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Highly Stabilized Low-Spin lron(lll) and and redox properties of two novel six-coordinate low-spin iron-
Cobalt(lll) Complexes of a Tridentate Bis-Amide (1) and cobalt(lll) complexes, [EN][Fel2]-1.5H0 (1) and
Ligand 2,6-Bis(N-phenylcarbamoyl)pyridine. [EtN]J[CoL2]-2H,0 (2).
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Receied September 11, 1996 Materials and Reagents. All chemicals were obtained from
commercial sources and used as received. Solvents were dried
Introduction as reported previousl/.Fe(MeCN)(ClO,), and tetran-butyl-
o o _ _ ammonium perchlorate (TBAP) were prepared as béefote.
Investigations of the coordination chemistry of iron(fj Ligand Synthesis. 2,6-Big{-phenylcarbamoyl)pyridine

and cobalt(I11}~” with nonmacrocyclic chelating ligands con- 1)y " The Jigand has already been reported in the literaftire.
taining an amide functionality have received much attention in synthetic methodology, which has been adapted from
recent years. These studies have revealed that the deprotonategarnes et ¥ is described béalow.
nitrogens of organic amides, being anionic in nature, are capable 5 6-Pyridir’1edicarb0xalic acid (3.0 g, 0.018 mol) was sus-
of stabilizing the trivalent oxidation state to a considerable pen’ded in pyridine (10 mL), aniline (3’_5 g, 0.038 mol) was
extent; hence the prospect of facile entry into higher oxidation gq4e to the mixture, and the mixture was stirred for 10 min at
states of these metal |0|_3r§: It is worth noting here _that onlya 40 -c. Initially a white precipitate formed, which finally
handful of stabledlgw-spm iron(ll) complexes of this class have 5 .med an emuision. To this was added triphenyl phosphite
been plrbedpza;rsa' “and some have been structurally charac- (g 5 m| 0.036 mol) dropwise, the temperature of the reaction
terized.4%2 o ) mixture was increased to 9A.00 °C, and the mixture was

'F‘ _order FO d_evelop further_ the coordlnatlt_)n chem|s_try of magnetically stirred for 4 h. After 12 h, it was washed with
pyridine am|de_l|gands towe}rd iron and cobalt lons, new ligands \\ater and a white oil was obtained. Addition of methanol (20
must be exploited. As a first step toward this goal we have n, y atforded white needles. This material was filtered off,
initiated a program to explore the coordination chemistry of a washed with methanol, and dried in vacuo. Yield: 5.5 g (96%).
simple, easily synthesizable, tridentate dianioic bis-amide ligand 1y \vR [ds-dimethyl sulfoxide (DMSO)]: & 8.41 (3H, m
L(Z_), [Hol = 2,6-bisU-phenyIcarbamoyl)pyridine]. Here we _ pyridine ring protons); 7.96 (4H, 2H,= 7.5 Hz), 7.56-7.11
describe the synthesis, X-ray structures, and spectral, magnetlc(eH m, phenyl ring protonsf

— . .. - Synthesis of Metal Complexes. (a) [EN][FeL2]-1.5H,0
1) Pyridine amide ligand: (a) Yang, Y.; Diederich, F.; Valentine, J. S. . . .
@ 3 Am. Chem. SOgaggl £1)3, 7165, (b) Che, C.-M.; Leung, W-H.;  (1). The ligand HL (200 mg, 0.63 mmol) was dissolved in
Li, C.-K.; Cheng, H.-Y.; Peng, S.-Mnorg. Chim. Actal992 196, dinitrogen-flushed\,N -dimethylformamide (DMF) (10 mL),
43. (c) Ray, M.; Mukherjee, R. N.; Richardson, J. F.; Buchanan, R. gnd to it was added solid NaH (30 mg, 1.25 mmol), resulting

yv-_;J-Fg,gg;,“é,S;?w'gg:gfncggfnf{kizﬁa;gg;-gg;vgggéd'oy SiMassa,ip 3 light yellow solution. Fe(MeCNJCIO,), (132 mg, 0.315

