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By way of Density Functional Theory (DFT)-based computational methods with commercially available software, the computational
work of which about the molecular properties, the vibrational modes and vibrational frequencies of finasteride were accomplished
for the first time. In order to gain a deeper and more thorough understanding of the molecular structure and infrared spectrum of
finasteride, the equilibrium geometry harmonic vibrational frequencies and geometric parameters (bond lengths, bond angles and
dihedral angles) were calculated by Generalized Gradient Approximations (GGAs) with five different density functional methods
(PBE, RPBE, HCTH, PW91 and BLYP), using Material Studio 8.0 program. Theoretical vibrational frequencies and theoretical
optimized geometric parameters were compared with the corresponding experimental data, which concluded that the GGA/PW91
method were shown to be in a good agreement with the results of experiment. In addition, the highest occupied molecular orbital
(HOMO) energies, the lowest unoccupied molecular orbital (LUMO) energies and electron density isosurface calculations were done
with an aim at a better understanding of the stability and reactivity of the molecule, indicating that the alkene and lactam conjugated
system on the ring A is more likely to interact with other species. And, the atomic charge distribution was also calculated to understand
the charge effect caused by electronegative atoms, which shows that the possible active-sites in chemical reactions are N, and O,.
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INTRODUCTION

Finasteride (FIN) belongs to the family compounds which referred
to as 4-azasteroids, well-known as the most potent So-reductase
enzyme inhibitor, an enzyme which could converts testosterone to
dihydrotestosterone (DHT)." It appears to be the most effective and
widely used drug for the treatment of benign prostate hyperplasia and
androgenetic alopecia (AGA), which is believed to be the first selected
therapeutic drug for the treatment of benign prostate hyperplasia
besides operation therapy.”* Finasteride have three crystal structures
and six solvates,’® while form I is pharmaceutically preferred due to
its better stability.” The present study showed that finasteride has new
pharmacodynamic activities in polycystic ovary syndrome (PCOS)
therapy and the ability of reducing the risk of bladder cancer and
high-grade prostate cancer,'*!?> which could demonstrate the great
research value of finasteride.

In the pharmaceutical industry, the stability of the formulations
and the drug-excipients compatibility studies have a great relationship
with the structure and the spectroscopy and physicochemical properties
in regard to orbital and atomic charge of the active pharmaceutical
ingredient (API) molecules.!*!5> Combined with the continuous
increase of available computing capacities, density function theory
(DFT) has been used to invest these on an atomistic level.'® Since the
1960s, when Quantitative Structure-Activity Relationship (QSAR)
was proposed by Hansch, Fujita, Free and Wilson,'" the great
progress have been made in drug molecular simulation, especially in
the computer-aided drug design and molecular-property calculations.
In 2011, Jasmine Gupta et al.* successfully constructed the models for
molecular dynamics simulation to develop the computational model to
predict the miscibility of indomethacin with carriers. The simulation
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results were consistent with the experimental values, indicating that
molecular dynamics simulation computation provided a molecular
level insight into the underlying mechanisms and intermolecular
energy contributions. It also has the potential application for selecting
the lead excipients during development of amorphous formulations
and minimizing the need for extensive physical stability assessment
studies. Drug design by molecular simulation can improve medicinal
properties and intellectual property value of certain drugs. Milan
Remko accurately simulated stable conformations, solvent effect,
pKa, lipophilicity, solubility, absorption and polar surface area of
hypoglycemic agents.?! Such properties are very important factors
for the designing of highly active ligands selectively acting on
individual SUR receptors, and useful in design of new drugs in the
treatment of non-insulin dependent diabetes mellitus. Above all, it
is important to research the structure, spectroscopy and molecular
properties of drug by using molecular modeling method, promoting
the development of the pharmaceutical industry. However, to the best
of our knowledge, there was no simulation study about finasteride
published in the literature. And, for the topic of this study, there was
almost no literature using Material Studio program.

