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Species 1-6 are [M"(L);]CIO, complexes formed with the PhO~—CH=N-CH,—Py imines, (L)~ and (L®")~, and
PhO~-CH,—NH—-CH,~Py amines, (L*)~ and (L'®4)~, in which PhO~ is a phenolate ring and Py is a pyridine ring
and the prefix tBu indicates the presence of tertiary butyl groups occupying the positions 4 and 6 of the phenol
ring. Monometallic species with d> high-spin iron (1, 2, 3, 4) and d* gallium (5, 6) were synthesized and characterized
to assess the influence of the ligand rigidity and the presence of tertiary butyl-substituted phenol rings on their
steric, electronic, and redox behavior. Characterization by elemental analysis, mass spectrometry, IR, UV-visible,
and EPR spectroscopies, and electrochemistry has been performed, and complexes [Fe"(L®),]CIO, (2), [Fe"-
(L'BUA),]CIO4 (4), and [Ga"(L®"),]CIO, (5) have been characterized by X-ray crystallography. The crystal structures
show the imine ligands meridionally coordinated to the metal centers, whereas the amine ligands are coordinate
in a facial mode. Cyclic voltammetry shows that the complexes with the ligands (L®")~ and (L®“4)~ were able to
generate ligand-based phenoxyl radicals, whereas unsubstituted ligands displayed ill-defined redox processes. EPR
spectroscopy supports high-spin configurations for the iron complexes. UV-visible spectra are dominated by charge-
transfer phenomena, and imine compounds exhibit dramatic hyperchromism when compared to equivalent amines.
The tertiary butyl groups on the phenolate ring enhance this trend. Detailed B3LYP/6-31G(d)-level calculations
have been used to account for the results observed.

Introduction cases, distinct coordination modes foster different interactions

In the early 1980s, Kahn demonstrated that the strengthbetween the ligands and the ¢ and ¢ orbitals of the metal
of the magnetic coupling between two neighboring metal center, leading to modulation of magnetic properties. Thus,
centers will be influenced by the coordination mode of it seems reasonable to assume that the use of tridentate R
bidentate and tridentate end-capping amindere recently, ~ CH.—NH—CH,—R?asymmetric ligands in which'Rand R
Ziessel et ab have shown that complexes bearing two indicate different alkyl- or aryl-donor sets will offer distinct
flexible nitronylnitroxide arms can adopt either a meridi- ligand fields when end-capping a metal ion. Furthermore,
onal or a facial coordination mode, leading to ferro- or the flexibility of these ligands may lead to preferential
antiferromagnetism between the metal center and the radicalsmeridional or facial coordination modes. These electronic
The metal center dictates the coordination mode and leadsand structural preferences are relevant to the development
to cis or trans arrangement of the nitroxide radicals. In both of catalystd* and switche¥® with unique magnetic and
spectroscopic properties. This versatility explains why asym-
* To whom correspondence should be addressed. E-mail: cnverani@ metric tridentate ligands abound in the literature in which
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Rigidity and Substitution in Fe(lll) and Ga(lll) Complexes

phenol/amino acidspr phenol/diamino-maleonitritamong Scheme 1

many others. Ligands bearings&r-donor phenol - PhOH) R SN N

arm and a-donorfr-acceptor pyridine{Py) arm have been \Q\ﬂ m R=H; HL!
explored with several metal centérhe presence of phenol- OH R = tert-butyl ; HL8!
containing arms is particularly relevant because phenoxyl R

R
radicals can be generatddneeting current interests in H/\© R = H; HLA
i ; va i N~
_magnetlg switches pased on electroactive Ilgéﬁdéhe OH R = fert-butyl ; HL®uA
introduction of substituents in the 4 and 6 positions of the R
phenol ring leads to steric or electronic effects, and upon [Fe'(L"),]CIO,H,0 (1) [Fe"(L®BUA),]CIO, CH,OH (4)
deprotonation, the phenolato ring decreases the overall [Fe"(L'®),ICI0,  (2) [Ga"(L'®),ICIO, )

charge, lowering the number of counterions needed for [Fe"(LA)ICIO,  (3) [Ga'(L®*),ICIO, CH,OH (6)

charge balance. The use of structurally related asymmetric ) ) )
imines PhOH-CH,—N=CH,—Py could represent a way of mental observations corroborate with computational work,

increasing the rigidity of the ligands, thus fostering a and the results allow the postulation of relationships between
preferential meridional geometry. molecular geometry and physical properties.
On the basis of these premises and aiming at understandingexperimental Section

the factprs governir]g the gepmetric preferences of the imine 1. Materials and Methods. Unless otherwise noted, reagents
and amine ligands in respective [NPhO —CH,—N=CH,— and solvents were used as received from commercial sources.
Pyy]™ and [M"(PhO —CH,—NH—CH,—Py)]" species, Dichloromethane and acetonitrile were doubly purified using
complexes of iron(lll) and gallium(lll) were synthesized alumina columns in a solvent purification system from Innovative
(Scheme 1). We are particularly interested in understanding Technologies, and methanol was distilled over gatfrared
how the ligand rigidity and the presence of substituted SPectra were measured from 4000 to 400 tms KBr pellets on
phenolate rings relate to the steric, electronic, electrochemi-2 Tensor 27 FTIR spectrophotomet€HINMR spectra were
cal, and magnetic behavior of these complexes because the)?easured using Varian 3QO an_d 400 ml-_lz instruments. ESI_(posmve)
serve as archetypes of soft materials currently under develop- pectra were measured in either a triple quadrupole Micromass

. . QuattroLC or in a single quadrupole Waters ZQ2000 mass
ment in our labs. In this work we demonstrate by means of

. . spectrometer with an electrospray/APCI or ESCi source. Experi-
three crystallographic structures obtainedZp4, ands that mental assignments were simulated on the basis of peak position

the asymmetric ami.nels tend toward _f‘?‘Cial coordi_nati.on, and isotopic distributions. Elemental analyses were performed by
whereas equivalent imines adopt meridional coordination. midwest Microlab, Indianapolis, IN. U¥visible spectroscopy from
In addition, we compare the spectroscopic properties of 1.0 x 104 dichoromethane and acetonitrile solutions were per-
similar ligands when coordinated to different metal ions and formed using a Cary 50 spectrometer in the range-28M00 nm.
we study the redox chemistry of these species. The experi-Cyclic voltammetry experiments were performed using a BAS 50W
voltammetric analyzer. A standard three-electrode cell was em-
(6) Garéa-Tojal, J.; Donnadieu, B.: Costes, J. P.; Serra, J. L.; Lezama, Ployed with a glassy-carbon working electrode, a Pt-wire auxili_ary
L.; Rojo, T. Inorg. Chim. Acta2002, 333 132. electrode, and an Ag/AgCl reference electrode under an inert
@) \(/a? g‘ﬁtﬁi‘;P%‘”'Av M-Z?uﬁg‘)’e% é;lt%?]”%':ﬁg'rz ébi.;Z\éigc?tta?%éy?)ggO, atmosphere at room temperature (RT). Potentials are presented vs
E. Ng, K. K. S.: Sekizaki, H.. Itoh, K. Tanizawa, K. James, M. N. Fct/Fct! as the internal standard. F_|rst-der|vat|ve X-Band EPR
G.J. Mol. Biol. 2001, 305, 2001. (c) Jursik, F.; Archer, R. [Tollect. spectra of 1.0« 103 M acetone solutions of selected compounds

g_ZECh- ACh'\E;Im- CQmLmlg99E 6% 2097/-\(0()3 Cas?ua, LC (;ulloltg,B ';/l were performed with a Bruker ESP 300 spectrometer at 115 K using

intar, A.; Messori, L.; Rockenbauer, A.; Gyor, Morg. em A H H H

26, 1031. (e) Burrows, R. C.; Bailar, J. C., . Am. Chem. Soc. liquid nitrogen as the Coolan_t. . ) )
1966 88, 4150. 2. X-Ray Structural Determinations for 2, 4, and 5.Diffraction

