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N-Confused Tetraphenylporphyrin—Silver(lll) Complex !

Introduction

An “N-confused porphyrin” (NCTPP, e.dL, 2) is a porphyrin
isomer wherein one of the four pyrrole rings is invertéd.
Recently, both theoretical® and experimentaf”-° studies were
reported on such an exotic porphyrin which possesses three
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The synthesis, characterization, and X-ray structure of the first example of an air-stable silver(lll) complex of an
N-confused tetraphenylporphyrin (5,10,15,20-tetraphenyl-2-aza-21-carbaporphyrin argentate(lll) or Ag(lI)NCTPP,
7) is reported. Crystals of Ag(lI)NCTPEH,CI, belong to the monoclinic space grotgi/c (No. 14), witha

= 0.038(4) A,b = 15.097(3) A,c = 25.578(8) A, = 91.32(3), andZ = 4. The lengths (A) of the three
silver—nitrogen and one silvercarbon bonds are inequivalent [A§(1), 2.06(2); Ag-N(2), 2.08(2); Ag-N(3),
2.03(2); and Ag-C(17), 2.04(2)], reflecting the asymmetric structure of the NCTPP ligand. The very small distortion
from a square planar geometry is shown inrAg—N and N-Ag—C angles (degrees): N(&Ag—N(2), 89.7(8);
N(1)—Ag—N(3), 179(1); N(1)-Ag—C(17), 90.3(9); N(2rAg—N(3), 89.6(9); N(2)-Ag—C(17), 179(1); and N(3}
Ag—C(17), 90.9(1). The diamagnetic nature of Ag(llI)NCTPP was confirme#tbgind*C NMR and magnetic
susceptibility measurements. Electrochemical and spectrochemical studies revealed that ring reduction and oxidation
occur at—0.72, 1.21, and 1.50 V vs SHE, respectively. The potential role of NCTPP ligand for stabilization of
higher oxidation states of metal ion is discussed.

co-workers have shown the formation of a “porphyrin-like”
square planar Ni(ll) complex3] which has a nicketcarbon
bond as well as three nickehitrogen bond$.The Ni—C bond
was found to be reactive to a mild methylating agent such as
methyl iodide, a process that affords a C-methylated Ni(ll)-
NCP @).8° They have also shown the nickel compoun8®(

nitrogens and one carbon as chelating donor atoms. The almos
square planar arrangement of those atoms and the presence of
a carbanion instead of an N-pyrrole atom, endow NCTPP with
interesting metal coordination properties. Latos-@maki and
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N-Confused Ag(lII)NCTPP

tion and reactivity toward methylating reagents, in the specific
case of the Pd(I)NCTPP complék.

Generally, porphyrins have two inner NHs and act as
dianionic ligands when complexing a metal i he formation
of the tetracoordinate Ni(ll) complex of NCTPB &nd4) and
the pentacoordinate Ni(lll) comple®) indicates that NCTPP
also behaves as a dianionic ligarf{). To bind a divalent
metal, M(ll), three hydrogens in the core (two NHs and one
CH) need to be removed, such that one of them must shift to
the outer peripheral nitrogen position to form a neutral complex,
M(Il) P2~. However, in contradistinction to that with the

porphyrins, in the case of NCTPP it is also possible to generate

a trianionic ligand P37) by simultaneously removing all three
of the labile inner ring protons. Under such conditions, the
coordination of a trivalent metal, M(I1l), would afford a neutral
complex of general form, M(IIBP3~. The possibility of
changing the central charge from dianionic to trianionic makes
NCTPP rather unique in the context of porphyrin chemistry.

This characteristic associated with the presence of a C-donor

atom may be a very interesting combination, because it could
potentially stabilize atypical metal oxidation states and/or metal
intermediates.

