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ABSTRACT

The main objective of the study is to analyze the spectral behaviour and antimicrobial activity of 3-(4 bromophenyl)-1-
methoxy-1-methyl urea by experiment, theoretical spectroscopic, IR, Raman and UV-Vis techniques. The optimized
geometrical parameters were reported on DFT/B3LYP/6-311++G (d, p) basis set of theory. Based on the potential
distribution of energy, the detailed vibrational assignments of observed FT-IR and FT-Raman bands have been proposed.
The distribution of vibrational modes was carried out by using normal coordinate analysis. Antimicrobial activity of BMM
molecule was confirmed using molecular docking analysis. In vitro antimicrobial studies were carried out against the

bacterial strains E. coli and Candida sp.

Keywords: DFT, BMM, NBO, MEP, NLO.

1. INTRODUCTION
The 3-(4
(BMM) belongs to the urea class and is classified in
Herbicide Resistance Action Committee (HRAC) point
group C, and inhibits photosynthesis [1]" Because of its

bromophenyl)— 1 —methoxy— 1 —methyl urea

severe bio-toxicity and probable carcinogenic qualities,
BMM, the phenyl urea herbicide family, attracts special
attention [2]. It is commonly used as a weed killer, to
control unwanted plants. The molecular formula for
BMM is CyH,,BrN,O, and its molecular mass is 259.1 g/
mol. It has an asymmetric top molecule. The concen-
tration of BMM is affected by a variety of conditions,
including rainfall, temperature, and antifungal action [3].
In order to determine the physicochemical qualities
responsible for the molecules stability, a complete
structural study was performed utilizing theoretical and
experimental data.

2. EXPERIMENTAL

2.1. Material and procedure

BMM s a faint beige color powder sample that was
acquired from Sigma Aldrich Chemical Company with a

starting purity of greater than 98 percent was utilized.
The BMM molecule FT-IR spectrum was acquired using a
KBr pellet at room temperature in a PERKIN ELMER
spectrophotometer with a spectral resolution of 1.0 cm’.
The compound FT-Raman spectrum was also recorded in
an Nd: YAG laser using a BRUCKER RFS 27 with 200
Mw and a spectral resolution of 2 cm”. The BMM
molecule FT-IR and FT-Raman spectra were captured in
the 4000-400 cm™' and 4000-100 cm range respectively.
BMM molecule UV-visible absorption spectra was
evaluated using a PERKIN ELMER LAMBDA 950 UV
spectroscope. The antimicrobial activity of BMM
molecule was analyzed by the well diffusion method
against the bacterial strains E.coli and Candida sp.

2.2. Details of the computation

The electronic structural analysis and optimization
geometry of the BMM molecule were accomplished using
the Gaussian'09 software package and the DFT method
with the 6-311++G (d, p) basis set and Becke's three Lee

Yang Parr gradient—corrected correlation functional
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(B3LYP) [4]. The NBO analysis and Frontier molecular functions. The binding energy and intermolecular energy
orbital analysis were completed with the aid of data indicate that the title molecule has chemical and
Gaussian’09 software [5] and visualized with the help of biological activity via inhibiting hydrolysis.

Gauss view software [6]. With the help of Normal

Coordinates Analysis NCA, a complete set of internal 3. RESULTS AND DISCUSSION

coordinates has been understood in order to calculate 3.1. Geometry Optimization

PED for each normal mode [7]. The MOLVIB (7.0) The bond length, bond angle and dihedral angle of the
application was used to assign vibrational assignments to BMM molecule have been calculated using the B3LYP/6-
the BMM molecule using potential energy distribution 311G++ (d, p) level basis set. Two electronegative
(PED) [8]. The B3LYP/6-311++G (d,p) basis set was oxygen atoms, two nitrogen atoms, and one bromine
finished with Global Reactivity Descriptors and Fukui halogen make up BMMs twenty-five atoms.

Table 1: Optimized bond lengths and bond angles of BMM molecule
Bond lengths ~ B3LYP/6-311++(d, p) [A] Expt [A]  Bondangles  B3LYP/6-311++G(d, p)[®]  Expt. ‘)]

C,-C, 1.3895 1.3801 C,-C,-C, 121.0 120.4
C,-C, 1.4023 1.3882  C,-C,-H,, 119.1 119.8
C,-H,, 1.0855 0.9504  C,C, H,, 119.8 119.8
C,-C, 1.3912 1.3792 C,-C,-C, 119.2 119.2
C,H,, 1.0823 0.9501 C,-C,-H,, 120.1 120.4
C,C, 1.3898 1.3804  C,C,H, 120.6 120.4
C,-Br,, 1.9188 1.9032 C,-C,-C, 120.5 1215
C,-C. 1.3932 1.3811  C,-C,-Br, 119.6 118.9
C,-H,, 1.0825 0.9501  C,-C,Br, 119.8 119.6
C.-C, 1.4007 1.3910 C,-C,-C. 120.2 118.9
C,-H,, 1.0791 0.9503  C,-C,-H,, 120.3 120.6
C, N, 1.4069 14110  C.C,H, 119.5 1205
N,-H, 1.0100 0.8802 C,-C.-C, 119.9 1205
N,-C, 1.3719 1.3624  C,C.-H, 120.3 119.8
C,-O, 1.2183 1.2273  C,-C.H,, 119.8 119.7
C, N, 1.4126 1.3732 C,-C,-C. 119.1 119.4
N,,-C,, 1.4608 1.4430 C,-C, N, 117.2 118.1
N, O, 1.4204 1.4101 C..C, N, 123.7 122.6
C,H, 1.0956 0.9791 C,-N,H, 117.1 118.1
C,H, 1.0875 0.9802 C,N,-C, 127.9 123.9
C,-H, 1.0904 0.9793 H,N,-C, 114.7 118.0
0,.C,, 1.4336 14211 N,-C,0,, 125.9 125.1
C,,-H, 1.0933 09792  N,C,N,, 113.9 114.7
C,H, 1.0906 09811 0, C, N, 120.2 120.1
C,,H,, 1.0934 0.9802  C,N,,C, 117.3 121.0
C,N,,-O,, 1141 114.6
C, N, O, 111.3 112.6
N, -C,, H,, 111.4 109.5
N, -C,H, 107.7 109.5
N, -C,, H,. 109.1 1095
H,,C,,H, 109.8 109.4
H,C,H, 109.6 1095
H,,C,,H,. 109.2 109.5
N,,-0,,C,, 109.9 108.6
0,C,,-H,q 110.9 109.5
0,C,,-H,q 105.3 1095
0,,C,,-H,, 110.9 109.5
H,,-C,,H, 110.4 109.4
H,C,,H 109.7 109.4

