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The synthesis, spectroscopic characterization, and electrochemistry of five new phosphorus corroles are reported.
The investigated complexes contain alkyl, aryl, oxo, or hydrido axial ligands and are represented as (OfC)P(H)
(OEC)P(CH),, (OEC)P(GHs),, (OEC)P=0, and [(OEC)P(CH]*ClO,~, where OEC is the trianion of
octaethylcorrole. The products of electrooxidation and/or electroreduction were also characterized-ig UV

and ESR spectroscopy. Correlations are shown to exist between reversible half-wave potentials for the first oxidation
and first reduction of each compound and the combined electronegativity of the central ion and the axial
ligand(s). The electrochemical HOM@UMO gap, defined as the difference between first reduction and first
oxidation, was found to be independent of the electron-transfer site and similar in magnitude to the value generally
observed for metalloporphyrins with planar macrocycles, i.e., 2515 V.

Introduction and (OEC)Fe(6Hs), where OEC= 2,3,7,8,12,13,17,18-0cta-
) ethylcorrole, are known and both compounds can be oxidized

Numerous studies have recently been devoted to metallo-yg give formally Fe(V) corroler-cation radicals and/or di-
corroled ' whose coordination and electrochemical properties ationsé (OEC)FeCl has also been characterized as containing
have often been compared to the analogous metalloporphyrins 5y Fe(1v) centef? but recent results suggest the possibility that
The corrole macrocycle has a direct pyrrofgyrrole bond but — thjs compound might also exist as an Fe(#ation radical?
retains nevertheless an l8electron aromatic system and In theory, a large number of metal ions can be inserted into
properties generally associated with porphynns. The contractedipe corrole cavity but the coordination chemistry of this
ring has a—3 charge for the macrocycle in its deprotonated macrocycle has been limited in large part to first-row transition
form and often leads to a stabilization of metal ions in an etalst2 There are only a few examples in the literature of
oxidation state higher than in the case of metalloporphyrins metaliocorroles containing main group elemérds-19 while
where the deprotonated free base macrocycle has a charge ofe “periodic table of metalloporphyrins” has been extensively
—2. For example, air-stable Fe(IV) complexes of [(OEC)Ee] studied, even with the same group 15 eleméht®
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It was recently shown that (EMC3dwhere EMC= 8,12-
diethyl-2,3,7,13,17,18-hexamethylcorrole, reacts with RQCI
pyridine to give (EMC)P(OH)CI, as confirmed by an X-ray
characterization of this complé%.In this paper, we report the

synthesis, spectroscopic characterization, and electrochemistryA

of phosphorus octaethylcorroles with a variety of different types
of axial ligands, none of which have previously been character-
ized. The investigated P(V) complexes contain alkyl, aryl, oxo,
or hydrido axial ligands and are represented as (OEQP
(OEC)P(H}, (OEC)P(CH),, (OEC)P(GHs)2, and [(OEC)P-
(CH3)]*ClO4~. The electrochemistry of each corrole is eluci-
dated in PhCN, 0.1 M TBAP, and the products of electrooxi-
dation and/or electroreduction are characterized by-u¢ and
ESR spectroscopy.

In a preceding paper, we reported the synthesis and electro
chemistry of octaethylcorroles containing As, Sb, and Bi, each
of which could exist in three different oxidation staté€sThe

Kadish et al.

spectroelectrochemical experiments were carried out with a Hewlett-
Packard model 8453 diode array spectrophotometer.

Chemicals. Benzonitrile (PhCN) was purchased from Aldrich
Chemical Co. and distilled over,®s under vacuum prior to use.
bsolute dichloromethane (GBIl;) was purchased from Aldrich
Chemical Co. and used without further purification. CPfor NMR
measurements was obtained from Aldrich Chemical Co. and used as
received. Tetraxbutylammonium perchlorate was purchased from
Sigma Chemical Co., recrystallized from ethyl alcohol, and dried under
vacuum at 40°C for at least 1 week prior to use. The investigated
compounds were synthesized as described below.

1. (OEC)P=0. A total of 1.0 mL of phosphorus trichloride was
added to a solution of 523 mg (1 mmol) of octaethylcorrole in 20 mL
of pyridine with stirring. After 5 min the volatile compounds were
removed in vacuo. A total of 50 mL of water was added, and the
mixture was further stirred for 30 min. The red precipitate was collected

and washed thoroughly with water. The phosphorus compound was
obtained after passing through a short column of alumina (Brockmann)
using dichloromethane as eluent. The red band contained the title

electrochemical data for these group 15 derivatives are combinedcompound, which was obtained as red powder after crystallization from

in the present paper with that of the five new phosphorus
complexes as well as with data for the oxidation and reduction
of other corroles containing different central ions in order to
obtain a self-consistent picture of how the overall electron
density at the central metal affects the corrole redox potentials
and HOMO-LUMO gap. Comparisons are also made between
octaethylcorroles and octaethylporphyrins containing the same
cental ions.

