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By using a hindered tripodal ligand, hydrotris&t-butyl-5-isopropylpyrazol-1-yl)borate HB(3-tBu-5-iPrgzi

series of monomeric ferrous complexes having acetate, hydroxide, and benzoylformate ligands were synthesized.
Reaction of KHB(3-tBu-5-iPrpz)with anhydrous Fe(OAg)yielded acetato complexes Fe(OAc)[HB(3-tBu-5-
iPrpz)] (1) and Fe(OAc)[HB(3-tBu-5-iPrpg)(3-iPr-5-tBupzH) @). A hydroxo complex Fe(OH)[HB(3-tBu-5-

iPrpz)] (3) was prepared by the treatment bfor 2 with aqueous NaOH. The geometry of Fe(ll) 3nis a

slightly distorted tetrahedron as determined by X-ray crystallography. The hydroxo co@pacted with
benzoylformic acid to give the benzoylformato complex F£&O(O)Ph)[HB(3-tBu-5-iPrpz] (4), which showed
thermochromism which depended on the coordination geometry of the benzoylformate ligand. The Fe(ll) ion in
the colorless form o#t isolated at 4°C is coordinated by a tetrahedrak®} ligand donor set including the
unidentate benzoylformato ligand. On the other hand, the bluish purple fodnisuflated at—20 °C has a
five-coordinate trigonal bipyramidal Fe(ll) center. The benzoylformate ligand in this bluish purple form works
as a chelate ligand through coordination of the unidentate carboxylate oxygen atom as well as the ketonic oxygen
atom. A benzoylformato complex containing an additional pyrazole, £&QQO)Ph)[HB(3-tBu-5-iPrpz](3-
iPr-5-tBupzH) 6), was obtained by the reaction 8fwith benzoylformic acid in the presence oft&t-butyl-5-
isopropylpyrazole. The iron atom i& is coordinated by an )D; ligand donor set with trigonal bipyramidal
geometry. A hydrogen-bonding interaction between the carboxylate oxygen atom and the additional pyrazole’'s
NH proton in5 is suggested from the short distance betweghh6iateand NyrazoleObserved in the X-ray structure

and the absence of theNH vibration in the IR spectrum.

Introduction lographic and spectroscopic studies of these enzymes have led
to the elucidation of the structure of the diiron reaction center,
while their mechanisms of dioxygen activation remain to be
elucidated. A diferriqu-peroxo intermediate has been charac-

" terized recently in the reaction cycle of MMO hydroxyl&sk.
variety of mononuclear non-heme iron enzymes which catalyze
oxygenation or oxidation are also knownAlthough studies
about “mononuclear” enzymes have lagged behind those of the
“dinuclear” enzymes, interest in the dioxygen activation mono-
nuclear non-heme iron enzymes is rapidly growihgThe

In biological systems, many heme and non-heme iron proteins
take part in dioxygen metabolistn For many years, a class of
non-heme iron proteins containing a dinuclear site (e.g
hydroxylase of methane monooxygenaséjonucleotide re-
ductase, and hemerythrih ) have attracted much attention
because of their unique physicochemical properties and reac-
tivities attributed to the diiron core. Recent X-ray crystal-

T Abbreviations used are as follows: HB(3,5484)s, hydrotris(3,5-diiso-
propylpyrazol-1-yl)borate (monoanion); HB(3-tBu-5-iPrpziiydrotris(3-
tert-butyl-5-isopropylpyrazol-1-yl)borate (monoanion); 3-tBu-5-iPrpzH,
3-tert-butyl-5-isopropylpyrazole; 3-iPr-5-tBupzH, 3-isopropykért-bu-
tylpyrazole; 3,5-iPipzH, 3,5-diisopropylpyrazole; OAc, acetate; BF, ben-
zoylformate.
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structures of iron SODB, protocatechuate 3,4-dioxygendse,
lipoxygenasé, 2,3-dihydroxybiphenyl 1,2-dioxygena&tand
isopenicillin N synthase (Mn substituted forkhyvere recently
solved by X-ray crystallography, providing some structural
information associated with the iron metal center. However,
the coordination modes of dioxygen in these enzymes are not
established.

Many synthetic Fe(lll) compounds have provided various
chemical insights into the trivalent state of mono- and dinuclear
iron sites!2 On the other hand, Fe(ll) complexes modeling the
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as values ¢, ppm) downfield from the internal standard Me IR
measurements were carried out in KBr using a JASCO FT/IR-5300
instrument. Electronic spectra were recorded on a Shimadzu UV-260
spectrometer. Low-temperature electronic spectra were obtained using
an Oxford DN1704 cryostat. Field desorption mass spectra were
recorded on a Hitachi M-80 mass spectrometer. The X-ray data
collections were performed on Rigaku four-circle AFC-5S and AFC-
5R diffractometers. The X-ray data analysis were completed by
TEXSAN on an Indigo-IRIS computer (Silicon Graphics), obtained
from Rigaku.

Materials and Methods. All solvents used were purified by

divalent state of iron sites have been studied less extensivelyliterature method® Reagents of the highest grade commercially

than Fe(lll) model complexes. We have previously succeeded
in the preparation of the monomeric carboxylato Fe(ll) com-
plexed® and the dinuclear di-hydroxo andu-hydroxogu-
carboxylato Fe(ll) complexé$ by using the tripodal ligand
hydrotris(3,5-diisopropylpyrazol-1-yl)borate, HB(3,5-ifz)s.

available were used without further purification. All manipulations
were performed under argon by standard Schlenk techniques. Details
for the preparation of KHB(3-tBu-5-iPrpzwill be described else-
where!®

Fe(OAC)[HB(3-tBu-5-iPrpz)s] (1). K[HB(3-tBu-5-iPrpz}] (2.51 g;
4.59 mmol) was stirred with 1 equiv of Fe(OAq)L.02 g; 5.84 mmol)

These monomeric carboxylato complexes are capable of reversy, 4 mixture of CHCI, (25 mL) and MeCN (5 mL) overnight. The

ible dioxygen uptake to give the dinuclear adduct bridged by a
u-peroxo ligand315 Queet al16 and Valentineet al1” recently
studied benzoylformato Fe(ll) complexes as a modebtféeto
acid-dependent non-heme iron enzymes, which catalyze oxy-
genation of substrates by, @ith concomitant oxygenation and
decarboxylation of the-keto acid cofactor to produce G@nd
succinaté®"° We report here syntheses of mononuclear
acetato, hydroxo, and benzoylformato Fe(Il) complexes and their
characterization in order to gain structural and chemical insights
into the reduced state of the mononuclear iron site. In the
present study, a sterically hindered hydrotris(pyrazolyl)borate
ligand, HB(3-tBu-5-iPrpz) was adopted to isolate the mono-
meric complexes.