Synthetic models of iron-bleomycins (metallo-bleomycins have among MMol) was dissolved in DMF (5 mL) separately. The latter
other ligands deprotonated amide nitrogen): (a) Tao, X.; Stephan, D. solution was then added to the ligand solution using a cannula

W.; Mascharak, P. Kinorg. Chem.1987, 26, 754. (b) Brown, S. J.; i ; ;
Olmstead, M. M.: Mascharak, P. Knorg. Chem199Q 29, 3239, (¢) under a d|n|tro_gen atmosphere. The resulting _solutlon was
Guajardo, R. J.; Hudson, S. E.; Brown, S. J.; Mascharak, B. Km. magnetically stirred fo2 h at 298 K. Exposure to air resulted

Chem. So0c.1993 115 7971. (d) Guajardo, R. J.; Tan, J. D.; in a color change from dark blue to orangish red. To this was
mggﬂg;gt E- Emg;g gﬂgmggg gz 5312%8- (e) Guajardo, R. J.; added solid [EiN]CI-xH,0 (104 mg, 0.63 mmol), and stirring

3) Salicylamide Iigand: koikawé, M.; Ka\;va, H‘.; Maeda, Y.; Kida, S. was Co_n_t'nued for 12 h. Removal _Of th_e solvent was fonowed
Inorg. Chim. Actal992 194 75. _ ' by addition of MeCN (10 mL) and filtration. On concentration

(4) Pyridine amide ligand: (a) Saussine, L.; Brazi, E.; Robine, A.; (~4 mL) and addition of diethyl ether{8 mL) a dark reddish
?f')')m,\ﬁgﬂ' gf '.s‘\:,\r,'g;’gJ"V\\;v_‘?}s.s’th]ATj ?/Ue% .ngiggr‘r’_éq?'gfj‘l'c _ brown precipitate resulted (160 mg60%). Recrystallization
M. J. Chem. Soc., Dalton Trans991 1915. (c) Ray, M.; Mukherjee,  from MeCN-EO (vapor diffusion) afforded crystalline solid
R. N. Polyhedron1992 11, 2625. suitable for structural studies.

(5) Synthetic models of cobalt-bleomycins: (a) Delany, K.; Arora, S. K,; i ati .
Mascharak, P. Klnorg. Chem.1988,27, 705. (b) Muetterties, M.; Che}raCte”Z{itlon' Anal. Calc_d for QGH_49N705'5F_6' C,
Mascharak, P. K.; Cox, M. B.; Arora, S. Knorg. Chim. Actal989 65.48; H, 5.81; N, 11.63. Found: C, 66.12; H, 5.85; N, 11.72.

160, 123. (c) Brown, S. J.; Olmstead, M. M.; Mascharak, Plritrg. Conductivity (MeCN, 103 M solution at 298 K): Ay = 150
Chem.1989,28, 3720. (d) Tan, J. D.; Hudson, S. E.; Brown, S. J.;  Q cn? mol1. Absorption spectralfna, NM (€, M1 cm*l)];

Olmstead, M. M.; Mascharak, P. K. Am. Chem. Sod992 114 - e
38Tf. ((2:) Farinas, E.;aggid?/: N.; Maschre?rak, lferQrg.OChenflggél (in MeCN) 254 (26 120), 300 sh (15 300), 440 (6220); (in DMF)

