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I. Crystallographic Informations. 

 

Figure S1. ORTEP drawing of 3b with thermal ellipsoids set at the 50% probability level.a 

aCrystal data for 3b, orthorhombic, space group P b c a (no. 61), a = 13.2716(4) Å, b = 7.2879(2) Å, 

c =19.6548(7) Å,  =  =  = 90 °, V = 1901.05(11) Å3, T = 123 K, Z = 8, R1 (wR2) = 0.0410 (0.1111) 

for 129 parameters and 1916 unique reflections. GOF = 1.073. CCDC 2047994. 
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Figure S2. ORTEP drawing of 4a with thermal ellipsoids set at the 30% probability level.a 

aCrystal data for 4a, orthorhombic, space group P n a 21 (no. 33), a = 20.3702(7) Å, b = 7.5418(2) Å, 

c = 27.0101(9) Å,  =  =  = 90 °, V = 4149.5(2) Å3, T = 123 K, Z = 4, R1 (wR2) = 0.0860 (0.2176) 

for 591 parameters and 7169 unique reflections. GOF = 1.039. CCDC 2047995. 
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Figure S3. ORTEP drawing of 4b with thermal ellipsoids set at the 50% probability level.a 

aCrystal data for 4b, orthorhombic, space group P m n 21 (no. 31), a = 6.6500(3) Å, b = 8.6055(3) Å, 

c = 10.4614(4) Å,  =  =  = 90 °, V = 598.67(4) Å3, T = 123 K, Z = 4, R1 (wR2) = 0.0408 (0.1086) 

for 115 parameters and 1022 unique reflections. GOF = 1.053. CCDC 2047997. 
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Figure S4. ORTEP drawing of 4c with thermal ellipsoids set at the 50% probability level.a 

aCrystal data for 4c, monoclinic, space group P 21/c (no. 14), a = 8.3646(2) Å, b = 14.4140(3) Å, c = 

12.6829(3) Å,  = 90 °,  = 91.602(2) °,  = 90 °, V = 1528.55(6) Å3, T = 123 K, Z = 4, R1 (wR2) = 

0.0385 (0.1019) for 229 parameters and 3151 unique reflections. GOF = 1.074. CCDC 2047998. 
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Figure S5. ORTEP drawing of 3i with thermal ellipsoids set at the 50% probability level.a 

aCrystal data for 3i, orthorhombic, space group P b c a (no. 61), a = 11.6373(3) Å, b = 12.2407(3) Å, 

c = 41.5758(9) Å,  =  =  = 90 °, V = 5922.4(2) Å3, T = 123 K, Z = 8, R1 (wR2) = 0.0636 (0.1763) 

for 434 parameters and 5337 unique reflections. GOF = 1.032. CCDC 2100026. 
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Figure S6. ORTEP drawing of 4i with thermal ellipsoids set at the 30% probability level.a 

aCrystal data for 4i, monoclinic, space group C 2/c (no. 15), a = 20.7234(3) Å, b = 20.8474(3) Å, c = 

16.3267(2) Å,  =  = 90 °,  = 93.6728(12) °, V = 7039.16(18) Å3, T = 123 K, Z = 8, R1 (wR2) = 

0.0693 (0.2055) for 391 parameters and 6958 unique reflections. GOF = 1.051. CCDC 2100259. 

 

 

Figure S7. Selected bond lengths (Å) of (a) 3b and (b) 3c (CCDC 2036613). 
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Figure S8. Selected bond lengths (Å) of (a) 4a (b) 4b, and (c) 3c 

 

Table S1. Selected Bond Length/Å of 4,5-Arene Fused Tropone Scaffold of 3a–3c, 3i and 4a–4c, 4i 

and HOMA Values.a 

 

aStructural parameters for 3a (CCDC 1145437) and 3c (CCDC 2036613) were abstracted from the Cambridge 

Structural Data Base. 
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II. NMR-Titration Measurements. 

