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ABSTRACT. The synthesis and characterization of zinc(Il) meso-pyridin-2-ylthio-porphyrins
are presented in this manuscript. The (electro)chemical oxidation of [5-(pyridin-2-ylthio)-10,20-
bis(p-tolyl)-15-phenylporphyrinato]  zinc(Il)  or  [5,15-bis(pyridin-2-ylthio)-10,20-bis(p-

tolyl)porphyrinato] zinc(II) leads to the formation of one or two C-N bond(s) by intramolecular



nucleophilic attack of the peripheral thiopyridinyl fragment(s) on the neighboring B-pyrrolic
position(s) (C-N fusion reaction). Besides, the chemical oxidation of [5-(pyridin-2-ylthio)-10,20-
bis(p-tolyl)porphyrinato] zinc(Il), i.e. bearing one free meso position, mainly affords the
meso,meso-dimer. Further stepwise electrochemical oxidation selectively produces the mono and
bis C-N fused meso,meso-dimer. The resulting pyridinium derivatives exhibits important changes
in their physico-chemical properties (NMR, UV-vis., CV) as compared to their initial unfused
precursors. Also the X-ray crystallographic structures of three unfused monomers, one unfused

meso,meso-dimer and two C-N fused monomers are presented.

INTRODUCTION

Extending the n-conjugation of aromatic molecules via C-C or C-N coupling(s) with peripheral
aromatic fragment(s) has been the focus of numerous researches over the last two decades.! As
compared to their unfused precursors, the resulting extended structures demonstrate important
modification of their electronic properties (bathochromic shift of their absorption/emission
spectrum, two-photon cross-section increase, decrease of the HOMO-LUMO gap amongst
others) and find applications in photovoltaic cells,>® molecular electronics,* photodynamic
therapy,® non-linear optical materials,® near-IR electroluminescence displays, just to mention a

few.” More specifically with porphyrinoids, C-C and C-N fusion reactions have been performed
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starting with halogenated precursors,®'* using transition metals (silver,!' iron, copper,
palladium,’ scandium,'* gold),'” organic oxidants (DDQ, PIDA,'® PIFA...), reducing agents such
as P(OEt;3),!” by heating!'®!° or SNAr reaction.?’ These syntheses are often performed under harsh

conditions (oxidants in large excess, high temperature, acidic medium, etc.). When the n-system



is extended, the fused compounds are generally more easily oxidized that could lead to their
oxidative overoxidation/degradation. In 2013 and 2014, Kadish, Gryko and co-workers presented
the first examples of electrochemically-driven oxidative C-C fusion reaction between several
porphyrin complexes (Zn(I), Ni(II), In(IIl), Ir(Ill)) and free-base with their peripheral
dimethoxynaphtalene substituent.?!*? In these reports, the authors showed that the formation of
the porphyrin dication was required to promote the intramolecular C-C coupling. At the end of
the electrolysis, the fused compounds were in their oxidized and reactive dicationic state. Thus to
avoid their degradation, a consecutive reduction step was performed to recover their neutral
state. Recently we speculated that a peripheral imine-based substituent would generate a positive

23 as already

charge during the oxidative intramolecular C-N coupling with the porphyrin core,
observed in an intermolecular fashion with pyridine.?*? Thus the fused compound may be more
difficult to oxidize than its unfused precursor. Consequently, when applying a potential that
corresponds to the first oxidation potential of the unfused precursor, the C-N fused target should
not be overoxidized, contrarily to what can be often observed in common oxidative fusion
process. Despite numerous examples of electrochemical C-N oxidative fusion in the literature,>*
37 only few examples described the preparation of C-N fused iminium derivatives. The first one
was reported by Popp in 1972 and described the electrochemically-driven oxidative C-N fusion
of a pyridinyl-naphthol derivative. After nucleophilic attack of the pyridine substituent on the
oxidized naphthol fragment, a new 5-membered ring was formed and the pyridinium cation was
obtained in low yield.*® The second example was published in 2015 by the Yoshida’s group.*” In
this report, an electrochemical intramolecular C-N coupling between the phenyl moiety and thio-

or hydroxypyrimidine substituents was achieved in high yield affording new five-membered

rings. It should be noted that the cyclized cationic products were not isolated and were used as



intermediates for the synthesis of pharmaceutical targets. In line with former studies that
concerned peripheral reactivity of metalloporphyrins,**~? we reported in 2018 the oxidative C-N
intramolecular coupling of nickel(Il) meso-pyridin-2-ylthioporphyrins (Ni-6, Ni-7 and Ni-8, M =
Ni, Scheme 1).2 The chemical and electrochemical oxidation of the porphyrins led to the
formation of new cationic and planar fused compounds in good yields. As anticipated, the fused
products were oxidized at higher potential than their unfused precursors that explained the good
selectivity of the C-N fusion reaction. Moreover, a mechanism for the oxidative intramolecular
C-N coupling reaction was proposed based on theoretical calculations and cyclic voltammetry
analyses. It was shown that the porphyrin cation radical was very reactive (¢12 < 1 ms range) and
underwent a fast C-N fusion reaction. Besides, the fused compounds showed significant red
bathochromic shift of their UV-visible absorption spectrum. In the continuity of this preliminary
work on the C-N oxidative fusion of nickel(Il) porphyrins, we present in this manuscript new
developments with the zinc(II) complex analogues that demonstrate similar (for Zn-6 and Zn-8,
Scheme 1) but also totally different (for the meso-unsubstituted porphyrin Zn-7, Scheme 1)

reactivities during their oxidation.

EXPERIMENTAL SECTION

Materials. Unless otherwise noted, all reactions were carried out without protection from air.
CH>Clz, MeCN and DMF were dried over alumina cartridges using a solvent purification system
PureSolv PS-MD-5 model from Innovative Technology and kept under argon. All other solvents
used for reactions were obtained from commercial suppliers and used as received. 1, 2, Zn-2, 3,
4,5, 7Zn-5, 6,7, 8 were synthesized according to known procedures.?**>>° TLC were carried out
on Merck DC Kieselgel 60 F-254 aluminium sheets. The spots were directly observed by naked

eyes or through illumination with UV lamp (4 = 254/365 nm). Column chromatography



purifications were performed manually on silica gel (SiO2, 40-63 pum, Sigma-Aldrich, technical
grade).

Instruments and methods. 'H-, *C-, '’F- and *'P-NMR spectra were recorded either on a
Bruker Avance 300, on a Bruker Avance 500 or on a Bruker Avance 600 III HD spectrometer.
Chemical shifts are expressed in parts per million (ppm) from the residual non-deuterated solvent

signal.®

J values are expressed in Hz. High-resolution mass spectra (HRMS) were recorded
either on a Thermo LTQ Orbitrap XL apparatus equipped with an ESI source or on a Bruker
UltraflexIl LRF 2000 MALDI-TOF mass spectrometer (matrix: dithranol). UV-visible
absorption spectra were recorded on a VARIAN Cary 50 UV-Visible spectrophotometer using
quartz cells. Emission spectra were recorded on a JASCO FP8500 spectrofluorometer in a 10
mm path-length quartz cuvette (Starna) containing 1 mL of a solution of the zinc(I) complexes
in DMSO. Measurement parameters were common for each measured compound: Aex = 447 nm,

Aem = 525-700 nm, Ex and Em slits = 5 nm, 1 nm pitch, 1 s response, scan speed = 200

nm-min ") at 20 °C.

Electrochemistry. All manipulations were performed using Schlenk techniques in an
atmosphere of dry oxygen-free argon at room temperature (7 = 20°C + 3°C). The supporting
electrolyte (tetraethylammonium tetrafluoroborate or tetra-n-butylammonium
hexafluorophosphate (TEABF4 or TBAPFs) was degassed under vacuum before use and then
dissolved in CH,Cl, (unless otherwise noted) to a concentration of 0.1 mol L. The following
electrolyte volumes (unless otherwise noted) were used for voltammetric analyses and bulk
electrolyses: anodic compartment: V' = 20 mL; cathodic compartment: V' = 5 mL; reference

electrode compartment: V=5 mL.



Cyclic Voltammetry. Voltammetric analyses were carried out in a standard three-electrode
cell, with Biologic SP-300 potentiostat, connected to an interfaced computer that employed EC-
Lab (v. 11.25) software. The reference electrode was a saturated calomel electrode (SCE)
separated from the analyzed solution by a sintered glass disk filled with the background solution.
The auxiliary electrode was a platinum foil separated from the analyzed solution by a sintered
glass disk filled with the background solution. For all voltammetric measurements, the working
electrode was a platinum electrode (J = 2 mm). Before each voltammetric analysis, the Pt
electrode was polished with a diamond suspension. In these conditions, when operating in
CH2Cl> (0.1 M TBAPFs or 0.1 M TEABF4) or in CH,Cl/CH3CN 4:1 v/v (0.1 M TEABF,), the
formal potential for the ferrocene (+/0) couple was +0.46 V or +0.40 V vs SCE, respectively.

Bulk electrolyses. Bulk electrolyses were performed in CH2Cl 0.1 M TEABF; (unless
otherwise noted) at controlled potential in a cell with three compartments separated with glass
frits of medium porosity with a Biologic SP-300 potentiostat, connected to an interfaced
computer that employed EC-Lab (v. 11.25) software. Two platinum wire spirals (/ = 50 cm, g =
1 mm for each spiral, Sir= 2x15 = 30 cm? ) were used as working electrodes, a Pt plate (ca. 30
cm?) or spiral (ca. 15 cm?) was used as the counter electrode and a saturated calomel electrode
was used as the reference electrode. Electrolyses were followed by TLC analyses and CV
analyses and were stopped when the starting porphyrins were consumed.

