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1. Synthesis and characterization.

General information.

All reagents and materials were purchased from commercial suppliers and used
as received unless otherwise indicated. All photographs were taken using a Nikon
D5300 camera. UV-vis spectra were recorded on an Agilent 8453 UV-vis spectrometer
equipped with an Agilent 89090A thermostat (+ 0.1 °C). ESI-MS spectra were recorded
on Bruker APEX IV Fourier Transform lon Cyclotron Resonance Mass Spectrometer
using electrospray ionization. Mass spectrometric simulations were carried out using
the IsoPro v3.0 package. MALDI-TOF-MS were recorded on an AB Sciex 5800 MALDI-
TOF/TOF mass spectrometer. 'H and '*C NMR spectra were recorded on a Bruker-
400 MHz instrument, 'F NMR spectra were recorded on a Bruker-500 MHz instrument.
'H and 3C NMR spectra were referenced to tetramethylsilane as an internal standard.
For the '""F NMR spectra, trifluoroacetic acid (-77.5 ppm) was used as an external
reference. 2D-NMR (COSY and NOSEY) experiments were carried out using a Bruker-
500 MHz instrument using CDCls as the solvent. Fluorescence spectra were recorded
on a NanolLog FL3-2iHR infrared fluorescence spectrometer or an UltraFast Lifetime
Spectrofluorometer (Delta Flex), while lifetime and steady state spectra were recorded
using FLS-920 and FLS-980 spectrometers. The absolute quantum vyields were
determined using an integrating sphere on the FLS-980 spectrometer. IR spectra were

recorded on a Tensor 27 FTIR or a Spectrum Spotlight 200 FT-IR microscopic.



Synthesis.

Meso-tetrakispentafluorophenylporphyrin, cis- and trans-porphodilactone
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Scheme S1. Synthetic procedure used to prepare the control system F20 Porphyrin
Meso-tetrakispentafluorophenylporphyrin - (F20 Porphyrin) was synthesized

according to the literature as shown in Scheme S1.!
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Scheme S2. Synthetic procedure of cis/trans-1
cis-Porphodilactone (cis-1) and trans-porphodilactone (frans-1) were synthesized

and separated according to the literature as shown in Scheme S2.2

Synthesis of 2.

Scheme S3. Synthetic procedure of cis/trans-2

Cis-1 or trans-1 was dissolved in dry THF. Excess DIBAL-H (0.1 M in hexanes)
was added under nitrogen at -78 °C.2 Then, the solution was allowed to warm to room

temperature and to react for 2 hours. After this point in time, water was added into the
reaction mixture. Purification on a silica gel column using ethyl acetate (EA) /petroleum
ether (PE) (1:5) as an eluent yielded cis- and trans-2.

Cis-2: yield 90%; "H NMR (400 MHz, Chloroform-d) & 8.18 (s, 2H), 7.66 (d, J = 2.1
Hz, 2H), 7.44 (d, J = 10.1 Hz, 2H), 3.72 (t, J = 10.8 Hz, 2H), 1.25 (s, 1H), 0.79 (s, 1H).



'F NMR (377 MHz, Chloroform-d) 6 -135.39 (ddd, J = 24.5, 16.0, 8.2 Hz), -137.28 — -
137.96 (m), -140.02 (dd, J = 24.0, 8.6 Hz), -151.92 (id, J = 21.1, 9.0 Hz), -152.20 (t, J
= 20.8 Hz), -161.26 (ddtt, J = 67.5, 29.6, 22.5, 7.8 Hz). MALDI-TOF-MS m/z: Calcd.
For Ca2H10F20N4O4 [M+H]* 1014.037721, found 1014.036329. IR (cm™"): 1261, 1089,
1018, 914, 798, 755, 730, 719. UV-Vis absorption (CH2Cl2): Amax (Ig €) = 346 (4.93),
378 (5.03), 443 (3.83), 470 (3.97), 502 (4.44), 606 (3.67), 659 (4.02), 722 (4.56).

Trans-2: yield 90%; 'H NMR (400 MHz, Chloroform-d) & 8.36 (d, J = 4.2 Hz, 2H),
8.28 (d, J = 4.5 Hz, 2H), 7.78 (d, J = 9.6 Hz, 2H), 4.03 (d, J = 9.9 Hz, 2H), -1.35 (s,
2H). 'F NMR (377 MHz, Chloroform-d) & -135.01 (dd, J = 25.0, 9.5 Hz), -137.57, -
137.82, -139.40 (dd, J = 23.9, 8.1 Hz), -139.60 (dd, J = 24.6, 8.1 Hz), -151.56 (t, J =
21.0 Hz), -152.44 (td, J = 21.0, 9.7 Hz), -160.87, -161.12, -161.34 — -161.95 (m).
MALDI-TOF-MS m/z: Calcd. For Ca4H1oF20N4sO4 [M+H]* 1014.037721, found
1014.038852. IR (cm™): 1519, 1498. UV-Vis absorption (CH2Cl): Amax (Ig €) = 345
(4.91), 382 (4.98), 450 (3.46), 478 (3.58), 510 (4.37), 689 (3.65), 750 (4.81).