To examine such possibilities, we have explored the com-
plexation of NCTPP with silver. This choice was motivated by
the fact that silver cations generally form complexes readily
and can be found in many oxidation states, more precisely, Ag-
(), Ag(ll), and Ag(lll); further, the coordination chemistry of
silver cations with porphyrins has been extensively stutfiet}.

Inorganic Chemistry, Vol. 38, No. 11, 1992677

Here we report the synthesis, characterization, and X-ray
structural analysis of the first example of an air-stable NCTPP
trivalent metal complex, Ag(Ill)NCTPP7§. The potential role

of NCTPP as a ligand for stabilizing higher oxidation states of
metal ions is also discussed.

Experimental Section

Materials. N-Confused tetraphenylporphyrin (NCTPR) was
synthesized as described beféilver(l) trifluoroacetate (Wako) and
dichloromethanel (99.95%, Aldrich) were used as received. Tetrabu-
tylammonium perchlorate (TBAP, Tokyo Kasei) and spectral grade
dichloromethane (Nakarai Chemicals) were respectively used as sup-
porting electrolyte and solvent in the electrochemical measurements.
The purifications were carried out by column chromatography using
silica gel (Wako-gel C-300, particle size-485um) as stationary phase.

All other chemicals used were analytical grade.

Silver(Ill) Complex of N-Confused Tetraphenylporphyrin (Ag-
(IMNCTPP, 7). A 61.5 mg (0.10 mmol) sample of of NCTPR)(
was dissolved in 50 mL of dry Ci€l,, and 44.0 mg (0.20 mmol) of
silver (1) trifluoroacetate dissolved in 1 mL of MeOH was added. The
reaction mixture was protected from light and stirred 2oh atroom
temperature. The solvent was removed under vacuo and the crude
compound was loaded on a silica column and eluted withG@HThe
first reddish-green fraction was collected and evaporated to dryness,
and the crude silver complex was recrystallized from,Cht-hexane
to give 52.7 mg (73%) of shiny black-brown crystals, Ag(II)NCTPP,

7. THNMR (CD.Cl, ppm): 6 9.46 (s, 1H, outer-CH), 8,97 (d, 1H,
J= 4.6 Hz), 8.89 (d, 1HJ = 4.6 Hz), 8.73 (d, 1HJ = 4.6 Hz), 8.70

As such, we considered that a comparison of the relevant(d, 1H,J = 4.6 Hz), 8.67 (d, 1H,J = 4.6 Hz), 8.63 (d, 1H) = 4.6
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a better understanding of the properties of NCTPP as a ligand.
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Hz), 8.18-8.13 (m, 8H,0-phenyl), 7.79-7.71 (m, 12Hm, p-phenyl).

13C NMR (CD,Cl, ppm): 6 160.85, 142.12, 141.89, 141.27, 140.51,
140.45, 139.87, 139.63, 138.97 (deb7,100ng= 75.7, 83.0 Hz), 137.54,
135.05, 134.92, 134.35, 134.33, 131.76, 130.63, 130.03, 129.96, 129.65,
129.62, 129.58, 128.65, 128.63, 128.40, 128.39, 128.31, 128.11, 128.09,
127.84,127.65, 127.48, 127.45, 127.15, 125.25, 121.83, 121.80, 121.52,
121.50, 120.65. UV vis (CH.Cly; Amax, M (€)): 382.0 (27 400), 447.5
(Soret, 177 000), 520.0 (16 200), 554.0 (6 750), 588.0 (4 150), 637.0
(8 820). FABMS: m/e = 719.1 (M + 1)*. Exact mass calcd for
CuaH26N47Ag 719.1365, found 719.1283.

