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Non-Covalent Interactions (NCI)
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Figure S1. Non-Covalent Interaction (NCI) iso-surfaces of the different chosen X-ray structures and the optimized structures
of 1p.



Atoms In Molecules (AIM)

; x-ray

Figure S2. Bond Critical Points (BCPs) for different X-ray and optimized structures of 1p. Red labels in the BCP
correspond to those that changed with respect to the X-ray structure. Only relevant bond paths and BCP are shown

between the tricyclic structures

Table S1. Comparison between Multiwfn and DTK of the Bond Critical Points (BCP) for the following X-ray structures

showing the electron density, p(r), Laplacian density, V?p(r), shown in atomic units.

Multiwfn Den:;_c;lc(a;KltZ

Entry Structure BCP atoms p(r) V2p(r) p(r) V3p(r)
1 1 0.147 -0.141 0.147 -0.141
2 1p-I3 A Cl-C2 0.013 0.029 0.013 0.029
3 1pp-I3 0.009 0.029 0.009 0.029
4 1p-B A B1-B2 0.040 -0.001 0.040 -0.001




Natural Bond Critical Point

Herein, we examine the topological features of the previously calculated BCP A from a distinct
perspective using Natural Bond Critical Point (NBCP) theory, using NBO 7.0 version. Like AIM, NBCP theory
determines bond critical points based on total electron density but expresses this density in terms of
Natural Atomic Orbitals (NAOs) or Natural Bond Orbitals (NBOs). This approach enables the identification
of the specific NBOs that contribute most significantly to a given BCP. Applying this method to the optimized
structures of 1, 1p-lIs and 1pp-Is reveals the following insights (Table S2): for molecule 1, the electron density

(p(r) =0.1597 a.u.) and the Laplacian of the electron density (V2p(r) = —0.1084 a.u.) at BCP A fall within the
range expected for a typical covalent bond. In this case, a single NBO, o(C1-C2), accounts for 100% of the
electron density at BCP A. Moreover, the difference in electron density between AIM and NBCP analysis is
minimal (0.0007 e7), indicating good agreement between both methods.

In contrast, for the cationic and dicationic structures, the BCP A is composed of multiple NBO
contributions, none exceeding 30%. This suggests that no single NBO dominates the electron density at this
critical point. For the cationic structure 1p-ls, NBCP analysis separates the contributions of o and f3
electrons at BCP A, revealing two main differences: 1) The a-electron density (0.0082 e~) is more than twice
that of the B-electron density (0.0029 e~); and 2) the primary NBOs contributing to the a-electron density
are m(C1-C4) (22.9%) and t(C2-C8) (22.2%), followed by their corresponding antibonding orbitals ©*(C1-C4)
(4.4%) and ©*(C2-C8) (4.7%). In the B channel, the leading contributors are the low-valence orbitals (LV)
with occupancies below 0.5e, LV(C1) (27.7%) and LV(C2) (26.6%) followed by c(C2-C6) (7.1%) and o(C1-
C3) (4.3%). In both spin channels, these NBOs do not account for the full electron density, as additional
contributions from non-occupied orbitals amount to 38.8% (o) and 24.9% (j3), as shown in Table S2. Thus,
NBCP analysis confirm that in 1p-Is, the electron density at BCP A results from a combination of several
NBOs, rather than a single dominant orbital.

For the dicationic structure, 1pp-Is, NBCP analysis shows that BCP A between C1 and C2 persists, but
the electron density at this point decreases from p(r) = 0.0111 e~ in 1p-Is to p(r) = 0.0050 e~. The main
contributors are two three-center two-electron bonds (3C): 3C(C2-C8-C9) (25.4%) and 3C(C1-C5-C10)
(24.5%), along with their non-Lewis counterparts, 3C,(C2-C8-C9) (8.5%) and 3C,(C1-C5-C10) (9.3%). Again,
these orbitals do not fully account for the electron density, indicating that multiple NBOs contribute to the
interaction between the ipso carbons.

In summary, NBCP analysis suggests that in 1p-Is, the interaction between C1 and C2 arises from a broad
mix of Lewis-type NBOs, c(C-C) and 1t(C-C) bonds, and non-Lewis-type orbitals. Given the presence of both
types, the interaction can be further characterized either by estimating the second-order perturbation
energy, E(2), for donor-acceptor interactions or by using NBO deletion analysis to directly calculate the
interaction energy from the Fock matrix. In the next section, we applied the latter method to explore these
interactions in more detail.



