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1 . I nt I‘Od u Ct 0]  — Theoretical study for BN aromatic compounds

Mono BN-substituted analogues of naphthalene: a theoretical analysis of the
effect of BN position on stability, aromaticity and frontier orbital energies

co Gk T O orr g O
Compound

Isomer 1.2 21 1,10 5,10 10,1

E.q 0.00 0.40 7.87 10 68 12.85 17.96

E; umo —1.40 —1.51 —1.04 —1.87 —1.83 —1.33 —1.56

Eromo —6.15 —6.45 —5.97 —5.89 —5.59 —6.28 —5.55
AEqomo omo  4.75 4.93 4.93 4.02 3.76 4.94 3.99
N[iljf'}l_r_lill],,cZZ —33.62/-33.62 —35.75/—-19.46 —35.65/—18.67 —22.30/—28.78 —25.75/-28.73 —25.52/-25.51 —24.97/-30.37
HOMA 0.782/0.782 0.906/0.617 0.872/0.561 0.490/0.782 0.517/0.731 0.636/0.636 0.673/0.814
PDI 0.076/0.076 0.082/0.052 0.085/0.053 0.062/0.067 0.064/0.074 0.068/0.068 0.063/0.068

v The orientational isomers have similar aromaticity, HOMO-LUMO gaps and stability.

v" Placing the BN pair in one ring results in better stability and larger HOMO-LUMO gaps
than it in separate rings.

v The aromaticity of heterocyclic rings is more or less reduced relative to naphthalene.

M. Stojanovi¢and and M. Baranac-Stojanovi¢, New. J. Chem. 2018, 42, 12968. °




1 . I nt I‘Od u Ct 0]  — Theoretical study for BN aromatic compounds

Boron—nitrogen- and boron-substituted anthracenes and -phenanthrenes
as models for doped carbon-based materials
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2. Motivation

TN

Phenanthrene

> Which is the most stable isomer?
> Which is the least stable isomer?
» |s there a general rule of stability?

» What factors affect the stability?




3. Computational Details

® Package: Gaussian 09 D.01
® Optimization and frequency: M06-2X/6-311G(d,p)

Single-point energy: CCSD(T)/6-311G(d,p)




4. Results and Discussion
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Figure 1 Numbering system for phenanthrene in this study.

°l, boron is placed at position 1 and nitrogen at position 2
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For example —

N:H nitrogen is placed at position 1 and boron at position 2
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4. Results and Discussion

1, 2-series 1, 3-series 1, 8-series
HN—BH o
(% ()
aRe S
—NH
10,9 1,3 2,7
No C between B and N At least one C between Band N Six C between Band N

Based on the relative positions of B and N, the 91 isomers are classified into seven series:

1, 2-series (1,2, 1,11, 2,1, 2,3, 3,2, 3,4, 4,3, 4,12, 10,9, 10,11, 11,1, 11,10, 11,12, 12,4, 12,11 and 12,13)

1, 3-series (1,3, 1,10, 1,12, 2,4, 2,11, 3,1, 3,12, 4,2, 4,11, 4,13, 10,1, 10,12, 10,14, 11,2, 11,4, 11,9,
11,13,12,1,12,3,12,5,12,10 and 12,14 )

1, 4-series (1,4, 1,9, 1,13, 2,10, 2,12, 3,11, 3,13, 4,1, 4,5, 4,10, 4,14, 10,2, 10,4, 10,8, 10,13, 11,3, 11,5,
11,14, 12,2, 12,6, 12,8, and 12,9)

1, 5-series (1,5, 1,14, 2,9, 2,13, 3,5, 3,10, 3,14, 4,6, 4,8, 4,9, 10,3, 10,5, 10,7, 11,6, 11,8, and 12,7)

1, 6-series (1,6, 1,8, 2,5, 2,14, 3,6, 3,8, 3,9, 4,7, 10,6, and 11,7)

1, 7-series (1,7, 2,6, 2,8 and 3,7)

1, 8-series (2,7)