oo
~
N
1=
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The optimized Molecular geometry of BMM using
Gaussian '09 is presented in Fig 1. The optimized
geometrical parameters were compared to the
experimental value in Table 1 & 2. According to the
DFT approach, the typical C-H and C-C bond lengths in
the phenyl ring are 1.08 Aand 1.39 A respectively. Asa
result of the resonance reaction, the N,-C, (1.37194A)
bond length decreases from its actual value (1.484),
revealing the double bond character [9]. The maximum
bond length was C;-Br,; (1.9188 /o\) and the minimum
bond length was N,-H (1.01 A). The C,-Br,; bond has a
weaker bond and N.,-Hg bond has a stronger bond. As a
result of steric interaction [10], the bond angles C;-C,-
N, (123.68 A) and C.-N,-C, (127.95 A) increase. This
is owing to amide hydrogen repulsion with H,;, with the
non-bond of H,,...H; (2.47574 A). The BMM
molecule's global minimum energy for optimization was
found to be -3183.81 Hartrees. It predicts 427 cartesian
basis functions, 65 alpha electrons, and 65 beta
electrons in the title molecule optimized B3LYP/6-
311G++ (d, p) basis set. The energy of nuclear
repulsion is 1126.12 Hartrees.

In accordance with the dominating double bond
character, the C-O bond is established for the carbonyl
(Cs-0,,=1.22A). The C-O double bond is very
important for the vibrations and analyzes the biological
characters of the molecule. The exo-angle O -C;-H,,
(105.34), N,,-C,,-H,, (107.68) varies significantly
(3.66°, 1.32°) from the expected trigonal angle (109°).
The bond angles N,,-C,,-H,;, H,;-C,,-H,,, H,;-C,,-H,;,
H,,-C,,-H 5, N;-O,,-C,, (109°) shows that they exhibit
the degree of sp2 character. The computed dihedral
angles C,-C;-C-N, (179°), H,,-C;-C,-C, (179°), and
H,,-C,-C,-C, (179°) reveal that the carbon atom is
almost planar with respect to the phenyl ring.

Fig. 1: Optimized molecular structure of BMM
molecule
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Table 2: Optimized dihedral angles of BMM
molecule
Dihedral angles B3LYP/6—3101 Expt. [°]
++G(d, p) []
C.-C,-C,-C; -0.06 0.91
C.C,-C,-H,, -179.99 -179.02
H,,-C,-C,-C, 179.91 -179.11
H,,-C,-C,-H,, -0.03 0.96
C,-C,-C,-C, 0.13 -2.78
C,-C,-C(-N, -179.30 178.90
H,,-C,-C,-C, -179.84 177.24
H,,-C,-C,-N, 0.73 -1.08
C,-C,-C;-C, -0.02 1.47
C1-C2-C3Br,, -179.98 -179.30
H,,-C,-C;-C, 179.92 -178.60
H,,-C,-C;-Br,, -0.04 0.62
C,-C,-C,-C; 0.02 -1.91
C,-C;-C,-H,, -179.89 178.06
Br,.-C;-C,-C; 179.98 178.87
Br,.-C;-C,-H,, 0.07 -1.16
C;-C,-Ci- 0.05 -0.02
C,-C4-C;-H,, -179.52 179.99
H,,-C,-C.-C, 179.96 -179.90
H,,-C,-C,-H,, 0.39 0.02
C,-C.-C.-C, -0.13 2.33
C,-C.-C(-N, 179.27 179.43
H,,-C.-C,-C, 179.45 -177.68
H,,-C.-C(-N, -1.15 0.56
C,-C-N.-H; -0.35 38.46
C,-C,-N.-C, -174.53 141.54
C,-C,-N.-H; -179.75 -139.81
C,-C(-N.-C, 6.06 40.19
C-N,-C,-0O, 2.54 -1.21
C¢-N,-Co-N,, -174.71 -177.56
H,-N.-C,-O,, -171.75 178.79
H,-N,-Co-N, 10.99 2.44
N,-C, N, C,, 14815 157.80
N,-C,N,,-O,, 15.42 17.58
0,,-Cs-N,,-C,, 34.42 25.65
0,0-Cy-N,,-O,, 167.15 165.87
Cy-N,,-C,,-H,, 77.47 66.07
Cy-N,,-C,,-H,, -42.94 -53.90
Cy-N,,-C,,-H,; -161.40 -173.95
0,-N,,-C,,-H , -56.47 -74.04
O,,N,,-C,,-H,, -176.88 165.19
0,-N,,-C,,-H; 64.65 45.14
Cy-N,;-0,,-C,, 124.03 116.65
C,,-N,;-O0,,-C,, -100.47 -99.80
N,,-O0,,-C,;-H,, -61.01 -54.56
N,,-O0,,-C,.-H,, 179.56 174.69
N,,-O,.-C,-H 61.17 65.39
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3.2. Vibrational Assignments

BMM has 25 atoms and it is a nonlinear molecule with
69 (3N-6) degrees of freedom vibrational modes, and
the experimental bands corresponding to the 69
anticipated normal modes have been assigned using
PED. Figs. 2 & 3 show an optical comparison of

experimental and stimulated FT-IR and FT-Raman
spectra. Vibrational assignments of BMM by Normal
Coordinate Analysis based on SQMFF calculations and
definition of local symmetry coordinates are shown in
Tables 3 & 4. The experimental results are well-
matched with the predicted theoretical values.
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Fig. 2: Combined FT-IR (a) Experimental (b) Computational spectrum of BMM molecule
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Fig. 3: Combined FT-Raman (a) Experimental (b) Computational spectrum of BMM molecule
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3.2.1. Methoxy group (O-CH;) and (N-CH;)
vibrations

