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Density functional study of cefalexin
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Abstract: The molecule of cefalexin was investigated with the density functional theory (DFT), and the
molecular geometry was optimized by utilizing b3lyp method at the levels of 6-311g(d,p). Based on the
optimized geometry, the molecular orbitals, the energies levels, the highest occupied molecular orbitals
(HOMO) and the lowest unoccupied molecular orbitals (LUMO), the infrared absorption spectrum
(IR), the nuclear magnetic resonance (NMR), and the ultraviolet-visible absorption spectroscopy (UV-
Vis) have been obtained with the density functional theory (DFT). According to the calculation results
of the molecular orbitals and energies levels, the attributes of the highest occupied molecular orbitals
(HOMO) and the lowest unoccupied molecular orbitals (LUMO) were discussed. The calculation re-
sults of the infrared absorption spectrum (IR), the nuclear magnetic resonance (NMR), and the ultravi-
olet-visible absorption spectroscopy (UV-Vis) were obtained, and the spectral data were concisely ana-
lyzed and discussed.
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Fig.1 The molecular structure of cefalexin (bond
length: A)
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Fig. 2 Molecular orbital energy diagrams

of cefalexin
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Fig. 3 Molecular orbital density of cefalexin
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Tab.1 Compositions of the highest occupied molecular orbitals and the lowest unoccupied molecular orbitals

Atom C1 C3 C4 C6 C7 C8 N9 C10
HOMO composition (%) 1. 04 1.09 1.13 1.01 2.99 4.11 1. 67 1.37
LUMO composition (%) 0. 00 0. 00 0. 00 0. 00 0.04 0.17 0.11 1.07

Atom N12 C13 Sl14 C15 C16 C17 C19 C20
HOMO composition (%) 10. 22 1.28 6.83 0.63 9.99 5.79 0. 26 5.15
LUMO composition (%) 0. 64 5.92 1.11 1. 27 28. 80 17.09 16.92 3.61

Atom 021 022 N23 024 H34 H35 H36 H37
HOMO composition ( %) 1.25 0.10 32.78 4.92 1.18 0.22 0.50 0. 65
LUMO composition (%) 11.14 3.33 0.02 0.13 2.04 1.35 1.23 1.27
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Fig. 4 Infrared absorption spectra of cefalexin
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Tab. 2 Assignments of infrared characteristic group frequencies for cephalexin

T8 B (em™ 1) P B B i (em™D) P s AL
1 202 C7 4b-NH, H13) 34 1169 (1196) KR N-CH 28I 3% 3
2 270 S14-C15-C16 25 il 35 1205 C8=N9-C10 Jz X B e 45
3 288 S14-C15-C16 45 i 36 1261 (1281) "‘HEW—CH A5 I 4% 3
4 351 L AL EMR S TT IR QAR Y . R IR-CH 28 B iR 3 37 1288 R A I R B
5 409 (415" FACVERR S TR R . RH-CH 2B 4k 3l 38 1296 ZIiﬂ“El’;?é’Eﬁ/HRZjJ
6 428 SULEEMR S TC R AR I, SR -CH 25 B R ) 39 1304 IR N-CH 28 B4R 3)
7 437 DACVERR S TR AR . ZRH-CH 2B 4k 3l 40 1308 AR N-CH 22T 4k 3)
8 480 C8=N9-C10 45t 41 1347 (1354) leﬁ?%%;)jglﬁz iﬂﬂcﬁjbgﬁ,
9 490 AL E R S T R R AR 42 1369 (1396) C19-C17-N12 25 4 3 ,C16 &b-CH, 7%
10 530 (525) S ACVEME S TTERTE N [ AR PR AR T . R B AR T 43 1398 C15 4b-CH. 551
11 547 AL ERR S TR TE N RIAIA AR TG . RIRBARARTE 44 1427 AR N-CH 2B 4R 3
12 625 FEIE A, N12-C17-C16 25y 45 1428 C16 4b-CH; 45 %
13 627 IR F A B 46 1468 C16 fb-CH; A5 J%
14 656 022-C19=021 3§ 4] 47 1472 C8=NY {4
15 690 (696) IR A T AR I 4R B 48 1561 IR R
16 748 IR SRS AR 3 49 1580 (1596) IR IR
17 755 P T iz B0 B0 07 W% 9% 5 50 1606 C7 fb-NH, 854)
18 770 C3-C7-C8 25 ity , X3 I 4 R A5 T 4R 3 51 1619 C16=C17 i 45
19 797 (818) AALBEMKA IR A FRIT LIRS, NEER R RIEIRIREN 52 1685 (1689) C8=024 45
20 849 C7 4b-NH, I 4R 3 53 1739 (1759) C19=021 fh 4
21 882 CTALNH E?Zz&i(f{gim;ﬁ’%m 51 1794 C13=028 fii %
22 924 CTALNH, E?ﬁ?ﬁ(;":’gﬁjibﬂgﬁ’%m 55 2880 C7-H38 fifi 4
23 930 DACYERR S TTI DY IRF IR IR BN . N BRI RT3 56 2905 C16 4b-CH3 A5 JE , C15 ib-CHy X 45
24 980 IR = A1 VR R B 57 2941 C16 4b-CH3 48 JB
25 1006 %“ngfﬁﬁ%?;;ﬁ?i”jﬁfzi’;ﬁ’ﬁ%% 58 2956 C15-H35,C11-H33 {# 4
26 1024 ﬁk%u‘(ﬁ;&’gﬁ?iﬁﬁﬁi /I',Aﬁi%%% 59 2984 C10-H32 fii s
27 1055 (1069) KIAIIR BN 60 3049 ZEH C-H 45
28 1087 HKIRFRIE SN, N9-C10 fih 45 61 3059 (3056) HIF C-H 4
29 1109 SALBEME S TTIR I FRT LA 30 . oA Ik e 21 SR IT I AR 3 62 3069 A C-H {4
30 1127 C19=022 %, C15-C16 fh4i 63 3346 (3272) C7 b-NHy % F5 i 45
31 1140 RIA-CH TH 12 64 3422 C7 #b-NH, S X Fxfi 45
32 1156 KIA-CH T N #7458, C15 4b-CH, 148 65 3459 N9-H31 fifi 45
33 1167  SALBEME S TT IR 0 IR AR 30 . 14 ke 3R SR T I 4R 3 66 3601 BRI 022-H39 (145