Computational details

All DFT and TD-DFT calculations were performed using the Gaussian 16 package.®! Energy
and forces were computed by density functional theory with the hybrid B3PWO91 exchange-
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correlation functional.” The solvent effects were modelled by means of the continuum model as

implemented in Gaussian. In addition, dispersion effects have been considered using the D3



dispersion correction suggested by Grimme et al. with Becke-Johnson damping.®® Geometries
were optimized and characterized with the 6-31+G(d,p) basis set. Molecular orbitals were plotted
using ChemCraft.* As the excited states are very delocalized (spanning over the full molecules),
UV-visible simulations were conducted using the range-separated ®B97X-D functional®® with
the extended 6-311+G(2d,p) basis set.

Synthesis and characterization.

[S5-(Pyridin-2-ylthio)-10,20-bis(p-tolyl)-15-phenylporphyrinato] zinc(II) Zn-6. A solution
of 62 (187.15 mg, 2.78x10"! mmol, 1.0 eq.) and Zn(OAc),.2H>0 (121.61 mg, 5.54x10! mmol,
2.0 eq.) in CHCI; (17.5 mL) and CH30H (6.4 mL) was stirred at 60 °C for 1.5 h, monitoring the
progress of the reaction by TLC (SiO2, CH2Cl). The solvent was then removed by rotary
evaporation and the crude product was recrystallized in a CH2Clo/CH30H mixture. The resulting
precipitate was washed with CH3OH and dried at 150 °C under vacuum for 1 h giving Zn-6 in
90% yield (184.14 mg, 2.49x10" mmol). '"H NMR ((CD3)>CO + one drop pyridine-ds, 500 MHz,
298 K): 6 (ppm) 9.87 (d, *Ju.n = 4.6 Hz, 2H), 8.92 (d, *Ju.u = 4.6 Hz, 2H), 8.84 (d, *Jun = 4.6
Hz, 2H), 8.83 (d, *Ju.n = 4.6 Hz, 2H), 8.34 (ddd,’Juu = 4.9 Hz, “Ju.n = 1.9 Hz, °Jun = 0.9 Hz,
1H), 8.21 — 8.18 (m, 2H), 8.07 (d, *Ju.n = 7.9 Hz, 4H), 7.83 — 7.74 (m, 3H), 7.59 (d, *Ju.n = 7.4
Hz, 4H), 7.00 (ddd, *Ju.u = 8.4 Hz, 3Ju.n = 7.4 Hz, “Ju.n = 1.9 Hz, 1H), 6.87 (ddd, *Ju.u = 7.4 Hz,
3Jun = 4.9 Hz, “Jun = 0.9 Hz, 1H), 5.91 (d, *Jun = 8.4 Hz, 1H), 2.68 (s, 6H); *C{'H} NMR
((CD3)2CO + one drop pyridine-ds, 126 MHz, 298 K): ¢ (ppm) 155.8, 151.8, 151.7, 140.9, 138.0,
137.3,135.2, 135.1, 134.0, 132.9, 132.4, 128.5, 128.0, 127.3, 122.5, 121.7, 119.9, 21.5; R¢ 0.66
(Si02, CH2Cl2); Amax (CH2CL2) / nm (log ¢): 424 (5.72), 552 (4.34), 591 (3.74); HRMS (ESI+):

m/z cald for C4sH32NsSZn [M + H]" 738.16644, found 738.16678.



[5-(Pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato] zinc(II) Zn-7. A solution of 7%
(403.01 mg, 6.72x10"" mmol, 1.0 eq.) and Zn(OAc)2.2H20 (294.97 mg, 1.34 mmol, 2.0 eq.) in
CHCIs (42.5 mL) and CH30H (15.4 mL) was stirred at 60 °C for 1.5 h, monitoring the progress
of the reaction by TLC (SiO2, CH2Cl,). The solvent was then evaporated and the crude product
was recrystallized in CH>Clo/CH30H mixture. The precipitate obtained was washed with CH;0OH
and dried at 110 °C overnight to give Zn-7 in 89% yield (397.52 mg, 6.0x10"! mmol). 'H NMR
((CD3)280, 500 MHz, 298 K): J (ppm) 10.40 (s, 1H), 9.82 (d, *Jun = 4.6 Hz, 2H), 9.48 (d, *Jun
= 4.4 Hz, 2H), 8.89 (d, *Jun = 4,5 Hz, 4H), 8.38 (d, *Ju.u = 4,5 Hz, 1H), 8.08 (d, *Ju.n = 7.4 Hz,
4H), 7.61 (d, *Jun = 7,4 Hz, 4H), 7.17 (br dd, 1H), 6.95 (br dd, 1H), 6.07 (d, *Ju.u = 8.4 Hz, 1H),
2.68 (s, 6H); *C{'H} NMR ((CD3).S0O, 126 MHz, 298 K): 6 (ppm) 165.3, 153.6, 150.2, 149.9,
149.0, 148.9, 139.3, 137.0, 136.8, 134.2, 133.0, 132.7, 131.8, 131.5, 127.3, 120.9, 120.6, 119.4,
108.6, 103.1, 21.1; Rf 0.48 (Si02, CH2Cl2); Amax (CH2CL2) / nm (log ¢): 306 (4.16), 419 (5.52),
547 (4.18); HRMS (ESI+): m/z cald for C3oH2sNsSZn [M + H]" 662.13514, found 662.13721.

Bis-meso,meso-linked-[5-(Pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato] zinc(II) (Zn-
7)2. A solution of Zn-7 (841.35 mg, 1.269 mmol, 1.0 eq.), K»COs (353.56 mg, 2.558 mmol, 2.0
eq.) and PIFA (327.29 mg, 0.761 mmol, 0.6 eq.) in CHCIl; (200 mL) was stirred at room
temperature for 75 min. Then 1.5 mL of pyridine were added and the solvent was then
evaporated. The crude product was purified by column chromatography (SiO2, CH>Cly/n-
heptane/pyridine (70:29.5:0.5 v/v), h =20 cm, @ = 7.5 cm). After discarding the two first blue
(unknown product) and pink/purple (Zn-7) fractions, the polarity of the eluent was increased
(CH2Cly/pyridine (99.5:0.5 v/v). The third yellow/green/brown fraction corresponded to (Zn-7)a.
This latter was recrystallized in a CH2Clo/n-pentane mixture. The precipitate was washed with n-

pentane and dried at 150 °C under vacuum for 3 h to give (Zn-7)2 in 71% yield (761.33 mg,



0.451 mmol, the molecular weight of (Zn-7)2 was calculated with 4.6 molecules of pyridine
(M.W.= 1688.0932 g.mol ™), in agreement with the 'H NMR spectrum of (Zn-7)2 in DMSO, see
Figure S18). 'H NMR (THF-ds, 500 MHz, 298 K): 6 (ppm) 9.96 (d, *Ju.u = 4.7 Hz, 4H), 8.94 (d,
3Ju-n = 4.7 Hz, 4H), 8.51 (d, *Jun = 4.6 Hz, 4H), 8.34 (d, *Ju.n = 4.5 Hz, 2H), 8.07 (d, *Jun =
8.0 Hz, 8H), 7.98 (d, *Ju.n = 4.6 Hz, 4H), 7.48 (d, *Ju.n = 8.0 Hz, 8H), 7.02 (m, 2H), ~6.83 (m,
2H), 6.13 (d, *Jun = 8.2 Hz, 2H), 2.59 (s, 12H); *C{'H} NMR (THF-ds, 126 MHz, 298 K): §
(ppm) 155.9, 155.3, 152.2, 151.2, 149.7, 148.8, 141.2, 137.8, 136.9, 136.7, 135.1, 134.6, 133.6,
132.5, 131.9, 127.8, 124.1, 123.2, 122.7, 121.9, 119.6, 105.9; 21.4; R 0.11 (SiO2, CH2Cl2); Amax
(DMSO) / nm (log ¢): 323 (4.61), 432 (5.44), 468 (5.51), 574 (4.78), 624 (4.34); HRMS (ESI+):
m/z cald for C7sHs3N10S2Zn> [M + H]™ 1321.24735, found 1321.24507.
[5,15-Bis(pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato] zinc(II) Zn-8. A solution of 8
(154.80 mg, 2.18x10! mmol, 1.0 eq.) and Zn(OAc)2.2H>0 (95.90 mg, 4.37x10"! mmol, 2.0 eq.)
in a mixture of CHCI3 (13.8 mL) and CH3OH (5.0 mL) was stirred at 60 °C for 1.5 h, monitoring
the progress of the reaction by TLC (SiO2, CH2Clz). The solvent was then removed by rotary
evaporation and the crude product was recrystallized in a CH2Cl/CH;OH mixture. The
precipitate obtained was washed with CH30H and dried at 150 °C under vacuum for 1.75 h to
give Zn-8 in 93% yield (157.60 mg, 2.04x10°! mmol). "H NMR ((CDs)2S0, 500 MHz, 298 K): §
(ppm) 9.80 (d, *Ju.n = 4.7 Hz, 4H), 8.82 (d, *Ju.n = 4.7 Hz, 4H), 8.35 (ddd, *Jun = 4.9 Hz, *Ju.n
= 1.8 Hz, °Jun = 0.9 Hz, 2H), 8.05 (d, *Ju.n = 7.8 Hz, 4H), 7.60 (d, *Ju.n = 7.8 Hz, 4 H), 7.24
(ddd, *Jun = 8.4 Hz, *Jun = 7.4 Hz, *Juu = 1.8 Hz, 2H), 6.98 (ddd, *Jun = 7.3 Hz, *Jun = 4.9
Hz, 3Jun = 0.9 Hz, 2H), 6.16 (d, *Ju.n = 8.4 Hz, 2H), 2.63 (s, 6H); Rr 0.11 (SiO2, CH2CL2); Amax
(CH2Cl) / nm (log €): 320 (4.34), 436 (5.65), 568 (4.11), 601 (3.96), 623 (4.12); HRMS (ESI+):

m/z cald for C44H31N6S2Zn [M + H]" 771.13376, found 771.13602.



