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Table S1. The bond lengths of ursolic acid and cation (+1) complex of Cu(II) molecules calculated

using B3LYP/6-31G(d)*.

Bond lengths (A)

UA UA exp.[33] Cu(Il) UA
02-H2a 0.976 0.804 1.898
02-C28 1.361 1.183 1.285
C28-03 1.213 1.316 1.293
0O3-H2a 2.247 2.822 1.886
E - ring
C28-C17 1.533 1.525 1.508
C17-C22 1.566 1.552 1.574
C22-C21 1.528 1.513 1.527
C21-C20 1.550 1.503 1.549
C20-C19 1.563 1.568 1.561
C19-C18 1.565 1.547 1.578
c18-C17 1.561 1.533 1.568
C20-C33 1.537 1.523 1.538
C19-C29 1.534 1.524 1.534
C22-H22a 1.096 1.032 1.097
C22-H22b 1.098 0.775 1.096
C21-H21a 1.097 1.023 1.097
C21-H21b 1.097 1.120 1.096
C20-H20 1.100 0.925 1.099
C30-H30a 1.097 1.036 1.095
C30-H30b 1.098 1.022 1.098
C30-H30c 1.096 0.962 1.095
C19-H19 1.100 1.104 1.098
C29-H29a 1.097 0.993 1.096
C29-H29b 1.096 0.983 1.094
C29-H29c 1.093 0.888 1.093
C18-H18 1.095 1.055 1.097
D —ring
C17-Cl6 1.543 1.517 1.541
C16-C15 1.529 1.521 1.529
C15-C14 1.558 1.541 1.558
C14-C13 1.540 1.532 1.532

Materials 2021, 14, x. https://doi.org/10.3390/xxxxx

www.mdpi.com/journal/materials



Materials 2021, 14, x FOR PEER REVIEW

2 of 8

C13-C16 1.537 1.529 1.522
Cl6-H16a 1.095 0.968 1.095
Cl6-H16b 1.097 0.734 1.095
C15-H15a 1.097 1.020 1.095
C15-H15b 1.093 0.888 1.093
C27-H27a 1.092 0.902 1.092
C27-H27b 1.095 1.112 1.093
C27-H27c 1.094 1.098 1.092

C14-C27 1.557 1.563 1.562

C -ring
C14-C8 1.608 1.581 1.6110
C8-C9 1.570 1.558 1.5696
C9-C11 1.538 1.532 1.5373
C11-C12 1.501 1.510 1.4881
C12-C13 1.340 1.314 1.3625
C8-C26 1.553 1.565 1.5517
C26-H26a 1.090 1.048 1.0887
C26-H26b 1.094 0.987 1.0940
C26-H26¢ 1.094 0.987 1.0967
C9-H9 1.098 0.924 1.0966
Cl1-H1la 1.100 1.101 1.1017
C11-H11b 1.098 0.997 1.0992
C12-H12 1.090 0.926 1.0900
B —ring

C4-C7 1.551 1.529 1.551
C7-Cé 1.534 1.521 1.536
C6-C5 1.539 1.522 1.539
C5-6C 1.570 1.551 1.569
C10-C9 1.588 1.582 1.586

C7-H7a 1.098 1.030 1.098

C7-H7b 1.095 0.908 1.095

Co6-Hoéa 1.095 0.929 1.094

C6-Heéb 1.096 0.945 1.096

C5-H5 1.104 1.050 1.104
C25-H25a 1.093 1.056 1.094
C25-H25b 1.092 0.878 1.091
C25-H25c 1.092 0.982 1.092

C10-C25 1.552 1.548 1.551

A —ring

C5-C4 1.571 1.562 1.571

C4-C3 1.560 1.534 1.562

Cc3-C2 1.524 1.529 1.525

C2-C1 1.533 1.520 1.533

C1-C10 1.555 1.536 1.556
C24-H24a 1.096 1.072 1.096
C24-H24b 1.091 0.887 1.091
C24-H24c 1.094 0.985 1.093
C23-H23a 1.097 0.951 1.098
C23-H23b 1.094 0.895 1.094
C23-H23c 1.098 1.020 1.096

C3-H3 1.105 0.954 1.105
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C3-01
10-H1
C2-H2a
C2-H2b
Cl-Hla
C1-H1b
C4-C24
C4-C23

1.429
0.969
1.096
1.096
1.100
1.097
1.542
1.549

1.435
0.958
0.926
0.973
0.890
1.150
1.527
1.567

1.425
0.969
1.096
1.096
1.100
1.097
1.542
1.548

* The numbering of atoms in the ursolic acid molecule is shown in Figure 1a.