Synthesis of 3.

Scheme S4. Synthetic procedure leading to cis- and trans-3

Cis-1 or trans-1 (0.015 mmol) was dissolved in dry toluene along with 6 mg (0.067

mmol) sarcosine and 2.6 mg (0.087 mmol) paraformaldehyde.# This purple solution
was heated at 105 °C and stirred for 12 h in a Schleck tube under N». During this time

the color of the mixture changed to orange. This reaction was monitored by observing
the solution under a UV lamp at 365 nm. Purification was carried out on a small silica
gel column using CH2CI,/PE (1:1) as the eluent. This gave unreacted cis-1 or trans-1;
then, using dichloromethane as an eluent, cis- and frans-3 were obtained.

Cis-3: yield 57%; "H NMR (400 MHz, Chloroform-d) & 7.23 (d, J = 2.1 Hz, 2H),
6.53 (s, 1H), 5.45 (s, 1H), 4.35 (d, J = 3.7 Hz, 2H), 2.73 (s, 2H), 2.53 (d, J = 3.2 Hz,



2H), 2.22 (s, 3H). 3C NMR (101 MHz, CDCls) & 163.7, 159.6 — 159.4, 158.8, 134.9,
127.9, 121.7, 112.8, 85.0, 61.5, 47.6, 40.7. '9F NMR (471 MHz, Chloroform-d) & -
135.54 (dd, J = 24.9, 8.5 Hz), -138.25 —-138.71 (m), -139.32 (d, J = 18.5 Hz), -150.00,
-151.33, -159.48 (d, J = 8.5 Hz), -159.69 (d, J = 8.0 Hz), -160.80 — -161.30 (m). ESI-
MS m/z: Calcd. For CasH1aF20NsO4 [M+H]* 1068.072095, found 1068.071241. IR (cm-
1): 1774, 1716, 1610. UV-Vis absorption (CH2Cl2): Amax (Ig €) = 372 (5.12), 383 (5.15),
478 (3.94), 511 (4.32), 549 (4.67).

Trans-3: yield 66%; 'H NMR (400 MHz, CDCls) 5 7.59 (dd, J = 11.2, 9.3 Hz, 2H),
4.60 (d, J = 5.6 Hz, 2H), 4.13 (s, 1H), 3.48 (s, 1H), 2.86 (d, J = 8.5 Hz, 2H), 2.61 — 2.52
(m, 2H), 2.23 (s, 3H). 3C NMR (101 MHz, Acetone) & 162.7, 150.7, 134.4, 134.1, 129.7,
126.7, 123.0, 121.5, 61.9, 48.5, 40.0. 9F NMR (471 MHz, Chloroform-d) & -135.99 — -
138.34 (m), -138.84, -139.94, -147.81 (d, J = 283.4 Hz), -150.37 (d, J = 356.5 Hz), -
157.64 (d, J = 215.8 Hz), -158.74, -159.85 (d, J = 148.8 Hz), -160.33 — -161.38 (m).
ESI-MS m/z: Calcd. For CasH14F20NsO4 [M+H]* 1068.072095, found 1068.072539. IR
(cm™): 1772, 1631, 1600. UV-Vis absorption (CHzClo): Amax (Ig €) = 381 (4.93), 403
(5.09), 573 (4.32), 620 (4.47).

Synthesis of 4.

Scheme S5. Synthetic procedure used to access cis- and trans-4

Cis-3 or trans-3 (0.056 mmol) was dissolved in 20 mL toluene along with 150 mg
(0.661 mmol) DDQ. The solution was heated at reflux for 6 hours. Purification was
carried on a neutral aluminum oxide column protected from light. PE : CH2Cl> (DCM)
=1:1 was used as eluent to give the violet product cis- or trans-4.

Cis-4: yield 87%; "H NMR (400 MHz, Chloroform-d) & 7.79 (d, J = 2.2 Hz, 2H),
6.71 (s, 2H), 4.06 (s, 3H), 3.51 (s, 1H), 2.39 (s, 1H). 3C NMR (126 MHz, Chloroform-
d) 6 164.8, 157.6, 141.5, 134.9, 128.3, 124.1, 122.5, 117.3, 109.7, 84.1, 38.4. "9F NMR



(471 MHz, Chloroform-d) 6 -137.09 (dd, J = 23.2, 8.2 Hz), -139.09 (dd, J = 23.6, 7.8
Hz), -150.30 (dd, J = 23.9, 17.9 Hz), -151.56 (t, J = 20.9 Hz), -159.22 — -160.47 (m), -
160.99 — -161.65 (m). MALDI-TOF-MS m/z: Calcd. For CasHgoF20NsO4 [M+H]*
1063.032970, found 1063.033600. IR (cm™'): 1774, 1605. UV-Vis absorption (CH2Cl»):
Amax (Ig€) = 376 nm (4.85), 393 nm (5.10), 415 nm (5.40), 546 nm (4.25), 573 nm (4.36),
595 nm (4.38).

