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Definitions. In Table S1-S1, BSI corresponds to energies determined with the BS1 basis set; BS2 corresponds to

energies determined with the BS2 basis set; ZPE includes zero-point vibrational energy corrections at BS1 level in

addition to BS2 energies; € = 4 and & = 80 includes solvent corrections in addition to BS2 and ZPE corrections.

Table S1. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction (Fig. 1, Reaction 1) for 6-substituted 4-quinazolinones. All energy contributions

are given relative to the sum of the MoCo and substrate energies.

Table S2. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction with deprotonated MoCo (Fig. 1, Reaction 2) for 6-substituted 4-quinazolinones.

All energy contributions are given relative to the sum of the MoCo and substrate energies.

Table S3. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for
an initial proton transfer and a subsequent concerted reaction with deprotonated MoCo (Fig. 1,
Reaction 3) for 6-substituted 4-quinazolinones. All energy contributions are given relative to the

sum of the MoCo and substrate energies.

Table S4. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for
an initial proton transfer and a subsequent stepwise reaction (Fig. 1, Reaction 4) for negatively
charged xanthine. All energy contributions are given relative to the sum of the MoCo and substrate

energies.

Table S5. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction (Fig. 1, Reaction 1) for 6-substituted quinazolines. All energy contributions are

given relative to the sum of the MoCo and substrate energies.
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Table S6. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction (Fig. 1, Reaction 1) for quinazoline. All energy contributions are given relative

to the sum of the MoCo and substrate energies.

Table S7. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction (Fig. 1, Reaction 1) for phthalazine. All energy contributions are given relative

to the sum of the MoCo and substrate energies.

Table S8. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction (Fig. 1, Reaction 1) for quinoline. All energy contributions are given relative to

the sum of the MoCo and substrate energies.

Table S9. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for a
concerted reaction (Fig. 1, Reaction 1) for 2-amino-9-methylpurine. All energy contributions are

given relative to the sum of the MoCo and substrate energies.

Table S10. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for
a concerted reaction (Fig. 1, Reaction 1) for 4-methylacridine. All energy contributions are given

relative to the sum of the MoCo and substrate energies.

Table S11. B3LYP (A) and B3LYP-D3 (B) transition state energies (kJ/mol) and distances (A) for
a concerted reaction (Fig. 1, Reaction 1) for phenanthridine. All energy contributions are given

relative to the sum of the MoCo and substrate energies.

Table S12. Fast methods to predict the site of metabolism for quinazoline (A), 2-amino-9-
methylpurine (B), 4-methylacridine (C), phenanhtridine (D), phthalazine (E) and quinoline (F). All
energies (kJ/mol) are calculated at the B3LYP level of theory using BS1 and given relative to the

sum of the MoCo and substrate energies.

Figure S1. Reaction mechanisms of 4-quinazolinones (A) and negatively charged xanthine (B).

studied in this work.

Figure S2. Reactions for formation of 1) the products, 2) the hydroxylated tetrahedral intermediate,

and 3) the cation intermediate.

Figure S3. Transition state energies versus estimates of the reactivity based on DFT calculated

properties. The correlation coefficients R* are given in Table 2.

Figure S4. Distribution of transition state energies and reactivity based on DFT calculated

properties. Red bars show the values for the SOMs and blue for the other aromatic C atoms.
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Table S1-A. B3LYP transition state energies (kJ/mol) and distances (A) for the concerted reaction (Fig. 1, Reaction 1)

for 6-substituted 4-quinazolinones. All energy contributions are given relative to the sum of the MoCo and substrate

energies.
R BS1 BS2 ZPE e=4 €=80 Mo -0 o-C C-H H-S
React. Compl -84.9 =735 -70.3 214 34 1.96 322 1.10 3.38
TS 73.8 100.4 93.3 142.1 165.7 2.19 1.45 1.43 1.57
NO, | Prod. Compl -27.8 -84 -11.5 28.8 49.0 4.08 1.33 5.61 1.36
MoCo + Prod. 48.8 58.3 55.1 54.9 55.3 - -
React. Compl -74.4 -63.6 -60.6 -16.8 4.8 1.95 321 1.10 3.34
TS 90.1 117.0 1094 152.1 172.0 2.18 1.46 141 1.58
s Prod. Compl -10.2 13.0 10.5 427 57.8 2.67 1.34 3.82 1.36
MoCo + Prod. 50.2 59.6 56.4 56.5 572 - -
React. Compl -69.8 -584 -554 -15.8 3.6 1.95 331 1.10 345
TS 100.2 1274 119.8 157.6 174.8 2.18 1.47 1.40 1.59
“ Prod. Compl -4.3 192 17.4 44.6 57.0 2.59 1.35 3.78 1.36
MoCo + Prod. 522 61.5 58.2 58.3 105.6 - -
React. Compl -61.9 -49.8 -47.2 -11.8 52 1.95 324 1.10 3.57
TS 108.4 136.3 128.6 161.9 176.7 2.17 1.48 1.39 1.60
" Prod. Compl 1.6 25.8 241 474 57.6 2.59 1.35 3.78 1.36
MoCo + Prod. 519 61.1 579 88.6 105.5 - -
React. Compl -60.4 -48.9 -46.0 -11.6 45 1.95 3.26 1.10 3.39
TS 111.7 1404 132.1 1643 178.0 2.17 1.48 1.38 1.61
“th Prod. Compl 5.1 29.6 27.6 49.8 59.7 2.57 1.35 3.717 1.36
MoCo + Prod. 52.7 62.0 58.7 59.1 61.6 - -
React. Compl -579 -46.0 -43.1 -10.2 5.1 1.95 3.36 1.10 3.53
TS 1159 143.8 135.6 166.0 178.4 2.17 1.48 1.38 1.61
OCH,
Prod. Compl 7.8 319 30.1 50.9 59.7 2.57 1.35 3.717 1.36
MoCo + Prod. 54.6 63.8 60.4 60.8 61.6 - -
React. Compl -535 -43.5 -40.4 -9.7 42 1.95 334 1.10 345
TS 1220 148.2 140.7 167.7 177.5 2.17 1.49 1.37 1.61
N Prod. Compl 12.1 35.0 34.0 52.4 59.7 2.54 1.35 3.76 1.36
MoCo + Prod. 56.1 64.9 61.7 62.3 63.2 - -
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Table S1-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for the concerted