(8) (@) Motoyama, T.; Shimazaki, Y.; Yajima, T.; Nakabayashi, Y.; Naruta, data for compound® and4 were collected on a Bruker P4/CCD

Y.; Yamauchi, O.J. Am. Chem. SoQ004 126, 7378. (b) Mondal, ; ; ; P ; _
A" Sarkar, S.: Chopra, D.: Row: T. N.: Rajak, K. Balton Trans. diffractometer equipped with Mo radiation and a graphite mono

2004 3244. (c) Drechsel, S. M.; Kaminski, R.; Nakagaki, S.; Wypych, Cchromator at either RT (fo2) or 213 K (compound). All data
F. J. Colloid Interface Sci2004 277, 138. (d) Baruah, B.; Das, S.;  were processed using SMART, SAINT, SADABS, APEX4land

Chakravorty, A.Inorg. Chem.2002 41, 4502. (e) Cameron, P. A,; _Q7A3 i ~ i
Gibson V. C.: Redshaw, C.: Segal. J. A.. Bruce, M. D.. White, A, J. SHELX-9743 software. Typicaltert-butyl disorder was observed

P.: William., D. J.Chem. Communl999 18, 1883. (f) Neves, A.: in 2 (Table 1), and part_ial qtomic occupancies were used in the
Verani, C. N.; Brito, M. A.; Vencato, |.; Mangrich, A.; Oliva, G.; model. Large thermal ellipsoids are also evident for the perchlorato
2061;09( ?-AHb-? ?IOUZ&:-? gangte}_, Aé' A?;org' CglméAcéal9$9|2?Aq oy OXvgen atoms oP. In 4, the perchlorate oxygen atoms were too

. g ranams, A.; bandoll, G.; Gatto, >.; Geroer, 1. 1. A.; DU . . .
Preez. J. G. HJ. Coord. Chem1997 42, 303. (h) Hatfield, W. E.; disordered to refine reasonably. Both the perc’hlorate anion and.the
Bunger, F. L.Inorg. Chem.1969 08, 1194. methanol solvent were placed by use of Spek’s SQUEEZE portion

(9) (a) Thomas, F.; Gellon, G.; Gautier-Luneau, |.; Saint-Aman, E.; Pierre, of the PLATON softwaré? Diffraction data for5 were collected

J. L.Angew. Chem., Int. EQ002 41, 3047. (b) Shimazaki, Y.; Huth, ; ; ; iati
S.: Odani, A.: Yamauchi, OAngew. Chen.. int. EQ00Q 39, 1666. on a Bruker APEX Il diffractometer equipped with Maxadiation
(c) Philibert, A.; Thomas, F.; Philouze, C.; Hamman, S.; Saint-Aman,
E.; Pierre, J. LChem. Eur. J2003 09, 3803. (d) Itoh, S.; Takayama, (11) Gagne, R.; Koval, C.; Licenski, Gnorg. Chem.198Q 19, 2854.

S.; Arakawa, R.; Furuta, A.; Komatsu, M.; Ishida, A.; Takamuku, S.; (12) APEX Il, SMART, SAINT and SADABS collection and processing

Fukuzumi, S.Inorg. Chem.1997, 36, 1407. (e) Jazdzewski, B. A;; programs are distributed by the manufacturer. Bruker AXS, Inc.,
Tolman, W. B.Coord. Chem. Re 2000 200-202,633. (f) Hockertz, Madison, WI.
J.; Steenken, S.; Wieghardt, K.; Hildebrandt,J? Am. Chem. Soc. (13) Sheldrick, GSHELX-97 University of Gdtingen: Gdtingen, Ger-
1993 115 11222. many, 1997.

(10) (a) Dei, A.; Gatteschi, D.; Sangregorio, C.; SoraceAtc. Chem. (14) (a) Spek, A. LPLATON Utrecht University: Utrecht, The Nether-
Res.2004 37, 828. lands, 2003. (b) Spek, A. L1. Appl. Crystallogr.2003 36, 7.
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Table 1. Crystal Data for2, 4, and5?2
[Fe" (L®");]CIO4(2)

[Fe'l (L 1BUA),]CIO 4 CH3OH (4) [Gal" (L'B)]ClO4 (5)

formula Q2H54C|FeN405 C43H62C|F6N¢;O7 C42H54CIGaN406
fw 802.19 838.27 816.06

space group P2(1)lc Pnma R(L)c

a(h) 20.713(2) 19.827(4) 20.4420(6)

b (R) 11.2652(13) 37.450(9) 11.2287(3)
c(A) 21.123(2) 12.556(2) 20.8587(5)

p (deg) 118.9832 90 118.7080(10)
V (A3) 4311.5(8) 9324(3) 4199.32(19)
z 4 8 4

temp (K) 295(2) 213(2) 100(2)

2 (A 0.71073 0.71073 0.71073

p, calcd (g cnd) 1.236 1.194 1.291

u (mmY) 0.460 0.430 0.769

R(F)(%) 6.21 8.00 3.62

Rw(F) (%) 16.44 21.36 10.05

AR(F) = Y||Fol — IFcll/Y|Fol Ra(F) = [YW(Fo? — FA) 3 W(Fo?)?*2.

and graphite monochromator at 100 K. Two sets of partial-occu- solution containing 2.0 mmol of the appropriate ligand ansNEt
pancy methyl groups were placed on C3&rttbutyl) in an 80/20 (0.28 mL; 2.0 mmol). The resulting solutions changed color (dark
distribution. The minor component set (20%) was held isotropic. red forHL' andHL Y, violet for HLA, and dark blue foHL BUA)