@

~

33, 5970.
(6) Salicylamide ligand: (a) Anson, F. C.; Collins, T. J.; Coots, R. J.;  (8) (a) Ray, M.; Mukerjee, S.; Mukherjee, R. B.. Chem. Soc., Dalton
Gipson, S. L.; Richmond, T. Gl. Am. Chem. S0d.984 106, 5037. Trans.199Q 3635. (b) Gupta, N.; Mukerjee, S.; Mahapatra, S.; Ray,
(b) Koikawa, M.; Gotoh, M.; ®awa, H.; Kida, S.; Kohzuma, W. M.; Mukherjee, R. N.Inorg. Chem.1992 31, 139. (c) Ray, M.;
Chem. Soc., Dalton Tran4989 1613. Mukherjee, R. N.; Richardson, J. F.; Mashuta, M. S.; Buchanan, R.
(7) Alkoxide amide ligand: (a) Collins, T. J.; Richmond, T. G.; Santar- M. J. Chem. Soc., Dalton Tran$994 965.
siero, B. D.; Treco, B. G. R. TJ. Am. Chem. S0d.986 108 2088. (9) (a) Horino, H.; Sakaba, H.; Arai, MBynthesid989 715. (b) Barnes,
(b) Brewer, J. C.; Collins, T. J.; Smith, M. R.; Santarsiero, B.JD. D. J.; Chapman, R. L.; Vagg, R. S.; Watton, E. £.Chem. Eng.
Am. Chem. Sod 988 110, 423. Data 1978 23, 349.
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302 (16 220), 337 sh (11 630), 441 (6850); (in DMSO) 302 175 universal programmer. A PAR model G0021 glassy carbon
(19 950), 441 (8925); (in kD) 248 (25 930), 305 sh (15 380), electrode was used as the working electrode. All potentials were
422 (7110), 525 sh (1900). referenced to the saturated calomel electrode (SCE). The values
(b) [Et4N][CoL 2]:2H,0 (2). To a solution of Co(MeCg),- of Ey2 were taken as 0.5fc + By WhereEy. andEy, are the
4H,0 (85 mg, 0.34 mmol) in DMF (10 mL) under a dinitrogen cathodic and anodic peak potentials, respectively. Coulometry
atmosphere was added [H{[MeCO,]-4H,O (88 mg, 0.34 was performed by using a PAR model 377A cell system and a
mmol), generating blue-violet solution. The liganglH0.215 PAR model 173 potentiostat/galvanostat. A platinum wgauze
g, 0.68 mmol) was dissolved separately in DMF (10 mL) under electrode was used as working electrode. Further details of
a dinitrogen atmosphere, NaH (33 mg, 1.38 mmol) was added electrochemical measurements are already reported in the
to the mixture, and the mixture was stirred for 30 min, literaturesa?
generating a light yellow solution. The two solutions were then  Crystal Structure Determinations. A deep red needle-
mixed, and a color change from an initial orange to yellowish shaped crystal of [EN][FeL;]-1.5H,0 (1) (dimensions: 0.
brown with a greenish tinge was observed. On exposure to air0.2 x 0.1 mm) and a deep green well-formed crystal of, gt
the solution color darkened. After being stirred for 4 h, the [CoL;]-2H,0O (2) (dimensions: 0.4 0.4 x 0.3 mm) were used
reaction mixture was filtered and solvent removed in vacuo. for data collection. Diffracted intensities were collected on an
To the solid thus obtained was added MeCN (10 mL), and the Enraf Nonius CAD4-Mach diffractometer using graphite-
solution was filtered. Slow evaporation of this solution in air monochromated Mo K radiation ¢ = 0.710 73 A). Lattice
resulted in the formation of dark green crystals contaminated parameters for both complexes were obtained from least-squares
with some white impurity. Recrystallization was achieved by analyses of 25 machine-centered reflections. Three standard
diethyl ether diffusion into an MeCN solution of the complex. reflections were measured at every hour to monitor instrument
Large dark green crystals were formed, which were washed with and crystal stability. Intensity data were corrected for Lorentz
a 1:3 mixture of MeCN-Et,O (v/v) and finally vacuum dried and polarization effects; analytical absorption corrections were
(yield: 160 mg,~55%). applied. The XTALS3.2 program packagavas used in absorp-
Characterization. Anal. Calcd for GeHsoN7OsCo: C, tion and all subsequent calculations, utilizing a PC-486 computer
64.56; H, 5.85; N, 11.46). Found: C, 64.60; H, 5.90; N, 11.50. under MS-DOS version 5. The linear absorption coefficients,
Conductivity (MeCN, 103 M solution at 298 K): Ay = 120 neutral atom scattering factors for the atoms, and anomalous
Qe mol~1. Absorption spectrumifna, nm €, M=t cm™1)]: dispersion corrections for non-hydrogen atoms were taken from
(in MeCN) 254 (29 640), 299 (19 430), 335 sh (15 850), 455 ref 13. The structures were solved by the direct method and
sh (2100), 633 (90). successive difference Fourier syntheses. The function mini-
Physical Measurements. Solution electrical conductivity ~ mized during full-matrix least-squares refinement vzag(F,
measurements were carried out with an Elico (Hyderabad, India) — Fc)?> wherew™! = 1/ (F). The positions of the hydrogen
Type CM-82 T conductivity bridge. Spectroscopic data were atoms were calculated assuming ideal geometries of the atoms
obtained by using the following instruments: infrared spectra, concerned, and their positions and thermal parameters were not
Perkin-EImer M-1320; electronic spectra, Perkin-Elmer Lambda refined. All other atoms were refined with anisotropic thermal