ProEerties of each series

@, ¢ ) ¢ ) .
NH O BH ==
1,2-series HB-NH HN-BH = = HN
lsomer 10,9 4,3 34 2,1 1.2 12,4
AE, 0.0 37 4.1 4.4 4.4 6.0
ARy 0.0 3.7 4.1 4.4 4.4 8.0
ELumo -0.34 -0.45 -0.59 -0.65 -0.48 0.75
Enomo -7.28 -7.03 -7.07 -7.08 -6.85 -6.73
AE Umo-Homo 6.03 6.58 6.48 6.43 6.38 5.98
NICS(1)zz 27.9/-8.5/-29.5 -30.0/-25.1/-16.9 .20.7/-24.8/-17.1 -29.8/-24.4/-17.4 -30.2/-25.4/-16.6 -30.3/-10.9/-23.6
— — — / NH
BN N = ()= P "
N B\;> O N NH O N BH N\;> —
BH NH —
1,1 12,11 32 23 11,12 11,10
7.4 10.4 112 11.8 14.4 16.6
7.4 10.4 112 11.6 144 16.6
-0.74 -0.31 -0.70 -0.75 -0.50 -1.20
-6.93 717 B.70 -6.82 -7.31 5.46
6.19 6.86 6.00 8.07 6.81 5.26
-29.0/-11.0/-23.5 -30.7/-13.4/-20.3 -28.9/-10.7/-23.9 -28.51-10.7/-24.3 -29.6/-13.6/-19.6 -24.4/-26.9/-25.5
— BH
N—BH == 7N 7 N
\ 7/ N/ (vE =)
HB — —
1,1 4,12 12,13 10,11
192 214 23.7 27.8
19.2 21.4 23.7 27.8
-0.68 0.82 -1.02 -0.96
-6.75 -6.71 -6.48 £.21
6.07 5.89 5.46 5.25

-27.9/-8.0/-23 4

-28.0/-7.4/-23.2

-19.1/-25.8/-24.3

-23.8/-26.1/-21.2

Increasing stability

The AE, (kcal mol?) is the relative energy of each series for comparison.
The AE, (kcal mol?) is the energy relative to the most stable isomer.
HOMO/LUMO energies (eV), and NICS(1)zz values (ppm) of BN doped phenanthrene.




1 3-series

Isomer

AE,

AEL

ELumo
Enomo

AE| umo-Homo
NICS(1}zz

12,1
0.0
323
0.96
-6.52
5.56
-31.2/-16.2-27.8

31
5.6
37.9
0.89
-8.71
5.83
-30.2/-18.3/-27.4

12,14
14.7
47.0

-1.04

6.38
534

-21.8/-26.9/-27.3

e
N
7N

10,14

178

50.2

-0.82

-6.45

5.62
-20.7/-22.5/-30.6

;
(=]

B o
N=NH

12,3
1.3
336
-0.74
-6.60
5.85
-31.3/-16.4/-28.2

2
()
ale:
=NH

1,3

5.6

38.0

-0.73

-6.63

590
-30.2/-20.8/-26.1

&
=NH ,

1,10

15.1

47.4

-1.50

6.14

4.64
27.4/-16.5/-31.7

11,13

18.2

50.5

-1.18

-6.46

5.26
-21.9/-26.8/-25.8

oo

—\g
/E:\>
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11,4

2.1

345

-0.98

-6.73
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-29.2/-16.5/-27.5

O b
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B
HN="