Fused [5-(Pyridin-2-ylthio)-10,20-bis(p-tolyl)-15-phenylporphyrinato] zinc(Il) (Zn-
6",PFs"). Chemical oxidation. A solution of Zn-6 (50.01 mg, 6.77x102 mmol, 1.0 eq.), PIFA
(29.12 mg, 6.77x102 mmol, 1.0 eq.) and K»COs (18.97 mg, 1.36 x10"! mmol, 2.0 eq.) in dry
CHxCl, (12.5 mL) was stirred at room temperature for 1 h, monitoring the progress of the
reaction by TLC (SiO2, CH2Cl,). At that time, an additional amount of PIFA (5.83 mg, 1.36x1072
mmol, 0.2 eq.) was added. After 1 h, the solvent was evaporated. The crude product which bears
the CF3COO" counter-anion, as attested by '°’F NMR analysis, was eluted with CH3CN through
an anion-exchange resin (AMBERLIT™ IRA 96 resin) previously saturated with PF¢ anions.
The solvent was then removed under vacuum and the product was recrystallized in a CH>Cla/n-
hexane mixture. The precipitate was washed with n-hexane and dried at 150 °C under vacuum
for 2.5 h giving Zn-6",PFs in 91% yield (54.72 mg, 6.20x102 mmol). Electrochemical
oxidation. Zn-6 (50.05 mg, 6.77x102 mmol, 1.0 eq.) was electrolyzed at Eapp = 0.86 V/SCE in
20 mL of CH2Cl2 0.1 M TEABF4 containing pyridine (1 eq.) and K2COs3 (2 eq.) under Ar, at RT,
under vigorous stirring. After abstraction of 2.0 £ 0.1 F/mol of porphyrin, the organic phase was
washed three times (3x50 mL) with water to remove the supporting electrolyte. The organic
solvent was evaporated and the crude mixture, which bears the BF4~ counter-anion, as attested by
F NMR analysis, was eluted with CH3CN through an anion exchange resin (AMBERLIT™
IRA96 resin) previously saturated with PF¢ anions. The solvent was then removed under
vacuum. The product was recrystallized in a CH>Clo/n-hexane mixture. The precipitate obtained
was filtered under vacuum, washed with n-hexane and dried at 150 °C under vacuum for 5 h to
give Zn-6*,PF¢ in 83% yield (49.56 mg, 5.61x10"2 mmol). 'H NMR ((CDs)SO, 500 MHz, 298
K): 6 (ppm) 10.38 (d, 3Ju.u = 6.6 Hz, 1H), 9.71 (s, 1H), 9.51 (d, *Jun = 4.6 Hz, 1H), 8.93 (d, *Ju-

u = 4.7 Hz, 1H), 8.87 (d, *Ju.u = 4.6 Hz, 1H), 8.85 (d, *Ju.u = 4.6 Hz, 1H), 8.81 (d, *Jun = 4.7

10



Hz, 1H), 8.78 (d, *Ji.u = 4.6 Hz, 1H), 8.54 (d, *Jun = 4.1 Hz, 1H), 8.39-8.34 (m, 1H), 8.21-8.18
(m, 2H), 8.14 (d, *Ju.n = 7.7 Hz, 2H), 8.11 (d, *Juu = 7.7 Hz, 2H), 8.04-8.01 (m, 1H), 7.88-7.81
(m, 3H), 7.72 (d, *Ju.u = 7.5 Hz, 2H), 7.66 (d, *Ju.u = 7.6 Hz, 2H), 2.76 (s, 3H), 2.71 (s, 3H);
BC{'H} NMR ((CD3)2S0, 151 MHz, 298 K): § (ppm) 151.3, 151.3, 150.8, 149.6, 148.9, 146.0,
142.6, 142.1, 138.6, 137.2, 134.3, 134.2, 134.1, 133.4, 128.0, 127.5, 126.8, 21.3, 21.1; ’F NMR
((CD3)2S0, 470 MHz, 298 K): 6 (ppm) -70.15 (d, 'Jep = 712.0 Hz); *'P NMR ((CD3):S0, 202
MHz, 298 K): § (ppm) -144.20 (hept, 'Jpr = 711.0 Hz); R¢ 0.52 (SiO2, CH>Cl/CH30H (9:1,
V/V)); Amax (CH2CL) / nm (log €): 320 (4.41), 432 (5.23), 573 (4.10), 613 (4,01); HRMS (ESI+):
m/z cald for C4sH30NsSZn [M — PFe]" 736.15079, found 736.15159.

Fused [5,15-Bis(pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato] zinc(I) Zn-8*,PFs".
Chemical oxidation. Zn-8 (49.99 mg, 64.7 umol, 1.0 eq.), K2COs (18.07 mg, 1.29x10!, 2.0 eq.)
and PIFA (27.84 mg, 6.47x10"2 mmol, 1.0 eq.) were introduced in a dry round bottom flask. Dry
CH2Cl> (12.5 mL) was added and the mixture was stirred at room temperature for 1 hour,
monitoring the progress of the reaction by TLC (SiO2, CH2ClL). At that time, an additional
amount of PIFA (5.56 mg, 1.29x102 mmol, 0.2 eq.) was added. After 1 hour, the solvent was
evaporated. The crude product which bears the CF3COO™ counter-anion, as attested by °F NMR
analysis, was eluted with CH3CN through an anion-exchange resin (AMBERLIT™ IRA96 resin)
previously saturated with PF¢ anions. The solvent was the removed under vacuum and the
product was purified by column chromatography (SiO2, CH2Clo/CH30H (from 98:2 to 9:1, v/v)
containing EtsN (1%, v/v)). Two fractions were collected, containing traces of unreacted
porphyrin Zn-8 (Fraction 1) and Zn-8",PF¢ (Fraction 2) and a third one was stucked on the top
of the column. Fraction 2 was recrystallized in CH2Clzo/n-hexane. The precipitate was filtered

under vacuum, washed with n-hexane and dried at 150 °C under vacuum for 1.5 h to give Zn-
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8*,PFs in 60 % yield (35.50 mg, 3.87x10 mmol). Electrochemical oxidation. Zn-8 (50.01 mg,
64.8 pumol) was electrolyzed at Eupp = 1.00 V/SCE in 20 mL of CH2Cl> 0.1 M TEABF4
containing pyridine (1 eq.) and K>CO3 (2 eq.) under Ar, at RT, under vigorous stirring. After
abstraction of 2.0 = 0.1 F/mol of porphyrin, the organic phase was washed 3 times (3 x 50 mL)
with water to remove the supporting electrolyte. The organic solvent was evaporated and the
crude mixture, which bears the BF4~ counter-anion as attested by '°’F NMR analysis, was eluted
with CH3CN through an anion exchange resin (AMBERLIT™ IRA96 resin) previously saturated
with PF¢ anions. The solvent was then removed under vacuum. The product was purified by
column chromatography (SiO2, CH>Clo/CH30H (9:1, v/v)). Two fractions were collected
containing traces of Zn-8 (Fraction 1) and Zn-8*,PFs (Fraction 2). Fraction 2 was evaporated
then recrystallized in a CH>Cly/n-hexane mixture. The precipitate obtained was washed with n-
hexane and dried at 150 °C under vacuum for 4.25 h to give Zn-8",PF¢” in 56% yield (33.11 mg,
37.5 umol). '"H NMR ((CD3)2S0, 500 MHz, 298 K): 6 (ppm) 10.34 (d, *Ju.n = 6.6 Hz, 1H), 9.78
(d, 3Jun = 4.7 Hz, 1H), 9.74 (d, *Jun = 4.7 Hz, 1H), 9.62 (s, 1H), 9.42 (d, 3Juu = 4.7 Hz, 1H),
8.88-8.79 (m, 3H), 8.51 (d, *Ju.n = 8.6 Hz, 1H), 8.38 (br dd, 1H), 8.29 (br d, 1H), 8.10 (d, *Jun =
7.4 Hz, 2H), 8.08 (d, *Ju.n = 7.4 Hz, 2H), 8.02 (br dd, 1H), 7.72 (d, *Juu = 7.5 Hz, 2H), 7.67 (d,
3Jun = 7.5 Hz, 2H), 7.39 (m, 1H), 7.03 (dd, *Ju.n = 7.4 Hz, *Ju.n = 4.9 Hz, 1H), 6.54 (d, *Jun =
8.4 Hz, 1H), 2.76 (s, 3H), 2.71 (s, 3H); C{'H} NMR ((CDs),S0, 151 MHz, 298 K): 6 (ppm)
164.3, 156.6, 156.3, 151.4, 150.2, 149.6, 149.2, 147.1, 146.7, 142.1, 139.8, 138.5, 138.2, 137.3,
137.2, 134.9, 134.8, 134.6, 134.3, 134.1, 133.3, 133.0, 132.5, 129.7, 128.0, 127.5, 123.3, 121.5,
121.0, 21.3, 21.1, 18.6; ’F NMR ((CD3)2SO, 470 MHz, 298 K): § (ppm) -70.15 (d, 'Jr-p = 711.4