2; X-band EPR spectra, Varian E-109 &1 NMR spectra,
PMX-60 JEOL (60 MHz) and Biker WP-80 (80 MHz) NMR
spectrometer.

Variable-temperature (34300 K) solid-state magnetic sus-

parameters. For both of the complexes some disorder was
observed with the EN™ cations. Two positions were identified

as possible methylene carbon atoms, and they were refined with
a site occupation factor of 0.5. The terminal methyl carbon

ceptibility measurements were done by the Faraday techniquesites C(24) showed large displacement parameters indicating
using a locally-built magnetometer. The setup consists of an Some degree of disorder, but could not be resolved. Crystal
electromagnet with constant gradient pole caps (Polytronic data and a summary of experimental results are presented in
Corporation, Bombay, India), Sartorius M25-D/S balance Table 1. Selected bond distances and angles associated with
(Germany), a closed-cycle refrigerator, and a Lake Shore the anionic parts are listed in Table 2. The rest of the
temperature controller (Cryo Industries, USA). The system was crystallographic data have been submitted as Supporting Infor-
calibrated with HJCo(SCN)® The temperature-independent mation.

magnetic moment of Fe(acat) was used to calibrate the ) .

temperature controller at low temperatures. All measurements Results and Discussion

were made at a fixed main field strength ofl0 kG. The
sample holder used in the experiments was measured at the sam
temperature points and field, and its moment was subtractedtrilohenylIOhOSIOhite in pyridine. The synthesis binvolved

frgtm. ”t‘ﬁ °bse“’ef' dmo?‘etﬂt with Siamlp'e pﬁe“t in order totinitial anaerobic reaction of N with Fe(MeCN)(CIO,); in
0 amt etrréorr;en u? 0 estampeadotnhe. € rreasuremeln%MF at 298 K to form a blue Fe(ll) complex, which on air
were started at room temperature, and the sampie Was COOIeq, ;yatinn generates an orangish red Fe(lll) complex. Addition

and held at t.he desired temperature during the measurement, . [EtN]CI-XH,O and the usual workup afforded dark reddish
Each data point was the mean of three measurements. Solutionp o\ 'o. oo crystals df In the case o, reaction of Co-

state magnetic susceptibility was obtained by the NMR tech- (O,CM : :

. o . i L,CMe)4H,O and NaL in MeCN generates a yellowish
nique of Evan in MeCN W'th. ?‘.F’MX 60 JEOL (60 MHz) brown cobalt(ll) complex which on exposure to air and in the
N.MR spectrometer. .Susceptlbllltles were corrected for the presence of [EN][MeCO,]-4H,0 finally affords dark green
diamagnetic contribution, which was calculated to-b62 x crystals. For both complexes the absence(di—H) in the IR

6 —1 i i b
10- cr_n3 mol™* by using literature values . spectrum confirms that the ligand is coordinated in the depro-
Cyclic voltammograms were recorded on PAR equipment

consisting of a model 174A polarographic analyzer with a model

Synthesis. The ligand HL was prepared by treating 2,6-
8yridinedicarboxylic acid with aniline in the presence of

(12) Hall, S. R.; Flack, H. D.; Stewart, J. M., Edhe XTAL 3.2 Reference
Manual Universities of Western Australia, Geneva, and Maryland,
1992.