 

 

Figure S9. Changes in the 1H chemical shifts of -protons for  for (a) 3d, (b) 3e, (c) 3f, (d) 3g, (e) 

3h, and (f) 3i as a function of HBF4 concentration along with curve fitting by the non-linear least 

squares (red line). 

Table S2. Kb and sat for 3d–3i determined by non-linear least squares and the pKa values for the 

corresponding conjugated acids. 

 

aFor the corresponding conjugated acids. 
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III. Electronic Absorption and Emission Spectra. 

 

 

Figure S10. Electronic absorption spectra of (a) 3a; (b) 3b; (c) 3c and emission spectra of (d) 3a (ex 

= 290 nm); (e) 3b (ex = 280 nm); (f) 3c (ex = 305 nm) (2.0 × 10-5 M in 0 [black]–20 [red/blue]% 

TFA/CH2Cl2 (v/v), rt). 
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13C{1H}-NMR Spectrum (101 MHz, CDCl3) of 3d
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13C{1H}-NMR Spectrum (101 MHz, TFA-d) of 4a



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

X : parts per Million : Proton

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

11
.5

00

9.
08

5
8.

31
2

8.
30

2
8.

29
6

8.
28

8
8.

16
9

8.
16

0
8.

15
3

8.
14

5

2.
82

2
6.

01

2.
00

2.
00

2.
00

1H-NMR spectrum (400 MHz, TFA-d) of 4b

S17



ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

X : parts per Million : Carbon13

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

18
1.

80
1

16
4.

75
4

16
4.

31
5

16
3.

88
6

16
3.

44
7

15
8.

90
9

14
0.

76
5

14
0.

58
3

13
7.

99
9

13
7.

81
8

12
1.

00
9

11
8.

18
7

11
5.

37
4

11
2.

55
2

24
.0

04

S18

13C{1H}-NMR Spectrum (101 MHz, TFA-d) of 4b



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

X : parts per Million : Proton

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

11
.5

00

8.
94

0
8.

17
3

8.
16

5
8.

16
0

8.
15

2
8.

03
5

8.
02

7
8.

02
1

8.
01

2

4.
02

3
6.

00

2.
00

2.
00

2.
01

1H-NMR spectrum (400 MHz, TFA-d) of 4c

S19



ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

X : parts per Million : Carbon13

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

18
7.

61
8

17
2.

06
7

16
4.

74
4

16
4.

31
5

16
3.

88
6

16
3.

46
6

15
5.

26
7

14
0.

47
8

13
8.

77
2

13
8.

32
4

13
3.

24
2

12
1.

41
9

11
8.

64
4

11
5.

82
2

11
2.

96
2

57
.0

41
S20

13C{1H}-NMR Spectrum (101 MHz, TFA-d) of 4c



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

14
.0

15
.0

16
.0

17
.0

X : parts per Million : Proton

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

10
.5

40

9.
22

4

8.
49

6
8.

37
2

8.
36

4
8.

35
7

7.
70

7
7.

68
7

7.
61

9
7.

59
7

5.
32

0

4.
75

6
4.

73
8

4.
72

1
4.

70
3

3.
81

6

1.
61

1
1.

59
3

1.
57

5
1.

40
5

1.
30

8
1.

29
1

1.
27

3

18
.0

2

4.
00

4.
02

2.
03

2.
02

2.
00

1H-NMR spectrum (400 MHz, CD2Cl2) of 6,8-Bis(4-(tert-butyl)phenyl)-7-hydroxy-7H-benzo[7]annulen-7-ylium tetrafluoroborate

S21



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

X : parts per Million : Proton

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

10
.3

59

8.
96

6

8.
43

0
8.

42
1

8.
41

5
8.

40
6

8.
24

6
8.

23
8

8.
23

1
8.

22
2

5.
32

0

4.
74

8
4.

73
0

4.
71

3

4.
09

8
4.

07
9

3.
89

8
3.

88
2

3.
86

5
3.

84
9

3.
83

2
3.

81
5

3.
79

9

1.
67

4
1.

