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Three mononuclear ternary complexes of iron(lll) with an a-diimine (bipy or phen) and a derivative of N,N-bis(2-
hydroxybenzyl)glycinate (L3~) have been synthesized and characterized by magnetic susceptibility measurements,
electron paramagnetic resonance (EPR) spectroscopy, vibrational spectroscopy, and electronic absorption
spectroscopy. Single-crystal X-ray structure determinations of the pseudo-octahedral complexes [Fe(bipy)L]-MeCN
[L = (3,5-Br,)-L3 or (5,3-Cl,Me)-L3"] revealed a considerable and consistent distortion in the coordination of bipy
to iron(lll) attributable largely to electronic effects. In both crystal structures, the Fe—Nyyiq bond trans to the phenolate
oxygen is 0.133 A longer than the other one positioned trans to the tertiary amine nitrogen, a relatively weaker
donor. This coordination behavior of bipy is of structural interest and has not been observed previously for iron(lll).
The electronic and EPR spectra of the compounds [Fe(L'-L")L]-MeCN (L'-L" = bipy or phen) are consistent with
the spin state of the central metal atom (S = 5/,). The charge-transfer transitions arising from the strong interactions
of the phenolate moieties with the ferric ion have been identified as phenolate (p;) — iron(lll) (d;) (Amax =~
500 nm, € &~ 3000 M~ cm~%) and phenolate (p,) — iron(lll) (ds+) (Amax = 320 Nm, € ~ 5200 M~t cm™Y). The
presence of the phenolate moieties in the quadridentate hetero-donor tripodal ligands, HsL, lends these iron(lll)
ternary complexes the potential to model the specific metal-coordination, metal—substrate interactions, and
physicochemical behaviors of several iron-tyrosinate proteins.

Introduction acid phosphatasésoybean lipoxygenasésacterial super-
oxide dismutase¥, galactose oxidasé,and o-keto acid-
dependent enzymés,and metalloproteins such as the
a . . e ., transferrins:? Of particular relevance to the work presented
carboxylic? imidazole? or benzimidazol'* “pendants” or herein are the catechol dioxygendsasd the transferrin®,

o 6 ;
combinations of these® have attracted much attention due o onhaem iron-tyrosinate proteins possessing mononuclear
in part to their propensity to model the structural, physico- bioactive centers (Figure’@i2a.13.1y

chemical, and functional behaviors of a diverse range of '

metalloenzymes including the catechol dioxygenadgesple (1) (@) Jang, H. G.; Cox, D. D.; Que, L., . Am. Chem. Sod99],
113 9200. (b) Kojima, T.; Leising, R. A.; Yan, S.; Que, L., JrAm.
Chem. Soc1993 115 11328. (c) Zheng, H.; Que, L., Jnorg. Chim.

In recent times, iron(lll) complexes with N-centered
quadridentate tripodal ligands comprising pyriéiphenolic?
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Figure 1. Schematic representations of (a) the active sites of (i) 3,47P&@ (ii) the 3,4-PCD-PCA intermediatéand (b) one of the two specific
metal-binding sites of human lactoferri#? (c) the structures and designations of the quadridentate tripodal ligands.

Scheme 1. Modes of Oxidative Cleavage of Catechol by catechol 2,3-dioxygena&€2,3-dihydroxybiphenyl dioxy-
(\(OH 0 OH 0 ey genase (BphC¥-*©and protocatechuate 4,5-dioxygenése.
| onSOH on x_-COH Considering the mixed-atom-donor coordination environ-

extradiol-cleaving
catechol dioxygenases

intradiol-cleaving
catechol dioxygenases

ment of the active site of 3,4-PCD (four endogenous protein
ligands: Tyr408, Tyr447, His460, and His48Z)19:20
1{Figure 1a], it is surprising that the all-N-donor tripodal
ligand tris-(2-pyridylmethyl)amine (TPAhas been utilized
extensively and successfully to model the physico-

The catechol dioxygenases catalyze the biodegradation o
catechols to aliphatic acids by oxidative cleavage of the

aromatic rings of the forme¥® These bacterial enzymes are

categorized either as intradiol-cleaving or as extradiol-
cleaving catechol dioxygenases in accordance with the mode
of cleavage (Scheme 1}° The intradiol-cleaving enzymes
possess high-spin iron(lll) in a distorted trigonal bipyramidal
coordination environment at the catalytic sites and are
exemplified by catechol 1,2-dioxygend%end protocate-
chuate 3,4-dioxygenase (3,4-PC®Y¥.In contrast, the extra-
diol-cleaving enzymes contain iron(ll) and are represented

(3) Que, L., Jr; Kolanczyk, R. C.; White, L. 3. Am. Chem. S0d987,
109 5373.

(4) Cheruzel, L. E.; Wang, J.; Mashuta, M. S.; Buchanan, RCklem.
Commun 2002 2166.

(5) (a) Gomez-Romero, P.; Casan-Pastor, N.; Ben-Hussein, A.; Jameson,
G. B.J. Am. Chem. Socl988 110 1988. (b) Buchanan, R. M.;
O'Brien, R. J.; Richardson, J. Fnorg. Chim. Actal993 214, 33.

(c) Moon, D.; Lah, M. S.; Del Sesto, R. E.; Miller, J. Borg. Chem.
2002 41, 4708.

(6) (a) Yan, S.; Que, L., Jd. Am. Chem. S0d.988 110 5222. (b) Cox,

D. D.; Que, L., JrJ. Am. Chem. S0d.988 110 8085. (c) Yan, S;
Pan, X.; Taylor, L. F.; Zhang, J. H.; O'Connor, C. J.; Britton, D.;
Anderson, O. P.; Que, L., Jnorg. Chim. Actal996 246, 1. (d) Ito,

S.; Suzuki, M.; Kobayashi, T.; Itoh, H.; Harada, A.; Ohba, S.; Nishida,
Y. J. Chem. Soc., Dalton Tran$996 2579. (e) Rodriguez, M.-C.;
Morgenstern-Badarau, |.; Cesario, M.; Guilhem, J.; Keita B.; Nadjo,
L. Inorg. Chem.1996 35, 7804. (f) Zurita, D.; Scheer, C.; Pierre,
J.-L.; Saint-Aman, E.J. Chem. Soc., Dalton Trand996 4331.

(g) Duda, M.; Pascaly, M.; Krebs, BChem. Commun1997, 835.

(h) Pascaly, M.; Duda, M.; Rompel, A.; Sift, B. H.; Meyer-Klaucke,
W.; Krebs, B.Inorg. Chim. Actal999 291, 289. (i) Yamahara, R.;
QOgo, S.; Watanabe, Y.; Funabiki, T.; Jitsukawa, K.; Masuda, H.;
Einaga, H.Inorg. Chim. Acta200Q 300-302, 587. (j) Ceccato, A.
S.; Neves, A.; de Brito, M. A.; Drechsel, S. M.; Mangrich, A. S;
Werner, R.; Haase, W.; Bortoluzzi, A.J.Chem. Soc., Dalton Trans.
200Q 1573. (k) Pascaly, M.; Duda, M.; Schweppe, F.; Zurlinden, K;
Miiller, F. K.; Krebs, B.J. Chem. So¢.Dalton Trans 2001, 828.