Experimental Section

Instrumentation. *H, *3C NMR, and®*P NMR spectra were recorded
at 300 MHz/75.5 MHz/121.5 MHz on a Bruker AP 300 NMR
spectrometer. The CD&$olvent signals were used as a standard at
= 7.24 (H) andd = 77.0 ¢3C), while HsPO, was used as an external
standard foP'P measurements. UWisible spectra were recorded on
a Perkin-Elmer Lambda 7 spectrophotometer, while IR measurements
were performed with a Perkin-Elmer IR spectrophotometer 283 or a
Perkin-Elmer series 1600. ESR spectra were recorded on an IBM ER
100D or on a Bruker ESP 380E spectrometer. Thealues were
measured with respect to diphenylpicrylhydrazgl € 2.0036 +
0.0003). Electron ionization mass spectra were taken on a Finnigan
3200 or Finnigan MAT 212 instrument. FAB spectra were recorded
on a Varian MAT 731 mass spectrometer. Elemental analysis was
provided by Bayer AG, Leverkusen, Germany.

Cyclic voltammetry was carried out with an EG&G model 173
potentiostat or an IBM model EC 225 voltammetric analyzer. A three-
electrode system was used and consisted of a glassy carbon or platinu
disk working electrode, a platinum wire counter electrode, and a
saturated calomel electrode (SCE) as the reference electrode. The SC
was separated from the bulk of the solution by a fritted-glass bridge of
low porosity, which contained the solvent/supporting electrolyte
mixture. All potentials are referenced to the SCE. thisible
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hexane (460 mg, 81%)H NMR (300 MHz, CDC}): 6 9.79 (singlet,
2H, H-5,15), 9.61 (singlet, 1H, H-10), 4.6B.88 (multiplets, 16H,
CH;), 1.79 (triplet, 6H, CH), 1.78 (triplet, 6H, CH), 1.76 (triplet, 6H,
CH), 1.75 (triplet, 6H, CH). *3C NMR (75.5 MHz, CDC)): ¢ 138.90,
138.60, 137.38, 137.22, 133.44, 133.33, 129.00, 124.64, 93.19 (C-10),
90.74 (C-5,15), 20.34, 20.01, 19.84, 19.58, 18.30, 18.20, 17.51, 17.61.
3P NMR (121.5 MHz, CDGJH3PO, ext): 6 —99.40. MS (El, 70
eV): m/z (%) 566 (100) M, 551 (14) [M — CHz]*, 536 (6) [M —
2CHg7]™, 283 (15) [MF*, 268 (11) [M— CHz]?". IR (Csl),v: 2966,
2932, 2870, 1530, 1466, 1449, 1286, 1186, 1158, 1056, 1028, 1014,
960, 900, 812 cmt. UV—vis (CH,Cl,), Amax (nM) (€ x 1074, mol* L
cmY): 273 (0.4), 315 (0.4), 402 (12.5), 520 (0.5), 561 (1.6). Anal.
Calcd for GsH4sN4PO: C, 74.18; H, 7.65; N, 9.89. Found: C, 73.90;
H, 7.33; N, 10.17.

2. (OEC)P(H). A suspension of 567 mg (1 mmol) of (OEGH®
and 380 mg (10 mmol) of LiAlE in 50 mL of diethyl ether was
refluxed for 30 min under an argon atmosphere. During this time the
color changed from red to green-blue. The mixture was then hydrolyzed
by adding methanol and water at30 °C, and the filtered solution
was evaporized to dryness in vacuo. The residue was passed through
a short column of alumina under argon atmosphere (Brockmann) using
dichloromethane as eluent. The first band contained the dihydrido
complex, which was obtained after crystallization from dichloromethane/
methanol as violet needles (yield: 332 mg, 60%)NMR (300 MHz,
CDCly): 6 9.61 (singlet, 2H, H-5,15), 9.38 (singlet, 1H, H-10), 4.07
(quartet, 4H, CH), 4.06 (quartet, 4H, Chj, 4.04 (quartet, 8H, Ch),
1.93 (triplet, 6H, CH), 1.90 (triplet, 6H, CH), 1.89 (triplet, 12H, CH),
—3.31 (doubletJpy = 921 Hz, 2H, P-H). 33C NMR (75.5 MHz,

rrEL‘DCIg): 0 137.97, 136.93, 136.89, 134.43, 134.28, 128.31, 127.76,

27.68, 89.52, 83.72, 20.56, 19.83, 19.78, 19.63, 18.88, 18.85, 18.31,

8.19.%'P NMR (121.5 MHz, CDGJ): 6 —252.52 (triplet}Jp = 916
Hz). MS (El, 70 eV): mz (%) 552 (97) M", 551 (100) [M— H']*,
550 (11) [M — 2H]*, 537 (7) [M — CHgz]*, 522 (9) [M — 2CHs"]T,
276 (15) [MF'. IR (Csl),v: 2964, 2930, 2868, 22814), 1501, 1480,
1466, 1394, 1372, 1280, 1206, 1170, 959, 890, 804, 789, 758.cm
UV —vis (CHCl,), Ama{nm) (€ x 1074, mol* L cm™): 317 (3.3), 429
(17.2), 444 (22.5), 553 (1.1), 595 (1.4), 634 (3.0).

3. [(OEC)P(CH3)]TClO,4~. Methylmagnesium iodide was added

dropwise to a solution of 567 mg (1 mmol) of (OEGP in 25 mL
of dichloromethane until no starting compound could be detected by
thin-layer chromatography (silica gel/dichloromethane; starting com-
pound pink spot withR; of 0, monomethyl compound purple spot with
R of 0.5). The purple solution was washed with aqueous ammonium
chloride, and the volatile compounds were removed in vacuo. The
residue was then chromatographed on silica gel using dichloromethane
as eluent. The eluate of the second (purple) band was collected and
concentrated to a volume of 5 mL, after which 5 mL of methanol and
0.2 mL of perchloric acid were added and the dichloromethane removed
by gentle heating in a water bath. The title compound was obtained
after crystallization at-20 °C as red parallelograms that were washed
thoroughly with water and dried in vacuo (yield: 452 mg, 68%).