3. Electronic Structure Calculations. The B3LYP/6-31G(d) and were gently refluxed for 1 h, when they were filtered while
level of theory® was employed throughout, and all calculations warm and concentrated to one-third of the original volume to render
were done using the GAUSSIAN series of progrdfniGeometries amorphous solids. The compounds were crystallized in methanol
were fully minimized, without symmetry constraints, using standard at room temperature by slow evaporation of the solvent giving
methods'’ Located stationary points were characterized by comput- microcrystalline precipitates.
ing analytic vibrational frequencies. Reported energies include zero-  4.1.1. [Fé (L')]ClO 4-H,0 (1). Yield = 82%. Anal. Calcd for
point correction. Cartesian coordinates of all optimized structures [CogH24N4 ClLOsFe]: C, 52.41, H, 3.84, N 9.40. Found: C, 52.43,
are provided as Supporting Information. H, 3.75, N 8.97%. IR (KBr, cm) 1096 (/ci-o0), 1616 @'c=n),

4. SynthesesThe ligandsHL' (2-hydroxybenzyl-2-pyridylm-  3300-3320 (op). ESI pos. in MeOH:m/z= 478.1 for [Fé! (L"),]*.
ethyl)imine, HL ' (2-hydroxy-4-6-di-tert-butylbenzyl-2-pyridyl- 4.1.2. [Fé! (L'B),]CIO, (2). The reddish microcrystalline precip-
methyl)imine HL* (2-hydroxybenzyl-2-pyridylmethyl)amine, and  jate was successively recrystallized in methanol affording X-ray
HL 184 (2-hydroxy-4-6-di-tert-butylbenzyl-2-pyridylmethyl)amine  qyajity crystals. Yield= 87%. Anal. Calcd for [GsHsNs CLOgFel:
were synthesized according to the literattfré! General pathways ¢ 2.88  H. 6.78, N 6.98. Found: C. 62.93 H, 6.89, N 6.89%. IR
are described in the syntheses of the iron and gallium complexes.(KBr, cm1) 1095 @cio), 1611 fro—n), 2868-2953 ey from tert-
Cautign: Although no difficulties were experienced, compleixe§ butyl groups). ESI pos. in MeOHm/z = 702.13 for [F&! (LBu!),]+.
were isolated as their perchlorate salts, and therefore, they should 4.1.3. [Fé! (LA)]CIO. (3). This compound is highly deliques-

be handled as potentially explesi compounds. cent, and several attempts to isolate a microcrystalline sample failed.

9H4.C§. (I)r(f)sr; C.orln([:))lexes.lA 10 mla szodH SOI.U tlotn of gg (Cll_Q'\;' OH Thus, the identity of the compound is based on its mass and infrared
20 (0.52 g; 1.0 mmol) was added dropwise to a 30 mL MeOH i vield~ 69%. IR (KB, cnm?) 1088 (o), 3418 fion

broad); ESI pos. in MeOHm/z = 482.13 for [F&'(LA),]".

4.1.4. [Fé!' (L1BUA),]CIO 4+CH3OH (4). The microcrystalline dark
blue precipitate was recrystallized in methanol affording crystals

(15) (a) Becke, A. DPhys. Re. A 1988 38, 3098. (b) Becke, A. DJ.
Chem. Phys1993 98, 5648. (c) Lee, T.; Yang, W. T.; Parr, R. G.
Phys. Re. B 1988 37, 785. (d) Ditchfield, R.; Hehre, W. R.; Pople,
J. A.J. Chem. Phys1971, 54, 724. (e) Gordon, M. SChem. Phys.
Lett. 1980, 76, 163. (f) Hariharan, P. C.; Pople, J. Aheor. Chim.
Actal1973 28, 213. (g) Hariharan, P. C.; Pople, J. Mol. Phys.1974

(19) For references oL A, see: (a) Horn, A.; Vencato, |.; Bortoluzzi, A.

(16)

(17
(18)

27, 209. (h) Hehre, W. R.; Ditchfield, R.; Pople, J. A.Chem. Phys.
1972 56, 225.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin,
K. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone,

V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G.

A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R;
Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai,
H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.;

Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R.

E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J.
W.; Ayala, P. Y., Morokuma, K.; Voth, G. A.; Salvador, P.;
Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.;
Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari,
K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.;
Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.;
Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.;
Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W_;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A.
Gaussian 03Gaussian, Inc.: Wallingford, CT, 2004.

Schlegel, H. BJ. Comput. Chenl982 3, 214.

For references oHIL', see: Baruah, B.; Rath, S.; Chakravorty, A.
Eur. J. Inorg. Chem2004 09, 1873. (b) Lambi, E.; Gegiou, D.;
Hadjoudis, EJ. Photochem. Photobiol. 2995 86, 241.
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J.; Hoerner, R.; Silva, R. A., Nome, F.; Spoganicz, B.; Drago, V.;
Terenzi, H.; de Oliveira, M. C. B.; Werner, R.; Haase, W.; Neves, A.
Inorg. Chim. Acta2005 358 339. (b) Johansson, A.; Abrahamsson,
M.; Magnuson, A.; Huang, P.; Maartensson, J.; Styring, S.; Hammar-
strém, L.; Sun, L.; Akermark, Blnorg. Chem.2003 42, 7502. (c)
Lomoth, R.; Huang, P.; Zheng, J.; Sun, L.; Hammarstrd_.;
Akermark, B.; Styring, SEur. J. Inorg. Chem.2002 2965. (d)
Menage, S.; Gellon, G.; Pierre, J.-L.; Zurita, D.; Saint-AmarB&l.

Soc. Chim. Francd 997, 134, 785. (e) Neves, A.; de Brito, M. A;;
Vencato, |.; Drago, V.; Griesar, K.; Haase, Worg. Chem.1996

35, 2360. (f) Viswanathan, R.; Palaniandavar, M.; Balasubramanian,
T.; Muthiah, P. TJ. Chem. Soc. Dalton Tran996 2519. (g) Krebs,

B.; Schepers, K.; Bremer, B.; Henkel, G.; Althaus, E.; Mueller-
Warmuth, W.; Griesar, K.; Haase, Whorg. Chem.1994 33, 1907.

(h) Uma, R.; Viswanathan, R.; Palaniandavar, M.; Lakshminarayanan,
M. Dalton Trans 1994 1219. (f) Neves, A.; de Brito, M. A.; Vencato,

I.; Drago, V.; Griesar, K.; Haase, W.; Mascarenhas, inBrg. Chim.
Acta 1993 214, 05.

(20) For references oHL BV, see: (a) Reference 3. (b) Cameron, P. A.;

Gibson, V. C.; Redshaw, C.; Segal, J. A.; White, A. J. P.; Williams,
D. J. Dalton Trans.2002,3, 415.

(21) For references oHL ®BUA see: (a) Mitchell, J. M.; Finney, N. S.

Am. Chem. So@001, 123 862. (b) Wong, Y.-L.; Yan, Y.; Chan, E.
S.; Yang, Q.; Mak, T. C.; Ng, D. KDalton Trans.1998 3057.



