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The synthesis, electrochemistry, spectroscopy, and structural characterization of two high-valent-losldd

cobalt corroles containing a central cobalt ion in formdlV and +V oxidation states is presented. The
characterized compounds are represented as pleebghded cobalt corroles, (OEC)Cafds) and [(OEC)-
Co(GHs)]CIO4, where OEC is the trianion of 2,3,7,8,12,13,17,18-octaethylcorrole. The electronic distribution
in both molecules is discussed in terms of their NMR and EPR spectroscopic data, magnetic susceptibility, and

electrochemistry.

Introduction

The presence of a cobaltarbon bond in coenzyme;Bhas

prompted the synthesis and chemical characterization of a

variety of alkyl or arylo-bonded organocobalt complexe@ur

group has long been interested in the electrochemical reactivity

of aryl o-bonded porphyriris# including o-bonded cobalt
complexe$. The first oxidation of the latter compounds was
initially proposed to involve the porphyrioc ring system
followed by migration of thes-bonded axial ligand-8 How-
ever, more recent studies indicate that the chemically or
electrochemically generategtbonded cobalt(l1l) porphyrimt
cation radical is actually quite stable and that a migration will
only occur after the initial formation of a transiestbonded
Co(lV) derivative?

As part of our efforts to evaluate the chemistry of metal

in oxidation states higher thalll.1213 |t was therefore of
interest to know whether the corrole macrocycle could also
stabilize a high-valens-bonded cobalt ion.

A number of Co(lll) corroles with various axial ligands are
known14-23 Cobalt corroles with an alkyl or aryl group in the
axial position have not been reported in the literature, but the
possible formation of a phenyt-bonded cobalt tetraethyltet-
ramethyl substituted corrole was discussed and then rejected
by Johnson and co-workefdwho, in the absence of structural
data, suggested that the synthesized compound was best
formulated as amN-phenyl cobalt(ll) corrole.

In this paper, the synthesis, electrochemistry, spectroscopy,
and structural characterization of two high-valent cobalt corroles
in formal +IV and +V oxidation states is presented. The
characterized compounds are represented as (OECYas)@hd
[(OEC)Co(GHs)]ClO4 where OEC is the trianion of 2,3,7,8,-

complexes in high oxidation states, the corrole ligand has been12 13 17,18-octaethylcorrole.

successfully utilized as a macrocycle to isolate and structurally
characterize several neutral and oxidizeddonded tetrapyrrolic
iron(1V) derivatives'®1! g-Bonded cobalt(IV) complexes have
yet to be characterized in the porphyrin series, and only a few
non-porphyrino-bonded cobalt complexes have been reported
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Experimental Section

Instrumentation. 'H and 3C NMR spectra were recorded on a
Bruker AP 300 NMR spectrometer at 300 and 75.5 MHz, respectively.

Will et al.

Table 1. Crystallographic Data for (OEC)Co§Bs) and
[(OEC)Co(GHs)]ClO4-CHCl>

(OEC)Co(GHs) [(OEC)C0(GHs)]ClO4CH,Cl,

The solvent signals were used as a standard=at7.24 ppm {H) or empirical formula  GiH4sCoN,y Ca2H50ClsCoN,Oy
0 = 77.0 ppm #C), and signal assignments were made by inverse fw 655.79 _ 840.14

1H—13C correlation experimentd. Cyclic voltammetry was carried out ~ Space group triclinic, P1 monoclinic,P2:/n
with an EG&G Model 173 potentiostat or an IBM Model EC 225 Z 4

voltammetric analyzer. A three-electrode system was used, consisting® 11.898(3) 15.910(4)

of a glassy carbon or platinum disk working electrode, a platinum wire b’é iég%(i) igégi(g)
counter electrode, and a saturated calomel electrode (SCE) as theg’ deg 66 61((2)) 90‘ ®)
reference electrode. The SCE was separated from the bulk of the ,’ ’

: . . - . . B, deg 68.10(2) 101.42(3)
solution by a fritted-glass bridge of low porosity which contained the v, deg 67.46(2) 90
solvent/supporting electrolyte mixture. All potentials are referenced y As 1738.1(8) 4268(2)
to the SCE. UW-visible spectroelectrochemical experiments were T K 293(2) 293(2)
carried out with a Hewlett Packard Model 8452A diode array A(Mo Ka), A 0.710 69 0.710 69
spectrophotometer. UWisible spectra were recorded on a Perkin-  deaeq g cnm3 1.253 1.308
Elmer Lambda 7 spectrophotometer, while IR measurements were g, mm! 0.528 0.634
performed with a Perkin-Elmer IR 283 or a Perkin-Elmer Series 1600 no. of data: 7565/7425 8829/8498
spectrometer. Mass spectra were obtained using a Finnigan MAT 212,  unique/obsd

EPR spectra were recorded on an IBM ER 100D or on a Bruker NO- Of params . 597 488
ESP 380E spectrometer. Thevalues were measured with respect to R1(F, |2>b 20(1)) 828(5); 8222?
diphenylpicrylhydrazylg = 2.00364 0.0003). Magnetic susceptibility o) ) )
was measured on powder samples using a Faraday balance. Datawere 2R1 = [J||Fo] — |Fd[J/[SFoll. PWR2 = {[SW(F? — Fd?/
corrected for diamagnetismgaia, Using a value of-300 x 107 cgsu. [EwW(Fs?)4} Y2,

Elemental analyses were provided by Bayer AG (Leverkusen, Ger-
many).

