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One-pot synthesis of 5,10,15,20-tetraphenyl-21H,23 H-porphyrin
complexes with rhenium and iridium in various oxidation states
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The complexes of 5,10,15,20-tetraphenyl-21H,23 H-porphyrin with Ir/Ir'™ or Re™/Re" have been obtained in one-pot synthesis due to

redox properties of the solvent or metal ion.

Porphyrin metal complexes are of considerable interest for
catalysis!? as a simple model of biocatalysts>* and because of a
wide range of potential industrial-scale applications.’ Porphyrin
complexes of platinum group metals demonstrate catalytic activity
in reactions with oxygen.®” The Pd and Pt complexes, as well as
the metals, catalyze the reactions of hydrogen.® Rhenium and its
compounds catalytic activity is like what is observed in platinum
group porphyrin complexes.” Recent progress in rhenium and
iridium porphyrin chemistry extends to the corresponding com-
plexes of porphyrin analogues such as porphycene,'? N-confused
porphyrins and N-fused porphyrins!! and expanded porphyrins.!?
Reactive metal carbonyls with the low oxidation states of metals
were used for the porphyrin complexing in most cases.”1%-13-15
The metal porphyrin complexes produced in such syntheses retain
the carbon monoxide ligand in their coordination sphere. The CO
ligand decreasing coordination nonsaturation of a complex can
change its properties sharply.!® The use of metal carbonyls was
developed due to difficulty in an incorporation of the Group 7-9
metals and high resistance to reduction of start compounds of
metal in high degrees of oxidation.

Previously,!” we reported the syntheses of porphyrin com-
plexes with metals in various degrees of oxidation based on the
complex formation reaction between porphyrin and the stable
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inorganic compound of the corresponding metal, being in high
degrees of oxidation as a rule, in boiling phenol. The fact of
providing of more easy complex formation between metal cation
and porphyrin due to phenol was already known.'® However,
there are only a few reports where the role of phenol in a complex
formation process was under discussion.!® We synthesized metal
porphyrins taking for an introduction of metal into a porphryrin
cavity metal cations with both low and high redox potential and
different solvents including phenol. In our opinion, the possi-
bility of incorporating phenol as an acido ligand into the coor-
dination sphere of an initial salt is not the main factor. Complex
formation takes place due to preceded redox processes in a reac-
tion mixture on the phenol basis. We observed complex formation
reactions in the redox processes with both phenol-metal cation
and phenol—porphyrin participations.”’ The reaction between
5,10,15,20-tetraphenyl-21H,23 H-pophyrin and Pb(AcO), in pyri-
dine as a solvent is accompanied by the porphyrin reduction and
the Pb%* oxidation due to atmospheric oxygen.20()

Here, we describe the synthesis and spectral properties of
5,10,15,20-tetraphenyl-21H,23 H-porphyrin complexes with Ir/Ir™
and Re'/Re".

The complexes p-(5,10,15,20-tetraphenyl-21H,23H-porphine)-
bis(chloro)iridium(1), [IrCl(H,0O),],H,TPP 1 and (5,10,15,20-
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Scheme 1
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tetraphenyl-21H,23 H-porphinato)chloroiridium(1il), (CHIrTPP 2
were synthesized by the reaction of H,TPP with chloroiridic acid
[(H;0),IrCl¢]" (Scheme 1), which was prepared by the treatment
of IrO, with concentrated HCI (343 K, 8 h). The purify of com-
pounds 1 and 2 was confirmed by TLC on Silufol plates using
chloroform (R; = 0.94 and 0.30). The total yield of the Ir! and
Ir'"" complexes was 52%, the relative yields were 25 and 75%,
respectively.

The complexes (5,10,15,20-tetraphenyl-21H,23 H-porphinato)-
(phenoxo)rhenium(1ll), (PhO)ReTPP 3, (5,10,15,20-tetraphenyl-
21H,23H-porphinato)chlororhenium(Ill), (C)ReTPP 4 and
p-oxo-bis[(0x0)(5,10,15,20-tetraphenyl-21H,23 H-porphinato)]-
rhenium(V), [O=ReTPP],0 § were synthesized in 7, 0.5 and 75%
yields, respectively, ¥ by the reaction of H,TPP with chlororhenic
acid HoReClg in a molar ratio of 1:2 in boiling phenol for 2 h.