Rigidity and Substitution in Fe(lll) and Ga(lll) Complexes

suitable for X-ray analysis. Yieler 84%. Anal. Calcd for [GzHe2N4
Cl;0;Fe]-CH;0OH: C, 60.08, H, 7.50, N 6.52. Found: C, 59.49,
H, 7.48, N 6.47%. IR (KBr, cmt) 1077 {rci-o0), 2867-2950 frc—1),
3283 'n-n), 3449 {o-n). ESI pos. in MeOH:m/z = 706.34 for
[Fel (L BuA),] T,

4.2. Gallium Complexes.Inside a glovebox, a solid sample of
anhydrous GaGl(0.18 g; 1.0 mmol) was added to a 30 mL dry
MeOH solution containing 2.0 mmol of the appropriate ligand and
Et;N (0.28 mL; 2.0 mmol). The resulting yellowish solutions were
stirred at RT for 1 h. Filtration to isolate any solid material was
followed by counterion exchange by the addition of 1.0 mmol of
NaClO, After 24 h, dark yellow microcrystalline solids were
isolated via frit filtration. The isolated precipitates were washed
with small portions of cold methanol and ethyl ether.

4.2.1. [GA' (L®BY),]CIO, (5). The yellowish microcrystalline
compound was successively recrystallized in methanol to afford
crystals suitable for X-ray diffractometry. Yietd 92%. Anal. Calcd
for [C42H54N4 C|106681]: C, 61.81, H, 6.67, N 6.87. Found: C,
62.09, H, 6.66, N 6.80%. IR (KBr, cm) 1094 (ci—o), 1624 (c=n),

2869-2958 (vc—n). ESI pos. in MeOH: m/z = 715.29 for
[GaIII(LtBuI)Z]+_
4.2.2. [GA" (LBUA),]CIO4CH30H (6). Yield = 80%. Anal.

Calcd for [GaHeNs CLO;Ga]: C, 60.60, H, 7.31, N 6.57.
Found: C, 60.97, H, 7.06, N 6.49%. IR (KBr, c&) 1098 (c)_o),
2867-2952 (¢ 1), 3444 ¢o_p). ESI pos. in MeOH:m/z = 719.4
for [Galll (L1BUA),]+.

Results and Discussion

1. Synthetic Approach.Schiff condensation of aminom-
ethylpyridine with the appropriate aldehyde in methanol
generates the imine ligands, and reduction with NaBiMes
the amines. An article on [Fef'A)Cl;] as a polymer
catalyst!* does not provide structural, spectroscopic, or redox
data, otherwise useful for comparisons. All ligands gave
yields between 85 and 95% and were characterizeéHby

| I.15 ‘] | | I|.15 II | 704.40 I
[Fe™(LA),]C104(3)  [Fe™(L®"4),]Cl04(4)

Figure 1. Experimental and simulated ESI(positive) peaks for complexes
3 (m/z= 480, 481, 482, 483, 484, 485) addm/z = 704, 705, 706, 707,
708, 709).

metry in the positive mode in methanol gave single, well-de-
fined peaks corresponding t/z = [M"'(L),]* (100%) for
all complexes. These peaks were simulated and show good
agreement in their position and isotopic distributions, as shown
in Figure 1. Other peaks present displayed intensity below 1%.
Good elemental analyses were obtainedlfd, 4, 5, and
6. Compound3 is deliquescent, and several attempts to
isolate a microcrystalline sample with different counterions
failed. We had difficulty following the protocol available in
the literature’®” and the use of anhydrous Fg@hder inert
conditions gave a methoxy/chloro-bridged dirferThe
identity of 3 is based on its mass and isotopic distribution,

NMR and infrared spectroscopies and ESI mass spectrom-IR, and UV—visible spectra.

etry. Complexeq, 2, 3, and4 were synthesized by treating
the respective ligands with hydrated ferric perchlorate (eq
1). Complexe$ and6 were obtained with gallium chloride

in dry methanol followed by counterion metathesis with
sodium perchlorate (egs 2 and 3).

MeOH

2HL" + Fe(CIQ);9H,0 + 2ELN
[FeL"),]CIO, + 2(ELNH)CIO, + 9H,O (1)
MeOH

_—

2HL """ + GaCl, + 2E4N
[Ga(L®"""),]CI + 2(ELNH)CI (2)
MeOH

[Ga(L®"""),]Cl + NaCIO,
[Ga(L®""*),]ClO, + NaCl (3)

3. Molecular Structures. The structure of HE has been
published elsewher® Complexe<, 4, and5 have had their
structures determined, with the ORTEP diagrams shown in
Figure 2a-c. Table 2 summarizes selected bond lengths and
angles for these complexes.

3.1. [Fe"(L®B"),]JCIO,4 (2). This complex consists of
discrete monometallic molecules composed of the iron(lll)
ion surrounded by two deprotonated ligand8{). arrangedin
a pseudo-octahedral environment described asfF@Nim2>
<pr10(ph&)1> <pr20(ph&)2>]- The notation<AlBg>23
indicates that A is trans to B, with A and B corresponding
to the pyridine (N,), imine (Nm), amine (Nw), or phenolato
(Opno-) groups. Subscripts 1 and 2 designate the first or the
second ligand. The ORTEP diagram2os shown in Figure
2a, indicating that both ligands are coordinated in a meridi-
onal fashion. Each ligand coordinates to the metal by an

These reactions yielded pseudo-octahedral mononucleaNN'O donor set via an amine and a pyridine nitrogen atom,
species in which one metal is surrounded by two tridentate as well as by the oxygen atom of the phenolate group. Short

ligands with R being H otert-butyl groups.

2. Infrared Spectroscopy, Mass Spectrometry, and
Elemental Analysis.The imine ligands show a=€EN peak
at 1630 cm* that shifts upon coordination. The tertiary butyl
groups fromHL B! andHL B4 are seen as-CHs stretches
between 2950 and 2870 cfy and perchlorate counterions
are found between 1116 and 1088 ¢nESI mass spectro-

bonds are exhibited at CZN(1) and C(28}-N(3) (1.29 A)
and corroborate with the imine nature of the ligand. The
average distances are 2.10 A for-fdy, 2.20 A for Fe-Ny,,
and 1.89 A for Fe-Opno-, as expected for a high-spin Fe(lll)

(22) Kaminski, R.; Floke, U.; Drechsel, S. unpublished results.
(23) Adapted from Miessler, G.L; Tarr, D. Aorganic ChemistryPearson-
Prentice Hall: Upper Saddle River, NJ, 2004; pp 33815.
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Figure 2. ORTEP diagrams at 50% probability f&r4, and5. Counterions,
solvents, and hydrogen atoms are excluded for clarity.

ion.2* The meridional coordination of each ligand leads to a
cis orientation of the two pyridines with an angle N{2)
Fe—N(4) of 79.£. Similarly, the two phenolate rings are cis
to each other with an O(3Fe—0O(2) angle of 97.7. The trans
imine nitrogen atoms display an N{ife—N(3) angle of
168.6. The angles between the phenolate rings and the iron
center given by C(HO(1)-Fe(1) = 137.5 and C(22)

(24) Hwang, J. W.; Govindaswamy, K.; Koch, S.@hem. Commuri998
1667.
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O(2)—Fe(1)= 136.#4 are slightly above the expected range
from 130 to 138.25 A disordered perchlorate counter-
ion is also present.