65
7

1.
63

2
1.

61
3

1.
59

6
1.

51
6

1.
49

9
1.

44
9

1.
43

2
1.

40
1

1.
38

3
1.

36
5

1.
31

0
1.

29
2

1.
27

4

12
.0

3

2.
00

2.
01

2.
01

2.
00

1H-NMR spectrum (400 MHz, CD2Cl2) of 7-Hydroxy-6,8-diisopropyl-7H-benzo[7]annulen-7-ylium tetra-fluoroborate

S22



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

X : parts per Million : Proton

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

9.
55

8

8.
69

7
8.

68
9

8.
68

2
8.

67
4

8.
48

7
8.

47
9

8.
47

4
8.

46
4

5.
56

1
5.

54
5

5.
53

0
5.

51
4

5.
49

8
5.

48
2

5.
32

3
5.

32
0

5.
31

8
4.

75
0

4.
73

1
4.

71
4

4.
69

6

3.
90

0

1.
60

6
1.

58
9

1.
57

1
1.

53
4

1.
51

8
1.

33
6

1.
31

9
1.

30
0

12
.0

1

2.
09

2.
04

2.
00

2.
03

1H-NMR spectrum (400 MHz, CD2Cl2) of 7-Hydroxy-6,8-bis(isopropoxycarbonyl)-7H-benzo[7]annulen-7-ylium tetrafluoroborate

S23



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

7.
83

5
7.

80
5

7.
51

4
7.

50
6

7.
50

1
7.

49
4

7.
48

9
7.

48
5

7.
47

9
7.

47
3

7.
41

5
7.

41
0

7.
39

4
7.

33
7

7.
32

4
7.

26
0

6.
99

7

1.
54

7
1.

49
1

1.
33

6
1.

22
8

1.
17

5

18
.0

3

5.
05

4.
00

1.
02

1.
00

0.
98

1H-NMR spectrum (400 MHz, CDCl3) of 3g 

S24



ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0

18
6.

23
8

15
0.

84
5

15
0.

68
3

14
6.

19
2

14
4.

46
7

14
1.

37
7

13
9.

07
0

13
8.

05
9

13
7.

64
9

13
2.

15
8

13
1.

13
7

13
0.

29
8

12
9.

07
8

12
7.

97
2

12
4.

99
7

12
4.

94
9

77
.3

15
77

.0
00

76
.6

85

34
.5

81
31

.3
10

S25

13C{1H}-NMR Spectrum (101 MHz, CDCl3) of 3g



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

8.
29

0
8.

22
6

7.
72

2
7.

70
9

7.
45

6
7.

44
3

7.
26

0

3.
91

7

1.
58

2

6.
06

1.
02

1.
01

1.
01

1.
00

1H-NMR spectrum (400 MHz, CDCl3) of 3h 

S26



ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0

18
2.

92
9

16
6.

97
8

16
6.

60
6

14
1.

47
3

13
9.

34
7

13
5.

30
4

13
3.

80
7

13
2.

91
1

13
2.

68
2

13
2.

09
1

13
1.

43
3

77
.3

24
77

.0
00

76
.6

85

53
.0

01
52

.9
54

S27

13C{1H}-NMR Spectrum (101 MHz, CDCl3) of 3h



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

8.
76

5
8.

75
8

8.
75

4
8.

74
6

8.
74

1
8.

35
5

8.
34

9
8.

34
2

8.
33

7
8.

33
1

7.
71

7
7.

70
6

7.
70

2
7.

69
2

7.
68

2
7.

67
8

7.
66

6
7.

26
0

5.
37

3

3.
98 4.
01

2.
00

2.
00

1H-NMR spectrum (400 MHz, CDCl3) of 5 

S28



ab
un

da
nc

e
0

0.
02

0.
04

0.
06

0.
08

0.
1

0.
12

0.
14

0.
16

0.
18

0.
2

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0

13
3.

96
0

13
0.

77
5

13
0.

33
6

12
7.

