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Abstract: In spite of the side effects of Flutamide drug, it is still shows potential use to treat protease
cancer as it belongs to anti-androgens (anti-testosterone) drugs. Density functional theory at B3LYP/6-
31g(d,p) level is utilized to estimate the chemical stability of the drug in different media. Accordingly,
SCREF default method is utilized to study geometry and physical parameters under the effect of Aniline,
Benzene, Acetone, Chloroform, Ethanol, Methanol, Heptane, DMSO, Diethyl-ester, Dichloro-methane,
Dichloro-ethane, Cyclohexane, CCls, Water, Toluene and THF respectively.

Computational results show that except methanol, solvents show no change in the geometrical and/or
physical parameters, which an indication for the chemical and physical stability of the drug in different
chemical interactions in terms of the effect of organic solvents upon the drug.
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1. Introduction

Molecular modeling is a class of computational work that depends on several softcodes
implemented on a computer that provides important parameters [1-2]. These parameters could
be categorized into physical, chemical, and biological parameters; pave the way toward
understanding the fate and behaviors for many systems and molecules in different fields of
applications [3-6]. Drug design is among the fields of applications, whereas modeling could be
applied with different levels of theories [7-8]. As stated earlier in the literature, the drug
Flutamide is classified as an oral, non-steroidal anti-androgen drug used as a primary treatment
for men have prostate cancer [9-14]. In spite of this, some researchers report against it
according to their valuable notices about its side effects [15-17]. While other researchers try
to minimize the side effects of the drug in their reports, as indicated earlier, it is assumed that
the drug is supposed to interact with nanoscale materials in a different form to enhance its
ability to act as anticancer [18-19]. In our previous work, computational notes based on
molecular modeling analyses were carried out for Flutamide [20]. It was an attempt to correlate
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reactivity of the drug with the physical parameters such as total dipole moment, HOMO/LUMO
band gab energy together with molecular electrostatic potential as stated earlier for the
reactivity of chemical structures [21-26].

This work is carried out to evaluate the effect of solvents on Flutamide using DFT:
B3LYP/6-31g(d,p) model. The default method SCRF was used for the following solvents
Aniline, Benzene, Acetone, Chloroform, Ethanol, Methanol, Heptane, DMSO, Diethyl-ester,
Dichloro-methane, Dichloro-ethane, Cyclohexane, CCls, Water, Toluene and THF
respectively. Geometrical parameters besides some other physical parameters were used to
evaluate the effect of solvents, including HOMO/LUMO bandgap energy, electronegativity,
and total dipole moment.

2. Materials and Methods
2.1. Computational details.

Flutamide is chosen as a model molecule then subjected to different solvents using the
default SCRF method. All the studied models were calculated with GAUSSIAN 09 soft-code
[1] implemented at Personal computer at Spectroscopy Department, National Research Centre,
Egypt. Structures were optimized with density functional theory DFT: B3LYP/6-31g(d,p) [2-
4]. All the studied geometrical and physical parameters were calculated at the same level of
theory.

3. Results and Discussion

As described in the calculation details section, Flutamide is chosen as model molecules
then subjected to solvation whereas the studied solvents were Aniline, Benzene, Acetone,
Chloroform, Ethanol, Methanol, Heptane, DMSO, Diethyl-ester, Dichloro-methane, Dichloro-
ethane, Cyclohexane, CCls, Water, Toluene and THF respectively. The calculation was
performed in the presence of a solvent by placing the solute in a cavity within the solvent
reaction field using the default SCRF method. This method creates the solute cavity via a set
of overlapping spheres.