24

59

38.2

-0.88

-6.86
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-29.3/-18.6/-27.5

—\a@
Njc
W
£ “BH

2,11
15.5
478
-0.89
-6.79
5.50
-27.9/-12.6/-27.7

)
—BH
p
@N@ )
10,12
204
528
-1.25
-6.22

4.97
-25.3/-25.7/-23.8

11,2
3z
35.5
-0.73
-6.68
5.96
-29.6/-16.4/-27.8
®
AN=\ o
/ B A\

11,9
6.3
38.6
-1.09
-6.67
5.57
-28.9/-24 5/-27 6

=]
—BH 4

10,1

155

47.8

-1.39

-5.93

454
-27.9/-24.5/-27.8

W
Y o N
—/ nE=

4,13

257

58.0

-1.36

-6.08

4.73
-21.8/-17.2/-325

4,2

46

37.0

-0.64

-6.68

6.04
-30.1/-20.4/-26.0

Y/
/ G} B® \
—NH -

12,5
12.3
446
-1.36
-6.19
482

-27.71-25.71-29.2

1,12

15.8

48.1

-1.15

-6.49

6.35
-28.1/-13.71-27.7

ProEerties of each series

12,10

4.8

371

-1.22

-6.40

5.18
-29.4/-25.3/-26.0

—\&®
ats
=
HB=
4,11
13.6
459
-0.82
-6.52

5.70
-28.2/-12.8/-27.0

I/

@NEG}
BH

3,12

16.8

49.2

-1.07

-6.71

5.64

-28.2/-13.1/-28.0

Increasing stability




ProEerties of each series

1.4-series

Isomer

AE,

AEy

ELumo
Enomo
AELumMOo-HOMO
NICS(1)zz

Ly
HB—/)
4,1
a.0
27.2
0.48
7.20

6.72
-30.2/-23.6/-17.8

BH
4

HN Y,
N

10,8

145

a7

-1.04

-6.49

546
-15.3/-13.1/-30.7

12,8

200

473

-1.32

-6.16

4.84
-23.8/-24.8/-25.9

10,4

253

52.5

-1.45

-5.88

443
-21.4/-25.2/-25.8

12,2

03

276

-0.41

-8.73

6.31
-30.3/-17.2/-22.0

HN
S—sH

N/

1,9

15.2

42.4

-1.03

-6.43

5.39
-27.8/-8.2/-22.0

11,14

206

47.9

-0.93

-6.54

5.60
-16.4/-24.7/-22.0

4,14
308
58.1
-1.09
-6.09
5.00
-14.6/-13.5/-28.3

aly
HNJ
1.4
0.8
280
-0.50
-7.08

6.57
-29.9/-24.3/-17.5

N BH

2,12
16.3
43.6
-0.89
-7.12
6.23

-26.71-6.1/-22.6

4,5

216

48.8

-1.54

-5.98

4.44
-18.6/-13.4/-26.6

4 5 N
N

_ N Bh
313
324

59.6
-1.31

-6.34
5.03
-17.6/-19.8/-25.4

B
N

11,3

24

296

-0.47

712

6.65
-28.9/-10.7/-21.9

10,13

18.9

46.2

-0.86

-6.72

5.85
-12.4/-17.2/-29.2

NH

4

— BH

2,10
24.0
51.3
163
-6.30
467
-19.7/-19.1/-28.3

NN g
1,13
341
513
-1.33
-6.16

4.83
-20.2/-18.2{-25.8

HN N
ats
12,9

35
307
-0.80

-6.82
6.02

-30.6/-18.6/-18.2

15
19.1
46.3
-1.32
6.40
5.08
-22.3/-20.9/-21.1

/ BH_

— NH

10,2

246

51.8

-1.20

-5.81

4.61
-21.3/27.0/-225

N

"

BH
3,11
14.4
415
-0.54
7.04
6.49

-28.11-6.7/-21.6
7N

4 B A

HN —

12,6
19.3
46.5
110
615
5.04
20.8/-26.71-25.2

4,10
246
51.8
-1.58
-6.04
447
21.3/17.20-31.1

Increasing stability




ProEerties of each series

1,5-series

Isomer

AE,

AE,

ELumo
Enomo
ABLUMO-HOMO
NICS(1)zz

@ /

12,7

0.0

51.6

-1.18

-6.00

4.81
-25.4/-28.3/-28.9

2 B
e/ N

11,6

2.8

54.4

-1.52

-6.03

4.72
-25.4/-27.9/-26.9

15
9.6
81.2
-1.89
5.75
3.86
-24.5/-17.8/-30.4

10,5

0.2

51.8

-1.38

-6.03

4.65

-20.8/-21.8/-31.1

@

HN=
we
ane

2,9

32

54.9

-1.55

-6.17

4.62
-26.7/-17.8/-32.5

1,14
13.3
64.9
-1.40
-5.90
4.50
-20.8/-17.6/-33.1

=]

HN=
G:/}}
2
HB=

4,9

0.7

523

-1.47

-6.01

4.54

-27.3/16.1/-32.4

=]

