H10 119.7343 C3-C30-C29 125.4369 

C12-C13 1.4127 C1-C6-C5 117.2488 C3-C30-N32 122.4723 

C12-H21 1.3896 AC1-C6-N41 122.5856 C29-C30=N32 112.0005 

C13-C14 1.3877 C5-C6-N41 120.1316 C28--N31-N32 109.2351 

C13-H18 1.0811 C12-C11-C16 120.9276 C28-N31-H33 115.2646 

C14-C15 1.398 C12-C11-H17 120.4819 N32-N31-H33 110.3957 

C14-H19 1.0839 C16-C11-H17 118.5893 C30=N32-N31 109.2744 

C15-C16 1.3953 C11-C12-C13 116.943 C38-C37-N41 109.8509 

C15-C28 1.51 C11-C12-N21 121.5906 C38-C37-H43 108.6314 

C16-H20 1.0863 C13-C12-N21 121.4661 C38-C37-H44 109.2188 

N21-C22 1.4526 C12-C13-C14 121.2411 N41-C37-H43 109.2087 

N21-C23 1.453 C12-C13-H18 120.3271 N41-C37-H44 111.7542 

C22-H27 1.0896 C14-C13-H18 118.4309 H43-C37-H44 108.1091 

C22-H50 1.1008 C13-C14-C15 121.6182 C37-C38-O42 111.8093 

C22-H51 1.0938 C13-C14-H19 119.3713 C37-C38-H45 109.3372 

C23-H24 1.0936 C15-C14-H19 118.9921 C37-C38-H46 110.2678 

C23-H25 1.0896 C14-C15-C16 117.3032 O42-C38-H45 109.9681 

C23-H26 1.1006 C14-C15-C28 121.7757 O42-C38-H46 106.5806 

C28-C29 1.5457 C16-C15-C28 120.9133 H45-C38-H46 108.8083 

C28-N31 1.4821 C11-C16-C15 121.9398 C40-C39-N41 110.1792 

C28-H34 1.1014 C11-C16-H20 118.5884 C40-C39-H48 109.2059 

C29-C30 1.5201 C15-C16,20 119.4703 C40-C39-H49 109.1928 

C29-H35 1.097 C12-N21-C22 119.299 N41-C39-H48 110.4064 

C29-H36 1.0906 C12-N21-C23 119.3069 N41-C39-H49 110.0815 

C30=N32 1.289 C22-N21-C23 117.5522 H48-C39-H49 107.7263 

N31-N32 1.3905 N21-C22-H27 109.015 C39-C40-O42 111.3546 

N31-H33 1.0127 AN21-C22-H50 113.0328 C39-C40-H47 110.401 

C37-C38 1.5269 N21-C22-H51 111.008 C39-C40-H52 109.5888 

C37-N41 1.4602 H27-C22-H50 108.2555 O42-C40-H47 106.569 

C3-H43 1.0921 H27-C22-H51 107.3572 O42-C40-H52 109.968 

C37-H44 1.1037 H50-C22-H51 107.9823 H47-C40-H52 108.8929 

C38-O42 1.42 N21-C23-H24 111.0146 C6-N41-C37 118.3812 

C38-H45 1.1005 N21-C23-H25 109.0072 C6-N41-C39 117.8514 

C38-H46 1.0915 N21-C23-H26 113.0233 C37-N41-C39 111.5829 

C39-C40 1.5242 H24-C23-H25 107.3645 C38-O42-C40 110.456 

C39-N41 1.4689     

C39-H48 1.1029     

C39-H49 1.0893     

C40-O42 1.421     

C40-H47 1.0915     

C40-H52 1.1006     
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 The molecular bond lengths are as follows: C–C is ~1.50 

Å in pyrazole and ~1.39 Å in benzene rings; C–O ranges from 

1.38–1.42 Å; C–H is 1.06–1.09 Å; N–H is ~1.02 Å; C–N is 

~1.43 Å; C=N is ~1.38 Å; and N–N is ~1.12 Å [20-22]. Some 

parts of the target molecule deviate from the original struc-

ture, while other regions stabilize through the uniformity of 

bond lengths between adjacent functional groups. Similarly, 

the C–C, N–H and C–O bond lengths remain consistent through-

out the titled molecule. However, due to the attachment of the 

C=C bond to the nitrogen atom, more significant variations 

up to 0.02 Å are observed at the C12–C13 position. Once 

stabilized through interactions with nearby atoms, the C3–C4 

and C1–C8 bonds likewise exhibit minimal variation, limited 

to about 0.01 Å. On the other hand, C-N shortens with values 

of 0.04 Å at C12-C21 and elongates with a distance of 0.05 

Å at one point (C28-N31). Similarly, N-N elongates itself by 

0.027 Å and accepts the higher values. According to the litera-

ture, it maintains its initial bond lengths in every other mole-

cular region [23].  