The optimized parameters have been calculated using DFT: B3LYP/6-31g(d,p) for
Flutamide in different solvents are listed in Tables (1-2). Remarkable hydrogen-hydrogen
interactions have been detected like H10-H12 (2.275~2.279A) and H10-H25 (3.368~3.386A).
Also, an electrostatic interaction has been detected between F20-022 atoms (2.678~2.682A).
Such interactions show how to ease flutamide can be soluble in the proposed solvent. In turn,
we have assigned 5 bond angles as H12-H10-H25 (139.220~139.302A), C6-H12-H10
(88.770~88.786°), C9-F20-022 (83.255~83.325°), F20-022-N21 (90.370~90.999°) and H10-
H25-C16 (88.611~88.986°), respectively. In contradictory, primitive interaction between
Flutamide and methanol performed results show a complete absence of weak hydrogen-
hydrogen and electrostatic interactions as shown in Table 3. Such behavior may be attributed
to the weak miscibility of Flutamide in methanol.

Table 1. B3LYP/6-31g(d,p) calculated bond distances (A) and bond angles (°) for Flutamide as affected by
different solvents, including Aniline, Benzene, Acetone, Chloroform, Ethanol, Heptane, DMSO, Diethyl-ester
respectively.

Bond Lengths (A) | Aniline | Benzene | Acetone | Chloroform | Ethanol | Heptane | DMSO | Diethyl-ester
C1-C2 1.407 1.406 1.407 1.407 1.408 1.406 1.408 1.407
C1-C6 1.404 1.404 1.404 1.404 1.404 1.404 1.404 1.404
C1-N7 1.396 1.398 1.396 1.396 1.395 1.398 1.395 1.397
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Bond Lengths (A) | Aniline | Benzene | Acetone | Chloroform | Ethanol | Heptane | DMSO | Diethyl-ester
C2-C3 1.392 1.393 1.392 1.392 1.392 1.393 1.392 1.393
C2-H8 1.078 1.078 1.078 1.078 1.078 1.079 1.078 1.078
C3-C4 1.408 1.407 1.408 1.408 1.408 1.407 1.408 1.408
C3-C9 1.521 1.522 1.521 1.521 1.520 1.522 1.520 1.521
C4-C5 1.395 1.395 1.395 1.395 1.396 1.394 1.396 1.395

