DAEHAN HWAHAK HWOEJEE

(Journal of the Korean Chemical Society)
Vol. 30, No. 2, 1986

Printed in the Republic of Korea

LCE BB 2T A2 (0)F B(S)QAHO 1, 5-FARKRE
ojSurSo 3t MO oj2X AT

SR - FEF
Qe gz o] Fe e 23}t
(1985. 12. 19 A%)

MO Theoretical Studies on 1, 5-Sigmatropic Hydrogen Shifts in
Systems with Terminal Heteroatoms, O and S

Ho Soon Kim and Ikchoen Lee
Department of Chemistry, Inha University, Inchon 160, Korea
(Received December 19, 1985)

£ ©9f  p-Diketones, S-thioxoketones, S-dithioketones 59| tautomeric form{6z A A2 1,5-
H shiftof A MNDO ¥yle2 deolddl 25 A4z, B4 s Pd wle 22

A HAAE BARAL. 2 A 1AAY 405570l FAURE B3 o] TS oot
=23 22 Au 294 AP 245 e 2749 ok o] =0, F438 ¢v= gy
(4E*)o| =z,

ABSTRACT. MO studies have been carried out on 1,5 hydrogen shifts between tautomeric
forms (6z system) of B-diketones, S-thioxoketones and p-dithioketones by determining transition
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(zﬁs‘-)* in the

activation process,
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Y=0. ) X=Y=S.

(cy X=85,

F=z 14 X, Y7 5 &2(0)l 35 (a),
e A (O)o] . e 3O F+0b =
£ Ig), 28z g% 069 F+-ADHE =9
P}, o] F2REL 2F 1,5-H shift 24 w3
A kg Ae] sle 6x AAA Y Aol el (I F
AAA %EZ'H?_I-*’? o3t dolgd Aez o
F2zc}, olF 2 129 Fd Aol A 7=
ol 3k rl3t Helo|E & Table 10] FE34
=},

Table 1°] A¥H°] Ris & 29 lag g4
s} Ax79) Az 3.1684 o8l wEHA A9
A7k Bop 2 de 35 894738 AxE

Table 1. Fully optimized geometric parameters for structures (la)-(Id) and Transition states (Ila)-(IId)

Structure
Parameter
Ia 12 Ib Ic IIb 1d IId
Ry, 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
Ra 1. 362 1. 420 1. 349 1.374 1.375 1. 355 1.402
Rus 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
Rz 1.110 1.100 1.111 1. 098 1.104 1.099 1.093
Ras 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 3.39%0 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
4345 129.8 119. 4 133.4 129.4 122.8 133.6 125.9
2456 116.0 109.6 105.2 116.3 .4 104.7 9.6
2723 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
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 Keal/mole)

AE* 4(23e) ™ "é‘;:::,‘

1,5-(0,0) 1.691 0.000  0.000

MNDO | 1508 1247 —0.306 —0.138
1,5-(0,8)y 1.118 —5.219 4.646
L5—(S5,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
1L5—-(NN) 0.779 —3.468  2.560

2 Energy component values are relative to those for
the 1,5-(0, 0)-H Shift: 4(23_¢)*=5.643, J(Von—
V) =—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).

& Ze e 2gAAdM s Fig. 29 A9
gA e, =z hde) EEUt AL il
4% lone pair 7} o.2g FA43) oz 2
Jo] EAL gddivtn & 4 vk ¢ A
297} dE A4E WA 2 9494
£ lone pair orhital energy £ w7)u] Fef (N>
0>8) Fa¢AE 2rt £&%9 orbital energy
g Zte kel EeideRol AN
f2ld Aoz =3 Fig. 2 (Table 29
AE* et vla)e Fig. 3& B 2 44 lth

[B] Cyclohexene ring©o| fused s 72

Cyclohexene 9} chair form ¢l = A 9} half-
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g}, Chair form (A)Y A$EX=C-C=C—-
YH & B@ele] §XHA gerh

{h) chair form (3) half-chair fora
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Table 3. Cartesian ‘coordinates for structures VI-A
and VI-B

Structure ‘:;?;T’bfr x-axis  y-axis 2-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 2.2714 —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 37975 —1.043
i —0. 146 4.423 0. 608
1 2.139 4.431 ~—0.599
1 2.330 2.263 ~—1.628
| —0. 356 2. 249 1.611
i 3.470 2.2%0 —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. 600
6 (. 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  3.602  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 2.19 —0.759
8 2.236 —1.368 0. 000
1 —~0.088 —1.385 0. 000
1 3. 657 0. 057 0. 000

7t Fzo) fAEE AAN YA E Table 49
753194t  Cyclohexene AA 2 FzollA &
MNDQ Aol A half-chair hexene (E,=
—909.5373eV)?] chair form (E,,,=—909.5333
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Table 4. Total energies (in Keal/mole) of structure
III-VI by MNDO calculation

Structure Ae B 4(A-B)
I —38782.273 —38781.296 —0.977
v —34886.358 —34884.227 —2.131
' —36833.994 —36834.962 0. 968
VI —36834. 829 —36830.837 —3, 992

¢ A and B are chair form and half-chair form in
cyclohexene part, respectively.
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el Febd ool ARz AL wlF 9l
orng 4E*9 Az UI>(VI == V)>IV
7t 2Aez FH4A

4. 2 E

1. 1,5-H shifto] 4 1443 A(2mz:s,-)* o] =
T5 843} oA FgLe =7

2. A7} lone pair & e S8 2YRA
A A7SHE 2 QAA4EF 4 B
Z7t 2z et Exob 3 by
e, Aol B3 ix] Fue )

3. gdel Az e HuHz9AS A2 E
Azt AL g F2UA7 gl

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
lII-B —0.251 0.194 —0. 336 (. 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 —0. 290 0.241
VI-A ~0.244 0.113 —0. 305 0.214 —0. 240 0.223
VI-B —-0.113 —0.023 —0.222 0.309 —0.318 0. 086
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