 In terms of bond angles, some deviations are observed in 

the optimized structure. Generally, the internal angles of the 

benzene rings remain close to 120º, reflecting their aromatic 

character. However, in certain regions, slight deviations occur 

due to the influence of the surrounding molecular environment. 

In the titled compound, the angles C2–C1–C6 and C1–C2–C3 

deviate by approximately 1.0º to 1.6º, while the C1–C6–C5 

angle contracts to 117º, showing a reduction of about 3º [24]. 

The bond angles within the other rings remain consistent with 

values reported in the literature 

 Experimental FT-IR: A prominent absorption band at 

1598 cm–1, corresponding to C=N stretching, is observed in 

the FT-IR spectrum of the synthesized compound. Aromatic 

and aliphatic C-H stretching are responsible for the absorption 

bands at 2959 cm–1 and 2859 cm–1, respectively. C-O stretching 

is represented by a peak at 1189 cm–1, whereas the peak at 1231 

cm–1 represents the C-N stretching [25]. These characteristic 

vibrational frequencies confirm the successful synthesis of 

the titled compound. The sharp vibrating peaks were observed 

in Fig. 2a. 

 Theoretical FT-IR analysis: Infrared absorption arises 

from changes in the dipole moment of a molecule, indicating 

the presence of specific functional groups. Vibrational analysis 

was employed to identify the corresponding molecular vibra-

tion modes. The theoretical FT-IR spectra were depicted in 

Fig. 2b. The 52-atom DMH molecule exhibits 150 vibrational 

modes, calculated using the non-linear molecule formula 3n-6. 

The molecular symmetry is in good agreement with the refe-

rence data (Table-2), since it belongs to the C1 point group 

[26]. The VEDA software was used to acquire total energy 

distribution (TED) data, which were then used to determine 

the vibrational assignments [27]. 

 CH vibrations: The titled molecule exhibits strong elect-

ronic delocalization, primarily due to the presence of two six-

membered aromatic rings. The dimethylbenzenamine, pyrazole, 

and morpholine rings of the compound exhibit CH vibrations 

around 3071, 3053, 3022, 2989, and 2859 cm–1. Among these 

bands, the sharp peaks at 3071 and 3052 cm–1 correspond to 

the CH stretching vibrations [28]. 

 

Fig. 1. Optimized structure of 4-(4,5-dihydro-3-(4-morpholinophenyl)-1H-pyrazol-5-yl)-N,N-dimethylbenzenamine (DMH) 

 

 

Fig. 2. Theoretical (a) and experimental (b) FT-IR spectra of DMH 
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 TABLE-2 

VIBRATIONAL ASSIGNMENTS OF DMH MOLECULE 

Mode Nos. Unscaled Scaled IRint TED Assignments 

1 3553.9244 3411.767424 10.4534  

2 3206.6808 3078.413568 12.2487  

3 3206.6808 3078.413568 3206.6808  

4 3203.7827 3075.631392 12.677  

5 3199.3391 3071.365536 3199.3391  CH (97) 

6 3180.5112 3053.290752 11.9631  CH (91) 

7 3179.7645 3052.57392 7.7412  

8 3171.8464 3044.972544 20.53  

9 3148.417 3022.48032 18.5629  CH (97) 

10 3122.7449 2997.835104 54.0931  

11 3114.3007 2989.728672 12.9104  CH (97) 

12 3110.6302 2986.204992 2.7996  

13 3097.2423 2973.352608 13.2801  CH (94) 

14 3093.4101 2969.673696 44.4004  CH (30) 

15 3091.3462 2967.692352 43.925  CH (66) 

16 3079.1435 2955.97776 19.8013  CH (96) 

17 3051.2334 2929.184064 42.3263  CH (82) 

18 3048.0636 2926.141056 30.5198  NC (15) 

19 3017.9694 2897.250624 17.0342  CH (76) 

20 2979.0357 2859.874272 125.2732  CH (44) 

21 2973.1988 2854.270848 14.77  CH (49) 

22 2968.4791 2849.739936 127.6917  

23 2960.4904 2842.070784 78.9471  

24 2949.9829 2831.983584 44.6711  

25 2945.6275 2827.8024 86.6551  

26 2934.0791 2816.715936 49.7473  CH (90) 