22
8

12
6.

97
1

12
4.

76
8

12
3.

07
1

77
.3

24
77

.0
00

76
.6

85

58
.6

94

S29

13C{1H}-NMR Spectrum (101 MHz, CDCl3) of 5



ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2.
3

2.
4

2.
5

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

8.
75

3
8.

74
8

8.
74

0
8.

72
9

8.
24

5
8.

23
8

8.
23

4
8.

22
6

8.
22

1
7.

75
3

7.
73

9
7.

73
4

7.
72

9
7.

72
6

7.
72

0
7.

71
5

7.
51

9
7.

27
0

7.
26

0
6.

99
7

5.
13

3

2.
17

4
2.

04
7

1.
54

9

4.
02

3.
98

2.
00

2.
03

1H-NMR spectrum (400 MHz, CDCl3) of 6 

S30



ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0

13
1.

56
6

13
1.

00
4

12
9.

31
6

12
7.

64
8

12
7.

43
8

12
4.

60
6

12
3.

19
5

77
.3

15
77

.0
00

76
.6

85

26
.5

81

S31

13C{1H}-NMR Spectrum (101 MHz, CDCl3) of 6



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

14
.0

15
.0

16
.0

17
.0

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

8.
75

4
8.

73
5

8.
49

4
8.

46
7

7.
77

4
7.

75
3

7.
73

9
7.

71
9

7.
71

6
7.

70
8

7.
70

4
7.

68
7

7.
67

0
7.

48
3

7.
46

3
7.

26
0

1.
55

5
1.

36
6

18
.0

1

8.
03

4.
01

4.
02

2.
00

1H-NMR spectrum (400 MHz, CDCl3) of 3i 

S32



ab
un

da
nc

e
0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

0.
09

0.
1

0.
11

0.
12

0.
13

0.
14

0.
15

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0

19
3.

61
7

15
1.

40
8

14
3.

81
8

13
5.

08
5

13
0.

75
6

13
0.

54
6

12
8.

97
3

12
8.

13
4

12
7.

75
3

12
7.

50
5

12
5.

60
7

12
3.

13
8

77
.3

15
77

.2
00

77
.0

00
76

.6
76

34
.6

47
31

.2
72

S33

13C{1H}-NMR Spectrum (101 MHz, CDCl3) of 3i



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

14
.0

15
.0

16
.0

X : parts per Million : Proton

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

11
.5

00

9.
22

5
9.

13
6

8.
56

0
8.

54
7

8.
05

4
8.

04
1

7.
68

7
7.

68
1

7.
66

5
7.

66
0

7.
51

8
7.

51
0

7.
49

7
7.

49
0

4.
79

2
4.

77
5

4.
75

6
4.

73
9

2.
22

7

1.
68

5
1.

64
4

1.
62

7
1.

60
9

1.
50

2
1.

40
7

1.
34

6
1.

27
6

1.
18

7

17
.9

9

4.
01

4.
00

1.
52

1.
04

1.
00

1.
00

0.
99

0.
99

1H-NMR spectrum (400 MHz, TFA-d) of 4g 

S34



ab
un

da
nc

e
0

0.
02

0.
04

0.
06

0.
08

0.
1

0.
12

0.
14

0.
16

0.
18

0.
2

0.
22

0.
24

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0

17
5.

25
7

16
4.

88
3

16
4.

44
5

16
4.

01
6

16
3.

57
7

15
7.

70
4

15
0.

29
5

14
8.

79
8

14
8.

14
0

14
4.

08
8

13
0.

84
5

13
0.

78
7

12
9.

19
5

12
9.

14
8

12
0.

84
3

11
8.

53
6

11
8.

03
0

11
5.

72
3

11
5.

20
8

11
4.

68
4

11
2.

39
5

86
.5

85

36
.6

71

31
.8

95

13
.2

26

13C-NMR spectrum (101 MHz, TFA-d) of 4g 

S35



ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

X : parts per Million : Proton

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

11
.5

00

9.
97

1

8.
75

2
8.