Table S2. The bond angles of ursolic acid and cation (+1) complex of Cu(II) molecules calculated
using B3LYP/6-31G(d)*.

Bond Angles (°)
va UA exp. [33] vA-Cu
calc. calc.
03-C28-02 120.95 120.77 115.48
C28-02-H2a 105.46 161.65 86.92
C28-0O3-H2a 56.50 38.11 87.21
0O2-H2a-03 77.09 31.08 70.38
C28-C17-C16 111.38 109.35 110.83
C28-C17-C18 108.45 112.31 108.60
C28-C17-C22 105.86 102.86 104.83
03-C28-C17 126.15 114.72 121.59
02-C28-C17 112.79 124.21 122.83
E -ring
C17-C22-C21 111.53 113.31 112.08
C17-C18-C19 110.00 114.04 109.41
C17-C18-C13 112.73 110.86 112.73
C17-C16-C15 112.35 111.96 112.58
C22-C21-C20 110.77 113.16 110.88
C22-C17-C18 110.99 111.21 111.10
C22-C17-C16 109.35 110.45 109.96
C21-C20-C19 112.01 102.04 112.31
C21-C20-C30 110.74 110.51 110.71
C20-C19-C29 110.00 109.68 110.24
C20-C19-C18 109.70 111.79 110.17
C30-C20-C19 111.24 112.75 110.73
C19-C18-C13 116.81 112.36 116.43
C29-C19-C18 113.16 111.05 112.98
C18-C17-C16 110.70 110.44 111.33
C18-C13-C12 117.52 119.39 116.92
C18-C13-C14 121.15 119.85 122.28
C17-Cl16-H16a 109.57 110.74 109.49
C17-C16-H16b 107.96 105.36 107.51
C17-C22-H22a 108.30 108.43 107.01
C17-C22-H22b 109.84 110.99 110.01
C17-C18-H18 106.47 111.54 107.60
H22a-C22-H22b 105.87 103.94 105.67
C22-C21-H21a 109.05 105.00 109.54
C22-C21-H21b 110.20 115.69 109.58
H22a-C22-C21 109.59 107.09 109.98
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H22b-C22-C21 111.51 112.68 111.79
H21a-C21-H21b 106.27 102.59 106.08
H21a-C21-C20 110.59 110.70 110.81
H21b-C21-C20 109.86 108.77 109.83
C21-C20-H20 107.77 115.87 107.75
C20-C19-H19 107.39 101.71 107.67
C20-C30-H30a 110.93 94.27 110.67
C20-C30-H30b 111.09 98.44 111.26
C20-C30-H30c 112.05 105.81 112.11
H30a-C30-H30b 107.55 117.46 107.61
H30a-C30-H30c 107.59 119.75 107.51
H30b-C30-H30c 107.42 114.53 107.47
C30-C20-65H 107.75 106.43 107.96
C19-C18-H18 105.18 102.02 104.42
C19-C20-H20 107.10 101.81 107.18
59H-C19-C29 107.58 106,79 107.94
H19-C19-C18 108.82 115.30 107.66
C19-C29-H29a 110.87 107.34 111.20
C19-C29-H29% 110.80 103.91 110.20
C19-C29-H29c 112.15 114.72 112.44
H29b-C29-H29c¢ 107.85 122.61 107.53
H29c-C29-H29a 107.39 106.61 107.94
H29a-C29-H29b 107.59 102.00 107.31
D —ring
C13-C12-C11 126.19 126.31 125.99
C13-C14-C27 108.38 107.81 107.17
C13-C14-C15 108.91 111.14 109.43
C13-C14-C8 110.35 109.81 110.58
C14-C15-C16 113.83 114.98 114.16
C14-C8-C26 109.68 109.61 109.63
C14-C8-C7 110.07 111.13 110.23
C14-C8-C9 108.39 107.11 108.46