Chemicals. Benzonitrile (PhCN) was purchased from Aldrich
Chemical Co. and distilled over,®s under vacuum prior to use.
Absolute dichloromethane (GBl;) was purchased from Aldrich
Chemical Co. and used without further purification. CRQised for
NMR measurements, was obtained from Aldrich Chemical Co. and
used as received. Tetrabutylammonium perchlorate was purchased
from Sigma Chemical Co., recrystallized from ethyl alcohol, and dried
under vacuum at 40C for at least 1 week prior to use. (2,3,7,8,12,-
13,17,18-Octaethylcorrolato)cobalt(lll), (OEC)Co, was synthesized
according to a literature procedétédut with the modification that the

free base corrole was used instead of 1,19-dideoxyoctaethylbiladiene-

ac.
(o-Phenyl)(2,3,7,8,12,13,17,18-octaethylcorrolato)cobalt, (OEC)-

Co(CsHs). To a 25 mL dichloromethane solution containing 579 mg
(2 mmol) of (octaethylcorrolato)cobalt(lll) was added 5 mmol of
phenylmagnesium bromide in diethyl ether. The color of the solution
changed from brown to red-brown, indicating formation of anionic
[(OEC)Co(GHs)]~. The reaction mixture was then stirred for 15 min
under air to completely oxidize [(OEC)Cafds)]~ to (OEC)Co(GHs).
During this period, the color changed from red-brown to green. After

cm . UV—vis (CH,Cly): Amax(nm) (€, mol~* L cm™?) = 257 (28 100),
296 (21 200), 377 (68 900), 427 (17 000) sh, 616 (3700), 674 (7100).
Magnetic moment:uer = 1.15ug (293 K); et = 0.54 ug (81 K).
Anal. Calcd for GiHsgN4Co: C, 75.09; H, 7.38; N, 8.54. Found: C,
74.84; H, 7.27; N, 8.59.
(o-Phenyl)(2,3,7,8,12,13,17,18-octaethid;N'-didehydrocorrola-
to)cobalt Perchlorate, [(OEC)Co(GH5s)]CIO4. A 10 mL dichlo-
romethane solution containing 130 mg (0.2 mmol) (OEC)GHiwas
stirred with a half-saturated aqueous solution of iron(lll) perchlorate
for 15 min. The organic layer was washedtwit M perchloric acid,
dried over sodium sulfate, and concentrated to a volume of 5 mL. After
addition of 20 mL of benzene, the oxidized cobalt corrole crystallized
as a benzenedichloromethane solvate. This substance was dissolved
in 5 mL of dichloromethane, and 25 mL of pentane was added dropwise
while the solution was stirred. [(OEC)Ca{ds)]CIO, was recovered
as a brown powder with a yield of 105 mg (71%)H NMR (300
MHz, CDCk, —20°C): § = 13.18 (doublet3Jyy = 7.8 Hz; 2H; phenyl,
o-H), 8.98 (multiplet; 2H; phenylm-H), 8.60 (triplet,2Juy = 7.1 Hz;
1H; phenyl,p-H), 2.63 (singlet, 1H; H-10), 1.67 (singlet, 2H; H-5,15),
0.98-0.51 (multiplets, 16H; H-2a,3a,7a,8a,12a,13a,17a,18a), 0.48
(triplet, 6H; H-8b,12b), 0.39 (triplet, 6H; H-7b,13b), 0.36 (triplet, 6H;

water was added to the solution, the organic layer was dried over sodiumH-2hb,18b), 0.26 (triplet, 6H; H-3b,17b)}:3C NMR (75.5 MHz, CDC},

sulfate and the volatile compounds were remavechcua The residue
was then purified by passing through a column of alumina (ICN, activity
2) using hexane/dichloromethane (2/1) as eluent. The first band
contained the title compound. Recrystallization from hexane yielded
the o-phenyl compound (478 mg, 73 %) as black shiny rhombuses
which decompose above 15C. *H NMR (CDCl): ¢ = 55, 41, 28
(H-5, 15), 16.5, 11.0, 10.0, 7.0 (H-10), 6.0 (phenyl), 5.4 (phenyl), 5.3,
4.5, 2.9 (all broad singlets). MS (El, 70 eVin/z(%) 655 (34) M,

578 (100) [M— PH]**, 563 (7) [M — Pht — CHg’]*, 548 (16) [M —

Pht — 2CHg]*t, 533 (4) [M — Pt — 3CHs7]t, 518 (8) [M — Pht —
4ACHg]*t, 503 (4) [M— Phr — 5CHg’]*, 488 (5) [M — Pht — 6CH:’]*,

327 (12) M+, 289 (15) [M— PH]2*. IR (Csl): v = 3045 (c—n, Ph),
2964, 2931, 2870, 1667, 1557c(c, Ph), 1448, 1396, 1374, 1317,
1185, 1146, 1121, 1110, 1055, 1017, 1007, 990, 960, 821, 725, 638
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—20 °C): 0 = 175.34 (C-4,16), 161.91 (C-9,11), 159.21 (C-1,19),
155.05 (C-6,14), 153.03 (C-3,17), 147.04 (C-8,12), 143.24 (C-7,13),
142.60 (phenyl, <o), 139.70 (phenylp-C, 1Jcy = 161.2 Hz), 138.22
(C-2,18), 131.56 (phenyin-C, 1Jcy = 159.6 Hz), 128.58 (phenyh-C,

en = 159.5 Hz), 109.72 (C-5,18Jcn = 165.5 Hz), 102.98 (C-10,
Jen = 161.7 Hz), 16.49 (C-2a,18a), 16.17 (C-7a,13a), 16.10 (C-8a,-
12a), 15.00 (C-3a,17a), 13.24 (C-7b,13b), 13.00 (C-2b,18b), 11.81 (C-
8b,12b), 9.28 (C-3b,17b). IR (Csly:= 2969, 2933, 2872, 1555, 1468,
1451, 1376, 1265, 108%0,), 1055, 1020, 1007, 983, 962, 910, 852,
732,679, 632, 625€0,) cmL. UV—vis (CHCL,): Amax(nm) (€, mol™

I cm™1) = 275 (23 300), 348 (69 400), 400 (11 800) sh. Anal. Calcd
for C4iHagN4CoCIOy: C, 65.20; H, 6.41; N, 7.42; Cl, 4.69. Found:
C, 64.93; H, 6.44; N, 7.47; Cl, 4.70.

Caution! Organic perchlorate salts can detonate spontaneously.
Although no explosions were encountered in this work, precautions
are warranted.