73
2

8.
65

7
8.

63
6

7.
95

8
7.

94
0

7.
92

0
7.

82
5

7.
80

6
7.

78
6

7.
74

0
7.

72
3

7.
72

0
7.

65
1

7.
63

4

1.
37

2
18

.0
7

4.
09

4.
03

2.
05

2.
03

2.
02

2.
08

2.
00

1H-NMR spectrum (400 MHz, TFA-d) of 4i 

S36



ab
un

da
nc

e
0

0.
02

0.
04

0.
06

0.
08

0.
1

0.
12

0.
14

0.
16

0.
18

0.
2

0.
22

0.
24

0.
26

X : parts per Million : Carbon13

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0

17
4.

50
4

16
4.

82
6

16
4.

39
7

16
3.

95
8

16
3.

52
0

15
7.

97
1

14
9.

47
5

14
7.

59
7

14
3.

57
3

13
6.

00
3

13
5.

68
8

13
5.

11
6

13
1.

62
7

13
0.

95
9

12
9.

22
4

12
8.

73
8

12
6.

03
9

12
0.

76
7

11
8.

45
9

11
7.

95
4

11
5.

64
7

11
5.

14
1

11
4.

60
7

11
2.

31
9

36
.6

90

31
.8

66

S37

13C{1H}-NMR Spectrum (101 MHz, TFA-d) of 4i



S38

V. Cartesian Coordinates and Energies of Optimized Structures. 

4,5-Benzotropone 

6 0.000000000      0.707982712     -0.655613871 
6 0.000000000     -0.707982712     -0.655613871
6 0.000000000     -1.559566878   0.525245658 
6 0.000000000     -1.286520186 1.842156355 
6 0.000000000 0.000000000  2.557085127 
6 0.000000000 1.286520186  1.842156355 
6 0.000000000 1.559566878  0.525245658 
8    0.000000000 0.000000000  3.782661377 
6 0.000000000     -1.376518075     -1.894308096 
6 0.000000000     -0.697484624 -3.098059520
6 0.000000000   0.697484624 -3.098059520
6 0.000000000   1.376518075 -1.894308096
1 0.000000000 -2.620329942 0.279906644 
1 0.000000000 -2.127459020 2.530368608 
1 0.000000000 2.127459020  2.530368608 
1 0.000000000 2.620329942  0.279906644 
1 0.000000000     -2.462637006     -1.895281835 
1 0.000000000     -1.247008214 -4.033417472
1 0.000000000   1.247008214 -4.033417472
1 0.000000000   2.462637006 -1.895281835
------------------------------------------------------------------------------------------------------------------------ 
Method: B97XD/6-31G(d,p) Key word: opt freq pop=full  
imaginary frequencies: 0 Energy: –498.901132 Hartree 
------------------------------------------------------------------------------------------------------------------------ 

1-Hydroxy-4,5-Benzotropylium

6 -0.414866123      2.349911086      0.000000000 
6 -1.747772180      2.693563422      0.000000000 
6 -2.729633159      1.690823055      0.000000000 
6 -2.360452969      0.364026237      0.000000000 
6 -1.001552840     -0.025083350      0.000000000 
6 0.000000000      0.997147481      0.000000000 
6 -0.753856902     -1.432309735      0.000000000 
6 0.398732180 -2.165218764      0.000000000 
6 1.733700902 -1.701406574      0.000000000 
6 2.170143754 -0.358260280      0.000000000 
6 1.409610677  0.779534032      0.000000000 
8 2.619977309 -2.677919228      0.000000000 
1 0.340553399 3.128572727 0.000000000 
1 -2.038056688      3.738150225      0.000000000 
1 -3.780055063      1.959595805      0.000000000 
1 -3.124765667     -0.405790683      0.000000000 
1 -1.659218272     -2.034729042      0.000000000 
1 0.305599728 -3.246571549      0.000000000 
1 3.247348752 -0.208775590      0.000000000 
1 1.992121171  1.697970235      0.000000000 
1 3.532334153 -2.361428031      0.000000000 
------------------------------------------------------------------------------------------------------------------------ 
Method: B97XD/6-31G(d,p) Key word: opt freq pop=full  
imaginary frequencies: 0 Energy: –499.266806 Hartree 
------------------------------------------------------------------------------------------------------------------------ 