The methoxy group vibrations play a significant function
in the molecules stability [11]. The nine normal modes
and twisting modes are related to the methoxy group
vibrations. They are asymmetric stretching, symmetric
stretching, in-plane stretching, out-of-plane stretching,
symmetric bending, in-plane bending, out-of-plane
bending, in-plane rocking and out-of-plane rocking [12].
Electronic processes alter the asymmetric and
symmetric stretching modes of the methoxy group
linked to the oxygen atom [13]. The C-H asymmetric
stretching vibration of the O-CH; group occurs at
2970cm™- 2920cm” [14]. The O-CH, asymmetric
stretching mode has been ascribed to the FT-IR medium
bands recorded at 2961cm™(64 % PED) and 2927cm’
'(62 % PED), as well as the FT-Raman strong and very
strong bands observed at 2968cm™(64 % PED) and
2934cm (62 % PED). This theoretical value shows
good agreement with the experimental value. N-CH,
absorbs in the 2805cm™ to 2780cm™ range due to its
methyl symmetric stretch [15]. In this work, FT-IR
weak band occurs at 2819cm’ (66% PED) and FT-
Raman medium band occurs at 2814cm™ (66 % PED).
The weak and medium FT-Raman bands observed at
1491 cm’ (66% PED) and 1439cm'1(83% PED) have
been assigned asymmetric and symmetric bending. The
strong FT-IR band assigned at 1239cm™ (73% PED) and
1189cm'(29% PED). This shows the N-CH, group in-
plane rocking and O-CHj, group in out-of-plane rocking
modes. The presence of hyper conjugate interaction is
suggested by the huge FT-IR and FT-RAMAN wave
number of the rocking mode [16].

3.2.2. C-H Vibrations

In general, the empirical value of C-H stretching
vibration was 3100cm'- 3000cm™ [17]. In the BMM
molecule, the C-H stretching vibration at 3323cm’
"(very strong), 3096cm ' (weak) and 3020cm ' (weak) in
FT-IR bands and 3186cm ™ (very weak), 3069cm™ (very
strong) and 3020cm ' (very strong) in FT-RAMAN bands
were assigned with approximately 98% PED
contribution. Weak bands for the BMM molecule may
be seen in the above region, indicating that the carbon
atoms were coupled to oxygen and nitrogen atoms. In
strong FT-IR band observed at 1516cm™(23% PED)
indicates the C-H symmetric bending vibration mode.
The very strong FT-RAMAN spectrum at 1179cm™ is
attributed to H-C-C bending.

3.2.3. C-C Vibrations

In Benzene, the stretching of C-C vibrations occur in
the region 1200cm”-1650cm™ [18]. FT-RAMAN
spectrum bands are assigned at 16650m'1(str0ng),
1287cm'1(strong) and 1240cm' (very strong) and FT-IR
bands are assigned at 1667cm'1(strong) and 1592cm’
'(medium) respectively. Due to the components of
other atoms, these bands give the ring C-C stretching
vibration with low PED values. In the aforementioned
area, the phenyl group's C-C stretching modes are
expected. The form of replacement around the ring
determines the actual placements of the modes [19].

3.2.4. C-Br Vibrations

The bonds between the ring and the halogen atoms play
a crucial role in the vibrational assignment. Because of
the reduction of molecular symmetry and the presence
of heavy atoms, vibrations might mix. The vibrations
are attributed C-X group (X= Cl, Br and I) in the
frequency range of 1129-480 cm’ [20]. The FT-IR
spectrum band are occurs at 1067cm’ in medium range,
showing the C-Br stretching vibration. FT-RAMAN
spectrum was assigned at 343cm™ in the very strong
band, giving wagging mode and symmetric bending with
low PED value. The FT-RAMAN band observed at
95cm” very weak band, gives the Br-C-C symmetric
bending.

3.2.5. Nitro group & O-C Vibrations

Because of the intra molecule charge transfer process,
aromatic nitro compounds exhibit symmetric and
asymmetric stretching vibrations [21]. The nitro
compound bands are attributed in the region 1570cm -
1485cm™ and 1370cm™-1320cm™ for asymmetric and
symmetric stretching vibrations respectively. In FT-IR
spectrum band is observed at 827cm’’ (very strong) in
symmetric N-O and N-C stretching vibration modes
and C-O in-plane rocking modes. FT-Raman bands are
observed at 120cm’(very strong) and 95cm’(very
weak) for wagging and torsion modes of nitro groups
respectively.

3.2.6. Force constant

The quantum mechanical computational analysis gives
the output file, it is expressed the force constant in
Cartesian coordinates. These force constants were
translated into local symmetry coordinates using the
MOLVIB  software [22]. The potential energy
distribution (PED) among the normal coordinates was

calculated using local symmetry coordinates. Internal
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local symmetry coordinates were used to compute the constants [23]. The frequency of vibration is inversely
stretching force constants and tabulated in Table 4. The proportional to the mass of the molecule and directly
C-C, C-N stretching force constants have higher values, proportional to the force constant. Hence, the heavier
when comparing the C-H, C-Br stretching force molecules vibrate at lower frequencies.

Table 3: Vibrational assignments of BMM by Normal Coordinate Analysis based on SQMFF calculations
Observed Selective scaled B3LYP/6-311G++ (d,p) force

fundamentals /cm™ Calculation Intensity field Assignment with PED (>10%)
l)IR lDR:;\m:;\n lDscal IR RAMAN
3342 vw 3441 78.19 151.3 v, NH(99)
3323vs 3326 6.99 114.6 v, CH(98)
3186 vw 3284 1.51 183.3 v, CH(99)
3096w 3069vs 3282 1.25 121.3 v, CH(98)
3020w 3020vs 3019 1.25 84.3 v, CH(98)
3018 12.22 135.0 v’_CH,(80)+v_CH,(13)
2986 14.65 163.4 v,.CH,(96)
2961m 2968s 2963 27.99 210.6 v,,CH,(64) +v’ ,CH,(20)+ v,CH,(15)
2927m 2934vs 2949 30.50 84.9 v’ CH,;(99)
2887vw 2886 43.06 722.7 v,.CH,(62)+ v.CH,(26)
2819w 2814m 2884 56.49 81.1 v,.CH,(51)+ v,.CH,(33)+ v,.CH,(14)
1688 289.35 900.6 v, OC(66)+ BCNO(10)+ v, NC(10)
1667s 1665s 1621 32.41 3258.2 v, CC(30)
1592m 1588 103.70  51.6 v, CC(19)+ pCN(14)+ v, CC(12)+ v, CC(11)
1546 792.13 982.2 PCN(22)+ v, NC(17)+ v, CN(11)
1516s 1505 80.05 106.7 BHCC(23)+ BHCC(19)+ v, CC(11)
1499 9.29 139.7 OCH,(69)
1489 10.14 99.4 YCH,(37)+ YCH,(37)
1491w 1486 30.38 131.4 OCH,(66)+ pCO(10)
1481 3.04 92.0 YCH,(45)+ YCH,(27)
1439m 1439 11.50 61.4 BCH,(83)
1415 28.15 47.2 BCH,(67)
1399 1406 §7 79 1994 BCH,(15)+ BHCC(15)+ v, CC(14)+ v, CC(12)+
BHCC(11)
1335s 1337 113.17 413.9 BHCC(27)+ BHCC(22)
1314 15.20 612.6 v, NC(25)+ v, CN(24)
1287s 1292 31.37 583.4 v, CC(19)+ v, CC(16)+ pCN (10)
1240vs 1253 78.84 1253.5 v, CC(20) + v, CC(13) + v,CC(11)+ v,CC(10)
1239s 1221 1.36 46.4 pCH,(73)
1189s 1201 3.25 972.1 p'CH,(29)
1179vs 1196 57.36 83.9 BHCC(15)+ BHCC(15)+ PHCC(14)+ BHCC(14)
1185 9.68 117.2 p'CH,(90)
1148 15.82 59.2 pCH,(57)+ v. NC(11)
18 124 8426 20.0 v, CC(18)+ v, CC(18)+ BHCC(14)+ PHCC(13)+
BHCC(12)+ BHCC(11)
1071vs 1089 48.56 398.7 v, NC(41)+ v, NO(14)
1067m 1047 34.85  1256.0 v, CC(27)+ v, CC(25)+ v, CBr(14)
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1029 59.61 97.1 8ring(68)+ v, CC(12)
1005w 1016 25.10 422.2 v, OC(29)+ v, NC(10)+ p'CH, v, NO(21)+ (10)