27 1659.7611 1593.370656 128.2668  

28 1654.7732 1588.582272 136.983  

29 1640.1101 1574.505696 7.8551  NC (62) 

30 1600.362 1536.34752 7.5292  CC (29) 

31 1589.5509 1525.968864 16.4287  

32 1556.971 1494.69216 214.2603  

33 1550.1923 1488.184608 153.3585  HCC (11) 

34 1531.4191 1470.162336 49.8348  HCH (11) 

35 1516.0836 1455.440256 2.8821  HCH (33) 

36 1500.3689 1440.354144 19.2298  HCH (12) 

37 1493.5665 1433.82384 14.5473  HCH (21) 

38 1493.4152 1433.678592 42.0459  HCH (14) 

39 1488.1431 1428.617376 13.0955  HCH (15) 

40 1486.0823 1426.639008 0.6611  HCH (12) 

41 1485.1051 1425.700896 4.7376  CHNH (68) +  CHNH (10) 

42 1483.5331 1424.191776 0.401  

43 1481.2475 1421.9976 2.624  HCH (82) 

44 1464.0152 1405.454592 0.5632  CC (34) 

45 1456.4494 1398.191424 42.9477  CC (43) +  HCH (14) 

46 1446.9426 1389.064896 0.3778  

47 1432.621 1375.31616 2.9955  

48 1422.0381 1365.156576 2.1926  HCOC (60) 

49 1408.9023 1352.546208 62.493  

50 1393.8953 1338.139488 11.4289  

51 1389.3549 1333.780704 1389.3549  HCC (55) 

52 1377.7664 1322.655744 67.3326  

53 1373.1539 1318.227744 209.3844  CHNH (10) +  NC (33) 

54 1369.3767 1314.601632 66.7999  CC (11) +  HCC (10) 

55 1364.165 1309.5984 6.4173  HCNC (11) +  HCOC (11) 

56 1354.6622 1300.475712 1.5903  

57 1342.0296 1288.348416 3.2075  HCC (62) 

58 1333.1762 1279.849152 3.5166  HCO (42) 
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59 1331.2614 1278.010944 19.4806  CCCH (10) +  HCO (20) 

60 1325.054 1272.05184 6.9828  CC (12) 

61 1315.4229 1262.805984 72.1614  CCCH (36) 

62 1287.9183 1236.401568 34.9656  

63 1263.3622 1212.827712 41.8782  CC (18) +  NC (30) 

64 1260.1628 1209.756288 108.3358  HCC (11) +  HCCN (14) 

65 1252.1231 1202.038176 148.3422  NC (12) +  HCN (11) 

66 1239.6208 1190.035968 14.517  

67 1238.2037 1188.675552 35.3709  HCO (33) +  HCN (28) 

68 1215.2232 1166.614272 38.5872  HCC (72) 

69 1208.4416 1160.103936 33.5998  HCC (50) 

70 1194.8061 1147.013856 11.3708  

71 1191.4239 1143.766944 31.1119  CHNH (48) 

72 1183.4413 1136.103648 2.5033  HCCN (19) +  HCC (29) 

73 1150.4429 1104.425184 2.3532  CC (12) +  HCC (38) 

74 1145.7707 1099.939872 3.9541  

75 1142.985 1097.2656 54.922  

76 1138.1084 1092.584064 101.0748  OC (65) 

77 1133.5292 1088.188032 0.8476  

78 1132.3232 1087.030272 25.0678  CCNH (25) +  COCC (21) 

79 1090.3437 1046.729952 2.6095  HCN (11) +  CCNH (19) 

80 1089.3755 1045.80048 16.2076  NN (28) +  CC (12) 

81 1078.6395 1035.49392 23.6837  

82 1074.4057 1031.429472 28.8243  CNN (15) +  NC (12) +  CC (10) 

83 1067.0007 1024.320672 57.2366  

84 1035.405 993.9888 11.9458  CC (26) +  COC (10) 

85 1033.2337 991.904352 24.1669  NN (12) 

86 1024.6669 983.680224 1024.6669  

87 1015.3105 974.69808 16.0342  CCC (61 

88 1005.0585 964.85616 1005.0585  CCCH (45) 

89 989.1744 949.607424 4.0344  CCCH (58) +  HCCN (27) 

90 971.4994 932.639424 0.9867  

91 964.7753 926.184288 15.8065  

92 950.0489 912.046944 27.0573  CH (98) +  HCCN (23) +  HCCC (34) 