3b 

6 0.000000000 0.706566406 -1.132678131
6 0.000000000 -0.706566406 -1.132678131
6 0.000000000 -1.554944504 0.042772882
6 0.000000000 -1.311758131 1.371792268
6 0.000000000 0.000000000 2.064526992
6 0.000000000 1.311758131 1.371792268
6 0.000000000 1.554944504 0.042772882
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8        0.000000000      0.000000000      3.293164611 
6        0.000000000     -1.376394591     -2.373604055 
6        0.000000000     -0.698514355 -3.575726196
6 0.000000000 0.698514355 -3.575726196
6 0.000000000 1.376394591 -2.373604055
1        0.000000000     -2.612788134     -0.216872555 
1        0.000000000      2.612788134     -0.216872555 
1        0.000000000     -2.462577616     -2.374350248 
1        0.000000000     -1.248195825 -4.511070542
1 0.000000000 1.248195825 -4.511070542
1 0.000000000 2.462577616 -2.374350248
6 0.000000000 -2.475337567  2.328769719 
1 -0.873388798 -2.430375016 2.985408098 
1 0.000000000 -3.429290542  1.797278791 
1 0.873388798 -2.430375016  2.985408098 
6 0.000000000 2.475337567  2.328769719 
1 -0.873388798 2.430375016  2.985408098 
1 0.873388798 2.430375016  2.985408098 
1 0.000000000 3.429290542  1.797278791 
------------------------------------------------------------------------------------------------------------------------ 
Method: B97XD/6-31G(d,p) Key word: opt freq pop=full  
imaginary frequencies: 0 Energy: –577.471685 Hartree 
------------------------------------------------------------------------------------------------------------------------ 

4b 

6 0.071295918 2.778537588 0.000000000 
6 1.276386780 3.436516108 0.000000000 
6 2.476763461 2.702756231 0.000000000 
6 2.443183497 1.329513758 0.000000000 
6 1.217470815 0.617511230 0.000000000 
6 0.000000000 1.361756570 0.000000000 
6        1.320657008     -0.800953281 0.000000000 
6        0.403173655     -1.824574669 0.000000000 
6       -1.013448660     -1.668881012 0.000000000 
6       -1.797018261     -0.479846359 0.000000000 
6       -1.306869983      0.805479958 0.000000000 
8       -1.640326248     -2.835052104 0.000000000 
1       -0.852779435 3.347355441 0.000000000 
1 1.303556359  4.520378680 0.000000000 
1 3.428808054  3.221455717 0.000000000 
1 3.372414450  0.769443040 0.000000000 
1        2.351394169     -1.147750146 0.000000000 
1       -2.084868734      1.565161631 0.000000000 
1       -2.600711584 -2.743056603 0.000000000 
6 0.910144661 -3.246187663 0.000000000 
1 0.547880310 -3.786875739 0.878320582 
1 0.547880310 -3.786875739 -0.878320582
1 1.999804661 -3.271559537 0.000000000
6 -3.300149645 -0.662859800 0.000000000 
1       -3.644074946     -1.199360227     -0.892865818
1       -3.644074946     -1.199360227   0.892865818 
1       -3.812154187      0.298848578    0.000000000 
------------------------------------------------------------------------------------------------------------------------ 
Method: B97XD/6-31G(d,p) Key word: opt freq pop=full  
imaginary frequencies: 0 Energy: –577.837943 Hartree 
------------------------------------------------------------------------------------------------------------------------ 