Experimental Section

Instrumentation. *H-NMR spectra were recorded on a JEOL-GX-
270 (270 MHz for'H) spectrometer. The chemical shifts are reported
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precipitate formed was removed by filtration, and the filtrate was dried
under vacuum. Extraction of the resulting white solid with 30 mL of
pentane and cooling at20 °C overnight affordedL as a colorless
crystalline solid (1.09 g; 1.74 mmol; 38%). Anal. Calcd fogldss-
NeO:BFe: C, 61.74; H, 8.91; N, 13.50. Found: C, 61.45; H, 9.09; N,
13.32. IR (KB, cnml): 2564 (BH), 1572 (COOas)H-NMR (CgDe,
27°C): 0 —6.9 (br, 27HtBu), 7.0 (18H, CHMe,), 22.7 (3H, ¢HiMe,),
28.3 (1H, BH), 59.9 (3H, pz4H), 118.7 (3H, G\c). FD-MS (W2):

Fe(OAC)[HB(3-tBu-5-iPrpz)s](3-iPr-5-tBupzH) (2). Cooling the
filtrate of 1 (see above) at20 °C afforded2 as colorless crystals (0.85
g; 1.07 mmol; 23%). Anal. Calcd for&H;3NgOBFe: C, 63.96; H,
9.33; N, 14.21. Found: C, 64.43; H, 9.46; N, 14.09. IR (KBr,&mn
2567 (BH), 1583 (COOas)H-NMR (C¢Dg, 27°C): 6 —2.4 (br, 27H,
tBu), 5.6 (18H, CHVley), 17.7 (3H, GiMey), 57.7 (3H, pz4H), 94.7
(3H, OAQ). FD-MS (W2): 622.

Fe(OH)[HB(3-tBu-5-iPrpz)s] (3). A toluene solution (15 mL) of
1(0.47 g; 0.60 mmol) was treated with 7.5 mE bN aqueous NaOH
for 30 min under argon. The toluene phase was separated and dried
under vacuum. The resulting white solid was recrystallized from a
mixture of MeCN and CbCl, at —20 °C, and 3 was obtained as
colorless crystals (0.17 g; 0.29 mmol; 48%). Anal. Calcd fesHzs-
NeOBFe: C, 62.08; H, 9.20; N, 14.48. Found: C, 61.79; H, 8.88; N,
14.27. IR (KBr, cny): 3695 (OH), 2547 (BH).*H-NMR (C¢Ds, 27
°C): 6 —28.9 (br, 27H{Bu), 16.4 (18H, CH/e,), 47.8 (3H, GiMey),
56.7 (3H, pz4H). FD-MS (m/2): 580.

Fe(O,CC(O)Ph)[HB(3-tBu-5-iPrpz)s] (4). A CH,ClI, solution (15
mL) of 3(0.27 g; 0.46 mmol) was stirred with 1 equiv of benzoylformic
acid for 30 min. After removal of the solvent under vacuum, the
resulting pale purple solid was dissolved in MeCN. Crystallization at
4 °C afforded4 as colorless crystals (0.25 g; 0.33 mmol; 73%). Anal.
Calcd for GgHs7NeOsBFe: C, 64.05; H, 8.06; N, 11.79. Found: C,
63.78; H, 8.18; N, 12.16. IR (KBr, cm): 2569 (BH), 1694 (€&=0),
1666 (COOas), 1598 (PREC). H-NMR (tolueneels, 27°C): 6 —8.5
(br, 27H,tBu), 8.9 (18H, CHMe), 11.3 (1H ,p-Ph), 12.2 (2H,m-Ph),
25.2 (2H,0-Ph), 29.5 (3H, GiMe,), 41.2 (br, 1H, B), 63.0 (3H, pz-
4H); (—60 °C) —17.6 (br, 27HBu), 13.5 (18H, CHWe,), 14.8 (2H ,
m-Ph), 16.0 (1H,p-Ph), 37.8 (2H,0-Ph), 42.4 (3H, GiMey), 65.1 (br,
1H, BH), 86.0 (3H, pz4H). FD-MS (W2): 753. UV-vis (in CHCl,
solution, nme, M~ cm™%): 22 °C, 558.4 (30);—20 °C, 564.8 (148),
621.2 (130). The bluish purple form dfwas obtained as follows: a
pentane solution of the colorless solid stooe-@8 °C for 1 day. Then,
the solution was concentrated under vacuum and coolee2ét°C
overnight, affordingd-CsHi, as bluish purple plates.

Fe(0O,CC(O)Ph)[HB(3-tBu-5-iPrpz)3](3-iPr-5-tBupzH) (5). Toa
mixture of 3 (0.12 g; 0.21 mmol) and 1 equiv of t&t-butyl-5-
isopropylpyrazole (35.7 mg; 0.21 mmol) dissolved in 15 mL of,€H
Cl, was added 1 equiv of benzoylformic acid (32.2 mg; 0.21 mmol),
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Table 1. Crystal Data and Data Collection Details &if4-MeCN (Colorless)4-CsHi, (Bluish Purple), and

complex 3 4-MeCN (colorless) 4-CsH2 (bluish purple) 5
formula QoHsgNGOBFe Q0H60N703BFe Q3H69NGO3BFG Q3H75NgogBFe
formula weight 580.45 753.62 784.71 878.83
cryst syst orthorhombic orthorhombic monoclinic orthorhombic
space group Cm, P2,2,2 P2,/a Pbca
alA 16.598(3) 17.179(3) 25.387(7) 15.443(2)
b/A 10.321(3) 25.369(4) 18.768(6) 17.411(2)

c/A 19.908(4) 9.779(2) 9.598(2) 37.994(4)
o/deg 90 90 90 90

pldeg 90 90 97.15(2) 90

yldeg 90 90 90 90

VIA3 3410(2) 4262(1) 4537(4) 10215(3)

