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The glimepiride molecule was experimentally characterized using vibrational (FT-IR and laser-Raman)
and NMR chemical shift spectroscopy. The molecule optimized structure, vibrational wavenumbers, and 'H
and C NMR isotropic chemical shifts were theoretically obtained with the DFT/B3LYP method at a
6-311++G(d,p) basis set. The theoretical geometric parameters, vibrational wavenumbers, and NMR che-
ical shifts were _found to be consistent with experimental data and similar spectral results in the literature.
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Memooamu xonebamenvrou (UK-@ypve, KP) u AMP cnexmpockonuu uzmepensbi Xxapakmepucmuku mo-
JIeKYIIbl 2NUMERUPUOQ. Cmgaykmy)pa MONEKYbl 2IUMenupuoa, ee KoiebamenvHole 4aCmomsl U U30MPONHblE
xumuueckue cosueu AMP 'H u > C paccuumarnvr memodom @ymxyuonana nnommocmu DFT/B3LYP ¢ 6asuc-
HbolM Habopom 6-311++G(d,p). [lonyuennvie pesyarbmamsl CO2NACYIOMCS C UBMEPEHHbIMU OAHHLIMU U pe-
3ynemamam Opy2ux agmopoe.

Knrouesvie cnosa: enumenupuo, Korebamenvuvili CneKmp, Xumuyeckue cosueu 'muc AMP, memoo
DFT/B3LYP/6-311++G(d,p).

Introduction. Diabetes mellitus is a chronic metabolic disorder, associated with absolute or relative
shortage in insulin secretion from the beta cells of pancreas and desensitization of insulin receptors. Patients
suffering diabetes need continuous care due to insufficient carbohydrate, fat and protein amounts in their
body as a result of insufficient insulin or insulin based defects [1, 2]. Diabetes mellitus is characterized by
hyperglycemia resulting from insulin secretion, insulin action, or both [3]. Permanent neonatal diabetes is
caused by glucokinase deficiency, and it is an inborn error of the glucose-insulin signaling pathway [4].

Sulfonylureas constitute a class of organic compounds used in medicine. These anti-diabetic drugs are
used in the management of diabetes mellitus type 2, and they are classified as first, second, and third genera-
tion agents [5, 6]. Glimepiride is an oral anti-diabetic drug from the sulfonylurea group and it is usually used
in the treatment of type 2 diabetes mellitus [7-12].

™ Full text is published in JAS V. 85, No. 3 (http://springer.com/10812) and in electronic version of ZhPS V. 85, No. 3
(http://www .elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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Arumugam et al. [13] evaluated various medicinal plants used for antidiabetic activity and diabetes mel-
litus. Remko [14] used the methods of theoretical chemistry to elucidate molecular properties of the hypo-
glycemic sulfonylureas and glinides (acetohexamide, tofazamide, tolbutamide, chlorpropamide, gliclazide,
glimepiride, glipizide, glibenclamide, nateglinide, and repaglinide). The geometry and energy of these drugs
were computed using the Becke3LYP/6-311G(d) method. Karakaya et al. [15] investigated the experimental
and theoretical harmonic vibrational frequencies of gliclazide molecule. Crystals of glimepiride were grown
by diffusing ethanol into a chloroform solution of glimepiride at room temperature. The stable crystal struc-
ture determined by X-ray crystallographic analysis of glimepiride was reported in [16].

1-[[4-[2-(3-Ethyl-4-methyl-2-0x0-3-pyrroline-1-carboxamido)-ethyl Jphenyl]sulfonyl]-3-trans-(4-methyl-
cyclohexyl)urea, glimepiride, is a drug used in the treatment of non-insulin dependent diabetes mellitus. The
title molecule has several chemical names as given in [17]. The molecular formula, molecular weight and
melting point of glimepiride are C4H34N405S, 490.61556 g/mol, and 207°C, respectively [18].

Karakaya et al. [19] investigated the vibrational and structural properties of tolazamide molecule. The
geometrical parameters, spectroscopic analysis, vibrational frequencies and quantum chemical calculation of
pharmaceutical drug paracetamol (PAR) [20], 4-(3-fluorophenyl)-1-(propan-2-ylidine)-thiosemicarbazone [21],
3-[(4-phenylpiperazin-1-yl)methyl]-5-(thiophen-2-y1)-2,3-dihydro-1,3,4-oxadiazole-2-thione [22], 5-chloro-
3-(2-(4-methylpiperazin-1-yl)-2-oxoethyl)benzo[d]thiazol-2(3H) [23], dopamine and amphetamine molecu-
les [24], 1-(2-chloro-4-phenylquinolin-3-yl) ethanone (CPQE) [25] and (%)-1,3-dimethyl-5-(1-(3-nitrophe-
nyl)-3-oxo0-3-phenylpropyl)pyrimidine-2,4,6(1H,3H,5H)-trione [26] and the 5-(3-pyridyl)-4H-1,2,4-triazole-
3-thiol molecule (C7HgN4S) [27] were studied using the DFT method.

In the present study, the vibrational wavenumbers and 'H and *C NMR chemical shifts of glimepiride
were experimentally and theoretically studied. The recorded experimental data (FT-IR, laser-Raman, NMR
chemical shifts, and bond lengths and angles obtained by X-ray analysis) were supported with parameters
computed using theoretical methods (DFT/B3LYP/6-311++G(d,p) level). The obtained theoretical and ex-
perimental results were used to give detailed information of the molecular electronic structure of glime-
piride. Furthermore, the dipole moment of glimepiride was investigated with the aforementioned computa-
tional level.