() Merkel, M.; Milller, F. K.; Krebs, B.Inorg. Chim. Acta2002 337,
308. (m) Reddig, N.; Pursche, D.; Krebs, B.; Rompel|rarg. Chim.
Acta 2004 357, 2703.
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chemical and functional behaviors of the catechol dioxy-
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Highly reactive functional models for catechol 1,2-

genases. A structural feature of particular interest at the activedioxygenases have been produced by several research groups,

site of 3,4-PCD is the asymmetric coordination of the anionic

substrate 3,4-dihydroxybenzoate (commonly known as proto-

catechuate and denoted as PCA) to the metal c&hidris
asymmetric chelation of PCA causes dissociation of the
endogenous axial Tyr44#€" bond and allows ketoniz-
ation of the substrate 3-position followed by electrophilic
attack by Q at the substrate 4-position. In the PCA-bound
3,4-PCD intermediate (anaerobic 3,4-PCD-PCA complex),
the average FeOgupsirarddond distances FePCACS and Fe-
PCAC4 are approximately 2.41 and 2.16 A, respectively,
clearly showing asymmetric coordination of the substtate.

and these compounds include [RANTA)DBC]?™ (NTA =
nitrilotriacetate; DBC= 3,5-ditert-butylcatecholate) [F€" -
(BPG)DBC] [BPG = N,N-bis(2-pyridylmethyl)glycinef®
[FE"(TPA)DBC]" [TPA = tris(2-pyridylmethyl)aminel?
[FE"(BPIA)TCC]t (BPIA bis[(2-pyridyl)-methyl]
[1-methylimidazol-2-yl)methyllamine; TCE: tetrachlorocate-
cholate)ok and [Fe'(L)TBC]~ (L = variously substituted
dinegative bis-phenolate tripodal ligands; TB€ tetra-
bromocatecholaté). In [F€"(NTA)DBC]?", [F€"(BPG)-
DBC], [Fe'(TPA)DBC]*, and [Fé'(BPIA)TCC]", the DBC
and TCC ligands coordinate asymmetrically with the shorter

The longer distance from the metal center is the one to the Fe—OcatecholatelOnd consistently being the one trans to the
catecholate oxygen positioned very nearly trans to the Fe—Naminebond. Que et ai23band Krebs et &lg*! rational-

strongly basic oxygen of Tyr408 (Tyr408-Fe—PCA®® ~
172°). In this crystallographic study, the asymmetry of the
chelation of PCA was thought to arise from ligand con-
straints, hydrogen bonding between Arg¥87and PCA®,
and trans ligand influencég However, the trans influences

ized this mode of coordination of DBC and TCC by invoking
the “trans effect”, and, in the case of [IKNTA)DBC]?,
steric constraints were ruled out as a contributing factor.
Likewise, in the series of [FL)TBC]~ complexes, the TBC
ligand coordinates in an asymmetric fashion. The-Fe

of the endogenous protein ligands were postulated to be theOcaechoatddond trans to the phenolate oxygen of the tripodal

primary cause of this distortioh. The trans influence
shortened the FePCA®* bond distance as His482 (op-
posite PCAR*) accepted electron density and elongated the
Fe—PCA®3 as Tyr408 donated electron density to the metal
centert®

(7) (& Que, L., Jr.; Ho, R. Y. N.Chem. Re. 1996 96, 2607.
(b) Ohlendorf, D. H.; Lipscomb, J. D.; Weber, P.ature (London)
1988 336, 403. (c) Ohlendorf, D. H.; Orville, A. M.; Lipscomb, J. D.
J. Mol. Biol. 1994 244, 586. (d) Han, S.; Eltis, L. D.; Timmis, K. N.;
Muchmore, S. W.; Bolin, J. TSciencel995 270, 976. (e) Senda, T.;
Sugiyama, K.; Narita, H.; Yamamoto, T.; Kimbara, K.; Fukuda, M.;
Sato, M.; Yano, K.; Mitsui, Y.J. Mol. Biol. 1996 255 735.

(8) See, for example: (a) Antanaitis, B. C.; Strakas, T.; Aised, Biol.
Chem.1982 257, 3766. (b) Davis, J. C.; Averill, B. AProc. Natl.
Acad. Sci. U.S.AL982 79, 4623. (c) Antanaitis, B. C.; Aisen, Rdv.
Inorg. Biochem1983 5, 111.

(9) (a) Boyington, J. C.; Gaffney, B. J.; Arnzel, Nciencel993 260,
1482. (b) Minor, W.; Steczko, J.; Bolin, J. T.; Otwinowski, Z.; Axelrod,
B. Biochemistryl1993 32, 6320.

(10) (a) Lah, M. S.; Dixon, M. M.; Pattridge, K. A.; Stallings, W. C.; Fee,
J. A,; Ludwig, M. L. Biochemistry1995 34, 1646. (b) Tierney, D.
L.; Fee, J. A,; Ludwig, M. L.; Penner-Hahn, J. Biochemistryl995
34, 1661.

(11) Ito, N.; Phillips, S. E. V.; Yadav, K. D. S.; Knowles, P. ¥. Mol.
Biol. 1994 238, 794.

(12) (a) Anderson, B. F.; Baker, H. M.; Norris, G. E.; Rice, D. W.; Baker,
E. N.J. Mol. Biol. 1989 209, 711. (b) Moore, S. A.; Anderson, B. F.;
Groom, C. R.; Haridas, M.; Baker, E. N.. Mol. Biol. 1997, 274
222. (c) Bailey, S.; Evans, R. W.; Garratt, R. C.; Gorinsky, B.; Hasnain,
S.; Horsburgh, C.; Jhoti, H.; Lindley, P. F.; Mydin, A.; Sarra, R.;
Watson, J. LBiochemistryl988 27, 5804. (d) Kurokawa, H.; Mikami,
B.; Hirose, M.J. Mol. Biol. 1995 254, 196. (e) Rawas, A.; Muirhead,
H.; Williams, J.Acta Crystallogr., Sect. [1996 52, 631.

(13) Orville, A. M.; Lipscomb, J. D.; Ohlendorf, D. HBiochemistryl997,
36, 10052.

(14) Wilson, J. GAust. J. Chem199Q 43, 1283.

(15) Yamabhara, R.; Ogo, S.; Masuda, H.; Watanabél, Yhorg. Biochem.
2002 88, 284.

(16) Vetting, M. W.; Ohlendorf, D. HStruct. Folding Des200Q 8, 429.

(17) Kita, A.; Kita, S.; Fujisawa, |.; Inaka, K.; Ishida, T.; Horiike, K.;
Nozaki, M.; Miki, K. Struct. Folding Des1999 7, 25.

(18) Sugimoto, K.; Senda, T.; Aoshima, H.; Masai, E.; Fukuda, M.; Mitsui,
Y. Struct. Folding Des1999 7, 953.

(19) Vetting, M. W.; D'Argenio, D. A.; Ornston, L. N.; Ohlendorf, D. H.
Biochemistry200Q 39, 7943.

(20) Orville, A. M.; Elango, N.; Lipscomb, J. D.; Ohlendorf, D. H.
Biochemistry1997 36, 10039.

(21) Elgren, T. E.; Orville, A. M.; Kelly, K. A.; Lipscomb, J. D.; Ohlendorf,
D. H.; Que, L., JrBiochemistry1997, 36, 11504.
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ligand is consistently longer than the other. Krebs €t al.
attributed this coordination behavior of TBC to the trans
influences of the phenolate oxygens of the tripodal ligand.
The trans influence of phenolate has also been demonstrated
by the work of Yamahara et &lusing the model complexes
[Fe(Lun)DBC], [Fe(Lyn)acact and [Fe(luy)Cl] [HL yu =
2-hydroxyphenyl-bis(2-pyridylmethyl)amine; acacacety-
lacetonate].

