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(b)

Fig. S1 ORTEP drawing of 1c with atomic numbering scheme for selected atoms (50% probability
thermal level): (a) side view and (b) top view.

Fig. S2 ORTEP drawing of 1d with atomic numbering scheme for selected atoms (50% probability
thermal level): (a) side view and (b) top view.

-S 2-



Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and
The Centre National de la Recherche Scientifique, 2009

1,8,14 4,511 o,0'mm'p| 3,6,12 2,7,13

Temp/°C ” J ”

|
b
=il wh 0

p J“‘\_‘,;U\/‘ oo oo

,‘ )
-53 ) J/ ‘U {

63 L -/ MJ\j L__,Jj

\ [l
*83,,/ \ " \v//\y_
/\,\ijﬁ "
5,11 8,14 oommP/‘ \23 7,13
102 N\/V\ // k
4___’_/ L/\_’_J// j N
74 T o7 " 70 5 (ppm)

Fig. S3 NMR spectra (600 MHz) due to the aromatic protons of 1a in CD,Cl, at various temperatures.
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Fig. S4 NMR spectra (600 MHz) due to the aromatic protons of 1¢ in CD,Cl, at various temperatures.
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Fig. S5 The observed '"H NMR spectra (600 MHz) due to the aromatic protons region of 1e in CD,Cl,
at various temperatures (a) and the calculated spectra with the best-fit rate constants for the inter-
conversion (b).

Table S1 shows the results of QC calculations on 1a employing the 6-311+G(d) basis sets for Se and
the 4-31G(d) basis sets for C and H (basis sets-A) at the MP2 level. 1a (A: pd) and 1a (B: pd) are
optimized to be less stable than 1a (A: pl) by 19.4 and 30.2 kJ mol™, respectively, on the potential
energy surface. Frequency analysis is applied on the optimized structures of 1a with the same method.
Whereas all frequencies are positive for 1a (A: pl), only one imaginary frequency is predicted for each
of 1a (A: pd) and 1a (B: pd). The sum of electronic and thermal Gibbs free energies at 298.15 K for 1a
(A: pd) and 1a (B: pd) relative to 1a (A: pl) amount to 27.0 and 37.0 kJ mol™, respectively. The
evaluated energy difference for 1a (B: pd) on the potential energy surface (30.2 kJ mol™) is about 6 kJ
mol™' smaller than the observed activation energy for GR (36.4 kJ mol™"). However, the calculated
activation energy (37.0 kJ mol™) is very close to the observed value for GR if the sum of electronic and
thermal Gibbs free energy at 298.15 K is considered.
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Table S1 Results of QC calculations with and without the frequency analysis on 1a (A: pl), 1a (A: pd),
and 1a (B: pd) at the MP2 level.”

Compd 1a (A: pl) la (A: pd) 1la (B: pd)
Symmetry C, C, C,

E’/au -3396.0128 —-3396.0054 —-3396.0013
AE"/KJ mol™ 0.0° 19.4 30.2

vi? (character)/cm ™' 8.5 (A") —41.2 (A" —34.4 (A"
v, (character)/cm™' 48.6 (A") 33.6 (A" 44.4 (A")
ZPC//au 0.3533 0.3537 0.3534
TCF#/au 0.3031 0.3060 0.3057
E¢"/au —3395.7097 —3395.6994 —3395.6956
AE¢"/kJ mol™ 0.0° 27.0 37.0
Meaning minimum TS for IR TS for GR

The 6-311+G(d) basis sets being employed for Se and the 4-31G bas1s sets for C and H (basis sets-A).

® Values on the energy potential surface. © Taken as the standard. ¢ Lowest frequency obtained by the
frequency analysis. ¢ Second-lowest frequency obtained by the frequency analysis. / Zero-point
correction. ¢ Thermal correction to Gibbs free energy at 298.15 K. " Sum of electronic and thermal
Gibbs free energies at 298.15 K.