C4-N21 1.464 1.467 1.465 1.465 1.462 1.468 1.462 1.465
C5-C6 1.384 1.385 1.384 1.384 1.384 1.385 1.384 1.384
C5-H11 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082
C6-H12 1.086 1.086 1.086 1.086 1.085 1.086 1.085 1.086
N7-C13 1.385 1.387 1.385 1.385 1.384 1.387 1.384 1.385
C9-F18 1.353 1.353 1.353 1.353 1.353 1.353 1.353 1.353
C9-F19 1.346 1.344 1.346 1.346 1.347 1.344 1.347 1.346
C9-F20 1.348 1.347 1.348 1.348 1.349 1.347 1.349 1.348
H10-H12 2.275 2.277 2.275 2.275 2.277 2.279 2.276 2.275
H10-H25 3.368 3.382 3.372 3.372 3.359 3.386 3.359 3.373
C13-014 1.225 1.223 1.225 1.225 1.226 1.223 1.227 1.224
C13-C15 1.529 1.530 1.529 1.529 1.529 1.530 1.529 1.529
C15-C16 1.540 1.540 1.540 1.540 1.540 1.540 1.540 1.540
C15-C17 1.537 1.537 1.537 1.537 1.537 1.537 1.537 1.537
C15-H24 1.097 1.098 1.097 1.097 1.097 1.098 1.097 1.097
C16-H25 1.095 1.095 1.095 1.095 1.094 1.095 1.094 1.095
C16-H26 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094
C16-H27 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094
C17-H28 1.093 1.093 1.093 1.093 1.094 1.093 1.094 1.093
C17-H29 1.094 1.094 1.094 1.094 1.094 1.095 1.094 1.094
C17-H30 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094
F20-022 2.678 2.682 2.680 2.680 2.678 2.682 2.677 2.680
N21-022 1.230 1.229 1.230 1.230 1.231 1.228 1.231 1.230
N21-023 1.234 1.233 1.234 1.234 1.234 1.233 1.234 1.234
C2-C1-C6 119.143 | 119.173 | 119.155 119.155 119.109 | 119.168 | 119.107 119.157
C2-C1-N7 123.052 | 123.033 | 123.051 123.051 123.044 | 123.012 | 123.050 123.049
C6-C1-N7 117.801 | 117.790 | 117.790 117.790 117.843 | 117.815 | 117.840 117.790
C1-C2-C3 121.068 | 120.997 | 121.046 121.046 121.116 | 120.996 | 121.122 121.039
C1-C2-H8 118.816 | 118.897 | 118.837 118.837 118.775 | 118.908 | 118.768 118.845
C3-C2-H8 120.112 | 120.102 | 120.113 120.113 120.105 | 120.092 | 120.105 120.112
C2-C3-C4 118.755 | 118.789 | 118.765 118.765 118.740 | 118.791 | 118.737 118.768
C2-C3-C9 116.771 | 116.824 | 116.790 116.790 116.745 | 116.822 | 116.734 116.794
C4-C3-C9 124.423 | 124.338 | 124.394 124.394 124.463 | 124.339 | 124.477 124.387
C3-C4-C5 120.441 | 120.476 | 120.452 120.452 120.412 | 120.477 | 120.406 120.456
C3-C4-N21 123.422 | 123.479 | 123.434 123.434 123412 | 123.499 | 123.409 123.439
C5-C4-N21 116.125 | 116.033 | 116.101 116.101 116.164 | 116.011 | 116.173 116.093
C4-C5-C6 120.418 | 120.365 | 120.401 120.401 120.453 | 120.364 | 120.459 120.396
C4-C5-H11 118.834 | 118.702 | 118.799 118.799 118.895 | 118.668 | 118.908 118.789
C6-C5-H11 120.744 | 120.930 | 120.795 120.795 120.645 | 120.965 | 120.626 120.811
C1-C6-C5 120.148 | 120.171 | 120.153 120.153 120.141 | 120.175 | 120.140 120.156
C1-C6-H12 120.195 | 120.202 | 120.196 120.196 120.232 | 120.223 | 120.218 120.192
C5-C6-H12 119.658 | 119.628 | 119.651 119.651 119.627 | 119.602 | 119.642 119.652
C1-N7-C13 129.075 | 129.027 | 129.061 129.061 129.078 | 128.997 | 129.086 129.058
C3-C9-F18 110.745 | 110.596 | 110.705 110.705 110.816 | 110.566 | 110.827 110.696
C3-C9-F19 112561 | 112.464 | 112.541 112.541 112.611 | 112.429 | 112.615 112.526
C3-C9-F20 111.958 | 111.796 | 111.907 111.907 112.032 | 111.775 | 112.057 111.895
F18-C9-C19 106.437 | 106.578 | 106.476 106.476 106.366 | 106.606 | 106.350 106.489
F18-C9-F20 106.465 | 106.562 | 106.492 106.492 106.420 | 106.582 | 106.408 106.502
F19-C9-F20 108.339 | 108.539 | 108.392 108.392 108.246 | 108.582 | 108.230 108.407
H12-H10-H25 139.220 | 139.262 | 139.302 139.302 139.264 | 139.360 | 139.220 139.291
C6-H12-H10 88.777 | 88.784 88.782 88.782 88.726 88.755 88.743 88.786
N7-C13-014 123.195 | 123.245 | 123.204 123.204 123.182 | 123.260 | 123.177 123.207
N7-C13-C15 114.733 | 114.688 | 114.718 114.718 114.776 | 114.685 | 114.788 114.711
014-C13-C15 122.068 | 122.062 | 122.074 122.074 122.037 | 122.050 | 122.030 122.077
C13-C15-C16 108.990 | 108.956 | 108.982 108.982 108.993 | 108.938 | 109.004 108.983
C13-C15-C17 109.544 | 109.459 | 109.523 109.523 109.598 | 109.445 | 109.602 109.516
C13-C15-H24 109.429 | 109.496 | 109.441 109.441 109.411 | 109.518 | 109.414 109.448
C16-C15-C17 111.519 | 111494 | 111511 111.511 111.537 | 111.484 | 111.539 111.504
C16-C15-H24 108.555 | 108.599 | 108.568 108.568 108.541 | 108.615 | 108.535 108.570
C17-C15-H24 108.774 | 108.812 | 108.787 108.787 108.730 | 108.816 | 108.716 108.792
C15-C16-H25 111.586 | 111.642 | 111.606 111.606 111.540 | 111.645 | 111.545 111.620

https://nanobioletters.com/ 1149


https://doi.org/10.33263/LIANBS93.11471155
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS93.11471155