3.2. [Fé" (L®BUA),]CIO 4-CH30H (4). Discrete mononuclear
molecules o# show one iron(lll) center coordinated to two
deprotonatedL(®*4) ligands with a set of donorsaNNp,Opno-
in a pseudo-octahedral environment (Figure 2b). TkeNC
bonds present in complex@sand5 are substituted by the
longer bonds N(2yC(7) = 1.47 A and N(4}-C(28)= 1.48 A,
indicating their amine nature. Both ligands are facially coor-
dinated, with the two pyridine rings trans to one another(Fe
Nay = 2.13 A). The oxygen atoms of the phenolate rings
(Fe—0., = 1.87 A), and the amine nitrogen atoms A\,
=2.21 A) are occupying cis positions in the basal plane, typi-
cal values for coordination of such ligands to an iron(lll) ion.
Complex4 is described as [FeNamiOpnho-)2> <NamOpho-)1>
< NpyiNpy2,>1. The angles between the phenolate rings and
the iron center given by C(13)0(1)—Fe(1)= 132.5 and
C(34)-0(2)—Fe(1) = 134.7 fit well within the expected
range, as discussed farinterestingly, this geometry closely
resembles that of the complex [IHgobpen)]NQ-CH;OH 26
in which the ligand (bbpef) is equivalent to two I(A)~
units tethered by an ethylenediamine bridge. Similarly, the
same approximation gives C,, symmetry. A disordered
counterion perchlorate and a molecule of methanol complete
the description of the lattice contents.

3.3. [GA" (L®BY),]CIO 4 (5). Discrete monometallic mol-
ecules composed by two deprotonated ligantd&'{)~
meridionally coordinated to the gallium(lll) ion describe
complex5. The arrangement is given as [&BlimiNim2>
<Npy10pho-)1> <Npy20pho-)2>] (Figure 2c). Interestingly,
this ion shows shorter distances thanStructural data on
gallium(lll) ions coordinated to phenolate rings is limited,
but the values above relate well with available informatitn.
The geometry adopted Bydoes not resemble that for [a
(Clbbpen)]CIQ because the pyridine rings are trans to each
other.C,, symmetry is also observed for this system.

3.4.Meridional vs Facial Coordination of the Ligands.

The evidence offered by these structures supports that imine
ligands coordinate meridionally while amines prefer facial
modes. Fo#, an increase of 0.10 A in the distance-F,n,

is observed when compared to the distance Rg in 2.

This increase is associated with an equivalent decrease in
the distance FeN,y, whereas the metal-to-phenolate distance
remains unchanged. The differences appear to be related to
the less rigid nature of the amine ligand. It is possible to
postulate that the imine ligandk'§~ and C®")~ are more
rigid coordinating in a meridional mode, whereas the amine
ligands (#)~ and ('®“A)~ can accommodate a facial mode.
Imine ligands as ir2 and5 preclude trans-phenolates due to
steric constraints, but cis and trans-coordination modes are
allowed for amine complexed and 6. To have a full

(25) (a) Holm, R. H.; Kennepohl, P.; Solomon, EChem. Re. 1996 96,
2239. (b) Solomon, E. I.; Brunold, T. C.; Davis, M. I.; Kemsley, J.
N.; Lee, S. K.; Lehnert, N.; Neese, F.; Skulan, A. J.; Yang, Y. S,;
Zhou,J. Chem. Re 200Q 100, 235.

(26) (a) Setyawati, I. A.; Rettig, S. J.; Orvig, Can. J. Chem1999 77,
2033. (b) Davis, J. C.; Kung, W. J.; Averill, B. Anorg. Chem1986
25, 394.



Rigidity and Substitution in Fe(lll) and Ga(lll) Complexes

Table 2. Selected Bond Distances (A) and Angles (deg)Zo4, and5

[Fel (L1Bu),]CIO4(2) [Fe (L 1BUA),]CIO. CH3OH (4) [Gal" (LB),]CIO4 (5)
Fe(1)-0(1) 1.887(2) Fe(B0(2) 1.868(3) Ga(B0(1) 1.8999(10)
Fe(1)-0(2) 1.895(2) Fe(1O(1) 1.878(3) Ga(B0(2) 1.9024(10)
Fe(1)-N(1) 2.095(2) Fe(1rN(1) 2.140(4) Ga(BN(2) 2.0041(11)
Fe(1)-N(3) 2.106(2) Fe(1N(3) 2.124(4) Ga(1yN(4) 2.0170(11)
Fe(1)-N(2) 2.201(3) Fe(1N(2) 2.210(3) Ga(1yN(1) 2.1781(11)
Fe(1)-N(4) 2.195(3) Fe(1N(4) 2.223(3) Ga(1N(3) 2.1591(12)
O(1)-C(1) 1.314(3) C(13y0(1) 1.360(5) C(13y0(1) 1.3146(15)
0(2)-C(22) 1.314(3) C(340(2) 1.349(5) C(34y0(2) 1.3157(15)
C(7)-N(1) 1.293(4) N(2)-C(7) 1.474(5) N(2)-C(7) 1.2989(17)
C(28)-N(3) 1.293(4) N(4)-C(28) 1.481(5) N(4)C(28) 1.2958(17)
N(1)-C(8) 1.460(4) C(6YN(2) 1.468(6) C(6Y-N(2) 1.4661(18)
N(3)—C(29) 1.458(4) C@AN@) 1.500(6) C(27N(4) 1.4615(19)
N(1)—Fe(1)-N(3) 168.60(11) N(3)Fe(1)-N(1) 161.99(14) N(2Ga(1)-N(4) 169.93(5)
O(2)—Fe(1)-N(4) 160.84(9) O(2Fe(1)-N(2) 171.04(13) O(2)Ga(1)-N(3) 166.95(4)
O(1)-Fe(1)-N(2) 158.97(9) O(H)Fe(1)-N(4) 170.52(12) O(HGa(1)-N(1) 165.26(4)
C(1)-0(1)-Fe(1) 137.5(2) C(13)0(1)-Fe(1) 132.5(3) C(13)0(1)-Ga(1) 130.96(9)
C(22)-0(2)-Fe(1) 136.4(2) C(34)0(2)-Fe(1) 134.7(3) C(34)0(2)-Ga(1) 131.17(9)