Table S2 Results of QC calculations on 1a, 1b', 1e and 1f at the MP2 level.*”

Compd E(A: p)) AE(A: pd)* AE(B: pd)‘ AAE*
au (kJ mol™") kJ mol™ kJ mol™ kJ mol™
la —3398.4101 (0.0)° 25.1 34.0 8.9
1b' —3453.6003 (0.0)° 20.4 29.0 8.6
le —3490.4203 (0.0)° 29.6 39.1 9.5
1f -3602.4129 (0.0)° 30.0 39.9 9.9

“ The 6- 311+G(d) basis sets being employed for Se and the 6-31G(d) basis sets for H C,Nand O
(basis sets-B). ” The Cs symmetry being assumed AE = E(A or B: pd) — AE(A: pl). ¢ AAE = AE(B:
pd) — AE(A: pd). ¢ Taken as the standard.” The C) symmetry being assumed.
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energies and the method for the calculations.

The 6-311+G(d) basis sets being employed for Se and the 6-31G(d) basis sets for C and H at the MP2

level.
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. 872896

. 839073
. 279620
. 082686
. 709000
. 223490
017749
. 587968
. 419826
. 999893
. 081329
. 311455
. 150733
. 018206
. 098468
. 697756
. 905809
. 174427
. 682313
. 812124
. 957297
512797
. 150733
. 018206
. 098468
. 697756
. 905809

-1. 229465
-3. 348212
-2. 314436
-1.206228
-3. 312711
-2. 235438
-4.188007
-2. 361946
-4.121369
-2.197798
0. 000000
0. 000000
0. 000000
0. 000000
-1. 209003
-1.211269
0. 000000
1. 209003
1.211269
-2.154214
-2. 154215
2. 154214
2. 154215
0. 000000
-0. 834642
0. 834642

0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
. 235875
. 386916
. 335690
. 211689
348108
. 258494
. 241812
. 381682
. 170304
. 230590
-1. 235875
-3. 386916
-2. 335690
-1.211689
-3. 348108

MEANRARNW=NW=
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1e (A: pd)
Total energy:
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e R il e e e ier Nerlep BN -« p BE_ I Il =2
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-3490. 4089826 hartrees

6 0 0
6 0 0
6 0 2
6 0 2
6 0 -0
6 0 1
6 0 0
1 0 3
1 0 3
1 0 2
1 0 -0
6 0 -0
6 0 -1
6 0 -0
6 0 -1
6 0 -2
6 0 -2
1 0 -1
1 0 0
1 0 -3
1 0 -3
6 0 -0
6 0 -1
6 0 -0
6 0 -1
6 0 -2
6 0 -2
1 0 -1
1 0 0
1 0 -3
1 0 -3
6 0 -1

. 456438
. 173934
. 460354
. 038234
. 256513
503117
. 305412
. 907445
. 018731
. 372583
. 901858
. 049456
. 344011
. 870268
. 048110
.979914
. 004617
. 950917
.599727
. 053493

. 343181
. 971881
. 696449
. 325909
. 005188
. 126304
. 367828
. 151515
. 101732
. 026022
. 395031
. 560956
. 367912
. 460499
537147
. 369223
444422
. 286231
. 343439
073115
. 193031
. 560956
. 367912
. 460499
537147
. 369223
444422
. 286231
. 343439
073115
. 193031
. 433543

. 174427
. 682313
. 812124
. 957297
512797
. 602958
. 350853
. 423231
. 123021
. 307131
. 597755
. 112527

529993

. 241688
. 459278

141795

. 393703
. 107354
. 037476
. 132146

. 839535
. 242597
. 934195
. 582680
. 258914
. 938921
. 600736
. 198351
. 820804
. 984401
. 377992
. 830474
. 172886
.018861
. 844584
. 145030
. 997792
. 469341
. 699220
. 255140
. 1871756
. 830474
. 172886
. 018861
. 844584
. 145030
. 997792
. 469341
. 699220
. 255140
. 1871756
. 144383

-2. 258494
-4. 241812
-2. 381682
-4.170304
-2. 230590
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000

0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
. 235700
. 420046
. 364710
. 207433
. 360251
. 253690
. 294293
. 444233
. 182029
. 213414
-1. 235700
-3. 420046
-2.364710
-1.207433
-3. 360251
-2. 253690
-4. 294293
-2. 444233
-4.182029
-2.213414
0. 000000

