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ca. bond = average(1+2+3+4+5+6+7 +8)

ca. angle = average(1 +2 + 3 + 4)

Figure S1. Method for calculating average bond lengths and bond angles of porphyrin

analogues.
Top view
Side view
ca. bond (A) 1.40 1.41 1.41
ca. angle (°) 129 140 129
MPP (A) 0.22 0.07 1.55
AAG (kcal/mol) 0.0 26.3 39.4

D1 D1-1 D1-2

Figure S2. Optimized geometries of D1, D1-1, and D1-2. The structure of D1-1 was
optimized with heavy atoms (meso atoms, Ny atoms, and a-Cpyyle atoms)
constrained to maintain planarity. D1-2 represents the most stable conformation among

the circular geometries of D1.



Figure S3.

fragment 1

ZN-C-N-C = -69°

fragment 2

il i e

ZN-C-C-C=-1°

Optimized geometries of fragment 1 and fragment 2.
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Figure S4. Variation of NICS values for A1-H1 as a function of distance from the ring

center.

This scanning procedure was performed by placing the probe (Bq) along the axis

perpendicular to the molecular plane above and below the ring center of the molecule,

starting at 1.0 A and extending to 5.0 A with a step size of 0.2 A. For example, NICS(1)

corresponds to the average of the values calculated at 1 A above and below the ring

center.
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Figure S5. The line integral convolution (LIC) (top panels) and bond current strength
(BCS) (bottom panels) for compounds A1-D1. Values aside each arrow represent the

percentage relationship with respect to a reference current strength of 12 nA/T.

E1 F1 G1 H1

Figure S6. The line integral convolution (LIC) (top panels) and bond current strength
(BCS) (bottom panels) for compounds E1-H1. Values aside each arrow represent the

percentage relationship with respect to a reference current strength of 12 nA/T.

The GIMIC calculations were carried out using the GIMIC code. GIMIC employs
density matrices obtained from NMR shielding calculations performed with Gaussian
16, which were subsequently transformed into the appropriate format using the
Gaussian2gimic.py program written in Python. The line integral convolution (LIC)
plots were generated from the corresponding .pvsm and .vti files using ParaView!. In
addition, bond current strength (BCS) analyses were performed using the CTOCD-DZ2
method. The BCS is defined as the integral of current density over the plane placed at
the midpoint of a bond and perpendicular to it.
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Figure S7. Variation of NICS values within the same series as a function of distance

from the ring center.

NICS(1)* -9.88 ppm

NICS(-1)* -16.34 ppm

Figure S8. NICS values for A1. NICS(1)? and NICS(—1)? represent the NICS values

evaluated 1 A from the ring center on the convex and concave faces, respectively.
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Table S1. Calculated NICS(1) and NICS(2) values (ppm) for porphyrin analogues.

xLix
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A Cﬁ‘@ quH HN’Q\ O W
X, X
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e "y S X N N X C\—FL Q
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X=CH,N
NICS(),/  NICS(l)/  NICS(1)/  NICS(l)y/  NICS()y/  NICS(l)¢ NICS(1)/
Molecule
NICS(2),  NICS(2),  NICS(2),  NICS2)y  NICS(2),  NICS(2)¢ NICS(2)
Al 9.60-649  -13.87/-7.84 -11.77/-6.87 — — — -13.11/-8.66
Bl 1199694 -6.00/-543  -12.00/-6.94  -6.00/-5.43 — — -13.84/-10.75
Cl  -464/-546  -1333/-7.70  -394-527  -3.94/527  -1334/-7.70 — -14.86/-12.26

D1 -12.94/-7.47 -21.07/-11.17  -4.46/-526  -12.94/-7.48 -21.07/-11.17  -4.46/-5.26 -15.08/-11.91

E1l -8.97/-5.51 -3.92/-4.23 -3.92/-4.23 — — — -12.21/-8.59
F1 -12.21/-6.76  -13.36/-7.03  -13.72/-71.37  -7.76/-5.70 — — -12.49/-9.62
G1 -12.90/-7.33  -6.72/-5.88  -13.90/-7.68  -13.90/-7.68  -6.72/-5.88 — -14.07/-11.55
H1 -11.58/-6.59  -11.07/-7.26 ~ -5.69/-5.10  -11.58/-6.59  -11.07/-7.26  -5.69/-5.11 -16.86/-10.08
A2 -5.67/-4.38 -9.70/-5.07 -9.16/-5.24 — — — -13.45/-6.63
B2 -9.46/-5.86 -3.29/-4.27 -9.46/-5.86 -3.29/-4.27 — — -13.80/-10.33
C2 -2.82/-3.64 -7.02/-4.47 0.33/-2.58 -0.15/-2.69 -9.12/-5.17 — -10.29/-8.42
D2 -9.32/-5.73  -16.56/-9.27  -1.28/-3.61 -9.31/-573  -16.56/-9.27  -1.28/-3.61 -13.97/-10.20
E2 -6.85/-4.47 3.40/-3.72 -3.71/-3.73 — — — -10.58/-6.71
F2 -10.46/-6.07  -12.55/-6.65  -13.01/-7.18  -6.26/-5.21 — — -13.03/-9.66
G2 -11.08/-6.58  -3.93/-4.77  -12.43/-7.12  -12.43/-7.12  -3.93/-4.77 — -14.46/-11.61
H2 -9.39/-5.64  -11.23/-7.41  -4.26/-4.56 -9.38/-5.64  -11.23/-7.41  -4.26/-4.56 -16.68/-9.92
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Table S2. Calculated NICS(0) values (ppm) for porphyrin analogues.