Trans-4: yield 90%; "H NMR (400 MHz, Chloroform-d) & 8.21 (d, J = 12.6 Hz, 2H),
6.85 (s, 1H), 6.77 (s, 1H), 4.15 (s, 3H), 0.79 (s, 1H), 0.19 (s, 1H). 3C NMR (126 MHz,
CDCIs) 6 165.3, 151.2, 139.4, 138.4, 135.0, 134.9, 127.7, 124.6, 124.2, 123.0, 116.7,
116.4, 38.6."F NMR (471 MHz, Chloroform-d) & -137.17 (dd, J = 54.0, 15.4 Hz), -
138.28 (d, J = 15.8 Hz), -138.96 (d, J = 15.7 Hz), -150.12 (t, J = 20.9 Hz), -150.82 (q,
J =20.1 Hz), -151.52 (t, J = 20.7 Hz), -159.25 — -159.93 (m), -160.07 — -160.48 (m), -
160.67 — -160.97 (m), -161.25 — -161.81 (m). Calcd. For CasHoF20NsO4 [M+H]*
1063.032970, found 1063.034118. IR (cm™): 1753, 1591. UV-Vis absorption (CH2Cl»):
Amax (Ig€) = 393 nm (5.50), 409 nm (5.05), 431 nm (5.17), 586 nm (4.17), 614 nm (4.23),
668 nm (4.65).

Synthesis of 5.

02

CHClj3, irradiated
" under white light for 4h

Scheme S6. Synthetic procedure used to obtain cis- and trans-5
Cis-4 or trans-4 (0.042 mmol) was dissolved in 20 mL chloroform. The solution
was saturated with oxygen. Then, it was irradiated in a photoreactor and irradiated.
Over the course of 4 h, the solution changed from violet to dark red. The volatiles were
removed using a rotary evaporator. Purification was carried on a silica gel column. PE :
DCM = 8:1 was used to separate the red product, consisting of cis- or trans-5
depending on the choice of starting material.

Cis-5: yield 16%. 'H NMR (500 MHz, Chloroform-d) & 8.76 (s, 2H), 3.30 (s, 3H), -



1.05 (s, 1H), -1.64 (s, 1H). '*C NMR (126 MHz, Chloroform-d) 5 164.2, 161.8, 139.4,
133.9, 130.8, 128.1, 106.7, 25.3. ®F NMR (471 MHz, Chloroform-d) & -138.28 — -
138.54 (m), -138.69 (dd, J = 23.6, 8.0 Hz), -149.49 (d, J = 21.0 Hz), -149.56, -149.77
(t, J = 21.4 Hz), -160.27 — -160.55 (m), -161.24 — -161.44 (m). MALDI-TOF-MS m/z:
Calcd. For C4sH7F20Ns06 [M+H]* 1093.007149, found 1093.008387. IR (cm™):1774,
1724. UV-Vis absorption (CH2Cl2): Amax (Ig€) =432 (5.31), 526 (4.18), 568 (4.00), 658
(3.92), 722 (4.86).

Trans-5: yield 18%. '"H NMR (500 MHz, Chloroform-d) & 8.80 — 8.67 (m, 2H), 3.25
(s, 3H), -0.66 (s, 1H), -0.69 (s, 1H). *C NMR (126 MHz, Chloroform-d) & 164.0, 163.6,
162.2, 161.9, 156.6, 154.4, 143.7, 142.7, 138.8, 134.6, 134.0, 132.8, 130.5, 130.4,
128.5, 128.2, 107.2, 101.5, 25.2. "°F NMR (471 MHz, Chloroform-d) & -136.61 — -
137.28 (m), -137.74 — -138.51 (m), -138.71 — -139.06 (m), -139.96 — -140.63 (M), -
148.51 (t, J = 20.9 Hz), -149.40 (t, J = 20.8 Hz), -150.06 (t, J = 21.1 Hz), -150.71 (t, J
= 20.8 Hz), -159.63 (dd, J = 21.6, 14.3 Hz), -160.37 (dd, J = 21.7, 14.4 Hz), -161.42
(dd, J = 21.5, 15.4 Hz), -161.76 (dd, J = 21.3, 15.4 Hz). MALDI-TOF-MS m/z: Calcd.
For C4sH7F20N506 [M+H]* 1093.007149, found 1093.005622. IR (cm™'): 1786, 1720.
UV-Vis absorption (CH2Cl2): Amax (Ig€) =423(5.19), 524(4.00), 564(4.25), 640(4.02),
702(4.75).



Analysis of the cis isomer product in 1,3-dipolar cycloaddition.
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Scheme S7. (a) Dual descriptor for explaining 1,3-dipolar cycloaddition of cis/trans-1
and (b) energy diagram for reaction coordinates as well as the structures of transition

states and products for 1,3-dipolar cycloaddition of cis/trans-1.