Instrumentation. 'H and*3C NMR spectra were recorded on a JEOL
alpha spectrometer operating at 500 and 125.8 MHz, respectively. The
residual®H NMR resonances of the deuterated solvent (CH{p&hd
3C NMR resonances of GGl were used as internal references.
Absorption spectra were recorded on a Shimadzu UV-3000. Fast atom
bombardment mass spectra (FABMS) were recorded on a JEOEJMS
HX-110 with m-nitrobenzyl alcohol as the matrix. Cyclic and differential
pulse voltammetric measurements were performed with a PAR Model
174 and CH Instrument Model 660 using a Pt electrode. Spectroelec-
trochemical measurements were carried out using a homemade
miniaturized three-electrode electrochemical cell mounted inside a
quartz cuvette having an optical path length of 0.025 mm. The working,
auxiliary, and reference electrodes were respectively a gold minigrid,
a coiled platinum wire, and a Ag/Ag0.010 M electrodé*

(24) Araki, K.; Toma, H. E.J. Photochem. Photobioll994 83, 245-
250. Henrique E. Toma, H. E.; Araki, K. Coord. Chem1993 30,
9-17.
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Table 1. Crystallographic Data for Ag(Ill)NCTPEH,Cl, 20
empirical formula GsHzoN4AgCl,
fw 805.53
cryst syst monoclinic ® 15
space group (No.) P2i/c (#14) E
unit cell dimens s
a A 9.038(4) E
b, A 15.097(3) £ 1.0
c, A 25.578(8) o
o, deg 90 2 x 10
p, deg 91.32(3) W
y, deg 90 05 /
Vv, A3 3489(1)
T,°C 25
zryst size, mm 40 35 0.13x 0.08 ' ! : i
deuios g¥b7CNT 1534 400 500 600 700 800
radiation/,, A 0.71069 (Mo Kx) wavelength (nm)
—1
/Il?(i’\r/llgi;(;)’((;msa(l))a 164 Figure 1. Electronic spectra of Ag(Ill)NCTPP7} in CHyCl..
0.0794
Ru 0.1083 a)

AR = 3 IFol = [Fell/XIFol; Ry = [(XW(IFo| — IFe)ZWF2)]"2

X-ray Data Collection and Refinement. Ag(Il)NCTPP (7).
Crystals of Ag(Ill)NCTPP 7) were prepared by diffusion ofhexane
into the dichloromethane solution of Ag(lI)NCTPP. The data were
collected at 25C on a Rigaku AFC5R diffractometer. From the total
of 7124 collected reflections, 6603 were uniqu(= 0.217). The
intensities of three representative reflections, measured after every 150
reflections, declined by-9.50%. This problem was solved by introduc-
ing a linear correction factor to the data. The data were also corrected
for Lorentz and polarization effects. The structure was solved by direct
methods using the TEXSAN crystallographic software package of
Molecular Structure Corp. The non-hydrogen atoms were refined
isotropically. Crystal data are compiled in Table 1.

Magnetic Susceptibility Measurement.Static magnetic susceptibil-
ity measurements were undertaken from 300 to 4.2 K with a Quantum
Design SQUID magnetometer. An aluminum foil box was used to hold
the sample and the background was collected over the full temperature
range just prior to the measurements. Data were recorded at 55 kG on
sample of 32.62 mg.

Results and Discussion

The silver complex, AgNCTPP, was synthesized by the
reaction of silver(l) trifluoroacetate with free base NCTHAP (
in CH,CI,/MeOH, at room temperature. After column chroma-
tography, the shiny black-brown crystals were obtained in 73%
yield. Insertion of silver metal was confirmed by the FABMAS
peak at 719.11 + 197Ag — 2H)*.

The optical spectra of AgNCTPP recorded in £CH
exhibited quite distinct features compared with the Ag(ll)
complex of tetraphenylporphyrin, Ag(lIl)TPP. Unlike Ag(ll)-
TPP which has two peaks at 539 and 569 nm (Q-bafids)—
NCTPP showed four peaks at 520, 554, 588, and 637 nm in