Molecule NICS(0), ~ NICS(0),  NICS(0),  NICS(0);  NICS(0), NICS(0)¢ NICS(0)
Al 7.42 -15.31 -11.30 — — — -18.18
Bl -12.48 2.61 -12.48 2.61 — — -14.92
c1 -0.38 -13.86 0.63 0.63 -13.86 — -15.87
D1 -13.28 -19.76 031 -13.29 -19.76 0.31 -17.75
El -8.32 0.27 027 — — — -13.40
F1 -13.31 -14.88 -15.82 5.67 — — -13.27
Gl -13.73 -3.59 -15.42 -15.42 -3.59 — -15.00
H1 -12.27 -11.88 321 1227 -11.88 321 -19.89
A2 -4.04 -12.04 9.93 — — — -12.78
B2 -8.86 0.94 -8.86 0.95 — — -15.19
2 0.71 6.71 472 3.60 9.55 — -11.00
D2 -8.28 -13.90 3.82 -8.28 -13.90 3.82 -16.60
E2 -4.87 1.02 -0.76 — — — -12.12
F2 -10.83 -13.74 -14.84 -3.43 — — -14.18
G2 -10.94 0.12 -13.23 -13.23 0.12 — -15.56
H2 9.38 -11.74 -1.18 938 -11.74 -1.18 -18.74
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Table S3. Frontier molecular orbital energies and HOMO-LUMO gaps (in eV) for A1-
H1 and A2-H2.

(-IP)-
(-EA)

HF« DFT1?  DFT2¢ DFT3¢ HF« DFT1?  DFT2¢ DFT3¢ HF« DFT1?  DFT2¢ DFT3¢

HOMO -IP LUMO -EA HOMO-LUMO gap

Al -6.55 -6.69 -7.19  -7.14 0.87 -1.19 -0.60  -0.65 7.42 5.50 6.59 6.49
B1 -6.18 -6.52 -6.98  -6.91 0.07 -1.80 -1.27  -1.32 6.25 4.71 5.71 5.59
C1 -5.93 -6.33 -6.75  -6.57 -0.61 -2.38 -1.90  -1.92 5.32 3.95 4.85 4.64
D1 -5.86 -6.20 -6.59  -6.43 -1.27 -2.93 -247 247 4.95 3.27 4.12 3.96
E1 -6.86 -6.99 -749 742 0.17 -1.88 -1.31 -1.34 7.03 5.11 6.19 6.08
F1 -6.12 -6.10 -6.57  -6.47 0.35 -1.62 -1.08  -1.11 6.47 4.48 5.49 5.36
G1 -5.90 -6.03 -6.46  -6.29 -0.12 -2.03 -1.54  -1.55 5.78 3.99 4.92 4.73
H1 -5.29 -5.41 -5.81  -5.75 -0.54 -2.22 -1.74  -1.71 4.75 3.19 4.07 4.04
A2 -6.48 -6.75 =723 -7.29 -0.20 -2.27 -1.66  -1.67 6.28 4.48 5.57 5.62
B2 -6.19 -6.87 -731 742 -0.74 -2.68 -2.13 -2.13 5.45 4.19 5.18 5.29
C2 -5.90 -6.42 -6.83  -6.89 -0.85 -2.99 -2.46  -2.55 5.04 3.43 437 4.34
D2 -5.52 -6.52 -6.87  -7.04 -1.81 -3.64 -3.15 -3.15 3.72 2.88 3.72 3.89
E2 -7.31 -7.32 -7.81  -7.79 -0.30 -2.56 -1.97  -2.02 7.01 4.75 5.84 5.77
F2 -6.23 -6.59 -7.05  -7.06 -0.36 -2.30 -1.75 -1.73 5.87 4.29 5.30 5.33
G2 -5.68 -6.40 -6.81  -6.87 -0.97 -2.71 -2.28  -2.23 4.72 3.63 4.53 4.64
H2 -5.29 -5.97 -6.38  -6.39 -1.00 -2.80 -229 228 4.29 3.18 4.09 4.11

“The energies were calculated at the HF/def2-TZVP level, using geometries optimized at the B3LYP-D3/def2-SVP level.

bThe energies were calculated at the CAM-B3LYP/def2-TZVPD level, using geometries optimized at the B3LYP-D3/def2-SVP level.
“The energies were calculated at the wB97XD/def2-TZVPD level, using geometries optimized at the B3LYP-D3/def2-SVP level.
“The energies were calculated at the B3LYP-D3/def2-TZVP level, using geometries optimized at the B3LYP-D3/def2-SVP level.

Table S4. Frontier molecular orbitals of porphyrin analogues.

Molecule | HOMO-1 (eV) HOMO (eV) LUMO (eV) LUMO+ (eV)
A ¢
s S X
v &S &3 %
-7.19 -6.55 0.87 1.00
o
A2
-6.48 -0.20 0.23
&Y | ot
ey | %
B1 @ %
&} | N | Bel
-6.18 0.07 0.14
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B2

C1

-6.47

C2

D1

-0.97

D2

E1l

E2

F1

0.93

S9




F2

G1

G2

H1

H2

-6.86 -5.29 -1.00 -0.45

Cartesian coordinates of the structures
Al
C 2.670845 -0.406676 0.101199
C 1.843779 -1.552909 0.204803
N 0.591155 -1.487092 0.770379
N 0.875535 1.119001 0.612432
C 2.151952 0.909498 0.212749
N -1.419704 0.264676 0.529651
C -1.895756 1.466358 0.096950
C -0.970249 2.536830 -0.022282
C 0.428204 2.312173 0.141776
C -0.296688 -2.375681 0.206477
C -1.682894 -2.098732 0.091601
C -2.206846 -0.786935 0.175117
C 1.572935 3.019037 -0.430962
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