978w 969 18.34 64.5 v, OC(54)

951 52.94 107.3 oCH(48)+ oCH(33)

883vw 910 0.12 16.7 ®CH(43)+ ©0CH(30)+ Puck(ring)(15)
878s 857 4.15 1211.6 BCNH(19)+ v, CC(18)

827vs 829 38.50 22.6 v. NO(16)+ v, NC(16)+ pCO(15)
824m 826 14.15 128.0 oCH(46)+ oCH(32)

796 23.41 15.3 oCH(48)+ @wCH(27) +®CH(10)

746m 745m 743 36.88 97.1 ®OCN(79)

729 4.73 109.2 Puck(ring)(70)+ @CH(11)

688s 680 13.14 1538.4 Y ring(38)+ v, CBr(11)
651w 655 0.12 470.2 Y.ring(77)
629m 619 45.76 98.0 TCN(29)+ @HNC(24)
602w 602 12.14 166.5 0CH(18)+ pCO(14)+ v,NO(13)+ oHNC(10)
508s 511w 512 16.78 72.8 T ring(36)+ ®NC(33)+ @CH(18)
484 4.90 865.1 pCO(37)+ BNCO(17)
464m 446 28.45 1167.8 OCH(39)+ pCO(20)+ ®ONC(16)
413s 435 0.05 16.2 T,ring(83)
39%4vw 391 27.01 334.1 BNCC(29)+ pCO(21)+ BCNH(15)

373 1.13 217.7 BCNO(34)+ pCO(19)+ v, CBr(10)
343vs 331 19.27 522.9 BCNO(15)+ ®BrC (14)+ BBrCC(11) +BNCC(10)
307vw 319 5.36 693.8 ®CH(29)+ T ring(16)

233 8.63 244.77 ®ONC(34)+ oCH(10)

224 1.08 2251.8 BBrCC(39)+ BCNH(12)+ v,CBr(10)

194 1.08 970.3 TOC(37)+ ®ONC(21)

172 1.16 1050.4 TINC(57)+ TOC(17)

170 0.37 2368.6 TNC(26)+ TOC(22)+ 0ONC(12)
120vs 137 0.68 3156.2 OHNC(21)+ @oBrC(16)+ T ring(16)+ TCN(15)
95y 99 127 9918 5 TNO(27)+ BCNH(13)+ BNCC(11)+ TCN(11)+

BBrCC(10)

87 4.49 768.1 TCN(58)

71 2.70 7183.4 TNO(55)+ TCN(11)

34 0.09 63309.7 TCN(52)+ @HNC(27)

32 0.62 55756.9 TCN(29)+ TCN(18)+ TNO(12)

vs: very strong; s: strong; w: weak; vw: very weak; v.: symmetric stretching; v,: asymmetric stretching; ﬂ: symmetric bending; : in-plane bending;

V.: out-of-plane bending; o: asymmetric bending; p: in-plane rocking; p’: out-of-plane rocking; puck: puckering; @: wagging; T: torsion

3.3. Frontier Molecular Orbital Analysis
as HOMO and

Frontier molecular orbitals,

such

LUMO, are critical in the kinetic stability and chemical
reactivity of any substance [24]. The orbitals at the
molecules outermost surface from where electron
delocalization can occur are referred to as the frontier
[25]. The HOMO and LUMO are more than the
complete molecule excluding two methyl groups. This

indicates the HOMO-LUMO is maximum localized in
the anti bonding type orbitals. The energy values of the
FMO can be used to calculate some motivating
reactivity indices for the compound. The bandgap
energy of the BMM molecule is E;\,=6.2134eV,
E imo=0.8359%ev, Energy gap=5.3775ev. Fig 4 shows
the HOMO and LUMO of BMM molecule.
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Table 4: Definition of local symmetry coordinates

45

No Symbol Definition ; Zi:)er F(();C;yilo;}iil)lt
Stretching

1-6 v, (CC) R,,R,,R,,R,,R. R, 0.91294 0.021

7-10 v, (CH) T Tl 1o 1.05412 0.0764
11 v, (CBr) r, 0.91073 0.1041
12 v, (CN) r 1.05412 0.3385
13 v, (NH) T 0.91294 0.3304
14 v, (NC)) Ty, 1.05412 0.3599
15 v, (NC,) T 1.05412 0.6002
16 v, (NC,) 1o 0.91073 0.3160
17 v. (NO) r, 0.91073 0.4538

18-19 v, (OC) Tt 0.91073 0.7173
20 v.(CH,) (T 1y, +1,) /Y3 0.91173 0.8314
21 v.(CH,) (215515, -T1,)/ N6 0.91173 0.2838
22 v’_(CH,) (r),-1,) /N2 0.91073 1.7350
23 v.(CH,) R RYAE 0.91173 1.5035
24 v.(CH,) (2r,,1,,-1,:)/ N6 0.91173 1.0598
25 v’ (CH,) (r)yThs) /N2 0.91173 3.6595