93 946.0877 908.244192 25.128  HCCC (12) +  CCCH (46) +  CH (89) 

94 945.3928 907.577088 54.5716  

95 941.673 904.00608 47.3723  

96 933.9135 896.55696 9.3386  

97 876.2845 841.23312 15.9255  CCN (21) +  CC (14) +  NC (15) 

98 870.7365 835.90704 1.8721  

99 862.8482 828.334272 10.9554  CNN (25) +  CC (29) +  CC (11) 

100 862.1479 827.661984 12.3804  CNN (25) +  CC (29) +  CC (11) 

101 846.4335 812.57616 41.22  HCCN (46) +  CCCH (11) 

102 830.7192 797.490432 47.8887  

103 822.6674 789.760704 4.8486  

104 813.8184 781.265664 2.5916  

105 783.6989 752.350944 84.4791  

106 756.464 726.20544 8.7866  CCC (13) 

107 751.3402 721.286592 17.2811  CCCC (18) +  NCCC (16) +  CCCC (12) 

108 743.2342 713.504832 54.8552  CCC (14) +  NCNH (10) 

109 738.3914 708.855744 114.9707  NCNH (16) +  CCCC (15) +  NCCC (12) 

110 666.6606 639.994176 99.654  

111 655.8551 629.620896 15.773  CC (31) 

112 651.9064 625.830144 0.4974  

113 624.7755 599.78448 32.8622  

114 583.2892 559.957632 5.7751  CCC (15) +  CNNC (15) 

115 559.533 537.15168 0.5464  

116 555.4805 533.26128 9.2097  NCCC (23) +  CCCC (18) 

117 551.0736 529.030656 17.2089  NCCC (36) +  CCCC (19) 

118 512.6874 492.179904 9.9644  

119 489.2202 469.651392 7.4489  CCO (10) +  CCN (12) 
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 C=C vibration: The ring membrane often exhibits the 

C=C vibration at 1536, 1405 cm–1, which is consistent with 

the experimental range. A slight constrain in the wavelength 

was due to nearby pyrazole. The theoretical and experimental 

FT-IR spectra shown in Fig. 2a-b exhibit sharp peaks at the 

same positions, indicating that the theoretical results closely 

match the experimental data. 

 UV-Vis spectral analysis: Both the experimental and theo-

retical UV-Vis studies confirm the presence of →* transition 

corresponding to the conjugated carbonyl groups in the mole-

cule. A shoulder peak at 359 nm was due to the presence of 

conjugation between the aromatic ring and the carbonyl group 

[29]. The peak at 300 nm corresponds to the -* of the ligand 

molecule. The experimental and theoretical analyses are in 

good agreement. However, a slight shift was observed in the 

theoretical analysis due to the TD-DFT method. The experime-

ntal and theoretical absorbance peaks are shown in Fig. 3a-b. 

A subtle change in the peak was observed due to the exchange-

correlation function. Further, the energy gap and the chemical 

stability were derived from the FMO studies. The HOMO and 

LUMO values also validated the strong electron-donating char-

acter, which can facilitate →* transitions. The energy gap 

suggests a wider band gap and acts as an electronic appli-

cation and NLO property.  

 1H NMR analysis: The four numbers of the two sets of 

N-CH2 protons of the morpholine ring are responsible for the 

signal that occurred at 3.20-3.32 ppm in the 1H NMR spectrum 

of the titled compound. Similarly, the four numbers of the two 

sets of O-CH2 protons of the morpholine ring are responsible 

for the signal that emerged around 3.85-3.86 ppm. The six 

protons of the two CH3 groups affixed to the nitrogen atom 

of the dimethylamino portion connected to the aromatic ring 

are responsible for the signal detected at 2.89-2.96 ppm. At 

2.89-2.96 ppm, the signals for the pyrazolyl ring’s three 

aliphatic C-H protons are combined and detected [30]. The 

phenyl rings’ aromatic protons were found between 6.73 and 

8.02 ppm (Fig. 4a). 

 13C NMR analysis: The two carbons bonded to the nitrogen 

atom in the morpholine ring are responsible for the signal 

seen at 48.14-48.94 ppm in the 13C NMR spectrum of titled 

compound. The two carbons bonded to the oxygen atom in 

the morpholine ring are also responsible for the signal 

observed at 56.52-56.82 ppm. The carbon signal observed at 

47.34-47.55 ppm is attributed to the two methyl carbons 

bonded to the nitrogen atom of the dimethylamino group 

attached to the aromatic ring [31]. The signal observed at 

46.57 ppm is due to the N-C carbon in the pyrazolyl ring 

whereas the signal observed at 70.16 ppm is due to the N=C 

carbon in the pyrazolyl ring. The signal at 33.84 ppm corres-

ponds to the aliphatic –CH2 carbon within the pyrazolyl ring. 