Experimental. Glimepiride was purchased from Sigma-Aldrich Corporation. The FT-IR spectrum of
glimepiride molecule was recorded at room temperature in the region of 400-4000 cm ™' using a potassium
bromide (KBr) pellet, on a Fourier Transform Infrared spectrometer in solid phase of the sample. The laser-
Raman spectrum was recorded at room temperature in the region of 100-4000 cm™' using a RENISHAW
Spectrophotometer in Via Raman Microscope. The 785 and 514 nm lines of a diode laser were used as an
exciting light for the Laser-Raman spectrum.

The 'H and >C NMR chemical shift spectra of the compound solved in dimethyl sulfoxide (DMSO-de)
were recorded with TMS as internal standard using a Premium Compact NMR device at 600 MHz frequency
and 14.1 Tesla field power. The chemical shifts were reported at a ppm level.

Computational procedures. The optimized molecular geometry, vibrational wavenumbers, proton and
carbon-13 NMR chemical shifts of the title molecule were computed using the DFT/B3LYP (Becke’s three-
parameter functional (B3)) combined with the gradient-corrected correlational functional of Lee, Yang, Parr
(LYP) method) with the 6-311++G(d,p) basis set [28, 29]. Vibrational wavenumbers, geometric parameters
and other molecular properties were performed using the GaussView5 molecular visualization program and
Gaussian 09W software on a computing system [30-32].

The Raman activities (S;) calculated with the Gaussian09 program were subsequently converted to rela-
tive Raman intensities (/;) using the following relationship

_ f (Vo —V )4 Si
" v.[l—exp(~hev,  kT)]’
where vy is the exciting frequency, cmﬁl; v, 1s the vibrational wavenumber of the ™ normal mode, cm71; h, k
are the Planck and Boltzmann constants; c¢ is the speed of light; T is temperature, K; and f'is a suitably cho-
sen common scaling factor for all peak intensities [33—36].

Results and discussions. Geometric structure. The experimental data obtained by single crystal X-ray
diffraction [16] were compared with the calculated results given in Table 1. The optimized structure of the title
molecule is given in Fig. 1. The 1-[[4-[2-(3-Ethyl-4-methyl-2-ox0-3-pyrroline-1-carboxamido)-ethyl]phe-
nyl]sulfonyl]-3-trans-(4-methylcyclohexyl)urea molecule consists of 68 atoms and accordingly it has 198
modes of vibrations. In order to determine the correlation between the calculated and experimental [16] mo-
lecular geometric parameters, the linear correlation coefficient (Rz) value was found as 0.9849 for bond lengths.
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Fig. 1. The optimized molecule structure with the B3LYP/6-311++G(d,p) level of glimepiride.

TABLE 1. The Experimental and Calculated Molecular Geometric Parameters of Glimepiride

Bond length E)}};eér]lfrlg:nt Calculated, A Bond angles Expefilen;:; [16], Caég‘;lrzfd’
S(1)-0(2) 1.431 (2) 1.463 0(2)-S(1)-0(3) 119.7 (2) 122.20
S(1)-0(3) 1.420 (2) 1.456 0O(2)-S(1)-N(8) 107.80 (10) 106.22
S(1)-N(8) 1.643 (2) 1.691 0O(2)-S(1)-C(19) 108.1 (2) 107.95
S(1)-C(19) 1.759 (3) 1.795 0O(3)-S(1)-N(8) 105.9 (2) 104.73
0(4)-C(18) 1.230 (3) 1.218 0(3)-S(1)-C(19) 108.7 (2) 107.97
0O(5)-C(27) 1.193 (4) 1.222 N(8)-S(1)-C(19) 105.80 (10) 106.84
0(6)-C(31) 1.217 (3) 1.224 C(15)-N(7)-C(18) 122.4 (3) 121.65
N(7)-C(15) 1.468 (3) 1.465 S(1)-N(8)-C(18) 130.5 (2) 130.26
N(7)-C(18) 1.318 (3) 1.353 C(26)-N(9)-C(27) 120.8 (4) 120.97
N(8)-C(18) 1.401 (3) 1.429 C(27)-N(10)-C(28) 120.2 (4) 120.30
N(9)-C(26) 1.457 (4) 1.453 C(27)-N(10)-C(31) 128.8 (4) 128.92
N(9)-C(27) 1.341 (4) 1.355 C(28)-N(10)-C(31) 111.0 (3) 110.78
N(10)-C(27) 1.408 (4) 1.414 C(11)-C(12)-C(13) 110.4 (4) 111.82
N(10)-C(28) 1.447 (4) 1.457 C(11)-C(12)-C(17) 110.4 (4) 111.62
N(10)-C(31) 1.388 (4) 1.395 C(13)-C(12)-C(17) 107.9 (3) 110.00
C(11)-C(12) 1.520 (4) 1.532 C(12)-C(13)-C(14) 113.2 (4) 112.31
C(12)-C(13) 1.502 (5) 1.538 C(13)-C(14)-C(15) 110.4 (4) 111.39
C(12)-C(17) 1.518 (4) 1.538 N(7)-C(15)-C(14) 110.1 (3) 111.82
C(13)-C(14) 1.515 (5) 1.534 N(7)-C(15)-C(16) 109.8 (3) 109.95
C(14)-C(15) 1.505 (4) 1.538 C(14)-C(15)-C(16) 110.9 (3) 110.99
C(15)-C(16) 1.502 (4) 1.534 C(15)-C(16)-C(17) 111.2 (3) 111.47
C(16)-C(17) 1.519 (4) 1.535 C(12)-C(17)-C(16) 112.1 (4) 112.58
C(19)-C(20) 1.384 (4) 1.393 O(4)-C(18)-N(7) 123.9 (4) 125.95
C(19)-C(24) 1.381 (3) 1.395 0O(4)-C(18)-N(8) 117.4 (3) 118.17
C(20)-C(21) 1.368 (4) 1.392 N(7)-C(18)-N(8) 118.7 (3) 115.87
C(21)-C(22) 1.386 (4) 1.400 S(1)-C(19)-C(20) 119.6 (3) 119.74
C(22)-C(23) 1.388 (4) 1.401 S(1)-C(19)-C(24) 118.6 (3) 119.03
C(22)-C(25) 1.499 (4) 1.509 C(20)-C(19)-C(24) 121.8 (3) 121.22
C(23)-C(24) 1.384 (4) 1.390 C(19)-C(20)-C(21) 119.2 (4) 118.91
C(15)-C(16) 1.503 (4) 1.546 C(21)-C(22)-C(23) 118.7 (4) 118.54
C(18)-C(19) 1.499 (5) 1.506 C(21)-C(22)-C(25) 120.5 (4) 121.03
C(29)-C(30) 1.323 (4) 1.346 C(23)-C(22)-C(25) 120.7 (4) 120.39
C(29)-C(32) 1.494 (4) 1.493 C(22)-C(23)-C(24) 121.9 (4) 121.12
C(30)-C(31) 1.469 (4) 1.484 C(19)-C(24)-C(23) 117.4 (4) 118.99
C(30)-C(33) 1.493 (4) 1.499 C(22)-C(25)-C(26) 110.7 (3) 111.78
C(33)-C(34) 1.492 (5) 1.540 N(9)-C(26)-C(25) 111.8 (3) 113.05
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Continue Table 1

