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Selection of method for geometry optimization on neonicotinoid compounds

WANG Hui-xian, PENG Xin-lin, JJANG Hui-xia, WANG Ling, TAO Ya

(College of Sciences, Hunan Agricultural University, Changsha 410128, China)

Abstract: Geometry optimization was carried out on neonicotinoid based on the crystal structure and molecular
configuration of imidacloprid and the methyl substituent at Nj position of imidacloprid using a variety of methods and
basis sets. Comparing the structural parameters obtained from calculation with the crystal structure data via
AMI1,RHF/6-31G, RHF/6-31G (d) and B3LYP/6-31G, B3LYP/6-31G(d) combined with the single—point energy,
infrared spectroscopy and optimized CPU time, the result showed: the optimized CPU time of AM1, RHF/6-31G and
B3LYP/6-31G were shorter, but the optimization was less effective; The optimization results of RHF/6-31G (d) and
B3LYP/6-31G (d) were very consistent with the crystal conformation, among which the one obtained by B3LYP/6-31G
was more accurate and consumed less CPU time than that obtained by RHF/6-31G (d). Therefore, B3LYP/6-31G (d)
was the most appropriate method for studying quantum chemical and QSAR of the neonicotinoid compound.
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Table 1 Bond lengths of compound 1 in different methods A
RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
C,—C, 1.709 4 1.791 1 1.777 4 1.780 2 1.768 2 1.75
Ci—N; 1.355 4 1.3257 13113 1.324 4 13108 131
Cc,—C, 14113 1.356 5 1.3952 1.3810 1.380 3 1.37
Cr—C;s 1.394 5 1.398 3 1.3877 1.3979 1.386 4 1.37
Cs—Cy 1.398 3 1.405 3 1.390 6 1.404 8 1.390 6 138
C4—Cs 1.412 4 1.4020 1.390 3 1.403 7 1.390 0 1.38
Cs—N; 1.3432 1.3542 13339 13529 1.3388 1.34
C4—Cs 1.4973 1.5175 1.513 6 1.5135 1.5129 1.50
Ce—N, 1.444 2 1.460 9 1.453 6 1.464 1 1.4517 1.45
N,—C; 1.430 8 13717 1.346 5 1.369 7 13425 1.34
N,—Cs 1.467 4 1.479 4 1.464 8 1.476 0 1.464 3 1.45
C—N; 1.404 1 1.3552 1.3347 1.3553 13358 1.32
N;—Co 1.4533 1.474 3 1.462 1 1.4718 1.461 6 1.45
Cs—Cy 1.5570 1.5528 1.5476 1.5552 1.546 0 1.53
C—N, 13528 1.340 9 13275 1.3392 1.3240 1.32
N4—N; 1.390 1 1.3824 1.346 2 13811 1.349 6 1.35
N;—O, 1.2917 1.2582 1.2289 1.2262 1.2305 1.23
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Table 2 Bond lengths of compound 2 in different methods
RHF B3LYP
A) AMI
6-31G 6—31G(d) 631G 6—31G(d)
C—C, 1.709 8 1.798 9 1.760 2 1.787 4 1.758 2 1.74
Ci—N; 1.3553 1.3057 1.3244 1.3113 1.3208 1.32
Ci—C, 14111 1.386 0 1.3852 1.3833 1.3803 1.37
Cr—Cs 1.394 5 1.3813 1.386 4 13977 1.3879 1.39
C3—Cy 1.398 5 1.397 4 1.374 8 1.390 6 1.370 6 1.36
C4—Cs 14125 13923 1.903 7 1.3903 1.389 1 1.37
Cs—N, 1.3433 1.3378 1.3388 1.3339 1.356 9 1.35
C4—Cs 1.497 4 1.5122 1.5135 1.5136 1.5229 1.53
Ce—N, 1.4456 1.4537 1.448 8 14536 1.4417 1.44
N,—C, 1.4349 1.344 1 1.3421 13435 1.3425 1.33
No,—Cg 1.464 9 1.462 5 1.476 0 1.464 8 14743 1.47
C7—N; 14225 1.3379 1.3553 1.3347 1.3358 1.33
N;—Cy 1.4658 1.467 6 1.4618 1.462 1 14516 1.44
Cs—Cy 1.5508 1.5499 1.5352 1.547 6 1.526 0 1.52
Cr—N,y 1.3832 1.343 6 1.3811 1.346 2 1.3596 1.37
N4—N; 1.3400 1.3292 1.3092 1.3301 1.3240 1.32
Ns—O, 12111 1.219 1 1.2289 1.226 2 1.2305 1.23
N3—Cio 1.437 1 1.450 8 1.446 2 1.448 9 1.440 5 1.44
RHF d (R
2 3 B3LYP/6—
31G(d) R® 0.9925
2 C-C AMI 0.7254 RHF
B3LYP B3LYP
B3LYP/6-31G(d)
0.003 4 A 2 0.004 6 A B3LYP/6-31G(d) RHF/6-31G(d) B3LYP/6-31G
0.020 0 A( Ci-C, 0.018  RHF/6-31G AMI 2
2A 2 C4qCs 0.0191A4A)
AMI1
B3LYP/6-31G(d)
X y