Dual descriptor,® which is often used to predict the chemical reactivity of cycloaddition
reaction, as shown in scheme S7, is evenly distributed in the two sides of lactone
moieties in trans isomer, while distributed more in the side of saturated oxygen atom
than carbonyl group in cis isomer. This indicates the favor formation of cis isomer in
this work (product 1) rather than another possible cis isomer (product 2). Further more,
the energy diagram for reaction coordinates exhibit a higher energy of transition state
and product of another possible cis isomer (product 2) compared with the cis isomer
in this work (product 1), which also suggest the favor formation of cis isomer in this

work both thermodynamically and kinetically.



2. Photophysical  properties, electrochemistry measurement and

computation details.

Electrochemistry measurement.

The electrochemistry analyses were conducted using a standard three-electrode
configuration on a Shanghai Chenhua CHI660C electrochemical workstation at 25 °C
under argon. Cyclic voltammetric curves were recorded using glassy-carbon working
electrode disks of 3 mm diameter (Cypress Systems EE-040). Between scans, the
working electrode was subject to a sequence that involved polishing with diamond
paste (Buehler) of decreasing sizes (3 to 0.05 um) interspersed by washings with
purified H2O. The auxiliary electrode was a platinum wire and Ag/AgCl electrode was
used as the reference electrode. All glassware used for electrochemical studies was

oven dried overnight and allowed to cool to room temperature before use.

X-ray diffraction measurement.

X-ray diffraction data were collected on Rigaku XtaLAB Pro: Kappa single system
instrument equipped with Mo Ka source. Suitable crystal was mounted on the
diffractometer and cooled under a nitrogen stream as soon as practical after mounting
to preclude desolvation. The CrysAlisPro program was employed for data processing.
The structure was solved using SHELXT 2014 program® and refined against F?
anisotropically for all non-hydrogen atoms per the full matrix least-squares protocol
using the SHELXL 2016 program in an Olex2 GULI.” The Platon program package® was

employed for squeeze processing.



Computational details.

In this work, the hybrid density functional, B3LYP® was employed for all calculations
using the program package G09° (except for the ACID calculations). The 6-31G(d)
basis set!! was used for all atoms subject top geometry optimization, while current
density tensor computations were used for the ACID calculations.'? The 6-31+G(d)
basis set was employed in NICS 13 calculation. Geometry optimizations of the singlet
ground state (So) were carried out using the density functional theory without symmetry
constraints. Frequency calculations were performed on the optimized structures to
ensure that they represented true minimum energy structures as judged by the
absence of imaginary frequency values (i.e. NImag = 0). And the transition states were
also confirmed by only one imaginary frequency along the reaction coordinates. The
intrinsic reaction coordinate (IRC) calculations were also performed to connect the
reactants, transition states and products. NMR shielding tensors were computed using
the Continuous Set of Gauge Transformations (CSGT) method!* and the Gauge-
Independent Atomic Orbital (GIAO) method*4c 5, ACID plots were constructed using

the AICD 2.0 program package!?® and drawn using Povray 3.7.



3. Supporting Tables and Figures.

Table S1. Crystal data and structure refinement of cis/trans-3.

Compounds

cis-3 (CCDC 1568750)

trans-3 (CCDC 1568751)

molecular formula
formula wt (g mol?)
temperature (K)
Radiation (A, A)
crystal system
space group

a(4)
b(A)
c(4)
a (%)
B ()

v (%)
Volume (A3)
z
Pcalcd (g cm'3)
b (mm-)

F (000)
crystal size (mm?3)
Theta range
reflections collected
independent
reflections
Completeness
goodness-of-fit on 2F
final R

indices[R>2a( I)]
R indices (all data)

Largest diff. peak
and hole (e A?)

C49H21Cl3F20N504
1230.06
180.00(10)
0.71073
monoclinic

I 2

lﬁl
18.9313(9)
16.3839(12)
17.3825(10)

90
91.048(4)
90
5390.6(6)
4
1.516
0.287
2452
0.23x0.21x0.15
2.847 t0 27.484°
19233
6392[R(int)=0.0457]

99.83%
1.064
R1%=0.0954
wR2=0.2963

R1%=0.1321
wR§=O.2623
1.647 and -1.297

CasH11F20Ns04
1065.59
100.00(11)
0.71073
monoclinic

C 2

1ﬁ1
25.7880(5)
16.3752(3)
12.6133(2)

90
90.592(2)
90
5326.11(17)
4
1.329
0.134
2112
0.319x0.236x0.148
3.5730 to 30.2550°
78894
7075[R(int)=0.0116]

99.72%
1.060
R1%=0.0690
wR2=0.1888

R1%=0.0755
wR5=0.1948
0.572 and -0.298




Table S2. Crystal data and structure refinement of cis/trans-4.