Bond Lengths (A) | Aniline | Benzene | Acetone | Chloroform | Ethanol | Heptane | DMSO | Diethyl-ester

C15-C16-H26 110.262 | 110.137 | 110.229 110.229 110.319 | 110.112 | 110.329 110.220

C15-C16-H27 110.034 | 110.138 | 110.062 110.062 109.993 | 110.163 | 109.982 110.065

H25-C16-H26 108.277 | 108.198 | 108.254 108.254 108.316 | 108.176 | 108.324 108.247

H25-C16-H27 108.145 | 108.132 | 108.140 108.140 108.157 | 108.136 | 108.151 108.135

H26-C16-H27 108.449 | 108.505 | 108.461 108.461 108.427 | 108.520 | 108.422 108.464

C15-C17-H28 110.180 | 110.038 | 110.141 110.141 110.272 | 110.007 | 110.294 110.128

C15-C17-H29 111.519 | 111.565 | 111.534 111.534 111.492 | 111.577 | 111.484 111.538

C15-C17-H30 110.112 | 110.211 | 110.138 110.138 110.053 | 110.229 | 110.041 110.147

H28-C17-H29 108.209 | 108.136 | 108.188 108.188 108.253 | 108.124 | 108.263 108.181

H28-C17-H30 108.565 | 108.641 | 108.585 108.585 108.518 | 108.655 | 108.508 108.592

H29-C17-H30 108.172 | 108.168 | 108.172 108.172 108.168 | 108.166 | 108.167 108.172

C9-F20-022 83.264 83.299 83.257 83.257 83.261 83.325 83.261 83.274

C4-N21-022 118.485 | 118.309 | 118.439 118.439 118.568 | 118.269 | 118.585 118.425

C4-N21-023 117.425 | 117.190 | 117.363 117.363 117.530 | 117.144 | 117.554 117.341

022-N21-023 124.065 | 124471 | 124.172 124.172 123.879 | 124.557 | 123.837 124.207

F20-022-N21 90.803 90.414 90.662 90.662 90.920 90.418 90.999 90.634

H10-H25-C16 88.975 88.693 88.901 88.901 89.171 88.611 89.177 88.873

Table 2. B3LYP/6-31g(d,p) calculated bond distances (A) and bond angles (°) for Flutamide as affected by
different solvents, including Dichloro-methane, Dichloro-ethane, Cyclohexane, CCls, Water, Toluene and THF
respectively.