#3 FRAZFIEKEREFMKLKEMNEXRY

Table 3 Correlation coefficients between the theoretical and the experimental bond lengths in different methods

RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
1 0.725 4 0.946 8 0.981 4 09719 0.9925
2 0.689 9 0.8812 0.968 5 0.924 5 0.989 7
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Table 4 Bond angles of compound 1 in different methods ©)
AMI RHF B3LYP
6-31G 6-31G(d) 6-31G 6-31G(d)
ZN,C,C, 123.470 123.816 124.442 123.821 124.574 125.3
ZCiCyCy 118.137 117.048 117.177 116.900 117.546 118.0
ZCyC5Cy 119.403 120.134 120.120 120.123 120.005 119.6
ZC3C4Cs 118.085 117.472 118.378 117.633 117.420 116.5
2 C4CsN;y 123.691 122.811 122.488 122.472 122.863 125.4
Z CsN,C, 117.213 118.110 117.004 118.092 116.096 115.2
ZN,C,C 118.431 116.822 116.908 117.003 116.014 1155
£ C3C4Cs 121.366 121.309 121.898 121.821 121.991 122.2
Z C4CeNy 116.706 112.920 112.421 112.593 112.051 112.1
£ CgN,Cs 112.191 124.072 125.148 124.184 125.556 125.7
£ CeN,Cy 118.644 122.797 122.644 122.735 122.346 122.2
Z C7N,Cy 108.325 110.761 111.932 111.181 111.958 112.0
ZN,CsCy 105.538 102.692 103.031 102.791 102.949 102.7
Z CgCyN3 104.543 102.107 102.428 102.305 102.756 102.8
2 C7N;Cy 110.513 112.069 112.872 112.325 112.605 112.5
ZN2CoN; 110.240 109.383 109.702 109.417 109.531 109.6
ZN,C7Ny 120.518 118.770 118.522 118.735 117.438 117.1
ZN;C7Ny 129.231 133.845 131.970 131.944 132.048 132.3
Z C7N4N;s 121.951 119.323 117.699 117.886 116.917 116.7
ZN4N;50, 116.061 116.059 115.490 115.716 115.384 115.4
ZN4N;50, 122.460 121.469 121.614 121.426 121.998 122.9
*5 ARAZERLFFEUEY 2 TERAHNEREFNGEE
Table 5 Bond angles of compound 2 in different methods ©)
AMI RHF B3LYP
6-31G 6-31G(d) 6-31G 6-31G(d)
ZN,C,C, 123.479 123.835 124.447 124.387 124.876 125.6
ZC1CCy 118.111 117.429 116.029 116.999 116.009 116.0
ZCyC5Cy 119.439 119.755 120.208 120.148 120.667 120.5
Z C3C4Cs 118.063 117.497 116.792 117.478 117.901 118.6
ZC4CsNy 123.670 122.718 122.716 122.010 122.206 122.6
Z CsN;C,y 118.237 117.765 117.033 117.233 117.302 116.7
ZN,C,C 118.434 117.106 116.756 116.043 115.879 115.5
ZC3C4Cs 121.211 121.244 121.655 121.697 123.456 122.5
Z C4C6N, 116.861 112.552 112.260 112.599 112.011 111.3
Z Ce¢N,Cs 121.861 122.887 124.520 123.746 124.875 125.1
Z CgN,Cs 117.940 123.115 121.707 122.422 121.587 121.7