Table S2. NBCP analysis of the neutral, 1, cationic, 1p-ls, and dicationic, 1pp-ls optimized structures, showing the
electron density, p(r), Laplacian density, V2p(r), values of the NBCP A. The QTAIM and NBCP density difference at BCP

A is given as p(r)ace - p(r)nece, with the corresponding NBOs and the contribution percentage to the electron density.
For clarity, only relevant atoms of each analyzed structure are shown.

NBCP p(r)? p(r)sce— p(r)nsce NBO %p
1 A 0.1597 o(C1-C2) 100%
o(C2-C6)
o(C2-C8)  2.8%
n(C1-c4)  1.4%
o(C1-C3)  22.9%
A n(C2-C8)  1.2%
0.0082 T*Cl-  22.2%
(alpha)
c4) 4.4%
T*(C2- 4.7%
C8) 2.8%
1p-Is c(C2-C6) 38.8%
others
o(C2-C6)  7.1%
n(C1-C4)  3.6%
o(C1-C3) 4.3%
A 0.0029 OlLL-t3) 339
(beta) n(C2-C8)  2.4%
LV(C1)  27.7%
LV(C2)  26.6%
others 24.9%




1pp-ks A 0.0050

0.0206

0.0039

o(C2-C6)
5(C2-C8)
o(C1-C3)
o(C1-C5)
3C
(C2-C8-
C9)
3C
(C1-C5-
C10)
3G
(C2-Cs-
C9)
3Ca
(C1-C5-
C10)
3C*
(C2-C8-
C9)
3C*
(C1-C5-
C10)
others

2.9%
5.0%
2.5%
4.5%

25.4%

24.5%

8.5%

9.3%

1.8%

1.3%
14.4%

2Calculated according to the NBCP theory.



Table S3. Natural Bond Orbital Deletion energies (kcal/mol) of the interacting donor-acceptor orbitals of C1 and C2.
Two types of acceptor orbitals are shown: antibonding o*/m* and Rydberg p-orbitals of C1 and C2 Ry [p(C)] (see
Figure 10 of the manuscript).

Entr Donor Acceptor Type Deletion Acceptor Type Deletion
v orbital orbital o*/n* energy orbital (Ridberg) Ry[p(C)] energy
1A*, 2A% 3A% G*(C-C) RY 9 ARY 2ARY
1A o(C2-C6) AAF *(C-C) 0.036 1AY, 2A™, 3A p(C) 0.181
1A%, 2A%, 3A* c*(C-C) Ry > ARy 2 Ay
2A o(C2-C8) AAF *(C-C) 0.008 1A™Y, 2A™, 3A p(C) 0.229
1A*, 2A%*, 3A* c*(C-C) Ry Ry Ry
3A 6(C2-C7) Ak P (C-0) 0.032 1ARY, 2A R 3A p(C) 0.248
1A%, 2A%*, 3A* c*(C-C) Ry Ry Ry
4A n(C2-C7) Ak P (C-0) 0.179 1ARY, 2A R 3A p(C) 0.127
SA*, 6A*, TA* c*(C-C) Ry EARY £ ARy
5A 5(C1-C3) gpt T (C-0) 0.053 AARY, SARY, 6A p(C) 0.235
5A*, BA*, 7A* o*(C-C)
6A - ’ ’ 0.007 4AR, SARY, 6ARY C 0.246
o(C1-c4) g+ T*(C-0) , SAT, p(C)
5A*, BA*, 7A* o*(C-C)
7A - ’ ’ 0.007 4AR, SARY, 6ARY C 0.246
o(C1-C5) an* T*(C-0) , SAT, p(C)
5A*, BA*, 7A* o*(C-C)
8A - ’ ’ 0.218 4AR, SARY, 6ARY C 0.188
n(C1-C5) A T*(C-0) , 5AY, p(C)
1B*, 2B*, 3B* c*(C-C) Ry SRRy 3R Ay
1B 5(C2-C6) 2B+ o(0) 0.074 1B™, 2B®, 3B p(C) 0.238
1B*, 2B*, 3B* o*(C-C) Ry SRRy 2R Ry
2B o(C2-C8) e o(0) 0.082 1B™, 2B®, 3B p(C) 0.228
1B*, 2B*, 3B* c*(C-C) Ry SRRy 2R Ay
3B o(C2-C7) 4B* 0(C) 0.087 1B%Y,2B", 3B p(C) 0.240
B* 6B* 7B* *((_
4B o(C1-C3) >B%, g . / o™ (C-0) 0.134 4B?, 5BRY 6B RY p(C) 0.280
B p(C)
* * * *((_
5B o(C1-C4) >B 'ZB*' /B o*(C-C) 0.072 ABRY, 5BRY, 6B RY p(C) 0.265
B p(C)
* * * *((_
6B 5(C1-C5) >B 'gg*' /B Gp((f:)c) 0.067 4BRY, SBRY, 6B RY p(C) 0.255