In this paper, the theoretical and experimental datas of finasteride
studies have been performed to give a detailed description of the
molecular structure and vibrational harmonic spectra of finasteride.
Geometrical parameters and vibrational spectroscopic were calculated
by five different density functionals of Generalized Gradient
Approximations (GGAs) and compared with experimental results
of finasteride compound (form I), which used to screen out the
appropriate simulation functional for model molecular and discussion
of the agreement. The frontier orbitals and electron density isosurface
analysis was used to explain the most important orbital information
of the title compound. Furthermore, Mulliken atomic charge analysis
has been performed to understand the molecular information such


https://orcid.org/0000-0001-6928-680X

Vol. 43, No. 5

as electron delocalization and intra-molecular charge transfer of
finasteride. The presented study on finasteride can provide theoretical
basis for the study of photostability and finding new indications,
dosage forms and ligands. It also screened out an adaptive algorithm
for finasteride improvement and application.

METHOD
Experimental

Finasteride was obtained from Hunan Qianjin Xiangjiang Pharm.
Inc. (Hunan, China). The sample was recrystallized using absolute
ethanol by slow evaporation method.

FT-IR spectrum of powder Finasteride was recorded in the range
of 4000-400 cm™ on NICOLET 380 spectrometer using KBr pellet
technique with a spectral resolution of 2.0 cm.

Computer details

The structural model and atom numbering scheme of finasteride
molecule was given in Figure 1. Initial molecular structure of
finasteride (form I, CCDC Code: WOLXOKO02) which obtained
from the Cambridge Crystallographic Database (CCDC, Cambridge,
UK) with Conquest 1.8 software was used as a starting point for the
calculation. The Generalized Gradient Approximations (GGAs) were
performed to optimize the conformation of the molecular structure of
Finasteride with PW91, PBE, RPBE, HCTH and BLYP functionals
in vacuum condition. The convergence criteria was specified
independently for maximum energy change, Max. force and Max.
displacement, in which, 1x10~° Hartree, 0.002 Hartree Aand 0.005 A,
respectively. Frequencies and the Frontier Molecular Orbital were also
calculated at the same level of theory as geometry optimizations and
the mean absolute deviations between the calculated and observed for
each method were compared. The absence of imaginary frequencies
confirmed that the stationary points found correspond to real minima,
instead of being saddle points. Mulliken population analysis on atomic
charges was calculated using PW91 functional to find the active-site
in molecular. All above calculations (vibrational wavenumbers,
geometric parameters and molecular properties) were performed
by using DMol3 module in Material Studio 8.0 program package.*
And all the vibrational frequencies calculated by different density
functionals were assigned by Material Studio Visualizer module.
Therefore, some assignments may correspond to its previous or next
vibrational frequency value at other levels.

Figure 1. Molecular model and atom numbering scheme of finasteride

Kohn-Sham density functional theory (KS-DFT) is widely
used for self-consistent-field electronic structure calculations of the
ground-state properties of atoms, molecules, and solids.>*? A first-
principles numerical GGA can be constructed by starting from the
second-order density-gradient expansion for the exchange-correlation
hole surrounding the electron in a system of slowly varying density,
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then cutting off its spurious long-range parts to satisfy sum rules
on the exact hole.?® In comparison with LSDA (local spin density
approximation), GGAs tend to improve total energies,?” atomization
energies,”’? energy barriers and structural energy differences.’**
PBE is the default exchange-correlation functional which is
recommended, especially, for studies of molecules interacting with
metal surfaces, although it is also fairly reliable for bulk calculations.”
The PW91 functional should be used for comparisons with literature
data, as it is the most widely used GGA functional.®> Hammer,
Hansen, and Norskov suggested a revised PBE (RPBE) functional,
another nonlocal functional, which is a slightly modified version of
PBE with different enhancement factor for exchange.** HCTH is
one of the Handy’s family functionals including gradient-corrected
correlation.®¥’ The Becke-Lee-Yang Parr (BLYP) functional
combines Becke’s exchange functional with the correlation functional
of Lee, Yang, and Parr (LYP).%