Bond angles Calculated, A Bond angles Expeglment [16], | Calculated,
egree degree
Selected dihedral angles, degree O(5)-C(27)-N(9) 125.0 (5) 125.05
C(15)-N(7)-C(18)-N(8) 173.96 O(5)-C(27)-N(10) 120.0 (5) 119.92
C(15)-N(7)-C(18)-0(4) —4.68 N(9)-C(27)-N(10) 115.0 (4) 115.03
N(7)-C(18)-N(8)-S(1) 26.14 N(10)-C(28)-C(29) 101.5 (3) 103.24
0(4)-C(18)-H(8)-S(1) —155.11 C(28)-C(29)-C(30) 112.0 (3) 110.34
C(18)-N(8)-S(1)-0(2) —40.98 C(28)-C(29)-C(32) 119.3 (4) 120.46
C(18)-N(8)-S(1)-0(3) -171.54 C(30)-C(29)-C(32) 128.6 (4) 129.20
N(7)-C(18)-N(8)-H(67) 179.28 C(29)-C(30)-C(31) 108.1 (4) 108.77
N(8)-C(18)-N(7)-H(66) 9.14 C(29)-C(30)-C(33) 131.7 (4) 130.56
C(18)-N(8)-S(1)-C(19) 74.07 C(31)-C(30)-C(33) 120.2 (4) 120.67
N(8)-S(1)-C(19)-C(20) -91.18 0(6)-C(31)-N(10) 125.0 (4) 125.67
C(23)-C(22)-C(25)-C(26) 82.92 0(6)-C(31)-C(30) 127.6 (4) 127.46
C(22)-C(25)-C(26)-N(9) -177.75 N(10)-C(31)-C(30) 107.4 (4) 106.87
C(25)-C(26)-N(9)-C(27) 82.75 C(30)-C(33)-C(34) 114.1 (3) 113.01
C(26)-N(9)-C(27)-0(5) —-0.06
C(26)-N(9)-C(27)-N(10) 179.57
N(9)-C(27)-N(10)-C(31) 0.42
O(4)-C(18)-N(8)-H(67) -1.97
O(4)-C(18)-N(7)-H(66) -169.50
C(29)-C(30)-C(33)-C(34) 102.77
C(21)-C(22)-C(23)-C(24) -0.25
C(12)-C(13)-C(14)-C(15) 55.62
C(12)-C(17)-C(16)-C(15) -55.01
N(10)-C(28)-C(29)-C(30) 0.09
O(5)-C(27)-N(9)-H(68) 178.76

The S(1)-0(2), S(1)-O(3), N(7)-C(18), O(4)—-C(18), N(8)—C(18) bond lengths were computed as 1.463,
1.456, 1.353, 1.218, and 1.429 A in the present study and found as 1.431, 1.420, 1.318, 1.230, and 1.401 A,
respectively, in [16]. C(11)-C(12), C(29)-C(32), C(30)—-C(33), and the C(33)-C(34) bond lengths between
carbons were calculated as 1.532, 1.493, 1.499, and 1.540 A in the current study, while the C(29)-C(32),
C(30)-C(33), and C(33)-C(34) bond lengths were found as 1.494, 1.493, and 1.492 A [16]. These differ-
ences in the C—C molecular bond lengths result from the exchange of electrons between two atoms.

The C(30)-C(31), C(29)-C(30), C(28)-C(29), and N(10)-C(31) bond lengths in ring 1 were calculated
at the interval of 1.346-1.505 A. The C(20)-C(21), C(21)-C(22), C(22)-C(23), C(23)-C(24), C(19)-C(24),
and C(19)-C(20) bond lengths in ring 2 were calculated at the interval of 1.390-1.401 A. The C(15)-C(16),
C(16)-C(17), C(12)-C(17), C(12)-C(13), and C(13)—C(14) bond lengths in ring 3 were calculated at the
interval of 1.533—1.538 A. The C(19)-S(1), C(22)-C(25), S(1)-N(8) bond lengths were calculated as 1.795,
1.509, 1.69 A, while they were found as 1.759, 1.499, and 1.643 A, respectively, in [16].