A 4 4 4 8
D(calcd)/gcm3 1.13 1.17 1.15 1.14

cryst size/mm 0.5¢ 0.3x 0.3 0.1x 0.01x 0.2 0.2x 0.03x 0.1 0.3x 0.3x 0.15
data collection tempC 23 23 —65 23

diffractometer Rigaku AFC-5R Rigaku AFC-5S Rigaku AFC-5S Rigaku AFC-5S
radiation graphite-monochromated MauA = 0.710 68 A)

w(Mo Ko)/emt 4.72 3.93 3.71 3.40

scan mode 10} w w—20 w—20

scan width/deg 1.4% 0.14 tand 1.30+ 0.14 tand 1.30+ 0.14 tand 1.30+ 0.14 tanf
scan speed/degin—?t 16 6 6 6

26 range/deg 550 3-50 5-45 5-50

octant measd +h,+k,+I +h,+k,+I +h,+k,+I +h,+k,+I

no. of measd refins 1704 4247 6580 8797

no. of obsd rflns 1455 2805 2993 3355

no. of params refined

(I > 3o(1))
222

(1> 20(1))
468

(1> 1.20(1)
488

(I > 1.50(1))
541

data to parameters ratio 6.6 6.0 6.1 6.2
p-factor 0.01 0.01 0.03 0.02
RI% 3.46 6.65 7.91 8.69
Ru/% 3.88 6.22 7.67 8.27

and the mixture was stirred for 30 min. After removal of the solvent carbon atoms ir8, 4-MeCN, and5 and the MeCN ind-MeCN were
under vacuum, the resulting pale purple solid was dissolved in MeCN. located at the calculated positions and were not refin@-(H) =
Crystallization at 4°C afforded5 as pale yellow crystals (50.1 mg;  0.95 A with the isotropic thermal factor &fiso(H) = 1.2Uiso(C)). The
0.057 mmol; 27%). Anal. Calcd for gH;4NsOsBFe: C, 65.68; H, final RandR, factors are given in Table 1, wheRe= 3 (|Fo| — |F¢|)/
8.50; N, 12.77. Found: C, 65.46; H, 8.92; N, 12.65. IR (KBr,&n SIFol and Ry = S[W(|Fo| — |Fc|)¥IW|Fo|?]¥2 with w = 1/06¥(Fo) =
2563 (BH), 1692 (€=0), 1604 (COOas and PHEC). H-NMR 4AF20%(Fo?).

(tolueneds, 27 °C): 6 —4.2 (br, 27H,tBu), 7.7 (18H, CHVey), 10.8 Full bond lengths, bond angles, atomic coordinates, and isotropic
(IH, p-Ph), 11.5 (2H,m-Ph), 21.7 (2H,0-Ph), 24.4 (3H, GiMe), and anisotropic thermal parameters 8pA-MeCN, 4-CsH:», and5 are
29.1 (br, 1H, Bd), 61.4 (3H, pz4H). FD-MS (w2): 753. available as Supporting Information.

X-ray Data Collection and Structural Determination. Single
crystals of3 were obtained by recrystallization from MeCN/gE, at
4 °C. Crystals suitable for X-ray diffraction af-MeCN (colorless
form) and5 were obtained from MeCN solutions at°€ under an
argon atmosphere. Single crystals of the bluish purple forthveére
obtained as described above. The data collectior®s 4MMeCN, and

Results and Discussion

Synthesis of Monomeric Fe(ll) Compounds. The benzoyl-
formato Fe(ll) complexes have been prepared successfully by
5 were completed at 23C with sealing crystals in a thin-wall glass dehydration condensation of the hlghly basic, monomerlc
capillary. The data of-CsHi (bluish purpie form) were collected at ~ Nydroxo complex Fe(OH)[HB(3-tBu-5-iPrpg) (3) with the
—65°C. A Mo X-ray source equipped with a graphite monochromator Corresponding carboxylic acid as summarized in Scheme 1. In
(Mo Ka, 2 = 0.710 680 A) was used. Automatic centering and least- previous papers we reported the synthesis of divalent metal
squares routines were carried out for all the compounds with 25 hydroxide complexes with the HB(3,5-#pr); ligand by the
reflections of 20 < 26 < 25° to determine the cell parameters. Data hydrolysis of the corresponding carboxylato and halide com-
collections were completed with—26 or w scans. A summary of  plexes, which were prepared by the reaction of the appropriate
the cell parameters, data collection conditions, and refinement results nata| salts with K[HB(3,5-iPpz)s].142° However, the reaction
forTi 4-MeCN, 4'C5thz' ands IIS provided in ITabIe L he di hog OF the more bulky HB(3-tBu-5-iPrpg)igand turned out to be

e structures of the complexes were solved by the direct method ;e bit'gifferent from that of the HB(3,5-iBpz)s ligand.
(SAPI-91). Subsequent difference Fourier syntheses easily located all . . .
non-hydrogen atoms. All the non-hydrogen atoms except the disorderedReaCt'On_Of anhydrous Fe(OAa)ith the potassium salt K[HB-
methyl group carbon atoms at the 5-iPr substituenté ifeCN and5 (3-tBu-5-iPrpz)] afforded two acetato complexes: not only the
and at the 5-tBu substituent i were refined anisotropically by ~ desired complex 1) but also one containing an additional
TEXSAN. Those disordered methyl group carbons were refined pyrazole ligandZ). The additional pyrazole might come from
isotropically. All the hydrogen atoms except those on the disordered partial decomposition of the hydrotris(pyrazolyl)borate ligand.
Subsequent treatment &for 2 with aqueous NaOH solution
(20) J(a)AKitagwa, Ns Scilnggh, lf.lP.;7 %nYaggi, IH.; (,\Dﬂsgx\va, M.; Mﬁfoéolﬁa,_ Y. resulted in the hydrolysis of the acetate part and the formation

e ;??tajimim.; I(\)/Ioro-Jéka,aY.Bull.'C(hZer:]C.)’So'c'. JSESS& 6o, lozr"  of3. As expected, the resulting monomeric hydroxo complex

(c) Kitajima, N.; Hikichi, S.; Tanaka, M.; Moro-oka, Y. Am. Chem. 3 was basic enough to react with carboxylic acids such as acetic

ISOC-19C9ﬁ 11?9594(«]929(?5*;itajim2,t N.; FUJ’i\?avlv:a,_.K.; Mo[?-ol\ljla, Y. acid and benzoylformic acid to give the corresponding pyrazole-

norg. em. , . (e Itajima, N.; Fujisawa, K.; MOoro- i

ok&gY_J_ om.1990 2 smggé 1)12 ajma 0 Kitajilma N Fuiioaors- free carboxylato Fe(ll) complexesand4, respectively. The

K.; Fujimoto, C.; Moro-oka, Y.; Hashimoto, S.; Kitagawa, T.; Toriumi, ~condensation o in the presence of external pyrazole produced
K.; Tatsumi, K.; Nakamura, AJ. Am. Chem. Sod.992 114, 1277. the Fe(Il) complexes with the carboxylatpyrazole chelate ring
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Scheme 1
[ K[HB(3-tBu-5-iPrpz)s] + Fe(OAc){
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Figure 1. H-NMR spectra of Fe(ll) acetato complexes recorded in
CeDs solution at 27°C. Top: Fe(OAc)[HB(3-tBu-5-iPrpzg) (1).