The chemical structures of iridium and rhenium complexes were
determined by a detailed comparative analysis of their spectral
properties®! with those of other iridium porphyrin complexes,?!
isostructural Rh complexes?? and p-oxo-bridge porphyrin com-
plexes.?*?6 The Ir compounds are the 1:2 donor—acceptor
complexes of the molecular ligand H, TPP with iridium(I) containing
chloride anion and water molecules in the coordination spheres of
both Ir! atoms [IrCI(H,0),],H,TPP and the chelate salt (C))IrTPP,
which is typical of metal porphyrins. The coordination com-
pounds obtained by the reaction of H,TPP with chlororhenic acid
are classic porphyrin complexes of rhenium(III) with the dianion
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Figure 1 UV-VIS spectra of (/) 1 in benzene and (2) 2 in CHCl;.

T H,TPP (0.01 g) and (H30),IrCl, (0.04 g) in a molar ratio of 1:5 were
refluxed in phenol (4 g) for 3 h. The completion of the reaction was
controlled by TLC (Silufol, chloroform). Then, the contents of a flask
was cooled, dissolved in chloroform and washed with warm distilled
water to remove phenol. The porphyrin complex mixture was
chromatographed on alumina (Brockmann activity II) using chloroform.
The chloroform solutions of 1 and 2 were put on a column with silica gel
L 100/250 or alumina, respectively, for the second chromatography using
chloroform. The individual areas of complexes 1 and 2 were washed out
with a 1:1 (v/v) ethanol—chloroform mixture and ethanol, respectively.

# H,TPP (0.01 g) and H,ReClg (0.013 g) in a molar ratio of 1:2 were
refluxed in phenol (5 g) for 2 h. The completion of the reaction was
controlled by electron absorption spectra (EAS) [the bands of H,TPP
(Apma/nm: 648.0, 592.0, 551.0, 516.0, 485.0, 420.0) disappeared]. The
product was isolated from a cooled reaction mixture by diluting with
water and extracting with chloroform. The chloroform solution was washed
with warm distilled water to remove phenol; the solvent was partially
evaporated, and the residue was chromatographed on alumina (Brockmann
activity II) using chloroform. Two areas were obtained. The compounds
of the first and the second areas were purified separately by chromato-
graphy on silica gel 40/100 Chemapol using benzene and then a 1:1 (v/v)
ethanol-chloroform mixture. Both chromatographies resulted in two
areas with two complexes: (C1)ReTPP, [O=ReTPP],0 and (PhO)ReTPP,
[O=ReTPP],0O for the compounds of the first and second initial areas,
respectively. The individuality and purity of compounds 3-5 were con-
firmed by TLC on Silufol using CHCl;-2% EtOH for [O=ReTPP],0
(R 0.42) and benzene for (C)ReTPP (R; 0.80) and (PhO)ReTPP (R; 0.83).
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Figure 2 UV-VIS spectra of (/) 4, (2) 5 and (3) 3 in CHCl;.