Natural Bond Orbital Deletion (NBODel)

The input to calculate the energy deletion of both alpha and beta interactions for 1p-lIs shown in Table 3 has the

following NBO keywords,
SNBO SEND
SDEL
ALPHA
ZERO 2 ATOM BLOCKS
25 BY 25
201564 65545545464142246061434433161737384748313213
124950516667 62633435236869707136585956575253394025
25BY 25
124950516667 62633435236869707136585956575253394025
201564 65545545464142246061434433161737384748313213
BETA
ZERO 2 ATOM BLOCKS
25BY 25
201564 65545545464142246061434433161737384748313213
1249505166 6762 633435236869 707136585956575253394025
25BY 25
1249505166 6762 633435236869 7071365859 56575253394025
201564 65545545464142246061434433161737384748313213
SEND

This calculation leads to an interaction energy between the tricyclic structures of 55.4 kcal/mol. Furthermore, all the
NBODel analysis were performed at HF/[cc-pVTZ,LANL2TZ(f)]//®B9X-D/[cc-pVTZ,LANL2TZ(f)].

Natural Resonance Theory (NRT)

The following keyword was used to perform the NRT calculation over 1p-ls:

SNBO NRT <12 2536 706823495066 62343952 5658201333436024156454454131473716>
MEMORY=40GB NRTRES=40000 NRTE2=1 SEND

The numbers following the NRT keyword are the carbon atoms from the tricyclic framework of interest that generate
the resonance structures. Calculation performed at HF/[cc-pVTZ,LANL2TZ(f)]//®wB9X-D/[cc-pVTZ,LANL2TZ(f)].



Cartesian Coordinates

Table S4. XYZ cartesian coordinates of the optimized
geometries calculated with the long range functional
®B97X-D along with the basis set cc-pVTZ for C, H and

LANL2TZ(f) for I.
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-2.742618
-3.045821
0.722035
0.419284
-2.885569
-3.305734
-1.271439
-1.073311
-1.017020
-0.641831

1.205767
1.494579
-1.561153
-2.017641
-2.102359
—-2.642405
-2.241101
-3.236782
1.667274
1.925091
2.629893
3.559910



Ak, O, OO0 00 00k, OO0 Fr o o0 o0 o

1p-Is-2
[1]°" [1s-

(counterion above-the-plane)
SCF energy =-1650.25676637 a.u.

3.552021
1.909957
5.006625
-2.209453
-2.328311
-3.438114
-1.907310
-1.405321
-3.287693
-0.048019
0.845988
-0.821960
-3.911437
-1.356454
-2.509027
-4.666362
-4.636615
-3.127825
-3.778776
-3.190966

0.726479

3.182044
-1.749132
-0.998624
-1.395760
-2.068616
-1.774330
-1.788112
-1.358649
-0.101150
0.449176
0.389923
-0.061008
-1.190362
-2.273841
1.475104
1.781595
-2.284646
-2.773788
-1.182013

0.281128
0.717382
-0.196903
1.779437
3.102208
3.648720
5.332343
6.286993
0.913203
2.423591
2.158365
0.138267
-1.130416
4.102125
-1.239164
-2.865679
-3.903085
5.068112
5.775714
-0.570665

A T =« ) T - @ ) I o ) N e ) B S o ) W@ ) B W o ) B i o ) B I €D B O« T A T T« ) I ) T R o W@ ) B S o ) B e ) B R o) T« ) B o ) W @ ) B @ ) B N @)}

-0.197360
0.598507
0.455585

-2.081168

-1.444876

-1.012911

-4.486745

-5.375663

-4.382745

-5.189700

-4.690827

-4.703584

-3.892572
1.375097
1.718603

-1.509636

-5.446817

-6.033263

-2.073104

-2.016243

-1.361128

-1.029148

-3.076457

-3.100873

-1.067302

-0.512710

-5.440934

-6.015798
0.027304
0.520728
0.205243

-2.719213

-3.152174

-1.500789

-1.294754

-2.817781

-3.338263

—-2.229378

—-2.280275

-2.313677

-1.803614

-0.556085
-0.372280
0.180547
-2.303305
1.677406
-0.286146
—-2.353737
-2.861976
-1.997022
-2.271674
0.718194
0.458185
0.374057
-0.590565
-0.203763
2.521175
2.181500
3.025413
2.169723
1.593428
-3.406909
-3.391710
-0.180204
0.401362
-4.497597
-5.332001
1.797935
2.346817
-0.288208
-1.561859
-1.964682
3.368693
3.701310
-4.498479
-5.340345
4.159049
5.106077
3.731209
4.347667
-1.274498
-1.452521