RESULTS AND DISCUSSION
Molecular geometry

The optimized structural parameter of finasteride calculated
by GGA method with PW91, RPBE, HCTH, PBE and BLYP
functuionals were listed in Table 1. Most of the optimized bond
lengths and bond angles at GGAs level were slightly different to
the experimental values, due to the model in theoretical calculations
belong to isolated molecule in vacuum, while the experimental results
were in crystal state. In the five density functionals, the optimized
C-C bond lengths vary from 1.523 to 1.565 A. The calculated bond
lengths are located in the theoretical range which means the optimized
structure is stable.*! Besides, all of the C-H bond lengths are longer
than the experimental values.** Maybe this can explain the reason
that while the crystal structure parameters were determined by using
the X-Ray single crystal diffractometer, the hydrogen atom was
difficult to located, however, the theoretical calculation corrected
this error. The C,~O, bond length of 1.236 A and N,—H,, of 1.018 A
are slightly larger than the experimental value. This is caused by the
inter-molecular hydrogen bonding in crystalline state, which will
reduce bond length due to the 7-t conjugated effect.

Some significant differences of bond angles are seen between the
calculated and experimental parameters. The increases in the angles
C,-C;5-0, and C;-N;-H;, and the decreases in the angles H;¢-N,-C, and
0,-C;-N;, are due to the inter-molecular hydrogen bonding C-O---H
and N-H---O, which influence the position of C-O and N-H. The
decreases in the endo angels Cs-C,-C,, C,-Cy-Cq, C,,-C,,-Ciq, C5-
C,,-C ¢ and C,,-C,,-C,; are due to the attachment of electron donating
amino group and methyl group. The dihedral angles also determine
the similarity between the calculated and experimental results (data
not shown). C,-C,-C;-O, dihedral angle is calculated as 167.889°
(PBE), 169.211° (RPBE), 167.290° (HCTH), 167.854° (PW91) and
169.570° (BLYP), respectively. C;-N,-C,-Cs is calculated as 178.527°
(PBE), 179.944° (RPBE), 178.071° (HCTH), 178.416° (PW91) and
178.889° (BLYP). The experimental data of the two decisive angles
are 162.724° and 174.566°, respectively.

Mean absolute deviations is conducted to linear regression
analysis the differences between the theoretical and experimental
structure parameters. As seen in Table 1, the bond lengths and angles
are found to be similar between the finasteride molecules of the crystal
and the calculated monomer. The mean absolute deviations between
the calculated and experimental value of geometrical parameters
are 0.457 for PW91, 0.543 for RPBE, 0.557 for HCTH, 0.458 for
PBE, 0.522 for BLYP, respectively. Compared with the available
experimental values,* it is easy to find that GGA/PW91 shows the
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Table 1. Geometrical parameters for the optimized structure of finasteride using different functionals in comparison with the XRD data
Parameter Exp® Calculated with GGA/

PWI1 RPBE HCTH PBE BLYP

Bond Length A)
C,-C, 1.329 1.343 1.349 1.338 1.345 1.346
C,-C;, 1.472 1.482 1.490 1.475 1.484 1.489
C;-0, 1.230 1.234 1.240 1.227 1.236 1.239
Ci-N, 1.343 1.377 1.387 1.367 1.379 1.387
N,-H;q 0.983 1.017 1.019 1.009 1.018 1.019
N,-C, 1.472 1.461 1.472 1.451 1.462 1.476
C,s-0, 1.219 1.235 1.239 1.225 1.237 1.239
Cio-N, 1.349 1.368 1.377 1.362 1.369 1.377
N,-Cy 1.478 1.483 1.495 1.478 1.484 1.499
N,-H;; 0.952 1.014 1.015 1.004 1.016 1.015
Bond angle (°)

C,-C;-0, 121.457 122.974 123.174 123.011 122.977 122.928
0,-C;-N, 123.201 122.93 122.787 122.926 122.959 122.827
C,-Cs-N, 115.312 114.05 113.985 114.038 114.018 114.203
C;-N-Hyo 113.171 114.777 114.278 114.889 114.778 114.371
C,-C,-Cy 114.197 112.817 113.031 113.345 112.803 113.001
C,-Cy-Cy 113.289 112.510 112.701 113.038 112.561 112.544
C,-C,-Cy6 116.225 115.542 115.514 115.584 115.549 115.364
C5-C,-C6 100.112 99.343 99.096 98.990 99.293 99.204
N,-C,-Cy 114.222 114.063 113.900 114.162 114.072 114.210
N,-C,,-0, 123.264 123.180 123.325 123.330 123.147 123.078
C,o-N,-Cy 126.172 126.320 127.192 127.779 126.304 126.915
C,o-N,-Hs 117.067 117.000 116.703 116.486 117.007 116.795
C,-N,-Hss 116.748 116.673 116.075 115.734 116.687 116.243
C,-C-Cys 112.241 109.932 109.567 109.846 109.958 109.890
mean absolute deviation 0.457 0.543 0.557 0.458 0.522

best agreement between the calculated and experimental values of
bond lengths and angles of Finasteride. And the computed geometry
parameters obtained by GGA/PWI1 also fairly agree well with the
experimental structural parameters.