Hz); 3'P NMR ((CD3).SO, 202 MHz, 298 K): J (ppm) -144.19 (hept, 'Jp.r = 711.0 Hz); R 0.48
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(S102, CH2Cl2/CH30H (9:1, v/v)); Amax (CH2Cl2) / nm (log ¢): 319 (4.50), 434 (5.26), 581 (4.10),
631 (3,99); HRMS (ESI+): m/z cald for C44H20N6S2Zn" [M—PFe]" 769.11811, found 769.11860.
Doubly-fused [5,15-Bis(pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato] zinc(IT) anti-Zn-
82" ,2BF4". Electrochemical oxidation. Zn-8 (40.20 mg, 5.15x102 mmol, 1.0 eq.) was dissolved
in 20 mL of 0.1 M TEABF4 CH>Clo/CH3CN (4:1) mixture. To improve the solubility of Zn-8,
pyridine (4.18 uL, 1 eq.) was added, then K»COs (28.63 mg, 2.07x10"! mmol, 4 eq.) was added.
The electrolysis was carried out under an argon atmosphere under vigorous stirring at room
temperature and at controlled potential (1.08 V/SCE). Electrolysis was stopped after an uptake of
4.0 F/mol of Zn-8. The solvent was removed by rotary evaporation. The crude solid was
dissolved in CH2Cl> and washed 3 times with water (3x100 mL) to remove the supporting
electrolyte. After evaporation of the solvent, the remaining solid was dissolved in a mixture
containing 5 mL of CH>Clz, 1 mL of pyridine and 1 mL of n-heptane. Evaporation of CH2Cl; led
to the crystallization of the product in the remaining pyridine/n-heptane mixture. The crystals
were filtered providing anti-Zn-82*,2BF4~ in 55% yield (27.02 mg, 2.86x10 mmol). '"H NMR
((CD3)2CO, 500 MHz, 298 K): § (ppm): 10.02 (d, *Ji.r = 4.5 Hz, 2H), 9.69 (s, 2H), 9.13 (br d,
2H), 9.00 (d, *Ju.i= 4.2 Hz, 2H), 8.41 (br dd, 2H), 8.28 (br d, 4H), 8.14 (br d, 2H), 8.06 (br dd,
2H), 7.83 (d, *Ju.n = 7.3 Hz, 4H), 2.89 (s, 6H); *C{'H} NMR ((CD3)CO, 600 MHz, 298 K):
150.6, 148.0, 146.2, 145.1, 140.8, 139.0, 138.3, 138.1, 135.6, 134.7, 131.6, 128.3, 126.5, 126.4,
124.1, 124.0, 117.7, 20.9; Amax (DMSO) / nm (log €): 306 (4.89), 443 (5.59), 460 (5.51), 558
(4.12), 600 (4.35), 641 (4.73), 661 (4.67); HRMS (ESI+): m/z cald for CssH2sNeS2Zn?*
[M—2BF4 ]** 384.05487, found 384.05457.
Mono-fused-bis-meso,meso-linked-[5-(Pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato]

zinc(IT) (Zn-7):*,BF4". (Zn-7): (40.04 mg, 2.372x102 mmol, 1.0 eq., the molecular weight of
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(Zn-7)2 was calculated with 4.6 eq. of pyridine (M.W. = 1688.0932 g.mol!), in agreement with
the '"H NMR of (Zn-7): in DMSO, Figure S18) was dissolved in 24 mL of 0.1 M TEABF4
CH>Cl/CH3CN (4:1) mixture. To improve the solubility of (Zn-7)2, pyridine (3.8 uL, 2.0 eq.)
was added. The electrolysis was carried out under an argon atmosphere under vigorous stirring at
room temperature and at controlled potential (Eapp = 0.92 V/SCE). Electrolysis was stopped after
an uptake of 2.2 F/mol of porphyrin and the solvent was removed by rotary evaporation. The
crude solid was dissolved in CH>Cl, and washed three times (3%x100 mL) with water to remove
the supporting electrolyte. The product was purified by column chromatography (SiO2, CH2Cl;
containing 5% CH3OH and 1% pyridine). The fractions containing (Zn-7)2*,BF4~ were gathered,
solvents were evaporated and the remaining solid was recrystallized in CH2Clz/n-heptane and
dried under vacuum at 180 °C for 2 h to give (Zn-7)2",BF4~ in 57% yield (19.16 mg, 1.352x10
mmol, the molecular weight of (Zn-7)2*,BF4~ was calculated with 0.08 molecule of pyridine
(M.W. = 1416.3478 g.mol’!, in agreement with the 'H NMR spectrum of (Zn-7)2",BF4™ in
DMSO-d, Figure S46). '"H NMR ((CD3)2SO, 500 MHz, 298 K): 6 (ppm): 10.71 (br d,1H), 9.93
(s, 1H), 9.85 (d, Ju.n=4.4 Hz, 2H), 9.79 (br d, 1H), 9.08 (br d, 1H), 8.98 (br d,1H), 8.88 (d, *Ju.u
=4.5 Hz, 2H), 8.67 (br dd, 1H), 8.55 (m, 2H), 8.51 (d, *Ju.z=4.0 Hz, 2H), 8.43 (br d, 1H), 8.27
(br dd, 1H), 8.13 (d, *Jun=7.2 Hz, 1H), 8.08 (masked d, 2H), 8.05 (d, *Ju.z=7.8 Hz, 4H), 7.93
(m, 4H), 7.61 (d, *Ju; =7.2 Hz, 2H), 7.55 (d, *Ju-n =7.4 Hz, 2H), 7.50 (d; *Ju.t =7.3 Hz, 4H),
7.28 (br dd, 1H), 7.02 (br dd, 1H), 6.18 (d, >J#.z=8.0 Hz, 1H), 2.63 (s, 3H), 2.59 (s, 3H), 2.56 (s,
6H). BC{'H} NMR ((CD3).SO, 500 MHz, 298 K): 165.7, 156.2, 154.6, 154.4, 151.1, 151.0,
150.1, 149.9, 149.8, 149.5, 148.7, 147.0, 143.1, 140.9, 139.7, 139.3, 139.1, 137.6, 137.5, 137.2,
136.7,135.7, 135.0, 134.6, 133.9, 133.6, 133.3, 132.2, 132.0, 131.0, 128.4, 127.8, 127.7, 124 .4,

124.1, 122.6, 122.2, 121.5, 121.4, 120.1, 119.7, 116.9, 105.5, 104.4, 21.6, 21.4. Amax (DMSO)/
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nm (log €): 319 (4.99), 436 (5.63), 471 (5.64), 568 (4.85), 585 (4.87), 633 (4.81); HRMS (ESI+):
m/z cald for C78Hs1N10S2Zn>" [M—BF4 " 1319.2317, found 1319.2328.
Difused-bis-meso,meso-linked-[S-(Pyridin-2-ylthio)-10,20-bis(p-tolyl)porphyrinato]

zinc(Il) (Zn-7)22*,2BF4". (Zn-7)2 (40.02 mg, 2.371x102 mmol, 1.0 eq., the molecular weight of
(Zn-7)2 was calculated with 4.6 eq. of pyridine (M.W. = 1688.0932 g.mol!), in agreement with
the '"H NMR of (Zn-7): in DMSO, Figure S18) was dissolved in 24 mL of 0.1 M TEABF4
CH2CL/CH3CN (4:1) mixture. To improve the solubility of (Zn-7)2, pyridine (4 pL, 2.0 eq.) was
added. The electrolysis was carried out under an argon atmosphere under vigorous stirring at
room temperature and at controlled potential (Eapp = 0.92 V/SCE. Electrolysis was stopped after
an uptake of 4.8 F/mol of (Zn-7)2 and the solvent was removed by rotary evaporation. The crude
solid was dissolved in CH>Cl, and washed 3 times (3x100 mL) with water to remove the
supporting electrolyte. The product was purified by column chromatography (SiO2, CH2Cl
containing 5% CH3OH and 1% pyridine). The fractions containing (Zn-7)2**,2BF4~ were
gathered, solvents were evaporated and the remaining solid was recrystallized in CH2Clz/n-
heptane and dried at 180 °C for 2h to give (Zn-7)2**,2BF4~ in 98% yield (35.10 mg, 2.335x10°
mmol, the molecular weight of (Zn-7)2**,2BF4~ was calculated with 0.09 molecule of pyridine
(M.W. = 1502.9344 g.mol™'), in agreement with the '"H NMR spectrum of (Zn-7)22*,2BF4™ in
DMSO, Fig. $52). '"H NMR ((CDs)2S0, 500 MHz, 298 K): 6 (ppm) 10.72 (d, *Ju.n= 6.2 Hz, 2H),
9.94 (s, 2H), 9.80 (d, *Jun= 4.5 Hz, 2H), 9.07 (d, *Juu= 8.5 Hz, 2H), 8.99 (d, *Jun= 4.5 Hz ,
2H), 8.67 (br dd, 2H), 8.60 (d, *Ji.u= 4.5 Hz, 2H), 8.59 (d, *Ju.u= 4.5 Hz, 2H), 8.27 (br dd, 2H),
8.14 (d, *Ji= 7.5 Hz, 4H), 8.09 (d, *Ju.u= 7.5 Hz, 4H), 7.99 (d, 3Ju.p = 4.5 Hz, 2H), 7.94 (d,
3Jun=4.5 Hz, 2H), 7.63 (d, Ju.u= 7.7 Hz, 4H), 7.56 (d, *Ji.u= 7.6 Hz, 4H), 2.64 (s, 6H), 2.60

(s, 6H). BC{'H} NMR ((CD3)SO, 500 MHz, 298 K): & (ppm) 155.9, 155.8, 150.5, 149.5, 149.3,
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148.2, 146.6, 142.7, 140.8, 140.5, 138.8, 138.6, 137.14, 137.09, 135.3, 134.6, 134.1, 134.0,
133.5, 133.2, 133.0, 130.6, 127.9, 127.4, 127.0, 125.7, 124.0, 123.7, 121.8, 118.8, 116.5, 105.2,
21.1, 21.0; Amax (DMSO)/nm (log ¢): 319 (4.77), 449 (5.22), 476 (5.41), 548 (4.24), 591 (4.50),
638 (4.62); HRMS (ESI+): m/z cald for C7sHsiN1S2Zn2%" [M—2BF4]*" 659.1117, found
659.1142.