reaction (Fig. 1, Reaction 1) for 6-substituted 4-quinazolinones. All energy contributions are given

relative to the sum of the MoCo and substrate energies.

R BSI | BS2 | ZPE e=4 e=80 | Mo-0| O-C | C=H | H=5

React. Compl | -106.5 | -928 | -890 | -398 | -149 196 | 331 | 1.10 | 3.56

TS 484 | 748 | 678 | 1169 | 1409 | 219 | 145 | 142 | 158

NO: Prod. Compl 504 | -282 | -302 123 33.8 365 | 133 | 555 | 136
MoCo +Prod. | 496 | 589 | 555 554 554

React. Compl | -963 | -827 | -790 | -354 | -138 196 | 333 | 1.10 | 3.58

TS 65.1 | 917 | 842 | 1273 | 1475 | 218 | 146 | 140 | 1.59

5 Prod. Compl 341 | -108 | -127 195 34.6 260 | 134 | 383 | 136
MoCo +Prod. | 510 | 603 | 569 572 572

React. Compl | -90.1 | -763 | -727 | -332 | -139 196 | 333 | 1.10 | 3.62

TS 753 | 1023 | 948 | 133.1 | 1506 | 2.8 | 147 | 139 | 1.60

“ Prod. Compl 271 | 34 | 53 224 35.0 257 | 134 | 378 | 136
MoCo +Prod. | 530 | 62.1 | 586 59.1 59.1

React. Compl | -737 | -652 | -630 | -294 | -135 194 | 292 | 109 | 2.94

TS 837 | 1115 | 1038 | 1377 | 1528 | 2.17 | 148 | 138 | 161

i Prod. Compl 210 | 32 1.6 249 35.1 254 | 135 | 376 | 136
MoCo +Prod. | 527 | 618 | 584 59.3 59.3

React. Compl | -803 | -659 | -624 | -285 | -126 195 | 336 | 1.10 | 3.57

TS 869 | 1150 | 1072 | 1398 | 1538 | 2.17 | 148 | 137 | 161

h Prod. Compl 175 | 72 5.1 274 36.7 254 | 135 | 375 | 136
MoCo +Prod. | 535 | 627 | 592 60.1 60.1

React. Compl | -774 | -633 | -600 | 275 | -124 196 | 333 | 1.10 | 3.6l

TS 912 | 1190 | 1109 | 1417 | 1544 | 217 | 148 | 137 | 1.62

Ot Prod. Compl 148 | 94 7.6 28.4 37.1 253 | 135 | 375 | 136
MoCo +Prod. | 554 | 645 | 609 61.7 61.7

React. Compl | -727 | -603 | -563 | -262 | -127 195 | 337 | 1.10 | 3.54

TS 974 | 1234 | 1159 | 1435 | 1536 | 2.17 | 149 | 136 | 1.62

N, Prod. Compl 105 | 125 | 114 30.0 373 252 | 135 | 374 | 136
MoCo +Prod. | 569 | 656 | 62.1 634 634
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Table S2-A. B3LYP transition state energies (kJ/mol) and distances (A) for the concerted reaction

with deprotonated MoCo (Fig. 1, Reaction 2) for 6-substituted 4-quinazolinones. All energy

contributions are given relative to the sum of the MoCo and substrate energies.

R BS1 BS2 ZPE e=4 €=80 Mo-0O | O-C | C—H | H-S
React. Compl -200.8 184.1 -185.7 -90.8 -283 1.74 3.06 1.10 | 3.58

NO, | TS -1712 | -1409 | -150.6 244 60.8 1.97 1.35 1.33 1.71
Prod. Compl -295.8 | -2680 | -2716 | -125.6 -66.4 2.14 1.26 329 1.36

React. Compl -1732 | -1574 | -1592 -81.4 -242 1.74 3.02 1.11 | 3.54

CF; | TS -122.4 913 -102.3 83 82.9 1.97 1.36 1.32 1.73
Prod. Compl -254.1 -2264 | -230.8 | -1256 -53.8 2.17 1.26 322 1.36

React. Compl -162.1 -1462 | -1474 -78.5 -25.6 1.74 3.04 1.10 | 3.55

Cl | TS -95.0 -63.4 -73.7 24.1 92.0 1.96 1.37 1.31 1.75
Prod. Compl -231.8 | -203.8 | -208.1 -114.7 -48.7 2.17 1.26 329 1.36

React. Compl -146.6 | -1295 | -130.5 -70.5 -229 1.74 3.06 1.10 | 3.56

H TS -70.0 -36.6 -46.9 394 100.2 1.96 1.38 1.29 1.78
Prod. Compl -2100 | -180.6 | -1854 | -102.7 -433 2.17 1.26 3.26 1.36