This work investigates the reactivity of tHg,N-bis(2-
hydroxybenzyl)glycinate () tripodal ligand$* with the
ferric ion and the subsequent chelation of the bipy or phen
o-diimine. Each of the potentially quadridentate tripodal
ligands N,N-bis(3,5-dibromo-2-hydroxybenzyl)glycine
[H3(3,5-Br)-L] and N,N-bis(5-chloro-2-hydroxy-3-methyl-
benzyl)glycine [H(5,3-Cl,Me)-L] [Figure 1c}* possesses two
phenolic oxygen atoms, one carboxyl oxygen atom, and one
tertiary amine nitrogen atom for coordination. These poly-
dentate ligands provide a hetero-donor-atom environment
relevant to iron(lll)-tyrosinate proteins, especially the
catechol 1,2-dioxygenasesand the transferridd (viz.,
lactoferrint?2> serum transferrid? and ovotransferriti¢9
[Figure 1b]. However, in this preliminary study, we explore
the ability of these tripodal ligands to form ternary complexes
of iron(lll) and their capacity to produce asymmetry in the
coordination of thea-diimines of interest [2,2bipyridine
(bipy) and 1,10-phenanthroline (phen)]. The choice of bipy
and phen in this study is two-pronged: first, the coordination
of either of these bidentate ligands would lead to readily
isolable electrically neutral complexes of iron(lll), and,
second, the equivalence of the pyridyl N donor atoms of these
o-diimines would allow convenient manifestation of trans
influences of the tripodal ligands on coordination to the ferric
iron.

Mononuclear compounds of the divalent ions of ruthe-
niumf?2band platinurd® with a-diimines and/or their deriva-
tives have drawn much attention recently as potential
chromophoric constituents of photochemical molecular de-
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vices due in part to their favorable photophysical and redox

Scheme 2. Synthetic Route to the Complexes [Fe(l')L]-MeCN,
a

properties. Ruthenium(ll) polypyridyl complexes have been =3

demonstrated to photoreact with DRFAand to inhibit in
vitro gene transcriptio®®® Our current interest in the
bidentatea-diimines lies in the structural, magnetic, and

spectroscopic features of their transition metal compounds
possessing polydentate ligands. Crystallographically char-

acterized iron(lll) complexes of this kind are rare. In the
vast majority of transition metal (M) compounds in which
the two N donor atoms of the-diimines (bipy and phen)
occur in chemically equivalent environments or are both
coordinated directly opposite to other donor atoms with no
appreciable trans influence, the two-N bonds tend to
be equidistant or very nearly so; examples include
[Fe(bipyk]*",>* [Fe(pheny]** 2% [Co(phen]** > [Ru-
(bipy)(Me-phen)f*,24d [Fe(phen)Cf]~,2%¢ and [Pt(bipy)-
(en)F+.22*In contrast, the few known structurally elucidated
oxovanadium(lV) complexes with one of the donor atoms
of bipy or phen coordinated trans to the oxo group invariably
show a large distortion of the-diimine (typically, the two
V—N bond distances are 2.32.17 and 2.36-2.35 A)25ad
A modest trans influence of the bridging oxo group in oxo-
bridged dinuclear vanadium(lll) complexes such as
[V 2(u-O)(phen)Cl,)2* (V—N: 2.103 and 2.183 Aj° has
been reported.

In this paper, we report on, among other physical proper-

ties, the crystal structure determinations of the compounds

of the type [Fe(bipy)L]MeCN, which have revealed a
distortion in the coordination of the bidentate bipy ligand to
iron(lll), the magnitude of which is comparable to that
observed ino-diimine-containing oxovanadium(lV) com-
plexes®@d A comprehensive crystallographic search for
ternary complexes of iron(ll/111) with bipy together with any

polydentate ligand yielded no results, and thus the asym-

metric coordination of bipy reported herein is considered to
be observed for the first time for iron(lll). The only other
compound of iron(lll) that showed a large distortion of an
iron-bonded bidentate-diimine is [F N(CH,-0-C¢H4O)s} -

(22) See, for example: (a) Anzenbacher, P., Jr.; Tyson, D. S.; Jursikova,

K.; Castellano, F. N.J. Am. Chem. So0c2002 124, 6232.
(b) Chakraborty, S.; Walawalkar, M. G.; Lahiri, G. B. Chem. Soc.,
Dalton Trans 200Q 2875. (c) Kato, M.; Takahashi, J.; Sugimoto, Y.;
Kosuge, C.; Kishi, S.; Yano, S.. Chem. Soc., Dalton Tran2001
747.

(23) See, for example: (a) Nair, R. B.; Teng, E. S.; Kirkland, S. L.; Murphy,
C. J.Inorg. Chem1998 37, 139. (b) Pauly, M.; Kayser, I.; Schmitz,
M.; Dicato, M.; Guerzo, A. D.; Kolber, I.; Moucheron, C.; Mesmaeker,
A. K.-D. Chem. Commur2002 1086.

(24) (a) Figgis, B. N.; Skelton, B. W.; White, A. Hiust. J. Chem1978
31, 57. (b) Baker, J.; Engelhardt, L. M.; Figgis, B. N.; White, A. H.
J. Chem. Soc., Dalton Tran$975 530. (c) Geraghty, M.; McCann,
M.; Devereux, M.; McKee, V.Inorg. Chim. Actal999 293 160.

(d) Ye, B.-H.; Chen, X.-M.; Zeng, T.-X.; Ji, L.-Nnorg. Chim. Acta
1995 240 5. (e) Healy, P. C.; Patrick, J. M.; Skelton, B. W.; White,
A. H. Aust. J. Chem1983 36, 2031.

(25) See, for example: (a) Tasiopoulos, A. J.; Vlahos, A. T.; Keramidas,
A. D.; Kabanos, T. A.; Deligiannakis, Y. G.; Raptopoulou, C. P;
Terzis, A.Angew. Chem., Int. Ed. Endl996 35, 2531. (b) Cavaco,

I.; Pessoa, J. C.; Costa, D.; Duarte, M. T.; Gillard, R. G.; Matias, P.
J. Chem. Soc., Dalton Trand4994 149. (c) Tasiopoulos, A. J.;
Deligiannakis, Y. G.; Woollins, J. D.; Slawin, A. M. Z.; Kabanos, T.
A. Chem. Communl998 569. (d) Dutta, S. K.; Tiekink, E. R. T;
Chaudhury, M. Polyhedron 1997, 16, 1863. (e) Kumagai, H.;
Kitagawa, S.; Maekawa, M.; Kawata, S.; Kiso, H.; Munakata,JM.
Chem. Soc., Dalton Tran2002 2390.

3Et;N Fe¥*

L>

HiL "[Fe(solv),L]" M [FeL-LYLIMeCN
MeCN/MeOH/EtOH

aHsL = quadridentate tripodal ligand; L' = 2,2-bipyridine (bipy)
or 1,10-phenanthroline (phen); sotv solvent moleculen = 1 or 2.

(phen)]? but the asymmetric coordination of phen in this
compound was explained in terms of a short contact between
a benzyl proton and the hydrogen atom ortho to the phen N
atom affected.