(13) International Tables for X-ray Crystallographitynoch Press: Bir-
mingham, England, 1974; Vol. IV.

(10) (a) Figgis, B. N.; Lewis, JProg. Inorg. Chem.1964 6, 37. (b)
O’Connor, C. JProg. Inorg. Chem1982 29, 203.
(11) Evans, D. FJ. Chem. Soc1959 2003.
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Table 1. Crystal Data for [EN][FelL;]-1.5H0 (1) and
[EtuN][CoL].2H.0 (2)

1 2
empirical formula GeHaoN7Os sFe CisHsoN70sCo
fw 843 855
temp,°C 20 20
radiation ¢, A) Mo Ko (0.710 73) Mo K (0.710 73)
cryst syst monoclinic monoclinic
space group C2/c (No.15) C2/c (No. 15)
a,A 9.897 (4) 10.033(1)
b,A 22.414 (5) 22.317 (7)

c, A 19.693 (3) 19.641 (4)
S, deg 102.85 (2) 102.60 (1)
v, A3 4259.2 (2) 4291.7 (5)
z 4 4

F(000), electrons 1776 1800
p(calcd), g cm® 1.316 1.324

u (Mo Ka)), mm? 0.41 0.46
min/max transm coeff 0.9066/0.9068 0.7883/0.7892
no. of unique reflcns 3321 2800

no. of reflcns usedl (> 3o(l)) 2529 1863

no. of variables 296 296

R2 0.049 0.045

Ry° 0.059 0.046
goodness of fit 2.062 1.874

aR=3(Fo — Fo)/EFo. ® Ry = [SW(Fo — F)YEWF2Y2, w = /o (F).

Table 2. Selected Bond Lengths (A) and Angles (deg) in the
Anioinic Parts of [EfN][FeL.]-1.5H0 (1) and [EtN][CoL;]-2H,0
&)

1 2
Fe-N(1) 1.972(3) CeN(1) 1.968 (4)
Fe-N(2) 1.874(3) CeN(2) 1.845 (3)
Fe-N(3) 1.970(3) CeN(3) 1.962 (4)
N(1)—-Fe-N(2) 101.7(1)  N(1>}Co—N(2) 100.5 (2)
N(1)-Fe-N(2)  81.2(1) N(1}-Co-N(2) 81.6(2)
N(1)—Fe-N(3) 161.6 (1) N(1}Co-N(@3)  162.6(2)
N(1)-Fe-N(3)  92.6(1) N(1}-Co-N(@3)  92.5(2)
N(2)—Fe=N(3) 96.7 (1) N(2>Co-N(3)  96.8 (1)
N(2-Fe-N(3)  80.5(1) N(2)-Co-N(3)  81.1(2)
N(1)-Fe-N(L')  89.8(1) N(1}-Co-N(1)  89.4(2)
N(2-Fe-N(2)  176.1(1) N(2}Co-N(2) 177.1(2)
N(3)-Fe-N(3)  90.8 (1) N(3)-Co-N(3)  90.7 (2)

tonated form. They(OH) absorption is observed at3600
cm™L. Elemental analyses, IR, and solution electrical conduc-
tivity data (1:1 electrolytéf are in agreement with the above
formulations. Interestinglyl, and2 are soluble in MeCN, DMF,
DMSO, and also in water.

Description of the Structures. Complexesl and 2 are

Notes

Figure 1. View of the structure of the anion [Fel- in the crystal of

its tetraethylammonium salt, [iM][FeL,]-1.5H:0 (1). Hydrogen atoms

are omitted for clarity. Unlabeled atoms are related to labeled atoms
by the crystallographic 2-fold axis.

two N-phenyl rings and the pyridine ring are planar, the two
phenyl rings, however, make an angle~e81° (1) and ~79°
(2) to each other and they make angles-®&4° and~118’ for
1 and~96°and~117 for 2, with the central pyridine ring.