Octaethylcorroles

Caution! Organic perchlorate salts can detonate spontaneously. Al-
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Table 1. SelectedH NMR ¢ Values of Phosphorus

though no explosions were encountered in this work, precautions are Octaethylcorroles

warranted. The preparation of [[OEC)P(§HCIO,~ was always done
on a small scale, and the material was not stored for long peribids.
NMR (300 MHz, CDC}): ¢ 10.19 (singlet, 2H, H-5,15), 10.10 (singlet,
1H, H-10), 4.33-4.04 (multiplets, 16 H, Cb), 1.94 (quartet, 6H, C#),
1.90 (quartet, 6H, CkJ, 1.87 (quartet, 12H, C#), —4.50 (doubletzJpy

= 16.0 Hz, 6H, P-CHs). 3C NMR (75.5 MHz, CDC}): 6 142.68,

139.65, 138.00, 136.47, 136.42, 133.45, 132.39, 125.59, 94.65 (C-10), (OECP(GHz)>
92.31 (C-5,15), 20.52, 20.16, 20.01, 19.68, 18.07, 18.04, 17.46, 17.42,(0EC)P(CH)]*CIOs —4.50

16.69 (doublet!Joc = 152.9 Hz, P-CHg). 3P NMR (121.5 MHz,
CDCl/HzPOs ext): & —94.32 (quartet?Jey = 16 Hz). MS (FAB/
NBA): m/z (%) 565 (100) [(OEC)P(CH]". IR (Csl),v: 2967, 2933,
2873, 1465, 1094, 1057, 1019, 966, 624 ¢nUV —Vis (CH.Cl,), Amax
(nm) € x 104, mol™* L cm™t) = 281 (1.9), 390 (3.9) sh, 410 (22.6),
502 (0.4) sh, 528 (1.7), 568 (2.4). Anal. Calcd fogldssN4PCIOs: C,
65.00; H, 6.97; N, 8.42. Found: C, 65.89; H, 6.93; N, 8.68.

4. (OEC)P(CHa).. Methylmagnesium iodide (4 mmol) in diethyl
ether was added to a solution of 665 mg (1 mmol) of [(OEC)P-
(CHg)]"CIO4~ in 20 mL of dichloromethane. After hydrolysis, the
volatile compounds were removed in vacuo. The title compound was

obtained after passing the residue through a short column of alumina
(Brockmann) using dichloromethane. The purple band contained the

titte compound, which was obtained after crystallization from dichlo-
romethane/methanol as violet needles with metallic luster (yield: 451
mg, 78%).*H NMR (300 MHz, CDC}): ¢ 9.60 (singlet, 2 H, H-5,15),
9.42 (singlet, 1H, H-10), 4.21 (quartet, 4H, @H4.13 (quartet, 4H,
CH,), 4.09 (quartet, 8H, Chj, 1.98 (triplet, 6H, CH), 1.95 (triplet,

6H, CHs), 1.94 (triplet, 12H, CH), —6.23 (doublet, 6H?Jpy = 17.4

Hz, P-CHg). 13C NMR (75.5 MHz, CDC}): ¢ 136.88, 135.98, 135.84,

133.94, 132.63, 127.73, 127.15, 125.18, 88.97 (C-5,15), 83.80 (C-10),

34.13 (doublet!Jpc = 230 Hz), 20.61, 19.86, 19.77, 19.69, 18.94, 18.92,
18.39, 18.27. MS (El, 70 eV)m/z (%) 580 (8) M™ 565 (100) [M—
CHgz1™, 550 (9) [M— 2CHg™, 283 (14) [M— CHg?". UV —vis (CH,-
Clp), Ama{nm) (¢ x 1074, mol™* L cm™): 316 (2.4), 412 (4.3), 423
(17.3), 435 (22.2), 543 (1.1), 570 (1.0), 586 (1.9), 617 (3.2). Anal.
Calcd for GHsN4P: C, 76.52; H, 8.50; N, 9.65. Found: C, 76.48; H,
8.41; N, 10.01.

5. (OEC)P(CsHs)2. A solution of 567 mg (1 mmol) of (OECYPO
in 10 mL of dichloromethane containing 2 mL of methanol was stirred
for 30 min to generate a reactive dimethoxy derivative. The volatile
compounds were removed in vacuo, after which 10 mL of dichlo-
romethane and 4 mmol of phenylmagnesium bromide in diethyl ether
were added. After 10 min the mixture was hydrolyzed and the organic