React. Compl -1433 | -1258 | -126.8 -69.6 -242 1.74 3.06 1.10 | 3.56

CH, | TS -64 4 -29.6 -40.9 44 4 1034 1.96 1.38 1.30 1.77
Prod. Compl -2044 | -1739 | -1793 -97.8 -39.8 2.17 1.26 3.28 1.36

React. Compl -1389 | -1220 | -1232 -68.6 -234 1.74 3.06 1.10 | 3.55

OCH, | TS -56.9 -23.1 -343 48.3 107.0 1.96 1.38 1.29 1.77
Prod. Compl -198.0 | -1683 | -1735 -949 -37.1 2.18 1.26 341 1.36

React. Compl -1304 | -1162 | -1164 -66.3 -24.1 1.74 307 1.10 | 3.57

NH, | TS -42.7 -132 -234 554 111.6 1.96 1.38 1.29 1.77
Prod. Compl -1853 | -1595 | -163.8 -88.6 -33.1 2.17 1.26 325 1.36
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Table S2-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for the concerted

reaction with deprotonated MoCo (Fig. 1, Reaction 2) for 6-substituted 4-quinazolinones. All

energy contributions are given relative to the sum of the MoCo and substrate energies.

R BS1 BS2 ZPE e=4 €=80 Mo-0 | O-C C-H H-S
React. Compl -217.7 | -201.1 -202.6 | -107.3 -44 4 1.74 3.02 1.10 3.61

NO, | TS -191.7 | -1619 | -1709 -439 41.6 1.97 1.36 1.32 1.73
Prod. Compl 3144 | -2874 | -291.1 -168.4 -87.0 2.13 1.26 3.15 1.36

React. Compl -1903 | -1744 | -176.1 -97.8 -40.4 1.74 2.99 1.10 3.57

CF; | TS -143.0 | -1123 | -122.7 -119 62.7 1.97 1.37 1.31 1.75
Prod. Compl -186.8 | -159.8 | -164.2 -59.7 11.7 2.17 1.26 324 1.36

React. Compl -179.1 -163.1 -164.3 -94.7 -41.5 1.74 3.00 1.10 3.58

Cl | TS -115.7 -84.6 -94.6 30 70.8 1.96 1.37 1.30 1.76
Prod. Compl -250.6 | -223.1 -2273 | -1343 -68.6 2.17 1.26 3.19 1.36

React. Compl -1592 | -1452 | -146.8 -88.2 -419 1.74 297 1.10 327

H TS -90.7 -57.7 -67.8 18.4 79.1 1.96 1.38 1.29 1.78
Prod. Compl -2289 | -2000 | -2046 | -1223 -63.2 2.17 1.26 3.20 1.36

React. Compl -160.0 | -1424 | -1435 -85.7 -40.0 1.74 3.02 1.10 3.57

CH, | TS -85.2 -50.8 -61.8 235 825 1.96 1.38 1.29 1.77
Prod. Compl -2244 | -1946 | -1995 | -118.6 -61.1 2.17 1.26 3.13 1.36

React. Compl -1555 | -138.7 | -1399 -850 -39.6 1.74 3.03 1.10 3.57

OCH; | TS -77.6 -44.1 -549 28.0 86.8 1.96 1.38 1.29 1.79
Prod. Compl -216.6 | -187.7 | -1929 | -114.6 -57.0 2.17 1.26 3.11 1.36

React. Compl -1470 | -1329 | -1330 -82.3 -39.8 1.74 3.03 1.10 3.60

NH, | TS -634 -34.2 -439 349 91.0 1.96 1.39 1.29 1.78
Prod. Compl -204.1 -178.8 | -183.0 | -1084 -53.1 2.17 1.26 3.16 1.36
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Table S3-A. B3LYP transition state energies (kJ/mol) and distances (A) for initial proton transfer and a subsequent concerted reaction with
deprotonated MoCo (Fig. 1, Reaction 3) for 6-substituted 4-quinazolinones. All energy contributions are given relative to the sum of the MoCo and

substrate energies.

R BS1 BS2 ZPE =4 €=80 Mo -0, Mo - 0O, Hmoco-O1 | Hmoco— N 0,-C C—Hsyp Hsup— S
R -56.0 -40.3 -350 -8.0 59 1.92 1.71 0.98 2.02 3.03 1.10 1.92
TS-1 94 375 360 85.6 1109 1.84 1.82 1.08 1.50 1.71 1.10 3.12
NO, | Int-1 -88.2 -58.2 -46.3 23 274 1.70 1.98 226 1.02 1.39 1.11 2.87
TS-2 -16.1 17.6 13.8 53.8 72.1 1.70 2.03 2.28 1.02 1.30 1.48 1.59
P -107.2 -75.7 -753 -49.4 -40.1 1.72 2.23 1.65 1.06 1.23 3.51 1.36
R -49.2 -333 -279 -6.3 45 1.92 1.71 0.98 2.00 3.08 1.10 2.70
TS-1 25.4 53.7 49.1 86.6 104.7 1.83 1.82 1.14 1.36 1.79 1.10 3.26
CF, Int-1 -72.6 -42.6 -31.1 12.0 34.0 1.70 1.97 2.30 1.02 1.39 1.11 2.86
TS-2 -14 32.6 28.7 63.6 79.0 1.70 2.04 221 1.02 1.31 1.46 1.61
P -95.1 -63.7 -63.3 -45.2 -38.2 1.72 226 1.63 1.06 1.24 348 1.36
R -44.5 -28.4 -23.1 -5.0 4.0 1.92 1.71 0.98 1.99 3.10 1.10 2.73
TS-1 319 59.2 56.1 75.2 83.0 1.81 1.80 1.28 1.21 1.97 1.09 3.00
Cl Int-1 -60.7 -30.3 -18.8 20.3 40.1 1.70 1.97 2.32 1.02 1.40 1.11 2.86
TS-2 83 424 38.0 66.1 7.7 1.69 2.03 246 1.02 1.31 1.47 1.60
P -87.7 -56.4 -559 -41.7 -36.6 1.73 226 1.63 1.06 1.24 3.39 1.36
R -395 -22.5 -17.1 -3.8 25 1.92 1.71 0.98 1.96 3.13 1.10 2.75
. TS-1 36.9 63.9 62.6 70.5 719 1.80 1.79 1.35 1.16 2.04 1.09 293