Bending

26-29 B(HCC) (B26_ Bz7)/\/2,<st‘ Bze)/\/zs (Bao‘ le)/\lz’ (Baz‘ Bas)/\lz 1.00722 1.3450
30 B(NCC) By Bis) /N2 1.04555 0.6930
31 B(BrCC) By B1)/N2 1.02844 1.5155
32 3(ring) (87 843 +8,0-8,,+8,,-8,,)/V6 1.04555 0.8853
33 Y (ring) (2637' 838'839—'_2640'841'642)/\/6 1.04555 2.7749
34 Y,(ring) (044-03910,,-0,,)/2 1.04555 3.3725
35 B(NCO) (2Bus B oo /N6 0.91073 1.8837
36 p(C-0) (Bai- Pis)/ N2 1.04555 2.5151
37 B(CHS) ((X‘4-6+ a4—7+ a48_ B4—9_ BSO_ BS])/\/6 097048 12174
38 (CH,) (20~ O, 0,5)/ V6 0.97048 1.1222
39 Y(CH,) (Ot O/ N2 1.00722 1.0317
40 p(CH,) (2B.o- Bso- P)/ V6 1.02844 1.5987
41 p'(CH,) (Beo- B /N2 1.02844 0.9911
42 B(CHa) (05, + O+ O, Bss' Bss‘ 657)/\/6 0.97048 1.3089
43 8(CH,) 0L, ;- 0.,) /N6 1.00722 2.1123
44 Y(CH,) (O 0,)/ N2 0.97048 3.6871
45 p(CH,) (2B.s- Bse- Po)/ V6 1.02844 2.7879
46 p'(CH,) (Bee- By /N2 1.02844 2.1057
47 B(CNH) (2Bss- Bso- Peo)/ V6 1.04555 2.8918
48 p(C-N) (Bss- Beo)/ V2 0.97048 1.5253
49 B(CNO) B..- Ber- Pes)/ V6 1.02844 1.4305
50 p(C-0) (Beor- Pes) /N2 0.91073 1.3538
51 B(NOC) B.. 1.04555 1.3656
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Wagging
52-55 o(C-H) W5, Wygq, W7, Dy 0.94869 2.3120
56 ®(N-C) O 0.97048 7.0387
57 ®(Br-C) 5, 0.94869 8.8087
58 ©(OCN) o, 0.97048 17.8190
59 ®(HNC) ©,, 0.89628 5.5835
60 ®(ONC) o, 1.06042 5.5736
Torsion
61 Puck(ring) (T Tyst Tog- Tt Tog- Tro)/ V6 1.06042 6.2343
62 T(ring) (Tys- Tym Ty Tpo)/ 2 1.06042 6.2095
63 7,(ring) (T2 T Top- Tyt 2T, Tpo)/ V12 1.06042 6.3620
64 T(CN) (T o Tg, Tyt Toy)/2 0.89628 6.4084
65 T(CN) (Tt T T ot Tey)/ 2 0.89628 6.4740
66 T(CN) (T g H Ty s TogFTo,) /2 1.06042 6.5730
67 T(NO) (ToytTos)/ N2 0.89628 6.6011
68 7(OC) (Toy+Tost To)/ V3 0.89628 6.7584
69 T(NC) (T Togt TooTT00t Ty FT00)/ V6 0.89628 8.2192

HOMO

o
o =0
o

Fig. 4: HOMO -LUMO of the BMM molecule

3.4. Global Reactivity Descriptors

Using Koopmans’s theorem for the BMM molecule,
global reactivity descriptors were calculated, That is,
lonization Energy (I) =-Eyoyo,

Electron Affinity (A) =-E, 0,

Chemical Hardness () = (I-A)/2,

Chemical Potential (1) = - (I+A)/2

Electro negativity (x) = (ItA)/2,

Chemical Softness (1) = 1/ (21),

Electrophilicity index (@) = w/2n[26].

The values of the Electrophilicity index of the BMM
molecule propose the biological activity. The molecules
electrophilic power is a measurement of how much
energy is lost due to maximum electron movement
between donor and acceptor [27]. Chemical hardness is
high, and molecular charge transfer is low. Hard

molecules, on the other hand, have a big energy gap
while soft molecules have a tiny energy gap. As a result,
rigid molecules are less polarizable than softness [28].
Aromatic compounds anticorrosive abilities are based on
their ability to react on metal surfaces when water
molecules are replaced [29]. The place of corrosion can
be linked to EHOMO, after which the donor orbital
interacts with the inhibitors -electrons, resulting in
inhibition efficiency [30]. The bandgap measurements of
BMM molecules demonstrate that they have a high
EHOMO and a low ELUMO. The global reactivity
descriptors values are reported in Table 5. The
corrosion inhibition efficiency, polarizability, kinetic
stability, and chemical reactivity of the BMM molecule
are all high. As a result, it can be employed in both

industrial and pharmaceutical settings.
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Table 5: Global reactivity descriptors values
based on HOMO-LUMO of BMM molecule

lonization energy(I) 6.2134 [eV]
Electron affinity(A) 0.8359 [eV]
Chemical Hardness(1M) 2.6888 [eV]
Electro negativity()) 3.5247 [eV]
Chemical Potential (L) -3.5247 [eV]
Chemical Softness(T) 0.1860 [eV']
Electrophilicity index (®) 2.3102 [eV]

3.5. MEP analysis for Reactivity

MEP refers to a molecule’s overall reactivity towards
similar nucleophiles and electrophiles. It determines the
charge domains of the molecule and predicts its
biological activity. The red portions are more
electronegative, attracting electrophiles, whereas the
blue portions are more electropositive, attracting more
nucleophiles  [31].  The

red<orange<yellow<green<blue [32]. The

general color code s
green
regions are represents the zero potential. The
electrostatic potential is negative in locations where
abundant (O,,, O,, Bry). The

electrostatic potential is positive in areas where

electrons are

electrons are scarce (remaining more molecules). The
binding energy between the receptor and substrate sites
electrostatic potential values can be utilized. Molecular
potential mapped on the isodensity surface in the range
from -0.05048(red) to +0.05048(blue) for calculated at
the B3LYP/6-311++G (d, p) basis set. Fig. 5 shows
MEP diagram of the BMM molecule. The active areas
sites are evidence of the BMM compounds biological
activity and chemical processes, which led to its use in

the field of biochemistry.

Fig. 5: MEP of BMM molecule

3.6. UV Analysis

The Beer-Lambert equation is used to determine the
relationship between absorption and concentration. If
the excitation of the outermost electrons is high, the
absorption is high. UV rays have enough energy to
excite electrons in their outermost states to higher
energy levels [33]. The UV spectral analysis of the BMM
molecule was explored using the TD-DFT/B3LYP/6-
311++G (d, p) level basis set and methanol is used as
the solvent. The TD-DFT method measures the
transition properties of the compound in their higher
states. In a methanol solvent, the computed findings for
vertical excitation energies, oscillator strength (f),
absorption wavelength, and significant contributions
were performed and tabulated (Table 6).