layer washed with water and evaporated to dryness. The residue wa

passed through a short column of alumina (Brockmann) using dichlo-
romethane as eluent. (OEC)RKE), was obtained after crystallization
from hexane as purple cubes with a yield of 444 mg (63%)NMR
(300 MHz, CDC}): 6 9.46 (singlet, 2H, H-5,15), 9.24 (singlet, 1H,
H-10), 5.33 (multiplet, 1H, phenyd-H), 4.85 (multiplet, 2 H, phenyl,
m-H) 4.10 (quartet, 4H, Ch), 4.02 (quartet, 4H, CkJ, 4.00 (quartet,
4H, CH), 3.98 (quartet, 4H, Ch), 1.90 (triplet, 6H, CH), 1.84 (triplet,
6H, CHs), 1.83 (triplet, 6H, CH), 1.81 (triplet, 6H, CH), 0.39
(multiplet, 2H, phenyb-H). 13C NMR (75.5 MHz, CDCY): 6 = 154.33
(doublet,XJcp = 265 Hz, phenyl, Gso) 138.44, 137.20, 136.94, 134.86,
134.72, 128.59, 128.37, 127.41, 123.29 (doubldtp = 22.4 Hz,
phenyl), 122.85 (doubletJcp = 16.5 Hz, phenyl), 122.42 (doublet,
4Jcp= 4.7 Hz, phenyp-C), 89.77 (C-5,15), 84.80 (C-10), 20.61, 19.89,
19.78,19.61, 18.84, 18.65, 18.26, 18 ¥B.NMR (121.5 MHz, CDG
H3POy ext): 0 —215.94 (multiplet). IR (Csl)y: 3059, 2966, 2930,

2870, 1501, 1464, 1448, 1430, 1391, 1376, 1281, 1194, 1162, 1087,

1057, 1030, 1017, 964, 893, 796, 749, 716, 690, 540'ctdV —vis
(CHCLY), Amafnm) (€ x 1074, molt L cm™): 314 (2.8), 411 (3.0),
429 (18.7), 440 (23.8), 543 (1.1), 586 (2.2), 616 (3.3).

Results and Discussion

Synthesis of (OEC)P=0. Phosphorus can be incorporated

axial macrocycle
compound ligand H-5,15 H-10 CH CHs
(OEC)P=0 9.79 9.61 4.0#3.88 1.79-1.75
(OEC)P(H) -3.31 9.61 9.38 4.074.04 1.93-1.89
(OEC)P(CH)2 —6.23 9.60 9.42 4.234.09 1.98-1.94
5.33,4.85 946 9.24 4.163.98 1.96-1.81
0.39

10.19 10.10 4.334.04 1.94-1.87

in high yields, and a hydroxy corrole derivative that was reported
with a similar reaction procedure using a different cort®le
could not be detected. The formation of an oxophosphorus(V)
corrole is quite different from what is observed for other group
15 corroles that form four-coordinate (OEC)Mderivatives
where M= As, Sb, or Bi!® As indicated above, no evidence
for [(OEC)P(OH)}" was seen nor was any P(Ill) product
detected during the metalation reaction.

The 'H NMR spectrum of (OEC)2O shows characteristic
features of a diamagnetic aromatic compound. Resonances of
the meso protons H-5,15 and H-10 are located &t79 and
9.61 (Table 1), confirming a strong diamagnetic ring current
effect. Protons of the CHunits give rise to multiplets (AB part
of a ABX3 spin system) around 4 ppm. This diastereotopism
indicates the lack of a horizontal symmetry plane and leads to
the conclusion that the central phosphorus ion adopts an out-
of-plane position with one axial ligand.

Synthesis of [[OEC)P(CH3)]"ClO4~. The formation of a
monomethyl corrole derivative was achieved by reaction of
(OEC)P=0 with methylmagnesium iodide. The perchlorate salt
was obtained by treatment of the above reaction product with
perchloric acid. Formulation of the product as a compound that
is methylated at the central ion is based on its NMR spectrum,
which indicates the presence of an aromatic compound @4th
symmetry. The meso-proton resonances of [[OEC)B)(CEIO,~
appear as two singlets at= 10.19 and 10.10, while the GH
units of the ethyl groups correspond to multiplet® at 4.33—
4.04. The resonance of the methyl group bound to the central
ion occurs at high field. A doublet centereddat-4.50 with a
IH—31P coupling constant of 16.0 Hz is observed (Table 1).

*The strong shielding seen for the methyl protons is a result of

the magnetic anisotropy of the aromatic corrole macrocycle.
The resonances of the corrole protons in the monomethyl
compounds are shifted to lower field compared to the neutral
(OEC)P=0, and this is due to the presence of a positive charge
on [(OEC)P(CHs)]"CIO,4 ™.

Synthesis of (OEC)P(L), Where L = H, o-Methyl or
o-Phenyl. The synthesis of these phosphorus derivatives are
shown in Scheme 1. The dihydrido compound, (OEC)R(H)
was obtained as an actual reaction product during attempts to
reduce (OEC)RO to (OEC)P using lithium aluminum hydride.

