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ABSTRACT. Molecular electrostatic potential (MEP) of the thiazole, relevant to the binding of lexitroposin
that contains thiazole ring to the base pair of minor groove of DNA is obtained from the results of ab initio cal-
culation. The geometry optimization for the two possible conformations of protonated thiazoles is performed with
the aid of MNDQ and ab initio calculations. The proton affinities are calculated at the 6-31G and 6-31G* basis
set for the optimized geometry. The proton affinities are also studied for various substituted thiazoles with the
electron-donating and electron-withdrawing groups to estimate substituent effect on the proton affinity of thia-
zoles. It is found that the thiazole with nitrogen atom aligned inward to the DNA minor groove exhibit higher
proton affinity and clectron-donating substituents increase the proton affinity of thiazoles.
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Fig. 1. Structures and numbering for the two possible con-
formations of substituted thiazoles (1,2) and protonated thia-
zoles with substituent (3,4) for calculation. Note that struc-
tures of 1 and 3, have the nitrogen atom directed inward
to the minor groove, whereas 2 and 4, have the sulfur
atom directed inward to the DNA minor groove,
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Fig. 2. Two possible conformations of thiazole-lexitropsin,
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Fig. 3, Electrostatic potential map (kcalimol) for thia-
2ole calculaied in the molecular plane from ab initio
SCF HF-wavefunctions using 6-31G basis sets. The po-
sitions of the most negative potentials are indicated; the
values are: @ -49.6, ¢ 4.03.
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Table 1. Optimized bond lengths (A) and angles (degree) for the structure 1 and 3

H OH NH, CH, OCH;
Parameter
neutral protonated neutral protonated neutral protonated neutral protonated neutral protonated
r C3-81 1790 1794 1791 1804 1.805 1817 1808 1815 179 1811
r S1-C1 1.798  1.735 1808 1.744 1817 1749 1799 1735 1807 1744
r C1-N1 1277 1305 1274 1299 1270 1294 1275 1302 1274 1298
r N1-C2 1397 1400 1396 1401 1395 1398 1397 1400 1397 1402
r C2-C3 1340 1334 1340 1339 1349 1352 1341 1338 1343 1343
r C3-0(0OH, OCH3) 1353 1328 1345 1317
r C3-N(NH,) 1.363  1.343
¢ C3-C(CH,) 1.491 1492
1 O-C(OCH;) 1440 1464
£C381C1 8695 8889 8633 8831 8705 89.18 8742 8952 8644 8847
ZS1CIN1 11441 112,16 11428 11229 11349 11166 11417 11193 11429 11226
ZCINIC2 11269 11578 11340 11650 11415 117.12 11280 11592 11350 116.64
ZNIC2C3 11559 11216 11469 11144 11544 11232 11656 113.35 11476 11164
«N1C2C3 O(OH) 180.00 179.99
£C2C3 OH(OH) 0.00 0.34
£N1C2C3 N(NHy) -179.97 -179.98
2£C2C3 NH(NH;) 217993 -179.94
0.02 0.08
2NIC2C3 C(CHs) -180.01 -180.00
£C2C3 CH(CH3) -119.63  -119.56
11977 11955
007 001
£NI1C2C3 O(OCHy) -180.00 -179.99
£C2C3 QC(OCHy) 009 009
£C3 OCH(OCHy) -179.98 180.03
6095 -61.29
6099  61.36
F ql CN NO,
neutral  protonated-- neutral  protonated  neutral  protonated neutral  protonated
r C3-S1 1.788 1.797 1.789 1.799 1.800 1.810 1.787 1.792
t S1-Cl 1.808 1.743 1.799 1.737 1.788 1.731 1.786 1.733
r C1-N1 1.275 1.303 1277 1.304 1.280 1.307 1.285 1311
r NI-C2 1.397 1399 1.395 1.398 1.386 1.392 1.383 1.389
r C2-C3 1.332 1.329 1.336 1.333 1.346 1.339 1.343 1333
r C3-F 1.350 1.330
r C3-Cl 1,766 1.746
r C3-C(CN) 1.411 1.410
t C-N(CN) 1.148 1.145
r C3-N(NO,) 1.413 1.424
r N-O(NO;) 1.226 1.220
1.229 1.221
C381C1 85.45 87.42 8627 88.49 86.71 88.62 85.67 87.35
S1CIN1 114.67 112.65 114.57 112.25 114.87 112,54 115.56 113.11
CINIC2 113.41 116.38 113.00 116.07 112.78 115.91 112.49 115.74
N1C2C3 113.73 11057 11472 111.83 11558 112.39 114.35 110.89
N1C2C3 C(CN) 180.00 180.00
C2C3 CN(CN) 0.20 179.99
NI1C2C3 N(NO;) 180.00 180.00
C2C3 NO(NO,) 179.99 179.98
0.01 -0.03