understanding of theerfac and cis/trans geometric prefer- energies are red-shifted by insertionteft-butyl groups to
ences observed in these complexes, computational calculathe phenolate ring.
tions to the B3LYP/6-31G(d) level of theory were performed  The electronic spectra of complexes6 were carried out
and will be discussed later in this paper. in order to assess the mutual influence between metals and
4. Electronic SpectroscopyThe electronic spectra of the ligands. The iron(lll) ion is positioned in a heavily distorted
ligands and complexes were measured in dichloromethanepseudo-octahedral.N',O, environment and exhibits a high-
to compare differences between imine and amine ligands, spin 3@ configuration, as confirmed by X-ray crystallography
as well as the influence of the bulky electron-donatieid- and EPR spectroscopy. Thus, ignoring the orientation of the
butyl groups in the phenolate rings. Figure 3 shows sets of aryl rings, aC,, symmetry arises and this configuration is
spectra useful for the comparisons below and Table 3 described asa?!, bi?, byt, ait, a;'], whereay, by andb, are
summarizes the data. the d,, dy, and g, orbitals. Since the binary products for a
Both HLA andHL B4 show intraligandr — z* bands at totally symmetric representation in this group are given by
262 and 268 nme(~ 4000 L mol? cm™ per band), and  x? + y? + 2, the orbitals g2 and dz transform as twa.
similar intensities suggest a 1:1 ratio for the pyridine and phe- Lack of an inversion center implies that relaxing the LaPorte
nolate moietie$’ No transitions were observed in the visible selection rule and increased intensity of theddbands is
region. The imine ligands exhibit dramatic hyperchromism expected, but more intense charge-transfer bands dominate
when compared to the amines; the 262 nm band and 268the electronic spectra. Two absorption peaks around 340 and
nm shoulder are 2-fold more intense fé ' and about 4-fold 600 nm are seen fdr—4. Transitions Epnenolate 7™ ironqiny
more intense foHL B4, Another band attributed to the=€ are associated to the band at around 600 nm, whereas the
N groups is observed at 320 nm fdiL.' and shifts to 332 higher-energy absorption at 340 nm is attributed to a
nm inHL ®4". In both imines and amines, the bands of lowest prphenolate — d0*ironay LMCT process®3° The potential
electronic and steric properties were also analyzed, i.e.,
o-donating capability and bulkiness, of thert-butyl groups
in the phenolate ring. Unsubstitutddshows two bands at
330 and 536 nm that shift bathochromically to 334 and 582
nm for substutite®. The amine comple8 shows bands at
274, 323, and 572 nm in dichloromethane and at 274, 322,
and 572 nm in acetonitrile. These results are comparable with
those observed for [Fgbbpen)]NQ-CH;OH in acetonitrile?s2

Table 3. UV—Visible Data for Ligands and Complexés-6

A (nm)/ e (Lmol~lcm-1)a

HL! 262 (9500); 284 (2300); 320 (2100)

HL B! 264 (17 000); 332 (4500)

HLA 262 (4500); 268 (4350); 278 (3150); 332 (190)

HL tBuA 262 (3750); 268 (3550); 282 (2990)

[FeL"2]* (1) 236 (37 500); 330 (11 450); 536 (3200)

[FeL®Bu),]* (2) 278 (39 700); 344 (12 500); 582 (4400)

[FeLA)2]* (3) 274 (7960); 323 (3920); 572 (2420)

[Fe(LBuA),]* (4) 254sh (13 400); 276sh (11 100); 336 (8000);
638 (4600)

[GalLBu),]* (5) 292 (58 615); 406 (9470)
[GalLBuA),]* (6) 244 (19 200); 262 (9400); 290 (5800)

a All solutions are 1.0x 1074 M in dichloromethane. All counterions
Figure 3. UV—visible spectra ol—6 in dichloromethane, 1.6 10~ M. are perchlorate.
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for these spectra, and it was assumed fhaind E were
positive3? It is well establishe® that the signal aty = 4.0
is only prominent wherk is close toD/3 andD is equal to
or larger than the magnitude of the Zeeman energy (0-3)cm
Therefore, spectra were simulatéth whichD = 0.2, 0.3,
0.4, and 0.5 cmt, with E/D = 1/3, 1/4, and 1/5. As th®
value gets larger, nothing appears in e 2.0 region that
could support the signal observed fdras belonging to a
high-spin iron(lll) center, and at lowé values, the signal
atg = 4 distorts and disappears. In terms of the signats at
= 4 and 8, the simulation indicates tHat: D/3. Although
, L , L , not a perfect match, the simulation determines the parts of
2500 3000 3500 4000 the spectrum belonging to the iron(lll) ion. Therefore, the
H (gauss) signal atg = 2 is assigned to a different paramagnetic
species. Simulation of this signal reinforces that this is an
isolated spectrum simulated as & %/, species withy, =
thus reinforcing the identity o8. The bands found at 323  1-93 andys = 2.15, thus in an axial site symmetry and related
and 572 nm ir8 shift, respectively, to 336 and 638 nm4n [0 @ transition metal ion. We conclude that, due to a
The latter band shifts 66 nm upon inclusion of thet-butyl dlf_ferentlgted rigidity, cqmpounﬁ presents some degree of
groups, and an increased electron-donating capacity of theSPin admixture, supporting an equilibrium between a largely
phenolate rings is expectétSince the shift is less pro- predommants = 5/2 from Fe(”l%ighfspin_and anS = 1/2
nounced for the Ppnenolaie— do* ronary than the Pronenclats— from a minor comlponent Fe(llg),_lspin species® As expected,
dr* ronany Process, these changes were attributed mainly to e gallium species are EPR silent.
the bulkiness of theert-butyl groups. These bulky groups 6. Electrochemistry. Phenoxyl radicatsfrom Altwicker's
may affect the FeO—Cpnenoiaie angle in 2 and 4, thus work®® to bioinorganié” and magnetic materid@fs—figure
changing the extent of interaction between thene and among the best-characterized radical systems. It is accepted
Pout-of—plane OTbitals of the oxygen and the metallic d that tert-butyl groups lower the oxidation potential and
orbitals?52 Neither ligand field nor charge-transfer bands are Suppress bimolecular decay reactions at the¥iiignerefore,

expected fols or 6, and the trends observed for the ligands the redox behavior of and3 was compared to that &
are maintained after coordination. and 4, and gallium-containingS and 6. Ligands and

5. EPR SpectroscopySelected iron and gallium com- complexes were studied in dichloromethane and acetonitrile.
pounds had their EPR spectra measured. The complexeérhe results are summarized in Table 4, and three representa-
[Fe" (L®Y),]CIO, (2) and [Fé!'(L1BUA),]ClIO4+CH:OH (4) tive cyclic voltammograms are displayed in Figure 5.
show features at abogt= 8.0 and 4.3, thus supporting the 6.1. The Ligands.An ill-defined irreversible oxidation
high-spin nature of the complexes. Nonetheless, the iminewas observed in dichloromethane fék ' andHL A, whereas
complex2 shows an additional asymmetric pealgat 2.0,
as seen in Figure 4. (32) The values ob andE can be considered positive for powder spectra

. . because the relative signsBfandE are related to the assignment of
_Smce the most remarkable dlﬁerence bereenZMd the coordinateg andy, which are not relevant here. The signfs
4 is the presence of a=éN bond per ligand in the former important only wherkT ~ D, and for compoundg and7, kT ~ 70

i cm L.
complex, the spectra for both compounds was simulated. The(33) Mabbs, F. E.; Collison, DElectron Paramegnetic Resonance of d

spin HamiltonianH = .S9B + DIB? — (35/12)1+ E[B? Transition Metal Compound€lsevier: Amsterdam, 1992.
— 55,2|jwas used, wher® andE are zero-field parameters  (34) The simulations for the Feion were done with a program provided

o by Dr. Hogni Weihe, Department of Chemistry, University of
and theg factor was kept as 2.0. By definitioi| < [DI/3 Copenhagen, Universitetsparken 5, DK 2100 Copenhagen, Denmark.