Int-1 | -53.0 218 -10.5 24.1 415 170 1.97 234 1.02 1.40 111 285
TS2 | 134 482 44.1 69.0 78.9 170 2.03 2.40 1.02 131 145 161

p 84.5 528 517 420 399 172 226 1.66 1.06 124 3.49 136

R 367 195 147 25 29 192 171 0.98 1.96 3.14 1.10 2.76

TS-1 | 405 67.9 652 743 763 1.80 179 131 1.18 2.00 1.09 3.19

CH: | et | 483 -16.4 57 28.5 455 170 1.97 235 1.02 1.40 111 285
TS2 | 176 52.8 483 723 814 170 2.03 242 1.02 131 144 161

p 810 49.1 485 395 373 172 226 1.65 1.06 124 3.41 136

R -36.6 197 145 33 18 192 171 0.98 1.96 3.16 1.10 2.78

TS-1 | 422 69.0 67.3 72.8 730 1.80 1.79 134 1.17 204 1.09 3.03

OCH: | 1he1 | w429 116 0.8 324 488 1.70 1.96 235 1.02 1.40 111 2.84
TS2 | 226 57.0 524 737 814 1.69 2.03 2.53 1.02 131 145 161

p 778 46.1 452 376 358 172 226 1.66 1.05 124 3.48 136

R 330 17.1 113 23 13 192 171 0.99 1.96 3.16 1.10 2.79

TS-1 | 46.1 716 730 724 69.0 179 179 141 1.13 207 1.09 2.92

NH: | et | 352 6.1 5.4 37.1 52.8 170 1.96 237 1.02 1.40 111 285
Ts2 | 298 62.6 58.5 78.0 842 1.69 2.03 2.46 1.02 131 144 1.62

p 720 418 404 358 360 172 2.5 1.68 1.05 124 3.35 136
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Table S3-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for initial proton transfer and a subsequent concerted reaction with

deprotonated MoCo (Fig. 1, Reaction 3) for 6-substituted 4-quinazolinones. All energy contributions are given relative to the sum of the MoCo and

substrate energies.

R BS1 BS2 ZPE =4 €=80 Mo -0, Mo -0, Hmoco-O1 | Hmoco— N 0,-C C—Hsu Hsup— S
R -82.3 -65.1 -59.6 -320 -18.0 1.92 1.71 0.98 1.94 290 1.10 2.61
TS-1 -19.8 84 7.3 57.8 83.7 1.84 1.83 1.07 1.51 1.69 1.10 3.03
NO, | Int-1 -117.2 -87.8 -76.0 -28.5 -3.8 1.70 1.98 2.30 1.02 1.39 1.11 2.86
TS-2 -42.0 -85 -12.3 27.9 46.3 1.70 2.03 227 1.02 1.31 1.47 1.60
P -1294 -98.2 -97.8 -71.9 -62.6 1.72 2.22 1.64 1.06 1.24 342 1.36
R -75.0 -57.6 -52.0 -30.5 -19.8 1.92 1.71 0.99 1.91 297 1.10 2.64
TS-1 -4.6 225 18.4 43.0 53.7 1.81 1.80 1.26 1.23 1.95 1.09 3.11
CF, Int-1 -101.5 -72.2 -60.9 -18.6 3.8 1.70 1.97 2.34 1.02 1.39 1.11 2.86
TS-2 -27.6 6.0 1.9 36.5 51.8 1.70 2.04 2.25 1.02 1.31 1.46 1.61
P -117.3 -86.2 -85.8 -67.9 -61.0 1.72 225 1.63 1.06 1.23 345 1.36
R -70.0 -52.5 -46.9 -29.4 -20.8 1.92 1.71 0.99 1.91 3.01 1.10 2.68
TS-1 0.9 27.7 25.4 40.3 45.8 1.80 1.79 1.31 1.19 2.03 1.09 2.94
Cl Int-1 -90.0 -60.1 -48.7 -10.3 9.3 1.70 1.97 2.30 1.02 1.40 1.11 2.88
TS-2 -17.5 16.4 11.9 40.3 52.0 1.69 2.03 245 1.02 1.31 1.46 1.60
P -109.9 -78.9 -78.4 -64.4 -59.4 1.72 225 1.63 1.06 1.24 3.34 1.36
H R -64.8 -46.6 -40.9 -27.6 -21.4 1.92 1.71 0.99 1.90 3.03 1.10 2.70