(2 and5). The characterization of the Fe(ll) complexes thus Bottom: Fe(OAc)[HB(3-tBu-5-iPrpz)(3-iPr-5-tBupzH) @).

obtained is described below in detail.
(a) Acetato Complexes 1 and 2.The IR spectra ol and2

solution. These spectral data as well as the results of elemental

clearly revealed the difference in the coordination environments analysis lead to the conclusion tttais the five-coordinate Fe-
of the acetate ligands. The asymmetric vibration of the COO (Il) complex with a NNO, ligand donor set consisting of the

linkage of2 (1583 cn1?) appeared at higher energy than that
of 1 (1572 cn1?), but the value was comparable to that of
manganese(ll) complex Mn(OAc)[HB(3-tBu-5-iPrgg3-iPr-
5-tBupzH) (1589 cmb).2! The absence of a pyrazallH band

in the spectra oR and the Mn complex in the range 3400
3100 cnt?! is attributed to a hydrogen-bonding interaction

tris(pyrazolyl)borate, additional pyrazole, and acetate ligands
as found in the manganese derivati¥eWe have reported that
variouso-donor ligands such as MeCN and pyridine can bind
to the ferrous ion in Fe(§CR)[HB(3,5-iPppz)].13 A pyrazole

can also act as a-donor ligand. In addition, the hydrogen-
bonding interaction between the pyrazole’s NH and the oxygen

between the additional pyrazole’s NH and the acetate oxygenatom stabilizes the coordination of the additional pyrazole to
atoms, which is supported by the AcO---N(pyrazole) distance the metal centerd: 23

(2.65 A) of the Mn complex. A similar hydrogen-bonding
interaction was previously observed for Mn{@Ph)[HB(3,5-
iPrpz)](3,5-iPppzH), which also lacked a pyrazoleNH
vibration??

The IH-NMR spectra ofl and 2 recorded at 27°C are
reproduced in Figure 1. The assignment of the signalsief

(b) Hydroxo Complex 3. The IR spectrum of monomeric
hydroxo Fe(ll) complexd, which was prepared by the treatment
of a toluene solution ot or 2 with agueous NaOH, contained
the O—H vibration at 3695 cm!. Single crystals o8 suitable
for X-ray analysis were obtained by cooling a mixture of MeCN/
CH,CI; solution at 4°C under an argon atmosphere. As shown

based on the intensities and a comparison with the assignmenin Figure 2 and Table 23 is a slightly distorted tetrahedral

of Fe(OAC)[HB(3,5-iPspz)s] previously reported3® The spec-
tra of 1 and2 show similar but slightly different features; broad

complex coordinated by thes®; donor set (the FeO distance
is shorter than the FeN distances). The iron, oxygen, and

signals corresponding to the pyrazole’s protons are observedboron atoms and one of the pyrazole rings (containing N21) sit

around 6-10 ppm in the spectrum d&f. The FD-MS spectra
of 1 and?2 contained a peak of the same mass numbez €

on a crystallographic mirror plane. The+® distance (1.830-
(8) A) is shorter than those in square pyramidal iron complexes

622) corresponding to the pyrazole-free acetato complex. Thus,such as the dimeric hydroxo complex [Fe(HB(3,5:42)s)] -

the additional pyrazole ligand o2 probably dissociates in

(21) The structure of Mn(OAC)[HB(3-tBu-5-iPrp#(3-iPr-5-tBupzH) was
determined by X-ray crystallography: Komatsuzaki, H.; Hikichi, S.;
Kitajima, N.; Moro-oka, Y. Manuscript in preparation.

(22) Kitajima, N.; Osawa, M.; Tamura, N.; Moro-oka, Y.; Hirano, T,;
Hirobe, M.; Nagano, Tlnorg. Chem1993 32, 1879. The hydrogen-

(u-OH), (2.016(9) and 2.04(1) A¥ To our knowledge3 is
the first example of a mononuclear tetrahedral Fe(ll) hydroxo
complex.

(c) Reaction of Hydroxo Complex 3 with Protic Acids.
Metal-bound hydroxide ions ifiM(OH)[HB(3,5-iPrpz)]}, (n

bonding interaction between the pyrazole’s NH and the oxygen atom (23) A hydrogen-bonding interaction between a pyrazole’s NH and a

of the acetate ligand was suggested on the basis of the short distance

between nitrogen and oxygen as well as the absenceHavibration
in the IR spectrum.

peroxide ligand was also observed: Kitajima, N.; Komatsuzaki, H.;
Hikichi, S.; Osawa, M.; Moro-oka, YJ. Am. Chem. S0d.994 116,
11596.
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Figure 2. ORTEP drawing of Fe(OH)[HB(3-tBu-5-iPrp#)3) (drawn
at the 50% probability level). The disordered methyl group carbon atoms
at the 5-iPr substituents and all hydrogen atoms are omitted for clarity.

Table 2. Selected Bond Lengths (A) and Bond Angles (deg) for
Fe(OH)[HB(3-tBu-5-iPrpzj (3)

Bond Lengths
Fe-O 1.830(8) FeN11 2.103(4) FeN21 2.091(5)

Bond Angles
O—Fe—N11 123.8(3) OtFe-N21 126.7(5)
N11l-Fe-N1Y 92.1(2) N1tFe-N21 90.1(1)

= 1 or 2) are so basic as to react with £anhd various protic
acids, as we reported previoughf-¢2427 The monomeric

hydroxo Fe(l) Complg>8 also reacted with carboxylic acids to Figure 3. ORTEP drawing of two isomers of a benzoylformato
yield the corresponding carboxylato Fe(ll) compounds. The compiex (drawn at the 50% probability level). Top: Colorless form of
reaction of3 with benzoylformic acid yielded the monomeric  the benzoylformato complex Fe(BF)[HB(3-tBu-5-iPrgzMeCN
benzoylformato complex FegGC(O)Ph)[HB(3-tBu-5-iPrpz] (4-MeCN). The disordered methyl group carbon atoms at the 5-iPr
(4). The complex4 adopted two different structures as substituents, the MeCN molecules of crystallization, and all hydrogen
confirmed by X-ray crystallography, and the color of the atoms are omitted for clarity. Bottom: Blu_ish purple form of the
complex could be correlated with the coordination structure as _lla_ﬁnzoylformato complex Fe(BF)[HB(3-tBu-5-iPrpiellsHi (4-CoHio).

