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ABSTRACT.
forms (67 system) of B-diketones, S-thioxoketones and S-dithioketones by determining transition

MO studies have been carried out on 1,5 hydrogen shifts between tautomeric

state and analyzing structural stability effects on the activation barriers using MNDO method. The
barrier was found to increase with the stability of the ground state having greater charge sep-

aration and with the increase (less stabilization) in the one electron energy A (2:6‘":_‘_,5,-)* in the

activation process.
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Table 1. Fully optimized geometric parameters for structures (Ia)-(Id) and Transition states (IIa)-(IId)

Structure
Parameter
Ia 1la Ib Ic 1Ib Id IId
Rz 1. 227 1. 287 1.224 1.562 1. 262 1. 556 1.615
Ry 1.472 1.420 1.482 1. 440 1. 451 1.451 1.402
Ry 1. 362 1.420 1. 349 1.374 1. 375 1. 355 1. 402
Rys 1.341 1. 287 1.674 1.334 1.644 1. 668 1.615
Rss 0. 949 1.222 1. 303 0. 952 1. 515 1. 308 1. 551
Ry 2. 545 1. 222 2.530 2.550 1.313 2.529 1.551
R 1.110 1.100 1.111 1. 098 1.104 1. 099 1. 095
Rz 1.095 1. 083 1. 097 1. 096 1. 090 1.100 1. 094
Ry 1.103 1. 100 1. 096 1.103 1.091 1. 097 1. 095
Ris 3.168 2.332 3.390 3. 254 2.704 3.497 2.977
£123 125.7 119.4 126.0 128.0 122.3 128.7 125.9
£234 116.7 117. 2 131.3 130. 3 122.8 131.5 125.6
2345 129.8 119.4 133.4 129.4 122.8 133.6 125.9
2456 116.0 109.6 105. 2 116.3 9.4 104.7 97.6
£723 113.7 122.2 113.3 114.1 118.8 113.6 118.4
/832 113.5 121.4 116.6 114.5 120.4 115.6 117.2
Z£943 119.7 122.2 119.1 119.9 121.2 118.7 ¥118. 4

*Bond lengths are in angstrons and bond angles are in degrees.
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Fig. 1. Energy profiles for the 1,5-H shifts.
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Table 2. Changes in energy components in 1,5-H
shifts (in Kecal/mole)

B> A25e) 4 NeT
1,5—(0,0) 1.691 0. 000 0. 000
MNDO 1,5—(0,8);. 1.247 —0.306 —0.138
1,5—(0,8);, 1.118 —5.219 4. 646
1,5—(5,S) 0.435 —5.464 4.208
1,5—(C,C) 2.267 —1.620 2.199
MINDO/3% | 1,5—(0,0) 1.219 —1.902 1.433
1,5—(N,N) 0.779 —3.469 2.560

s Energy component values are relative to those for

the 1,5-(0, 0)-H Shift: A(zy_‘;c, =5.643, 4(V,—
V.)S=—3.955. ® Ref. (6).
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Fig. 2. Net atomic charges by MNDO calculation.
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Fig. 3. Net atomic charges (on the terminal atoms)
and activation barrier 4E* (in Kcal/mole). by MIN-
DO/3 method. (in ref. 6).
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£ lone pair orbital energy & 7] u] Fe] (N>
O>S) T A= Bt FL%9] orbital energy
EF 2 Aol ol Aol AAdAgdA
FEg Aoz sEch Fig. 2 (Table 29
4E* 9k wix)¢t Fig. 3¢ ¥9 & 4+ drh
[B] Cyclohexene ring ©] fused 3 79
Cyclohexene ¢] chair form ¢l 7% A ¢} halif-
chair form ¢l F= Bol| w& oA S <Lolx
7] A Ao F2E gelA g o] 233t
9}, Chair form (A)Y A+ X=C-C=C—
YH+

ol, 1% IUIN

4

Mol fAHA givh

(4) chailr form (B) half-chair fora
III: X=Y=0. _IV 1 X=Y=S. V:X=0,
Y=S.VI: X=S§,Y=0.