Results and Discussion

Synthetic Route to ComplexesTypically, iron(lll) binds
to a quadridentate tripodal ligand and an additional mono-
dentate ligand to give a distorted trigonal bipyramidal
geometny?’3or to a quadridentate tripodal ligand along with
two monodentate ligands or one bidentate ligand to give a
pseudo-octahedral geometry.So far, we have focused our
research on electrically neutral complexes of iron(lll) with
the quadridentate ligands (3,548t.3" or (5,3-Cl,Me)-13~
using theo-diimines bipy or phen to produce six-coordinate
species. The compounds [Fe(bipy)(3,5)Hr]-MeCN
(1-MeCN), [Fe(phen)(3,5-B)-L]-MeCN (2-MeCN), and
[Fe(bipy)(5,3-Cl,Me)-L}MeCN 3-MeCN) were synthesized
in a solvent mixture of MeOH/EtOH/MeCN according to
Scheme 2.

The complexes “[Fe(sol)]” were not isolated, but their
formation was indicated by the intense colors developed on
reaction of the metal ion with the trinegative ligand anions.
These complexes can be five-coordinate as in the crystallo-
graphically characterized complex fA&(CH,-0-C¢H4O)3} -
(DMP)]? or six-coordinate as exemplified structurally by the
iron(ll) complexes [Fe(TPA)(MeCN)*" and [Fe(TPA)-
(MeOH),]?*.26 Although iron(lll) complexes with qua-
dridentate tripodal ligands have a tendency to form trigonal
bipyramidal geometries in the presence of monodentate
ligands, octahedral complexes of iron(lll) containing such
tripodal ligands and two monodentate ligands are
known_lb,d,4,6d,e,h,i,k

The isolation of ternary complexes containing bipy or phen
ligands is unusual due to the driving force for forming the
[M(bipy)z]™t or [M(phen}]™" complexes’ Examples of
mixed-ligand complexes with bipy or phen include [Fe(bipy)-
(Cl,Caty]~ (Cl,Caf~ = TCC = tetrachlorocatecholaté},
[Fe(bipyk(C204)],%%  [Cu(bipy)(G:04)],>° [Cu(sgly)phen]
[sgly = N-(2-hydroxybenzyl)glycinatel’ [Co(DPG)pherit
[NB: DPG = BPG= N,N-bis(2-pyridylmethyl)glycinatef!
[VO(sala)bipy] (sala= N-salicylidene-L-alaninate’¥? and
[VO(L)bipy] [L = Smethyl-3-(2-hydroxy-5-nitrophenyl)-
methylenedithiocarbazat&}? In this study, the isolation of

(26) Diebold, A.; Hagen, K. Sinorg. Chem 1998 37, 215.

(27) zirong, D.; Bhattacharya, S.; McCusker, J. K.; Hagen, P. M,
Hendrickson, D. N.; Pierpont, C. Gnorg. Chem.1992 31, 870.

(28) Konig, E.; Ritter G.; Goodwin, H. Alnorg. Chem.1981, 20, 3677.

(29) O’Brien, P.Transition Met. Chem198(Q 5, 314.

(30) Yang, C.-T.; Moubaraki, B.; Murray, K. S.; Vittal, J.Dalton Trans.
2003 880.

(31) Hartshorn, R. M.; Telfer, S. Gl. Chem. So¢Dalton Trans.200Q
2801.
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Figure 2. (a) Observed and (b) simulated isotopic distribution patterns of [Fe(phen)(3:%]B2 in the molecular envelope.

the complexes [Fe(EL")L]-MeCN (L'—L' = bipy or phen)

can be rationalized by the strong binding of the quadridentate

trianionic ligands to the iron(lll); thus, the incoming bipy

or phen ligand does not displacél_but rather binds to the

remaining sites, and the neutral complexes are favorably

precipitated from solution. Other crucial factors include the

stoichiometry of the reactants and the synthetic route.
Upon controlled evaporation of the solvent mixture,

compoundsl-MeCN and2-MeCN crystallized as reddish-

purple rectangular blocks, wherea®1eCN was isolated as

black-purple bocks. Conductivity measurements in MeOH 50 100 150 200 250 300

verified that these compounds are nonelectrolytes and that Temperature (K)

they remain' intact in splution. The chemical compositions Figure 3. The variation ofyw~! for [Fe(bipy)(3,5-B8)-L]-MeCN as a

were established by microanalyses (C, H, and N) and FAB function of temperature.

mass spectrometry. The molecular ions [Fe(l')L]* were

identified by their peaks amm/z 812, 836, and 593 for  properties of the other two compounds in this system. The

1-MeCN, 2-MeCN, and3-MeCN, respectively. Furthermore, Weiss constants of these three compounds are virtually

prominent peaks in the FAB mass spectra revealed theidentical @ ~ 0.8 K for 1:-MeCN, ~1.0 K for 2:MeCN, and

fragmentation pattern that began with the loss of the ~0.9 K for 3:-MeCN) and indicate that in each compound

carboxylate group, followed by loss of one of the substituted the iron(lll) centers are by and large magnetically indepen-

phenolic rings, then the amine-phenolic unit, and finally the dent of one another. The room-temperature effective mag-

o-diimine ligand. The simulated isotopic distribution pattern netic momentsies = (8ymT)Y? of the compound4-MeCN,

for the molecular envelope of peaks matched closely the 2-MeCN, and3-MeCN are 5.91, 5.88, and 5.9@, respec-

observed one. (A portion of the mass spectrum-dieCN tively, consistent with a high-spirPd¢onfiguration 6= 55)

is given in Figure 2 to illustrate this point.) for the iron(lll) atom [spin-only paramagnetismies =
Magnetic Properties. The magnetic susceptibilities of {45S+ 1)}*4.32Indeed, mononuclear octahedral complexes

1-MeCN, 2-MeCN, and3-MeCN were recorded over the of iron(lll) with donor-atom sets comprising a combination

temperature range-8300 K. The magnetic behavior of of oxygen and nitrogen atoms tend to be spin-free at room

1-MeCN, displayed in Figure 3¢f;~* vs T), shows normal  temperature.

paramagnetism and is in conformity with the Cufi&eiss

law [ym = C/(T—0)]; it is also representative of the magnetic (32) O’Connor, C. JProg. Inorg. Chem1982 29, 203.

60 -

40 -

xm~ (mollemu)

20 -
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Table 1. Selected Bond Distances (A) and Angles (deg) for
[Fe(bipy)(3,5-Bp)-L]-MeCN and [Fe(bipy)(5,3-Cl,Me)-:MeCN

Figure 4. X-ray crystal structure of [Fe(bipy)(3,5-BFL]-MeCN
(1-MeCN).
Figure 5. X-ray crystal structure of [Fe(bipy)(5,3-Cl,Me)-ileCN
(3-MeCN).