Bond lengths (A) Dichloro- | Dichlora- Cyclohexane | CCls | Water | Toluene | THF
methane ethane
Cl1-C2 1.407 1.407 1.406 1.406 1.408 1.407 1.407
C1-C6 1.404 1.404 1.404 1.404 1.404 1.404 1.404
C1-N7 1.396 1.396 1.398 1.398 1.395 1.398 1.396
C2-C3 1.392 1.392 1.393 1.393 1.392 1.393 1.392
C2-H8 1.078 1.078 1.079 1.078 1.078 1.078 1.078
C3-C4 1.408 1.408 1.407 1.407 1.408 1.407 1.408
C3-C9 1.521 1.520 1.522 1.522 1.520 1.522 1.521
C4-C5 1.395 1.396 1.395 1.395 1.396 1.395 1.395
C4-N21 1.463 1.463 1.468 1.467 1.462 1.467 1.464
C5-C6 1.384 1.384 1.385 1.385 1.384 1.385 1.384
C5-H11 1.082 1.082 1.082 1.082 1.082 1.082 1.082
C6-H12 1.086 1.086 1.086 1.086 1.085 1.086 1.086
N7-C13 1.385 1.384 1.387 1.387 1.384 1.386 1.385
C9-F18 1.353 1.353 1.353 1.353 1.353 1.353 1.353
C9-F19 1.346 1.347 1.344 1.344 1.347 1.345 1.346
C9-F20 1.349 1.349 1.347 1.347 1.349 1.347 1.348
H10-H12 2.275 2.275 2.278 2.277 2.277 2.277 2.275
H10-H25 3.367 3.363 3.385 3.383 3.357 3.382 3.367
C13-014 1.226 1.226 1.223 1.223 1.227 1.223 1.225
C13-C15 1.529 1.529 1.530 1.530 1.529 1.530 1.529
C15-C16 1.540 1.540 1.540 1.540 1.540 1.540 1.540
C15-C17 1.537 1.537 1.537 1.537 1.537 1.537 1.537
C15-H24 1.097 1.097 1.098 1.098 1.097 1.098 1.097
C16-H25 1.094 1.094 1.095 1.095 1.094 1.095 1.095
C16-H26 1.094 1.094 1.094 1.094 1.094 1.094 1.094
C16-H27 1.094 1.094 1.094 1.094 1.094 1.094 1.094
C17-H28 1.093 1.093 1.093 1.093 1.094 1.093 1.093
C17-H29 1.094 1.094 1.095 1.094 1.094 1.094 1.094
C17-H30 1.094 1.094 1.094 1.094 1.094 1.094 1.094
F20-022 2.678 2.678 2.683 2.682 2.677 2.682 2.678
N21-022 1.231 1.231 1.229 1.229 1.232 1.229 1.231
N21-023 1.234 1.234 1.233 1.233 1.234 1.233 1.234
C2-C1-C6 119.135 119.132 119.172 119.173 | 119.103 | 119.171 | 119.142
C2-C1-N7 123.052 123.056 123.028 123.034 | 123.049 | 123.034 | 123.052
C6-C1-N7 117.809 117.808 117.796 117.789 | 117.845 | 117.790 | 117.803
C1-C2-C3 121.080 121.085 120.991 120.996 | 121.128 | 121.000 | 121.071
C1-C2-H8 118.804 118.802 118.909 118.899 | 118.764 | 118.894 | 118.812
C3-C2-H8 120.111 120.108 120.096 120.102 | 120.104 | 120.103 | 120.112
C2-C3-C4 118.751 118.749 118.794 118.791 | 118.734 | 118.789 | 118.753
C2-C3-C9 116.765 116.758 116.830 116.825 | 116.728 | 116.823 | 116.770
C4-C3-C9 124.433 124.441 124.328 124.336 | 124.485 | 124.340 | 124.425
C3-C4-C5 120.433 120.429 120.477 120.476 | 120.404 | 120.474 | 120.440
C3-C4-N21 123.419 123.416 123.490 123.480 | 123.407 | 123.477 | 123.418
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Bond lengths (A) Dichloro- | Dichloro- Cyclohexane | CCls | Water | Toluene | THF
methane ethane