As the shortest bonds in the molecule, O(4)-C(18), O(5)-C(27), and O(6)-C(31) were calculated as
1.217, 1.222, and 1.224 A in the present study and recorded as 1.230, 1.193, and 1.217A [16]. As the longest
bonds in the molecule, S(1)-N(8) and S(1)-C(19) were respectively calculated as 1.691 and 1.794 A in the
present study and measured as 1.643 and 1.759 A [16].

The C34—C33-C30-C31 and C32-C29—C30-C31 dihedral angles in ring 1 of the mentioned compound
were calculated as 76.53° and 179.98°. Similarly, the C26—C25-C22—C21 and C26—C25-C22—C23 dihedral
angles in ring 2 were calculated as 94.64° and 82.92°. The C11-C12-C17-C16 and C11-C12-C13-C14
dihedral angles on ring 3 were calculated as 178.93° and 179.11°. Additionally, the C(19)-S(1)-0(2),
C(19)-S(1)-0(3), C(19)-S(1)-N(8), S(1)-N(8)—-C(18), N(8)—-C(18)-N(7), N(8)—C(18)-0(4), C(18)-N(7)-
C(15), N(9)-C(27)-N(10), O(2)-S(1)-O(3), and C(26)-N(9)—-C(27) bond angles were calculated as 107.94°,
107.97°, 106.84°, 130.25°, 115.86°, 118.16°, 121.65°, 115.03°, 122.20°, and 120.97°, respectively. The an-
gles C(19)-S(1)-0(2), C(19)-S(1)-0(3), C(19)-S(1)-N(8), S(1)-N(8)-C(18), N(8)-C(18)-N(7),
N(8)-C(18)-0(4), and C(18)-N(7)-C(15) were given as 108.1°, 108.7°, 105.8°, 130.5°, 118.7°, 117.4°,
and 122.4° in [16].
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Vibrational frequency analyses. In the following discussion, the glimepiride molecule is experimentally
examined and the observed and calculated vibrational frequencies, calculated FT-IR intensities, Raman scat-
tering activities and vibrational assignments of the title molecule are given in Table 2. The computations of
harmonic wavenumbers, IR intensities, and Raman activities were performed with the B3LYP/6-
311++G(d,p) level. Scaling factors were used for theoretical vibrational wavenumbers. The computed vibra-
tional wavenumbers were scaled as 0.983 for frequencies less than 1700 cm™ and 0.958 for frequencies
higher than 1700 cm ' at the B3LYP/6-31 1++G(d,p) basis set [37]. The linear correlation coefficient values
(R?) between the experimental and computed vibrational frequencies were found as 0.9987 for IR wavenum-
bers and 0.9994 for Raman. The experimental and simulated IR and Raman spectra of the title compound are
given in Fig. 2 and 3. In the present research, N-H, C—H, C-O, C-C, C-N and SO, vibrations were exami-
ned. As seen from Table 2, the experimental and calculated vibrational wavenumbers are in good agreement.
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Fig. 2. The experimental (a) and simulated (b) FT-IR spectra of glimepiride.

IR a

Ix b

0 1000 2000 3000 4000 ¢ 0010?1181 iy 11 11 3y g

Fig. 3. The experimental (a) recorded with 785 nm line of the diode laser (1) and 514 nm line
of the diode laser (2) and the simulated (b) Raman spectra of glimepiride.

N-H vibrations. The N-H stretching vibration of amines and amides appears within 3300-3500 cm ™'
(weak bands) and 3200-3470 cm ' (strong bands) regions [38]. In the present case, NH stretching modes are
obtained at 3135, 3289, and 3369 cm ' in the IR spectrum and 3188, 3292, and 3372 cm ' in the laser-Raman
spectrum. These modes are calculated at 3343.96, 3394.95, and 3430.09 cm .
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TABLE 2. The Experimental and Calculated Vibrational Frequencies (v, cmﬁl)

and their Assignments of Glimepiride

Assignments Vexp Calculated B3LYP/6-311++G(d,p)
IR | Raman | Unscaled freq.| Scaled freq.| IR int. | Raman act.

vNH 3369 | 3372 3580.47 3430.09 | 63.503 | 70.942
vNH 3289 | 3292 3543.79 339495 | 91.545 | 74.404
vNH 3135 | 3188 3490.56 334396 |226.609| 154.058
vCH in ring 2 3087 | 3072 3208.22 3073.48 0914 91.211
vCH in ring 2 3050 | 3051 3200.75 3066.32 0.918 76.029
vCH in ring 2 3030 | 3033 3171.19 3038.00 4.085 78.400
vCH in ring 2 3008 3166.95 3033.94 7.875 62.340
Vo CH3+v,CH, 2977 3108.98 297840 | 24.694 | 25.180
vasCH, 2971 3108.54 2977.98 | 11.664 8.534
vasCH3+v,sCH, 3093.05 2963.15 | 36.199 | 113.579
(VasCH,#v,sCH3) in ring 3 2946 3076.41 294720 | 62.184 | 28.021
(vVCH+v,sCH,) in ring 3 2934 3064.55 2935.84 | 24.758 | 40.411
(VasCHy1v,sCH3) in ring 1 2931 3061.09 2932.52 0.486 15.345
vsCH, in ring 3 2977 3002.61 2876.50 | 18.323 | 45333
vsCH, in ring 3 2881 2998.73 2872.78 4.161 120.069
vsCH, in ring 3 2862 | 2863 2993.75 2868.01 | 18.781 26.464
vCH in ring 3 2843 | 2851 2975.33 2850.36 5.573 120.975
vO,=Cg+8HNC 1707 | 1707 1766.82 1692.61 |421.975| 16.173
vO5=Cy7+vOs=C3,;+6HNC 1675 | 1682 1754.86 1681.16 | 550.133| 6.865
vOs=C;3;+v0s=Cy; 1661 1722.18 1649.85 | 99.547 | 85.082
vC=C inring 1 1705.32 1633.70 | 40.405 | 95.112
[vCC+8HCC] in ring 2 1595 | 1598 1633.86 1606.09 | 15.621 | 186.631
SHNC+SHCN+VN,Cg 1543 | 1546 1571.75 1545.03 | 494.281| 12.762
8,CH,+8,CH; 1467 1492.80 1467.42 5.269 0.573
8,CH,+8,CH; 1445 | 1441 1478.52 1453.38 2.033 10.266
[BHCC+vCC] in ring 2+tCH, 1407 1437.30 1412.87 | 18.849 0.196
8,CH;(sym. bending) 1399 1423.44 1399.24 | 30.174 | 33.404
8;CH;(sym. bending)+wCH, 1393 1413.99 1389.95 8.205 0.117
SHNC+wCH, 1364 1390.53 1366.89 | 115.150| 3.551
wCHj in ring 1+[vCC+vNC] in ring 1 1360 1385.35 1361.80 | 76.150 | 26.805
[vVCC+VvNC] in ring 14+ vC30Cs3t