X-ray Crystallography. Crystals of these compounds
suitable for single-crystal X-ray crystallography were ob-
tained from a solvent mixture of MeOH/EtOH/MeCN by
ether diffusion at room temperature, and the crystallization
seemed to be sensitive to the metal salt used (preferring NO
over CIQ,” or CI™ as its F&' salt) and the synthetic route
followed. The X-ray crystal structures df-MeCN and
3‘-MeCN were determined at room temperature and are
depicted in Figures 4 and 5, respectively. Selected bond
distances and angles are listed in Table 1. The structures o
the two compounds are very similar; in each case, the
deprotonated tripodal ligand?t, is coordinated to the iron-
(Il1) center in a quadridentate manner via two phenolate
oxygen atoms, one carboxyl oxygen atom and one tertiary

amine nitrogen atom. The pseudo-octahedral geometry

[Fe(bipy)(3,5-Bp)-L]-MeCN [Fe(bipy)(5,3-Cl,Me)-L{MeCN

Fel-0O1 1.887(3) FetO1 1.887(2)
Fel-02 1.934(4) Fe102 1.915(2)
Fel-04 2.001(3) Fet04 1.997(2)
Fel-N1 2.222(4) Fe:N1 2.217(2)
Fel-N2 2.132(4) Fe:N2 2.152(2)
Fel-N3 2.265(5) Fe:N3 2.285(3)
C27-C28 1.431(14)  C27C28 1.432(7)
C27-N4 1.106(12)  C27N4 1.116(6)
O1-Fel-04 161.74(15)  O%Fel-04 161.14(10)
02-Fel-N3 163.96(15)  O2Fel-N3 162.50(9)
N1-Fel-N2 171.65(15)  NiFel-N2 173.22(9)
01-Fel-02 99.57(16)  O*Fel-02 101.30(10)
02-Fel-04 92.12(16)  O2Fel-0O4 92.74(9)
O1-Fel-N2 100.19(15)  O%Fel-N2 97.64(9)
02-Fel-N2 90.84(16)  O2Fel-N2 90.53(9)
04-Fel-N2 93.56(14)  O4Fel-N2 94.73(9)
O1-Fel-N1 87.56(15)  O%Fel-N1 88.38(9)
02-Fel-N1 90.95(15)  O2Fel-N1 91.36(9)
O4—Fel-N1 78.22(14)  O4Fel-N1 78.68(8)
01-Fel-N3 87.81(16)  OXFel-N3 87.50(10)
O4—Fel-N3 8455(16)  O4Fel-N3 82.50(9)
N2—Fel-N3 73.77(16)  N2-Fel-N3 73.20(10)
N1-Fel-N3 103.65(16)  NiFel-N3 104.09(9)
C28-C27-N4 179.1(15)  C28C27-N4 178.7(7)

around the metal ion is completed by the bidentate bipy
molecule, which coordinates in the equatorial plane. The
deviation of the coordination sphere froBy symmetry is
evident in the bond angles that differ from°90y 0.53-
16.8C and from 180 by 6.78-18.86. Likewise, the bond
distances are all different, this being a consequence of the
inherent coordination requirements of each donor atom and
the stereochemical constraints imposed by the polydentate
ligand. Although not shown in Figures 4 and 5, in close
proximity to each complex, [Fe(bipy)L], there exists an
acetonitrile solvent molecule.

The bond distances FeD1 [1.887(3) A] and FetO2
[1.934(4) A] for 1-MeCN and Fe101 [1.887(2) A] and
Fel-02 [1.915(2) A] for3:-MeCN are normal for interac-
tions between a high-spin iron(lll) center and phenolate
oxygen donor atoms in a six-coordinate environment. Typi-
cally, high-spin iron(Il)-Oppenoiaredistances range from 1.88
to 1.93 A33 Likewise, the bond distances FeMlimine
[2.222(4) A for1-MeCN and 2.217(2) A foB-MeCN] and
Fe—O4carboxy [2.001(3) A for 1:-MeCN and 1.997(2) A for
3-MeCN)] are comparable to those observed in related
tripodal ligands (FeNamine ~ 2.16-2.38 A6 and Fe-
Ocarboxyi & 1.95-2.09 AP35 Although chemically equiva-
lent in the uncoordinated ligand, the pyridyl nitrogen atoms
of bipy in 1-MeCN coordinate to the iron(lll) atom asym-
metrically with one normal FeNpyigy bond distance
[Fe1l—N2 2.132(4) AP*e3>and the other significantly longer
[Fel-N3 2.265(5) A]2 The same structural behavior was
observed in3-MeCN [Fel-N2 2.152(2) A vs FetN3

33) See, for example: (a) Hernandez-Molina, R.; Mederos, A.; Dominguez,
S.; Gili, P.; Ruiz-Perez, C.; Castineiras, A.; Solans, X.; Lloret, F.;
Real, J. Alnorg. Chem1998 37, 5102. (b) McDevitt, M. R.; Addison,

A. W.; Sinn, E.; Thompson, L. Klnorg. Chem.199Q 29, 3425.
(c) Nishida, Y.; Kino, K.; Kida, SJ. Chem. Soc., Dalton Trans987,
1157.

(34) Meier, R.; Heinemann, F. Wnorg. Chim. Acta2002 337, 317.

(35) Figgis, B. N.; Patrick, J. M.; Reynolds, P. A.; Skelton, B. W.; White,
A. H.; Healy, P. C.Aust. J. Chem1983 36, 2043.
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2.285(3) A]. Interestingly, the differences in the-Fdpyriay adjacent to the phen N atom affected. In view of the well-
distances of the bipy ligands in the two compounds are documented prevalence of ligand trans influences in small-
identical (0.133 A) and compare favorably with those molecule coordination compourid§2530.31 and naturally
observed in oxovanadium(lV) complex&%d This lengthen-  occurring system&131%-21 the trans influence of phenolate
ing can be ascribed primarily to the trans influence of the may also be another factor contributing to the lengthen-

strongly basic phenolate oxygen atom whose strangnd ing of one of the FeNpnen bonds [2.340(7) A] in
pseudos-bonding to the metal center considerably weakens [Fe{ N(CH,-0-C¢H40)s} (phen)]?
the coordination of the pyridyl nitrogen directly opposite it. Interestingly, there is evidence that an electronic effect is

This strong phenolateiron(lll) interaction is borne out by  also observable in systems that do not contain phenolate
the charge-transfer absorptions of these compounds. The trankgands. For instance, in the complexes [Fe(TPA)CIF
influence of a phenolate moiety, leading to asymmetry of [Fe(BPIA)ChL]™ (BPIA = bis[(2-pyridyl)methyl][(1-methyl-

the coordination of a bidentate ligand, has been demonstratedmidazol-2-yl)methylJamine§®  and [Fe(BIPA)CH]+

by the intermediate enzyme complex 3,4-PCD-P&#nd a (BIPA = his[(1-methylimidazol-2-yl)methyl][(2-pyridyl)-
few synthetic model systefisfor the catechol 1,2-dioxy-  methyllamine)"the Fe-Cl bond trans to the tertiary amine
genases. For example, in the model complexes of Yamaharanitrogen is shorter than the other bond opposite an aromatic
et al.¥ [Fe(Lyn)(DBC)] and [Fe(lup)(acac)f [HLuy = nitrogen; in the complexes [Fe(NTA)(DBG)]® [Fe(BPG)-
2-hydroxyphenyl-bis(2-pyridylmethyl)amine; acacacety- (DBC)],* and [Fe(TPA)(DBC)j,'2 the shorter FeOpgc
lacetonate], the oxygen atom (of each bidentate ligand) transbond was postulated to result from the weak—Fgmine

to the phenolate oxygen of the tripodal ligand was lengthenedinteraction in the trans position. Congruent with
significantly [Fe-Opgc, 1.961(3) A vs 1.890(3) A; FE€Oacas [Fe(BPG)(DBC)J®* [Co(DPG)pherd” [DPG = N,N-bis-
2.018(4) A vs 1.907(4) A]. A similar observation was made (2-pyridylmethyl)glycinate}* shows a shorter G0 Nghen

by Krebs et aP! for the complexes [FeL(TBC)] (L% = bond [1.919(3) A] opposite the tertiary amine nitrogen as
a bis-phenolate tripodal ligand; TBE tetrabromocatecho-  compared to the other [2.010(3) A] trans to the carboxylate
late). It is noteworthy that the trans influence of phenolate oxygen. In the dinuclear tripodal complex FE¥NTB)CL]>*

is not restricted to complexes of iron(lll) with tripodal (NTB = tris[(benzimidazol-2-yl)methyllaminéy, the ben-
ligands; for example, in the distorted square pyramidal zimidazole ligand bonded trans to the bridging oxo group
copper(ll) complex [Cu(sgly)phen] [sgly N-(2-hydroxy- has a longer FeN bond distance associated with the trans
benzyl)glycinatef® the phen ligand is asymmetrically co- influence of the oxo group.