C5-C4-N21 116.136 116.143 116.021 116.031 | 116.176 | 116.037 | 116.130
C4-C5-C6 120.426 120.431 120.360 120.364 | 120.462 | 120.367 | 120.419
C4-C5-H11 118.852 118.860 118.682 118.699 | 118.913 | 118.711 | 118.839
C6-C5-H11 120.716 120.703 120.955 120.934 | 120.618 | 120.919 | 120.737
C1-C6-C5 120.146 120.144 120.176 120.172 | 120.140 | 120.171 | 120.147
C1-C6-H12 120.199 120.201 120.212 120.201 | 120.223 | 120.198 | 120.194
C5-C6-H12 119.655 119.655 119.611 119.626 | 119.637 | 119.631 | 119.659
C1-N7-C13 129.076 129.076 129.020 129.026 | 129.083 | 129.029 | 129.074
C3-C9-F18 110.766 110.773 110.570 110.592 | 110.833 | 110.605 | 110.750
C3-C9-F19 112.576 112.578 112.450 112.462 | 112.618 | 112.468 | 112.567
C3-C9-F20 111.979 111.993 111.773 111.791 | 112.068 | 111.803 | 111.963
F18-C9-C19 106.416 106.406 106.598 106.581 | 106.341 | 106.571 | 106.430
F18-C9-F20 106.452 106.444 106.577 106.565 | 106.403 | 106.559 | 106.461
F19-C9-F20 108.312 108.304 108.570 108.544 | 108.221 | 108.528 | 108.331
H12-H10-H25 139.286 139.334 139.267 139.298 | 139.230 | 139.264 | 139.270
C6-H12-H10 88.770 88.767 88.773 88.784 88.737 88.787 88.777
N7-C13-014 123.189 123.186 123.257 123.246 | 123.176 | 123.242 | 123.192
N7-C13-C15 114.746 114.752 114.688 114.689 | 114.792 | 114.690 | 114.738
014-C13-C15 122.060 122.057 122.051 122.060 | 122.028 | 122.063 | 122.065
C13-C15-C16 108.994 109.002 108.953 108.958 | 109.004 | 108.955 | 108.993
C13-C15-C17 109.558 109.560 109.441 109.455 | 109.606 | 109.466 | 109.548
C13-C15-H24 109.422 109.418 109.510 109.499 | 109.410 | 109.492 | 109.425
C16-C15-C17 111.521 111.517 111.495 111.492 | 111.542 | 111.496 | 111.519
C16-C15-H24 108.554 108.557 108.605 108.602 | 108.539 | 108.597 | 108.557
C17-C15-H24 108.762 108.756 108.813 108.810 | 108.711 | 108.810 | 108.770
C15-C16-H25 111.581 111.590 111.635 111.643 | 111.541 | 111.639 | 111.590
C15-C16-H26 110.279 110.283 110.121 110.135 | 110.337 | 110.143 | 110.266
C15-C16-H27 110.022 110.013 110.156 110.140 | 109.982 | 110.133 | 110.031
H25-C16-H26 108.286 108.295 108.192 108.198 | 108.326 | 108.203 | 108.278
H25-C16-H27 108.145 108.138 108.132 108.130 | 108.151 | 108.131 | 108.143
H26-C16-H27 108.440 108.433 108.517 108.506 | 108.415 | 108.503 | 108.445
C15-C17-H28 110.205 110.213 110.021 110.036 | 110.305 | 110.045 | 110.188
C15-C17-H29 111512 111.510 111.571 111.567 | 111.484 | 111.563 | 111.518
C15-C17-H30 110.095 110.088 110.224 110.212 | 110.034 | 110.205 | 110.106
H28-C17-H29 108.222 108.224 108.127 108.135 | 108.267 | 108.140 | 108.213
H28-C17-H30 108.551 108.550 108.649 108.641 | 108.498 | 108.637 | 108.560
H29-C17-H30 108.172 108.172 108.167 108.168 | 108.167 | 108.168 | 108.172
C9-F20-022 83.255 83.262 83.302 83.302 | 83.269 83.296 83.261
C4-N21-022 118.510 118.522 118.286 118.306 | 118.591 | 118.320 | 118.490
C4-N21-023 117.457 117.467 117.152 117.184 | 117.566 | 117.201 | 117.436
022-N21-023 124.009 123.986 124.532 124.480 | 123.819 | 124.450 | 124.049
F20-022-N21 90.829 90.887 90.370 90.408 | 91.032 90.421 90.801
H10-H25-C16 89.006 89.066 88.640 88.662 | 89.198 88.698 88.986

