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2 2t Pyrazole +=4F<) 1,24-triazolidine-35-dione( )3} 1.3.4-oxa(or thia)diazolidine-2,5-dione(2,
3)9] lactam-lactim tautomerS-5 ab initio, AM1 22|32 PM3 uhj o2 o 73}dct Al 7)A) wlgelr] 25
1 23EHES 7H JAE JalE ditactamg) 180] 2 ohE2. 2 lactam-lactim)) 2b2 A=) A A o))
a2} 122} 1b9) iz 2lel: 4.1~126 keal/mol2 A 45 %ick 1ao)] A&} ab initio F2E X-ray 729
F AP Qlvt 2 3HEEY FHEE 2a>2b>2e)) W UALE 235 Q& 3 23YE tautomer S
AT £ Ay 2|23}, 3-21Gol A€ 3a7} 3bX.c} 4.9 keal/mol <143 Wi AM12 3b7} 2.71
kcal/mol FAF ZAAE 2k

ABSTRACT. Molecular orbital calculations at the ab initio, AM1, and PM3 levels have been carmied
out to investigate the lactam-lactim tautomerism of 1,24-triazolidine-3,5- dione(l) and 1,3,4-oxafor thia)
diazolidine-2,5-dione(2, 3). Most stable tautomer in 1 compound has been calculated to be a dilactam
1a and next one is lactam-lactim 1b. The relative energies between 1a and 1b are 4.1~12.6 kcal/mol
depending on computational methods. The optimized 1a structure at ab initio level is in good agreement
with X-ray structure. While the stabilities of 2 tautomers are in order of 2a>2b>2e, the stabilities of
3 tautomers are dependent on methods. According to 3-21G basis set, 3a tautomer is more stable by
4.9 keal/mol over 3b tautomer. In contrast, the heat of formation of 3a at AM1 is higher by 2.71 kcal/mol
than 3b.
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Table 1. Optimized geometries of la~ le tautomers
in 3-21G basis set. The bond distances are in angst-
roms and the angles in degrees. The relative ener-
gies® are listed in kcal/mol

1a ib 1¢ id le Exp.
N)-N: 1441 1441 1443 1458 1430 1410

N,-Cs 1390 1274 1370 1280 1300 1354
N.-C; 1390 1360 1426 1.280 1329 1.367
Ca~Ny 1382 1400 1411 1370 1308 1378
N,-Cs 1382 1363 1277 1.370 1373 1.380
Co-0s 1203 1210 1198 1340 1331 1.232
Cs-Oy 1203 1336 1323 1339 1338 1237
‘Ni-N-C; 1079 1128 1063 1058 1088 1077
N-Ni-Cs 1079 1025 1030 1057 1008 1083
N>-C:-N, 1048 1020 1065 1124 1112 1063
Ni-Cs-N, 1048 1141 1158 1124 1160 1066
C-Ni-Cs 1135 185 1073 1036 1032 1102
Rel. E 0.00 1261 2855 3554 31.52

“The total energy of la tautomer at 3-21G is
—388.37852 hartrees.
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Table 2. Optimized geometries of 1a~ le tautomers in AM1 and PM3. The bond distances are in angstroms
and the angles in degrees. The relative energies’ are listed in kcal/mol

1a ib Ic 1d le

AM1 PM3 AM1 PM3 AM1 PM3 AM1 PM3 AM1 PM3
Ni-N, 1395 1464 1356 1409 1365 1469 1322 1348 1345 1388
N;-Ns 1453 1447 1358 1338 1.415 1438 1375 1354 1379 1356
N.-C; 1465 1446 1420 1417 1448 1466 1376 1355 1404 1380
Ci-Nyg 1418 1431 1426 1436 1444 1454 1408 1405 1.369 1370
N+C: 1418 1432 1413 1413 1353 1327 1408 14905 1422 1404
Cs-0s 1235 1215 1241 1222 1236 1.207 1369 1.353 1367 1348
Cs-0: 1235 1215 1369 1348 1366 1340 1370 1353 1378 1342
Ny-No-C, 1076 1068 1130 1106 1068 106.7 1086 1088 1103 1092
N,-N~Cs 1074 1066 105.1 1065 1039 1029 1085 1088 1038 1052
N.-Ca-Ny 107.3 1065 1041 1042 1087 1064 1101 1090 1105 1092
Ni-Cs-N, 1073 1066 1122 1113 1152 1142 110.1 1089 1141 1118
C3-Ng-Cs 1085 1099 1057 1070 1038 1074 1026 1045 114 1047

Rel. E 0.00 7.86 1744 1242 17.01
0.00 410 1253 11.18 10.03

“The heat of formation of la tautomer at AM1 and PM3 are ~16.78 and —48.23 kcal/mol, respectively.
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Fig. 1. Relative energies of the la~ le tautomers in
ab initio, AM1, and PM3 levels.
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Table 3. Optimized geometries of 2a~2¢ and 3a~3c¢
tautomers in 3-21G basis set. The bond distances are
in angstroms and the angles in degrees. The relative
energies® are listed in kcal/mol