The average MNamigebond lengths are sligthly on the longer
side compared to those of reported complexes with amide
ligandstpd2absabd A yery interesting feature of these two
structures is the MNpy bond length, which is significantly
shorter (0.1 A) than that observed for related structifea5a15
In fact, within the family of M"'Ng¢ (S= 1/2 for Fe andS= 0
for Co) complexes with peptide ligandsand 2 exhibit the
shortest Fe-Npy and longest FeNamige bond distances. Due
to the strong donor capacity of deprotonated amide N donors
providing four negative charges on the equatorial plane, it is
expected to have shorter MNamige bONd lengths. We are
inclined to believe that the observed longerMamige bONds
and shorter M-Npyridgine bONds are the result of steric predomi-
nance over electronic effects.

Absorption Spectra. In MeCN, DMF, and DMSO solution
1 exhibits an intense ligand-to-metal charge transfer (LMCT)

isomorphous. Views of their anions are presented in Figures 1 band at~440 nm (Figure S2, Supporting Information). In water

and S1 (Supporting Information), respectively. As shown in
Figure 1, the Fe atom sits on an impos€d axis and is
coordinated by four deprotonated amide nitrogens in the
equatorial plane [N(1) and N(3) and their symmetry related]
and two pyridyl nitrogens [N(2) and its symmetry related] in

this band is at-420 nm with an additional shoulder at 520 nm.
In MeCN solution2 exhibits a single ligand field transition at
633 nm. Considering pseudo-octahedral symmetry we assign
this to thelA; — 1T, origin1® It is quite possible that the
expectedA; — 1T, transition is hidden under the charge-transfer

the axial positions. The dihedral angle between the coordinating and~460 nm (Figure S2).

planes N(1)M—N(2) and N(2r-M—N(3) is 178.69(4) for 1
and 178.82(7) for 2, revealing meridional coordination of
L(2-).

The geometry of the MW coordination polyhedra is ap-

EPR Spectra and Magnetism of 1. We have investigated
the EPR spectral behavior @&fin the solid state as well as in
solution at 298 K (Figures S3 and S4, Supporting Information).
While in MeCN solution it exhibits an isotropic signal gt=

preciably compressed octahedral (Table 2). Significant devia- 2.115; in the polycrystalline state and in watethylene glycol

tion from 9C of the bond angles involving the chelation is
observed (Table 2) presumably due to formation of five-

membered chelate rings with extended conjugation. Further

evidence of strain in the chelate rings arises from the following

observation. For both structures, although in each ligand the

(14) Geary, W. JCoord. Chem. Re 1971, 7, 81.

mixture (1:2 v/v) it displays an axial spectrugnjalues: 2.190
and 1.940 (solid); 2.160 and 1.990 (solution)], characteristic of

(15) (a) Arulsamy, N.; Hodgson, D. lhorg. Chem.1994 33, 4531. (b)
Bernhardt, P. V.; Comba, P.; Mahu-Rickenbach, A.; Steblere, S.;
Steiner, S.; Varnagy, K.; Zehnder, Nhorg. Chem.1992 31, 4194.

(16) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrpth ed.;
Wiley: New York, 1988; pp 721, 734.
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Figure 2. Plot of reciprocal molar susceptibility vs temperature for

[EtN][FeL2]-1.5H,0 (1).

a low-spin iron(lll) complex, with large deviation from octa-
hedral symmetry?

The effective magnetic moment d@fin MeCN solution is
2.38 ug (300 K), corresponding to aB = Y/, state with an
appreciable orbital contributiol¥. In order to investigate, in

detail, its solid state magnetic behavior, variable-temperature
(34—300 K) measurements were performed (Figure 2). The

moment of 2.0%g at 300 K is appreciably lower than that in
MeCN solution. The solid state result is in conformity with

EPR and structural results, revealing appreciable axial distortion.
The increased moment in MeCN solution could be due to a
relaxed (more toward octahedral) coordination sphere. As the
temperature is lowered, the moment decreases toward the spi

only value, as expectedid at 81 K is 1.92ug).16

IH NMR Spectrum of 2. Comparing theéH NMR spectra
of the protonated ligand # (in ds-DMSO) (Figure S5,
Supporting Information) and diamagnetic compkin (CDs-