. . e pentane molecules of crystallization and all hydrogen atoms are
discussed below. On the other hand, the reactioB wifith omitted for clarity.
benzoylformic acid in the presence of 1 equiv of 3-tBu-5-iPrpzH

gave another benzoylformato complex containing an additional zoylformate) ligand. The FeO1 length (1.889(6) A) is
pyrazole ligand Fe(@&C(O)Ph)[HB(3-tBu-5-iPrpz](3-iPr-5- comparable to the irorhydroxo bond length o8 (1.830(8)
tBupzH) ). The molecular structure &was also determined  A). |t is notable that no MeCN molecule is coordinated in the

by X-ray crystallography (see below). colorless form of4, while the MeCN adducts are observed in
Structure and Thermochromism of a-Keto Carboxylato Fe(Q:CR)[HB(3,5-iPspz)] (R = Ph, Me)1® On the other hand,
Complexes. (a) X-ray Crystallography. X-ray crystal- the bluish purple form contains a trigonal bipyramidal iron center

lographic studies were performed for two isomers of the where the ketonic oxygen atom (O2) and one of the pyrazolyl
pyrazole-free compoundl which were crystallized at different  nitrogen atoms (N21) occupy the apical positions as judged by
temperatures, and the pyrazole-containing complex the elongated FeO2 and Fe-N21 distances (2.261(7) and
From a MeCN solution o# cooled at 4°C were obtained 2.173(9) A) and the O2Fe—N21 angle (177.9(3), and the
colorless crystals (colorless forri:MeCN), whereas bluish  remaining two pyrazolyl ligands and the carboxylate ligand form
purple crystals (bluish purple form:CsHi,) were isolated from  the basal plane. In contrast to the colorless form, the BF ligand
a pentane solution efkept at—78°C for 1 day. The molecular in the bluish purple form works as a chelate ligand through
structures and selected bond lengths and angles of the twocoordination of the carboxylate oxygen atom (O1) as well as
isomers of4 are shown in Figure 3 and Table 3, respectively. the ketonic oxygen atom (O2). The essentially planar chelate
In the colorless complex, the iron center is coordinated by a ring is arranged coplanar to the phenyl ring. The coordination
tetrahedral NO, donor set including a unidentate BFien- structure of the BF ligand is close to that found in the
six-coordinate benzoylformato complex [Fe@@C(O)Ph)-

(24) Kitajima, N.; Osawa, M.; Imai, S.; Fujisawa, K.; Moro-oka, Y.; + i - -2-DVIi -
Heerwegh, K.; Reed, C. A.; Boyd, P. D. Whorg. Chem.1994 33, (6TLA)™ (6TLA denotes. tris[(6-methyl-2-pyridyl)methyl]

4613, amine) reported by Chiou and Q&P In the present case,
(25) Hikichi, S.; Tanaka, M.; Moro-oka, Y.; Kitajima, Nl. Chem. Soc., the highly sterically demanding tris(pyrazolyl)borate ligand leads
Chem. Commurl994 1737. to the tetrahedral and trigonal bipyramidal coordination geom-

(26) (a) Kitajima, N.; Fujisawa, K.; Moro-oka, Y.; Toriumi, K. Am. Chem. : : o :
S0c.1989 111, 8975 (b) Kitajima, N.. Fujisawa, K.: Koda, T. Hikichi, etry, while Fe(ll) and Fe(lll) ions favor six-coordinate octahedral

S.; Moro-oka, Y.J. Chem. Soc., Chem. Commur@9q 1357. (c) geometry.

Kitajima, N.; FUjisawa(,dl)Q; Tanaka, M.; Moro-oka, ¥. Am. Chem. The structure of the pyrazole-containing benzoylformato

So0c.1992 114, 9232. Kitajima, N.; Katayama, T.; Fujisawa, K.; i in Ei

wata. Y. Moro-oka. Y.J. Am. Chem. S0a993 115 7872, _complex5_wa_s also determined as shown in Figure 4 S(_alected
(27) Hikichi, S.; Tanaka, M.; Moro-oka, Y.; Kitajima, NI. Chem. Soc., interatomic distances and bond angles are summarized in Table

Chem. Commuril992 814. 4. Complex5 has a distorted trigonal bipyramidal structure
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Figure 4. ORTEP drawing of the benzoylformatpyrazole complex
Fe(BF)[HB(3-tBu-5-iPrpz)(3-iPr-5-tBupzH) 6) (drawn at the 50%
probability level). The disordered methyl group carbon atoms at the
5-iPr (on the tris(pyrazolyl)borate) and 5-tBu (on the additional

pyrazole) substituents and all hydrogen atoms are omitted for clarity.

Table 3. Selected Bond Lengths (A) and Bond Angles (deg) for
Fe(BF)[HB(3-tBu-5-iPrpz}-MeCN (Colorless Form)4-MeCN) and
Fe(BF)[HB(3-tBu-5-iPrpz)]-CsHi2 (Bluish Purple Form)4-CsH1y)

Fe(BF)[HB(3-tBu-5-iPrpz)-MeCN (Colorless Form)4:MeCN)
Bond Lengths

Fe-0O1 1.889(6) FeN11 2.086(8) FeN21 2.077(6)
Fe-N31 2.087(8) O%C1 1.21(1) oO2cC2 1.26(2)
03-C1 1.19(1) CzcC2 152(2) C2C3 1.47(2)

Bond Angles
Ol1-Fe-N11 119.7(3) OfFe-N21 115.4(3)
Ol1-Fe—N31 135.0(3) N1tFe-N21 91.9(3)
N11-Fe—N31 93.3(3) N21Fe—-N31 91.1(3)
Fe-0O1-C1 147.8(9) 01C1-03 130(1)
0l1-Ci-C2 114(1) 03-C1-C2 116(1)
02-C2-C1 120(1) 02-C2-C3 118(1)
Cl1-C2-C3 122(1)
Fe(BF)[HB(3-tBu—5—iPrpz)]-CsH1> (Bluish Purple Form)

(4'C5H12)