ZC7N,Cy 108.427 111.991 110.953 111.163 109.356 109.7
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RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
ZNyCsCy 105.579 102.296 102.137 101.825 102.554 102.1
/ CsCoNj 105.650 103.817 102.902 102.518 103.001 102.8
£ C7N3Cy 108.840 111.354 110.909 110.752 110.989 111.1
ZN,C7N3 110.627 109.717 109.968 110.899 110.687 111.0
ZN,C7Ny 130.038 130.576 129.323 130.001 128.321 127.2
ZN;C7Ny 119.125 118.182 118.759 118.310 119.698 121.3
/ C7N4N; 124.412 118.814 118.032 118.363 115.640 114.8
ZN4N;50, 121.421 117.466 116.458 116.746 116.123 116.6
ZN4N;50, 116.519 119.461 119.252 119.748 121.112 121.5
Z CyN;Cyy 117.253 119.818 122.202 121.596 122.346 123.1
* 6 AREAZFHEABICEMAGERNBEXRY
Table 6 Correlation coefficients between the theoretical and the experimental bond Angles in differentm ethods
RHF B3LYP
AMI1
6-31G 6-31G(d) 6-31G 6-31G(d)
1 0.764 5 0.906 8 09115 0.9317 0.957 3
2 0.780 1 0.889 8 0.908 6 0.923 4 0.945 7
AMI1
RHF  (—C=NNO,) (—C=CHNO,)
(—C—NCN) Tomizawa !
B3LYP
d B3LYP/6-31G(d)
7 8
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No—Cr—N4e—Ns - Ns—Cr—No—Ns CG— Ny N3—C—N4—N;5  C—N,—Ns—0; Cr—
Ne—Ns—0;  C—N;—Ns—0; 176.3" -3.0 N4—Ns5—O0, 0.452' 0.084' 0.507"
0.0" 179.4 2 67.2 0467 2
-121.7" -171.3" 8.5’
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Table 7 Theoretical and the experimental parameter in different methods of compound 1 ©)
RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
C4—Cs—C¢—N> 102.666 137.679 115.726 123.431 116.493 117.8
C7—N,—C¢—C,4 72.226 130.942 97.721 108.766 105.917 106.9
Ce—Np—C7—Ny 31.899 9.380 3.144 2.477 0.837 0.5
N,—C7—N4;—Ns 169.316 178.059 177.860 178.918 176.752 176.3
C7—N;—Ns—O0, 10.934 0.667 0.400 0.352 0.084 0.0
C7—N;—Ns—O0, 170.970 179.313 179.748 179.633 179.907 179.4
N;—C7—N,—C; 174.116 172.063 172.612 178.314 177.385 176.5
N;—C7;—N;—N; 11.946 2.436 3.985 2.012 2.533 3.0
Co—N;—C7—Ny 179.814 176.046 177.453 179.142 179.669 178.8
#8 AEAZLUAENEY 2 TE_EAMNIECEMREE
Table 8 Theoretical and the experimental parameter in different methods of compound 2 ©)
RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
C4—Cs—Cs—N, 103.191 94.431 84.431 87.431 80.946 81.4
C7—Np—C¢—C4 73.683 130.942 127.721 128.766 126.617 125.6
Cs—No—C7—Ny 27.828 25.643 13.654 17.099 18.837 19.6
No—C7—N;—N;s 168.622 78.059 70.860 71.918 67.862 67.2
C7—N4—N;s—0, 43.847 160.667 170.400 173.352 171.084 171.3
C7—N;—Ns—O0, 141.888 179.313 179.748 9.633 8.432 8.5
N4—C7—N,—C;s 169.124 172.063 177.612 176.314 178.385 178.5
N;—C7—N4—N; 17.172 132.436 123.985 128.012 123.133 121.7
Co—N;—C7—Ny 174.317 176.046 177.453 179.142 173.669 169.8
K S o i 2 N RHF
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9 9
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Table 9 Single energy of compounds in different method J/mol
RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
1 -5 674 985.136 -5136 090.120 -5136 198.904 -5158 825.976 -5 158 976.600
2 —6 068 000.808 -5299261.936 -5300994.112 —5323198.600 -5 326 700.608
2.6 LISMKILHHT
7 (
1 IMI 7
=(( )/ x100%)
7 10
11 11 B3LYP/6-31G(d)
B3LYP/6-31G(d IMI 7
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Table 10 Experienced and calculated wavenumbers of IMI em™
RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
1 3373 3215 3462 3426 3431 3419
2 2 887 3004 2785 2793 2781 2675
3 1581 1501 1523 1531 1543 1553
4 1446 1529 1502 1498 1512 1479
5 1292 1385 1376 1349 1356 1325
6 1234 1106 1164 1189 1204 1210
7 935 837 1014 1007 867 911
Rz IME 7 ANSREFAEIE R EER IR T B ERY IR E
Table 11  Statistical error experienced and calculated wavenumbers of IMI %
RHF B3LYP
AM1
6-31G 6-31G(d) 6-31G 6-31G(d)
1 0.24 0.25 0.17 0.21 0.16
2 0.27 0.23 0.21 0.21 0.15
3 0.28 0.23 0.15 0.24 0.18
4 0.25 0.24 0.19 0.18 0.16
5 0.23 0.25 0.18 0.22 0.15
6 0.29 0.22 0.20 0.19 0.21
7 0.26 0.19 0.16 0.21 0.10
0.26 0.23 0.18 0.21 0.16
2.7 3FFTERTE CPUBTEIRILLE 12

12

CPU

B3LYP/6-31G(d)
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Table 12 The CPU time of different methods s
CPU
AMI RHF B3LYP
6-31G 6-31G(d) 6-31G 6-31G(d)
1 70 10 530 69 102 23954 47 604
2 63 10 095 74 415 15263 55732
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