Compounds

cis-4 (CCDC 1841552)

trans-4 (CCDC 1841553)

molecular formula
formula wt (g mol?)
temperature (K)
Radiation (A, A)
crystal system
space group
a(A)
b(A)
c(4)
a (%)
B ()
v (°)
Volume (A3)
Z
Pcalcd (g cm'3)
M (mm™)

F (000)
crystal size (mm3)
Theta range
reflections collected
independent
reflections
Completeness
goodness-of-fit on 2F
final R

indices[R>20( I )]

R indices (all data)

Largest diff. peak
and hole (e A®)

Ca6H10Cl3F20Ns04
1182.94
179.99(10)
0.71073
monoclinic
P21
14.5721(8)
9.2987(6)

15.8007(10)
90
90.331(6)
90
2141.0(2)

2
1.835
0.358
1168
0.2x0.05x0.04
2.5730 to 20.7440°
18279

8264[R(int)=0.0649]

0.988

1.03
R1%=0.0689
wR2=0.1753
R1¢ =0.1115
wR) =0.1585

0.450 and -0.716

Ca6H10Cl3F20Ns04
1182.94
179.99(10)
0.71073
monoclinic
P 21/n
19.2843(10)
8.2608(4)
28.316(2)

90
103.985(6)

90
4377.1(5)

4
1.795
0.35
2336
0.4x0.08x0.05
2.1800 to 25.4210°
25827

7712[R(int)=0.0492]

0.999
1.027

R14=0.0815
WRE= 0.2162

R1%= 0.1256
wRE=0.1906

0.908 and -0.959




Table S3. Crystal data and structure refinement of cis/trans-5.

Compounds

cis-5 (CCDC 1851807)

trans-5 (CCDC 1851808)

molecular formula
formula wt (g mol?)
temperature (K)
Radiation (&, A)
crystal system
space group
a(A)
b(A)
c(4)
a (°)
B ()
v (%)
Volume (A3)
Z
Pcalcd (9 cm'3)
M (mm)

F (000)
crystal size (mm?3)
Theta range
reflections collected
independent
reflections
Completeness
goodness-of-fit on
°F
final R
indices[R>20( 1]
R indices (all data)

Largest diff. peak
and hole (e A®)

C4s5H7F20N506
1093.56
179.99(11)
0.71073
triclinic
P-1
18.2714(3)
18.3261(2)
35.2109(6)
95.7970(10)
97.4290(10)
90.0230(10)
11630.3(3)
10
1.561
0.159
5400
0.6x0.4x0.15
1.7070 to 26.5980°
138185

40971[R(int)=0.0726]
0.997
1.018

R12 = 0.0959
WR2P = 0.2193

R12 = 0.1463
WR2P = 0.2449

1.006 and -0.626

C45H7F20Ns506
1093.56
100.00(13)
0.71073
monoclinic
P21
33.9547(16)
8.7071(3)

58.8064(13)
90
93.851(3)
90
17346.7(11)
16
1.675
0.17
8640
0.3x0.1x0.05
2.1600 to 27.7710°
93886

54490[R(int)=0.0925]
99.60%
1.09

R12 =0.1453
WR2P = 0.3615

R12 =0.2369
WR2° =0.3039

1.619 and -0.952




Table S4. Average length and standard deviations of selected chemical bonds for the

core ring present in cis/trans-3.

cis-3 trans-3
Bond Length /A Bond Length /A
C00J-NOOD 1.359 C8-N3 1.375
COON-NO00G 1.308 C6-N2 1.325
COOR-NO0OG 1.383 C4-N2 1.380
CN C00J-NOOF 1.372 C2-N1 1.368
Average 1.356 1.362
Standard deviation 0.033 0.025
COON-C00K 1.424 C6-C7 1.422
COOK-C00J 1.365 C7-C8 1.371
COOR-C00Q 1.381 C4-C3 1.377
C00Q-CoouU 1.405 C3-C2 1.422
CO0U-Co011 1.417 C8-C9 1.309
C011-C011 1.357 C9-C9 1.548
cC C013-COO0R 1.456 C6-C5A 1.404
C00J-CooL 1.516 C5B-C4 1.409
cooL-cooL 1.556 C2-C1 1.415
Ci1-C1 1.386
Average 1.431 1.406
Standard deviation 0.068 0.060

cis-3 trans-3



Table S5. Average length and standard deviations of selected chemical bonds for the

core ring present in cis/trans-4.

cis-4 trans-4

Bond Length /A Bond Length /A
C5-N2 1.368 C4-N2 1.359
C8-N2 1.366 C7-N2 1.380
C3-N1 1.390 C2-N1 1.363
Ci1-N1 1.322 C21-N1 1.315
C20-N4 1.366 C19-N4 1.395
C14-N4 1.393 C13-N4 1.372
CN C10-N3 1.300 C9-N3 1.348
C12-N3 1.377 C11-N3 1.366
C18-N5 1.378 C17-N5 1.355
C16-N5 1.355 C15-N5 1.376
Average 1.362 1.363
Standard deviation 0.029 0.022
C6-C7 1.378 C5-C6 1.372
C5-C6 1.405 C5-C4 1.405
C5-C4 1.413 C3-C4 1.419
C4-C3 1.364 C3-C2 1.380
C3-C2 1.474 C1-Cc2 1.478
Ci1-C21 1.419 C21-C20 1.399
C21-C20 1.396 C20-C19 1.378
C20-C19 1.437 C19-C18 1.432
C19-C15 1.407 C18-C14 1.416
C15-C14 1.447 C14-C13 1.450
c-C C14-C13 1.378 C13-C12 1.385
C13-C12 1.399 Cl11-C12 1.406
C11-Ci10 1.485 C10-C11 1.488
C10-C9 1.373 C9-Cs8 1.373
C9-C8 1.406 C8-C7 1.408
C8-C7 1.412 C7-C6 1.395
C19-C18 1.399 C14-C15 1.363
C15-C16 1.374 C18-C17 1.377
Average 1.409 1.407
Standard deviation 0.034 0.036