The reaction of (OECYO with excess Grignard reagent
leads to the neutrat-bonded organophosphorus compounds in
low to moderate yield. However, (OEC)P(gklis obtained in
distinctly higher yield if the monomethyl compound, [(OEC)P-
(CHa3)]*CIO4, is reacted with methylmagnesium iodide. In the
case of (OEC)P(gHs),, it is advantageous to convert (OEE)P
to the more reactive dimethoxy compound in situ prior to
reaction with phenylmagnesium bromide. Attempts to prepare
the monophenyl compound, [(OEC)R{G)]™, by reaction of
(OEC)P=0 with stoichiometric amounts of PhMgBr failed, as

into the octaethylcorrole macrocycle by reaction of the free base did a reaction of the free base corrole with PhPCl

corrole ligand with phosphorus(lll) chloride in a basic solvent
followed by conventional workup. This reaction gives (OEEP

The three (OEC)P(lz)compounds with I= H, CHs, or CsHs
are stable in the solid state. However, only thonded
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Scheme 1
(OEC)H3

1 pCi
H

{CoHsiMgBr % LiAlH,
s N ———p

/ 1) CHyMg!
2) HCIO,

Table 2. UV—Visible Spectral Data of (OEC¥PO, (OEC)P(L} (Where L= H, CHs, or GHs) and [(OEC)P(CH)]"CIO,~ in a Solution of
PhCN and 0.1 M TBAP

A,nm € x 1074

compound

(OEC)P=0 316 (1.4) 374(3.5) 404 (24.7) 522 (1.3) 562 (3.5)

(OEC)P(H) 318 (3.0) 368 (1.8) 432 (13.9) 530 (0.8) 596 (1.3) 634 (2.6)
446 (18.2) 554 (1.1)

(OEC)P(CH); 317 (1.8) 414(3.1) 425 (13.0) 543 (0.7) 587 (1.4) 618 (2.5)
437 (16.7) 568 (0.7)

(OEC)P(GHs). 317 (1.5) 418(2.3) 431 (13.8) 544 (0.6) 587 (1.5) 617 (2.5)
442 (17.4) 567 (0.5)

[(OEC)P(CH)]* 318 (0.9) 389(2.6) 412 (17.1) 531 (1.2) 569 (1.6)

aShoulder.
derivatives are stable in solution and (OEC)Ry(l$) slowly The 'H NMR spectra of (OEC)P(l)are in agreement with

converted to (OECYRO, a process that is strongly enhanced the spectra of aromatic compounds@f, symmetry. The'H
by illumination. The resulting UV-visible spectral changes for ~ NMR data of these complexes are shown in Table 1. The meso

this transition are shown in Figure 1. protons H-5,15 and H-10 give singlet signals in the region
9.61-9.24, while the protons of the ethyl groups appear as
(OEC)PMH), —= (OEC)P=0 quartets and triplets. The protons of the axially bound ligands

give rise to signals with characteristic phosphorus coupling. For
the phosphorus bound hydrogen in (OEC)B(Hd)doublet at
446 —3.31 with a large'H—3P coupling constant of 921 Hz is
¢ detected. The axial methyl protons of (OEC)PEHappear as
a doublet av —6.23 with alH—31P coupling constant of 17.4
] Hz. The protons of the axially bound phenyl ligands on (OEC)P-
404 412 (CgHs), are seen as three signals centered 233 (-H), 4.85
by (m-H), and 0.39 ¢-H), respectively. Phosphorus resonances with
i characteristic proton coupling located in the high-field region
of the spectrum (betweed —94 and —255) could also be
observed for all compounds.

UV —Visible Spectra.The UV—visible spectral data of each
examined corrole in CCl, are given in the Experimental
Section. The spectral data obtained in a solution of PhCN and
0.1 M TBAP are summarized in Table 2, while Figure 2 shows
two representative spectra, one of (OEC)RB(&h)d a second of
[(OEC)P(CH)]*ClO4~. On the basis of the Soret band shape
and position, the examined derivatives can be divided into two
: groups. The first includes phosphorus corroles containing two
300 400 500 600 identical covalently bound axial ligands, i.e., (OEC)P{H)
(Figure 2a), (OEC)P(gHs)2, and (OEC)P(CH),. This group
Fiqure 1. UV —visible spectral changes of (OEC)PEHbon exposure of_ complexes is charactenzed by a quite unusual split Soret band
togair and light in a soFI)ution of Ph?:N anE:i O.l)Mé T%AP. 'IE)he final with two sharp maxima located between 425 and 446 nm. The

product (shown by a solid line) has absorption bands at 404, 522, andSecond group of corroles is represented by (OE&)Pand
562 nm and is identified as (OEGH#® (see Table 2). [(OEC)P(CH)]*ClO4~. These two compounds exhilsiormal

Wavelength, nm
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a) (OEC)P(CH;),

2) (OEC)P(H),

b) (OEC)P(C4Hs),

¢) (OEC)P(H),

— -

b) [(OEC)P(CH3)]*ClO4"

Ep, = 044

d) (OEC)P=0

——

T
700 T T

T T T T
T T T
0.8 0.4 0.0 -04 -0.8 -1.2 -1.6 -2.0

T T
300 400 500

T
600

Wavelength, nm Potential (V vs SCE)
Figure % UV-—visible spectra of (a) (OEC)P(kand (b) [(OEC)- Figure 3. Cyclic voltammograms of (a) (OEC)P(GH, (b) (OEC)P-
P(CH)]*CIO4~ in PhCN. (CeHs)2, (c) (OEC)P(H), and (d) (OEC)P-O in a solution of PhCN

Table 3. Half-Wave Potentials of Phosphorus Corroles (V vs SCE) and 0.1 M TBAP.

in a Solution of PhCN and 0.1 M TBAP

oxidation reduction —— initial
compound 3rd  2nd  1st 1st 2nd M affer 81 reduction
(OEC)P=0 1.8 117 080 —1.58
(OEC)P(H) 1.8F 110 044 -1.67
(OEC)P(CH), 1790 112 044 -1.75
(OEC)P(GHs)2 1.6 130 056 -1.71

[(OEC)P(CH)*CIO,~ 1.8F 1.1Fr 1.1F -1.16 -1.71

2 Eps at scan rate of 100 mV/8.A small peak can also be seen at
Epa = 1.46 V.¢The first two oxidations are overlapped in potential,
giving directly a doubly oxidized P(V) corrole after the global
abstraction of two electron8 E,, at scan rate of 100 mV/s. A reversible
reoxidation process can also be seertgt = 0.48 V after the first
reduction (see text for details). — initial

----- after Ist oxidation
at0.55v

UV —visible absorption spectra with a single Soret band as seen

in Figure 2b for the case of [(OEC)P(GHTCIO,~.
Electrochemistry of (OEC)P(CHjs), and (OEC)P(CsH5)2.