VR
2
—NH

10,3

3.9

55.6

-1.22

-5.81

4.59
-27.7/-26.6/-25.4

o=
AR
— —BH

3,14
13.7
65.3
-1.40
6.05
465
-20.8/-19.2/-30.9

11,8

1.2

52.8

-1.49

-6.07

4.58
-26.6/-25.6/-26.9

4
@
—NH =

mo

H

35

82

59.8

-1.86

-5.94

4.08
-25.6/-20.0/-29.7

213

14.9

66.5

-4.19

-6.22

4.73
-18.9/-19.3/-32.0

3,10

2.1

53.7

-1.53

-6.20

467
-27.41-17.3/-28.6
<
HN
N A

=
— HE=

4.8

8.8

60.4

-1.70

-5.62

3.92
-20.3/-15.1/-32.6

10,7

25

54.1

-1.21

-5.94

4,73
-20.8/-23.4/-31.5

G \;O >
HN= HB=

4,6

9.0

60.6

-1.52

-5.61

4.09
-20.4/-17.3/-34.7

Increasing stability




ProEerties of each series

HN BH
A \ y / — B N — — — — HN BH
1.6-series g HN—7 M=/ Y\ " o He—7 (A W/
Isomer 39 10,6 1,7 2,5 4,7 1,8
AEa 0.0 0.6 55 12.8 12.8 16.9
AEy 446 452 50.1 57.4 57.4 61.5
ELumo -1.00 -0.62 -1.03 -1.62 -1.24 -1.71
Ehomo -6.76 -6.45 -8.25 -6.21 -5.81 577
AE umo-Homo 5.76 5.83 522 4.59 4.58 4,06
NICS(1)zz -28.0/-9.21-19.4 -12.2/-14.2/-30.8 -19.0/-22.3/-19.6 -15.3/-12.7/-22.9 -13.9/-11.9/-24.7 -18.4/-10.7/-27.6
7 A HN 3 Y N )= " ; BH
AN /AR _ _ VAR
HN BH BH HN
36 38 2,14 1,6
17.0 17.2 17.5 18.3
617 61.9 62.1 62.9
-1.46 -1.68 -1.20 -1.49
-5.94 -5.94 6.36 -5.75
4.48 4.26 5.16 4.26
-17.0/-15.0/-26.0 -19.0/-12.8/-25.8 -12.0/-15.0/-25.6 -16.7/-12.6/-28.1

Increasing stability




Properties of each series

Isomer 2,8 1,7 3,7 2,6

AE, 0.0 1.1 1.2 1.3

AEy 65.5 66.6 66.7 66.8

ELumo -1.85 -1.66 -1.64 -1.69

Eromo -5.81 -5.52 -5.67 -5.78

AE umo-HoMD 3.95 3.85 4.03 4.09

NICS(1)zz -19.6/-16.5/-30.9 -22.2/-17.5/-33.6 -23.4/-20.0/-32.6 -19.5/-18.5/-32.6
HM BH

1,8-series — —

Isomer 27

AE, 0.0

AEp 60.3

Elumo 197

Enomo 8.1

AE uMo-HoMO 4.85

NICS(1)z7 -11.8/-12.6/-21.6

Increasing stability




The most/least stable isomers of each series

1,2-series 1,4-series 1,3-series 1,6-series 1,5-series 1,8-series 1,7-series
HN-BH Q — @ HN N — @
NH NH — — HN
/ @ Y/ WO
The most stable Q _/) B2 Y \ h HN/:\§:B>3:\> HN : BH ¢ \;: BH
compound HB S— BH — — — — — —
Isomer 10,9 41 12,1 3,9 12,7 27 2.8
AEp 0.0 27.2 323 44.6 51.6 60.3 66.5
ELumo -0.34 -0.48 -0.96 -1.00 -1.19 127 -1.85
Enomo -7.28 -7.20 -6.52 -6.76 -6.00 -6.11 -5.81
AELumo-Homo 6.93 6.72 5.56 5.76 4.81 4.85 3.95
NICS(1)zz -27.9/-8.5/-29.5 -30.2/-23.6/-17.8 -31.2/-16.2/-27.8 -28.0/-9.2/-19.4 -25.4/-28.3/-28.9 -11.8/-12.6/-21.6 -19.6/-16.5/-30.9
1,2-series 1,3-series 1,4-series 1,6-series 1,5-series 1,7-series
BH — —
7 7N
N BH BH o
The least stable {j:\} 4 \ﬁ) /@ N 4 N 4 4 \ﬁ 7 \BH /@ N\ \E?H
compound — — HB= — N/ HN / \ 7 — — HN= __
Isomer 10,11 4,13 1,13 1,6 2,13 2,6
AEp 27.8 58.0 61.3 62.9 66.5 66.8
ELumo -0.96 -1.36 -1.33 -1.49 -1.49 -1.69
Ehomo -6.21 -6.08 6.16 -5.75 6.22 -5.78
AELumo-HOmMO 5.25 4.73 4.83 426 4.73 4.09
NICS(1)zz -23.8/-26.1/-21.2 -21.8/-17.2/-32.5 -20.2/-18.2/-25.8 -16.7/-12.6/-28.1 -18.9/-19.3/-32.0 -19.5/-18.5/-32.6

» The stability trend of the most isomers of each series are :
1, 2-series > 1, 4-series > 1, 3-series > 1, 6-series > 1, 5-series > 1, 8-series > 1, 7-series.
» Separating the BN unit into two rings instead of the BN pair in one ring reduces stability.