C15-C14-C27 107.09 106.29 106.89
C15-C14-C8 109.89 110.28 110.46
C13-C12-H12 118.55 126.49 118.19
C14-C27-H27a 110.87 107.66 111.28
C14-C27-H27b 111.83 116.03 110.86
C14-C27-H27c¢ 112.45 118.04 112.48
C14-C15-H15a 109.26 106.01 108.94
C14-C15-H15b 110.42 107.95 110.38
H27a-C27-H27b 106.78 107.53 106.86
H27a-C27-H27c 106.60 91.88 106.84
H27b-C27-H27c 108.01 115.09 108.25
H15a-C15-H15b 106.33 96.93 106.16
H15a-C15-C16 109.30 116.93 109.15
H15b-C15-C16 107.42 112.13 107.74
C15-C16-H16a 109.73 105.46 109.78
C15-C16-H16b 110.66 105.01 110.96
H16a-C16-H16b 106.37 118.32 106.30
C- ring
C12-C11-C9 113.11 112.85 114.12
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C11-C9-C8 109.69 109.85 110.12
C11-C9-C10 113.64 114.10 113.28
C9-C8-C26 110.56 109.81 110.86
C9-C8-Cl14 108.39 107.11 108.46
C9-C8-C7 109.72 111.91 109.36
C9-C10-C25 113.54 113.46 113.51
C9-C10-C1 107.54 107.04 107.37
C9-C10-C5 106.61 105.67 106.32
C8-C14-C27 112.11 111.45 110.46
C8-C14-C15 109.89 110.28 110.46
C8-9C-C6 114.39 114.34 114.27
C8-C9-C10 117.94 117.48 117.90
H12-C12 C11 115.25 107.19 115.82
C12-C11-H11a 108.17 104.42 107.41
C12-C11-H11b 108.61 110.45 108.08
H11b-C11-C9 110.16 102.98 110.81
H11b-C11-Hl1la 105.03 116.86 103.95
H11a-C11-C9 111.41 109.14 111.89
C1-C9-H9 105.78 108.06 105.74
H9-C9-6C 102.97 101.09 102.92
H9-C9-C8 105.52 104.89 105.58
C8-C26-H26a 111.65 109.05 111.41
C8-C26-H26b 111.26 113.59 111.37
C8-C26-H26¢ 111.88 121.26 112.27
C8-C7-H7a 109.61 107.02 109.73
C8-C7-H7b 110.09 107.21 109.98
H26a-C26-H26b 106.55 94.94 106.40
H26a-C26-H26c 107.48 106.63 107.23
H26b-C26-H26c 107.77 107.96 107.89
B —ring
C7-C6-C5 109.99 109.75 110.43
C6—-C5-C10 109.95 110.14 110.12
Co—C5-C4 115.17 114.94 115.08
C5-C10-C25 113.46 108.67 113.56
C5-C10-C9 106.61 105.67 106.32
C5-C10-C1 107.90 108.67 107.99
C5-C4-C24 114.88 115.04 114.92
C5-C4-C23 108.70 107.65 108.80
C-C4-C3 107.35 106.56 107.30
H7a-C7-H7b 106.27 106.58 106.36
H7-C7-Cé6 109.71 113.01 109.73
H7b-C7-Cé6 106.44 108.01 106.44
C7-C6-Héa 108.04 107.63 107.67
C7-Cé-Héb 110.94 109.16 110.96
Hé6a-C6-Hé6b 105.87 110.77 105.78
H6a-C6-C5 110.79 107.63 110.61
Héb-C6-C5 111.11 109.16 111.23
C6-C5-H5 105.31 102.43 105.39
H5-C5-C4 103.34 106.62 103.46
C10-C1-H1b 110.22 114.83 110.35
C10-C1-Hla 108.89 111.94 108.92
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C10-C25-H25a 111.39 115.50 111.96
C10-C25-H25b 111.18 111.72 111.04
C10-C25-H25¢ 113.52 121.04 113.51
C10-C5-H5 104.05 108.53 104.12