RESULTS AND DISCUSSION

Synthesis and characterization of unfused porphyrins Zn-6, Zn-7 and Zn-8.

The synthesis of the unfused porphyrins Zn-6, Zn-7 and Zn-8 is depicted in Scheme 1 and is
close to the one previously reported for the nickel(II) analogues.?® Briefly, 3 and 4 were prepared
via bromination of 5,15-bis(p-tolyl)-10-phenylporphyrin 1 and 5,15-bis(p-tolyl)porphyrin 2 with
1.2 and 0.8 eq. of N-bromosuccinimide (NBS), respectively. For the synthesis of 4 a
substoichiometric amount of NBS was used to favor the monobromination. Thus, starting from 2,
a mixture of 2 (28%), 4 (60%) and 5 (12%) that was not possible to purify was obtained (yields
estimated from '"H NMR analysis). The bis-meso-brominated free-base porphyrin 5 was more
efficiently synthesized from 2 after zinc(Il) metalation (Zn-2), dibromination (Zn-5) and finally
demetalation with trifluoroacetic acid (5).°® The next step consisted in the aromatic nucleophilic
substitution (SnAr)®®7? of the bromine atom with 2-mercaptopyridine.> The free-base
porphyrins 6, 7 and 8 were obtained in 78, 61 and 68% yield, respectively. Final quantitative
zinc(Il) insertion into these free-bases afforded the unfused porphyrins Zn-6, Zn-7 and Zn-8.

Scheme 1. Synthesis of porphyrins Zn-6, Zn-7 and Zn-8.
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1 (R=Ph, R'=H, M=H,H) 3 (R=Ph, M=H,H) i 6 (R=Ph, M=H,H)
i 2 (R=R'=H, M=H,H) 4 (R=H, M=H,H) Zn-6 (R=Ph, M=2Zn)
Zn-2 (R=R'=H, M=Zn) 5 (R=Br, M=H,H) )E 7 (R=H, M=H,H)
|: Zn-5 (R=Br, M=Zn) Zn-7 (R=H, M=Zn)
5 (R=Br, M=H,H) '”)I-: (R= pyrldln -2-ylthio, M=H,H)
Zn-8 (R=pyridin-2-ylthio, M=Zn)

mixture {

Conditions: i) NBS, CHCIs, pyridine, 0 °C; ii) 2-mercaptopyridine, Cs,CO3, DMF, 100 °C, Ar;
iii) Zn(OAC),.2H,0 (2 eq.), CHCI3/MeOH, 60 °C: iv) TFA/CH,Cl,

Zn-6, Zn-7 and Zn-8 were fully characterized by NMR, HRMS, UV-vis absorption
spectroscopy, cyclic voltammetry and for Zn-7 and Zn-8, by X-ray crystallography. The
crystallographic structure of the free-base 7 is also presented in this manuscript.

For Zn-6, Zn-7 and Zn-8, non-soluble coordination polymers may form in non-coordinating
solvent due to the intermolecular coordination of the pyridinyl moiety on the zinc(Il) atom of
another porphyrin. This assertion is supported by molecular modeling for Zn-6 and Zn-8 (see
Figures S90 and S91) as well as by the X-ray crystallographic structure of Zn-8 (see below). The
formation of pyridinyl-zinc(II)-porphyrin-based coordination oligomers and polymers have
already been reported in the literature.”>** The most common examples concern tetramer’>#2 but
polymer®> and double-stranded coordination helices have also been reported.®* Thus NMR
analyses were performed with coordinating solvents ((CD3).CO/pyridine-ds mixture or
(CD3)2S0) to reach a sufficiently high concentration of these zinc(II) complexes in solution as
well as to improve the resolution of the signals. Indeed, these 'H NMR spectra exhibit common

features with four signals attributed to the pyridinyl fragments between 5.90 and 8.40 ppm, two
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(Zn-8) or four (Zn-6 and Zn-7) B-pyrrolic doublets between 8.81 and 9.88 ppm, two doublets for
the CH-tolyl fragments between 7.58 and 8.08 ppm and one singlet attributed to the methyl
group between 2.64 and 2.68 ppm (see the 'H NMR spectrum of Zn-8 in Figure 1, top, as an

illustrating example).
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Figure 1. Partial '"H NMR spectra of Zn-8 (top), Zn-8" ,PFs  (middle) and Zn-82",2BF4"

(bottom). Conditions: (CD3).SO, 500 MHz, 300 K.

The X-ray crystallographic structures of 7, Zn-7 and Zn-8 are presented in Fig. 2-4 and

additional views are shown in Fig. S83-S84 for Zn-8. For these molecules, the RMS deviation,
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which was calculated with the 24 C and N atoms of the porphyrin ring is 0.0974, 0.1146 and
0.1766 A, respectively. The Cueso-S distance(s) are 1.785(3), 1.778(2), 1.770(3) and 1.772(3) A,
respectively which are comparable with other meso-S-porphyrins®>867087 (1,754 < d(Cpeso-S) <
1.856 A) and the analogous nickel(II) complexes Ni-6 and Ni-7 (1.772(3) and 1.779(3) A,
respectively).? The Ceso-S-Cpyrigine angles measure 103.68(17), 103.09(9), 106.15(16) and
103.19(14)°, respectively, in the same range as those reported for Ceso-S-R angles (101.50 <
Chmeso-S-R < 108.22°, with R = C or S atom).?>*¢7%%7 The Cporph-Cimeso-S-Chyridine torsion angles
are —71.4(3), —87.50(17), 66.8(4) and 87.3(3)°, respectively. For the zinc(Il) complexes Zn-7
and Zn-8, the distance between the zinc(Il) atom and the mean plane of the porphyrin is
0.3441(5) and 0.3927(7) A, respectively, whereas the distance between the metal and the
nitrogen atoms from the porphyrins varies from 2.0560(3) to 2.0800(16) A. Zn-7 and Zn-8 are
both coordinated by one pyridine moiety coming either from exogenous pyridine added to favor
the crystallization process (Zn-7, d(Zn-Npyrigine) = 2.1392(16) A) or endogenous thiopyridinyl
fragment from another porphyrin molecule (Zn-8, d(Zn-Npyrigine) = 2.223(3) A). Interestingly, a
triangular-shaped coordination trimer is revealed by the X-ray crystallographic structure of Zn-8.

Coordination trimers are very rare®!:888

and to the best our knowledge the sole pyridinyl-
porphyrin-based trimer X-ray crystallographic structure was reported in 2006 by Higuchi, Kim,

Osuka and co-workers.®!
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Figure 2. Front (top) and side (bottom) Mercury® views of 7. Thermal ellipsoids are scaled to

the 50% probability level.
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Figure 3. Front (top) and side (bottom) Mercury®® views of Zn-7epyridine. Thermal ellipsoids

are scaled to the 50% probability level.
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Figure 4. Side Mercury”® views of Zn-8 coordination trimer. Thermal ellipsoids are scaled to the

50% probability level. Solvent molecules have been removed for clarity.

The redox properties of Zn-6, Zn-7 and Zn-8 were assessed by cyclic voltammetry (CV) in
CH:Cl2 0.1 M tetra-n-butylammonium hexafluorophosphate (TBAPFs, see Figure 5). All the
potentials mentioned in this manuscript are given vs the KCl saturated calomel electrode (SCE).
The porphyrins were only partially soluble at 10 M in this non-coordinating solvent. However,
the addition of one equivalent of pyridine led to the full solubilization of the zinc(II) complexes.

In the negative potential range, these unfused porphyrins show commonly observed reversible
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mono-electronic reduction peak which corresponds to the first ring-centered reduction (formation
of the porphyrin anion radical).”! However, in the positive potential range, the first oxidation
system is not fully reversible for Zn-6 (ipc/ipa = 0.3) and totally irreversible for Zn-7 and Zn-8
which indicates that the electrogenerated porphyrin cation radicals are not stable on the CV time

scale and undergo subsequent chemical reaction(s).

TSpA
Zn-6

| —
f—____:s— -

Zn-7 .
-]
Zn-9 .
i>'_"_’ - |
T rrrrrrrrrrrrrrrrr s r e
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Potential (V vs SCE)

Figure 5. Cyclic voltammograms of Zn-6, Zn-7, and Zn-8 (CH2Cl> 0.1 M TBAPF¢ + 1.0 equiv.

of pyridine, ¢ = 10° M, v =100 mV s!, WE: Pt, @ = 2 mm).

Oxidative C-N fusion of porphyrins Zn-6 and Zn-8 and characterization of the C-N fused

compounds.
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Scheme 2. Synthesis of Zn-6", Zn-8" and anti-Zn-8** via intramolecular C-N oxidative

coupling.