CH;Cl,. The Soret band appeared at 447.5 nm, i.e., about 9 nrnside view. Solvent molecule (GBI,) was omitted for clarify. Selected
Shlft.ed to Ic_)nger wavelengths, compared witiFigure _l)' . bond lengths (A) and angles( (deg)ree) ForAg—N(1), 2.0%/(2); Ag-
_Direct evidence for the nearly square planar coordination of N(2) 2.08(2); Ag-N(3), 2.03(2); Ag-C(5), 2.04(2); N(1}-Ag—N(2),
silver atom was obtained from single-crystal X-ray analysis 89.7(8); N(1}-Ag—N(3), 179(1); N(1-Ag—C(5), 90.3(9); N(2-Ag—
(Figure 2). The lengths (&) of the three silvamitrogen and N(3), 89.69; N(2)-Ag—C(5), 179(1); N(3-Ag—C(5), 90(1).
one silver-carbon bonds are inequivalent [A$N(1), 2.06(2);
Ag—N(2), 2.08(2); Ag-N(3), 2.03(2); and AgC(17), 2.04- with this, the deviation of Ag atom from the planes formed by
(2)], which is a reflection of the asymmetric structure of the the three atoms in the core (three N and one C) is within 0.01-
NCTPP ligand. The very small distortion from a square planar (5) A. The average of three AgN distances, 2.05(6) A, is
geometry is shown in NAg—N and N-Ag—C angles (de- significantly shorter than in the Ag(ll)TPP complex, 2.0923A.
grees): N(1>Ag—N(2), 89.7(8); N(1)>Ag—N(3), 179(1); The bond distance of Ag(IIHC, 2.04(2) A, is comparable with
N(1)—Ag—C(17), 90.3(9); N(2rAg—N(3), 89.6(9); N(2)» that of tetracoordinated, square planar Ag(lll) complex, e.g.,
Ag—C(17), 179(1); and N(3)Ag—C(17), 90.9(1). Consistent  [Ag(II)(CF 3)nX4-n] ", 2.013 A

Figure 2. X-ray structure of Ag(IlI)NCTPPT): (a) top view and (b)
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Figure 6. Cyclic voltammogram of a 2.5 mM NCTPR)(solution in
CH.Cl,, 0.1 M TBAPF;, 20 mV/s, Pt working electrode.
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1 . .
The 'H NMR spectra of complex? in CDCl, solution Figure 7. Cyclic voltammogram of a~2.5 mM Ag(lI)NCTPP ()

exhibits_ sharp signals in the nprmal porphyrin r_egion, _more solution in CHCl,, 0.1 M TBAPFK, 100 mV/s, Pt working electrode.
exactly in the 710 ppm range (Figure 3). A sharp singlet signal

at 9.46 ppm, ascribed to the outer-pointiediydrogen of the qta1 jon in the complex, we carried out magnetic susceptibility
inverted pyrrole ring, indicates that the adjacent nitrogen is not and electrochemical studies on the sample. So, if the ligand is

prptonated. This is in marked contrast with the corresponding dianionic 2), the oxidation state of the silver ion is2, and
Ni(ll)-NCTPP (3) complex, wherein thex-hydrogen signal e complex should be paramagneti® ¢dnfiguration). On the
appeared as a doublet at 8.61 ppm due to its coupling with the oyner hang, if it is trianionicR®-), the metal ion oxidation state
outer NH proton. In addition, a broad signal aroune-1@ ppm, is +3, and the complex should be diamagneti#).(d
ascribed to outer NH in the Ni(ll) complex, was not obser¥ed. Thé magnetic susceptibilityyT) of AQNCTPP {) as a