Orientational isomers

Bridgehead substituted isomers: one heteroatom at bridgehead position

11,10 10,11

Non-bridge substituted isomers: both B and N atoms at non-bridge positions

ataWats

2,1 1,2




Non-bridge substituted isomers

@ ]
Non-bridge O NH O @ =NH 5 —BH 7 NH HN 3
L b SN es ‘ -
O o O W00 O OO0 G o O
— NH = =BH — =BH HB—NH BH = =NH = BH
Isomer 21 2,5 3,1 3,7 43 3,2 1,10 10,5 2,10 3,9
ABp 44 57.4 37.9 66.7 37 12 474 51.8 51.3 44.5
Eiumo -0.65 -1.62 -0.89 164 -0.45 -0.70 -1.50 -1.38 -1.63 -1.00
Epomo -7.08 -6.21 6.71 -5.67 -7.03 .70 6.14 -6.03 -6.30 -6.76
AELUMD-HOMO 6.43 4.59 5.83 4.03 6.58 6.00 4.64 4.65 487 5.76
NICS(1)zz 29.8/-24.41-17.4 -15.3/-12.71-22.9 -30.2/-18.3/-27.4 -23.4/-20.0/-32.6 -30.0/-25.1/-16.9 -28.9/-10.7/-23.9 -27.4/-16.5/-31.7 -20.8/-21.8/-31.1

= ®
oy s O e S5 Ay . A8
! = = BH Ao — —
O WO O 0 O R OO0 O8O
= —/ HB =NH HN= — HN-BH NH — HB= = HN
1,2 47 1,3 2,6 3,4 2,3 10,1 4,9 10,2 10,6
4.4 57.4 38.0 66.8 a1 1.6 479 52.3 518 45.2
-0.48 -1.24 -0.73 -1.69 -0.59 -0.75 -1.39 -1.47 -1.20 -0.62
-6.85 5.81 -6.63 -5.78 -7.07 £.82 -5.93 6.01 -5.81 -6.45
6.38 458 5.90 4.09 6.48 6.07 454 4.54 4.61 5.83
-30.2/-25.4/-16.6 -13.9/-11.9/-24.7 -30.2/-20.8/-26.1 -19.5/-18.5/-32.6 -29.7/-24.8/-17 1 -28.5/-10.7/-24.3 -27.9/-24 5/-27.8 -27.3/-16.1/-32.4 21.3/-27.0/-22.5 -12.2/-14.2/-30.8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T
j N Fo =8 @ P HN O —
_/= Hs// BTN JAR A 7N 3 O}H Hr\v/\\ AR N, @\SH /)
He— = =/ HB= =NH “=BH HB BH = = HB=' =BH
4,10 10,8 10,7 4,8 3,5 a1 3.8 28 4,2 3,10
51.8 417 54.1 80.4 59.8 272 61.9 65.5 37.0 53.7
-1.58 -1.04 -1.21 -1.70 -1.86 -0.48 -1.68 -1.85 -0.64 -1.53
6.04 -6.49 5.94 -5.62 -5.94 7.20 -5.94 -5.81 -6.68 -6.20
4.47 5.48 473 3.92 4.08 672 426 3.95 6.04 4.67