¥ The UV-VIS spectra were recorded with Agilent 8453 UV-VIS,
Specord M40 and SF26 spectrophotometers; the IR and "H NMR spectra
were measured with Avatar 360 FT-IR ESP (4004000 cm™!) and Bruker
AVANCE-500 (500 MHz, TMS as an internal standard; 200 MHz, HMDS
as an internal standard) spectrometers, respectively.
u-(5,10,15,20-Tetraphenylporphine)-bis(chloro)iridium(1) 1. UV-VIS
[benzene, A, /nm (log €)]: 420 (5.11), 482 (3.27), 518 (3.73), 544 (3.73),
594 (3.25), 652 (3.1). 'TH NMR (C¢Dy) 0: 8.92 (m, 8H, B-H, Jyyy 17.6 Hz),
8.12, 8.09 (d, 8H, o-H, Jyy 1.61 and 2.44 Hz), 7.55, 7.47 (t, 8H, m-H,
Jun 16.32 Hz), 7.36 (s, 4H, p-H), —2.13 (s, 2H, NH). After the treatment
of 1 by an acid: benzene—1 M AcOH, IR (chaotic layer obtained by the
evaporation of the ethanol solution on the cell surface, v/cm™): 423 and
446 (v, 1w and vy, skeletal vibrations of the macrocycle), 615 (vqy_o).
750 (m, yc_g of the benzene ring), 799 (yc_y of the pyrrole ring, N-H), 968
(m, YNy, bending, Ir=H), 1002 (s, 3c_y of the pyrrole ring), 1046 and
1076 (m and s, d¢_y of the benzene ring), 1262 (ve_y), 1378 (m, 8g_g),
1464 (s, skeletal vibrations of the pyrrole ring), 1600 (m, vc_c of the
benzene ring), 2852 and 2923 (m and s, v_y of the pyrrole ring), 3036 (s),
3083 (vc_y of the benzene ring) (benzene, subtraction spectrum). '"H NMR
(CgDg, drops CF;COOH) 0: 8.28 (t, 16H, B-H, o-H, Jyyy 29.42 Hz), 7.63
and 7.56 (q and t, 8H, m-H, Jyy 9.42 Hz), 7.57 (d, 4 H, p-H, Jyy 2.74 Hz),
—-1.06 (s, 2H, NH), -50.82 (m, 2 H, Ir-H).
(5,10,15,20-Tetraphenylporphinato)chloroiridium(1il) 2. UV-VIS [CHCl;,
Amaxnm (log €)]: 395 (sh., 3.91), 418 (5.78), 476 (sh., 3.60), 508 (sh.,
3.73), 549 (4.42), 588 (3.81), 640 (3.63). IR (chaotic layer, v/cm™!): 465
and 526 (v, skeletal vibrations of the macrocycle and v;y,_y, skeletal
vibrations of the macrocycle), 573 and 662 (v j,_o and vgy,_g), 702 and
754 (m and s, yc_y of the benzene ring), 802 (s, yc_y of the pyrrole ring,
N-H), 1012 (s, ¢_y of the pyrrole ring), 1045, 1072 and 1207 (m and s,
dc_y of the benzene ring), 1277 (ve_n), 1320 (veon), 1351 (8p_p), 1441
(m, skeletal vibrations of the pyrrole ring), 1488, 1597 and 1622 (vc_c
of the benzene ring), 2853 and 2924 (m and s, v_y of the pyrrole ring),
3026, 3054 (vc_y of the benzene ring).
1 (5,10,15,20-Tetraphenyl-2 IH,23H-porphinato)(phenoxo)rhenium(il) 3.
EAS [CHCl;, 4,,,/nm (log €)]: 660 (sh.), 551 (2.3), 436 (sh.), 425 (4.3).
IR (chaotic layer, v/em™): phenyl — 702, 758 (yc_p), 1068, 1178 (5¢_py),
1487, 1578, 1600 (vceoc), 2956, 3060 (ve_g); pyrrole ring — 806 (yc_p),
997 (C3~C*, ven» Scp)» 1340 (vey), 1377 (vey); coordination centre —
418 (Re-N), 663 (Re-0), axial ligand — 1265, 1462, 1542 (-OPh). '"H NMR
(CDCl3) 0: 8.95 (d, 8 3-H), 8.25, 8.15 (d, m, 8 0-H), 7.80 (m, 8 m-H), 7.55
(m, 4p-H), 3.63 (s, 20-Hgpy), 4.71 (s, 2m-Hqpy), 5.37 (s, p-Hopp)-
(5,10,15,20-Tetraphenyl-21H,23H-porphinato)chlororhenium(1ll) 4.
EAS (CHCls, A, /nm): 555 (sh.), 525, 495 (sh.), 416. EAS (AcOH,
Amax/nm): 540 (sh.), 520, 480, 437 (sh.), 417. IR (KBr, v/cm™!): phenyl —
705, 759 (ye_p), 1075, 1172 (8¢_p), 1466, 1595, 1614 (vc_c); pyrrole ring —
799 (Yepp), 1029 (C3~C*, ve_n, Sc_py), 1350 (Ven)s 1377 (Veay); coordination
centre — 408 (Re—-N), 374, 392 (Re-Cl).
u-Oxo-bis[(oxo)(5,10,15,20-tetraphenyl-2 IH,23H-porphinato) Jrhenium(V)
5. EAS [CHCls, A, /nm (log €)]: 620 (sh.), 582 (4.51), 461 (5.34), 333
(4.88). IR (chaotic layer, v/cm™'): phenyl — 702, 754 (yc_yp), 1072, 1179
(Oc_p), 1485, 1575, 1597 (veoe), 2954, 3056 (ve_y); pyrrole ring — 801
(Yen)> 1018 (C3—C*, v_n» 8cp), 1341 (Ve_y), 1440 (veoy); coordination
centre — 418 (Re-N), 568, 630, 854 (Re-O-Re), 961, 946 (Re=0). 'H NMR
(CDCly) 0: 9.07 (d, 80-H, Jyy 7.6 Hz), 8.79 (s, 16 3-H), 8.01 (t, 8m-H,
Jun 7.6 Hz), 7.60 (t, 8 p-H, Jyy 7.6 Hz), 7.47 (d, 8 0-H, Jyy 7.6 Hz), 7.04,
6.87 (2t, 8m-H, Jyy 7.6 Hz). '"H NMR (D,SO,) 8: 9.13 (m, 8 3-H), 8.52,
8.23 (2t, 80-H), 8.06 (t, 8m-H, 4 p-H). Found (%): C, 63.15; H, 3.5; N, 5.6.
Calc. for CggHsgNgOsRe, (%): C, 64.2; H, 3.4; N, 6.8.
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TPP? (complexes 3 and 4) and the complex of rhenium(V) with
the dianion TPP?" in the p-oxo-bridge form, [O=ReTPP],0.