1 ) ) :
The hSC.NMR. spefctra er(;e aIsGOOrecorder(]JI |n.the Id'?mhagnet'c function of the temperature is shown in Figure 5. Although a
porphyrin region, from 120 to 160 ppm. The signal of the inner 0.4 haramagnetism is observed in the low-temperature region
carbon, directly bonded to silver ion, was clearly observed at (<80 K), the basic magnetic profile is consistent with a
138.97 ppm. The signal was split into two characteristic doublets diamagn,etic complex, in the solid st&f&2 The NMR spectra

i i i 107, _1
awfgglggAthe f%plgg S"Ehzgh?:Ag nuzleug( Ag—"C), 75.7  confirm this result, because if the silver is coordinated to NCTPP
z; J(PAg—C), 83. (Figure 4). __ as the paramagnetic Ag(ll) ion, at least some of the signals
The question about the oxidation state of the silver ion, either 419 be broaden and/or shifted from their normal posit#ns.
Ag(ll) or Ag(lll), cannot be answered by simple analysis of
the C!’VStal'Ograph'C data. HOWQ\_/er!_ the absence of the COUN-(27) The observed susceptibility at room temperature was prty1.90
teranion in the crystal structure indicates that the complex is x 10~4 emu/mol, which corresponded to 0.68 (Bohr magnet). The

neutral. To understand which oxidation state best describes the ~ raw data were corrected for temperature-independent diamagnefism
(x4 = —4.81 x 1074 emu/mol); see, Sutter, T. P. G.; Hambright, P.;

Thorpe, A. N.; Quoc, NInorg. Chim. Actal992 195 131-132.

(25) (a) Eujen, R.; Hoge, B.; Brauer, D.ldorg. Chem1997, 36, 1464 (28) The temperature dependence of the susceptibility can be fit to the
1475. (b) Eujen, R.; Hoge, B.; Brauer, D.ldorg. Chem.1997, 36, Curie—Weiss expression with an added consta&yt ¢ = C/(T — 0)
3160-3166. + Q, whereC = 5.0 x 103 emu/motK, 6 = —8.5 K, andQ = 1.7

(26) Due to the low resolution, the ratio of two coupling constaifté?Ag— x 1074 emu/mol. The measured Curie constant correspondié=+o
13C)IJ(107Ag—13C), was slightly smaller than the theoretical value, 1.15. 1.3 x 1072 spins per Ag(II)NCTPP molecule that are tentatively
See: Noltes, J. G.; Van Koten, G. Gomprehensie Organometallic assigned to impurities.

Chemistry Wilkinson, G., Stone, F. G. A,, Abel, E. W., Eds; (29) Godziela, G. M.; Goff, H. MJ. Am. Chem. S0d.986 108 2237~
Pergamon Press: Oxford, U. K., 1982; Vol. 2, p 709. 2243.
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Figure 8. Spectroelectrochemistry of NCTPB (4 x 10~* mol-dm3, 0.0
in CH,Cl, 0.1 M TBAPF). The experimental conditions are shown in 200 300 400 500 600 700 800
the figure.
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Furthermore, the substitution of a pyrrole nitrogen by a carbon Figure 9. Spectroelectrochemistry of AG(I)NCTPR)((~2 x 10 ¢
as donor atom in the porphyrin macrocycle ligand strongly Modm > in CH.Cl, 0.1 M TBAPF. The experimental conditions
. . . . are shown in the figure.
increases its basicity. Consequently, it should be a much stronger
o-donor than porphyrins and should stabilize much more crystal structure of the Ag(IlI)NCTPP indicates that the complex
effectively metal ions in higher oxidation states, and the is neutral and that the trianionic mode should prevail, in contrast
complexes with the metal in low oxidation state should become with the Ni(I)NCTPP case. In addition, we expect that the outer
increasingly less stable. It is known that when Ag(l) is pyrrole nitrogen is deprotonated in tR&" configuration, and
coordinated by porphyrins, it is simultaneously oxidized to Ag- this hypothesis is confirmed by th# NMR spectrum, as
(1).3° Furthermore, Ag(ll) can be easily oxidized to Ag(lll), discussed above.
either chemically or electrochemically, due to its low potential ~ The cyclic voltammograms (CVs) for the free base ligand
barrier (0.54 V)416S0, because of the higher donor capability and the silver complex were recorded in §CHp, 0.1 M TBAP,
of NCTPP ligand compared to porphyrins, there is no doubt at room temperature (Figures 6 and 7). In the case of the free-
that the Ag(lll) species was formed. base NCTPP, starting at 0.1 V and scanning into the positive
However, the problem relative to tiR8~ or P3~ configuration ~ Potentials, an irreversible anodic peak is observeghat= 0.87
of the NCTPP ligand still is not solved. In this particular case, V- This oxidation process is followed by three well-defined
the X-ray diffraction and!H NMR data were very helpful, reversible waves at1.25,+1.47, and+1.85 V vs SHE. On
despite the fact that there is a very small intrinsic structural the negative side, an irreversible cathodic wave is observed at
difference between them. The absence of a counterion in theEpc = —0.75 V. An adsorption prepeak also can be observed in
the CV of Figure 6 at 1.15 V. All peaks seem to involve