The two phenyl rings’ aromatic carbons were found between 

113.18 and 130.30 ppm, whereas the aromatic ipso-carbons 

were found between 148.26 and 154.54 ppm [32] (Fig. 4b). 

The 13C NMR data of the synthesized compound provide 

further evidence for the successful formation of the DMH 

compound. 

120 484.2373 464.867808 4.83  HCH (85) +  CCN (11) +  CCC (10) 

121 480.6871 461.459616 2.8724  

122 452.9796 434.860416 2.2345  

123 436.3134 418.860864 2.1991  CCN (12) 

124 427.6053 410.501088 0.9047  

125 424.3284 407.355264 2.5514  CCCC (78) 

126 417.0474 400.365504 1.3659  CCCC (15) 

127 405.8357 389.602272 2.4234  

128 395.4794 379.660224 2.3287  CCCC (17) 

129 373.5635 358.62096 1.9903  NC (66) +  CHNH (10) 

130 316.7411 304.071456 2.4055  

131 289.7111 278.122656 26.1036  

132 274.3825 263.4072 0.4617  HCNC (12) 

133 262.6581 252.151776 10.5536  

134 249.8892 239.893632 0.6772  

135 237.5165 228.01584 8.4475  

136 205.4873 197.267808 1.0651  HCNC (44) 

137 185.6533 178.227168 0.9955  

138 178.3732 171.238272 0.4159  HCNC (15) 

139 157.5039 151.203744 1.7051  CCC (14) +  CCN (13) +  HCNC (11) 

140 133.2942 127.962432 1.4104  NCCC (11) 

141 118.3771 113.642016 5.857  NCCC (40) 

142 96.6738 92.806848 96.6738  

143 81.0173 77.776608 4.0492  CCCN (12) 

144 72.298 69.40608 0.2703  CCNC (59) 

145 67.667 64.96032 1.6266  

146 57.4867 55.187232 3.1436  

147 44.5765 42.79344 0.3362  

148 24.2261 23.257056 0.4378  CCCN (31) +  CCCC (20) +  CCNC (10) 

149 19.3079 18.535584 0.0767  

150 16.1402 15.494592 0.1507  

 



2148 Bavani et al.  Asian J. Chem. 

 

 The nitrogen atom bonded with the two carbons in the 

morpholine ring are responsible for the signal at 48.14-48.94 

ppm in the 13C NMR spectrum of DMH compound [33]. In 

the pyrazolyl ring, the N-C carbon is responsible for the signal 

detected at 46.57 ppm, whereas the N=C carbon is respon-

sible for the signal at 70.16 ppm. The aliphatic -CH2 carbon 

in the pyrazolyl ring is the cause of the signal at 33.84 ppm. 

The aromatic carbons of the two phenyl rings were observed 

between 113.18 and 130.30 ppm, while the aromatic ipso-

carbons appeared in the range of 148.26 to 154.54 ppm. The 
13C NMR data further validates the synthesis of the oxygen 

atom attached with the two carbons atoms in the morpholine 

ring are also responsible for the signal at 56.52-56.82 ppm. 

Another carbon signal observed at 47.34–47.55 ppm is attri-

buted to the two methyl carbons bonded to the nitrogen atom 

in the molecule (Fig. 4b). 

Theoretical NMR analysis 

 1H NMR analysis: The aromatic hydrogen atoms are 

influenced by the anisotropic effect of the aromatic ring 

current, leading to deshielding and resulting in proton signals 

appearing in the 7–8 ppm region of the 1H NMR spectrum. 

This is characteristic of protons located on conjugated aromatic 

systems, such as those found in phenyl and heteroaromatic 

rings. The wide or numerous peaks in the 5-6 ppm range might 

be signs of alkene protons (C=CH) or vinyl. Protons connected 

to heteroatoms are frequently attributed to the chemical changes 

in the 2-4 ppm range [34] (Fig. 5a). The –CH3, –CH2– and –CH 

groups usually belong to the upfield area (2-0 ppm). 