+ 5,CHy(sym. bending)+ wCH, in ring 1 1346 | 1340 1370.26 1346.97 | 127.161| 24.216
tCHy+[8HCC+vCC] in ring 2 1332 1354.63 1331.60 9.752 6.929
[wCH,+tCH,+8HCC] in ring 3 1317 1339.23 1316.46 0.085 2.027
[BHCC+vCC] in ring 2 1303 | 1307 1329.99 1307.38 0.188 0.760
ii@ﬁ;ﬁmmﬂwsoﬁmcc in ring 3+ 1287 | 131193 | 1289.63 |260.607| 8.041
vNC in ring 14+vNg ;0Co7+6HNC 1275 1294.68 1272.67 |366.211| 20.130
[tCH,+86HCC] in ring 3 1261 1281.78 1259.99 6.531 1.645
[tCH,+8HCC] in ring 3 1252 1281.15 1259.37 9.934 19.481
[tCH,+86HCC] in ring 3 1242 | 1241 1249.19 1227.95 0.399 0.271
SHNC+vN; sC g*+tCH, in ring 3 1240.83 1219.74 | 114.254| 13.948
tCH, 1209 1235.04 1214.05 | 10.310 1.937
igﬁi\lcgﬁwcmqaﬂccwcq in ring 2+ 1205 | 122545 | 120462 | 1.966 | 38.083
SHCC in ring 2 1185 | 1186 1206.47 1185.96 | 15.896 | 23.258
tCH, in ring 1 1178 1200.45 1180.04 6.346 7.361
[6CCC+pCH,+tCH,] in ring 3 1154 | 1155 1177.33 1157.31 3.225 10.112
SHCC in ring 2 1117 1138.97 1119.61 10.966 0.180
VSO, +vSCHVCC+SHCC] in ring 2 1089 1119.05 1100.02 | 186.163| 128.556
[tCH,+vCC+8HCC] in ring 3 1079 1108.43 1089.59 3.180 0.789
vCi,-CH;+[vCC+3HCC+wCHy,] in ring 3 1075 1087.12 1068.64 6.771 10.888
pCH;3+vCH,-CHj; 1064 | 1064 1084.77 1066.33 7.825 4.650
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Continue Table 2

Assignments Vexp Calculated B3LYP/6-311++G(d,p)
IR | Raman | Unscaled freq.| Scaled freq.| IR int. | Raman act.