CN) (Figure S6, Supporting Information), we observe that all

Inorganic Chemistry, Vol. 36, No. 16, 1998571

SCE. While forl the response is quasireversibleH, = 80
mV),80 for 2 occurrence of a structural change due to reduction
(AEp, = 240 mV) is implied. This is understandable given the
fact that deprotonated amide nitrogens are not good donors for
cobalt(ll) 2

Compared to similar complex®s2ab4bsabyith amide
ligands the M(lll) state is highly stabilized ihand2. In fact,
the observed potentials are the lowest. This effect must be due
to the presence of four deprotonated amide nitrogen coordina-
tion, which stabilizes the metal(lll) state to a considerable extent.
The stereochemical requirement of the ligand framework could
also contribute to this effect. Another factor which can
contribute is the difference in overall chargelohnd2 to that
of the related complexes.

(b) Solvent Dependency of the Fe(lll)-Fe(ll) Redox
Process. Due to its ready solubility in many solvents we
investigated the redox behavior bfas a function of solvent:
MeCN, DMF, DMSO, and water. It is worth noting that in
going from MeCN to water th&;, value shifts anodically by
400 mV. This investigation reveals that the Fe(ll) state of the
complex [Fel]? is systematically better stabilized due to
enhanced solvation, as the dielectric constant of the medium is
increased. Interestingly, the Fe(HJe(ll) reduction potentials
correlate linearly with the inverse of the dielectric constant of
the medium (Figure S9, Supporting Information), in line with
the free energy of solvation as predicted by the Born equétién.

As the solvent coordinati@ff is not expected i, the redox
potentials do not follow any trend when plotted against the
Gutmann donor numb@&g°

(c) Ligand Oxidation. In MeCN solution1 and 2 display
an additional oxidative response at 1.053 and 1.17 V vs
SCE (Figures S7 and S8, respectively). Chemically{Tas
well as coulometrically generated texidized species of in
MeCN are stable for at least 1 h, under dry anaerobic
conditions?® The greenish brown solution thus obtained

rgisplays an absorption band at670 nm. Similar spectral

ehavior was observed with pyridine amide systems showing
ligand-centered oxidatio:c.4b.c
Summary. The following are the principal findings and
conclusions of this investigation.
(1) To the best of our knowledge, this report documents the

free ligand proton chemical shifts move upfield, i.e., negative first example of synthesis and X-ray strutural characterization

coordination-induced shiftsA = dcomplex — Jligand),*° UpON
coordination. For phenyl ring protons this could arise if all lie

of trivalent iron and cobalt complexes having nonmacrocyclic
tetraamidoN-coordination and two very short metgbyridine

over the shielding plane of the central pyridine ring of the other bonds.

coordinated ligand. The effect upon the pyridine hydrogens

could be due to Cb — x* donation. Thus we observe that
the solid-state structure is retained in solution.
Redox Properties. To investigate the extent of stabilization

(2) For the low-spin iron(lll) complex (temperature-dependent
magnetic studies) large deviation from octahedral symmetry
have allowed us to observe EPR signals even at 298 K.

(3) H NMR spectral features & in CD3CN reveal that its

of the metal (11l) state toward reduction and to examine whether solid-state structure is retained in solution. The observed
or not oxidative responses corresponding to the accessibility of coordmatlon-mduced shifts are the consequences of ligand steric
higher oxidation states could be achieved, cyclic voltammetric requirements.

studies were performed.

(a) The M(llIl) —M(Il) Redox Process. Cyclic voltammo-
grams ofl (Figure S7, Supporting Information) a@Figure
S8, Supporting Information) in MeCN solution at a glassy
carbon electrode show a one-electron MEHMN(I1) reductive?®
response witte;, values of—0.91 V (1) and—1.10 V @) vs

(17) Drago, R. S. IrPhysical Methods in Chemistrgaunders: Philadel-
phia, 1977; Chapter XIll, pp 492493.

(18) Martin, L. L.; Martin, R. L.; Murray, K. S.; Sargeson, A. Nhorg.
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in the drawing of 2,2bipyridine in the synopsis, Figure 6, and
Scheme 4. A bond is missing, making the structure appear to
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