ordinated in the equatorial plane with €N bond distances Whereas there is a growing number of ternary complexes
of 2.071(7) and 2.004(6) A, the longer bond being trans to of iron(lll) containing different forms of tripodal ligands and
the phenolate oxygen. variously substituted catecholate ligart@&89k1%he cor-

On the other hand, the other +lpyrigy bond (in1-MeCN responding iron(lll) compounds with am-diimine instead

and3-MeCN) opposite the tertiary amine nitrogen, a much of catecholate are few and far between. To our knowledge,
weaker donor than the phenolate oxygen, is consistentlythis is the first observation of a phenolate-induced distortion
shorter. Interestingly, this structural feature (weak-RNgmine of the coordination of bipy to iron(lll). As expected, both
bonding) is the hallmark of iron(lll) complexes with Fe—Npyigy distances are much longer than those observed
N-centered tripodal ligands. In the pseudo-octahedral com-for low-spin Fe(lll) [e.g.,~1.96(3) and~1.97(3) A in
plex of iron(Ill) with the potentially heptadentate N-centered [Fe(bipy)]®" 2*2and [Fe(phen]®*,2*° respectively]. The bipy
tripodal Schiff-base ligand, trigN-(salicylidene)-2-amino- bite angles N2ZFel-N3 73.77(16) and 73.20(10) in
ethyl)]Jamine3® the tertiary amine nitrogen is not even 1-MeCN and3-MeCN, respectively, are comparable to those
coordinated to the metal center. reported for a-diimines in high-spin iron(lll) com-

A closer inspection of the crystal structures of [Fe(bipy)L] pounds’24¢27:353but, as expected, differ significantly from
MeCN (1-MeCN and3-MeCN) revealed the possibility of those encountered in the low-spin complex cations
repulsive intramolecular ++H interactions in the vicinity — [Fe(bipy)]®" 242 and [Fe(phen]® 26 (N—Fe—N averages
of the coordination sphere somewhat affecting the gy ~82.3 and~83.C, respectively). Whereas the cause of the
bond distances. The interactions C2626:--H7 (2.132 A) observed asymmetric coordination of bipylifMeCN and
in 1-MeCN and C26-H26+--H7 (2.170 A) in3:-MeCN show 3-MeCN would seem to be principally electronic in nature,
short contacts between the aforementioned hydrogen atomst would appear that in the complex cations [(bipy)-
that could lead to lengthening of the same-fgyiqy1 bond AUPPR]*38 [Au—Npiay: 2.166(2) and 2.406(2) A,
of bipy affected by the trans influence of the phenolate [PtCI(PE&)2(1*-phen)] %8 and [Pdg'-phen)(phen)(Ckt
oxygen. As indicated previoushit has been shown thatin ~ NO,)]*,%¢ this behavior was imposed on tohediimines as
the complex [FEN(CH,-0-CsH40)3} (phen)], the phen ligand  a means to meet the stereochemical demands of the central
has a distinctly asymmetric coordination with -Fyriayi metal ion.
bond lengths of 2.158(7) and 2.340(7) A; however, Koch et : :
al. attributed this distortion solely to a short contact between &) 2ita A. S Bhattacharya, S.; Pierpont, C.IGorg. Chem.1995 34

a benzyl proton of the tripodal ligand and the hydrogen atom (38) (a) Clegg, WActa Crystallogr.1976 B32, 2712. (b) Bushnell, G.

W.; Dixon, K. R.; Khan, M. A.Can. J. Chem1974 52, 1367.

(36) Elerman, Y.; Kabak, M.; Svoboda, |.; Fuess, H.; AtakolJOChem. (c) Milani, B.; Corso, B. G.; Zangrando, E.; Randaccio, L.; Mestroni,
Crystallogr. 1995 25, 227. G. Eur. J. Inorg. Chem1999 2085.
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Table 2. Selected IR Spectroscopic Data for the Complexes Electronic Spectroscopy.The violet color of [Fe(bipy)-
[Fe(L'—L")L]-MeCN (1-MeCN, 2-MeCN, and3-MeCN) (3,5-Br)-L]-MeCN and [Fe(phen)(3,5-BrL]-MeCN and
complexes the purplish violet color of [Fe(bipy)(5,3-Cl,Me)-tjyleCN

vibrations (cnm?) 1-MeCN 2-MeCN 3-MeCN in methanol were associated with the visible absorptions in
124COy) 1653 1652 1654 the electronic spectra of these compounds. To make a
v{(CO;7) 1339 1339 1339 complete and unambiguous assignment of the bands in both
zgg:%phe_m'me 1245, 115255 1243'12320 12491'515795 the UV and the visible regions of the spectra, the reactions
V(C_C)Zry;:fﬂc 1432-1576 14271578 14131575 were monitored by UV-visible spectroscopy, the result of
Y(C—H)aiiphatic 2850-2941 28512942 2848-2947 which is exemplified by the synthesis of [Fe(bipy)(5,3-Cl,-
UC—H)aromati 3061 3058 3053 Me)-L] in methanol. The ligand #5,3-Cl,Me)-L was

deprotonated with 3 molar equiv of §&t in methanol, and
Infrared Spectroscopy. Selected IR absorptions for the electronic spectrum of the resultant ligand anion was
1-MeCN, 2:-MeCN, and3-MeCN are summarized in Table recorded [Figure 6a]. An equivalent amount of Feg{O
2. A structural feature of importance in these complexes is 9H,O was then added to the colorless solution of the ligand
the coordination mode of the carboxylate groups &f L  anion, producing a purplish violet solution instantaneously.
which was shown in the X-ray structures ®MeCN and The product of this reaction was tentatively formulated as
3-MeCN to be monodentate and has subsequently been‘[Fe(solv)(5,3-Cl,Me)-L]” for convenience (assuming that

corroborated by the solid-state IR spectroscopic defClo, ) the two vacant sites at the metal center were occupied by
— v(CO;7) = Av(CO;): 314 cm! for 1-MeCN, and solvent molecules, possibly oher two’® per complex
313 cn1t for 2:MeCN, and 315 cmt' for 3-MeCN].3° The molecule). The electronic spectrum of this complex was

stretching frequencies of the carboxylate groups and th®@ C  measured and compared to that of the uncoordinated ligand
of the phenolate moieties (Table 2) closely match those anion [Figure 6a]. Finally, on reaction of the bidentate ligand,
reported by Wieghardt et &P for the related complex of  bipy, with the complex “[Fe(solv}5,3-Cl,Me)-L]", the color
iron(lll) with 4-(3-tert-butyl-2-hydroxybenzyl)-1,4,7-triaza-  of the solution darkened somewhat, but remained essentially
cyclononane-1-acetatef2. purplish violet. The electronic spectrum of the complex