Redox potentials for the GHand GHs complexes are sum-

marized in Table 3. Both corroles undergo a single reversible

one-electron reduction locatedBt, = —1.75 V for (OEC)P- T T T T T T T T T

(CHg)2 and—1.71 V for (OEC)P(GHs).. The first oxidation of 300 400 500 600 700

both complexes is also reversible and occurs at 0.44 V for Wavelength, nm

(OEC)P(CH)2 and at 0.56 V for (OEC)P(£Es)2 (see parts @  Figure 4. UV—visible spectral changes of (OEC)P(gin a solution

and b of Figure 3, respectively). The one-electron chemical of PhACN and 0.2 M TBAP before and after controlled-potential

oxidation product of (OEC)P(C#b with 1 equiv of AgCIQ reduction (at-1.80 V) and oxidation (at 0.55 V).

exhibits a sharp isotropic ESR spectrum centeregl=at2.00,

thus indicating formation of a phosphorus(V) corraleation and —1.67 V for (OEC)P(H), both of which are assigned as

radical. Thin-layer UV-visible spectral changes, which are leading to phosphorus(V) corrole-anion radicals based on

observed during the first one-electron oxidation and the first UV —Visible spectroelectrochemical data. The first oxidation of

one-electron reduction of (OEC)P(G} are shown in Figure ~ (OEC)P=0 is reversible and located &, = 0.80 V, while

4 and are in agreement with the formation of correteation (OEC)P(H) is irreversibly oxidized aEpa = 0.44 V (Figure
ands-anion radicals after oxidation or reduction. 30).
Electrochemistry of (OEC)P=0 and (OEC)P(H),. The oxo Electrochemistry of [(OEC)P(CH3)]"ClO4 . Figure 5a

and dihydrido phosphorus(V) corroles undergo a single revers-shows cyclic voltammograms of [(OEC)P(@HCIO,~ in
ible one-electron reduction &, = —1.58 V for (OEC)P=0O PhCN containing 0.1 M TBAP. The phosphorus(V) complex
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a) [(OEC)P(CH3)]*CIO4” a) I;fggilg;e%fu [C(t%}IElC)P(CH3)]+CIO4'

048 b) (OEC)As

b) [(OEC)As(CH3)]*ClO4”

¢) (OEC)Sb

¥ T T T T ] 1 T 1
1.2 08 04 00 -04 -08 -12 -16 -20 T T T T T 1 T

0.8 0.4 0.0 -0.4 -0.8 -1.2 -1.6
Potential (V vs SCE)

Figure 6. Cyclic voltammograms of (a) [(OECYRCHs)]"ClOs~
reduction product after bulk electrolysis atL.30 V in a solution of
PhCN and 0.2 M TBAP and of (b) (OEC)Asand (c) (OEC)SH in a
solution of PhCN and 0.1 M TBAP. The electrochemistry of the
As(l1l) and Sb(lll) complexes is discussed in ref 19.

Potential (V vs SCE)

Figure 5. Cyclic voltammograms of (a) [(OEC)P(GH"CIO,~ and

(b) [(OEC)As(CH)]*CIO, in a solution of PhCN and 0.1 M TBAP.
The oxidation processes at 0.48 V are not seen upon initial positive
potential scans and result, in both cases, from a product of the first
reduction.

undergoes one reversible oxidation fap = 1.11 V) and two v disappeared and the resulting cyclic voltammogram was
reductions, the first of which is irreversible and leads to virtually identical to that of (OEC)A% and (OEC)SH as seen
formation of a product that can be reversibly oxidizecEgb in Figure 6.

= 048 V (See Figure 5) The one-electron reduction of HOMO —LUMO Gap in Main Group Corroles. ltis well-
[(OEC)P(CH)]*CIOs~ at Epe = —1.16 V leads to what is  known that the redox properties of a given metalloporphyrin
assigned as a P(lll) product on the basis of comparisons with will depend on the basicity of the macrocycle, the nature of the
the electrochemistry of [[OEC)As(G)*CIO,~ under the same  central metal ion, and the type of axial ligarfd$®We earlier
experimental condition. The first oxidation of [(OEC)P(ChJ] - reported the effects of substituents on the redox potentials of
ClO4~ involves two overlapping one-electron-transfer steps at triphenylcorrolatocobalt(lll) and showed a linear correlation to
Eiz = 1.11 V and gives rise to an oxidation current that is exist between the sum of the Hammett substituent constants on
double that for the first reduction at1.16 V. The two the macrocycley o, andE;, for electrode processes at the metal
oxidations processes could not be resolved at room temperatureor the macrocyclé® Linear relationships are often seen between
in PhCN containing 0.1 M TBAP, but separate processes could E;;, and Yo when very similar complexes with different
be seen when the measurements were carried out at a loweelectron-donating or electron-withdrawing substituents are
temperature of OC. examined (i.e., those containing the same central metal in the