X-ray Structural Determination of (OEC)Co(C ¢Hs) and [(OEC)-
Co(CsH5)]CIO 4+CH,Cl,. X-ray data for both compounds were col-
lected at room temperature on an Enraf-Nonius CAD4 diffractometer
using monochromated Modradiation. Experimental conditions are
given in Table 1. Cell parameters were determined by a least-squares
refinement of 25 arbitrary reflections. The intensities of two standard
reflections were checked during data collection every 2 h. The
structures were solved by direct meth®dand refined againgt.? for
all observed reflections using the SHELXL-93 program package (non-



o-Bonded Cobalt Corroles

hydrogen atoms with anisotropic temperature factors and hydrogen
atoms with isotropic onesy.

Single crystals of (OEC)CogEls) were grown from hot hexane.
One methyl group (C(27)) was disordered and was found on two
positions with equal occupancy factors. The final model shows no
electron peaks and wholes larger than 0.804 ar@l481 e/R,
respectively.

Single crystals of [(OEC)Co(Es)]ClO4-CH,CI, were obtained by
diffusion of n-pentane into a concentrated dichloromethane solution
of [[OEC)Co(GHs)]CIO4 at 4°C. According to the observed density,
dovsa = 1.320 g cm®, the occupancy factor of the dichloromethane
molecule was chosen as d.{cs = 1.308 g cm®). Hydrogen atoms
of the ethyl substituents were refined with idealized parameterd{C
= 0.96 A, HC—H = 109.5). The final model for [(OEC)Co-

Inorganic Chemistry, Vol. 35, No. 19, 1996579
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(C6H5)]ClO4CH,Cl, shows no electron peaks and holes larger than
0.742 and—0.491 e/R&, respectively.

Results and Discussion

Synthesis and Structural Characterization of (OEC)Co-
(CeHs). The reaction between cobalt(lll) corroles and phenyl-
magnesium bromide was first described by the group of Johnson
as giving a phenylated cobalt corréfe The site of phenylation
was not established with certainty at that time, but the product
was suggested to be a cobaltNjphenylcorrole, i.e., a species
in which the phenyl group was bound to one of the four corrole gigyre 1. (a) ORTEP diagram of (OEC)Cog8s) (perspective view,
nitrogens. As shown in the present paper, the actual reactionhydrogen atoms omitted) displaying the atom-labeling scheme for the
product is the phenyf-bonded cobalt corrole which, in the case atoms used in Tables 3 and 4. Ellipsoids are contoured with arbitrary
of the octaethylcorrole macrocycle, is represented as (OEC)-size. (b) Molecular structure of the—x dimer of (OEC)Co(EHs).
Co(GHs). Thiso-bonded compound is stable in the solid state
for months when stored in a refrigerator and for at least several
weeks at room temperature. However, it completely decom-

(b)

Table 2. Selected Bond Lengths and Distances (A) for
(OEC)Co(GHs) and [(OEC)Co(@Hs)]ClO4CH,Cl,

poses in solution within 2 days. A cleavage of the cobalt (OEC)Co(GH:)  [(OEC)Co(GH:)ICI0.CH,Cl,

carbon bond occurs upon heating of the solution to give gO*’F\)l; 11-%5367(% 11-%‘;%((57))
i i i o— . .

(Ogrc):/?s(t:;llilga?c?: gfletlr?e;o-phenyl compound from hot hexane A(CNY 0.091(%) 0.062(6)

_ : ) AN 0.185(1) 0.165(3)
yielded single crystals suitable for an X-ray structure analysis cg...Co* 5.33 4.13

(see Figure 1 and Tables-2). (OEC)Co(GHs) is isomorphous mps 3.50 3.45
with the previously reported (OEC)Fefds)'° and exists in Is' 3.58 1.66

crystals as ar—s dimer with an average plane-to-plane s average values Displacement of the cobalt atom with respect to
separation of 3.50 A and a lateral shift of 3.58 A (Figure 1 and the mean plane of the four nitrogen atoriMaximum distance of a

Table 2). The five-coordinate cobalt ion is located only 0.185 C,N atom from the mean plane of the 23-atom corrole cbheter-

A above the mean plane of the four nitrogen atoms. Due to molecular cobaitcobalt distance®? Mean plane separation of the corrole
the small metal displacement, the corrole ligand adopts a nearly"g_""”‘i'fm'{;:h@’_” dimer." Lateral shift of the corrole ligands in the
planar conformation. The average cobalitrogen distanceis ™ * :

1.856 A while the Ce-C bond Iength is 1.937 A (Table 2) and Table 3. Selected Bond Lengths (A) for (OEC)Caff:)?

both values are shorter than metaitrogen and metaicarbon

) X Co—N(4) 1.843(3) C(3yC(4) 1.453(5)
bonds in (OEC)FE(Q"5) (1871 and 1.984 A, respeCtlver). The Co—N(2) 1.846(3) C(4)yC(5) 1.395(6)
Co—N bonds in (OEC)Co(gHs) are also shorter than those in Co—N(3) 1.865(3) C(5)-C(6) 1.361(6)
the structurally related cobalamins (1-90.92 A) which have Co—N(2) 1.871(3) C(6)Y-C(7) 1.458(6)
a corrin macrocyclé? Co—C(36) 1.937(3) C(7rC(8) 1.320(8)
Site of the Unpaired Electron in (OEC)Co(GHs). Two “83:28‘; igggg ggggg%) 1’3@2((2))
extreme formulations are possible to describe the distribution  \)_cy(g) 1.378(5) C(10yC(11) 1.369(6)
of unpaired electron density in (OEC)Cqff). The neutral N(2)—C(6) 1.389(5) c(1BC(12) 1.452(6)
complex might be formulated as a cobalt(IV) corrole, (OEC)- N(3)—C(11) 1.373(5) C(12yC(13) 1.331(7)
C0dV(CsHs), whose unpaired electron is localized on the metal mg;:gggg iggég ggigggg 1-‘31;1523223
é%rllltecr:, |_cl)r asha coEaIt(III) g:or(;olle cation rgdllcal,l.(OdECf)- A N(4)—C(19) 1:389(5) C(155C(16) 1:389(6)
(CeHs), where the unpaired electron is delocalized over the C(1)-C(2) 1.427(6) ci6yc(17) 1.466(6)
corrole macrocycle. C(1)-C(19) 1.441(6) C(17C(18) 1.354(7)
The paramagnetic (OEC)Caofds) complex shows a well- C(2-C(3) 1.363(7) C(18yC(19) 1.425(6)

resolved EPR spectrum at 77 K in frozen £&Hp or THF. The
spectrum in CHCI; is rhombic withg; = 2.12,g, = 2.01, and
gs = 1.94 (see Figure 2). An eight-line hyperfine splitting is

a0nly values for the corrole framework are given. Numbers in
parentheses are estimated standard deviations in the least significant
digit.