 13C NMR analysis: In aromatic or conjugated systems, 

the downfield (high  value) peaks in the 150-100 ppm range 

most likely belong to sp2 hybridized carbons. The carbonyl 

(C=O) or conjugated carbons, which are significantly deshielded 

by electronegative oxygen, may be represented by the peaks 

at 170-160 ppm. The C=C double bonds of aromatic ring are 

indicated by the peaks at 120-100 ppm (Fig. 5b). The sp2 hybri-

dized carbon atoms bound to electronegative elements like 

nitrogen or oxygen may be responsible for the peaks in the 

60-40 ppm range.  

 

Fig. 3. Experimental (a) and theoretical (b) UV-Vis spectra of DMH 

 

 

Fig. 4. 1H NMR (a) and 13C NMR (b) spectra of DMH 
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Comparative NMR analysis 

 Strong consistency may be shown in aromatic 13C shifts 

(160-100 ppm) and 1H shifts (7-9 ppm). Both spectra show 

the electronegative effects (C-O or C-N in the 70–80 ppm 

area). The presence of anticipated functional groups is confir-

med by the agreement between theoretical and experimental 

results [35]. The structural validity of the synthesized mole-

cule is confirmed by the good alignment of the experimental 

and DFT-calculated NMR spectra. The observed shifts in 

both spectra support the presence of electronegative substi-

tuents, conjugation effects, and aromatic rings. 

 Molecular electrostatic potential (MEP): This study 

also presents the physico-chemical properties of the titled 

molecule, including its electrophilic and nucleophilic charac-

teristics, as well as its potential in drug design modeling. The 

MEP map and contour plot of the titled molecule are shown 

in Fig. 6, whereas the colours red, blue, yellow and green 

represent regions of electron richness, electron deficiency, 

slight electron richness and neutral potential, respectively 

[36]. The MEP colour contour indicates that the positive zone, 

also known as the nucleophilic region, is located over the 

hydrogen atom, while the negative sections are electrophilic 

and primarily include the region of oxygen and nitrogen 

atoms. These observations indicate that the N and O atoms 

correspond to regions of highest electron density, acting as 

centers of electron repulsion, whereas the hydrogen atoms 

exhibit pronounced electron deficiency, reflecting areas of 

strong electrophilic attraction. Furthermore, the electron 

density plot demonstrates a relatively uniform distribution of 

electron density across the entire molecular framework, high-

lighting the overall electronic stability of DMH molecule. 

 HOMO–LUMO reactivity: The HOMO–LUMO energy 

gap is a key parameter indicating the chemical reactivity and 

stability of the molecule [37]. The HOMO and LUMO energies 

of the titled molecule were found to be –5.04 eV and –0.78 

eV, respectively, resulting in a HOMO–LUMO gap of 4.26 

eV, which indicates the moderate chemical reactivity [38] 

(Fig. 7). The electronegativity and the electrophilicity index, 

which accounts for the number of electrons attracted towards  

 
Fig. 6. MEP colour mapping of DMH molecule 

 

 
Fig. 7. HOMO LUMO orbital composition of DMH molecule 

 

the molecule, is 2.91 eV. The chemical hardness and the che-

mical softness of the molecules were calculated and shown in 

Table-3. 

 Electron-hole analysis: The first excited state (S1) denotes 

the shift of one donor to another, indicating the →*. Fig. 8 

suggests strong delocalization over conjugated carbon atoms 

in the benzene structure of the molecule. The second excited 

state (S2) proposes a charge transfer from pyrazole to the 

morpholine ring or the morpholine to the pyrazole ring in a 

vice-versa manner, which results in the molecular excitation. 

State of third excitation (S3) A higher energetic transition is  

 

Fig. 5. Theoretical 13C NMR (a) and 1H NMR (b) spectra of DMH 
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TABLE-3 

HOMO LUMO REACTIVE DESCRIPTOR ANALYSIS 

Parameters Values 

EHOMO (eV) -5.04 

ELOMO (eV) -0.78 

EHOMO – ELOMO gap (eV) -4.26 

Ionization potential (I) 5.04 

Electronegativity () 2.91 

Electron affinity (A) 0.78 

Global hardness () 2.13 

Chemical potential (µ) -2.91 

Electrophilicity index () 1.12584507 

Global softness (S) 0.234741784 

 

probably represented by the electron density’s apparent high 

dispersion. Further delocalization or perhaps a mixed n→ 

and →** excitation involving non-bonding orbitals could 

be indicated by this notation [39]. These electronic transitions 

were predicted through the experimental UV-Vis analysis at 

300 nm. These results suggest the molecule has nonlinear optical 

properties. 