The electroreduction behavior of [(OEC)P(HCIO, is same oxidation state and with the same set of axial ligands).
almost identical to that of [(OEC)As(GH*ClO,~ whose These types of correlations cannot be used for the main group
electrochemistry has been repoand whose cyclic voltam-  corroles that contain four different central ions in two different
mograms are also shown in Figure 5. The voltammetric and oxidaFion.states oft3 and-+5 and five different axial ligand
spectroscopic data suggest the formation of a phosphorus(lIl) combinations because all of the compounds have the same OEC
derivative upon the first reduction of [(OEC)P(@H ClO4, macrocycle, thus_, making the p_red|ct|ve use of Hamme_tt
which is different from the product obtained after reduction of Parameters unsuitable for analysis of these compounds using
(OEC)P(H) or (OEC)P=0 at more negative half-wave poten- thiS correlation. _ o _
tials of —1.67 or—1.58 V, respectively. Thin-layer controlled- To look for systematic trends in this particular group of
potential reduction of [(OEC)P(GH|*CIO,~ at—1.30 V results metallocorroles, we havg _therefore utilized the Mulhke]_affe
in a disappearance of the band at 412 nm and the appearanc@oncept of electronegativity where the electronegatlwty of an
of a new split Soret band (with maxima at 417 and 422 nm) atom in the molecule depends on the surrounding atoms or
and three to four bands in the visible region. We were unable (34) Kadish, K. M.Prog. Inorg. Chem1986 34, 435.

to isolate this product, but the formation of a phosphorus(lll) (35) Kadish, K. M.; Van Caemelbecke, E.; Royal, G.The Porphyrin
species is strongly suggested by electrochemical measurements ~ HandbookKadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic

- i i i Press: Burlington, MA, 2000; Vol. 8, pp—197.
m?dg aiter bl}:lllk controlled-potential redUCtlon_lit'glo v II’II a. (36) Adamian, V. A.; D'Souza, F.; Licoccia, S.; Di Vona, M. L.; Tassoni,
solution of PhCN and 0.2 M TBAP. After bulk electrolysis, E.; Paolesse, R.; Boschi, T.; Kadish, K. Morg. Chem.1995 34,

the reduction process of [[OEC)P(@H CIO,~ atEpc= —1.16 532



Octaethylcorroles

Table 4.

Electronegativitiesy) and Partial Charge of Central lon

(0) of Main Group Corroles along with Half-Wave Potentials for
Their First Reduction and First Oxidation (V vs SCE) in a Solution

of PhCN and 0.1 M TBAP

compound %2 oP firstox. firstred. AEj,
[(CEC)P(CH)]* 19.20 091 111 —1.1@'c 227
(OEC)P=0 11.96 027 0.80 —1.58 2.38
(OEC)P(GHs), 839 -005 056 -—1.71 2.27
(OEC)P(H) 7.80 —0.10 044 —1.67 2.11
(OEC)P(CH), 770 —011 044 —1.75 2.19
[(OEC)As(CHy)]* 16.75 094 116 —1.01% 2.17
(OEC)As 830 0.0 050 -1.67 2.17
(OEC)Sb 848 0.0 0.47 -1.66 2.13
(OEC)BI 0.0 024 —1.77 2.01
(OEC)SNCI 835 0.09 076 -141 216
(OEC)SN(GHs) 813 005 052 -1.73 2.25

a Electronegativity of central ion corrected for the effect of axial
ligand(s) according to ref 3P.Partial charge of central iof.Ey, at
scan rate of 100 mV/$.E,, at scan rate of 100 mV/§A reversible
reoxidation wave can be seenkf, = 0.48 V.
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0.0

E;, (V vs SCE)

232+0.09V
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1. (OEP)Zn 8. [(OEP)P(CH3),1* 14. [(OEP)P(C,Hs)(OH)]*
2. (OEP)AICH3) 9. [(OEP)Sb(CHj),1* 15. [(OEP)P(CH;)(F)]*
> Egg;ﬁ‘gl 10. [(OEP)AS(CH;),]* 16. [(OEP)Sb(C,H;)(OR)]*
S, (OFP)GaF 11. {(OEP)As(CH3XCoHs)* 17, [(OEP)P(CeHs)OH)]*
6. (OEP)Si(OH), 12 [(OEP)AS(CzH5>z]*+ 18. [(OEP)As(CH3(OH)I+
7. (OEP)AI(CgH;) 13- (OEP)P(CH3)(OH)]

19. [(OEP)As(F),]*

Figure 8. Plot of half-wave potentials for the first reduction and first
oxidation of main group octaethylporphyrins vs the partial charge of
the central ion.