observed in the low-fieldA; = 16 G) and high-field parts of
the spectrumAz = 18 G) due to thé®Co nucleus I( = /).
Virtually the sameg values and hyperfine splittings are also
obtained in frozen THF solutions at 77 K. Anisotropic spectra
are observed at temperatures up to 140 K in frozen THF;-CH

(25) MolEN, an interactive structure solution procedure, Enraf-Nonius,
Delft, The Netherlands.

(26) Sheldrick, G. M. SHELXL-93: Program for the refinement of crystal
structures. University of Gtingen, Germany, 1993.

(27) Krautler, B.; Keller, W.; Kratky, C.J. Am. Chem. Sod989 111,
8936.
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Table 4. Selected Bond Angles (deg) for (OEC)Cekg)?

N(4)—Co—N(1) 81.49(14) C(5)-C(4)-C(3) 130.7(4)
N(4)—Co—N(3) 91.60(13) C(6)C(5)-C(4) 124.5(4)
N(1)~Co—N(3) 165.51(13) C(5)C(6)-N(2) 123.9(3)
N(4)—Co—N(2) 168.54(13) C(5)¥C(6)-C(7) 127.2(4)
N(1)—Co—N(2) 91.26(13) N(2)-C(6)—C(7) 108.8(4)
N(3)—Co—-N(2) 93.42(13) C(8)C(7)-C(6) 107.7(4)
N(4)—Co—C(36) 93.94(13) C(AC(8)-C(9) 108.0(4)
N(1)—Co—C(36) 95.86(13) C(10)C(9)-N(2)  123.5(4)
N(3)—Co—C(36) 97.31(13) C(16)C(9)-C(8)  127.1(4)
N(2)—Co—C(36) 95.62(13) N(2}C(9)-C(8) 109.4(4)
CA)-N1)-C(1)  108.7(3) = CABC(0)-C(9) 124.7(4)
C(4)-N(1)—Co 131.8(3)  C(10YC(11)-N(3) 124.1(4)
C(1)-N(1)-Co 119.2(3)  C(10}C(11»-C(12) 126.2(4)
CO-N(2)-C(6)  106.1(3)  N(3FC(11)-C(12) 109.7(4)
C(9)-N(2)—Co 126.9(3)  C(13yC(12-C(11) 107.3(4)
C(6)-N(2)—Co 126.9(2)  C(12YC(13)-C(14) 107.9(4)
C(11)-N(3)-C(14) 106.1(3)  C(15)C(14-N(3) 123.2(4)
C(11-N(3)-Co  126.7(3)  C(15YC(14)-C(13) 127.8(4)
C(14-N(3)-Co  126.9(3)  N(3yC(14)-C(13) 109.0(4)
C(16)-N(4)—C(19) 109.9(3)  C(14YC(15)-C(16) 124.3(4)
C(16)-N(4)-Co ~ 131.9(3)  N(4yC(16)-C(15) 121.2(3)
C(19-N(4)—-Co  118.1(3)  N(4}C(16)-C(17) 107.2(4)
N(1)-C(1)-C(2)  108.0(4)  C(15)C(16)-C(17) 131.5(4)
N(1)-C(1)-C(19) 109.4(3)  C(18YC(17)-C(16) 107.8(4)
C(2-C(1)-C(19) 1425(4) C(1AC(18)-C(19) 107.3(4)
C(3)-C(2)-C(1)  107.8(3)  N(4rC(19-C(18) 107.7(4)
C(2-C(3)-C(4)  106.9(4)  N(4rC(19-C(1)  111.3(3)
N(1)-C(4)-C(5)  120.7(3)  C(18yC(19)-C(1) 140.8(4)
N(1)-C(4)-C(3)  108.6(4)

aOnly values for the corrole macrocycle are given. Numbers in
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the EPR data for (OEC)Co¢ls) favor formulation of the
neutral complex as containing a Co(IV) central ion.

The values of hyperfine splitting on tH€Co nucleus of
(OEC)Co(GHp5) are significantly smaller than the 16@Q00 G
calculated for a free cobalt(IV) i6&13 but are comparable to
values reported for other cobalt(IV) complexes{P% G21329.30
with the highest reported value beieg. 80 G¥). The small
hyperfine splittings for Co(IV) complexes as compared to a free
Co(lV) ion could be explained by an admixture of the 4s and
4p orbitals with the 3d orbitald* or alternatively by a
significant delocalization of the unpaired spin over the ligk¥.

The EPR spectra oPdCo(IV) corroles can be compared with
those of isoelectronic low-spirP&e(lll) porphyrins which also
show rhombic EPR spectra. In the case of the low-spin iron-
(1) porphyrins, the values g2 = gi? + g,* + g3? will depend
upon the ground state electronic configuration of the iron(lll)
ion and will range fromyg? = 12 for a pure (g,dy,)*(dy)*
configuration toy g? = 16 for a (dy)?(dy,0y,)° configurations?

An application of this theory to the EPR spectra of (OEC)Co-
(CeHs) and [[OMTPC)Co(PP))] " givesy g = 12.15 and 12.25,
respectively. This suggests that both derivatives contain a low-
spin ¢ cobalt(lV) ion with an almost pure {gd,,)*(dyy)*
configuration where the unpaired electron occupieg artbital
located in the plane of the macrocyéfe. A large spin
delocalization throughout ther system of the porphyrin
macrocycle is observed for iron(lll) porphyrins having a
(dxz0y)*(dxy)* configuration3? thus suggesting that these com-

parentheses are estimated standard deviations in the least significanb|exes possess a partial iron(ll) porphyrin cation radical
digit.