VSO, +vSCH[vCC+3HCC] in ring 2 1071.35 1053.13 | 78.283 8.323
tCH;3+pCH;3+8HCC in ring 2 1036 | 1040 1065.58 1047.46 5.247 6.299
[vCC+wCH,+pCHa;] in ring 3+vN;5Cyg 1025 1033.32 1015.75 | 53.553 10.565
[6CCC+vCC] in ring 2 1015 1028.89 1011.40 | 10.451 2.385
vCH,-CH, 1000 | 1004 1021.52 1004.16 8.342 54.531
THCCC in ring 2 986 980 994.47 977.56 7.961 1.253
:E(g:g:c inring 2+[SHCCHCHytpCHl in | oy 994.07 977.17 | 24.081 | 0497
vCH,-CH;+pCH; 966 983.57 966.85 1.688 9.034
THCCC in ring 2 951 951 973.32 956.77 0.983 11.017
[pCH,+vCC+3HCC+pCHjs] in ring 3 936 937 951.64 935.46 18.688 1.162
[pCH,+pCHj;] in ring 1 924 926 941.92 925.91 3.215 2.599
[pCHy+vCC+3HCC+pCHjs] in ring 3 892 885 897.73 882.47 5.111 2.536
pCH,+pCH3+VN¢Cy7+[vCCH+VNC] inring 1| 878 882 886.73 871.66 0.530 3.317
THCCC in ring 2 845 843 858.14 843.55 7.370 5.511
THCCC in ring 2+vSN 823 824 845.00 830.64 | 105.440 7.294
[tCCCC+THCCC] in ring 2+vCy,Cys 803 825.99 811.95 4.251 20.516
pCH,+pCHj; 798 805.92 792.22 17.505 0.507
pCH, in ring 3 784 780 793.80 780.31 0.057 1.483
[6CCC+vCC+pCH,+pCH3] in ring 3 763 765 778.26 765.03 1.814 18.708
YN;5N;005Co7+pCH, 757 771.40 758.28 6.194 1.638
pCH,+pCHj3 750 763.04 750.07 2.664 0.693
yYN;NsO4Cs+pCH, 747 747 762.04 749.08 7.904 4.011
YC21C22C05C0n+yS1Cr0CasCoog 754.02 741.20 6.899 5.323
[tCCCC+tHCCC] in ring 2+pCH, 732 731 743.11 730.48 1.590 15.710
pCH,+3C56NCor+oring1 710 721.33 709.07 13.549 0.222
SdN,CsNg+[8CCC+pCH,] in ring 3 688 692 694.04 682.24 47.856 3.805
vSCH+8CCC in ring 2+8C55Co6Ng 660 682.69 671.09 60.382 2.569
THNCN+0CCC in ring 2 646.10 635.11 9.284 5.221
THNCN 633 644.62 633.66 71.269 3.285
THNCN 617 617 620.60 610.05 |202.574| 12.992
THNCN+3C,5C29Cs 598 599 612.41 602.00 1.929 9.954
THNCN+[tHCCC+tCCCC] in ring 2+vSN 582 578 598.68 588.50 | 130.282 9.368
dring3+tHNCN 559 559 569.12 559.45 11.391 1.191
S80SO+ [tCCCC+tHCCC] in ring 2+
LSNSCH THNCN 545.67 536.39 81.030 2.618
tring 1 +tHNCN 520 520 529.66 520.65 1.447 1.104
THNCN+[tCCCC+tHCCC] in ring 2 485 516.31 507.53 35.929 0.845
[6CCC+pCH,] in ring 3 470 471 484.58 476.34 1.024 3.008
[6CCC+pCHy;] in ring 3+6C;5C6Ny 452 462.85 454.98 2.979 1.604
[6CCC+pCH,] in ring 3 446 448 458.13 450.34 2.574 2.788
[6CCC+pCH,] in ring 3 418 413 422.73 415.54 0.050 0.391
pCH,+3SCC+8C,5C5,Co3 387 404.58 397.70 8.347 2.465
dring3+tC;sN;CgNg 364 367.94 361.69 0.174 1.499
8Cp5CCy 1 +pCH+oring3 341 351.08 345.12 4.020 2.803
T105Cy7NoCogtrringl 318 332.85 327.19 1.642 0.871
tCH;+pCH,+pCH; 280 290.65 285.71 4.402 0.348
TCH;3 225 236.53 232.50 0.120 0.425
pS0O,+6SCC+pCH, 160 163.89 161.11 0.517 0.462
T05C57N1(Cpgttringl 135 142.25 139.83 4.675 0.171

117 120.59 118.54 3.804 0.302

N o te. v, stretching; J, in-plane bending; J, scissoring and symmetric bending; w, wagging; t, twisting;
p, rocking; T, torsion; y, out-of-plane bending; /g, IR intensity (km/mol); Sraman, Raman scattering activity.
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C—H vibrations. In aromatic compounds, the CH stretching vibrations give rise to absorption bands in
the region of 3000-3100 cm! [38-42]. The bands observed at 3008, 3030, 3050 and 3087 cm ' in the IR
spectrum and at 3033, 3051, and 3072 cm™ " in the laser-Raman spectrum can be assigned to the CH stretch-
ing vibration modes in ring 2. These bands were computed between 3033.94 and 3073.48 cm™' in our calcu-
lations. The CH in-plane and out-of-plane bending vibrations in aromatic rings occur in the regions of 1000—
1600 and 650-1000 cm ' [38—42]. The bands combined with other vibrational modes at 1407 (IR), 1332 (R),
1303 (IR)-1307 (R), 1205 (R), 1185 (IR)-1186 (R), 1117 (R), and 1089 (R) cm ' are assigned to the CH in-
plane bending modes in ring 2, while the individual bands at 986 (IR)-980 (R) and 845 (IR)-843 (R) cm '
correspond to the CH out-of-plane bending bands in ring 2.

C=0 vibrations. The C=0 stretching band in the carboxyl group gives the strong absorption band in the
region of 1870-1540 cm! [41, 42]. A free carbonyl (C=0) stretching vibration is generally observed in the
region of 1715-1670 cm ' [43]. The C=O stretching vibrations of glimepiride were observed at 1707 and
1675 cm ™" in the FT-IR and at 1707, 1682, and 1661 cm ' in the laser-Raman spectra. The computed values
for these bands were obtained at 1693, 1681, and 1650 cm .

C=C and C—C vibrations. Characteristic aromatic C=C stretching vibrations normally appear in the re-
gion of 1650-1430 cm ' [44]. Likewise, the aromatic CC stretching vibration occurs in the region of 1589—
1301 cm ' [45]. In the present study, the vibrational band computed at 1634 cm ' was assigned to the C=C
stretching vibration in ring 1. In ring 2, the wavenumbers were observed at 1595-1015 cm ' in the FT-IR
spectrum, and at 1598-1089 c¢m ' in the Laser-Raman spectrum. The C—C stretching vibrations were theo-
retically calculated at 1606-1011 cm . On the other hand, the CCC in-plane bending vibrational bands in
rings 2 and 3 can be assigned to the peaks at 1154 (IR)-1155 (R), 1015 (IR), 763 (IR)-765 (R), 660 (IR),
470 (IR)-471 (R), 452 (IR), 446 (IR)—448 (R), and 418 (IR)—413 (R) cm .

CHj; and CH,; vibrations. Asymmetric stretching vibrations of CH; were expected to be in the range of
3000-2905 cm ', and symmetric stretching vibrations were observed in the range of 2870-2860 c¢m'
[46, 47]. The asymmetric and symmetric stretching vibrations of CH, normally appear in the 3010-2900 and
2950-2850 cm  region, respectively [46].