A" = CF;CO,, PFg, BF, o

Chemical or Chemical or
Electrochemical Electrochemical \
R OX|dat|on Oxidation
>\:> T e e >\:> 4e, +2H* >\:>

Tol Tol
Ph (Zn-67,A") R=|Ph@n6) ant:-Zn-32+,2A
Pyridin-2-ylthio (Zn-8*,A") Pyridin-2-ylthio (Zn-8)

Previous researches on the analogous nickel(Il) complexes demonstrated that
bis(trifluoroacetoxy)iodo)benzene (PIFA) was the most efficient oxidant for the C-N oxidative
coupling reaction.”* These optimized conditions (1.0 eq. PIFA in CH>Cl, at room temperature
during 1 h) were first reproduced on the zinc(Il) complexes Zn-6. The C-N fused cation Zn-
6",CF3CO2" (Scheme 2, the trifluoroacetate anion is released from PIFA during its reduction)
was obtained in 61% along with some demetalated fused derivative. To avoid the demetalation
process and favor the solubility of the porphyrin Zn-6, 1.0 eq. of pyridine was added as a base
using the same previous conditions. In this case, only traces of the fused target Zn-6*,CF3CO2~
were detected. Possibly, interaction of pyridine with the iodonium cation of PIFA may lead to a
decrease of its oxidizing power.?® This assertion is supported by the fact that the C-N fusion can
be performed electrochemically, in presence of pyridine (see below). We thus considered K>COs
as a base. Replacing pyridine by 2 eq. of K2CO3 mainly afforded the target Zn-6",CF3CO2"
compound with only traces of the precursor Zn-6. A slight excess of PIFA (1.2 eq.) and 2 h
reaction time were therefore required for an exhaustive transformation of Zn-6 into Zn-
6*,CF3CO:2". To make the purification easier on silica gel column chromatography, the CF3CO2~

anion was exchanged for PFs using an anion exchange resin - the fused compound is much less
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polar with the hexafluorophosphate anion - which afforded Zn-6*,PFs¢™ in 91% isolated yield.
Applying the same optimized conditions to Zn-8 provided the mono C-N fused derivative Zn-
8", PFs (Scheme 2) in 60% isolated yield. It was not possible to reach a better selectivity since a
decrease in the amount of PIFA increased the amount of starting porphyrin Zn-8 while an
increase favored the formation of the doubly C-N fused derivative Zn-82*,2CF3COz~ as noticed
by TLC (green polar spot) and 'H NMR analysis of the crude reaction mixture. Interestingly, the
very low number of signals observed for Zn-82*,2CF3COz" as well as the occurrence of only one
singlet (6H, methyl group) at 2.89 ppm (in deuterated acetone) agrees well with the unique
formation of the anti- regioisomer anti-Zn-8**,2CF3CO2~ (Scheme 2), as previously observed
by Kim, Osuka and co-workers.”? In our former communication,? theoretical studies on the C-N
bond formation with Ni-8 revealed that the anti isomer was favored both kinetically and
thermodynamically. Indeed, the SOMO of Ni-8 cation radical (Ni-8") presented a large
coefficient on the anti f-position, while no electronic density was observed on the syn f-position.
It is expected that the zinc(IT) complex behaves similarly. The selective synthesis of the dication
Zn-8*2CF3CO:z" was attempted from Zn-8 by almost doubling the amount of oxidant that was
used for the monofusion reaction (2.0 eq. of PIFA) and increasing the reaction time up to 14 h. In
these conditions, Zn-8",CF3CO2~ was still present in the reaction mixture. The amount of PIFA
was thus gradually increased up to 5 eq. but the subsequent crude reaction contained a mixture of
products resulting from the oxidation of the sulfur atoms (sulfoxide and sulfone) of Zn-
8",CF3CO: and anti-Zn-82",2CF3COz as attested by mass spectrometry (+16 and +32 amu).
Whatever the reaction and chromatographic conditions (SiO2 or Cig stationary phases), it was not

possible to reach a satisfactory purity of either anti-Zn-8*,2CF3CO:" or anti-Zn-8*",2PFs".
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To compare the electrochemical route to the chemical one, the oxidative C-N fusion of Zn-6
and Zn-8 was also performed by electrosynthesis in CH>Cl, 0.1 M tetraethylammonium
tetrafluoroborate (TEABF4) in the presence of 2 eq. (4.0 eq. for the double C-N fusion) of KoCOs
(used as a base) and pyridine (1-2 eq., used to improve the solubility of the Zn(II) porphyrins).
Applying a potential corresponding to the first oxidation peak of the porphyrin (formation of the
porphyrin cation radical) and after abstraction of 2.0 F/mol vs the porphyrin, the crude solution
was analyzed by CV and then submitted to water washing to remove the supporting electrolyte.
As a first evidence that the C-N fusion reaction worked, a new irreversible reduction peak was
observed near —0.8/—1.0 V (Ex(R1) =—-0.97 V on the CV of Zn-8*,PFs", Fig. 6). This potential

23.27.31.32 in particular for C-N fused porphyrin cations.?

range is typical of pyridinium reduction,
The MALDI-TOF mass spectrometry analysis of the crude solution resulting from the oxidation
of Zn-6 and Zn-8 showed the expected Zn-6* (m/z = 736.1508) and Zn-8* (m/z = 768.1181)
peaks, with a perfect match of their respective isotopic pattern. Previous studies with the
nickel(Il) counterpart of Zn-8 (Ni-8) evidenced the very high chemical and electrochemical
selectivity of the C-N fusions reactions for the C-N oxidative reaction.?® This high selectivity lies
on the significant potential difference observed for the first oxidations of Ni-8 and Ni-8" (ca.
+150 mV), i.e. the C-N fused derivative was oxidized at a much higher potential than the starting
unfused porphyrin. Surprisingly, the first oxidations (peaks O1) of the electrogenerated singly-
fused cations Zn-6" and Zn-8" have only small potential difference (< +100 mV) as compared to
their respective non-fused porphyrin (£,.(O1) = 0.81 V for Zn-8 vs Epa(O1) = 0.89 V for Zn-
8",PF¢ ", Fig. 6). Therefore, when a potential that corresponds to the first oxidation of the unfused

porphyrin is applied, the electrogenerated C-N fused derivative is partially oxidized leading to

lower selectivity for the reaction, especially when two consecutive C-N fusion reactions are
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possible. The lack of selectivity for the chemical oxidation of Zn-8 with PIFA certainly arises

from this redox behavior.

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Potential (V vs SCE)
Figure 6. Cyclic voltammograms of Zn-8, Zn-8",PFs~ (CH2Cl; 0.1 M TBAPFs + 1.0 eq. of
pyridine, WE: Pt, g = 2 mm) and anti-Zn-8**,2BF4~ (CH>Cl/CH3CN 4:1 v/v 0.1 M TEABF4 +

1.0 eq. of pyridine, WE: Pt, @ = 1.6 mm), ¢ = 10° M, v=100 mV s\,

To keep the same anion as the one obtained by the chemical pathway, the BF4~ was exchanged
for PFs using an anion exchange resin. Zn-6",PF¢~ and Zn-8*,PFs~ were thus obtained in 83 and
56% isolated yield, respectively. With the hope to reach a better selectivity for the formation of

the doubly C-N fused anti-Zn-8** that could facilitate its purification, oxidation of Zn-8 was
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performed at its second oxidation peak (O2) (Eapp = 1.07 V, —4.0 F/mol). After removal of the
supporting electrolyte and evaporation of the solvents, the crude solid was analyzed by 'H NMR
spectroscopy. Anti-Zn-8**,2BF4~ was the main product (> 80% according to NMR analysis) and
was only contaminated with slight amount of Zn-8",BF4. Interestingly, no oxidation of the
sulfur atoms was noticed either by TLC or by mass spectrometry. A direct crystallization of the
crude solid was attempted using a pyridine/CH>Clo/n-heptane mixture. Fortunately, anti-Zn-
82*2BF4 crystallizes in these conditions which makes it possible to isolate this dicationic
product in 55% yield.

The CV of anti-Zn-8**,2BF4~ confirmed the formation of the bis-pyridinium derivative since
two reduction peaks were observed at Ep(R1) = —0.60 and Ep(R2) = —0.87 V (Figure 6).
Moreover, the first oxidation potential of anti-Zn-82*,2BF4~ (Ep(O1) = 1.14 V) is much higher
than Zn-8 and Zn-8",PF¢, in agreement with the presence of two electron-withdrawing
pyridinium fragments.

The 'H NMR spectra analysis of the pure C-N fused porphyrins Zn-6",PFs~ and Zn-8",PF¢
(Figure 1, middle) confirms their loss of symmetry. The B-pyrrolic proton close to the position
where the C-N fusion takes place (H; in Figure 1) appears as a singlet integrating for one proton
at 8.71 and 8.62 ppm, respectively. The six other B-pyrrolic doublets integrate each for one
proton and appear at different chemical shifts, between 9.8 and 8.8 ppm. As expected, the
pyridinium protons undergo an important unshielding as compared to the pyridinyl protons of the
initial unfused porphyrin Zn-8 (see Figure 1 for comparison). For example, the pyridinium
protons of Zn-8*,PFs  are observed at 10.33, 8.51, 8.38 and 8.01 ppm whereas the pyridinyl
protons of Zn-8 appears at 8.35, 7.23, 6.88 and 6.16 ppm. These last values are relatively close

to the ones found for the unfused pyridinyl moiety of Zn-8",PFs¢™ (8.28, 7.38, 7.02 and 6.54
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ppm). Another typical 'TH NMR feature of these singly C-N fused compounds consists in the
existence of two singlets integrating each one for 3 H at 2.76 and 2.71 ppm corresponding to the
chemically non-equivalent methyl fragments (Ha and Hm in Figure 1). Concerning the doubly-C-
N-fused anti-Zn-82*,2BF4~ derivative, its high symmetry is verified from 'H NMR analyses
(Figure 1, bottom). Indeed, the two B-pyrrolic protons close to the position where the C-N fusion
takes place (H; in Figure 1) appear as one singlet at 9.92 ppm. Two B-pyrrolic doublets
integrating each for two protons are located at 9.62 and 9.00 ppm. The pyridinium protons are
observed at 10.59, 8.82, 8.61 and 8.21 ppm and each signal integrates for two protons. Also
consistent with the anti symmetry, only one singlet (6H) at 2.81 ppm is seen for the methyl
protons whereas only two doublets (4H each) are observed for the C-H tolyl protons at 8.18 and
7.79 ppm.