2.01

|

2.12

|

Figure 2. EPR spectrum of (OEC)Co§8s) in frozen CHCI, at 77
K.

Cl,, or PhCN solutions. However, a further increase in

character. A delocalization of the unpaired electron density over
the macrocycle is also seen for (OEC)CgHig), as evidenced
by the NMR and magnetic susceptibility measurements dis-
cussed below.

ThelH NMR spectrum of (OEC)Co(gHs) exhibits extremely
broadened resonances betwéen 55 and 2.9 (see Figure 3a).
A comparison of the (OEC)CogEls) spectrum with that of the
deuterated phenyl complex, (OEC)C@s), shows that the
peaks atb = 6.0 and 5.4 can be assigned to the axial phenyl
protons. There are a strong line broadening and a downfield
shift of the ethyl hydrogen resonances, which suggest a
significant delocalization of the unpaired electron over the
system of the corrole macrocycle. At the same time, the small
hyperfine shifts of the axial ligand protons suggest that the
unpaired electron is localized in an orbital which does not
significantly overlap with the orbitals of the axial ligand. The

temperature results in a broadening of the hyperfine lines and*H NMR spectrum of (OEC)Co(gEs) is significantly different

the appearance of a broad isotropic spectrgg € 2.02 and

from the spectra of isoelectronié ibw-spin iron(lll) porphyrins

AH = 170 G) which can be observed even at room temperature containing as-bonded phenyl group. The latter complexes show

in THF solutions.

The EPR spectra of (OEC)Caofés) in frozen solutions are
quite different from those of Co(lll) porphyrim cation radicals
which exhibit sharp isotropic signals (line widths of-580 G)
centered ag ~ 2.00 and have splittings on the cobalt nucleus
on the order of 57 G under the same conditioffs.However,
the EPR spectra of (OEC)Co{Es) in frozen solutions are

comparable with the spectra of several non-porphyrin Co(IV)

complexes reported in the literatd#é32930%and the spectrum
of electrogenerated [(OMTPC)Co(P§H (where OMTPC=
trianion of octamethyltriphenylcorrole) which was proposed to
contain a Co(lV) metal ion on the basis of its EPR spectrgm (
= 2.14, 2.00, and 1.89 in frozen PhCN at 120%&§! Thus,

(28) (a) Wolberg, A.; Manassen, J.Am. Chem. Sod97Q 92, 2982. (b)
Ichimori, K.; Ohya-Nishiguchi, H.; Hirota, N.; Yamamoto, Bull.
Chem. Soc. Jprl985 58, 623. (c) Kadish, K. M.; Lin, Q. X.; Han,

B. C. Inorg. Chem.1987, 26, 4161.

(29) Anson, F.; Callins, J. T.; Coots, R. J.; Gipson, S. L.; Richmond, T.

G.J. Am. Chem. S0d.984 106, 5037.

smaller line widths for the signals of the macrocycle protons

and strongly shifted resonances for the axial ligand protbns.
The magnetic moment of (OEC)Caflds) was measured in

the range 8+293 K on a polycrystalline sample and is strongly

(30) Collins, T. J.; Powell, R. D.; Slebodnick, C.; Uffelman, E.JJSAm.
Chem. Soc1991, 113 8419.

(31) (OEC)Co(GHs) shows signals a = 2.12, 2.00, and 1.94 in frozen
PhCN at 120 K.

(32) Safo, M. K.; Walker, F. A.; Raitsimring, A. M.; Walters, W. P.; Dolata,
D. P.; Debrunner, P. G.; Scheidt, W. R.Am. Chem. S04994 116,
7760 and references therein.

(33) We assume the same arrangement of axes for the corrole as for the
porphyrin macrocyclex and y axes being in the plane of the
macrocycle and coming through the pyrrole nitrogens. Due to the lower
symmetry of the corrole macrocycl€4,) compared to that of the
porphyrin Oan), the coordinate system commonly adopted for cor-
roles® differs from the system used for porphyrins in that shaxis
is chosen as &5, axis which bisects the NCo—N angle. As a result,
the dy orbital of the central metal ion in a “porphyrin” coordinate
system becomes theedy orbital in a “corrole” coordinate system.

(34) Kadish, K. M.; Tabard, A.; Lee, W.; Liu, Y. H.; Ratti, C.; Guilard, R.
Inorg. Chem.1991, 30, 1542.
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(a) (OEC)Co(C4Hs)
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Figure 3. *H NMR spectra (CDG) of (a) (OEC)Co(GHs) at 25°C
and (b) [(OEC)Co(@Hs)]ClO4 at —20 °C.
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Figure 4. Plots of molar magnetic susceptibility,, and effective
magnetic momeniyes, Versus temperature.

temperature dependent (see Figure 4). The valueudf
decreases from 1.1 at room temperature to 0.54 at 81
K. The room-temperature value of 1.45 is distinctly lower

than the 1.73g expected for a compound with a single unpaired
electron, and this behavior indicates a strong antiferromagnetic
intermolecular spiaspin interaction in the solid state. This

result is in agreement with (OEC)Cafds) being dimeric in

the solid state. The—m dimer possesses a singlet ground state

as a whole unit, but the corresponding paramagnetic triplet state
The magnetic
exchange interaction between the two monomers of (OEC)Co-

can be populated at higher temperatures.

Inorganic Chemistry, Vol. 35, No. 19, 1996581
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Figure 5. Cyclic voltammogram of (OEC)CoEls) in PhCN, 0.2 M
TBAP. Scan rate= 0.1 VI/s.