EPR Spectroscopy.The €A, electronic ground state for  [Fe(bipy)(5,3-Cl,Me)-L] is given in Figure 6b.
Fe(lll) in 1-3 ascertained from the magnetic studies of these  The intense band at 288 nra £ 24 900 M™* cm™) and
compounds was confirmed by EPR spectroscopy. The the shoulder at 238 nme (= 26 900 M™* cm™) in the UV
X-band EPR spectra were recorded in frozen DMSO solution region of the spectrum of “[Fe(soh(p,3-Cl,Me)-L]” coin-
at 100-103 K. The spectrum af-MeCN exhibits an intense ~ cided with those in the spectrum of the uncoordinated ligand
resonance ayj = 4.28 and a weaker one at = 8.90. anion, suggesting that the corresponding electronic transitions
Generally, the resonance gt~ 4.3 is observed in rhom-  are ligand-centered. The lower-energy intraligand electronic
bically distorted high-spin Fe(lll) complexes and is predicted transition is commonly observed in phenolate-containing
to occur as the ratio of the zero-field splitting parameters iron(lll) complexes® and iron-tyrosinate proteins (e.g., the
E/D approache¥s, the rhombic limit? The EPR spectra of transferrinsy! and its origin is thought to be — z* in
2-MeCN (g = 4.27 and 8.90) an8-MeCN (g = 4.29 and nature3®*4143 Between 315 and 750 nm, the WVisible
8.88) are hardly distinguishable from that @fMeCN, spectra of “[Fe(sol(5,3-Cl,Me)-L]" and [Fe(bipy)(5,3-Cl,-
implying that these complexes have similar coordination Me)-L] are virtually identical; each exhibits a shoulder at
environments. Although thg values of the resonances of 325 nm € = 5200 M* cm™) and a band at 515 nm
these compounds are very close to those observed for thele = 3100 M™* cm™). Because these absorptions were absent
transferrins, there is splitting in thg = 4.3 resonance for from the spectrum of the ligand anion and occurred in the
the metalloproteiné! That this resonance is sensitive to the Complexes regardless of the presence or absence of bipy or
nature of the donor environment for the iron(lll) atom has phen, and given the fact that ligand-field transitions in high-
been amply demonstrated by our previous work on bovine spin iron(lll) octahedral complexes are spin-forbidden, the
lactoferrirf2 and that of others on human serum transfefin.  €lectronic transitions in question would, therefore, appear
The coordination environment df—3 differs from that of to arise.from interaction of the phenolate oxygen with the
the transferrins in having bipy or phen instead of a carbonatei"on(lll) ion. The spectra of “[Fe(soly{5,3-Cl,Me)-L]" and

ion and a tertiary amine instead of an imidazble. [Fe(bipy)(5,3-Cl,Me)-L] resemble that of [Fe(EDDHA)]
[EDDHA*" = ethylenediamine dithydroxyphenylacetatefp

except that the entire spectra of the former complexes are

(39) (a) Nakamoto, Klnfrared and Raman Spectra of Inorganic and
Coordination Compounds, Part, Bth ed.; John Wiley & Sons: New

York, 1997. (b) Stockheim, C.; Hoster, L.; Weyhéiiey T.; (42) Brodie, A. M.; Ainscough, E. W.; Baker, E. N.; Baker, H. M.;
Wieghardt, K.; Nuber, BJ. Chem. Soc., Dalton Tran$996 4409. Shongwe, M. S.; Smith, C. AAdv. Exp. Med. Biol.1994 357, 33.
(40) Oosterhuis, W. TStruct. Bonding (Berlinl974 20, 59. (43) (a) Gaber, B. P.; Miskowski, V.; Spiro, T. G.Am. Chem. Sod974
(41) (a) Shongwe, M. S.; Smith, C. A.; Ainscough, E. W.; Baker, H. M.; 96, 6868. (b) Ainscough, E. W.; Brodie, A. M.; Plowman, J. E.; Brown,
Brodie, A. M.; Baker, E. NBiochemistryl992 31, 4451. (b) Harris, K. L.; Addison, A. W.; Gainsford, A. Rinorg. Chem198Q 19, 3655.
D. C.; Aisen, P. Physical Biochemistry of the Transferrinsiron (c) Patch, M. G.; Simolo, K. P.; Carrano, C.ldorg. Chem.1983
Carriers & Iron Proteins Physical Bioinorganic Chemistrytoehr, 22, 2630. (d) Lubben, M.; Meetsma, A.; van Bolhuis, F.; Feringa, B.
T. M., Ed.; VCH Publishers Inc.: New York, 1989; Vol. 5. L.; Hage, RInorg. Chim. Actal994 215 123. (e) Casella, L.; Gullotti,
(c) Shongwe, M. S.; Smith, R.; Marques, H. M.; van Wyk, J.JA. M.; Pintar, A.; Messori, L.; Rockenbauer, A.; Gyd®/. Inorg. Chem.
Inorg. Biochem2004 98, 199. 1987, 26, 1031.

Inorganic Chemistry, Vol. 44, No. 9, 2005 3077



Figure 6. (@) Electronic spectra of [(5,3-Cl,Me)-¥] (purple line) and
“[Fe(solv)(5,3-Cl,Me)-L]" (blue line) in MeOH at a concentration of
0.070 mM; (b) electronic spectrum of [Fe(bipy)(5,3-Cl,MeHIECN in
MeOH at a concentration of 0.070 mM; (c) visible spectra of [Fe(bipy)-
(3,5-Br)-L]-MeCN (purple line) and [Fe(bipy)(5,3-Cl,Me)-iyleCN (blue
line) in MeOH at a concentration of 0.35 mM.

Shongwe et al.

of these LMCT bands (10 900 cr) is an approximate
measure ofA, for the complex [Fe(bipy)(5,3-Cl,Me)-L].
Examples of related complexes which show similar electronic
features are [Fe(EDDHA)] (LMCT bands: 315 and
475 nm,A, ~ 10 700 cm')*32and [Fe(bbpen)] [H2bbpen

= N,N'-bis(2-hydroxybenzyIN,N'-bis(2-methylpyridyl)-eth-
ylenediamine] (LMCT bands: 323 and 575 nm\, ~
13500 cm?).** For native human serum transferrin, the
LMCT absorptions occur at 330 nm (shoulder) and 46%'Am
with an energy separation #8800 cn1?; this relatively
low value of A, is in agreement with the comparatively low
ligand field strength (FeNg©donor set; cf., FepDs/FeN,O,
donor sets for [Fe(bipy)(5,3-Cl,Me)-L], [Fe(EDDHA)]and
[Fe(bbpen)).

Finally, the electronic effect of the phenolic substituent
groups on the charge-transfer transitions is much more
pronounced for the visible absorption as illustrated by the
visible spectra of [Fe(bipy)(5,3-Cl,Me)-tljleCN (Amax =
515 nm;e = 3100 dn¥ mol~ cm™?) and [Fe(bipy)(3,5-Bj)-
L]*MeCN (Amax = 492 nm;e = 2900 dnf mol™! cm™?)
[Figure 6c]. The electron-donating methyl group in the
former complex facilitates the LMCT transition, thereby
lowering its energy3**>The magnitude and significance of
the difference in the energies of the visible absorptions for
these two complexes are evidenced by the discernible color
differences in methand®.