Vibrational analysis

The calculated and experimented spectra were shown in Figure 2.
Finasteride molecules in solid state have C=0---H and N-H---O
hydrogen bonds on ring A.* This might cause the different frequencies
between the observed and calculated which were simulated by single
molecule.

Up to our knowledge, so far, there is no study on systematical
conformational analysis or theoretical frequency calculations reported
for finasteride. The frequencies calculated by GGA method with
PBE, RPBE, HCTH, PW91 and BLYP functionals were collected
in Table 2. The observed FT-IR frequencies for various modes of
vibrations were also presented in same table comparison reason. And
the mean absolute deviations between the calculated and experimental
methods for infrared spectra results were also compared.

N-H vibrations
The title molecule is comprised of two N-H group located on the
ring A and side chain, respectively.*’ The stretching vibrations of the

N-H bonds appear in the region of 3600-3300 cm™.*>4* N-H stretching
modes have been calculated as 3517.57 cm™ (PW91), 3514.26 cm’!
(PBE), 3505.29 cm™ (RPBE), 3473.15 cm™ (BLYP) and 3634.81 cm’!
(HCTH) on the ring A, respectively. In the present investigation,
the band at 3240 cm™! (FT-IR) assigned to it. The discrepancy can
be explained by the single molecule in gas loose the intermolecular
N-H---O interactions. At higher wavenumbers, another calculated
N-H stretching vibration which is assigned to the frequency of
3429 cm in experimental spectra is also found. Moreover, N-H and
N-C stretching vibrations which is assigned to 1203 and 890 cm'!
(FT-IR) in the experimental spectra contributed to the frequencies at
1220.53 and 881.87 cm’!, calculated by using PW91 functional. The
plane bending vibration in the range of 410-620 cm™ are calculated
out, which are assigned to IR peaks shown in Table 2, concretely.

C=0

The most characteristic feature of carbonyl group is a sharp band,
which are usually observed in the range of 1870-1540 cm™', especially
located in 1690-1630 cm! for carbonyl in amide group.* The C=0
stretching vibration are found very strong band at 1688 and 1668 cm!
in FT-IR spectrum which is assigned to carbonyl group vibration on
the ring A and side chain, respectively. The C=0 vibration on the ring
A calculated by GGA method with PW91, PBE, RPBE, HCTH, and
BLYP functionals have peaks at 1698.01, 1695.16, 1686.55, 1667.94
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Table 2. Observed and calculated vibrational frequencies of finasteride by GGA method with different functionals