Z1ghrzE ol AE A8 vyl A
Table 3o FExaA Yetdlch vrA Tz

3 A = conformation 2 o] &3} ALtz A

=gl et

Table 3. Cartesian coordinates for structures VI-A

and VI-B
Structure ﬁltl?:’bi:r x-axis y-axis z-axis
6 1.736 1. 000 0. 000
6 0. 266 1. 000 0. 000
6 0. 230 3.581 —0.010
6 1.767 3.581 0.011
6 2.388 2.274 —0.519
6 —0. 400 2.273 0.502
16 -0.604 —0.221 —0.452
6 2.549 —0.050 0. 353
VI-A 1 2.126 3.764 1. 045
1 —0.127 3.77 —1.043
1 ~-0. 146 4.423 0. 608
1 2.139 4.431 —0.599
1 2.330 2.263 —1.628
1 —0. 356 2.249 1.611
1 3. 470 2.290 —0.274
1 —1.477 2.272 0.237
8 2.220 —1.267 0. 804
1 1.294 —1.475 0. 808
1 3.654 0. 052 0. 325
6 1.670 1. 000 0. 000
6 0. 306 1. 000 0. 000
6 0. 260 3.576 —0.284
6 1. 663 3.576 0.334
6 2. 458 2.303 0. 000
6 —0.519 2. 280 0. 000
16 —0.790 —0.288 0. 000
6 2.576  —0.193 0. 000
VI-B 1 1.588 3.692 1.435
1 0.334 3.733 —1.380
1 —0.317 4. 439 0.108
1 2.227 4.460 —0.028
1 2.926 2.423  —0.999
1 —1.020 2. 368 0. 987
1 3.291 2.231 0.729
1 —1.325 2.199 —0.759
8 2.236 —1.368 0. 000
1 —0.088 —1.385 0. 000
1 3. 657 0. 057 0. 000
7h Fzo FAE = AAN AL Table 4]

+%319ict.  Cyclohexene = A]9] FzoA=
MNDO A A4kl 4] half-chair hexene (E,,,=
—909.5373eV)©] chair form (E.,=—909.5333
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Table 4. Total energies (in Kcal/mole) ‘of structure
III-VI by MNDO calculation

Structure As Bs 4(A-B)
III —38782.273 —38781.296 —0.977
v —34886.358 —34884.227 —2.131
\'% —36833.994 —36834. 962 0.968
VI —36834.820 —36830.837 —3.992

2 A and B are chair form and half-chair form in
cyclohexene part, respectively.

eV)rct ¢ 0.1kcal F = kFsle}, zey T
Z III~VIe A Ew g4 2 chair form o] <4
3 Aoz veste), chair form 9 7 %o X=
C—C=C-YH ¢ Fdo] §A=A goerz 1
FEA Aol delRdm 73tz o ¢4
A A4 AL BAAA L #E 3 AA e
Aoz ¥t F X=C-C=C-YH= 24
A 0. % chair form & ¢] Er}xz ¥x ¥7) 9] chair
formo] #H& olFo] ¢AHE Aoz B
T Ytk Ve VIS 725 vad x4 XY
7k AE GE delzdAds 9450 e
Fo FagAT FeRol 2t ebgeA et
GA L dell A 8] Asbel 43S & 4 Uk v
2t Vo] Aol = vtE2A4#E 22 half-chair
form ¢l V-B (enol form)7} 2.} ghg 44 e}
$28 o Ak =812 £ L chair form
Ql cyclohexene 22]¢] ¢]FA%(X=C)9] X 7}
() QAL half-chair ol w84 FAs=E
AE7b avE Aot F II-A ¢ III-B 7]
oA Holi lkealqld]l N—A 8 N—B 719

o

199

ol 2keal 24 20 2L & & S =
3 V—A 8} V—B 719 Aol 1keal old VI—
ASt VI-BZ] ol o= o 4ujel 4
keal 1} g},

A9 L 2] JAA Table 50 +F
sttt o5 PATRI UFE =] s Eo]

Aol Ael 5 FolA Eqldtr|E o3 AAol=
2 97k #4& dl3s Hammond 7}Ae] =
2] Aol A E4AT F2Fd A=
2 7+ Fz9) chair @ half-chair conformation
A, B 5 543 %9 net charge & vl zd] »
H 245 oA By 4E* 9 ¢4F [II-B>
VI-B>V—A>IV—-B = d&s5} VI-Bg
V—AE 7249 A2 Aol Aol half-
chair form(B)ol 714855 W4 kg 4ol
¢ Acle VI-BS) 245} oux 39 4E*
el Aol A5Ao] Adz AL wEs 9
omz AE*S £AE ID>(VI £ V)>IV
7t ARAew S}

4. 2 B

1. 1,5-H shift o] A 1843 4(252e)*o] =
T 843} ovx AHL a3

2. TEAR7} lone pair & HE= &€ 2 QA
AA AANGHEA & AAASE A &
A ame wiekgue) $At 493 A4
v, AeA B43} oA Fo e =

3. W] Az B AW 2947 JeHt 9
ANEA AT QA QA 2ol

Table 5. Net chargies of structures III-VI by MNDO calculation

Positional No.
Structure
1 2 3 4 5 6
III-A —0.317 0. 285 —0.325 0.192 -0. 251 0. 215
I1I-B —0. 251 0.194 —0. 336 0.323 —0. 346 0.228
IV-A —0.194 0. 084 —0.188 —0.019 0. 009 0.072
IV-B —0.015 0. 002 —0. 205 0.122 —0.231 0. 109
V-A —0. 296 0.270 —0.210 —0.029 0. 001 0. 065
V-B —0.236 0. 226 —0. 311 0.144 —(. 290 0.241
VI-A —0.244 0.113 -0. 305 0. 214 —0.240 0.223
VI-B —0.013 —0.023 —0.222 0. 309 —0.318 0. 086
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