3.755452
4.464205
—-2.060495
—-2.595955
0.058629
1.461136
2.819645
3.169263
1.455010
0.787858
-0.242172
0.802653
-2.486328
-2.794196
-3.743121
-1.089314
-1.977142
-2.311778
1.239149
2.144915
-3.067777
-4.097355
-3.544833
—-4.458852
-2.282861
-2.688006
-0.644491
0.088469
-0.778299
-0.373089
0.572429
1.291794
2.224195
-0.964573
-0.318312
0.144136
0.171679
-1.010316
-1.896596
-3.583810
-4.523153



6
1
6
1
6
1
6
1
6
1

(SO T, IO, IO, B
W W wwww

[e) <) I o) W) B @) ) B @) I ) }

1.850154
2.579265
-2.185505
-2.491856
1.394543
1.756945
0.006265
0.421637
-0.856216
-1.041085

-1.790404
—-2.341849
-3.417188
-3.458489
—-2.291858
-3.239644
1.353419
1.483757
2.311957
3.089350

1pp-I3
(1172 [15]>~

-2.341887
—-2.917388
-0.465027

0.566123
-1.121242
—0.754085
-2.722443
-3.713801
—-2.332365
-3.062987

SCF energy = -1684.47839284 a.u.

-5.530014
-4.191087
-6.307374
4.844880
7.181504
2.358613
—0.139904
-0.435533
-0.253401
-0.724381
0.920534
-1.044211
-1.305363
-0.734399

—0.309548
1.768414
-2.491258
-1.587212
-0.067579
—-2.997254
2.246872
3.075388
2.077478
2.642511
2.730653
1.041375
4.184476
0.256082

—-0.590216
-2.183700
1.240204
-1.165598
-0.260828
-1.912126
-0.627597
-1.698799
1.925825
0.618593
2.435312
2.488222
-1.657281
3.654749

1.691961
-1.602779
-2.035001
-1.925121
-2.640944
-2.261376
-2.530426

0.434180

0.498663

1.460556

2.224639

1.386109

0.848212
-1.633409
-1.379954
-1.354266
-1.950643
-3.115945
-4.029164

2.831676

3.405940

2.482313

2.777035
-2.802045
-3.484460

3.221064

4.095598

0.888682

0.683673
-0.158542

2.079549

0.045787

2.514742
-0.288596

1.187028

1.791279

0.886408

1.296366

2.946826

2.673619

1.826300

2.344094
3.700176
3.976915
4.478764
5.283008
0.724540
1.261206
0.349694
-0.402067
1.225051
1.069697
3.877227
4.210388
-0.747526
-1.334252
4.723289
5.567402
-0.238545
-0.437223
3.100241
2.782512
4.594059
5.460613
-0.989207
-1.760558
4.203765
4.762095
-0.009326
1.118101
-0.979963
0.057054
2.905551
-0.874453
-2.124046
0.967669
0.093526
1.861135
1.671057
1.165866
1.871477
-2.033727

3.575876
0.655665
1.608844
-0.478721
—0.385503
1.811683
0.915215
4.450710
5.227376
4.415465
5.166354
1.723159
0.854057
4.062265
4.934120
-3.022414
-3.329231
2.258764
1.719412
3.925543
4.784208
2.103046
1.529062
3.395413
3.726072
3.223697
3.526707
0.028464
-0.940278
-0.000762
0.796909
-3.012433
1.795898
0.853847
-2.209769
—-2.420985
-3.265392
-4.247584
0.546183
-0.218320
2.221857



P OO R, OFr OF, O F OFR O R OO RFE R O

2.345674
0.633825
0.342803
-1.179532
-1.142560
3.739312
4.066034
—0.558479
—0.392589
4.110956
4.740929
-1.414786
-1.506337
-2.226652
—-2.956065
4.521495
5.465757
-2.367105
-3.222947

-2.599827
-2.544960
-3.453466
-0.807554
0.024493
-0.640450
-1.368347
3.978904
4.125902
1.363888
2.204902
—-2.959322
-3.804360
-1.670421
-1.495316
0.443633
0.576699
-2.751916
-3.408007

2.984832
1.840791
2.353341
-0.978664
-1.658425
2.460907
3.189854
-3.813908
-4.869198
1.218656
0.971809
0.716281
1.384057
-1.116199
-1.891717
2.193050
2.700075
—-0.242286
-0.318415