Table 3. B3LYP/6-31g(d,p) calculated bond distances (A) and bond angles (°) for Flutamide as affected by

methanol.
Methanol
Bond Lengths (A) Bond Angles(°)
C1-C2 1.408 C2-C1-C6 119.110 C13-C15-C16 109.006
C1-C6 1.404 C2-C1-N7 123.051 C13-C15-C17 109.597
C1-N7 1.395 C6-C1-N7 117.835 C13-C15-H24 109.408
C2-C3 1.392 C1-C2-C3 121.116 C16-C15-C17 111.536
C2-H8 1.078 C1-C2-H8 118.773 C16-C15-H24 108.537
C3-C4 1.408 C3-C2-H8 120.106 C17-C15-H24 108.726
C3-C9 1.520 C2-C3-C4 118.739 C15-C16-H25 111.553
C4-C5 1.396 C2-C3-C9 116.739 C15-C16-H26 110.326
C4-N21 1.462 C4-C3-C9 124.469 C15-C16-H27 109.985
C5-C6 1.384 C3-C4-C5 120.411 H25-C16-H26 108.319
C5-H11 1.082 C3-C4-N21 123.407 H25-C16-H27 108.148
C6-H12 1.085 C5-C4-N21 116.170 H26-C16-H27 108.421
N7-C13 1.384 C4-C5-C6 120.453 C15-C17-H28 110.283
C9-F18 1.353 C4-C5-H11 118.902 C15-C17-H29 111.488
C9-F19 1.347 C6-C5-H11 120.638 C15-C17-H30 110.048
C9-F20 1.349 C1-C6-C5 120.142 H28-C17-H29 108.258
C7-H10 1.011 C1-C6-H12 120.215 H28-C17-H30 108.510
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Methanol
Bond Lengths (A) Bond Angles(°)
C13-014 1.227 C5-C6-H12 119.644 H29-C17-H30 108.168
C13-C15 1.529 C1-N7-C13 129.084 C4-N21-022 118.574
C15-C16 1.540 C3-C9-F18 110.819 022-N21-023 117.545
C15-C17 1.537 C3-C9-F19 112.614
C15-H24 1.097 C3-C9-F20 112.047
C16-H25 1.094 F18-C9-C19 106.357
C16-H26 1.094 F18-C9-F20 106.413
C16-H27 1.094 F19-C9-F20 108.238
C17-H28 1.094 C1-N7-H10 115.046
C17-H29 1.094 H10-N7-C13 115.870
C17-H30 1.094 N7-C13-014 123.177
N21-022 1.231 N7-C13-C15 114.779
N21-023 1.234 014-C13-C15 122.039

Table 4. B3LYP/6-31g(d,p) calculated physical parameters for Flutamide as affected by different solvents,
including Aniline, Benzene, Acetone, Chloroform, Methanol, Ethanol, Heptane, DMSO, Diethyl-ester
respectively.

Aniline | Benzene | Acetone | Chloroform | Methanol | Ethanol | Heptane DMSO D;i?rll'
ELumo -2.64 -2.57 -2.67 -2.62 -2.57 -2.67 -2.56 -2.68 -2.62
Enowmo -6.85 -6.91 -6.82 -6.86 -6.91 -6.82 -6.92 -6.81 -6.87
Energy Gap 4.21 4.33 4,15 4.24 4.33 4.15 4.36 414 4.25
| = -Enomo 2.64 2.57 2.67 2.62 2.57 2.67 2.56 2.68 2.62
A =-ELumo 6.85 6.91 6.82 6.86 6.91 6.82 6.92 6.81 6.87
n= 1/2(ELumo—EHomo) 2.10 2.17 2.08 2.12 2.17 2.07 2.18 2.07 2.13
p=1/2(ELumo+ Eromo) -4.74 -4.74 -4.74 -4.74 -4.74 -4.74 -4.74 -4.75 -4.74
v =p?/2n 5.35 5.19 5.42 5.31 5.19 5.43 5.15 5.44 5.29
=1/ 0.48 0.46 0.48 0.47 0.46 0.48 0.46 0.48 0.47
Electronegativity y =-p 474 474 474 474 474 4.74 4.74 4.75 4,74
TDM 10.61 9.64 11.04 10.36 11.13 11.08 9.44 11.18 10.27

Table 5. B3LYP/6-31g(d,p) calculated physical parameters for Flutamide as affected by different solvents,
including Dichloro-methane, Dichloro-ethane, Cyclohexane, CCls, Water, Toluene, and THF, respectively.