S9



TS-1 58 32.8 317 39.1 403 1.80 1.79 1.35 1.16 2.06 1.09 2.90
Int-1 | -82.1 513 -40.0 -6.0 11.0 1.70 1.96 233 1.02 1.40 1.11 2.87
TS2 | -123 22.1 17.8 43.0 53.1 1.70 203 235 1.02 131 145 1.62
P -106.8 753 74,2 645 618 1.72 225 1.66 1.06 124 3.46 1.36
R 61.9 435 -38.4 263 -21.0 1.92 1.71 0.99 1.89 3.04 1.10 271
TS-1 8.1 353 34.0 407 414 1.80 1.79 1.35 1.16 2.04 1.09 2.98
CHy | mne1 | 7811 467 -35.6 22 143 1.70 1.96 233 1.02 1.40 1.11 2.87
TS2 | 83 26.6 222 463 55.5 1.69 203 2.40 1.02 131 1.44 1.62
P 10322 715 -71.0 -62.2 -60.1 1.72 225 1.65 1.06 124 335 1.36
R 61.9 437 -38.1 271 221 1.92 1.71 0.99 1.88 3.05 1.10 274
TS-1 108 37.6 37.4 417 413 1.79 1.79 1.38 1.14 2.06 1.09 2.92
OCH: | 1he1 | 724 417 -30.8 1.7 17.7 1.70 1.96 235 1.02 1.40 111 2.86
TS2 | 34 310 26.4 488 57.1 1.69 203 2.48 1.02 131 143 1.62
P -100.0 68.5 -67.7 -60.0 582 1.72 226 1.65 1.06 124 341 1.36
R 582 410 348 -26.0 227 1.92 1.71 0.99 1.88 3.06 1.10 274
TS-1 14.8 40.1 415 413 38.1 1.79 1.79 1.40 1.13 207 1.09 295
NHy | me1 | -64.8 36.1 246 6.6 21.9 1.70 1.96 235 1.02 1.40 1.11 2.87
TS-2 38 36.5 32.4 52.4 59.0 1.69 203 241 1.02 131 1.44 1.62
P 943 643 -62.9 583 585 1.72 225 1.67 1.05 124 332 1.36
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Table S4-A. B3LYP transition state energies (kJ/mol) and distances (A) for initial proton transfer

and a subsequent stepwise reaction (Fig. 1, Reaction 4) for negatively charged xanthine. All energy

contributions are given relative to the sum of the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 | Mo—0 | O—Hmoeco | Hmoco— N O-C | C—Hsyp | Hsup—=S
Reactant | 123.1 | 1415 | 145.6 43.8 -35 1.88 1.01 1.81 3.36 1.09 2.87
TS1 1409 | 168.1 | 1645 473 =73 1.79 1.33 1.18 3.09 1.10 2.53
Interm 1 140.1 | 166.6 | 170.8 49.7 -6.8 1.77 1.50 1.10 3.07 1.11 2.40
TS2 1853 | 2105 | 2174 109.6 62.0 1.83 2.87 1.01 1.81 1.11 2.29
Interm 2 168.6 | 1954 | 1040 106.9 66.0 1.93 2.69 1.01 1.44 1.12 244
TS3 1933 | 2289 | 2235 1233 80.1 2.00 2.68 1.01 1.36 1.33 1.70
Product 922 | 1238 | 125.1 19.6 -26.8 2.18 2.68 1.01 1.24 2.92 1.37

Table S4-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for initial proton

transfer and a subsequent stepwise reaction (Fig. 1, Reaction 4) for negatively charged xanthine. All

energy contributions are given relative to the sum of the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 | Mo—0 | O—Hpmoeco | Hmoco— N O-C | C—Hsyp | Hsup—=S
Reactant | 1052 | 1249 | 129.1 259 -219 1.88 1.01 1.73 335 1.09 2.84
TS1 1220 | 1493 | 1459 28.3 -26.5 1.79 1.33 1.18 3.10 1.10 251
Interm 1 121.1 | 1479 | 152.1 31.1 -254 1.78 1.50 1.10 3.08 1.11 2.40
TS2 1652 | 1902 | 1970 89.5 42.1 1.82 2.84 1.01 1.81 1.11 2.29
Interm 2 1466 | 1725 | 181.7 84.2 43.1 1.92 2.65 1.01 1.44 1.12 248
TS3 1736 | 2089 | 2034 1030 59.6 2.00 2.78 1.01 1.36 1.33 1.69
Product 1223 | 155.7 | 1590 572 13.2 2.24 2.66 1.01 1.25 331 1.36
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Table S5-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction (Fig.

1, Reaction 1) for 6-substituted quinazolines. All energy contributions are given relative to the sum

of the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo-0O | O-C | C—H | H-S
6-NO,-Quinazoline (C2)** 88.3 117.1 1104 143.1 154.7 2.19 1.45 1.40 1.59
6-NO,-Quinazoline (C4)* 85.2 1134 107.3 142.8 1584 2.20 1.45 1.39 1.59
6-NH,-Quinazoline (C2)** 148.7 176.8 169.9 178.9 174.8 2.17 1.48 1.34 1.65
6-NH,-Quinazoline (C4)* 1164 | 1429 137.3 1610 170.7 2.17 1.49 1.34 1.66

Table S5-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for 6-substituted quinazolines. All energy contributions are given relative to the

sum of the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo-0O | O-C | C—H | H-S
6-NO,-Quinazoline (C2)** 66.4 95.0 88.4 1210 1324 2.19 1.45 1.39 1.59
6-NO,-Quinazoline (C4)* 54.1 82.1 76.1 1114 126.8 2.20 1.45 1.39 1.60
6-NH,-Quinazoline (C2)** 127.3 1553 148 4 158.3 154.8 2.17 1.48 1.33 1.67
6-NH,-Quinazoline (C4)* 85.0 1113 106.0 130.1 140.2 2.17 1.49 1.33 1.66
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Table S6-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction (Fig.