Table 6: Calculated absorption wavelength, energies, Oscillator strengths and major contributions of
BMM using the TD-DFT method in methanol solvent

Band gap .
1 h
NO Energy [eV] Wavelength[nm] Sis:;ll:}t)or Symmetry Major contributions
Theo. Exp. Theo. Exp. gth(f)
_ H-2->LUMO (11%),
1. 4.6805 264.89 0.0191 Singlet-A HOMO->L+1 (79%)
2. 4.8476 255.76 0.0125 Singlet-A HOMO->L+2 (94%)
3. 5.1057 5.1622 243.73 245 0.7015 Singlet-A HOMO->LUMO(85%)
4, 5.5726 222.48 0.0056 Singlet-A HOMO->L+3 (94%)
, H-3->LUMO (22%),
5. 5.7014 217.46 0.0099 Slnglet—A H-1->LUMO (56%)
H-1->LUM 10%), H-1->L+1
6. 5.7897 214.14 0.0039 Singlet-A UMO (10%),

(82%) H-2->LUMO (4%)
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The maximum absorption peak (max) in the UV-Vis
spectrum predicts an electronic transition as a very
strong band at 243 nm with an oscillator strength of
f=0.7015, which is observed at 245 nm and is
designated as T T* transition. The wavelength of
HOMO-LUMO is 269 nm. There is good agreement
when comparing the UV-Vis theoretical and UV-Vis
experimental. Electron delocalization from the HOMO
to LUMO+2 and HOMO to LUMO+3 orbitals
contributed 94 percent and HOMO to LUMO orbitals
contributed 85 percent to electron localization.
Theoretically, these assighnments have been seen.

3.7. NBO Analysis

The NBO analysis is the process of converting multi-
electron wave functions of molecules into single-
centered (lone pair (nl, n2, n3)) and two-centered
(natural bond and antibonding orbitals (BD (1), BD (2),
BD* (1) and BD* (2)) components. It calculates the

intramolecular and intermolecular orbital interactions in

molecules containing filled donor and empty acceptor
NBOs, allowing us to make a quantitative assessment
[34]. Charge transfer from the highest occupied bonding
orbital into an unoccupied antibonding orbital can cause
delocalization effects. The energy lowering interaction
is given by the second-order perturbation [35]. Table 7
shows the results of a second order perturbation theory
study of the fock matrix NBO basis.

The more donating tendency of electron donors have
the greater level of conjugation of the compounds, so
the E (2) value is larger [36]. The B3LYP/6-311++G
(d, p) level NBO analysis was done on the BMM
molecule to explain the delocalization of electron
density within the molecule. The presence of N-C...O
and C-N...O intramolecular contacts between the p-
type lone pair of the n2 (O,)) and the sequestered
0*(N,-C,) and 6*(C,-N,,) anti-bonds is shown by the
hyper conjugative interactions of the p-type lone pair of
the n2 (O,,) with the secluded 6*(N,-C,) and 6*(C,-
N,,) anti-bond.

Table 7: Second order perturbation theory Analysis of Fock Matrix NBO basis

Donor NBO(i) E.D (i)(e¢) Acceptor NBO(j) E.D(j)(e) EY [kcal/mol] E(j)-E(i) [a.u] F(i,j) [a.u]
6 (C,-C,) 1.96752 o* (C, Br,,) 0.03585 5.53 0.80 0.060
(C,C,) 1.70215 T*(C,C,) 0.39467 17.69 0.28 0.064
T(C,C,) 1.70215 TH(C,Cy) 0.38095 19.97 0.29 0.069
T(C,-C,) 1.68799 T*(C,-C,) 0.33677 21.47 0.29 0.071
T(C,C,) 1.68799 TH(C,-C,) 0.38095 16.92 0.29 0.064
6(C,-Cy) 1.96683 6%(C,-Br,,) 0.03585 5.61 0.79 0.060
T(C.C,) 1.62988 T* (C,-C,) 0.33677 19.09 0.28 0.066
T(C.-C,) 1.62988 T*(C,-C,) 0.39467 23.33 0.27 0.072

nl(N) 1.68406 T (C,-C,) 0.38095 34.18 0.30 0.091
nl(N,) 1.68406 6%(Cy-O,,) 0.17866 13.98 0.60 0.085
nl(N,) 1.68406 T (C,-0,) 0.21206 13.30 0.54 0.078
n2(0,) 1.84179 6*(N.-C,) 0.07196 23.32 0.70 0.116
n2(0,) 1.84179 o*(C,N, ) 0.08737 25.70 0.64 0.116
nl(N,,) 1.81486 6%(Cy-0,) 0.17866 7.89 0.66 0.065
nl(N,) 1.81486 % (Cy-0,,) 0.21206 10.49 0.59 0.071
nl(N,,) 1.81486 6%(C,, H,,) 0.01689 5.77 0.71 0.060
n2(0,,) 1.94059 o*(N, Hy) 0.02362 2.19 0.74 0.036
n2(0,,) 1.94059 o*(C, N, ) 0.08737 2.71 0.73 0.040
n2(0,,) 1.94059 o*(N,,-C,,) 0.01670 3.68 0.67 0.045
n2(0,,) 1.94059 o%(C,, H,q) 0.01620 4.66 0.72 0.052
n2(0,) 1.94059 6*(C,,-H,) 0.01639 5.54 0.72 0.057
n2(Br,.) 1.97667 6*(C,-C,) 0.02613 3.26 0.86 0.047
n2(Br,) 1.97667 6%(C,-C,) 0.02617 3.23 0.86 0.047
n3(Br,s) 1.94306 T+ (C,-C,) 0.39467 9.19 0.31 0.052