T« 455 v B RO R U5 F SR L],
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Fig. 5 Chemical shifts obtained utilizing b3lyp/6-311+g(2d,p) (in ppm)
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Tab. 3 'H-NMR obtained utilizing b3lyp/6-311+g(2d,p) (in ppm)
JR T H35 H34 H33 H32 H36 H37 H38 H30 H27 H28 H29 H25 H26
AL 2.99 3.51 4.96 5.47 1. 81 1.81 1. 81 4. 96 7.50 7.59 7.59 7.59 7.59
SCHk[20] 3.0 3.4 5.0 5.6 1.8 1.8 1.8 5.17 7.49 7.49 7.49 7.49 7.49
PRE(%) —0.33 3.24 —0. 80 —2.32 0. 56 0. 56 0. 56 —4.06 0.13 1. 34 1. 34 1. 34 1. 34
F4 PC-NMRHEZHR (ppm)
Tab.4 "C-NMR obtained utilizing b3lyp/6—311-+g(2d,p) (in ppm)
JE C15 C16 C17 Cl1 C10 C13 C19 C18
ViNg'S 38.49 131. 20 129. 59 65. 21 66. 36 165. 16 167.57 20. 67
SCHk[20] 29 123 127.2 57.6 59.4 164. 2 170. 1 19. 2
W) 32.72 6.67 1.88 13.21 11.72 0.58 —1.49 7.66
J& ¥ C8 c7 C3 C2 C4 C1 C5 C6
3L 180. 38 67.04 146.72 136. 11 131.76 133.42 134. 67 132. 82
SCHk[20] 170.1 57.4 132.4 129 129 130.5 130.5 131.4
W2 6. 04 16. 79 10. 82 5.51 2.14 2. 24 3.20 1.08
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T BE A R 9 BRAE 7 5K L BRAE fig i 31 B F 3R 5.
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Fig. 6 Ultraviolet-visible spectra of cefalexin
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Tab.5 Electronic spectra of cefalexin
Excited state A (nm) f Transition nature (Coefficient) Transition energy (eV)

91—>>92 (0.42406); 86—=>92 (0.02909); 89—=>99 (0.02577);
1 282.28 0.0452 4.3922'
89—>>97 (0.02222)

~

2 267. 80 0.0743 91—>>92 (0.47558); 89—=>92 (0.46248); 86—=>92 (0.11872) 4.6297
91—>>95 (0.41588); 86—=>92 (0.33735); 86—=>95 (0.17171);
14 222.37 0.0721 83—>>95 (0.12896); 87—=>95 (0.12513); 89—=>95 (0.11595); 5.5756

91—>97 (0.11171)

88—>>93 (0.49136); 83—=>92 (0.24187); 87—=>94 (0.1808);
20 211.08 0. 0480 89—=>95 (0.16844); 90—=>95 (0.14911); 87—=>93 (0. 14233); 5.8738
91—>>95 (0. 11931)
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Fig. 7 The hole and electron distributions of SO—>S2
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Tab. 6 The contribution of molecular orbital of SO—>S2

Molecular orbital MO 83 MO 86 MO 87 MO 88 MO 89 MO 90
Hole contribution ( %) 1.038 3.491 1.789 1.709 43.153 2.029
Electron contribution (%) 0 0 0 0 0 0
Molecular orbital MO 91 MO 92 MO 95
Hole contribution (%) 45.539 0 0

Electron contribution (%) 0 96.922 1. 605
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