cis-5 trans-4



Table S6. Average length and standard deviations of selected chemical bonds for the

core ring present in cis/trans-5.

cis-5 trans-5

Bond Length /A Bond Length /A
C195-N24 1.375 C315-N304 1.415
C192-N24 1.362 C317-N305 1.400
C197-N25 1.367 C319-N305 1.399
C199-N25 1.318 C321-N302 1.351
C201-N22 1.387 C305-N301 1.471
C186-N22 1.366 C302-N301 1.464
CN C188-N23 1.315 C306-N302 1.357
C190-N23 1.371 C308-N303 1.388
C183-N21 1.389 C310-N303 1.388
C182-N21 1.398 C312-N304 1.407
Average 1.365 1.404
Standard deviation 0.028 0.039
C193-C194 1.350 C313-C314 1.417
C194-C195 1.414 C314-C315 1.410
C195-C196 1.392 C315-C316 1.351
C196-C197 1.377 C316-C317 1.400
C197-C198 1.473 C317-C318 1.398
C199-C200 1.394 C319-C320 1.307
C200-C201 1.384 C320-C321 1.353
C201-C184 1.437 C321-C304 1.477
C184-C185 1.367 C304-C303 1.460
C185-C186 1.424 C304-C305 1.469
c-C C186-C187 1.401 C302-C303 1.471
C187-C188 1.416 C303-C306 1.439
C189-C190 1.478 C306-C307 1.385
C190-C191 1.382 C307-C308 1.311
C191-C192 1.407 C308-C309 1.394
C192-C193 1.423 C310-C311 1.340
C183-C184 1.492 C311-C312 1.314
C182-C185 1.505 C312-C313 1.407
Average 1.418 1.395
Standard deviation 0.044 0.056




Table S7. Photophysical and electrochemical data for the cis/trans porphyrinoids 1-52

UV-vis Amax [nm] (log € [M1 cm1]) fluorescence Amax Ered ©
Compound Db Eox ¢ [V]
Soret bands Q bands [nm] (t [ns]) [V]

391(5.11), 505(4.26), 600 (3.88), -0.44,

cis-1¢ 662, 711 (3.49) 0.090 1.66
408(5.62), 657(4.47) -0.85
512(4.15), 552(4.38), -0.37,

trans-1 © 410(5.56) 678, 755 (3.49)  0.100 1.61
676(4.89) -0.87

443 (3.83), 470 (3.97), 502

346 (4.93), 378 -0.73,

cis-2 (4.44), 606 (3.67), 659 737,784 (2.11) 0.061 0.94
(5.03) -1.11

(4.02), 722 (4.56)
450 (3.46), 478 (3.58), 510

345 (4.91), 382 -0.67,
trans-2 (4.37), 689 (3.65), 750 754,828 (2.61) 0.053 0.87
(4.98) -1.08
(4.81)
372 (5.12), 383 478 (3.94), 511 (4.32), 549 -0.74,
cis-3 559, 604 (5.10) 0.351 152
(5.15) (4.67) -1.05
381 (4.93), 403 -0.62,
trans-3 573 (4.32), 620 (4.47) 635,683 (5.46) 0245 1.38
(5.09) -1.03
376(4.85),
546(4.25), 573(4.36), -0.85,
cis-4 393(5.10), 617,666 (8.34) 0.363 1.35
595(4.38) -1.14
415(5.40)
393(5.50),
586(4.17), 614(4.23), -0.64,
trans-4 409(5.05), 692, 746 (3.29) 0.152 1.22
668(4.65) -1.10
431(5.17)

0.0, -
526(4.18), 568(4.00),

cis-5 432(5.31) 728, (3.45) 0209 -' 048,
658(3.92), 722(4.86)

-1.59

-0.06,
524(4.00), 564(4.25),

trans-5 423(5.19) 707,764 (3.95) 0277  -f -0.54,
640(4.02), 702(4.75)

-1.64

aAll photophysical analyses were carried out in anhydrous CHCl; at room temperature.
bQuantum yields were measured using an Edinburgh Analytical Instrument FLS-980
equipped with an integrating sphere except for cis/trans-1. °Relative to Fc*/Fc with the
underlying analyses being carried out in CH2Cl, using n-BusNPFg as the electrolyte. ¢
The HL energy gap was estimated by the difference of Ew'- Er'. ®From ref. 7. No
oxidation waves for 5 were observed in CHCl..