(30) Falk, J. EPorphyrins and MetalloporphyrinsElsevier: New York, monoelectronic redox processes, as can be inferred by their
1964. intensity ratios. This is in contrast with the behavior of normal
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Scheme 1

porphyrins, which generally exhibit only two oxidation and at 687 nm. When the complex was further oxidized at 1.80 V,
reduction processés. the Soret band became even weaker and shifted to 453 nm, while
Three redox processes were observed in the CVs of the silverthe band at 687 nm faded and a new band rose around 735 nm.
complex7, in the —1.5 to+1.5 V range, at-0.72, 1.21, and When this solution was mixed with the nonoxidized one, the
1.50 V vs SHE. The first and second oxidation processes of previously formed oxidized species was regenerated. The
the silver complex were shifted more than 250 mV to positive reduction at—1.10 V caused the decrease of the Soret band.
potentials in comparison with the free-base NCTPP, in agree- Those are evidence that the redox reactions on the silver
ment with the coordination of the electron-withdrawing Ag- complex are monoelectronic and localized on the NCTPP ligand.
(M) ion. The wave at 1.50 V was consistently less intense than  The spectroelectrochemical data were consistent with the
the other two waves and probably is related to the amount of cyclic voltammograms for the free-base and silver(lll) complex,
electrochemically active product generated in the first irrevers- but further studies are necessary to elucidate why the first
ible oxidation reaction. oxidation reaction on both species is irreversible. Considering
A spectroelectrochemical study was carried out in order to the fact that the successive voltammograms in a multiple scan
improve our understanding about the electrochemical processesexperiment remained almost unchanged, we believe that a
The free-base NCTPP exhibits an absorption spectrum patternchemical reaction may be coupled with the electrochemical
that is similar with those of porphyrins, but all bands are red- process$? For example, a proton release after the electron
shifted. In CHClI,, the Soret and Q-bands appear, respectively, abstraction is one of the plausible reactions (Scheme 1). This
at 437, 539, 582, 667, and 727 nm. When the free-base NCTPPpoint is under examination.
is reduced at-1.00 V, there is a decrease in the intensity of  The question “why the ligand valency changes frBaT in
the Soret band and it shifts to 445 nm, and a shoulder appearsNi(I)NCTPP toP3~ in Ag(lll)NCTPP?" is difficult to answer
around 472 nm (Figure 8). The Q-bands also become less intenseat present. The only structural difference betwBénandP3-
and two new bands appear at 633 and 681 nm. When NCTPPis the absence of a hydrogen bond involving the outer nitrogen
is oxidized at 1.00 V, the Soret band lost intensity and shifted atom, in the inverted pyrrole ring. Thus, probably, the acidity
to 450 nm. Simultaneously, all the Q-bands faded and a new of the coordinated metal ion is playing a crucial role in
intense and broad band rose at 793 nm. This behavior is similarstabilizing theP3~ ligand. The strongly covalent nature of the
to that observed in porphyrins. In the second oxidation process Ag(ll) -NCTPP bonds, due to the in-plane and out-of-plane
at 1.40 V, the Soret band shifted to 464 nm, the band at 793 z-bonding between the metal d-orbital and the liganatbitals,
nm shifted to 812 nm, and a new band rose at 665 nm. The could decrease the-electron density, which, in turn, would
Soret, 665, and 812 nm bands faded when the free base wasnake the complex more acidic and thus facilitate the dissociation
further oxidized at 1.70 V, and broad absorptions appeared in of the outer NH3 The strong polarization of the-bond would
the visible region with maxima at 450 (Soret), 500, and 600 also contribute to this phenomenon.
nm. Finally, the intensity of the Soret band envelope at 450 nm  Conclusion. A new stable Ag(lIl)NCTPP complex7) has
decreased and a new broad band appeared at 670 nm, when thgeen synthesized for the first time and characterized spectro-
sample was oxidized at 2.10 V. In the five redox processes, scopically, magnetically, and electrochemically. The structure
well-resolved isosbestic points were observed, suggesting thatof the complex, determined by X-ray diffraction, shows the
only two species are involved in each electrode reaction. silver(Ill) ion bound strongly to three nitrogens and one carbon
A similar spectroelectrochemical behavior was observed for atom, in a slightly distorted pseudo-square-planar geometry. The
the reduction and oxidations of the silver(tHHNCTPP complex, magnetic susceptibility and NMR measurements confirmed the
respectively, at-1.10, 1.40, and 1.80 V vs SHE. The spectral
changes observed for the oxidations at 1.40 and 1.80 V are(32) (O;(idative couplingr?f the NCTPP Iri]géand is another possitl)(ility; see:
shown in Figure 9. The Soret band at 448 nm and the Q-bands (&) Ogawa, T.; Nishimoto, Y.; Yoshida, N.; Ono, N.; Osuka, JA.
at 520 and 638 nm became weaker, and a new band appeared EE%TMO%?CY'.; gggmda?gT%%ﬂé?gﬁ_ :’?&ﬁﬁ%néte’)vv'ogﬁgvn?’ Lt