 NLO properties: The dipole, first hyperpolarizability 

and quadrupole were calculated from the theoretical aspects. 

The dipole moment of the titled molecule was determined to 

be 1.1009 D, which shows its vibrational behaviour. The aniso-

tropy and quadrupole values are 266.76 a.u. and 15.38 a.u., 

suggesting a strong optical application. The calculated first 

hyperpolarizability ( = 154.79 a.u.) indicates that the pyrazole 

derivative exhibits a reasonable NLO property compared 

with the standard references [40]. The low dipole moment 

and high first hyperpolarizability make it a promising candi-

date for frequency doubling and optical switching applica-

tions. Further, the pyrazole derivates can be used as a photo-

catalyst and photosensing application.  

 Docking studies: Using molecular docking experiments, 

the ligand-protein interaction was used to assess the titled 

molecule’s drug-likeness. In this study, proteins associated 

with prostate, breast and colon cancers identified by PDB IDs 

6XXO, 5W93 and 2HQ6, respectively were selected as targets 

and retrieved from the Protein Data Bank (PDB) [41-43]. The 

crystal structures of the target proteins, with respective resolu-

tions of 1.5 Å, 1.7 Å and 2.1 Å, were analyzed using AutoDock 

2 for molecular docking with the ligand, while PyMOL ani-

mation software [44] was used to visualize the interactions; 

prior to docking, water molecules were removed, Kollman 

charges were added to stabilize the proteins and the active 

sites were predicted using the grid box approach [45]. 
 Docking with 6XXO: In order to fix its orientation in 
the active site, the ligand forms many hydrogen bonds with 
LEU-370 and VAL-368 after making a strong interaction with 

6XXO. The presence of the pyrazole ring facilitates – stacking 
interactions with key residues, while interactions with ALA-
546, LYS-362 and ARG-548 suggest a favourable fit within 
the binding pocket. The oxygen lone pair of the morpholine 
moiety enables hydrogen bonding and may also participate in 
weak polar interactions. Furthermore, the Ramachandran plot 
(Fig. 9c) confirms the stability of the compound’s conforma-
tion within the active site. 

 Docking with 5W93: As shown in Fig. 9e, the ligand 

forms significant interactions within the active site of 5W93, 

particularly with residues LEU-759, VAL-766, ALA-774, 

and THR-763. The morpholine oxygen and pyrazole nitrogen 

contribute to the ligand’s stability by participating in key 

hydrogen bonding interactions. Although the Ramachandran 

plot indicates fewer hydrogen bonds compared to 6XXO, it 

still reflects a well-adapted and stable binding mode. 

 Docking with 2HQ6: Strong hydrogen bonds are formed 

between the ligand and residues ASP-108 and ALA-102, while 

electrostatic interactions with ARG-56 indicate a charge-based 

attraction that significantly enhances ligand affinity. The dime-

thylbenzenamine moiety appears to help in ligand retention 

within the binding pocket by reinforcing hydrophobic inter-

 

Fig. 8. Electron-hole distribution and electron-hole overlap for three excited states of DMH molecule 
 



Vol. 37, No. 9 (2025)  Pyrazole Containing Morpholine Moiety Compound: Spectroscopy, NLO and Molecular Docking Studies 2151 

 

actions with PRO-82 and ALA-104. Molecular docking results 

suggest that the most favourable binding target for the ligand 

DMH is 6XXO, followed by 5W93 and 2HQ6. The dimethyl-

benzenamine group, morpholine oxygen and pyrazole moiety 

contribute critically to the electrostatic, hydrophobic and 

hydrogen bonding interactions, respectively. Differences in 

binding affinity across the proteins can be attributed to varia-

tions in the shape of the active sites and the nature of residue 

interactions. The docking score and interactions details of 

DMH molecule is shown in Table-4. 

 ELF and LOL analysis: Fig. 10a illustrates the electron 

localization function (ELF) of the molecule, providing insight 

into electron pairing and distribution. High ELF values, repre-

sented by red regions, indicate strong electron localization, 

particularly around the lone pair on the nitrogen atom, highlight-

ting its pronounced non-bonding character. The -electron 

delocalization is observed within the aromatic rings, while 

the oxygen atom in the morpholine ring also exhibits localized 

electron density. Overall, the ELF analysis confirms that 

electron localization is concentrated at electronegative sites 

specifically nitrogen and oxygen atoms, which is consistent 

with the reactivity and interaction potential of the titled mole-

cule [46]. 