The fused compounds systematically undergo a bathochromic shift of the Soret and Q bands
(see ESI). As an example, the normalized UV-visible absorption spectra of Zn-8, Zn-8*,PF¢”
and anti-Zn-8**,2BF4~ in DMSO are presented in Figure 7. The more intense B band is shifted
from 436 to 439 to 443 nm for Zn-8, Zn-8' ,PFs and anti-Zn-8**,2BF4, respectively.
Interestingly, a shoulder at ca. 451 nm appears on the lower energy side of the Soret band for the
mono-C-N fused Zn-8",PFs~ whereas a clear split of the Soret band is observed for anti-Zn-
82*,2BF4~ with a new Soret band at 460 nm (AA(Soret bands) = 17 nm). This remarkable splitting
behaviour was not observed for the respective nickel(Il) complexes.?® In agreement with a
progressive extension of the conjugation, the full width at half maximum (fwhm) is also
progressively increasing from 13 nm for the initial unfused Zn-8 porphyrin to 25 and 33 nm for

Zn-8",PFs and anti-Zn-8*",2BF4™ respectively.
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Figure 7. Normalized UV-visible absorption spectra of Zn-8 (black curve), Zn-8",PF¢  (red

curve) and anti-Zn-82*,2BF4 (blue curve) in DMSO at room temperature.

The main features of the UV-visible absorption spectra of porphyrins can be explained with the
four orbitals model of Gouterman (Figure 8).”>% Zinc(II) porphyrins are regular®® porphyrins,
and the Zn-8 UV-visible absorption spectrum is thus similar to a non metalated porphyrin with
multiple peaks for the Q bands and one intense B signal. The thiopyridinyl substituents do not
participate to these transitions. After the first C-N fusion, the thiopyridinyl fragment interacts
with the porphyrin orbitals. However, this interaction is stronger with the HOMO and LUMO

orbitals that have large coefficients on the carbon atoms bearing the thiopyridinyl substituents.
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Therefore, the HOMO/LUMO energy difference decreases when moving from Zn-8 to Zn-8*
and Zn-87" while the HOMO-1/LUMO+1 energy difference decreases only slightly.
Additionally, for the Qx and Bx bands; another contribution arises from a charge transfer from the
porphyrin to the thiopyridinyl moieties. This is responsible for both the wavelengths increases
along the C-N fusion and the split of the Soret band in two bands. As the split is small for Zn-8*,
it appears only as a shoulder at 451 nm while both transitions are clearly identified for Zn-82* at

443 and 460 nm (see also Supporting Information Figure S87).
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1 ' LUMO+1

Zn-8 Zn-8* Zn-8%*
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Figure 8. Schematic evolution of the energies for the four orbitals of the Gouterman model along

the C-N fusions.

As an ultimate proof of the molecular structure of the C-N fused derivatives, the X-ray
crystallographic structures of Zn-6*,PFs~ and Zn-8",PFs~ were solved by analyzing suitable
monocrystals grown by slow diffusion of Et2O or MeOH, respectively, into a concentrated
solution of the porphyrin in CH2Cl: in the presence of two drops of pyridine (Figures 9 and S85
for Zn-6",PF¢” and Figures 10 and S86 for Zn-8",PFs”). For both porphyrins, the C-N fused
thiopyridinyl unit is coplanar with the porphyrin ring and the positive charge of the cationic
fused porphyrins is confirmed by the presence of the PFs anion. In the specific case of Zn-
6*,PF¢", two slightly structurally different porphyrins (porphyrin 1 and porphyrin 2) are
coordinated by one pyridine axial ligand (only porphyrin 2 is shown in Figure 9). Moreover, one
CH>Cl; and one non-coordinated pyridine molecules are observed in the asymmetric unit. Zn-
8",PF¢ crystallizes in the presence of one CH>Cl> and one MeOH molecules and the zinc(II)
cation is also axially coordinated by one pyridine ligand. For Zn-6",PF¢~ and Zn-8*,PFs", the
newly formed C-N bonds measure 1.425(6) (porphyrin 1), 1.423(6) (porphyrin 2) and 1.420(3) A
that are shorter than other unfused Ciueso-Npyridinium porphyrins (1.458 < d(Ceso-Npyridinium) < 1.500
A).779832 The Ceso-S distance(s) are 1.764(5) (porphyrin 1), 1.763(5) (porphyrin 2) and 1.756(2)
A. The Coneso-S-Cpyrigine angles measure 106.5(2) (porphyrin 1), 106.3(2) (porphyrin 2) and
106.28(10)°, respectively. These values are higher by ca. 3° as compared to the unfused

porphyrins accounting for the high
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Figure 9. Front (top) and side (bottom) Mercury®® views of Zn-6',PF¢ *pyridine. Thermal
ellipsoids are scaled to the 50% probability level. Solvents and porphyrin 1 were removed for

clarity.
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flexibility of the sulfur atom. In agreement with the planar structure of the C-N fused
porphyrins, the torsion angles Cporph-Creso-S-Cpyridinium are respectively equal to 178.0(4)
(porphyrin 1), —179.1(3) (porphyrin 2) and 175.46(15)°. The Cporph-Crreso-S-Cpyridine torsion angle
for the unfused thiopyridinyl fragment of Zn-8",PFs¢™ is nearly orthogonal (—91.27(18)°) as
already observed on the X-ray crystallographic structures of the unfused derivatives Zn-7 and
Zn-8.The distance between the zinc(Il) atom and the mean plane of the porphyrin is 0.3834(10)
(porphyrin 1), 0.4028(9) (porphyrin 2) and 0.4404(5) A, respectively whereas the distance
between the metal and the nitrogen atoms from the porphyrins varies from from 2.049(4) to
2.084(3) A for Zn-6*,PF¢ and from 2.0618(19) and 2.0952(18) for Zn-8*,PFs~. The distances
between the nitrogen atom from the axially ligated pyridine and the zinc(Il) atom is d(Zn-
Nopyridine) = 2.120(4) (porphyrin 1), 2.122(4) (porphyrin 2) and 2.1266(17) A respectively.
Interestingly, these C-N-fused cationic porphyrins form n-stacked dimers with a slipped cofacial
orientation resembling the photosynthetic special pair (see Figures S85 and S86 for Zn-6*,PFs~
and Zn-8",PFs", respectively).” For Zn-6",PFs", the shortest interplanar Cporphyrin(1)-Cporphyrin(2)
distances are 3.260(8), 3.344(7), 3.350(7) and 3.369(7) A while for Zn-8*,PFs", these distances
are equal to 3.317(3), 3.329(3), 3.337(3) and 3.340(3) A. In this case, the two porphyrin planes
are parallel. Thus the distance between the mean planes formed by the 24 C and N atoms of each
porphyrin ring measures 3.296(4) A whereas the centroid-centroid distance between parallel
porphyrins is equal to 6.814(6). The difference in these two distances indicates that the porphyrin
rings are strongly slipped. The slip angle between the normal to the planes and the centroid-

centroid vector is 28.93(5)° corresponding to a slippage distance of 5.964(7) A.
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Figure 10. Front (top) and side (bottom) Mercury”® views of Zn-8",PFs epyridine. Thermal

ellipsoids are scaled to the 50% probability level. Solvent molecules were removed for clarity.

Specific oxidative behavior of porphyrin Zn-7.

In our previous communication, the chemical or electrochemical oxidation of the nickel(II)
complex analogue of Zn-7, Ni-7, only led to the C-N fused product in high yield and good
selectivity (71% yield, M-7 — Ni-7*,A" reaction in Scheme 3).2

Scheme 3. Oxidative behavior of M-7 with M = Ni (previous work?®) and M = Zn (this work).
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{ @E" W
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(Zn-7),2* 2BF A" = CF4CO,’, PFg, BF (Zn-7),*,BF,
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Replacing the nickel(II) metal by the zinc(Il) ion in the porphyrin core totally changed the
selectivity of the reaction. After optimization, the chemical oxidation of Zn-7 in CHCl; with 0.6
eq. of PIFA!'%%10" and 2 eq. of K»COs afforded the meso, meso-linked porphyrin dimer (Zn-7): as
the main product (71% isolated yield, Scheme 3). No trace of the C-N fused monomer was
observed but the mono-C-N fused meso,meso-dimer (Zn-7)2*,CF3CO2" was systematically
formed as a side-product in yields lower than 20%. This meso,meso regioselectivity has been

previously observed when zinc(II) porphyrins bearing at least one meso-free position are
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oxidized.!%2"1%57 (Zn-7); showed typical meso,meso-dimer signature such as high field shift of
the inner B-pyrrolic proton signals (from 8.48 ppm for Zn-7 to 7.88 ppm for (Zn-7): in
(CD3)2S0, see Figure 11, top) and Davydov splitting of the Soret band (from 427 nm for Zn-7 to

432 and 468 nm for (Zn-7)2 in DMSO, Figure 12).

L

n

d
g h
| . ‘ T ‘ ‘ T

9 2 7

6 (ppm)
Figure 11. Partial 'H NMR spectra of (Zn-7): (top), (Zn-7)2",BF4~ (middle) and (Zn-
7)2**,2BF4~ (bottom). Asterisks (*) correspond to decoordinated pyridine. Conditions: (CD3)2SO,

500 MHz, 300 K.
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Figure 12. Normalized UV-visible absorption spectra of Zn-7 (black curve), (Zn-7)2 (red curve),

(Zn-7)2*,BF4 (blue curve) and (Zn-7)2**,2BF4~ (green curve) in DMSO at room temperature.

Monocrystals of (Zn-7)2 suitable for X-ray diffraction analyses were obtained by slow
diffusion of MeOH in a concentrated solution of (Zn-7)2 in CH2Cl; (Figure 13). According to the

CCDC database, this structure is the seventh zinc(Il) meso-meso porphyrin dimer reported to

date 107-109,81,110,57,111
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Figure 13. Front (top) and side (bottom) Mercury” views of (Zn-7)222MeOH. Thermal
ellipsoids are scaled to the 50% probability level. Solvent molecules (CH2Clz) were removed for

clarity.