Ed. 1999 38, 176-179.
(31) Davis, D. GThe PorphyrinsDolphin, D., Ed.; Academic Press: New  (33) Subramanian, FPorphyrins and MetalloporphyrinsSmith, K. M.,
York, 1978; Vol. V, Chapter 10. Ed.; Elsevier: Amsterdam, 1975; Chapter 13.
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diamagnetic nature of the complex, excluding the possibility aslow as—0.5 V. These results, and the strong donating nature
of the Ag(Il)NCTPP complex. This led to the assignment of of the NCTPP ligand with which they are consistent, lead us to
the structure to a Ag(lll) species. Substitution of a pyrrole suggest that this particular porphyrin isomer could be used to
nitrogen atom by a carbon atom as donor in the porphyrin stabilize other metals in unusual oxidation states. Such studies
macrocycle, the basic effect of TPP to NCTPP exchange, greatlyare in progress.

changed the basicity of the ligand. Consequently, NCTPP is a
strongefo-donor than TPP and should effectively stabilize metal
ions in higher oxidation states, i.e., Ag(lll) species. While only
very small differences between the NCTPP ligand inAts

and P3~ forms are observed in the relevant X-ray structures,
the absence of a counterion in the crystal structure of the Ag-
(IMNCTPP complex strongly suggests the prevalence of the
trianionic mode, in contrast to what is seen in the case of Ni-  Supporting Information Available: ~Tables listing crystal data,
(IMNCTPP. Electrochemical and spectroelectrochemical studies aom coordinates, complete bond lengths and angles, anisotropic
also support the presence of the proposed Ag(lll)NCTPP form dlspla_ce_rnent _coefﬂcnents, and calc_:ulated hydrogen pallrameters. This
in solution and thus serve to confirm the high stability of this material is available free of charge via the Internet at http:/pubs.acs.org.
species. In fact, the metal ion was not reduced, even at potentialdC9901416
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