-21.3/-17.2/-311

-16.3/-13.1/-30.7

-20.8/-23.4/-315

@

-20.3/-15.1/-32.6

-25.6/-20.0/-29.7

-30.2/-23.6/-17.8

-19.6/-16.5/-30.9

-19.7/-18.1/-28.3

-30.1/-20.4/-26.0

-28.0/-9.2/-19.4

-27.4/-17.3/-28.6

@
Y BH HN A HN= o o —=BH
— BH BH BH BH BH o
- e @, o/ () y
/ o lNG e NNe Yo INAY S o (=<0 WD o5
HN — =NH ‘= HN= HB= HN HN = = HN =NH
10,4 1,8 2,9 1,5 46 1,4 1,6 1,7 24 10,3
52.5 42.4 54.9 61.2 60.6 28.0 62.9 66.6 382 55.6
-1.45 -1.03 -1.55 -1.89 -1.52 -0.50 -1.49 -1.66 -0.88 -1.22
-5.88 6.43 -6.17 -5.75 551 -7.08 5.75 -5.52 -6.86 -5.81
4.43 5.39 4.82 3.86 4.09 657 4.26 3.85 5.98 459

-21.4/-25.2/-25.8

-27.8/-8.2/-22.0

-26.7/-17.8/-32.5

-24.5/-17 8/-30.4

-20.4/-17.3/-34.7

-29.9/-24.3/-17.5

-16.7/-12.6/-28.1

-22.2/-17.5/-33.6

-29.3/-18.6/-27.5

-27.7/-26.6/-25.4

The energy differences between the two corresponding non-bridge substituted isomers are very
small (0.0-1.8 kcal mol1).




Bridgehead substituted isomers

Bridgehead —\e 7 NH —\e
&b o ob
=" 7 — HN=

Isomer 1,6
AE, 54.4
Elumo -1.32
Enomo -6.03
AELumMo HoMO 4.72
NICS(1)zz -25.4/-27.9/-26.9
%7
AR
g
— —BH
314
65.3
-1.40
-6.05
465