The resonance of the asymmetric phenyl ring is
amplified by electron donating oxygen atom due to the

lengthening of C-O and N-O bonds. The existence of
C-C...N, C-O...N, and C-O...N intramolecular
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contacts is shown by the lone pair of the nl (N,) with
the remote T* (C,-C,), 6*(C,-O,,) and T* (C,-O,,)
anti-bonds, whose energy contributions are 34.18
kJ/mol, 13.98 k]/mol, and 13.30 kJ/mol, respectively.
The 1 (C,-O,,) NBO will further transfer its electrons
to 6%(C,-O,,) orbital with the higher hyper conjugation
of 318.79 k]/mol. The intramolecular E  interaction
energy is formed by the orbital overlap between 7(C-C)
and T *(C-C) anti-bond orbitals which results in
intramolecular charge transfer ICT causing stabilization
of the system. The T (C,-C,) and T (C;-C,) bonds
transfers to T *(C,-C,), T *(C,-C,) and m* (C,-C,),
T*(C,-C,) anti-bond orbitals with E * interaction energy
17.69 k]J/mol, 19.97 k]/mol and 21.47 k]/mol, 16.92
k] /mol respectively. These interactions are observed as
an increase in electron density ED in C-C anti-bonding
orbital that weakens the respective bonds [37]. The
zero-point vibrational energy is 121.4079%cal/mol in
the molecule. The natural population core is 53.9889
and valence is 75.7072. Natural minimal Basis and
Natural Ryberg Basis are 129.6961 and 0.30389. The
intramolecular charge transfer is one of the causes of the

biological activity of the BMM molecule.

3.8. Fukui function

To illustrate chemical reactivity and selectivity, the
Fukui function is used as the local reactivity descriptor.
It reveals the relative energy site in the molecule [38].
The Fukui functions are derived from the Hirshfeld
partitioning of the electron density of neutral atoms
(N), anionic (N+1), and cationic (N1) species, and
provide more site selectivity and qualitative reactivity
descriptors within the molecule. The condensed form of
Fukui functions such as £°, £, and f for the radical,
nucleophilic, and electrophilic attack on an atom of a
molecule, respectively [39]. It can be expressed as

f]j = 1/2[q (N—l)_q (N+1)] .......... <1a)
fr = [q (N)_q (N+1)] .......... (1b>
=09 ooy Qo] eeeeeeeen (1c)

Table 8 summarizes the calculated Fukui functions as
well as the relative electrophilicity and nucleophilicity
indices. Under this study, the relative electrophilicity
(fr"/fr’) and corresponding nucleophilicity (fr'/fr") are
calculated [40]. This clearly shows the BMM molecule's
more electrophilic attack and biological activity.

Table 8: Condensed Fukui function f for BMM molecule

Natural atomic charges(q)

Fukui functions

Atom

N(0,1) N+I1(-1,2) N-1(1,2) £ £’ /6 f/f
Cl 20.2165 20,2297 20.0335 0.0135  0.1830 _ 0.0983  0.0738 _ 13.5463
C2 20.2132 10.2237 :0.1025 0.0105  0.1107 _ 0.0606 _ 0.0947 __ 10.5640
C3 -0.1207 201453 0.0900 0.0246 _ 0.2107 _ 0.1177 _ 0.1167 __ 8.5702
C4 20,2054 0.2197 0.1010 0.0145 _ 0.1044  0.0594  0.1389 _ 7.1993
Cs 20.2161 -0.2236 10.0331 0.0075 _ 0.1830 _ 0.0953  0.0411 243041
C6 0.1617 0.1561 0.1784 0.0056  0.0168 _ 0.0112 03343 2.9910
N7 20,6220 20,6234 0.1303 0.0014 04917  0.2465 _ 0.0029 _ 348.7376
H3 04121 0.3714 0.2140 0.0407 _ -0.1981 _ -0.0787 _-0.0054 __ -4.8683
9 0.8095 0.8027 0.3825 0.0068 04270  -0.2101 _-0.0159  -62.6026
010 -0.6419 20.6660 20.2915 0.0241 03504 _ 0.1872 _ 0.0687 _ 14.5378
N1 20.2324 -0.2319 0.0189  -0.0006 _ 0.2136 __ 0.1065 _ -0.0026 _ -381.393
ci2 -0.3688 -0.3800 20,1891 0.0112  0.1797 _ 0.095%  0.0620 _ 16.1166
H13 0.1883 0.1517 0.1124 0.0366  -0.0759 _ -0.0197 -0.4822 _ 2.0738
Hi4 0.2341 0.2052 0.1221 0.0289  -0.1120 _ -0.0416 _ 0.2581 _ -3.874I
H15 0.1925 0.1267 0.1099 0.0658  -0.0826 _ -0.008%4 -0.7961 __ -1.256
016 -0.4529 -0.4586 0.2147 0.0057  0.2382 _ 0.1219 _ 0.0238 __ 42.0883
Cl17 -0.1961 10.2387 0.1017 0.0426  0.0944 _ 0.0685 04512 2216l
H18 0.1744 0.0839 0.0886 0.0906 _ -0.0858 _ 0.0024 _ -1.0551 _ -0.9478
H19 0.1873 20.0049 0.1027 0.1922  0.0846  0.0538  2.2718 __ -0.4402
H20 0.1720 0.0455 0.0941 0.1265  -0.0779 _ 0.0243 _ -1.6244 __ -0.6156
H21 0.2217 0.2073 0.1261 0.0144  0.0956 _ -0.0406 _ -0.1507 __ -6.6368
H22 0.2513 0.2476 0.1361 0.0088 _ 0.1152 __-0.0532__0.0760 __ -13.153
H23 0.2038 0.0736 0.1148 0.1302 ___-0.089 _ 0.0206 _-1.4631 __ -0.6835
H24 0.2214 0.1911 0.1261 0.0304 __0.0954 _ -0.0325 _0.3186 __ -3.1392
Br25 0.0559 -0.0120 0.2183 0.0679  0.1625 _ 0.1150 04178 2.3932
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3.9. NLO analysis

The dipole moment during electron delocalization from
HOMO to LUMO orbitals is explained by the
electronic properties of BMM. The charge transfer
between orbitals can explain NLO properties. Organic
materials have been used as optoelectronic devices for
telecommunication, optical data storage, sensor and
solar cell fabrication, and so on in recent decades by
computing the quantum mechanical effect of radiation
on organic molecules [41]. The NLO properties of the
BMM molecule have also been investigated using a

DFT/ B3LYP/6-311++G (d, p) level basis set with the
uptake of dipole moment(lt), polarizability (o), hyper
polarizability (B) and second order hyperpolarizability
(Y) are tabulated in Table 9. This tabulation shows the f3
and W values indicating the industrial application of
NLO material. The calculated first-order hyper-
polarizability of the BMM molecule is 44. 19x10”
e.s.u., which is greater than that of the urea fragment.
Hence it indicates NLO activity. The high polarizability
shows the charge delocalization within the molecule.