1, reaction 1) for quinazoline. All energy contributions are given relative to the sum of the MoCo

and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo-0 | O-C C-H H-S

Reactant -49 1.1 22 93 9.6 1.94 293 1.10 2.86

C2¥* | TS 1310 161.5 1542 169.5 170.8 2.17 1.47 1.36 1.63
Product 445 69.6 68.9 619 532 243 1.34 290 1.36
Reactant -40.1 -295 -26.3 -20 9.6 1.97 3.38 1.10 4.39

C4* | TS 1094 137.8 1319 157.8 169.2 2.18 1.48 1.35 1.64
Product 25.1 480 492 56.1 575 2.40 1.35 2.83 1.36
Reactant -43.0 -322 -295 -4.3 7.5 1.96 325 1.09 298

G5 | TS 151.6 178.2 169.2 188.3 1933 2.17 1.49 1.38 1.60
Product 69.4 90.4 89.7 95.6 95.6 2.39 1.36 2.80 1.36
Reactant -36.0 -28.3 -259 -4.3 7.5 1.96 3.16 1.09 3.81

c6 | TS 156.9 1824 172.3 191.3 195.7 2.16 1.50 1.39 1.61
Product 65.2 84.7 83.4 86.8 85.6 2.37 1.36 2.82 1.36
Reactant -359 -27.7 -25.1 -1.6 9.7 1.96 321 1.09 4.24

C7 | TS 150.2 1740 164.6 1852 191.5 2.16 1.50 1.38 1.60
Product 61.6 80.8 79.5 823 80.7 2.36 1.36 2.85 1.36
Reactant -40.0 -30.5 -28.0 -4.0 7.3 1.95 4.38 1.09 6.54

Cc8 | TS 170.6 201.1 191.1 2022 199.3 2.18 1.48 1.38 1.60
Product 409 60.3 58.0 84.7 95.1 4.55 1.33 5.81 1.36
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Table S6-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for quinazoline. All energy contributions are given relative to the sum of the

MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo-0 | O-C C-H H-S

Reactant -31.2 -204 -19.5 -8.2 -44 1.94 327 1.10 343

C2¥* | TS 109.5 1399 132.6 148.2 149.7 2.17 1.47 1.35 1.64
Product 245 49.8 492 404 30.2 2.38 1.34 2.76 1.36
Reactant -56.3 -48.5 -46.7 -23.1 -12.0 1.94 295 1.10 2.86

C4* | TS 79.5 107.7 101.7 127.5 138.7 2.18 1.48 1.35 1.64
Product -52 18.1 19.7 264 27.6 2.39 1.35 2.69 1.36
Reactant -65.1 -519 -48.1 -233 -12.1 1.96 3.33 1.09 3.63

C5 | TS 1204 147.5 138.5 1559 1599 2.17 1.49 1.38 1.60
Product 37.8 58.8 589 62.6 61.0 2.35 1.36 2.62 1.36
Reactant -50.6 -44.7 -432 -18.6 -7.0 1.94 303 1.09 301

c6 | TS 1324 158.1 1479 166.0 1699 2.15 1.50 1.38 1.60
Product 410 60.3 59.0 614 59.6 2.34 1.36 271 1.36
Reactant -532 -46.2 -439 -19.2 -7.6 1.95 3.12 1.09 327

C7 | TS 1255 1490 139.7 159.6 1654 2.16 1.49 1.38 1.60
Product 355 53.7 52.5 53.0 50.0 2.32 1.36 2.87 1.37
Reactant -51.2 -39.5 -37.5 -18.2 -10.6 1.94 327 1.09 3.53

Cc8 | TS 1430 173.7 163.7 173.6 170.0 2.17 1.48 1.38 1.60
Product 12.2 342 32.8 58.3 69.7 4.24 1.34 4.79 1.36
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Table S7-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction (Fig.

1, Reaction 1) for phthalazine. All energy contributions are given relative to the sum of the MoCo

and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-C C-H H-S
Phthalazine (C4)* 126.7 158.6 152.1 179.1 189.9 2.18 1.47 1.32 1.68
Phthalazine (C5) 146.0 170.7 161.1 184.1 191.8 2.17 1.49 1.40 1.59
Phthalazine (C6) 150.5 177.6 168.3 188.6 193.1 2.16 1.50 1.40 1.59

Table S7-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for phthalazine. All energy contributions are given relative to the sum of the

MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-cC C-H H-S
Phthalazine (C4)* 70.1 101.8 95.6 123.1 1343 2.19 1.48 1.31 1.69
Phthalazine (C5) 948 1194 109.7 1334 141.6 2.17 1.48 1.39 1.59
Phthalazine (C6) 93.4 120.8 111.5 1310 1350 2.16 1.50 1.38 1.60

Table S8-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction (Fig.