The simulation of the low-spin signal for the same ion was performed

Figure 4. Simulation ¢--) of the experimental spectrum-j observed for
2atg~ 2.0.

(27) (a) Brown, M. A,; El-Hadad, A. A.; McGarvey, B. R.; Sung, R. C. using a program developed by Prof. B. McGarvey.
W.; Trikha, A. K.; Tuck, D. G.Inorg. Chim. Acta200Q 300—302, (35) The apparent axial symmetry of the Fe(dl})-spin Species in the EPR
613. (b) Camacho-Camacho, C.; Merino, G.; Maei-Martnez, F. signal does not denote an axial site symmetry for the species since
J.; Nah, H.; Contreras, REur. J. Inorg. Chem1999 06, 1021. (c) the orbitals occupied by the unpaired electron are affected onty by
Wong, E.; Caravan, P.; Liu, S.; Rettig, S. J.; Orvig,I@rg. Chem. interactions with the ligand. See McGarvey, B. R.; Batista, N. C;
1996 35, 715. (d) Beckmann, U.; Bill, E.; Weyheriter, T.; Bezerra, C. W. B.; Schultz, M. S.; Franco, D. Worg. Chem1998,
Wieghardt, K.Eur. J. Inorg. Chem2003 09, 1768. (e) Darensbourg, 37, 2865.
D. J.; Billodeaux, D. RC. R. Chim.2004 07, 755. (f) Van Aelstyn, (36) Altwicker, E. R.Chem. Re. 1967, 67, 475.
M. A.; Keizer, T. S.; Klopotek, D. L.; Liu, S.; Munoz-Hernandez, (37) (a) Chaudhuri, P.; Wieghardt, IRrog. Inorg. Chem2001, 50, 151.
M.-A.; Wei, P.; Atwood, D. A.Organometallic200Q 19, 1796. (9) (b) Jadzewski, B. A.; Tolman, W. Boord. Chem. Re 2000 200~
Munoz-Hernandez, M.-A.; Keizer, T. S.; Parkin, S.; Patrick, B.; 202 633.
Atwood, D. A.; Organometallic200Q 19, 4416. (h) Wong, E.; Liu, (38) (a) Schultz, D. AMagnetic Properties of Organic Materigl&ahti,
S.; Rettig, S.; Orvig, Clnorg. Chem.1995 34, 3057. P. M., Ed.; Marcel Dekker: New York, 1999; p 103. (b) Schultz, D.
(28) Glaser, T. ZAnorg. Allg. Chem2003 629, 2274. A. Magnetic Properties of Organic Materiglsahti, P. M., Ed.; Marcel
(29) Karpishin, T. B.; Gebhard, M. S.; Solomon, E. I.; Raymond, KJN. Dekker: New York, 1999; p 661.
Am. Chem. Sod991, 113 2977. (39) (a) Snodin, M. D.; Ould-Moussa, L.; Wallmann, U.; Lecomte, S.;
(30) Davis, M. I.; Orville, A. M.; Neese, F.; Zaleski, J. M.; Lipscomb, J. Bachler, V.; Bill, E.; Hummel, H.; Weyhermuller, T.; Hildebrandt,
D.; Solomon, E. I.J. Am. Chem. So2002 124, 602. P.; Wieghardt, K.Chem. Eur. J1999 05, 2554. (b) Schnepf, R,;
(31) Auerbach, U.; Eckert, U.; Wieghardt, K.; Nuber, B.; Weisdndrg. Sokolowski, A.; Mueller, J.; Bachler, V.; Wieghardt, K.; Hildebrandt,
Chem.199Q 29, 938. P.J. Am. Chem. S0d.998 120, 2352.
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Rigidity and Substitution in Fe(lll) and Ga(lll) Complexes

Table 4. Electrochemical Parameters for Ligands and Compléxe&*

solvent Ei2t (AE)PinV E1% (AE)inV Ei% (AE)inV
HL! CH.Cl, irreversible behavior
HL tBul CH,Cl, - 0.46 (0.25) 0.97 (ox.)
HLA CH.ClI, irreversible behavior
HL BuA CH,Cl, - 0.33(0.19) 0.84 (0.39)
[Fel"2)™ (1) CH3CN —0.73 (0.07) 0.90 (ox) 1.22 (ox)
CH,Cl, —0.79 (0.07) - -
[Fe(L®U,]* (2) CHsCN —0.88 (0.07) 0.77 (0.07) 1.14 (0x)
CH,Cl, —0.97 (0.07) 0.69 (0.09) 1.20 (ox)
[Fe(LA)2" (3) CHsCN —0.75 (0.19) 0.89 (0x) -
CH,Cl, —0.81 (0.40) - -
[Fe(LBUA),]+ (4) CHsCN -1.03(0.11) 0.64 (0.10) 0.94 (0.14)
CH,Cl, —1.11(0.12) 0.61(0.11) 0.93 (0.20)
[GalL®Bu,]* (5) CHsCN - 0.78 (0.08) 1.07 (ox)
CH.Cl> - 0.78 (0.07) 1.08 (0.25)
[Ga(LBuA),]* (6) CH3CN - 0.62 (0.07) 0.79 (0.15)
CH,Cl, - 0.60 (0.10) 0.85 (0.10)

@The couple Ft/Fc presentAE (=Eyc —

Eps = 0.12 V in dichloromethane and 0.07 V in acetonitrile; thus, we consider processes exhititing

between 0.06 and 0.12 V as being reversible, 0.12 and 0.15 V as being quasi-reversible, and processes wider than 0.15 V as irreversible.

T1 0 A f
L Ligand HL®**

—_—

N

[Ga™(L™**),]C10,

/mﬂﬂ&

I ' I N I T T
15 1.0 0.5 0.0
EV)

Figure 5. Cyclic voltammograms ofiL BvA, 4, and6 in dichloromethane.

buted to the formation of phenoxyl radicals. It demonstrates
an enhancement in the electroactivity of the ligands upon coor-
dination. Compoun® appears uninfluenced by solvent effects,
but 6 is more susceptible to such changes, and the second pro-
cess shifts from 0.79 V vs Ffi~c in dichloromethane to 0.85
V vs Fc'/Fc in acetonitrile. One can speculate that upon the
formation of the radical species a much weaker interaction
between the double-bonded oxygen atom of the phenoxyl rings
and the metal leads to a solvent-dependent rearrangement
of the ligands. A rigid ligand as i& minimizes such effects.