3c 

6 -1.958173000 -0.064599000 0.707712000 
6 -1.958173000 -0.064599000 -0.707712000
6 -0.776885000 -0.151751000 -1.554570000
6 0.518136000 0.097252000 -1.282006000
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6 1.037668000 0.650748000 0.000000000 
6 0.518136000 0.097252000 1.282006000 
6       -0.776885000     -0.151751000  1.554570000 
8        1.867390000      1.534005000 0.000000000 
6       -3.194044000     -0.031840000 -1.378485000
6       -4.395455000   0.034119000 -0.697522000
6       -4.395455000   0.034119000 0.697522000
6 -3.194044000 -0.031840000 1.378485000 
1       -0.991622000     -0.422590000     -2.584887000 
1       -0.991622000     -0.422590000      2.584887000 
1       -3.194314000     -0.050839000 -2.464267000
1       -5.330249000   0.074216000 -1.246359000
1       -5.330249000   0.074216000 1.246359000
1 -3.194314000 -0.050839000 2.464267000 
6 1.556243000 -0.112777000 -2.343093000
8   2.718173000 -0.339751000 -2.118385000
8 1.036466000 -0.062393000 -3.583765000
6 1.969574000 -0.323128000 -4.632186000
1 2.766411000 0.423405000 -4.626371000
1 2.414819000 -1.313671000 -4.515177000
1 1.398896000 -0.265287000 -5.557933000
6 1.556243000 -0.112777000 2.343093000
8 2.718173000 -0.339751000 2.118385000
8 1.036466000 -0.062393000 3.583765000
6    1.969574000 -0.323128000 4.632186000
1 2.414819000 -1.313671000 4.515177000
1 2.766411000 0.423405000 4.626371000
1 1.398896000 -0.265287000 5.557933000
------------------------------------------------------------------------------------------------------------------------ 
Method: B97XD/6-31G(d,p) Key word: opt freq pop=full  
imaginary frequencies: 0 Energy: –954.431805 Hartree 
------------------------------------------------------------------------------------------------------------------------ 

4c 

6 -3.326845822 1.501281412 0.228877472 
6 -4.550741802 0.870779907 0.162274900 
6 -4.612477514 -0.517023430 -0.025060449
6 -3.450676114 -1.254873577 -0.131660142
6 -2.185169355 -0.637737491 -0.067639383
6 -2.120316874 0.774535763 0.108022718
6 -1.052969611 -1.503202791 -0.148203026
6 0.297119115 -1.289359243 -0.140349922
6 0.992718781 -0.038179104 -0.195637858
6 0.410006420 1.258991607 0.000327707
6 -0.926587839 1.545327136 0.151229091
8 2.261214497 -0.162952330 -0.456307343
1 -3.279647641 2.575938802 0.370432705
1 -5.464413234 1.447045834 0.253451407
1 -5.574557033 -1.013686885 -0.082306152
1 -3.505779653 -2.329901423 -0.266745526
1 -1.307233840 -2.557385546 -0.238240079
1 -1.094136977 2.610146365 0.302590509
1 2.707289454 0.715228053 -0.462389613
6 1.104737731 -2.580969749 -0.169318686
8 0.761237184 -3.528237972 -0.831207445
8 2.124078387 -2.552087588 0.672053646
6 2.912518668 -3.755429222 0.733010012
1 2.286119557 -4.600625341 1.021580595
1 3.366314243 -3.952319080 -0.239303215
1 3.674460976 -3.562315463 1.484311190
6 1.261000343 2.518481589 0.059560504
8 0.814072156 3.603790381 0.314092162
8 2.561313465 2.306030322 -0.206256990
6 3.430340890 3.465970971 -0.166102335
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1 3.112068493 4.181137899     -0.923785777 
1 3.382905653 3.919595790      0.823146334 
1 4.425342420 3.083235810     -0.377718239 
------------------------------------------------------------------------------------------------------------------------ 
Method: B97XD/6-31G(d,p) Key word: opt freq pop=full  
imaginary frequencies: 0 Energy: –954.804542 Hartree 
------------------------------------------------------------------------------------------------------------------------ 