2. 2 2¢ 3 3 3¢

Ni-N; 1439 1441 1474 1422 1413 1437
N-Cs 1333 1.267 1269 1364 1257 1262
Nz-Cy 1383 1354 1269 1364 1355 1262

C-Xu 1.384 1416 1372 1.857 1887 1813

X-Cs 1384 1355 1372 185 1805 1813
C3-0s 1186 1190 1322 1195 1195 1.337
C-0; 1186 1321 1322 1.195 1338 1337

Ni-N.-C; 1077 1124 1051 1163 1198 1125
No-N-Cs 1077 1023 1051 1163 1107 1125
N,-Co-Xs 1059 1029 1138 108.1 1056 1160
Ni-Cs-X, 1051 1156 1138 1081 1174 1160
Ci-X-C; 1118 1069 1022 906 865 830
Rel. E 0.00 1217 3640 000 491 2494

1The total energies of 2a and 3a tautomers at 3-21G
are —408.07631 and —729.16074 hartrees, respecti-
vely.
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Table 4. Tautomerization energies (kcal/mol) of 3,6-
dihydroxypyridazine 6a~6¢

oa &b 6c
MNDO 286 15.0 0.0
AM1 13.1 59 0.0
PM3 48 26 0.0
3-21G 20 0.0 89

“Ref. 13.

431217} gick YR P4 S sl 3
HEE) ¥ Aol A basis seto} A e
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Table 5. Optimized geometries of 2a~2¢ and 3a~3c
tautomers in AM1. The bond distances are in angst-
roms and the angles in degrees. The relative ener-
gies® are listed in kcal/mol

22 2 2 32 3 3¢

Ni-N; 13%4 1361 1.331 1376 1335 1.302
Ni-Cs 1450 1338 1354 1430 1338 1361
N-C; 1451 1404 1354 1431 1413 1360
CX, 1407 1420 1406 1773 1790 1734
Xi-Cs 1407 1410 1406 1773 1744 1.734
Cs-0s 1219 1203 1346 1231 1233 1362
Cs-0; 1219 1203 1346 1230 1.363 1.362

Ni-N.-C,  107.1 1127 1079 1131 1183 1132
Ne-N)-C; 1073 1044 1079 1130 1103 1128
N,-C:-X, 1088 1050 1118 1095 1069 1139
Ni-Cs-X, 1088 1136 1118 1095 1159 1141
C:-X,-C; 1072 1043 1006 916 836 860
Rel. E 000 1040 1904 271 000 4.31

“The Heat of Formation of 2a and 3b tautomers at
AM]1 are —66.71 and —21.88 kcal/mol, respectively.
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3 9e} AM1= PM3 whel] o3 MA 2 =8 Table
5¢ 64 Qeksict

2 33Eoll ik AAtell 4| AM17F PM3 ol 4
25 dilactam 3§ 2a tautomer7} 713 A s
PAd-e 7zt —66.71, —86.84 keal/mol 2 Qe A
3% urazoled} FU A PM3 xbgell ] HAddo)
ol =24 A4k 2, 3 3329 tautomerESoll
N Ay oA 278 37 Fig. 2¢) 34 x4
3t
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olck. AM1e2¢ lactam-lactim el 3b tauto-
mer7} dilactam®] 3a<l ®]# 2.71kcal/mot v <
Y Ao Hasgch 22)Y PM3: W2 3a
7} 3bRr} 191 kcal/mol ¢} 2+38 AR AGHE
A YA ab initio®] A3} A3} i} AM]
2] 3be} PM39] 3a tautomere) cj§t YA3d.& 7z}
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Table 6. Optimized geometries of 2a~2¢ and 3a~3¢
tautomers in PM3. The bond distances are in angst-
roms and the angles in degrees. The relative ener-
gies® are listed in kcal/mol

2a 2b 2¢ 3a 3b 3c
Ni-N; 1462 1417 1373 1452 1.387 1350
N,-Cs 1448 1323 1338 1445 1328 1342
No-Ca 1447 1410 1338 1444 1429 1342
C-Xu 1388 1405 1378 1.825 1.842 1788
%G 1389 1.384 1378 1824 1788 1787
C3-0s 1203 1208 1336 1209 1.121 1350
Cs-0; 1203 1335 1336 1209 1349 1.350
N-N,-C; 1053 1097 1071 1123 1157 1130
N--Ni-Cs 1050 105.1 107.1 1118 1120 1129
N.-Co-X, 1086 1054 1112 1103 1085 1149
N-Cs-X, 1087 1132 11L3 1105 1166 1150
Co-X-C. 1091 1067 1032 906 872 842
Rel. E 000 586 1644 000 191 1196

“The Heat of Formation of 2a and 3a tautomers at
PM3 are —86.84 and —27.54 kcal/mol, respectively.
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Fig. 2. Relative energies of the 2a~2¢ tautomers in
ab initio, AM1, and PM3 levels.
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Fig. 3. Relative energies of the 3a~3¢ tautomers in
ab initio, AM1, and PM3 levels
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