(CeHs) is close to the thermal energy, which means thi
ca. 200 cntl35 This value can be compared to porphyrin
cation radical dimers which, in the solid state, havealues
that range fronr50 cnt? for [(TPP)Zn}?" to > 1000 cnt?!
for [(OEP)Zn}?*,38 perhaps indicating that the unpaired electron
in (OEC)Co(GHs) is located to a large extent on the macrocycle.
A strong delocalization of the unpaired electron over the
corrole macrocycle of (OEC)Co§8s) would give a partialr
cation radical character to this formal cobalt(lV) complex.
Therefore, on the basis of the combined magnetic susceptibility,
EPR, and NMR data, (OEC)Co§B8s) can best be represented
as a resonance hybrid between a cobalt@lItation radical
and a cobalt(lV) corrole:

(OEC)Cd’ (CHs) < (OEC)CA" (C4H.) 1)

Electrochemistry and Spectroelectrochemistry. (OEC)-
Co(GHs) undergoes three reversible one-electron transfers in
PhCN, 0.2 M TBAP. Two are oxidations (&, = 0.36 and
1.23 V) and one is a reduction (&i, = —0.23 V). A third
oxidation, associated with an irreversible chemical reaction, can
also be observed &,,= 1.77 V (see dashed line in Figure 5).

The UV-visible spectrum of (OEC)Co@Els) in PhCN
exhibits a Soret-like band at 377 nm and another band in the
visible region at 674 nm. This spectrum is similar to spectra
of [[OMC)Co(PPh)]* (OMC = trianion of octamethylcorrole)
and [(OMTPC)Co(PPH]™ (OMTPC = trianion of octameth-
yltriphenylcorrole), which also have a visible band at around
650 nm?122 The band between 600 and 700 nm in Figure 6
might be compared with the near-IR bands often observed for
metalloporphyrinz cation radical$? However, in the case of
the corroles, this band is observed only for the oxidized cobalt
and rhodium derivativé&2?which could contain the metal ion
in a+1V oxidation state. A weak band around 610 nm is also
seen for the iron(lll) corroler cation radical [(OEC)P&-
(NO)]**+,%8 but no such band is observed in the case of [(OEC)-
FeV(CgHs)]*+ or [(OEC)FeCl]**, both of which have been
assigned as iron(lV) corrole cation radicald!

The one-electron reduction of (OEC)CqtE) leads to
[(OEC)Cd" (C¢Hs)]~ whose spectrum has a Soret band at 402
nm and a broad band between 500 and 550 nm (Figure 6a).
This spectrum is similar to U¥visible spectra of previously
studied cobalt(lll) corrole$®23 No further reductions of

(35) Assuming the presence of magnetic dimers in (OEC)gH{)Cand a
spin Hamilton operatoH = 2J-5°S (S = S = 1), the room
temperature susceptibility of 565 1076 cgsu corresponds to a
coupling constant], of 184 cnt1. The coupling constant will depend
strongly on the contribution of the diamagnetic susceptibility whose
exact value is unknown for (OEC)Cofgs).

(36) (a) Song, H.; Rath, N. P.; Reed, C. A.; Scheidt, WirRrg. Chem.
1989 28, 1839. (b) Song, H.; Orosz, R. D.; Reed, C. A.; Scheidt,W.
R. Inorg. Chem.199Q 29, 4274.

(37) (a) Fajer, J.; Borg, D. C.; Forman, A.; Dolphin, D.; Felton, R.JH.
Am. Chem. Socl197Q 92, 3451. (b) Dolphin, D.; Muljiani, Z.;
Rousseau, K.; Borg, D. C.; Fajer, J.; Felton, R.A#n. N. Y. Acad.
Sci.1973 206, 177. (c) Gasyna, Z.; Stillman, M. (horg. Chem199Q
29, 5101.

(38) Autret, M.; Will, S.; Van Caemelbecke, E.; Lex, J.; Gisselbrecht, J.-
P.; Gross, M.; Vogel, E.; Kadish, K. Ml. Am. Chem. Sod 994
116 9141.
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of the ethyl groups are detecteddat 0.98-0.51 (CH) andd
=0.48-0.26 (CH;). The protons of the phenyl ligand resonate
ato = 13.18, 9.98 and 8.60, respectivetyil, m-H, andp-H).

The experimentally observed shiftapfield for the corrole
protons and downfield for the phenyl protedgad to the
conclusion that a pronounced paramagnetic ring current is
present in [(OEC)Co(gHs)]CIO,4. For this reason, the oxidation
product cannot be formulated as a cobalt(V) corrole for which
a diamagnetic ring current would be expected due to the 18-
m-electron main conjugation path.

Paratropic behavior, as is seen for [[OEC)C#{E)]CIO,, is
a characteristic feature of cyclicsystems with 4 7 electrong'©
The NMR data thus suggest that [(OEC)Cg6)]CIO,4 contains
a doubly oxidized corrole ligand and a low-spin Co(lll) center.
Such a macrocyclic ligand would possesszélectrons in its
inner main conjugation path and would be derived from the so
far unknownN,N-didehydrocorrole. A formulation of (OEC)-

(b) Egpp=+ 06V Co(GH5s)]CIO4 as a Co(lV) corroler cation radical with a
strong antiferromagnetic coupling between the unpaired elec-
trons of the macrocycle and the metal center is also a possibility,
but this is less likely, since a ring current effect is not expected
in this case due to the l7-electron system for such a
compound.

The3C NMR spectrum of [(OEC)Co(g1s)]ClO4 in CDCls
reveals only resonances of the phenyl group since absorptions
of the corrole macrocycle are extremely broadened due to rapid
electron exchange with a small amount of unoxidized (OEC)-
| | | Co(GHs) which is still present in solution. However, after
addition of trace bromine to convert all of the neutral compound

f (a) Eapp =-04V

300 00 700 to its oxidized form, 18 sharp resonances of the macrocycle
Wavelength, nm are observed in the range= 175.33-102.98 according to the
Figure 6. UV —visible spectral changes obtained during (a) reduction effectiveCs symmetry of the complex. In contrast with the case
and (b) oxidation of (OEC)Co(gls) in PhCN, 0.2 M TBAP. of diamagnetic metallocorrolé&38there is a striking deshielding
. of the core carbon atoms, reflecting a decreasa-efectron
(OEC)Cd! (CgHs) are seen up to a potential 82.0 V vs SCE. density on the oxidized corrole macrocycle.