6.3. Iron Complexes.Compoundsl—4 had their redox
properties analyzed. A single process is observed fand
3 at ca.—0.75 V vs F¢/Fc in acetonitrile, being attributed
to the redox couple FEF€'. This process is irreversible for
3in dichloromethane, and ill-defined oxidations characterize
the ligand-centered activity in both solvents. The CV2of
in acetonitrile shows the P¢Féd' couple at-0.88 V vs F¢/
Fc, followed by reversible and ill-defined ligand-centered

a quasi-reversible behavior to the formation of a phenoxyl 0Xidations at0.77 and 1.14 V vs FEc, respectively. Similar
radical species was observed fdt. B at 0.46 V vs F¢/
Fc. An irreversible oxidation was also observed at 0.97 vV behavior dominates the redox activity 4fwith waves at
vs Fc'/Fc. These results are in excellent agreement with the —1.03, 0.64, and 0.94 V vs FfFc related, respectively, to
phenot-imidazole proligand.H of Benisvy et al4° who
postulate that extra stabilization of the cationic radical speciesProcess shifts considerably and exclusion of the latter ligand-
is achieved by hydrogen bonding. Indeéfd, ®®"' has a rigid
framework that allows the §enorH:***Nimine interaction to
take place. A similar behavior is observed Fir B4 at 0.33
vs Fc'/Fc and attributed to the couplel[[ BUA)/ [HL BUA]-+,
The decreased potential can be associated to a less-stable Spectroelectrochemical and coulometric experiments fol-
hydrogen bonding due to a flexible framework.

6.2. Gallium Complexes.Trivalent gallium is redox-
inactive, and5 and 6 were included as probes for electro-
active ligands$! No metal-centered redox activity was
observed, and the reversible processes observed in dichlorocalculations serve as a strong evidence for the formation of
methane at 0.78 V fds and 0.62 V vs Ft/Fc for 6 are attri-

(40) Benisvy, L.; Blake, A. J.; Collison, D.; Davies, E. S.; Garner, C. D.;
Mclnnes, E. J. L.; McMaster, J.; Whittaker, G.; Wilson, Qalton
Trans.2003 10, 1975.

(41) (a) Adam, B.; Bill, E.; Bothe, E.; Goerdt, B.; Haselhorst, G.; Hilden-
brand, K.; Sokolowski, A.; Steenken, S.; Weyhermueller, T.; Wieghardt,
K. Chem. Eur. J1997 03, 308. (b) Sokolowski, A.; Bothe, E.; Bill,
E.; Weyhermueller, T.; Wieghardt, KChem. Commurl996 1671.

behavior is observed in dichloromethane. Quasi-reversible

Fe'/Fe', and two ligand-centered processes. Thé/Fe!

related process improves considerably the reversibility of the
phenolate/phenoxyl couple at 0.64 V vs*Hec. This
increased reversibility is attributed to the rigid framework
of the imine ligand.

lowed by EPR spectroscopy were not completely successful
due to slow electron transfers. However, the observation of
UV —visible peaks around 390 and 440 nm, as well as of an
EPR signal atg = 2.03 for 4, along with theoretical

phenoxyl radicalg?
7. Electronic Structure Analysis. A series of electronic
structure calculations were carried out to evaluate our

(42) (a) Nairn, A. K.; Bhalla, R.; Foxon, S. P.; Liu, X.; Yellowlees, L. J.;
Gilbert, B. C.; Walton, P. HDalton Trans 2002 1253. (b) Verani,
C. N.; Bothe, E.; Burdinski, D.; Weyhermuller, T.; Florke, U.;
Chaudhuri, PEur. J. Inorg. Chem2001, 08, 2161.
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mer-[Fe(L'),]" fac-[Fe(L')]*
~ +8.5 kcal/mol

fac{Fe(L),]"
-2.4 kcal/mol

Figure 6. Minimized geometries and energies fmer—[F_e(L')z]ﬂ fac- Figure 7. Spin density plots for (aner[Fe(L')2]* and mer[Fe(L')]2"
[Fe(L')2]" mer[Fe(L")]*, and fac[Fe(L*),]*. Values in parentheses  ang (b)fac[Fe(L”);]* andfac[Fe(L”);]2*. 2D drawings are also given to
indicate energies in kcal/mol. H atoms have been omitted for clarity. show ligand configurations. Yellow indicates exceslectron density,

explanation for facial and meridional preferences observed 29 9reen indicates excegwlectron density.
experimentally forl—4. Meridional/facial preferences were
investigated by computing differences in energies for the
isomeric pairsmer and fac-[Fe(L').]" and mer and fac- Asymmetric ligands consisting of the tridentate imif#s®
[Fe(L")]*. Optimized geometries and energies for these and the aminebIL R4, R being H ortert-butyl groups, were
structures are depicted in Figure 6 and are in good agreemenkydied as discrete mononuclear molecules in which one
with the related crystal structures. In agreement with metal jon (trivalent iron or gallium) is coordinated by two
experimental resultsner[Fe(L')] ~ is more stable thafac- deprotonated ligands in a distortedagMNpyriineOphenolat)2
[Fe(L")]" by 8.5 kcal/mol. For®)™, mer[Fe(L")]"isless  octahedral environment. The results were remarkable: (a)
stable tharfac-[Fe(L")2]" by 2.4 kcal/mol. This difference  the nature/rigidity of the ligands defines whether meridional
in the coordination modes was attributed to the rigidity of o facjal coordination will take place, (b) the presence of
(L), and to test this hypothesis, pyridine and 2-iminomethyl e rtiary butyl groups is pivotal for the formation of phenoxy!
phenolate were used to mimic the electronic interaction of ragjicals, and (c) metal coordination enhances the reversibility
(L")~ with the iron(lll) ion (Figure S1). The results show o the phenolate/phenoxyl couple. X-ray structures were
that thefac configuration is more stable by 2.11 kcal/mol,  yatermined for2, 4, and 6. Imine ligands coordinate

indicating that the meridional prefe_rence of [E5¢]" is not meridionally, while amines prefer facial modes with both R

dtjf _to ldlﬁeredncehs n thgdglec':ronlc jj[rut:_ture-s lr?*b( ang by H andtert-butyl. The iron and gallium complexes avoid

( |)7 .b nstead, :c i m(_ar_ld!onaf choo:_ Inagon r'f’ havore Y trans coordination of the phenolate oxygen atoms. Finally,

(L) because of the rigidity of the ligand, which accounts generation of the complexed phenoxyl-containing species

for an energy reversal of more than 10 kcal/mol. depends on the presence of substituents at the ortho and para

invEelgt?g;)trg(t:hzt:;ﬁ:reeomﬁ(tehggZazg\r:ren;-lﬁge (Itjle;f]rl :r?gd topositions of the phenolate ring. As evidenced by the data
above, unsubstituted phenolates are much less electroactive

- A 1+ i it
fac [Feﬂ- .)2] - The eIectromc densities for th&hﬂd 2t . than those containing bulky electron-donert-butyl groups.
species (i.e., the starting complexes and their radical-
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