1998, Vol 42, No.



6 FEH - FRE

Table 2. Total energies (a.u)

Site of Substituent 6-31G 6-31G*

protonation X neutral protonated neutrai protonated
H -567.1636 -567.5286 -567.2844 -567.6450

OH -641.9743 -642.3378 -642.1288 -642.4897

NH, -622.1690 -622.5435 622.3029 622.6744

CH; -606.1891 -606.5606 -606.,3239 -606.6903

N OCH; -680.9821 -681.3519 -681.1570 -681.5230
F -665.9670 -666.3168 -666.1185 -666.4681

Cl -1026.0277 -1026.3814 -1026.1746 -1026.5253

-CN -658.8465 -659.1898 -659.0138 -659.3505

NO, -770.4905 -770.8332 7707407 70726

H -567.1636 -567.4161 -567.2844 -567.5510
(-567.1631) (-567.3816) (-567.2829) (-567.5131)

OH -641.9810 -642.2354 -642.1380 -642.4116

NH, 6221766 -622.4483 6223136 -622.6046

S CH, -606.1906 -606.4523 -606.3263 -606.6021
QCH, -680.9877 -681.2494 -681.1657 -681.4453

F -665.9795 -666.2147 -666.1326 -666.3891

Cl . -1026.0323 -1026.2714 -1026.1798 -1026.4364

CN -658.8465 -659.0746 -659.0144 -659.2553

NO, -770.5026 -770.7167 “770.7438 -770.9756

*Values in parenthesis are from ref. 14.

Table 3. Proton affinities(kcal/mol) of the substituted
thiazoles

Site of Substituent Basis set
protonation X 6-31G 6-31G"
H 229.0412 226.2801
OH 228.0999 226.4684
NH; 235.0025 233.1200
CH; 233.1200 2299197
N OCH, 232.0532 229.6687
F 219.5030 219.3775
a 221.9503 220.0678
CN 2154242 211.2826
NO, 215.0477 208.2706
H 158.4463 167.2942
OH 159.6385 171.6867
NH; 170.4945 182.6054
CH, 164.2194 173.0673
S OCH; 164.2194 1754518
F 147.5904 160.9563
Cl 150.0376 161.0191
CN 1431350 151.1672
NO, 134.3499 145.4568
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Table 4. Total atomic charges of substituted thiazoles obtained by the use of the 6-31G* basis set

Site of Substitutent, X
protonation tom OH NH, CH, OCH, F Cl CN NO,
S1 02362 02501 02018 02248 02421 02542 03065 03308 03721
Cl 01136 01268 -0.1308 -0.1142 01274 -0.1205 -0.1137 00972 -0.0976
N NI -0.4401 -04273 -04156 -04388 -04324 04298 -0.4345 -0.4423 -04525
c2 00501 -0.0443 -0.0492 00255 -0.0441 -00223 00724 1156 0.1195
C3 04351 01616 00989 -02151 01749 01920 -03601 -0.2951 -0.0839
s1 02362  0.2497 02334 02295 02445 02760 02757 02919 03134
Cl 01136 01052 -0.0994 -01107 -0.1061 -0.1138 -0.1147 01152 -0.1225
S NI 04401 04580 -0.5004 -04629 04694 -0.4646 -D.4157 04276 -0.4215
C2 00501 06360 06140 02822 06707 06693 0.1316 02499 04945
C3 04351 05238 -05319 -04657 05321 -0.5062 -04220 -03919 -03872
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