Table S8. Reversibility of redox waves in cis-3 with different scan rate of CV

measurements.
Scan rate (V.S'l) Redox 1 (V) Redox 2 (V)
| 0.05 | 0.622 — 0.555 = 0.067 | 1.030 - 0.963 = 0.067 |
0.07 0.622 — 0.555 = 0.067 1.027 — 0.960 = 0.067
0.1 0.622 — 0.555 = 0.067 1.027 — 0.957 = 0.070
0.3 0.625 — 0.540 = 0.085 1.021 - 0.930 = 0.091

0.5 0.640 — 0.543 = 0.097 1.042 —0.945 = 0.097




Table S9. Change in the NICS(1) values in the middle ring and the sub-rings.

NICS(1) /ppm middle ring sub-ring
b c d
L cis -10.61 -1.23 -1.39 -10.72 -11.58 -
trans -11.37 -1.52 -1.17 -11.07 -11.68 -
5 cis -9.88 0.89 0.48 -10.60 -13.22 -
trans -10.71 090 119 -12.12 -10.84 --
3 cis -4.72 -252 -2.48 -0.07 -10.01 -
trans -6.39 -201 -3.09 046 -10.07 -
4 cis -7.16 -1.76 -166 -4.24 -11.58 -12.76
trans -9.23 -1.93 -142 -481 -12.46 -12.51
5 cis -10.93 -1.63 -159 -9.02 -9.78 0.094
trans -10.36 -1.38 -1.78 -926 -8.66 0.559
Cavaleiro cis -11.63
etal. trans -11.85 B
Lindsey et cis -11.12
al. trans -11.88 B
i hll d -10.80
chioropny f -11.45 -
Inhoffen et cis -11.31
al. trans -11.42 -
Brickner cis -9.54
et al
(compund trans -10.38 -
14)
Brickner cis -10.23
et al
(compound trans -10.89 B
16)




cis- and trans-3 cis- and trans-4 cis- and trans-5

Table S10. Chemical shift values for the 8-H signals seen in the *H NMR spectrum

(recorded in CDClIs) and AQ absorption values for compounds discussed in this paper.

B-H NMR/ppm Average /[ppm Q. /nm AQ./nm
cis 8.70 8.52 8.53 657
8.73 19
! trans 8.85 676
cis 8.18, 7.66, 7.43 723
8.12 28
2 trans 8.35, 8.27,7.78 751
cis 7.23 549
3 7.40 71
trans 7.55, 7.60 620
cis 7.79 595
. 7
4 trans 8.20, 8.23 8.00 668 3
cis 8.76 659
T 2
> trans 8.74 8.75 640 0




CoFs B CsFs
CHCly - ” =
I~ I~ © W m*co o \N 5 N/ e
FEARA H
~ HO3 % H§ J 3©CH A
CeF5 \ /) CsFs
2 2
H,0
*
(3]
1  hexane
e | X
. w
T2 4 TS
| 3 RS ‘ o
}L | I L} i
_JLﬁJ QJI\J - J‘NL e k-\J\fL
: %3 : g
- - = o~ -

Figure S1. '"H NMR spectrum of cis-2 recorded at room temperature in CDCls (*

indicates a peak ascribed to residual solvents and impurities).
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Figure S2. *H NMR spectrum of trans-2 recorded at room temperature in CDCls (*
indicates a peak ascribed to residual solvents and impurities).
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Figure S12. 13C NMR spectrum of trans-3 recorded at room temperature in acetone-
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Figure S14. 13C NMR spectrum of trans-4 recorded at room temperature in acetone-
des (* indicates peaks ascribed to residual solvents and impurities).
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Figure S17. 'F NMR spectrum of cis-2 recorded at room temperature in CDCls.
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Figure S21. 'F NMR spectrum of cis-4 recorded at room temperature in CDCls.
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-138.41
=138.47
-138.66
-138.67
-138.70
-138.72

MNO NN ©N~—
SHBRKYS oI INN®
; QP 000 O T~ —
LeI2QD © OO0 OO0
Ar i el el el e NIRRT
—_—— e——

N J UL

-137 -138 -139 -140 -141 -142 -143 -144 -145 -146 -147 -148 -149 -150 -151 -152 -153 -154 -155 -156 -157 -158 -159 -160 -161 -162
chemical shift (ppm)

Figure S23. 'F NMR spectrum of cis-5 recorded at room temperature in CDCls.