Dichloro- | Dichloro- Cyclohexane | CCls | Water | Toluene | THF

methane ethane
ELumo -2.65 -2.65 -2.56 -2.57 -2.68 -2.58 -2.64
Enomo -6.84 -6.84 -6.92 -6.91 -6.81 -6.90 -6.84
Energy Gap 4.19 4.18 4.35 4.34 4.13 4.33 4.20
| = -Enomo 2.65 2.65 2.56 2.57 2.68 2.58 2.64
A =-ELumo 6.84 6.84 6.92 6.91 6.81 6.90 6.84
n= 1/2(ELumo—EHomo) 2.09 2.09 2.18 2.17 2.07 2.16 2.10
p=1/2(ELumo+ EHomo) -4.74 -4.74 -4.74 -4.74 -4.75 -4.74 -4.74
v =p?/2n 5.37 5.38 5.16 5.18 5.45 5.19 5.36
=1/ 0.48 0.48 0.46 0.46 0.48 0.46 0.48
Electronegativity y = -p 4.74 4.74 4.74 4.74 4.75 4.74 4.74
TDM 10.75 10.81 9.50 9.62 11.22 9.70 10.66

ELumo, EHomo, band gap offset, ionizing-potential (1), electronic-affinity (A), chemical-

potential (), hardness (1), electrophilic-index (y) and finally softness ({) calculations are
carried out using the selected method and listed in Tables 4, 5. Flutamide total dipole moment
TDM changes (9.44~11.22 Debye) and bandgap offset (4.13~4.36 eV) depending on the
solvent type. The highest Flutamide reactivity is in water (11.22 Debye, 4.13 eV) while the
lowest is in heptane (9.44 Debye, 4.36 eV). In between Flutamide reactivity, various up and
down depending upon solvent type. Flutamide reactivity ranged gradually up to down as
water> DMSO> ethanol> acetone> dicholro-ethane> dichloro-methane> THF> aniline>
chloroform> diethyl-ester> methanol> Toluene> benzene> CCls> cyclohexane> heptane.
Molecular electrostatic potential (MEP) is a 3D plot of electrostatic potential mapping
over the whole constant electron density surface. MEP presents molecular size, shape, and
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electrostatic potential value. Electrostatic potential physically correlates with many other
physical properties of molecular structure such as dipole moment, electronegativity, partial
charges and molecular chemical reactivity sites of the investigated molecule. MEP provides a
visual map for the relative polarity of a molecule [31-34]. Flutamide MEPs in different solvents
are mapped up at B3LYP6-31G(d,p), as shown in Fig. 1. As can be seen from the MEP maps
of Flutamide in different solvents, ESP is invariant upon the solvent type. Also, the negative
regions are mainly localized on both O and F atoms, indicating possible sites for electrophilic
attacks. Whereas the maximum positive region is localized over H atoms indicating possible
sites for nucleophilic attacks.
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Figure 1. Mapping the molecular electrostatic potential for Flutamide with different solvents which calculated
at B3LYP/6-31g(d,p) using the SCRF default.

4. Conclusions

Although there are some drawbacks recorded for Flutamide computational model DFT:
B3LYP/6-31g(d,p) indicated that as a result of changing the chemical environment, the
reactivity and geometrical parameters remain unchanged. This could be an indicator of the
chemical stability of the Flutamide, which in turn gives it an advantage for its role in the
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biological systems. Except for methanol, no change was recorded for all the studied solvents.
This computational finding proves that molecular modeling methods especially those at DFT
level, provide important data for chemical, biological interactions and paves the way towards
understanding the behaviors of many systems and molecules in many disciplines. Finally, the
formation of hydrogen bonding between the studied drug and some solvents need to be further
investigated.
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