Vib. . Calculated with GGA/

Assignments Exp
no. PWO1 PBE RPBE BLYP HCTH
1 VN,H;; 3429 3523.52 3517.12 3533.87 3503.01 3667.07
2 VN,H,, 3240 3517.57 3514.26 3505.29 3473.15 3634.81
3 vC H, 3116 3138.43 3146.81 3143.32 3110.35 12176]912
4 v,CysHys 4y 2986 2994.88 2992.67 2994.43 2973.46 3053.52
5 v,CeHq.» 2969 2972.46 2977.34 2971.53 2950.33 3074.22
6 vC;H,, 2936 2924.59 2924.11 2955.08 2907.17 2932.14
7 vCgH, 2904 2917.88 2917.3 2928.69 2923.26 3075.97
8 vC,H, 2866 2888.82 2885.14 2887.32 2897.14 2945.62
9 vC,0,; BN, H,, BC,H, 1688 1698.01 1695.16 1686.55 1667.94 1775.34
10 vC,,0,; BN,Hy, 1668 1686.02 1693.63 1682.14 1653.36 1740.00
11 vC,C, 1600 1634.60 1635.8 1620.95 1607.62 1661.61
12 8,,Ca12023 a6 282031.32.34 1505 1500.91 1501.91; 1514.41 1506.00 1556.08
13 8,,CisHaz 53 0C 1o 1sH 111715 1450 1450.76 1448.03 1451.86 1462.99
14 8,CymaHagagaosinse 1392 1395.47 1391.59 1402.34 1419.03
15 8,C sHys05: YCaisHs 14 1383 1383.03 1382.59 1382.64 1388.30 1445.43
16 8,Ca1223H06.0820 313034 1364 1363.23 1361,62 1369.55 1368.42 1428.95
17 YCa7s11.13H380.13.145 OC 1 0H o415 VCCy 1340 1344.65 1341.62 1355.77 1344.04 1381.35
18 YC..15Hs 14 1336.85 1333.89 1347.59 1343.46
19 YC.e.5.16H36.17.108 OCsH s 1330 1331.26 1326.9 1329.08 1336.54 1364.80
20 VYCisrs11Hsp50.14 1291 1292.38 1288.78 1290.29 1296.93 1320.47
21 YCs.1415.16Ho.15.18.1 1277 1274.40 1268.44 1274.32 1282.12 1324.15
22 YC..1Hy 155 TCoH 0.1 1257 1250.16 1247.23 1247.02 1250.71 1279.97
23 TCuusH 5161718 1225 1225.56 1225.35 1217.17 1224.96
24 TC1y sH 51617185 YC16H 08 0a5Cy; 2023Ha6 28203132343 BN2Cap 1203 1220.53 1217.41 1213.03 1210.22 1237.60
25 BN,H,s; vC,Hyo 1168 1170.58 1167.75 1164.15 1182.65
26 BC,.H,, 1125 1123.38 1120.32 1117.23 1124.49 1180.98
27 YCsHy; 1€, H,,. 15 1065 1056.01 1055.08 1058.67 1060.70 1107.54
28 YC,¢Hys 5 VCisi6 1027 1028.16 1028.04 1013.01 1032.29 1074.95
29 YC,11H; 155 TCsH, 55 0,,C sHozs 991 992.30 988.64 985.22 980.25 1036.42
30 YC11.16H1316.10 90CrsHas 2405 968 965.32 965.38 966.38 962.83
31 84Cai2223Ha6 282031 3234 960 960.90 957.44 951.82 957.43 1019.13
32 8,,Ci7H,02 937 933.86 929.97 926.18 925.07 965.39
33 0,,Cy12023H06 2820313234 914 914.18 914.04 907.11 909.10 952.86
34 BN, Hsg; YCoHe7; PCioH 0115 6,,C17Ha0005 BN,C5 890 881.87 881.36 873.24 873.09 915.85
35 pCisH 7153 YC16Cio 766 765.47 766.83 764.38 752.60 759.38
36 V,Cy0Cyis 741 733.68 732.96 719.8 716.41
37 YC,.H,, 688 694.58 695.34 698.79 685.92 716.10
38 YN, H,g; ring prckering vibration 613 616.65 615.8 615.23 616.40 635.34
39 YN Hy; pCisHy7 5 600 602.30 598.19 599.96 601.32 635.34
40 YN, Hy; pCsH, 572 574.28 570.03 570.06 571.82 629.93
41 YN, ,Hiq555 8,CsHas 05 536 534.64 532.88 524.35 529.12 598.24
42 YN, H,q; vC,H, 502 498.83 496.65 495.23 498.62 544.97
43 YNLH;s; pCo10Hgr 1011 484 488.10 488.53 486.01 484.23 522.52
44 YN,H;5; vC,00, 463 458.40 460.74 460.29 453.19 489.16
45 YN, ,Hy( 35; ring prekering vibration 432 429.69 428.79 427.73 427.43 459.89
Mean Absolute Deviation (for all data) 14.405 14.846 16.696 15.632 61.174

and 1775.34 cm’', respectively. Despite intermolecular C=0---H (BLYP) and 1740.00 cm™ (HCTH), respectively. As seen from
hydrogen bonding interactions in the solid state, PW91 result is Table 2, the observed band at 766 cm™ (FT-IR) can be assigned to

in a good agreement with our experimental spectrum for carbonyl C,,=0, in plane bending vibration. Furthermore, the assignments of
stretching mode. The stretching vibration of C=0 on the side chain out of plane bending vibration mode is calculated at 458.40 cm™ by
is corresponding to the calculated wavenumbers of 1686.02 cm'! PWI1 functional.