LOOTOWOWTTMOVOOMWUOANMMN
DRSS ONNMNBDAANNNN
O ONNMNOOOWOMDMOMWMWOWWWOOOO
DO OMOMOMOMOMOOMOSETSTT
ST N N T e e
TR IR

O - OOW—-—OO O~ MO ITNOO—ANMLW K
SOOI T OO O~ K0 O O N NI
VOVOVOHAODDDO OO0 OO DO OOO T~ v ¢
TTTTTTOWONWO WL WL OOOOOOoCL
B ST BT R Sonens o s e e elient e e
—e—— | —————t——— ——— 2

__JL_.JLJLJ JLJ_LJL JJQUL*

-136 -137 -138 -139 -140 -141 -142 -143 -144 -145 -146 -147 -148 -149 -150 -151 -152 -153 -154 -155 -156 -157 -158 -159 -160 -161 -162
chemical shift (ppm)

Figure S24. '"F NMR spectrum of trans-5 recorded at room temperature in CDCls.
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Figure S25. HR-MS(ESI) (top) and simulation (bottom) of cis-2
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Figure $26. HR-MS(ESI) (top) and simulation (bottom) of frans-2
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Figure S27. MALDI-TOF-MS (top) and simulation (bottom) of cis-3
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Figure $28. MALDI-TOF-MS (top) and simulation (bottom) of trans-3
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Figure $29. MALDI-TOF-MS (top) and simulation (bottom) of cis-4
Intens. FTICR-18030018_0_019_000001.d: +MS
x1010. 14
106303412
100
%0
15 80
70
60
50
1.0 40
30
20 ‘
of L)
05 04— T - N
1,062 1,064 1,066 1,068 1,070
1076.02250
00 \ R —
1050 1055 1060 1085 1070 1075 miz
|[—— FTICR-18030018_0_0O19_000001.d: +MS
Meas.m/z # lon Formula Score m/z__err [ppm] Mean err [ppm] mSigma rdb e Conf N-Rule
1063.034118 1 CA45HOF20N504 100.00 1063.032970 ER] 0.1 734 345 odd ok

Figure $30. MALDI-TOF-MS (top) and simulation (bottom) of trans-4
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Figure S31. MALDI-TOF-MS (top) and simulation (bottom) of cis-5
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Figure $32. MALDI-TOF-MS (top) and simulation (bottom) of trans-5
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Figure S51. X-ray structure of cis-3. Thermal ellipsoids set at 50% probability (red:

oxygen, gray: carbon, green: fluorine, blue: nitrogen).

Figure S52. X-ray structure of frans-3. Thermal ellipsoids set at 50% probability (red:
oxygen, gray: carbon, green: fluorine, blue: nitrogen).



Figure S53. X-ray structure of cis-4. Thermal ellipsoids set at 50% probability (red:
oxygen, gray: carbon, green: fluorine, blue: nitrogen).

Figure S54. X-ray structure of frans-4. Thermal ellipsoids set at 50% probability (red:
oxygen, gray: carbon, green: fluorine, blue: nitrogen).



Figure S55. X-ray structure of cis-5. Thermal ellipsoids set at 50% probability (red:
oxygen, gray: carbon, green: fluorine, blue: nitrogen).

Figure S56. X-ray structure of frans-5. Thermal ellipsoids set at 50% probability (red:
oxygen, gray: carbon, green: fluorine, blue: nitrogen).
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Figure S61. Lifetime measurement of cis-2 in CH.Cl..
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Figure S62. Lifetime measurement of trans-2 in CHxCl..
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Figure S63. Lifetime measurement of cis-3 in CH2Cls.
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Figure S66. Lifetime measurement of trans-4 in CHxCls.
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Figure S67. Lifetime measurement of cis-5 in CH2Cls.
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Figure S77. Cyclic Voltammograms of cis-2 and trans-2 in DCM containing 0.1M
NBu4PFe (V vs. AgCI/Ag).
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Figure S78. Cyclic Voltammograms of cis-3 and trans-3 in DCM containing 0.1M
NBusPFs (V vs. AgCI/Ag).
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Figure S79. Cyclic Voltammograms of cis-4 and trans-4 in DCM containing 0.1M
NBusPFs (V vs. AgCI/AQ).
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Figure S80. Cyclic Voltammograms of cis-5 and trans-5 in DCM containing 0.1M
NBusPFs (V vs. AgCI/Ag).
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Figure S81. Cyclic Voltammograms of cis-3 in DCM containing 0.1M NBu4PFs (V vs.
AgCl/Ag) with different scan rates.
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Figure S82. Average NICS(1) value vs average &g.1s for 1-5 in this work.
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Figure S83. Correlation between regioisomeric effect and aromaticity estimated by

average chemical shifts of N-Hs in cis/trans-isomers.
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Figure S84. Correlation between regioisomeric effect and aromaticity estimated by

average chemical shifts of B8-Hs in cis/trans-isomers.
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Figure S85. Correlation between regioisomeric effect (position of the Soret bands) and
aromaticity estimated by the average NICS(1) value in the cis/trans-isomers.
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Figure S$86. Observed Q band energy versus the calculated HOMO-LUMO gap in 1-

5.
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Figure S87. The experimental Q band wavelength versus the theoretical Q band

wavelength in 1-5.
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Figure S88. The oscillator strength, f, of the Q. band versus the calculated AHOMO in

1-5.
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