1, Reaction 1) for quinoline. All energy contributions are given relative to the sum of the MoCo and

substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-C C-H H-S
Quinoline (C2)* 1374 163.8 156.2 1754 180.5 2.15 1.51 1.33 1.67
Quinoline (C3) 168.0 1933 1832 197.6 198.6 2.16 1.51 1.38 1.60
Quinoline (C4) 1499 176.0 167.1 183.5 188.0 2.16 1.49 1.40 1.59
Quinoline (C5) 160.5 187.8 178.6 1929 1949 2.16 1.50 1.36 1.63
Quinoline (C6) 167.6 192.8 182.5 196.0 196.2 2.15 1.51 1.37 1.61
Quinoline (C7) 168.7 1932 183.0 195.8 195.8 2.15 1.51 1.37 1.62
Quinoline (C8) 1822 212.7 2024 205.7 197.6 2.17 1.48 1.39 1.60
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Table S8-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction
(Fig. 1, Reaction 1) for quinoline. All energy contributions are given relative to the sum of the

MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-C C-H H-S
Quinoline (C2)* 1139 140.0 1324 152.1 157.6 2.15 1.51 1.32 1.68
Quinoline (C3) 144.1 169.3 1594 173.7 174.7 2.16 1.51 1.37 1.61
Quinoline (C4) 1185 144.7 1359 1514 155.5 2.16 1.49 1.39 1.59
Quinoline (C5) 128 4 155.7 146.5 160.5 1624 2.16 1.50 1.36 1.63
Quinoline (C6) 143.1 1684 158.0 170.6 170.2 2.15 1.51 1.37 1.62
Quinoline (C7) 144.1 168.3 158.0 170.8 1709 2.15 1.51 1.36 1.62
Quinoline (C8) 1544 184.9 1749 178.3 170.3 2.17 1.48 1.37 1.61

Table S9-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction (Fig.
1, reaction 1) for 2-amino-9-methylpurine. All energy contributions are given relative to the sum of

the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-C C-H H-S
Famciclovir (C6)* 1490 176.8 1720 179.5 177.1 2.18 1.48 1.38 1.60
Famciclovir (C8)** 127.1 157.0 1519 172.5 1799 221 1.46 1.38 1.61

Table S9-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction
(Fig. 1, Reaction 1) for 2-amino-9-methylpurine. All energy contributions are given relative to the

sum of the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-C C-H H-S
Famciclovir (C6)* 1259 1535 148.8 156.8 154.8 2.17 1.48 1.36 1.61
Famciclovir (C8)** 97.1 1273 1225 144.1 1522 221 1.46 1.38 1.61
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Table S10-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for 4-methylacridine. All energy contributions are given relative to the sum of

the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-cC C-H H-S
DACA (C1) 153.7 181.9 172.5 189.5 1914 2.17 1.49 1.36 1.63
DACA (C2) 158.8 186.0 176.1 190.6 190.1 2.17 1.49 1.37 1.62
DACA (C3) 160.0 188.7 178.7 1923 1914 2.17 1.49 1.37 1.62
DACA (C5) 1694 2010 190.0 2032 200.7 2.18 1.47 1.36 1.63
DACA (C6) 157.5 1839 1739 187.6 187.1 2.17 1.49 1.38 1.61
DACA (C7) 159.1 186.2 176.1 1910 1910 2.17 1.50 1.37 1.62
DACA (C8) 1515 1794 170.0 188.5 1919 2.17 1.49 1.36 1.63
DACA (C9)* 130.6 162.1 153.7 174.6 180.2 2.19 1.47 142 1.58

Table S10-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for 4-methylacridine. All energy contributions are given relative to the sum of

the MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-cC C-H H-S
DACA (C1) 1200 148.5 1393 156.0 157.7 2.17 1.49 1.35 1.64
DACA (C2) 133.6 160.6 150.8 166.1 166.0 2.17 1.49 1.36 1.62
DACA (C3) 128.6 157.0 146.8 160.3 159.3 2.16 1.49 1.37 1.62
DACA (C5) 1220 158.6 1520 175.8 179.6 2.23 145 1.27 1.75
DACA (C6) 1325 158.7 148.7 1632 1632 2.16 1.49 1.37 1.62
DACA (C7) 1343 1612 1512 1664 1664 2.17 1.49 1.37 1.62
DACA (C8) 1179 146.1 136.9 154.8 1579 2.17 1.49 1.35 1.63
DACA (C9)* 90.2 121.6 113.6 1340 1395 2.18 1.46 1.40 1.58
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Table S11-A. B3LYP transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for phenanthridine. All energy contributions are given relative to the sum of the

MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-C C-H H-S
Phenanthridine (C1) 170.1 200.2 190.7 2053 207.0 2.18 1.52 1.39 1.62
Phenanthridine (C2) 1664 1932 182.3 193.6 191.7 2.16 1.50 1.39 1.50
Phenanthridine (C3) 171.6 197.6 186.9 197.1 193.7 2.15 1.51 1.38 1.60
Phenanthridine (C4) 1839 214.7 2039 208.0 199.5 2.17 1.48 1.38 1.60
Phenanthridine (C6)* | 127.6 157.6 150.7 174.6 181.7 2.17 1.50 1.31 1.68
Phenanthridine (C7) 163.5 190.6 180.7 1954 1953 2.17 1.50 1.39 1.60
Phenanthridine (C8) 164.1 189.9 179.6 1942 1944 2.16 1.51 1.38 1.60
Phenanthridine (C9) 155.8 181.6 171.3 186.7 188.5 2.16 1.50 1.40 1.59
Phenanthridine (C10) | 167.8 198.1 188.7 2042 206.0 2.18 1.51 1.39 1.61

Table S11-B. B3LYP-D3 transition state energies (kJ/mol) and distances (A) for concerted reaction

(Fig. 1, Reaction 1) for phenanthridine. All energy contributions are given relative to the sum of the

MoCo and substrate energies.