Conclusion

The asymmetric coordination of the pyridyl nitrogen atoms
of bipy to the high-spin P& centers in the complexes
[Fe(bipy)L]'MeCN is largely a consequence of the trans
influence of one of the two phenolate oxygen atoms of the
mixed-donor tripodal ligands,3C.6113.2130Although elonga-
tion of bonds trans to the f#O]>" bond in oxovanadium-
(IV) complexed®*¢is commonly observed, this phenomenon
has not been encountered in iron(HBipy complexes
previously. As might be expected, the coordination behaviors
of bipy and phen in the current system of iron(lll) compounds
are virtually identical. The electronic transitions resulting
from the interactions of the phenolate moieties with iron-
(1) impart intense colors to these ternary compleXé®.4
Studies of the quadridentate tripodal ligands as possible
functional models for catechol dioxygenases are underway.
As indicated previously® nature makes use of the asym-
metric binding of the substrate (such as 3,4-dihydroxy-
benzoate, PCA) to iron(lll) in protocatechuate 3,4-dioxy-
genase (3,4-PCD) to activate the substrate for bond cleavage
and oxygenation. This is a direct result of the strong trans
influence of Tyr408 weakening the F€CACS bond132!

red-shifted. The visible absorption band is ascribed to a Experimental Section

phenolate (p — iron(lll) (d,+) charge-transfer transition,
and its intensity{/phenolate= 1550 Mt cm™Y) is consistent
with this assignmenf€ The shoulder at 325 nm is attributed
to a charge-transfer transition from the phenolatenbital

to the d- orbital of Fd' 41043244The difference in the energies

(44) Setyawati, |. A.; Rettig, S. J.; Orvig, Can. J. Chem1999 77, 2033.
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General Considerations All starting materials were purchased
from Aldrich and used as received. The ligand$3;6-Br)-L and
H3(5,3-Cl,Me)-L were synthesized by the Mannich reaction fol-
lowing the procedure reported by Wilsémvith minor modifications

(45) Shongwe, M. S.; Al-Hatmi, S. K. M.; Marques, H. M.; Smith, R;
Nukada, R.; Mikuriya, MJ. Chem. Soc., Dalton Trang002 4064.
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to optimize the reaction conditions. Infrared spectra were recorded Table 3. Selected Crystallographic Data for
with the samples compressed as KBr disks on a Nicolet MAGNA [Fe(bipy)(3,5-B)-L]-MeCN (1-MeCN) and

560 FTIR or a Nicolet Impact 400D FTIR spectrophotometer in
the range 4000400 cnt!. Microanalyses were carried out at
University College London. FAB mass spectra were measured with
a VG AutoSpecQ mass spectrometer at Imperial College—UV
visible absorption spectra were recorded on a Varian Cary IE or
an HP845 U\visible spectrophotometer in the range
200-900 nm. Magnetic susceptibility measurements were carried
out using an MPMS Quantum Design magnetometer in the range
300-5 K. X-band EPR spectra were recorded at-1@03 K on a
Varian E-line or Varian E-104A spectrometer equipped with a
variable-temperature accessory and operating@®0 GHz. The
spectralg values were calibrated with (diphenylpicryl)hydrazyl
(DPPH) as a standard.

Synthesis of [Fe(bipy)(3,5-Bs)-L]-MeCN (1-MeCN). Et3N
(0.0304 g, 0.300 mmol) was added to a suspensiors(®,5+Br)-L
(0.0603 g, 0.100 mmol) in a solvent mixture of MeOH/EtOH/MeCN
(3:3:2; 8 cnd) with continuous stirring, followed by Fe(Nf-9H,O
(0.0404 g, 0.100 mmol), upon which addition the mixture turned
violet instantaneously. Thereafter, 2#pyridine (0.0156 g,

[Fe(bipy)(5,3-Cl,Me)-L}MeCN (3-MeCN)

1-MeCN 3-MeCN

empirical formula GgH21BraFeNsO4 CaoH27CloFeN:O4
fw 852.98 634.31
TIK 293 293
crystal system triclinic triclinic
space group P1 P1
alA 10.7294(6) 10.8120(7)
b/A 11.2504(6) 10.9511(7)
c/A 12.9565(8) 12.8649(9)
o/deg 95.7760(10) 94.065(1)
pldeg 96.7920(10) 96.567(1)
yldeg 104.7670(10) 104.550(1)
VIA3 1487.71(15) 1456.84(17)
z 2 2
u(Mo Ko)/mm~2 5.920 0.744
collected reflections 8055 7859
independent reflections 5342 5202

int 0.0452 0.0196
R1[l > 20(1)] 0.0576 0.0481
WR2 (all data) 0.1451 0.1137

0.0999 mmol) was added, causing the color of the solution to darkenthe SAINT software!82 and absorption corrections were applied
somewhat. Within 5 min of gentle stirring, the resultant intense using the SADABS prograrff® The structures ofi-MeCN and
violet solution was filtered and allowed to evaporate slowly under 3:MeCN were solved by direct methods and refined by full-matrix
controlled conditions at room temperature. [Note: Prolonged stirring least-squares methods Bhusing the SHELXTL software packafe.

of the final solution resulted in the formation of a precipitate,
especially when Fe(Clgs-xH,0 was used as the source of'Fe

All non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were positioned geometrically and allowed to ride on their

Rectangular blocks of red-purple crystals were obtained after severalrespective parent atoms. The crystallographic data-fdeCN and

days. Yield: 0.0613 g (71.9%)A\y = 3 S cn? mol~! (in DMF).
Anal. Calcd for BgCygH21N4sOsFe: C, 39.43; H, 2.48; N, 6.57.
Found: C, 39.39; H, 2.40; N, 6.41. FAB MSw/z812 (M"), 767,
504, 213, 157, 89, 77.

Synthesis of [Fe(phen)(3,5-B)-L]-MeCN (2-MeCN). This

3:-MeCN are summarized in Table 3.
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compound was synthesized following closely the procedure de- the Foundation for Research Development (South Africa).
scribed for 1-MeCN, but using 1,10-phenanthroline instead of We extend our thanks to Sharon Spey (University of

2,2-bipyridine. The intense solution &MeCN afforded blocks

of reddish-purple crystals on slow evaporation lasting several days. magnetic susceptibilities.
Note Added after ASAP Publication: This article was

Yield: 0.0569 g (65.0%)Ay = 4 S cn? mol~! (in DMF). Anal.
Calcd for BrCsoHo1N4O4Fe: C, 41.09; H, 2.41; N, 6.39. Found:
C, 41.01; H, 2.38; N, 6.33. FAB MSmv/z 836 (M"), 791, 528,
237,181, 89, 77.

Synthesis of [Fe(bipy)(5,3-Cl,Me)-L}MeCN (3-MeCN). Like-

wise, this compound was synthesized using a procedure analogougind the print version are correct.

to that described fot-MeCN, but substituting k(3,5-Br)-L with
H3(5,3-Cl,Me)-L. The resultant purple-violet solution MeCN

several days. Yield: 0.0488 g (77.09%y = 6 S cn? mol (in
DMF). Anal. Calcd for CjC3oH27N4O4Fe: C, 56.81; H, 4.29; N,
8.83. Found: C, 56.53; H, 4.24; N, 8.61. FAB M8Vz593 (M"),
520, 394, 213, 157, 89, 77.

Crystal Structure Determinations. Single-crystal X-ray dif-
fraction analyses were performed on a Bruker SMART CCD area
detector diffractometer equipped with graphite-monochromated Mo
Ko radiation ¢ = 0.71073 A). Data reduction was performed with

Sheffield) for the variable-temperature measurements of

published ASAP on April 2, 2005, with minor text errors in
the Magnetic Properties and Crystal Structure Determinations
paragraphs. The Web version published on April 5, 2005,

Supporting Information Available: Crystallographic data for

1C0488350

) . [Fe(bipy)(3,5-Bp)-L]-MeCN and [Fe(bipy)(5,3-Cl,Me)-:MeCN
gave blocks of black-purple crystals on slow evaporation over in CIF format. This material is available free of charge via the

Internet at http://pubs.acs.org.

(46) (a) BrukerSAINT, version 6.02 (includes XPREP and SADABS);
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