This contrasts with previously characterized cobalt(lll) corroles, A doublv oxidized corrole ligand in [(OEC)Co clo
all of which undergo a fa_cile CO(IH)(CO(“) reductié_)‘ﬁ23 but would be >r/elated to porphyring dicatioi[%(sv“lin)tha(;agz)]th a?e
do not possess an additional negative charge as is the case folrwo oxidation levels above the neutral unoxidized ligand.

the electrogenerated [(OEC.:)@O:GHS)]_' . . Although the NMR features of doubly oxidized porphyrins with
The spectral changes which occur upon the first oxidation of diamagnetic metal ions are unknown, the similarity between

(OEC)Co(GHs) are shov_vn i_n Figure 6b and resemble those the UV—vis spectra of [(OEC)Co(&s)]CIO4 and porphyrin
Seen upon thesecondoxidation of (OMCLCO(PPQ'Zl The dications Withng(II) or gn(ll) gentEal r31]etal ions in%icgte); that
Uv_tv's'bgf .sp((ajcftrum OII [(IOEC)tCOt(f |5)] allls?_ rese(;nb|?3 both types of compounds have similar electronic structures.
[S(Fg)eéé?,:oév?ézas)]?i a?] d e[(((\)/)E%C) l? E, Cﬁ ,‘f{[‘” eAalltLogurgah I(t:? es _ Ve_ry little structural jnfqrmation is available ab_out porphyrin
spectral changes in Figure 6b suggest that an electron isdlcatlons or porphyrinoids showing paratropic behadfor,
and it was therefore of general interest to also characterize

abstracted from the conjugated macrocycle of (OEC)Ga{; [(OEC)Co(GHs)]CIOs by X-ray crystallography. [(OEC)Co-

additional information is needed to confirm the actual site of (CeHe)]CIO#CHyCl, exists as a pair of cationic cobalt corrole
electron transfer. The product of the second oxidation, [(OEC)- ‘-8 S1~~4 212 ap
moieties with a mean separation between the two corrole planes

2+ i : -
Co(GHg))™, is stable only on the cyclic voltammetry time scale, 3y "4 anq a lateral shift of 1.66 A (see Table 2 and Figure

and this species could not be spectrally characterized. 7b). Due to the arrangement of the molecules in the crystals
Synthesis and Characterization of [[OEC)Co(GHs)]CIO 4. : the arrang . ystals,
the cobalt ion is five-coordinate and does not contain a

The singly oxidized cobalt corrole [(OEC)Caofl@s)]CIO4 is

easily obtained by treatment of (OEC)CekE) in dichlo- @9) 3 T 3 Ka 3.3 In The Porohwrins: Dol b Ed. Acaderm
H H anson, 1. J.; Katz, J. J. In e Porpnyrins; bolpnin, D., ., Acaagemic
romethane with aqueous iron(lll) perchlorate followed by Press: New York, 1979: Vol. IV, p 1.

precipitation of the oxidized compound with pentane (see (40) (a) Pople, J. A.; Untsch, K. G. Am. Chem. Sod966 88, 4811. (b)

Experimental Section). The resulting cationic complex [(OEC)- Baer, F.; Kuhn, H.; Regel, WZ. Naturforsch.1967, 22A 103. (c)
i Farquhar, D.; Gough, T. T.; Leaver, D. Chem. Soc., Perkin Trans.
Co(GeHs)ICIO, is more stable thaljl.the. neutral (_:omplex and. 11976 341. (d) Gygax, R.; Wirz, J.; Sprague, J. T.; Allinger, N. L.
shows no tendency for decomposition in the solid state. This Hely. Chim. Actal977 60. 2522
is not the case in solution, where decomposition is observed (41) (a) Watanabe, Y.; Takehira, K.; Shimizu, M.; Hayakawa, T.; Orita,
within a few hours at room temperature. ? Kaisek,_ “ﬁJ-V\/Cf:em-bSO$-, ahemh_COgnAMQghl& 1526553 53)
1 Tl surumaki, H.; watanapbe, Y.; MorisnimaJ. Am. em. S0

The *H NMR, spectrum of [(,OEC)(,:O(,€H5),]C|O4 e,XthltS . 115 11784. (c) Tsurumaki, H.; Watanabe,Y.; MorishimaJrorg.

resonances with small line widths, indicating a diamagnetic Chem.1994 33, 4186.

species (see Figure 3b). However, these resonances are se€?) (%)3P0h3l, M(.t;) )Schn;]ickler, H.; Lgx, J; Vogeclé En%evgj- Cgenﬂ99eilL
; i ; ; ; 103 1737. Bachmann, R.; Gerson, F.; Gescheidt, G.; Vogel, E.
in a region of the spectrum which is quite uncommon for Am. Chem. Sod992 114, 10855. (c) Makl, G.; Sauer, H.. Kreitmeier,
diamagnetic metalloporphyriff8. The meseprotons give rise P.; Burgemeister, T.; Kastner, F.; Adolin, G.*tioH.; Polborn, K.

to singlets a = 2.63 (H-10) and 1.67 (H-5,15) while peaks Angew. Chem1994 106, 1211.
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Table 5. Selected Bond Lengths (A) for
[(OEC)Co(GHs)]CIO4-CH:CI?

Co—N(4) 1.829(4) C(3yC(4) 1.470(8)
Co—N(1) 1.838(5) C(4)-C(5) 1.414(8)
Co-N(3) 1.857(5) C(5)-C(6) 1.364(8)
Co-N(2) 1.873(5) C(6-C(7) 1.467(8)
Co—C(36) 1.970(7) C(7C(8) 1.319(9)
N(1)-C(4) 1.321(7) C(8YC(9) 1.461(8)
N(1)—C(1) 1.427(7) C(9)-C(10) 1.375(8)
N(2)—C(9) 1.362(7) C(10yC(11) 1.391(9)
N(2)—C(6) 1.404(7) C(1C(12) 1.462(8)
N(3)—-C(11) 1.368(7) C(12)C(13) 1.342(9)
N(3)—C(14) 1.423(7) C(13)C(14) 1.459(8)
N(4)—C(16) 1.327(7) C(14yC(15) 1.365(8)
N(4)—C(19) 1.431(7) C(15)C(16) 1.424(8)
C(1)-C(19) 1.375(8) C(16)C(17) 1.461(8)
Cc(1)-C(2) 1.441(8) Cc(17C(18) 1.356(8)
c(2)-c(3) 1.353(9) C(18)C(19) 1.454(8)

a2 Only values for the macrocyclic ligand are given. Numbers in

parentheses are estimated standard deviations in the least significant

digit.