The experimental and calculated wavenumbers for scissoring, twisting, and rocking modes for methyl
and methylene groups are summarized in Table 2. In the present study, the CH; asymmetric stretching in
ring 3 appeared at 2936 cm™' in the laser-Raman spectra, and it was calculated at 2934 cm™'. The CH; asym-
metric stretching in ring 1 appeared at 2931 cm™' in the FT-IR spectra, and it was computed at 2933 cm .

The scissoring and symmetric bending vibrational modes of the CH; groups usually appear in the 1465—
1370 cm ' region as a medium to strong band in FT-IR and Raman spectra [48, 49]. The scissoring modes
for the CH; and CH, groups were observed at 1467 (R) and 1445 (IR)-1441 (R) cm ', while they were cal-
culated at 1467.42 and 1453.38 cm ™. Likewise, the symmetric bending vibrations for methyl were recorded
at 1393 cm™' in the FT-IR spectra and 1399 cm™' in the laser-Raman spectra. The calculated values for these
bands were obtained at 1389.95 and 1399.24 cm', respectively. The rocking vibrational frequencies are
normally observed below ~1150 cm ' in FT-IR and laser-Raman spectra [46, 49, 50]. In the B3LYP/6-
311++G(d,p) calculation, the CHj rocking vibrational modes were found at 1066, 1047, 1016, 967, 935, 926,
898, 887, 806, 778, 763, and 273 cm . These values are consistent with the experimental FT-IR values at
1064, 1036, 936, 924, 892, 878, 798, and 763 cm ' and with the laser-Raman value at 1064, 1040, 1025, 966,
937, 926, 885, 882, 765, and 750 cm . Torsional vibration modes were observed at scaled 269 and 233 cm™!
by the B3LYP/6-311++G(d,p) calculation, and the observed frequency value (233 cm ') is consistent with
the experimental laser-Raman value (225 cmﬁl).

The stretching vibrations and deformation modes (scissoring, wagging, twisting, and rocking) associ-
ated with the CH, group appear in the regions of 3020-2855 and 1450-850 cm ' [38, 40, 46, 51]. In the pre-
sent study, the CH, asymmetric stretching in ring 3 appeared at 2977, 2934, and 2881 cm' in the laser-
Raman spectra and the calculated frequencies were obtained at 2978, 2936, and 2873 cm™'. The CH, asym-
metric stretching in ring 1 appeared at 2931 cm ' in the FT-IR spectra and the calculated frequency was ob-
tained at 2933 cm '. The CH, asymmetric stretching in ring 3 appeared at 2863 cm ' in the laser-Raman
spectra and at 2862 cm ' in the FT-IR spectra, whereas the calculated frequency was obtained at 2868 cm .
The deformation modes of the CH, groups were observed at 1445, 1346, 1317, 1154, 1075, 1064, 1000, 970,
936, 924, 892, 878, 798, 784, 763, 747, 732, 710, 470, 452, 446, and 418 cm ! in the FT-IR spectrum and at
1441, 1340, 1287, 1261, 1252, 1241, 1205, 1178, 1155, 1064, 1004, 966, 937, 926, 885, 882, 780, 765, 757,
750, 747, 731, 471, 448, 413, and 341 cm ' in the laser-Raman spectrum. These modes were given by the
DFT calculations in the range of 1453-269 cm ' as expected.
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C—N, S—N, §—-C, and SO, vibrations. The determination of position of CN stretching bands is very diffi-
cult due to the presence of other vibrational bands in the fingerprint region. The vibrational assignments of
CN bands are performed using the GaussView5 molecular visualization program. The C-N stretching vibra-
tion was reported in the region of 13821213 cm ! for several compound types [52]. The bands observed at
1360 (IR), 1346 (IR)-1340 (R), and 1275 (IR) cm ' can be assigned to the CN stretching modes. The other
CN vibrations in the title molecule are listed in Table 2. S—N and S—C stretching bands were recorded at 823
(IR)-824 (R) cm ' and 660 (IR) cm . They are computed at 830.64 and 671.09 cm ', respectively. The band
observed at 1287 cm™' in the Laser-Raman spectrum is assigned to an asymmetric stretching mode of the
SO, group. The computed value of this band is obtained at 1289.63 cm '. Likewise, the symmetric SO,
stretching mode is recorded at 1089 cm ' in the laser-Raman spectra, while it is calculated at 1100.02 and
1053.13 cm™'. The in-plane bending vibration (60SO) of the SO, group is computed at 536.39 cm .

"H and >C NMR chemical shift analyses. NMR analysis, used in organic structure determination, is as-
sociated with the spin orientation direction. The 'H and '°C NMR chemical shifts calculated with the gauge-
including atomic orbital (GIAO) approach using the Gaussian09 software [31] show good agreement with
the experimental chemical shifts.
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Fig. 4. The experimental °C (a) and 'H (b) NMR chemical shift spectra of glimepiride.