NENBENW—=SDNDW—
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1le (B: pd)
Total energy:
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1 0 -2
4 0 1
6 0 0
6 0 0
6 0 0
6 0 -0
6 0 0
6 0 0
1 0 1
1 0 0
1 0 1
1 0 0
6 0 -0
1 0 -0

-3490. 4053554 hartrees

AOCOIT—=WWWN—=W—=O

[eNeoNolololololololololololololoolololeolololoolololeoleoloNoNoNoleoNeleNo NN

. 176548
. 811707
. 954666
. 148934
. 243269
. 024611
. 148934
. 243269
. 002364
. 075602
. 002364
. 075602
. 551352
. 985348

. 319662
. 168337
. 160234
. 163882
. 002178
. 975689
. 389937
. 606862
. 169965
. 058362
. 009457
. 498804
. 376342
. 364051
. 356812
. 530206
. 345978
. 054372
. 027205
. 548822
. 018366
. 498804
. 376342
. 364051
. 356812
. 530206
. 345978
. 054372
. 027205
. 548822
. 018366
. 262947
. 938252
. 170818
. 986633
. 249059
. 156828
0.

008013

NORNRNANARNNO®

.551210
. 514901
. 253962

941064
240194

. 889247

941064
240194
475315
160073
475315

. 160073
. 224523
. 327118

. 825636
. 436574
. 944701
. 827543
. 577050
. 187401
. 457045
. 936706
. 128134
. 084007
. 352781
. 137507
512971
. 566807
. 855190
. 623470
. 193924
. 314757
. 709013
. 350984
. 649879
. 137507
512971
. 566807
. 855190
. 623470
. 193924
. 3141757
. 709013
. 350984
. 649879
. 895751
. 160106
. 565995
. 316817
. 277288
. 979202
. 926250

0. 000000
0. 000000
0. 000000
-1.209019
-1. 215250
0. 000000
1.209019
1. 215250
-2.154720
-2. 155430
2. 154720
2. 155430
0. 000000
0. 000000

0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
. 230779
. 348444
. 315101
. 206487
312642
. 235655
. 1871781
. 364294
. 120974
. 197994
-1.230779
-3. 348444
-2. 315101
-1.206487
-3. 312642
-2. 235655
-4.1871781
-2. 364294
-4.120974
-2.197994
0. 000000
0. 000000
0. 000000
0. 000000
-1.220034
-1.216874
0. 000000

MANRARNW=NW=
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1f (A: pD)

Total energy:
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-0.
-0.
-0.
-0.
-0.
-0.

0.

0.

QOO OO OOO

hartrees
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2.
3.

[eoNeololololololololololeoleololololololololololololololeoleoloNeolololeoleoleoloNololoNoleNeNo N

249059
156828
056828
951146
056828
951146
533937
968827

. 410229
. 908586
. 479505
. 228402
. 153826
. 424480
. 100118
507113
. 066311
. 632038
. 127018
. 488716
. 255129
. 331943
. 546533
. 320723
. 465011
137174
. 500032
. 032018
. 278780
. 488716
. 255129
. 331943
. 546533
. 320723
. 465011
137174
. 500032
. 032018
. 278780
. 526810
. 342763
. 938340
. 080143
. 308102
. 818957
. 066543
. 449944
. 950323
. 998308
. 889137

109870
028416

NCITWw—= N wWN—O

. 277288
. 979202
. 193646

466015

. 193646
. 466015
. 262126
. 364405

. 112686
. 562441
. 394658
.016118
. 486829
. 310422
. 856203
. 150791
. 322426
. 378000
. 564585
. 007584
. 224563
. 161477
. 935098
. 128632
. 994676
. 437362
. 536267
. 166734
. 117901
. 007584
. 224563
. 161477
. 935098
. 128632
. 994676
. 437362
. 536267
. 166734
. 117901
. 840873
. 573835
. 122070
. 836051
. 044804
. 343590
. 418500
. 239914
. 940673
. 209043
523177
. 100960
. 188035

1. 220034
1.216874
-2.157556
-2.155314
2.157556
2.155314
0. 000000
0. 000000

0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
. 236022
. 387142
. 336113
. 211631
. 347902
. 258252
. 242120
. 382931
. 169836
. 230074
-1. 236022
-3. 387142
-2.336113
-1. 211631
-3. 347902
-2. 258252
-4.242120
-2. 382931
-4. 169836
-2.230074
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000
0. 000000

NENBENW—=SDNW—
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1f (A: pd)

Total energy:
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0
0
0
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-0.
-1
0.