Bond Lengths
Fe-0O1 1.975(7) FeO2 2.261(7) FeN11 2.116(9)
Fe-N21 2.173(9) FeN31 2.112(9) O%Cl 1.27(1)
02-C2 1.24(1) 03C1 1.22(1) C+C2  1.59(1)
C2-C3  1.46(1)

Bond Angles
Ol1-Fe-02 74.3(3) Ot Fe-N11 129.8(3)
Ol-Fe—-N21 103.9(3) OtFe-N31 131.0(4)
02—-Fe—-N11 94.0(3) O2-Fe—-N21 177.9(3)
02—Fe—N31 93.9(3) N1tFe-N21 88.0(3)
N11-Fe—N31 97.8(3) N2t+Fe-N31 86.7(3)
Fe-0O1-C1 125.4(7) Fe02-C2 113.8(7)
01-C1-03 129(1) OtCi-C2 111(1)
03-C1-C2 120(1) 02-C2-C1 115(1)
02-C2-C3 121(1) C+C2-C3 124(1)

with N11 and N41 serving as apical ligands. Because of the

steric bulkiness of theert-butyl groups at the 3-position in the
tris(pyrazolyl)borate ligand, the pyrazole is bound to the iron
as the 3-iPr-5-tBupzH form, as found in the pyrazole-containing
acetato Mn derivative. The short N4D3 distance of 2.70(1)

A suggests a hydrogen-bonding interaction between the pyra-

zole’s NH proton and a carboxylate oxygen atom, which is also
supported by the absence of a significahtH absorption in
the range 33003100 cnt1.2! Such hydrogen bonding probably

Hikichi et al.

Table 4. Selected Interatomic Distances (&) and Bond Angles
(deg) for Fe(BF)[HB(3-tBu-5-iPrpz)(3-iPr-5-tBupzH) )

Interatomic Distances

Fe-O1 2.003(8) FeN11 2.271(9) FeN21 2.117(9)
Fe-N31 2.102(8) FeN41 2.22(1) O%xC1 1.26(1)
02-C2 1.20(1) 03cC1 1.22(1) CxC2 1.53(2)
C2-C3 1.48(2) N42-03 2.70(1)
Bond Angles
Ol1-Fe-N11 95.1(3) OtFe-N21 106.8(3)
Ol1-Fe-N31 148.4(3) OtFe-N41 95.7(3)
N11l-Fe-N21 85.8(3) N1+Fe-N31 80.3(3)
N11-Fe—-N41 168.2(3) N2+Fe-N31 104.0(4)
N21-Fe—-N41 95.5(3) N3+Fe—-N41 88.0(3)
Fe-01-C1 142.7(8) 0+C1-03 127(1)
01-C1-C2 117(1) 03-C1-C2 116(1)
02-C2-C1 120(1) 02-C2-C3 123(1)
C1-C2-C3 117(1)
Table 5. Comparison of Benzoylformato Complexes
4-MeCN 4'C5H12
complex (colorless) (bluish purple) 5
coord no. 4 (distorted 5 (trigonal 5 (trigonal
of iron atom  tetrahedron) bipyramid) bipyramid)
coordination unidentate bidentate unidentate hydrogen
mode of bonding between
BF ligand pyrazole NH
and O3)
Bond Lengths (A)
Fe-01 1.889(6) 1.975(7) 2.003(8)
Fe-02 2.261(7)
01-C1 1.21(1) 1.27(1) 1.26(1)
02-C2 1.26(2) 1.24(1) 1.20(1)
03-C1 1.19(1) 1.22(1) 1.22(1)
C1-C2 1.52(2) 1.59(1) 1.53(2)
[Fe(6TLA)- [Fe(TPA)- [Fe(TPA)-
complex (BF)]* 2 (BF) (MeOH)["2  (BF)(NO)]™ P
coord no. 6 (octahedron) 6 (octahedron) 6 (octahedron)
of iron atom
coordination  bidentate unidentate unidentate
mode of
BF ligand
Bond Lengths (A)
Fe-0O1 2.001(4) 2.014(6) 2.05(1); 2.05(1)
Fe-02 2.212(4)
0O1-C1 1.281(7) 1.27(1) 1.23(2); 1.26(2)
02-C2 1.234(7) 1.20(1) 1.21(3); 1.24(3)
03-C1 1.211(7) 1.22(1) 1.23(3); 1.22(3)
Cc1-C2 1.541(9) 1.53(1) 1.51(3); 1.55(3)

arising from the hydrogen-bonding interaction might contribute
to the elongation of the FEOcamoxyiaedistance.

The coordination environment around the iron ions and the
bond lengths of theo-keto carboxylate groups id (two
isomers),5, and Chiou and Que’s complexes are summarized
in Table 5. Both the bluish purple form dfand the pyrazole-
containing compleX have pentacoordinated Fe(ll) centers with
similar slightly distorted trigonal bipyramidal geometries,
although the coordination modes of the BF ligands are different.
The coordinated ketonic GZC2 bond in the bluish purple form
of 4 is slightly longer than the noncoordinated -©22 bond in
5 (unidentate BF). The elongation of the ketonic bond owing
to the chelation of the BF ligand has been also observed in the
six-coordinate octahedral Fe(ll) BF complexes reported by
Chiou and Qué%ab On the other hand, the Fe(ll) ion in the

makes the formation of the 5-coordinated pyrazole adduct colorless form of4 has a four-coordinate tetrahedral environment
possible, while the MeCN adduct has never been observed.and is clearly distinguished from the environment of the iron
Another carboxylate oxygen atom serves as an equatorial ligand;atoms in the bluish purple form @f and5. It is notable that

however, the Fe Ocamoxyiatedistance (2.003(8) A) is somewhat
longer than the FeOpasaOf the bluish purple form of (1.975-

the noncoordinated ketonic GZ2 in the colorless form of
(unidentate BF) is the most elongated in the ketonie-G2 in

(7) A). The decrease of the negativity on the carboxylate group the present benzoylformato complexes. In addition, the dis-
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Figure 5. Variable temperature U¥Vvis spectra of benzoylformato
complex4 in CHxCl, (1.59 mM).

tances of the Fecarboxylate moiety (FeO1, O1-C1, O3~
C1, and C+C2) in the colorless form of are the shortest in

those of the present compounds. In the comparison between

two different BF binding mode complexes having the same Fe-
(I1) geometry, such a$ vs bluish purple form of4 (trigonal
bipyramidal Fe) and/or [Fe(TPA)(BF)(MeOHyk [Fe(6TLA)-
(BF)] (octahedral Fe), the noncoordinated ketonfe@ bond

is shorter than the coordinated one. Therefore, the unusual

observations in the colorless form dfcan be explained by
extensive localization of the electron density on tirketo
carboxylate (i.e., the electron density on the ketonic-G2
bond is withdrawn into the carboxylate group), owing to high
Lewis acidity of the tetrahedral iron ion.