Table 9: The values of calculated dipole moment p(D), polarizability (@), first order hyperpolarizability

(B) and second order hyperpolarizability (Y) components of BMM molecules

Parameter B3LYP/6- Parameter B3LYP/6- Parameter B3LYP/6-
311++G(d, p) 311++G(d, p) 311++G(d, p)
I 4.20 B 45.10 Yo -5797.19
I, 3.19 B 17.32 Yo 52.63
i, 0.12 B... -31.04 Yoy 4.23
u[D] 5.28 B.. 23.42 Yo 49.77
o, -83.27 B.. 10.38 Voo -747.80
o, 7.90 B.. 15.28 Voo 69.02
o, -92.15 B. 0.11 Ve -1130.00
o, 1.59 B. -28.51 Vi 4.60
o, 0.89 B. -0.36 y -179.11
0, -98.69 B, 0.16 Yo -9.91
afe.s.u] 91.37x10% B..[e.s.u] 44.19x10% Yeor -1129.09
Yoy 1.44
Y sy 51.98
Yoo -8.65
Yoon -162.32

3.10. Molecular Docking

Molecular docking can be used to study the atomic
interactions between ligands and proteins [42]. The
protein 3D structure was obtained from the Protein
Data Bank of the Research Collaboratory for Structural
Bioinformatics (RCSB). The target proteins PDB IDs are
1UZY, 4MY1, and 5HCG. All water molecules have
been removed, and short chains and polar hydrogen
atoms have been added using Auto Dock 4.2.6, Auto
Grid4.0 software, and the Kollman-Gasteiger atomic
charge estimation scheme [43]. The proteins are then
prepared and saved in PDBQT format. The BMM
molecule is in sdf file format and was obtained from the
Pubchem database. The ligand has been assigned
Kollman-Gasteiger charges, which are saved in the

PDBQT format [44]. Table 10 shows the bonded
residues, bond binding energies, and intermolecular
energies. Non-covalent interactions allow BMM to bind
at the active site of the given proteins. The minimum
binding energy of 5HCG protein is -4.97, indicating
that the compound is stable. As a result, BMM has been
well docked in the sites of 1UZY, 4MY1, and 5HCG.
So BMM may be used in pharmaceutical applications,
particularly as a hydrolyze enzyme inhibitor to treat
cancer and other diseases. Pymol viewer is being used to
visualize the interaction between the proteins and the
ligands (Fig. 6). The maximum binding affinity in
protein 4MY1 was pragmatic, with a binding energy of
6.46 kcal /mol and a hydrogen bond interaction at the
position SER306, GLY364. The BMM compound binds
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to the protein 1UZY with a binding energy of 5.36 of 4.97 kcal/ mol, the protein SHCG forms a hydrogen

kcal/mol and forms hydrogen bonds with the residues bond interaction at position TRP232.
ASP89, GLY107, and ASN133. With a binding affinity

G L>V373 4

Fig. 6: Interaction of 1UZY, 4MY1, 5SHCG with BMM molecule

Table 10: Hydrogen bonding and the molecular docking of BMM with the protein (1UZY, 4MY]1,
S5HCG)

Protein Bond Bond distance Inhibition Binding energy Inter molecular Reference
(PDB ID) residues [A] constant [{im] [kcal /mol] energy [kcal/mol] ~ RMSD [A]
ASP89 3.4
1azy 2.7 117.53 -5.36 -5.96 113.56
GLY107 2.0
ASN133 2.0
SER306 2.2
4MY1 GLY364 )1 18.43 -6.46 -7.06 24.06
2.1
SHCG TRP232 2.9 227.39 -4.97 -5.57 44.03
1.7
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3.11. Antimicrobial activity of BMM

Agar well diffusion method is widely used to
antimicrobial activity of the compound. Muller-Hinton
Agar media plates were swabbed (sterile cotton swabs)
with 8 hour old - broth culture of respective bacteria.
Candida sp. was swabbed on Antimycotic Sensitive
media (AMS media). After inoculums, wells with the
size of 10 mm diameter and about 2 cm a part were
made in each of these plates using sterile cork borer.
Stock solution of each drug extract was prepared at a
concentration of 1 mg/ml in water. About 100 pl of
different concentrations of the given drug solvent
extracts were added into the wells and allowed to
diffuse at room temperature for 2 hrs. The plates were
incubated at 37°C for 24 hrs. After incubation, the
diameter of the inhibition zone (mm) was measured and
the activity index was also calculated. The antimicrobial
activity of the compound is presented in Table 11.

Table 11: Antimicrobial activity of the BMM
compound

Zone of inhibition (mm) at 30pul

Positive Size of
Pathogens Control Inhibition
(mm) (mm)
Candida Sp., 25 22
Escherichia coli 23 20

4. CONCLUSION

In this work, the optimized parameters were
theoretically determined and compared with the
experimental results of the BMM molecule. The
shortening of the C-N bond demonstrates the molecules
resonance  effect.  Using NBO  analysis, the
intramolecular  hyperconjugative interactions (N,-
Cy...0,y and Cy-Ny,...0,)) are responsible for the
molecules stability, which is very important in the
enhancement of the antimicrobial activity of the
compound. The experimental and theoretical
spectroscopic analyses of BMM molecules using FT-IR,
FT-Raman, and UV-Vis are reported in this study, and
the theoretical and experimental values are compared.
NBO analysis was used to calculate the intramolecular
interaction and electron density. The electronic
properties of the BMM molecule, with a HOMO-
LUMO energy gap of 5.3775 eV, indicate antimicrobial
activity. Molecular electrostatic potential ~surface
analysis and Fukui function analysis were used to predict

the active sites for electrophilic and nucleophilic attacks.

It confirms that the area around the oxygen atom has a
high electron density and that the atoms are bound with
positively charged proton. Global Reactivity Descriptors
for a selected atomic site in BMM explains the
antimicrobial activity. The BMM molecule reveals more
biological activity nature due to higher value of
electrophilicity index (©=2.3102).The NLO values
indicate that BMM could be used to create electronic
and opto-electronic devices. The lowest binding energy
of protein 5SHCG are docked with the molecule of BMM
is more effective and shows more antimicrobial activity.
The antimicrobial activity results of the viability assay
have proved that BMM molecule possess excellent
antifungal and antibacterial nature since fungi and
bacteria cannot grow in the media containing BMM
molecule. The lowest concentration of antimicrobial
drug that was sufficient to inhibit microbial growth the
MIC. Thus from above investigations, it can be
concluded the BMM molecule is a good antimicrobial
agent to treat diseases and further work can be
responsible for biological activity.
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