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Density functional study of norfloxacin
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Abstract: The molecule of norfloxacin was investigated with the density functional theory (DFT), and
the molecular geometry was optimized by utilizing B3LYP method at the levels of 6-311+G(d,p). Based
on the optimized geometry, the infrared absorption spectra (IR) and Raman scattering spectra (Ra-
man), the frontier molecular orbital and the net charge distribution were calculated by the means of
quantum mechanics. According to the calculation results of the infrared absorption spectra (IR) and Ra-
man scattering spectra (Raman), characteristic vibrational frequencies of norfloxacin molecule were as-
signed. Based on the calculation results of the highest occupied orbital (HOMO), the lowest unoccupied
molecular orbital (LUMO) and the net charge distribution, the characteristics of the highest occupied
orbital (HOMO), the lowest unoccupied molecular orbital (LUMO) and the potential energy surface
were discussed. Based on the molecular geometry optimized by utilizing B3LYP method at the levels of
6-311+G(2d,p), and applying the theory of GIAO, the nuclear magnetic resonance (NMR) was ob-

tained and the spectral data were analyzed and discussed.
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Fig. 2 Infrared absorption spectra of norfloxacin
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Fig. 3 Raman scattering spectra of norfloxacin
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Tab.1 Assignments of characteristic group frequencies for norfloxacin
=2 Mi# (em™ 1) P 75 BF (em™ 1) PR B
1 613 (636) WR 168 P12 T 14 1234 (1268) C7-F22 fi 4
2 639 (660) C7-F22 {45 15 1349 (1389) 021-C17-020 i N 25 Hh
3 694 (703) W DA A I % 16 1445 M Dk A A5 T
4 733 (737) 1 Bk B I 1% 17 1452 1 Bk B A I
5 745 N1-H24 [fish25 h 18 1569 I Whf B A5 T
6 785 (787) 1 B BRI 1 19 1585 M Ik 3R AR T
7 847 (851) WR B3R C-N i 45 20 1641 C16=019 fili 45
8 998 (1033) IR W B4 I 1, 21 1678 C17=028 4
9 1095 (1091) WK 1 PR 725 I 22 2920 L H Bk 1 4
10 1096 W 155 37 I 1% 23 2954 H31-C6-H32 J % B {4
11 1128 021-C17-020 1 N2 fh 24 2957 H25-C2-H26 [z %} FR {4 45
12 1153 021-C17-020 1 N2 fh 25 3371 N1-H24 8 45
13 1224 1V R S IV 1% 26 3609 021-H38 i 45
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gram of norfloxacin
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Fig. 5 Molecular orbital densities of norfloxacin
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Tab. 2 The highest occupied molecular orbital and the lowest unoccupied molecular orbital compositions

Atom N1 C3 N4 C5 C6 C7 C8
HOMO composition (%) 13.83 2.97 32.61 4. 84 —1.18 9. 06 —1.77
LUMO composition (%) —0.20 —0.12 1.81 —0.17 1.02 3.33 8.06

Atom C9 C10 C11 C12 N13 Cl4 Cl15
HOMO composition (%) 9.03 1.89 10. 29 1.77 0.54 0.18 0.22
LUMO composition (%) 14. 41 —0.08 0.61 15.02 3.17 26. 83 2.88

Atom C16 C17 C18 019 F22 H27 H30
HOMO composition (%) 0.46 —0.03 0. 40 4,56 1.26 2.86 3.58
LUMO composition (%) 10. 61 1.44 —1.52 8.31 0. 30 0.05 0.10
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Fig. 6 Mulliken charges of norfloxacin (charge: 107 C)
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SR B3LYP/6-311+ G (2d, p) 5 ¥ % 1% 58 10
B4y Fa5 AT AT, s kg B s 7 T
. SR S5 B RO AT A, RORIR 2
90,003 A, AT L ARy A B (6 B o b A

el 3L 3R 3% H-NMR A1 C-NMR J& # #L 1k
B Yo T A5 A B B T W A R A
B BT oy T b A R R TR 28 A B H LM
B g7 R AR BT ) % 23 [ HES) A5 25 4 1S
B TEWE A VLG Y5 1 19 1 KT AR S5 #

KIEHERVER. A SCLADYH 3R be (TMS) ly
AR . AL IS A 2R R T8 GIAO 2% A
TR AR o' H-NMR #1 8" C-NMR.

A 1.100
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Fig. 7 Stationary structures optimized at the

B3LYP/6-311 + G (2d, p) level (bond
length: A)

AR B L AN A 6" C X STk 0E 4726 M
AT
SUCHILA) = 0.9808 X3 C(A L) —
3.5861(R*= 0. 996) (D
PGSR 5 OB e, PR iR 229 738 4.
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Tab.3 'H-NMR obtained utilizing BSLYP/6-311+G(2d,p) (in ppm)
BT H35 H34 H33 H38 H37 H36 H29,H27,H28
AL 8.69 8.50 6.90 5.91 4. 20 3.67 3.23
T H31,H30 H32 H25 H26 H40 H41l H39 H24
7R 3C 3.02 2.91 2.85 2. 80 1.54 1.25 1.14 0.39
F£4 "CNMRiITELER (ppm)
Tab. 4 "C-NMR obtained utilizing B3LYP/6-311+G(2d,p) (in ppm)
i C16 C17 C7 Cl4 c8 C10 Cl11 C12
A 175.07 172.78 162.73 154. 32 150. 02 140. 61 131.35 121.92
SCER(17] 176. 06 166. 05 154. 07 148. 31 146. 00 137.17 118. 94 111. 14
WA —4.48 —0.08 1.26 —0.39 —1.72 —2.15 5.18 4.21
JiF C15 C9 C5 C3 C18 C6 C2 €23
A3 114.98 114.59 55.72 55.72 51.43 50. 47 49.76 14. 32
CHkL17] 106. 96 105. 43 50. 74 50. 74 48.94 45.31 45.31 14. 22
WA 1.89 3.00 —0.26 —0.26 —5.22 0.28 —1.26 —30.87
H 4 UL, C23 By 40L6 45 2R ™ 5l 25 SCHk AT
B, ImBEWAKME CI8, XA AER C23.C18 5 H SUCHIA) = 0.9994 X3 C(AI) —
i C ¥ A — T R, B AL C R 6. 2028(R*= 0. 995) (2)

T TR R R T C23.C18 A, BIER
C23.C18. H¢ HAth C J55 9 6 C X SCHR A 5 37 f

ZAPE, HH A )G A R R KiR2E N
5.15% (C11 #4 8" C) ., B HIBR C23.C18 Hij A — &
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Wi 5 A5 34 6 T [R) — 18 P o 1T 2 WIR R B D 67 1
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