(b) Solution Behavior. The benzoylformato comple®
exhibits thermochromism in solution; a GEl, solution of4 is
colorless or pale pink at room temperature, while the color

Inorganic Chemistry, Vol. 36, No. 20, 1994545
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Figure 6. Variable temperaturtH-NMR spectra (phenyl proton region)
of benzoylformato complex in tolueneds.

the visible bands il are assigned as Fe(ll) to ligand charge
transfer bands resulting from the formation mfconjugated
system in the coplanar benzoylformato moiety, as suggested
by Chiou and Québa

The pyrazole-containing BF compléxalso shows a ther-

changed to intense bluish purple at lower temperature asmochromic property similar to that observed #or However,

characterized by the UVvis spectra (Figure 5). The color

the features of the variable-temperatéifeNMR spectra of5

change is correlated with the coordination geometry of the iron (data not shown) similar to those of the pyrazole-containing
center as discussed above. Qeteal. reported a series of  acetate complex2 suggest the presence of a dissociation
bidentate BF compounds which exhibited intense absorption equilibrium of the pyrazole ligand. Because of two thermal
bands around 566650 nm, while the unidentate BF compounds  equilibrium factors (the change of the coordination mode of
had no bands in that region. They assigned the visible bandsthe BF ligand and the dissociation of the pyrazole), the solution

in bidentate BF compounds as Fe(ll) to BF charge transfer
(MLCT) bands on the basis of the shift of thgax values to
lower energies with the more electron withdrawing substituents
on the phenyl ring

In order to characterize the thermochromism behaviot, of
variable temperaturtH-NMR experiments were also performed.
The phenyl proton region of the BF ligand is shown in Figure
6. The signal of the-proton is observed at higher magnetic
field than them-protons at 27°C. With cooling to lower
temperature-{40 °C), the signal of th@-proton shifts to lower
magnetic field than then-protons, resulting in the reversal of
the chemical shifts of thp- and them-protons (Figure 6). This

behavior of5 is complicated.

(c) Reactivity toward Dioxygen. Queet al1® and Valentine
et all” recently reported a series of studies of Fe(ll) benzoyl-
formato complexes as functional models farketo acid-
dependent enzymes. Qatal. have synthesized the mononu-
clear [LFe(QCC(O)Ph)t (L = tris[(6-methyl-2-pyridyl)methyl]-
amine, 6TLA, and tris(2-pyridylmethyl)amine, TP&3-> and
dinuclear [LFe(u-O.,CC(O)Ph)T (L 2-[(bis(2-pyridyl-
methyl)amino)]phenolate, MEIDP)!%¢ benzoylformato com-
plexes by using the tetradentate,(®F N3O;) tripodal ligands.
These Fe(ll) benzoylformato compounds reacted with dioxygen
to induce the oxygenation of the substrates as well as oxidative

observation suggests that the electron density on the phenyl ringdecarboxylation ofo-keto carboxylate to benzoate. Nitrosyl

is influenced by the coordination mode of the BF ligand. The
coplanar configuration of the BF ligand found in the X-ray study
of the bluish purple form corresponding to the lower temperature
state suggests conjugation between the phenyl ring and the
a-keto carboxylate group. The shift pattern of the aromatic

adducts [LFe(@CC(O)Ph)(NO)f (L = 6TLA and TPA) have
been recently prepared as structural models for the dioxygen
adduct of mononuclear active sites of the enzyiiésvalen-
tine’s model compound in particular is closely related to our
previous and present work. Valentine and co-workers have

proton signals observed in this study is consistent with those adopted the less hindered HB(3,5-4de); and obtained the

observed in other benzoylformato complexes previously reportedcorresponding Fe(ll) benzoylformato complex.

in the literature (unidentate BB, < m < p; bidentate BFp <
p < m).16ab From our experimental results, we conclude that

When the
solution of this benzoylformato complex was exposed to O
the solution color changed from blue-purple to green. This
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complex is also capable of oxidizing olefinic substrates to give ]
the corresponding epoxide products. On the basis of these %}:
results, Valentineet al. suggested the formation of a hexaco- Nhis H,0
ordinated iror-dioxygen adduct’ H.O | N | Nu
2V . =NHis NHis

We have previously reported that a series of monomeric H O’Fe\o NHis_F.e\o
ferrous carboxylato complexes Fe@R)[HB(3,5-iPppz);] (R 2 > Glu Nuw D Glu
= Ph and Me) are capable of reacting with dioxygen to form . o s o
dimeric Fe(lll)u-peroxo specie¥15 Other types of monomeric 23-dihydroxybiphenyl 1,2-dioxygenase  Fe-SOD
metal complexes such as coBaind coppé? carrying sterically Nuis Nhis HoN
hindered tris(Zert-butylpyrazolyl)borate ligands such as HB- [N R i Npisto. ,..‘o)‘ Asn
(3-tBu-5-Mepz) and HB(3-tBu-5-iPrpz)are also known to react Ny~ | ~o Ny le\o
with dioxygen but give the corresponding monomeric dioxygen T Dl T DGl
adducts. Therefore, the monomeric Fe(ll) complexes synthe- (A,;;l'fm,)o (m‘l;;‘,,a,‘)o

sized in the present study could be expected to react with
dioxygen to yield monomeric irondioxygen adducts under

Soybean lipoxygenase-1

[Monomeric Fe(II) Complexes (this work]

appropriate conditions. However, we could not observe the

formation of any dioxygen adduct with the benzoylformato and Npz Npz

the acetato complexes under various conditions, suggesting that Npz“~Fe—OH sz‘"~-Fe—O>//?
the sterically demanding ligand HB(3-tBu-5-iPrpm$sed in this Np,/ sz/ d Pn
study dramatically reduced the reactivity of Fe(ll) ions toward 3 4 (colorless)
dioxygen. These results are consistent with our recent observa- N N

tions that monomeric pentacoordinated Fe(ll) complexes having | pz | pz
sterically hindered carboxylate ligands, FeQIBu)[HB(3,5- NPI“"Fe_o NPZ"":Fe_ P
iPr,pz)] and Fe(QCAd)[HB(3,5-iPppz)] (O,CAd denotes Npz (!.)\ o N I!l Ph