The Cheso-S distances, Cieso-S-Cpyridine angles and torsion angles Cporph-Crreso-S-Cpyridine are in
the same range as the values found for 7, Zn-7 and Zn-8 (1.774(9) and 1.782(9) A, 103.1(5) and
104.4(5)°, -87.4(8) and 83.0(11)°, respectively for each monomer unit of the dimer). The
distances between the zinc(Il) atoms and the mean plane of the porphyrins are 0.275(2) and
0.309(2) A, respectively whereas the distances between the metal and the nitrogen atoms from
the porphyrins vary from 2.047(8) to 2.085(8) A. (Zn-7): is coordinated by two MeOH
molecules (2.087(7) < d(Zn-0) < 2.088(7) A). The angle between the two porphyrin mean planes
is 71.37(6)°. The meso,meso bond measures 1.515(10) A which is close to other meso,meso
distances already reported for Zn(Il) meso,meso-dimer.'07-10%81.110.57. 111

The CV of (Zn-7)2 was studied in CH2Clz (0.1 M TBAPFg) in the presence of 1 eq. of pyridine
(Figure 14, top). The voltammogram showed various redox systems. The first monoelectronic
oxidation peak (Epa(O1) = 0.91 V) is only slightly reversible. The second oxidation peak O2
(Epa(O2) = 1.17 V) is very broad since it covers several oxidative transformations. In the
negative potential direction, only two reversible mono-electronic reductions are observed at E1/»
=-1.17 and —1.29 V (R1 and R2 redox systems). They are attributed to the successive formation
of the mono(anion radical) then bis(anion radical) of the porphyrin dimer.>”!'? Given the small
potential gap between the first and second oxidation peaks as well as the decrease of the
oxidative power of PIFA in the presence of pyridine, we only considered the electrochemical

method to reach a better selectivity for the next oxidative transformations. The oxidation of (Zn-

7)2 dimer at Eapp = 0.92 V (—2.0 F/mol vs (Zn-7)2) mainly produces the mono-C-N fused
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derivative (Zn-7)2*,BF4~ which was isolated in 57% yield. When a higher charge was applied
during the electrolysis (—4.8 F/mol vs (Zn-7)2), the doubly C-N fused dimer (Zn-7)2**,2BF4~ was
synthesized in 98% isolated yield. Noteworthy, B,B-triply-fused porphyrin dimer was not
detected in the crude mixture of these two experiments, in agreement with the CV analyses.

The NMR analyses confirm the molecular structure of the C-N fused compounds (Zn-
7)2*,BF4~ and (Zn-7)2**,2BF4~ (Figure 11, middle and bottom, respectively and ESI for complete
NMR characterization). Specifically for (Zn-7)2*,BF4~, the unfused pyridinyl proton signals
(H11, H9, H10, H8, see the attribution on the molecular structure of (Zn-7)2*,BF4~ drawn on the
middle spectrum of Figure 11) appear at 6.18, 7.02, 7.28 and 8.44 ppm, respectively. The
chemical shifts of these signals are very close to the one observed for the non-fused dimer (Zn-
7)2 (Hf, Hh, Hg and Hi at 6.15, 7.01, 7.27 and 8.44 ppm, respectively, see the attribution on the
top of Figure 11) highlighting the very weak influence of the neighboring C-N fused porphyrin.
The same feature is also observed for the other signals of the non-fused porphyrin unit (B-
pyrrolic and tolyl protons) since they are observed at very similar chemical shifts than (Zn-7)a.
On the other hand, the pyridinium proton signals of the C-N fused porphyrin moiety (Hh, Hg, Hf,
Hi) appear at much lower field (8.27, 8.67, 9.08 and 10.72 ppm, respectively), as mentioned
earlier for the C-N fused porphyrin monomers Zn-6*,PFs", Zn-8*,PFs~ and Zn-8**,2BF4". The
doubly C-N fused dimer (Zn-7)22*,2BF4~ also exhibits highly unshielded pyridinium signals (Hh,
Hg, Hf and Hi) that appear at 8.26, 8.66, 9.05 and 10.72 ppm, respectively, values that are also
very close to the one observed for the C-N fused porphyrin unit of (Zn-7)2*,BF4. Another
characteristic feature of these C-N fused porphyrin concerns the presence of one B-pyrrolic
singlet (Hj) which integrates for one proton for (Zn-7)2*',BFs~ and two protons for (Zn-

7)22*,2BF4". Besides, contrary to (Zn-7)2",BF4~ for which three methyl singlets are observed at
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2.56 (H5, 2H), 2.59 (Ha, 1H) and 2.63 ppm (Hm, 1H), (Zn-7)2**,2BF4" exhibits only two methyl
singlets at 2.60 (Ha, 2H) and 2.64 ppm (Hm, 2H) due to its highest symmetry.
The CVs of (Zn-7)2",BF4~ and (Zn-7)22",2BF4 are shown in Figure 14 (middle and bottom

CVs, respectively).
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Figure 14. Cyclic voltammograms of (Zn-7)2, (Zn-7)2*',BFs~ and (Zn-7):**,2BF4
(CH2Clo/CHsCN (4:1 v/v) 0.1 M TEABEF, + 1.0 equiv. (for (Zn-7)2 and (Zn-7)2*,BF4") or 2 eq.

(for (Zn-7)2**,2BF4") of pyridine, ¢ = 10> M, v=100 mV s}, WE: Pt, @ = 1.6 mm).

One pyridinium-centered irreversible reduction (R1 peak, Epc(R1) = —0.79 V) is observed for
(Zn-7)2*,BF4~ whereas two pyridinium-centered irreversible reductions (R1 and R2 peaks,
Epc(R1) = —0.71 V, Ep(R2) = —0.86 V) are seen for (Zn-7)2**,2BF4", in agreement with their
respective molecular structures. Two reversible monoelectronic oxidation peaks (E12(O1) = 0.96
and Ei2(02) = 1.10 V) are observed for (Zn-7)22",2BF4~. The potential gap between these
macrocycle-centered oxidations (monoelectronic oxidation of one porphyrin ring then
monoelectronic oxidation of the other porphyrin ring) corresponds to 140 mV, in agreement with
other meso,meso-linked porphyrin dimers.!%*!13:8211257 The UV-visible absorption spectra of Zn-
7, (Zn-7)2, (Zn-7)2*,BF4~ and (Zn-7)2**,2BF4" are gathered in Figure 12. Going from (Zn-7)2 to
(Zn-7)2*,BF4~ to (Zn-7)2**,2BF4", the highest energy Soret band undergoes a progressive
bathochromic shift from 432 nm for (Zn-7)2 to 435 nm for (Zn-7)2*,BF4~ (non-measurable broad
band for (Zn-7)2**,2BF4"). Similar behavior was also observed for the lowest energy Soret band
which absorption maximum spans from 468 to 472 to 476 nm, respectively. The Q bands also
experience a progressive bathochromic shift. For example, the lowest energy Q band goes from
624 to 633 to 638 nm, respectively.

In the dimer, the interactions between the two moieties lead to the splitting of the four
Gouterman’s orbitals into eight orbitals in the dimers (see Figure S89 in SI). This gives rise to
four possible transitions for the Q and B bands. However, as the orbital splitting are uneven, the

transitions cannot be fully resolved and appear as two B bands and two Q bands for (Zn-7)2. The
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C-N fusion increases the m-conjugation so that the bands are shifted toward higher wavelengths

from (Zn-7)2 to (Zn-7)2" and (Zn-7)22".

CONCLUSION

Three original zinc(Il) meso-pyridin-2-ylthio-porphyrins (Zn-6, Zn-7, Zn-8) have been
prepared and characterized by NMR, UV-vis.,, CV, MS and for Zn-7 and Zn-8, by X-ray
diffraction analyses. The Zn-8 crystallographic structure reveals a very rare coordination trimer.
In the case of fully meso-substituted porphyrins (Zn-6 and Zn-8), the chemical and
electrochemical oxidations of the porphyrin ring induce an intramolecular C-N fusion of the
pyridinyl peripheral substituent affording the cationic and planar Zn-6",PFs~ and Zn-8",PF¢"
whose structures were solved by X-ray diffraction analyses. While the chemical oxidation of the
5,15-doubly-substituted-pyridinyl porphyrin Zn-8 with PIFA excess produces sulfone and
sulfoxides, the electrochemical oxidation was proved to be more selective as oxidation of Zn-8
at its second oxidation potential provides the doubly C-N fused dicationic derivative. Upon
oxidation, the Zn-7 unfused precursor, which bears one meso-free position, first dimerizes into
the meso,meso-dimer (Zn-7)2 which was characterized by X-ray diffraction. Further oxidation
produces consecutively the mono C-N fused (Zn-7)2*,BFs~ and then the doubly C-N fused (Zn-
7)22*,2BF4~ meso,meso-dimers. Due to the planarization of the molecules and to the positive
charges that are formed, the C-N fusion reaction induces important electronic changes that are
revealed on the UV-vis absorption spectra (bathochromic shift of the Soret and Q bands, splitting
of the Soret bands) and on the cyclic voltammograms (reduction of the pyridinium moity(ies)
between —0.5 and —1.0 V). The chemical reactivity and possible applications of the C-N fused

porphyrins are now under investigation.
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SYNOPSIS. The (electro)chemical oxidation of original zinc(Il) meso-(pyridin-2-
ylthio)porphyrins affords the C-N fused (bis)pyridinium derivatives in a stepwise manner. When
one meso position remains free, the first oxidative reaction consists in the meso,meso C-C
dimerization. The resulting pyridinium derivatives exhibits important changes in their physico-
chemical properties and the X-ray crystallographic structures of two C-N fused monomers are

presented.
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