Table 6. Selected Bond Angles (deg) for
[(OEC)Co(GHs)]CIO4CH:CI?

N(4)—Co—N(1) 81.0(2) C(5-C(4)-C(3) 130.0(6)
N(4)—Co—N(3) 92.0(2) C(6)%-C(5)-C(4) 123.7(5)
N(1)—Co—N(3) 169.2(2) C(55-C(6)-N(2) 123.6(5)
N(4)—Co—N(2) 166.5(2) C(5%-C(6)-C(7) 128.4(6)
N(1)—Co—N(2) 91.2(2) N(2)-C(6)-C(7) 108.0(5)
N(3)—Co—N(2) 94.1(2) C(8)%-C(7)-C(6) 107.5(5)
N(4)—Co—C(36) 94.0(2) C(7-C(8)-C(9) 108.5(5)
N(1)—Co—C(36) 93.1(2) N(2}C(9-C(10)  124.9(6)
N(3)—Co—C(36) 95.6(2) N(2)-C(9)-C(8) 108.9(5)
N(2)—Co—C(36) 97.4(2) C(10YC(9)-C(8)  126.2(6)
C(4)-N(1)-C(1)  108.8(5) C(9yC(10)-C(11)  124.5(5)
C(4)-N(1)—Co 132.7(4) N(3}C(11)-C(10)  122.5(5)
C(1)-N(1)-Co 118.3(4) N(3}C(11)-C(12)  110.3(5)
C(9)-N(2)-C(6)  107.1(5) C(10yC(11)-C(12) 127.2(6)
C(9)-N(2)—Co 125.6(4) C(13yC(12)-C(11) 107.5(5)
C(6)-N(2)—Co 126.9(4) C(12yC(13)-C(14) 107.8(5)
C(11)-N(3)-C(14) 105.9(5) C(15)C(14)-N(3)  123.8(5)
C(11)-N(3)-Co 127.6(4) C(15yC(14)-C(13) 127.6(6)
C(14)-N(3)-Co 126.1(4) N(3YC(14)-C(13)  108.5(5)
C(16)-N(4)-C(19) 107.7(5) C(14YC(15)-C(16) 123.4(5)
C(16)-N(4)—Co 133.0(4) N(4)¥C(16)-C(15)  120.6(5)
C(19)-N(4)—Co 118.8(4) N(4¥C(16)-C(17)  110.0(5)
C(19-C(1)-N(1)  110.9(5) C(15FC(16)-C(17) 129.4(5)
C(19)-C(1)-C(2)  142.0(6) C(18yC(17)-C(16) 107.6(5)
N(1)-C(1)-C(2)  107.1(5) C(1AC(18)}-C(19) 107.2(5)
C(3)-C(2)-C(1)  107.6(5) C(1}C(19)-N(4)  110.3(5)
C(2-C(3-C(4)  107.7(5) C(1}C(19)-C(18)  142.2(6)
N(1)-C(4)-C(5)  121.2(5) N(4yC(19-C(18)  107.5(5)
N(1)-C(4)-C(3)  108.8(5)
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Figure 7. (a) ORTEP diagram of [[OEC)Cof8s)]* (perspective view,
hydrogen atoms omitted) displaying the atom-labeling scheme for the
atoms used in Tables 5 and 6. Ellipsoids are contoured with arbitrary
size. (b) Molecular structure of the—x dimer of [(OEC)Co(GHs)] .

tions are more pronounced in [(OEC)Cal)]CIO,4 than in
[(OEC)Fe(GHs)]ClO4.1t The bipyrrolic substructure of [(OEC)-
Co(GsHs)]ClO, contains exceptionally long and short-§l
bonds, indicating a strong tendency fodbond localization in
this unit. Alternating bond lengths are seen for many othejr [4
annulene® according to theory which predicts that structures
with localized z-bonds stabilize the singlet stdte. The
structural features of [(OEC)Co{Bs)]ClO, are thus in agree-
ment with formation of a A r electron system upon oxidation
of (OEC)Co(GHs).

In conclusion, (OEC)Co(gHs) represents the only isolated
cobalt tetrapyrrole complex to exhibit a strong cobalt(IV)
character. This feature of the cobalt corrole differs from that
of cobalt porphyrins, where a stable cobalt(IV) oxidation state
is not accessible, and once again points out that the corrole
macrocycle is capable of stabilizing central metal ions in high
oxidation states.
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perchlorate anion in its coordination sphere. The tetrapyrrole

macrocycle in [(OEC)Co(gHs)]CIO,4 adopts a nearly planar
conformation. The one-electron oxidation of (OEC)CgH6)
results in a slight shortening of the €8l bonds and a decreased

displacement of the cobalt atom from the macrocyclic plane

(see Table 2). Surprisingly, the €phenyl bond in [(OEC)-
Co(GsHs)]CIO, is longer than that in (OEC)Co¢Els) (1.937
vs 1.970 A).

Finally, it is of interest to compare the structure of the
macrocyclic ligand in [(OEC)Co(g1s)]CIOs with that of

unoxidized or singly oxidized corrole ligands. One recently

characterized corrole cation radical, [[OEC)Fe(§Es)]ClO4,1!

showed a pattern of short and long bonds in the inner (44
15-membered ring, and this is also the case for the macrocyclic

ligand of [(OEC)Co(GHs)]ClIO4. However, the bond alterna-

useful discussions.

Supporting Information Available: Tables containing details of
data acquisition and refinement, atomic coordinates and isotropic
thermal parameters, bond lengths, bond angles, and anisotropic thermal
parameters (23 pages). Ordering information is given on any current
masthead page.
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