-20.8/-19.2/-30.9

11,10
16.6
-1.20
-6.46
5.26
-24 4/-26.9/-25.5

10,11
27.8
-0.96
-6.21
5.25

-23.8/-26.1/-21.2

11,4

345

-0.98

-6.73

5.75
-28.2/-16.5/-27.5

—\@
/N AN
=)
HB=
4.1
459
-0.82
-6.52

5.70
-28.2/-12.8/-27.0

@
AN=\ ¢

11,9

38.6

-1.09

-8.67

5.57
-28.9/-24 5/-27 6

=]
/~—BH
V4

LZ®

10,14

50.2

-0.82

-6.45

5.62
-20.7/-22.5/-30.6

—_B _B*NH fiB

"5
46.3

-1.32
-6.40
5.08

-22.3/-20.8/-211

4,14
58.1
-1.09
-6.09
5.00

-14.6/-13.6/-28.3

11,1
7.4
-0.74
-6.93
8.19

-29.0/-11.0/-23.5

1.1

19.2

-0.68

-6.75

6.07
-27.9/-8.0/-23.4

1,7

50.1

-1.03

-6.25

5.22
-19.0/-22.3/-19.6

214
621
-1.20
-6.36
5.16

-12.0/-15.0/-25.6

- B
oy
NH
11,3
296

-0.47
-7.12

6.65

-28.9/-10.7/-21.9

a N
ang!
BH
3.1
418

-0.54

-7.04
6.49

-28.1/-8.7/-21.6

@ 1\

1.8

52.8

-1.49

-6.07

4.58
-26.6/-25.6/-26.9

N )en
NI

4

1,14
64.9
-1.40
-5.90
4.50
-20.8/-17.6/-33.1

=g
£ e
NH

11,2
35.5
-0.73
-6.68
5.96

-29.6/-16.4/-27.8

—\@
Ne
BH

21
47.8
-0.8¢
-6.79
580

-27.9/-12.6/-27.7

12,6

46.5

-1.10

-6.15

5.04
-20.8/-26.7/-25.2

3,13

58.6

-1.31

-6.34

5.03
-17.6/-19.8/-25.4

12,5
44.6
-1.36
-6.19
4.82

-27.7/-25.7/-29.2

@

4,13
58.0
-1.36
-6.08
473

-21.8/-17.2/-32.5

7\
HN
A
12,8
47.3
-1.32
-6.16

4.84
-23.8/-24.8/-25.9

7N

_ N\ 4
1,13
61.3
-1.33
-6.16

4.83
-20.2/-18.2/-25.8

12,7

516

-1.19

-6.00

4.81
-25.4/-28.3/-28.9

@ e}

2,13

66.5

-4.19

-6.22

473
-18.9/-18.3/-32.0

12,4
6.0
-0.75
-6.73
5.98

-30.3/-10.9/-23.6

4,12

21.4

-0.82

-6.71

5.89
-28.0/-7.4/-23.2

12,9

30.7

-0.80

-6.82

8.02
-30.6/-18.6/-18.2

/ BH
arte

10,13

46.2

-0.86

-B.72

5.85
-12.4/-17.2/-29.2

12,3
336
-0.74
-6.60
5.85

-31.3/-16.4/-28.2

3,12

492

-1.07

-6.71

5.64
-28.2/-13.1/-28.0

12,10
371
-1.22
-6.40
5.18

-29.4/-25.3/-26.0

€]
—BH
v/
ats
10,12
52.8
-1.25

-6.22
497

-26.3/-25.7-23.9

— @
7/ —NH
B® Y

12,1

32.3

-0.96

-6.52

5.56
-31.2/-16.2/-27.8

o) —BH
(Dr\f‘

1,12

48.1

-1.15

6.49

5.35
-28.1/-13.71-27.7

12,2
276
-0.41
6.73
6.31
-30.3/-17.21-22.0

212
43.6
-0.88

-7.12
6.23

-26.7/-6.1/-22.6

The energy differences between the two corresponding bridgehead substituted isomers are much large

(10.9-16.0 kcal mol-2).

A feature of the more stable isomer always contains B atom at bridgehead position.




The ADCH charges

-0.123 -0.0180

O -0.123
AN
/ -0.0126

-0.005 -0.125

The atomic dipole moment corrected Hirshfeld population (ADCH) charge of phenanthrene.

v" Negative charges are similar on the non-bridge carbon atom and much more than
the bridgehead carbon atom.

v" The difference in stability between the non-bridge substituted isomers is small.

v The bridgehead substituted isomers have a large energy difference due to one
heteroatom at the bridgehead position.

v" Placing a highly electronegative nitrogen atom at the non-bridge part and a
weakly electronegative boron atom at the bridgehead part would be more stable.



NBO charges

(a) (b)

-0.180 -0.057 0.029 -0.057
O -0.182 O 0.026
O OA o
20.01
0,036 -0.185 10 10,036 0.020 201!

NBO charges of phenanthrene. (a) without adding H atomic charges. (b) H atomic added.

v" Without adding H atomic charges, the NBO charges are consistent with
ADCH charges.

v H atomic added, the NBO charges of non-bridged carbon atoms are
positive and the bridgehead carbon atoms are negative.

v The carbon atoms at the 1, 4 and 10 positions have similar NBO charges
and are larger than the carbon atoms at positions 2 and 3.




HOMO-LUMO energy gap of Bridgehead substituted isomers

Black/Red line represents lower/higher energy isomers of the two orientational isomers.

(b) 7.0+
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The one with lower energy has a larger HOMO-LUMO energy gap (except for 11,9/10,14).




HOMO-LUMO energy gap of Non-bridge substituted isomers

Black/Red line represents lower/higher energy isomers of the two orientational isomers.

(@) 7.0-

6.5

6.0 H

5.5 1

ELUI’\AO—HOI\/IO/eV

9.0 -

45

4.0 -

3.5 -

43

2,1 34
1,2 !

2.3

3,1
13/ /3 378106

10,8
/ 1 9

10,5 2,10

1,10 10:2 M 2,9
25
4,7 10,1 4,9 *

4,10

3.7m 920

4,8

4,6 28

41
14

472
2,4

310®10,3

AN

1,7

Except for several pairs of isomers(3,1/1,3, 3,7/2,6, 3,2/2,3, 3,9/10,6 do not follow the rule, and the
values of 3,5/4,6 and 3,8/1,6 are almost equal), most non-bridge substituted isomers also follow this rule.




5. Conclusions

The orientational isomers have similar stability, HOMO-LUMO gaps and aromaticity

* BNinonering > BN intwo rings

* The non-bridge isomers have similar stability.

* B at bridgehead position > N at bridgehead position

210)\/(0JAEEN\V/[0 More stable isomers have larger HOMO-LUMO energy gaps

The aromaticity of heterocyclic rings is more or less reduced
relative to naphthalene




Thanks for your kind attention!



Question

Determine the valence electron count of the following complexes:

e
@Bph3 n®-arene: 6 @—%Pm nS-arene: 6
| Ir: 9 Ir: 9
Ny 2CO: 4 © 2CO: 4

ocC Cco +1 charge: -1 oC CO -1 charge: 1
18 20