BS1 BS2 ZPE e=4 €=80 Mo -0 0-cC C-H H-S

Phenanthridine (C1) 1299 160.0 1504 1654 167.3 2.16 1.52 1.38 1.62
Phenanthridine (C2) 1412 1679 157.3 169.2 167.6 2.15 1.50 1.38 1.61
Phenanthridine (C3) 146.8 172.6 1620 172.1 168.6 2.15 1.50 1.38 1.61
Phenanthridine (C4) 1554 186.5 1752 178.8 170.1 2.16 1.48 1.37 1.61
Phenanthridine (C6)* 96.2 126.0 1194 143.7 151.1 2.18 1.50 1.31 1.69
Phenanthridine (C7) 1319 159.1 1492 1633 162.8 2.16 1.49 1.38 1.60
Phenanthridine (C8) 1394 1649 154.6 168.8 168.7 2.16 1.50 1.38 1.60
Phenanthridine (C9) 1304 156.0 145.7 161.1 1630 2.15 1.50 1.39 1.59
Phenanthridine (C10) | 128.0 158.3 148.7 164.7 166.8 2.17 1.51 1.38 1.61
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Table S12-A. DFT calculated molecular properties for quinazoline. All energies (kJ/mol) are
calculated at the B3LYP level of theory using BS1 and given relative to the sum of the substrate
and MoCo energies.

Position Cation intermediate Intermediate Product ESP charges NBO charges
C2 ** 1179.3 259.7 525 0.90 0.30
C4 * 11745 2283 46.3 0.63 0.13
C5 1281.4 270.1 98.4 0.12 -0.19
Cé6 1309.7 2990 102.0 0.00 -0.22
Cc7 1306.5 2753 98.8 0.15 -0.20
C8 1307.9 292.8 110.7 0.12 -0.20

Table S12-B. DFT calculated molecular properties for 2-amino-9-methylpurine. All energies

(kJ/mol) are calculated at the BALYP level of theory using BS1 and given relative to the substrate

energy.

Position Cation intermediate Intermediate Product ESP charges NBO charges
C6 * 1139.2 285.8 60.6 0.37 0.12

C8 ** 1296.7 2674 70.8 042 0.27
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Table 12-C. DFT calculated molecular properties for 4-methylacridine. All energies (kJ/mol) are

calculated at the B3LYP level of theory using BS1 and given relative to the substrate energy.

Position Cation intermediate Intermediate Product ESP charges NBO charges
Cl1 1217.8 290.1 994 0.05 -0.20
C2 1234 .4 292.6 101.2 0.03 -0.21
C3 1217.5 3059 103.1 0.09 -0.22
C5 1247.7 2839 109.8 -0.11 -0.20
Cé6 1238.1 280.0 101.6 0.13 -0.22
Cc7 1250.6 3162 1024 0.03 -0.22
C8 12224 2839 97.8 0.06 -0.19
C9 * 1221.8 2140 94.7 0.11 -0.13

Table S12-D. DFT calculated molecular properties for phenanthridine. All energies (kJ/mol) are

calculated at the B3LYP level of theory using BS1 and given relative to the sum of the substrate

and the MoCo energies.

Position Cation intermediate Intermediate Product ESP charges NBO charges
Cl1 1222.8 302.3 106.7 0.02 -0.20
C2 1264 .3 3049 100.6 0.03 -0.21
C3 1257.0 308.6 1024 0.12 -0.22
C4 1257.6 309.8 1120 -0.10 -0.20
C6 * 1132.6 278.6 86.0 0.48 0.12
Cc7 1268.2 278.5 100.1 0.07 -0.18
C8 1272.0 299.5 102.6 0.06 -0.22
C9 12751 2774 98.3 0.11 -0.20
C10 1262.9 292.1 107.5 -0.08 -0.20
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Table S12-E. DFT calculated molecular properties for phthalazine. All energies (kJ/mol) are

calculated at the B3LYP level of theory using BS1 and given relative to the substrate energy.

Position Cation intermediate Intermediate Product ESP charges NBO charges
C4 * 1217.0 259.7 56.5 0.50 0.07
C5 1329.7 2755 98.8 0.00 -0.19
Cé6 1307.9 2694 96.6 0.10 -0.20

Table S12-F. DFT calculated molecular properties for quinoline. All energies (kJ/mol) are

calculated at the B3LYP level of theory using BS1 and given relative to the substrate energy.

Position Cation intermediate Intermediate Product ESP charges NBO charges
C2* 1162.1 2949 81.7 0.44 0.08
C3 1262.6 339.1 103.5 -0.48 -0.27
C4 1259.1 276.3 90.9 0.13 -0.16
C5 12511 323.7 99.1 -0.09 -0.20
Cé6 1287.0 346.1 101.8 -0.21 -0.22
Cc7 1274.5 319.6 1022 -0.01 -0.22
C8 1276.0 3226 1109 -0.42 -0.20
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Figure S1. Reaction mechanisms of 4-quinazolinones (A) and negatively charged xanthine (B).
studied in this work.
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Figure S2. Reactions for formation of 1) the products, 2) the hydroxylated tetrahedral intermediate,

and 3) the cation intermediate.
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Figure S3. Transition state energies (at B3BLYP level) versus estimates of the reactivity based on
DFT calculated properties. Red and blue point show the SOMs/non-SOMs.
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Figure S4. Distribution of transition state energies and reactivity based on DFT calculated

properties. Red bars show the values for the SOMs and blue for the other aromatic C atoms.
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