 The localized orbital locator (LOL) analysis was used to 

evaluate orbital interactions, revealing strong localization in 

-bonds (C–C, C–N and C–O), particularly within the rigid 

core of the DMH molecule. These regions display moderate 

localization, indicative of electron-rich centers that may faci-

litate non-covalent interactions. Elevated LOL values near 

hydrogen atoms correspond to robust bonding interactions 

with adjacent atoms, especially within the aniline and pyrazo-

line moieties. Together, the ELF and LOL analyses suggest 

that the DMH possesses a well-distributed electronic structure 

characterized by localized electron density at heteroatoms 

and bonding regions, alongside moderate delocalization thro-

ughout the conjugated framework. 

 Reduced density gradient (RDG) analysis: The RDG 

image was generated by the Multiwfn and the VMVD software 

to predict the type of interaction in the molecule [47]. A strong 

attractive interaction was observed around the hydrogen 

bonding detected from the blue region. A weak van der Waals 

interaction is generally observed in the non-bonded atoms in 

 

Fig. 9. (a) 3D Docking image with prostate cancer, (b) 2D interaction, (c) Ramachandran plot, (d) 3D docking image with breast cancer, (e) 

2D interaction, (f) Ramachandran plot, (g) 3D docking image with colon cancer, (h) 2D interaction and (i) Ramachandran plot 

 

TABLE-4 

DOCKING SCORE AND INTERACTION DETAILS OF DMH 

Protein (PDB ID) Type of protein Key interactions Docking score Binding strength 

6XXO Prostate cancer LEU-370, VAL-368, ALA-546, LYS-362, ARG-548 -7.8 Strongest 

5W93 Breast cancer LEU-759, THR-763, PHE-770 -6.8 Moderate 

2HQ6 Colon cancer ASP-108, ALA-102, ARG-56 -6.6 Moderate to weak 
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the rings; in present case, it was observed in the pyrazoline 

and phenyl groups. From Fig. 11a, the steric repulsion was 

observed in the red region near the morpholine oxygen. The 

- stacking interaction over the hydrogen bonding and the 

weak van der Waals forces were confirmed by the scatter plot 

(Fig. 11b). 

 ADME: The physico-chemical properties of DMH mole-

cule were predicted from ADME investigations [48]. With a 

molecular weight of 350.46 g/mol, the chemical formula, 

C21H26N4O, was also confirmed. The structure revealed that 

there were four total rotatable bonds and the topological polar 

surface area (TPSA) was 40.10 Å2 [49]. The drug-likeness of 

the compound meets Lipinski, Ghose and Muegge criteria 

and they show intermediate solubility and high GI absorption. 

Consequently, the molecule has a significant capacity for both 

oral and central nervous system active medicines and shows 

favourable pharmacokinetics with high GI absorption. It was 

discovered that the synthetic accessibility was 3.68, which 

was more potent than other useful medications (Fig. 12). 

Conclusion 

 In summary, the synthesis and spectral characterization 

of 4-(4,5-dihydro-3-(4-morpholinophenyl)-1H-pyrazol-5-yl)-

N,N-dimethylbenzenamine (DMH) were successfully perfor-

med and evaluated using both experimental and quantum 

chemical methods. Theoretical calculations provided insights 

into the bond lengths, bond angles, charge transfer mechanisms 

and electrophilicity, which align well with the experimental 

findings. The FT-IR analysis confirmed the presence of key 

functional groups, while NMR spectroscopy validated the 

structural integrity of the molecule, with chemical shifts 

closely matching theoretical predictions. UV-Vis analysis 

demonstrated strong →* transitions, with an experimental 

absorption peak at 300 nm and a theoretical peak at 319 nm, 

further supporting the electronic properties. HOMO-LUMO 

analysis revealed a band gap of 4.26 eV, indicating significant 

molecular stability and moderate reactivity. Furthermore, the 

molecular docking studies against 6XXO, 5W93 and 2HQ6 

confirmed strong binding affinities, suggesting that the 

ligand exhibits potential inhibitory activity against prostate 

cancer-related proteins. The interaction analysis highlighted 

key hydrogen bonding and hydrophobic interactions that 

reinforce its binding efficiency. These promising results indi-

cate that the synthesized molecule could serve as a biologi-

cally active compound with potential anticancer properties. 

Further, in vitro and in vivo studies will be necessary to vali-

date its therapeutic potential.  

 

Fig. 10. (a) ELF mapping and (b) LOL mapping of DMH molecule 

 

 

Fig. 11. (a) Non-covalent interaction (NCI) plot and (b) reduced density gradient map of DMH molecule 
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