Figure 4 shows the experimental 'H and >*C NMR chemical shift spectra of glimepiride. The expe-
rimental 'H and "*C chemical shift values measured in a DMSO solvent and the calculated chemical shift
values at the B3LYP/6-311++G(d,p) level in vacuum and the DMSO solvent are shown in Table 3. The 'H
chemical shift values were computed at the intervals of 0.60—8.44 ppm in vacuum and 0.55-8.32 ppm in
DMSO. The experimental chemical shifts of 'H are measured in the range of 0.80-10.29ppm.The largest
deviation between the calculated and experimental "H NMR chemical shifts (Oexp—0cal) is seen for H66 with
2.00 ppm, whereas the smallest deviations are seen for H60 with —0.04 ppm and H65 with —0.04 ppm. The
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chemical shifts for H39, H40, H41, H50, H51, H52, H56, H58, H59, and H60 are experimentally located at
0.86, 0.86, 1.23, 1.07, 7.79, 7.44, 2.88, 3.48, 4.14, and 4.14 ppm, respectively. The chemical shift values
computed for these atoms are calculated at 1.01 ppm (error approx. —0.15 ppm), 1.01 (-0.15), 1.33 (-0.1),
1.00 (0.07), 7.96 (-0.17), 7.59 (-0.15), 3.01 (-0.13), 3.6 (-0.12), 4.23 (-0.09), and 4.18 ppm (—0.04 ppm),
respectively. H66 (8.35 ppm), H67 (6.24 ppm), and H68 (1029 ppm) hydrogen atoms have high signal val-
ues and they were calculated as 6.35, 5.68 and 8.44 ppm, respectively. H51, H52, H53, and H54 atoms in a
phenyl ring generate resonance signal within 7.96—8.06 ppm range.

TABLE 3. The Experimental and Computed 'H and ">C NMR Isotropic Chemical Shifts (8, ppm)
for Glimepiride (with respect to TMS)

Atom 6exp 5cal 8cal Atom 6exp 5cal 5cal
(in DMSO-d4)| (in vacuum) | (in DMSO) (in DMSO-dy) | (in vacuum) | (in DMSO)
Cll1 22.47 23.60 23.09 H40 0.86 0.98 1.01
C12 31.66 36.08 35.69 H41 1.23 1.26 1.33
C13 32.73 37.65 37.36 H42 0.86 0.98 0.99
Cl4 31.66 36.12 35.76 H43 0.86 1.61 1.64
C15 49.00 52.24 52.82 H44 1.66 1.97 1.80
Cle6 31.66 35.30 34.61 H45 1.66 0.97 1.12
C17 32.73 37.29 36.88 H46 3.16 3.55 3.48
C18 150.92 153.48 154.80 H47 1.57 1.79 1.89
C19 138.65 150.09 148.87 H48 1.57 1.25 1.38
C20 127.76 131.56 131.39 H49 1.07 1.66 1.71
C21 129.61 133.36 134.89 H50 1.07 0.98 1.00
C22 145.38 152.28 154.13 H51 7.79 7.87 7.96
C23 129.61 135.46 136.02 H52 7.44 7.28 7.59
C24 127.76 131.55 131.19 HS53 7.44 7.87 7.97
C25 33.81 41.12 40.60 H54 7.79 8.03 8.06
C26 35.62 46.30 45.98 HS55 2.88 2.41 2.66
C27 152.09 155.65 156.88 H56 2.88 3.11 3.01
C28 52.34 55.18 55.28 H57 3.48 2.76 2.99
C29 152.46 157.74 162.62 HS58 3.48 3.72 3.60
C30 132.38 142.28 140.60 H59 4.14 4.14 4.23
C31 172.26 176.79 178.48 H60 4.14 4.10 4.18
C32 13.16 12.67 12.80 H61 2.16 2.11 1.99
C33 16.45 20.39 19.98 H62 2.16 2.31 2.54
C34 13.29 13.61 13.35 H63 1.99 1.81 1.95
H35 0.80 1.01 1.02 H64 1.99 2.26 2.34
H36 0.80 1.09 1.07 H65 1.99 1.81 1.95
H37 0.80 0.61 0.60 H66 8.35 6.14 6.35
H38 0.97 0.55 0.66 H67 6.24 5.36 5.68
H39 0.86 1.23 1.01 H68 10.29 8.32 8.44

The C chemical shifts are calculated in the range of 12.80—178.48 in DMSO ppm and 12.67-176.79
ppm in vacuum, while they are experimentally recorded in the range of 13.16—172.26 ppm. The largest de-
viation between the calculated and experimental C NMR chemical shifts (Oexp— Ocal) is obtained for C26
with —10.36 ppm, whereas the smallest deviation is found for C34 with —0.06 ppm. The carbon atoms of
methyl and methylene groups that do not have a bond with any electronegative atom give NMR signals in
the region of 15-55 ppm, due to the shielding by their hydrogen atoms [40]. In this connection, the NMR
signals for C11-C17, C25, C26, C28, and C32—C34 carbons were recorded at the interval of 13.16-52.34
ppm and calculated at the intervals of 12.67-55.18 ppm in vacuum and 12.80-55.28 ppm in DMSO. The
carbon atoms (C19—C24) of the aromatic ring (ring 2) gave a signal within the range of 127.76-145.38 ppm
and they were calculated at the interval of 131.19—154.13 ppm. The chemical shifts for C31, C27, and C18
atoms, bound to electronegative atoms, were respectively measured as 178.48, 156.88, and 154.80 ppm. The
3C chemical shift values for C29 and C30 atoms with sp2 hybrid in ring 1 are recorded at 152.46 and 132.38
ppm and computed at 162.62 and 140.60 ppm in DMSO, respectively. The correlation coefficient (R%) values
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between the experimental and calculated 'H and '>C NMR isotropic chemical shifts are 0.99818 and 0.95975
(in vacuum) and 0.99778 and 0.95253 (in DMSO), respectively.

Conclusion. In the present study, the molecular structure, vibrational frequencies and NMR analysis re-
sults of glimepiride molecule were examined using both experimental (FT-IR, Laser-Raman and 'H and "*C
NMR chemical shifts) and theoretical (DFT/B3LYP/6-311++G(d,p) level) methods. The experimental spec-
tral results are in very good agreement with the computed data. The calculated results of the bond lengths
and angles are consistent with X-ray data in the literature. Furthermore, we can state that the present work
can be useful in studies on other anti-diabetic drugs in the sulfonyl urea group as well.
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