1-adamantylcarboxylate), have failed to form dioxygen adducts
probably due to steric congestion around the Fe(ll) i§h&s

shown by X-ray crystallography, the Fe(ll) ions in the present e 7. The mononuclear non-heme Fe(ll) centers of the enzymes
carboxylato complexes are surrounded by the buitbutyl and the crystallographically characterized complexes in this work.
substituents. Thus, the HB(3-tBu-5-iPrpzligand makes
formation of a hexacoordinate Fe(lll) species impossibeur of the peptide chain (isoleucine residue). However, the
results suggested that, in order to build a suitable (both structuralgeometry around the iron center of the lipoxygenase-I is best
and functional) model for oxygenase enzymes, the ligands thatgescribed as a highly distorted octahedron with two adjacent
are appropriately designed to retain the reactivity of the metal ynoccupied positions rather than a tetrahedron, and it is clearly
ions toward dioxygen should be incorporated in the complex. distinguishable from those &and the colorless form of. In

Structural Comparison with the Monomeric Non-Heme fact, the Fe-O distance in the lipoxygenase (2.07 A) is longer
Fe(ll) Centers. The highly sterically demanding HB(3-tBu-  than those ir8 (1.830(8) A) and the colorless form 4f(1.889-
5-iPrpz} ligand makes the formation of the monomeric tetra- (6) A), although the coordination numbers of the iron atoms
hedral and trigonal bipyramidal Fe(ll) complexes possible, and are the same. A trigonal bipyramidal iron ion is found in the
the structures of the hydroxo complex and the benzoylformato Fe(ll) center of iron SOD. The trigonal basal plane is composed
complexes have been determined by X-ray crystallography. We of the two nitrogen atoms of histidines and the unidentately
believe that the presented monomeric Fe(ll) complexes may givepinding carboxylate oxygen atom of aspartic acid. Apical sites
structural insight into the mononuclear non-heme Fe(ll) site of are occupied by the histidyl nitrogen atom and the oxygen atom
the several enzymés}! although the structures of theketo (OH~ or H;0) ligands. The FeNapica distance (2.18 A) is
acid-dependent enzymes have not been established. slightly longer than FeNpasq (2.04 and 2.12 A). The Fe

The structures of the Fe(ll) centers of the enzymes and the O,pcq distance (2.04 A) is also distinct from the-F&pasa(1.94
synthetic compounds prepared in this work are summarized in A).7d The same tendency of the bond lengths (i.e+Ngasal
Figure 7. In the biological system, a tetracoordinated Fe(ll) < Fe—Napicas and Fe-Opasal < Fe—Oapica) is 0bserved in the
ion center containing a unidentate binding carboxylate ligand bluish purple form of4, which has similar geometry around
has been found in soybean lipoxygenase-I (reported by Amzelthe Fe center. Another penta-coordinated Fe(ll) center with a
etal).® The iron atom is coordinated by the® ligand donor N»O; ligand donor set consisting of two histidyl nitrogen atoms,
set consisting of three histidyl nitrogen atoms and the unidentatetwo water molecules, and a unidentate carboxylate oxygen
carboxylate oxygen atom originating from the COOH terminus (glutamate) has been observed in 2,3-dihydroxybiphenyl 1,2-
dioxygenase. The geometry of the Fe(ll) ion is best described
as a slightly distorted square pyramid, and the carboxylic oxygen
atom serves as an equatorial ligafi#l.

4 (bluish purple)

(28) Egan, J. W.; Haggerty, B. S.; Rheingold, A. L.; Sendlinger, S. C;
Theopold, K. HJ. Am. Chem. S0d.992 112, 2445.

(29) Fujisawa, K.; Tanaka, M.; Moro-oka, Y.; Kitajima, N. Am. Chem.
So0c.1994 116 12079.

(30) The tetrahedral Fe(ll) complek(colorless form) yields neither the
dioxygen adduct nor the MeCN adduct, although it gives the pyrazole . . . .
adduct 5, which is strongly stabilized by the hydrogen-bonding By using a novel hindered tris(pyrazolyl)borate ligand, HB-
interaction between the carboxylate oxygen atom and the pyrazole (3-tBu-5-iPrpz}, a series of monomeric ferrous complexes
NH. In contrast, the dioxygen adduct detectable complexes such as including acetate, hydroxide, and benzoylformate ligands have

| = 3 -
f,,‘;‘ggfﬁ”gﬁf’tie"’fé’ﬁ)glséﬁndir',:g Sligfg?nﬁngFféﬁngﬁ(ii and been synthesized as structural models for the active sites of the
the dioxygen adducts are suggested to have 6-coordinate Fe(lll) mononuclear non-heme iron enzymes.
centers. Therefore, we speculate that the steric demand becomes a The structures of the hydroxo and benzoylformato complexes
dominant factor for reactivity toward dioxygen. However, we have .

have been determined by X-ray crystallography. In the case of

not performed yet a theoretical study about the possibility of formation h vast
of a 5-coordinate Fe(lllrsuperoxo species. the benzoylformato complexes, three different coordination

Summary and Concluding Remarks
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structures of the benzoylformate ligand are observed. The Fe(ll) complexes possible, while the reactivity of the Fe(ll)
interatomic distances between the iron atoms and the hydroxylcenter toward dioxygen is reduced.

and the carboxyl oxygen atoms might be influenced by the
coordination geometry of the Fe(ll) ions.

The benzoylformato complex exhibits thermochromism whic
depends on the coordination mode of the benzoylformato ligan
Variable-temperaturéH-NMR experiments reveal clearly that
the change of the electronic density on the benzoylformate
moiety is caused by the change of the coordination structure of
the benzoylformato ligand attached to the iron center. On the
basis of structural and spectroscopic studies, the bluish purple Supporting Information Available: TablesS-1-S-5, containing
color in the chelated benzoylformato complex is considered to a summary of the X-ray analysis, isotropic and anisotropic thermal
be due to metal to ligand charge transfer arising fromsthe  parameters, and interatomic distances and bond angles, and Figures
electron Conjugation between pheny| aoneketo Carboxy”c S-1-1-S-1-4, containing ORTEP diagrams including all non-hydrogen
groups due to the planar configuration of the benzoylformate &tom labels, for3, 4-MeCN (colorless form)4-CsH.. (bluish purple
moiety. form), and5 (28 pages). Ordering information is given on any current

The highly sterically demanding HB(3-tBu-5-iPrpzigand masthead page.
makes the formation of the tetrahedral and trigonal bipyramidal 1C960903M
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