Table 5. Electronegativitiesy) and Partial Charge of Central lon
(0) of Octaethylporphyrins along with Half-Wave Potentdisr

Their First Reduction and First Oxidation (V vs SCE) in a Solution
of CH,Cl, and 0.1 M TBAP

2.0
1st ox
- 10 1
1.0
3, 98 o’
L 204
~ 57
m 1 [o)
g 6
e 0.0 220+0.10V
Z |
N
= ]!
BER 2 Ist red
10
F 24,45 8
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2.0
1 ] ] 1 i 1 1 |
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Partial Charge on Central lon

1. (OEC)P(CH;), 7. (OEC)Sn(CeHs)
2. (OEC)P(H), g Eggg;gng

i (OEOAs T 10 OEORCH ICIO;
5. (OEC)Sb 11. [(OEC)As(CH3)]*ClO,”
6. (OEC)Bi

Figure 7. Plot of half-wave potentials for the first reduction and first
oxidation of main group octaethylcorroles vs the partial charge of the
central ion.

groups®’ The electronegativity of the central ion in the case of
the corrolesyw, is affected by both the axial ligands and the
total charge of the complex and can be calculated as shown in
egs 1 and 2, wheray, by anda., b_ are the Mulliker-Jaffe
coefficients for the central ion and the axial ligand, respectively,
0 is the partial charge on the central ion, agds the ionic
charge of the complex.

compound 12 o> firstox. firstred. AE,
(OEP)Zn 471 0.00 063 -161 224
(OEP)AI(CHy) 6.63 0.17 075 -—1.49 224
(OEP)GaCl 7.36 018 100 -1.38 238
(OEP)InCI 6.82 023 1.05 -129 234
(OEP)GaF 7.88 025 100 -1.38 238
(OEP)Si(OH) 9.65 0.26 —1.40
(OEP)AI(CsHs) 732 028 075 -—144 219
[(OEP)P(CH),* 19.03 0.89 139 -090 229
[(OEP)Sb(CH)J]* 17.02 091 1.66 -0.86 252
[(OEP)As(CH)J]* 16.62 0.92 145 -096 241
[(OEP)AS(CH)(C:Hs)]™ 16.63 0.93 145 —0.96 241
[(OEP)AS(GHs)]* 16.64 0.93 1.47 -—0.97 244
[(OEP)P(CH)(OH)]* 2031 1.01 138 -—084 222
[(OEP)P(GHs)(OH)]*  20.32 1.01 135 -0.84 219
[(OEP)P(CH)(F)I* 2056 1.03 154 —07F 231
[(OEP)Sb(GHs)(OH)]* 18.15 1.03 1.60 —0.74 234
[(OEP)P(GHs)(OH)]*  20.63 1.04 143 -0.82 225
[(OEP)As(CH)(OH)]*  17.54 1.03 144 -0.86 2.30
[(OEP)As(F)]* 19.26 1.22 —0.58

a Electronegativity of central ion corrected for

the effect of axial

ligand(s) according to refs 37 and 38artial charge of central ion.
¢ Epa at scan rate of 100 mV/$ Eg, at scan rate of 100 mV/§.Redox

potentials taken from ref 40.

The half-wave potentials correlate well with the Mullikedaffe

electronegativity or the partial charge of

the central ions

corrected for the inductive effect of the axial lig&héf and
the ionic charge of the complex. A correlation betwé&gn and

Xm = @y T by 1)
_a —ay
O=p T, U &)

The data ofy, 6, and the HOMG-LUMO gap of the
examined group of metallocorroles are summarized in Table 4.

(37) Inorganic ChemistryPrinciples of Structure and Reactiy, 3rd ed.;

the partial charge on the central ion is shown in Figure 7. One
can see from this figure that an increase in partial charge on
the main group ion results in an easier first reduction and a
harder first oxidation of the complex. This general trend is also
seen in Figure 8 for a similar series of complexes containing
octaethylporphyrin (OEP) macrocycles.

Huheey, J. E., Ed.; Harper & Row: Publishers: New York, 1983.

(38) Huheey, J. EJ. Phys. Chem1965 69, 3284.
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The electrochemical HOMOGLUMO gap of metalloporphy- The excellent linear correlation in Figure 7 is somewhat
rins has often been used as a diagnostic criterion for assigningsurprising because the potentials include both ring-centered and
the site of electron transfer to the metal or the macrocycle. The metal-centered processes of the corroles. Metal-centered pro-
value of the HOMG-LUMO gap has been given as 2.25 cesses of metalloporphyrins have not generally been thought
0.15 V for reactions at the conjugatedring system of to fit correlations with ring-centered proces$e®’ The data in
metalloporphyrins containing OEP or tetraphenylporphyrin Figure 7 therefore imply that the actual site of the electron
(TPP) macrocycled35 (see Figure 8 and Table 5), and a very transfer in the examined group of complexes does not determine
similar value of 2.20+ 0.10 V is seen for the main group the half-wave potentials that are related to the overall charge
metallocorroles in Figure 7 for rections involving either the ring of the complex and the nature of the central ion, i.e., the HOMO
or the central ion. and LUMO orbitals in the main group corroles may involve
both orbitals of the macrocycle and those of the central ion.

39) D’'Souza, F.; Boulas, P.; Aukauloo, A. M.; Guilard, R.; Kisters, M.;
(39) Vogel, E.; Kadish, K. M.J. Phys. Chem1994 98, 11885. Acknowledgment. The support of the Robert A. Welch
(40) Kadish, K. M.; Royal, G.; Van Caemelbecke, E.; Gueletti, LThe Foundation (K.M.K., Grant E-680) is gratefully acknowledged.
Porphyrin HandbookKadish, K. M., Smith, K. M., Guilard, R., Eds.;
Academic Press: Burlington, MA, 2000; Vol. 9, pp-114. 1C0010196