(PW91), 1693.63 cm (PBE), 1682.14 cm™ (RPBE), 1653.36 cm’!
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Figure 2. Experimental and simulated FT-IR spectra of finasteride

c=C

The C=C stretching vibrations usually form a band in the region of
1430-1650 cm.*#¢ In the experimental spectrum, the C=C stretching
vibration of Finasteride is observed at 1600 cm™! with strong band. The
theoretically calculated frequencies are at 1634.60, 1635, 1620.95,
1607.62 and 1661.61 cm by PW91, PBE, RPBE, HCTH, and BLYP
functionals, respectively. These assignments are in accordance with
the literature.

c-C

The C-C stretching vibrations usually occur in the reign
1200-800 cm™.* In our study, the range of characteristic C-C stretching
modes are calculated at 1210-786 cm™ in PW91, which means that
the calculated values can reflect the experimental values accurately.
The multi-carbon rings are mainly composed by carbon atoms in
finasteride. The C-C bending vibration lead to skeletal stretching of
ring. The frequencies around 500-400 cm™! are extensively assigned
to bending vibrations of C-C bands.* In our calculation, C-C bending
modes are located at 420-680 cm™ with PW91, PBE, RPBE, HCTH,
and BLYP functionals. The calculated values are in good agreement
with experimental data as given in Table 2.

C-H

The saturated C-H stretching vibration is assigned at
2840-3000 cm™.* In our present work, the calculated saturated
C-H stretching modes are observed at 3200-2880 cm™ (PW91),
3125-2885 cm™ (PBE), 3140-2887 cm™ (RPBE), 3086-2897 cm'!
(BLYP) and 3247-2945 cm™ (HCTH) which are in agreement with
theoretical values. At higher wavenumbers, the unsaturated C-H
stretching vibration is assigned at 3100-3000 cm™'. The C,-H and
C,-H stretching modes have been calculated as these two separate
peaks as shown in Table 2, but under the experimental condition,
the counterparts of C;-H, and C,-H, bands are noticed at 3116 cm™,
which are overlapped to one peak. This might be caused by the low
resolution of FT-IR equipment. The frequencies corresponding to the
C-H bending modes (in-plane or out-of-plane) of the title compound
are listed with consistent agreement by using PW91, PBE, RPBE
BLYP and HCTH functionals in Table 2.

The mean absolute deviations between the calculated and
experimental infrared spectra for each method were compared.
They are 14.40 cm™ for PWO91, 14.85 cm™! for PBE, 16.70 cm™! for
RPBE, 15.63 cm™ for BLYP and 61.17 cm™! for HCTH, respectively.
It is clear that the GGA/PWO1 is distinctly superior to all the

s TN TN o *ﬁWW“*W

10600 500

remaining levels in predicting all the vibrational spectra on average
of Finasteride.

Frontier molecular orbitals

The highest occupied molecular orbital (HOMO) energies, the
lowest unoccupied molecular orbital (LUMO) energies, and the gap
energy value of HOMO-LUMO are key parameters in determining
molecular properties and the way the molecule interacted with other
species, 8 which constitute frontier orbital theory. Frontier molecular
orbitals play an important role in the electric and optical properties.
The LUMO as an electron acceptor represents the ability to obtain an
electron and the HOMO represents the ability to donate an electron
and the energy gap reflect the stability and chemical activity of the
molecule.® The frontier molecular orbitals and total electron density
isosurface at GGA/PW91 level was given in Figure 3 and Figure 4.