-3602. 4014637 hartrees

|
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472084
708258
341201

. 349607
. 945828
. 630782
. 291615
. 054782
. 637561
. 287215
. 679429
. 084745
. 912983
. 493331
. 553357
. 341208
431127
. 553642
. 366920
. 463739
. 242448
. 392306
. 072823
. 231280
. 553357
. 341208
431127
. 553642
. 366920
. 463739
. 242448
. 392306
. 072823
. 231280
. 471031
. 232472
. 846053
. 020565
. 826106
. 342880
. 096451
. 826106
. 342880
.070100
. 178530
.070100
. 178530
417375
. 618442
. 618442

5. 183293
5.916241
6. 723951

-1.120350
-2.537311
-4.268158
-2.908413
-3. 530562
-5.250080
-4.880612
-4.556738
-2.164507
-6. 302221
-5. 640103
-1.090908
-0.4184717
-0. 285080
-2.081197
-1. 364754
-2.213682
0. 219401
0.410382
-1. 458743
-2.9852317
-1.090908
-0.4184717
-0. 285080
-2.081197
-1. 364754
-2.213682
0. 219401
0.410382
-1. 458743
-2.9852317
-2.982971
-3. 772418
. 202418
. 956336
. 647557
. 956078
. 582324
647557
. 956078
177455
491584
. 177455
. 491584
. 959776
6.498124
6.498124

0
0
0

0
0
0
0
0
0
0
0
0
0
0
1
3

NENBENW—=DN

0.
0.
0.
0.

0.

0.
1.

-1

. 000000
. 000000
. 000000

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 236276
. 423201
. 367356
. 207517
. 361988
. 254172
. 298856
. 449044
. 184037
. 213375
. 236276
. 423201
. 367356
. 207517
. 361988
. 254172
. 298856
. 449044
. 184037
. 213375
000000
000000
000000
000000
. 208885
. 219345
000000
. 208885
. 219345
. 154649
. 148449
. 154649
. 148449
000000
102056
. 102056
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1f B: pd)

Total energy: -3602.3976815 hartrees
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[eNeoNololololololoNolololeoleoloNeoololololololoNolololeoleololeololololeololoNeoNololeoleoloNeNoNoNoN o)

AOCOIT—=WWWN—=W—=O

. 323424
. 157829
. 126459
. 132265
. 010543
. 960635
. 396103
. 556534
. 123128
. 041426
. 030488
. 487465
. 351907
. 355447
. 386740
. 487358
. 391540
. 032083
. 032904
. 493817
.078144
. 487465
. 351907
. 355447
. 386740
. 487358
. 391540
. 032083
. 032904
. 493817
.078144
. 293412
. 983065
. 197439
. 043829
. 344973
. 826697
. 112369
. 344973
. 826697
. 158268
.010749
. 158268
.010749
. 399613
. 600087
. 600087

. 108304
. 694422
. 119898
. 579356
. 820832
. 398448
. 677680
. 119182
. 469687
. 2717022
. 562945
. 022956
. 812823
. 866624
. 126149
. 909031
. 064894
. 685842
. 020087
. 636721
. 909487
. 022956
. 812823
. 866624
. 126149
. 909031
. 064894
. 685842
. 020087
. 636721
. 909487
. 151666
. 004599
. 258373
. 022212
. 998924
. 690029

626370

. 998924
. 690029

531783

. 173682
. 531783

173682

. 005647
. 544264
. 544264

0
0
0
0
0
0
0
0
0
0
0

0.
0.
0.
0.

0.

0.
1.

-1

MEANRARNW=NW=

. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 230817
. 348500
. 315102
. 206518
312715
235713
. 187869
. 364447
. 121074
. 198133
. 230817
. 348500
. 315102
. 206518
312715
. 235713
. 187869
. 364447
. 121074
. 198133
000000
000000
000000
000000
. 223769
. 216520
000000
. 223769
. 216520
. 150246
. 155151
. 150246
. 155151
000000
101971
101971
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