A -ring
C10-C1-C2 113.71 114.00 113.54
C1-C2-C3 111.83 109.86 111.99
C2-C3-C4 113.49 112.76 113.49
C2-C3-01 106.38 108.36 106.22
C3-C4-C5 107.35 106.56 107.30
C3-C4-C24 111.21 112.71 111.08
C3-C4-C23 107.26 106.39 107.22
C24-C4-C23 107.18 108.05 107.26
C1-C2-H2a 111.51 116.11 111.53
C1-C2-H2b 109.93 113.67 109.77
Hla-C1-H1b 106.27 101.31 106.40
Hla-C1-C2 108.49 108.81 108.45
H1b-C1-C2 108.98 104.96 108.90
H2a-C2-H2b 105.94 106.33 105.87
H2a-C2-C3 109.13 109.36 109.12
H2b-C2-C3 108.28 100.61 108.32
C2-C3-H3 107.54 104.79 107.68
H3-C3-01 109.24 108.03 109.53
H3-C3-C4 106.78 111.68 106.83
C4-C3-01 113.23 110.92 112.97
C3-10-H1 108.02 138.13 108.61
C4-C23-H23a 111.70 107.98 111.85
C4-C23-H23b 112.16 111.23 112.36
C4-C23-H23c 110.89 116.46 110.49
H23a-C23-H23b 107.93 109.41 108.01
H23a—-C23-H23c 107.88 104.61 107.86
H23b—-C23-H23c 106.00 106.82 105.99
C4-C24-H24b 113.31 120.30 113.48
C4-C24-H24c 109.83 117.84 109.64
C4-C24-H24a 110.79 111.24 110.97
H24a-C24-H24c 107.93 107.13 107.91
H24a -C24-H24b 107.82 95.41 107.81
H24b-C24-H24c 106.94 102.06 106.80

*The numbering of atoms in the ursolic acid molecule is shown in Figure 1a.

Table S3. Data of NBO atomic charge analysis for ursolic acid and cation (+1) complex of Cu(II).

Atom Charge (e?)
UA Cu(Ill) UA
02 -0.716 -0.694
O3 -0.605 -0.705
C31 0.848 0.858
H2a/Cu 0.497 1.141
C17 -0.146 -0.142
E -ring
Cc22 -0.443 -0.439
C21 -0.464 -0.469
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C20 -0.248 -0.253
C19 -0.241 -0.232
C18 -0.267 -0.272
C30 -0.670 -0.675
C29 -0.666 -0.673
H22a 0.234 0.255
H22b 0.250 0.254
H2la 0.243 0.240
H21b 0.241 0.259
H30a 0.232 0.245
H30b 0.221 0.225
H30c 0.230 0.239
H29a 0.226 0.230
H29% 0.228 0.247
H29¢ 0.237 0.239
D -ring
Cl16 -0.450 -0.425
C15 -0.450 -0.453
Cl14 -0.060 -0.071
C13 -0.026 0.042
H13a 0.257 0.267
H13b 0.231 0.248
Hi15a 0.240 0.259
H15b 0.239 0.257
H18 0.269 0.274
C-ring
C12 -0.194 -0.103
Cl11 -0.477 -0.495
9 -0.236 -0.240
C8 -0.036 0.035
Cc27 -0.666 -0.663
Cc27 -0.666 -0.663
C26 -0.684 -0.681
H20 0.226 0.235
H11b 0.247 0.274
Hlla 0.238 0.259
H27a 0.232 0.234
H27b 0.228 0.245
H27c 0.231 0.242
H26a 0.234 0.249
H26b 0.228 0.233
H26c¢ 0.243 0.219
H9 0.235 0.242
B and A-ring
Cc7 -0.445 -0.449
Cé6 -0.442 -0.444
C5 -0.250 -0.250
C10 -0.040 -0.041
C25 -0.673 -0.675
H7a 0.235 0.239
H7b 0.229 0.233
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Hé6a
Heéb
H25a
H25b
H25c¢
o1
H1
C1
C2
C3
C4
C24
C23
Hla
Hib
H2a
H2b
H24b
H24a
H24c
H23b
H23c
H23a
H5

0.237
0.226
0.228
0.232
0.229
-0.755
0.471
-0.453
-0.470
0.113
-0.075
0.675
-0.671
0.241
0.228
0.232
0.251
0.230
0.229
0.239
0.237
0.217
0.229
0.231

0.249
0.228
0.231
0.224
0.242
-0.750
0.478
-0.454
-0.472
0.112
-0.075
0.678
-0.674
0.239
0.229
0.236
0.259
0.229
0.229
0.250
0.238
0.227
0.229
0.232

*The numbering of atoms rings in the ursolic acid molecule is shown in Figure 1a.