LUMO plot (first excited state)
Eumo= -1.957 eV

GGA/PBE  E,=3.511eV

GGA/RPBE  E,=3.512eV
E;=3.53 eV o
G’GA/PWEEJI GGA/BLYP  E,=3.542eV

GGA/HCTH E,=3.647 eV

HOMO plot (ground state)
Enomo= -5.487 eV

Figure 3. Calculated HOMO-LUMO plot and energy gap of finasteride

The HOMO is located on C=C, amide group on the ring A and
the carboxyl group on the side chain. And, it is also obviously from
the Figure 4 that the region around oxygen and nitrogen atoms (O,
and N)) have the largest electron density which might be due to the
conjugate system (yellow). The N, region have a lower electron
density might due to the strong space resistance by the methyl groups
nearby which might inhibit the occurrence of chemical reactions. The
LUMO is more focused on the C=C and amide group on the ring A.
The HOMO-LUMO transition implies an electron density transfer
to the ring A from amide group on the side chain. Overall, the alkene
and lactam groups are more likely to be attracted by other species.*"*
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Figure 4. Electron density isosurface of finasteride
Mulliken atomic charges

Pharmacological studies showed that the electronic interactions
between drug molecular and receptor is the key point to play effect.
Analysis of the atomic charge distribution in the drug molecule can
reveal its action sites with the receptor.’'> The illustration of atomic
charge distribution of Finasteride at GGA/PWO1 level of theory was
shown in Figure 5.

Atomic charge distribution of Finasteride

CKEs H2 H8 H6 H8 H10H12H14 H16 H18 H20 H22H24 H26 H28 H30H32 H34 H3

Mulliken atomiccharges(e)
°
=

Atom number

Figure 5. Atomic charge distribution of finasteride with PW91 functional

Because the carbon atom have stronger electronegativity than
hydrogen atoms, most of the carbon atom attached with hydrogen
atoms was negative. For C; and C,, they were positively charged
conversely, which might be due to the attachment of olefin and
lactam groups which received electronic from C atoms. The oxygen
atoms have more negative charges while all the hydrogen atoms have
positive charges. Compared to other atoms, the maximum positive
atomic charge is obtained from C,,, which is due to the attachment
of two negatively charged atoms (O, and N,). Negatively charged
nitrogen (N, and N,) atoms shows that the charges are transferred
from H to N (Hy;—N, and H;;—N,), and the charges of oxygen (O,
and O,) atoms shows that electronics were transferred from C to O
(C;—0, and C,y,—0,). These sites were more likely to be attracted
by electrophilic reagent for finasteride molecule, and the possible
sequence of reactions is O,>0,>N,>N,. However, due to the steric
effect of fert-butyl group, the chemical reaction was difficult occurred
at N, and O, site, which is consistent with the results of orbital and
electronic density analysis, conforming with the previous experiment
result.>* The reason why O,>N; is that the presence of the nitrogen
atom increases the nucleophilicity of the carbonyl groupand O is
more electronegative than N atom.> The methyl carbon atoms (C,
Ci5, C,;, C,, and C,;) are more negatively charged which indicates
the charge transfer from H to C.

CONCLUSIONS

A complete vibrational frequencies and geometry parameters were

Vibrational spectroscopic investigation and molecular structure of a 5o-reductase inhibitor: finasteride 591

firstly performed by PW91, PBE, RPBE, BLYP and HCTH functionals
for finasteride. Vibrational frequencies of the fundamental modes of
finasteride were precisely assigned and compared with the experimental
vibrations. The mean absolute deviations were conducted to analysis the
differences between the five functionals. The surveyed results allows
us to conclude that PW91 is a reliable functional that can be used in
the confirmation of experimental spectroscopic, the explanations of
structure studies and the prediction of physicochemical properties
about finasteride. The HOMO, LUMO and electron density isosurface
analysis indicated that the electron density transfer to ring A from
amide group on the side chain when chemical reaction occurs. And the
alkene and lactam groups on the ring A was more likely to be attacked
by other species. Moreover, N, and O, are the active-sites which were
analyzed by Mulliken atomic charges theory and the steric effect.
Above all, this paper screened out an appropriate density functional
methods of Generalized Gradient Approximations (GGA) to calculate
the fundamental physicochemical properties of finasteride, which could
provide the mechanism and adaptive functional for photocatalytic
degradation and molecular docking of finasteride.

SUPPLEMENTARY MATERIAL

Figure 1S and Tables 1S — 3S can be freely accessed at http://
www.quimicanova.sbq.org.br, in PDF format.
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