In order to confirm a coordination sphere composition for
complexes 1-5, the IR and NMR signals of potential ligands
were explored.’ Thus, the pophyrin ligand in a molecular form
was found for 1 due to —2.13 ppm (s, 2H, NH) absorption in
NMR spectra. In addition, there are the IR signals at 615 (v,y,_o),
1378 cm™!(8_y) and the hydride ligand signal at 968 cm™ (yy_gs
bending Ir-H) and high-field NMR signal —50.82 ppm (m, 2H,
Ir-H)? in corresponding spectra of 1 after treatment with benzene—
1 M AcOH (or C¢Dg—CF;COOH). The hydride and AcO~ ligands
appear in a coordination sphere due to the oxidizing bonding
reaction and the Ir' - Ir'" transition. Signal at 968 cm™ (yy i,
bending Ir-H) demonstrates the isotopic shift in the IR spectrum in
C¢Dg. The absorption of Ir-D is observed at 1612 cm™" (v), N-D
at 720 (y), 812 (8), 3230 (v) and 1159 cm™!. At last a non-tradi-
tional structure of compound 1 is clearly manifested in the splitting
of signals of the ortho and meta protons of the benzene rings® due
to the pair wise deviation of pyrrole rings to opposite sides relative
to the N, plane away from two Ir atoms. The individuality and
the chemical purity of chelate salt 2 was examined by lumine-
scence spectroscopy.’t The one exponential law of decay of a
molecular fluorescence in the areas of 580-700 nm, which is
characterized by two maxima at 600 and 656 nm (1., =415 nm),
shows that other forms of a complex or porphyrin are absent.
Analogously, —OPh and CI~ were established in the sphere of 3
and 4, —O— and O% in those of 5 as well as TPP2- anion in all three
complexes.! In addition, the composition of p-oxo bridged complex
5 was determined by elemental analysis.

The coordination type and formal charge of a central metal
atom were determined by EAS (Figures 1 and 2) and NMR spectra
and in view of the found sort of ligands. The NMR spectrum for
each complex shows that the complex is diamagnetic. The major
absorption in the spectrum of p-dimers2!:?? as well as the com-
plex 1 in the visible region is the band at 516-518 nm and the
absorbance at 544 nm that varies over a broad range depending
on a structure of a coordination sphere. A characteristic feature of
the UV-VIS spectrum of the mixed It complex with chloride ion
and TPP? porphyrin dianion (complex 2) is the absorption band
in the visible region at 544—549 nmS3 that determines the EAS as
anormal type spectrum.?’ The EAS of the complexes (CI)ReTPP,
(PhO)ReTPP and [O=ReTPP],O" (Figure 2) are different. There
is an absorption band at 350 nm in the spectrum of the p-oxo
bridged Re" complex. That is absent in the Re™ complex spectrum.
Similar bands in the UV region?® are observed for porphyrin
complexes with WY and Mo". So the hyper type spectra of 3 and
4 as well as the normal type spectrum of 2 specify that we deal
with the complexes of Re™ (3, 4) and Ir'™ (2). It is important that
a significant shift of absorption bands in the visible region
originates from the OPh — Cl substitution.®-26

Since the 5,10,15,20-tetraphenyl-21H,23H-pophyrin com-
plexing with Ir or Re occurs at a high temperature, the kinetics and
mechanism of the reaction cannot be studied. However, the
structure of products allows us to explain the transformation. In
view of Scheme 1, both the reaction with H,IrClg and the coor-
dination with Re proceed with a phenol participation. However,
PhOH is oxidized in the first reaction and is bonded as the PhO~
ligand with the Re™ cation in the second reaction. Being in
equilibrium with HCI small quantity the complex 3 passes in the
CI analogue partially. Hence only Re'v cation passing in Re™ and
ReY takes part in a redox process. Scheme 1 clarifies a low yield
of complex 4, as well as the experimental fact that relative yields
of 3, 4 and 5 do not depend on a H,TPP: H,ReClg molar ratio.

T For kinetics of molecular fluorescence decay (Figure 1S) of complex 2,
see Online Supplementary Materials.

We are grateful to the Department of Chemistry of Lanthanides,
A. V. Bogatsky Physico-Chemical Institute of the National Academy
of Sciences of Ukraine, for studying the luminescence of (C)IrTPP.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2012.06.008.
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