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Low-spin complexes of iron(lll) chiroporphyrin, obtained fromRjicis-caronaldehyde acid methyl ester and
pyrrole as the atropisomer, with R-imidazoles and cyanide have been studied by means of 1DahNNMB
spectroscopy. A complete spectral assignment of resonances has been done on the basis of observed scalar,
NOE, and EXSY correlations in 2D COSY and NOESY experiments. The chemical spiftgyrrole resonances

have been used as a sensitive probe of electronic state of iron(lll) metal ion. Cyanide anion coordination both
in methanol and methylene dichloride results in formation of bis(cyanide) low-spin complexes with thedyg#(d

(dyy)* electronic ground state, revealed by pyrrgléd resonances at 11.12 and 10.56 ppm at 293 K, whereas
imidazole and 1-methylimidazole produce the bis-ligated complexes with t))&dg,d,,)° ground state. In case

of sterically hindered imidazole derivatives, i.e., 2-methylimidazole and 1,2-dimethylimidazole, two rotational
isomers have been observed at 293 K. Both electronic configurations contribute to the ground state of metal ion
for the latter. The steric bulkiness of 2-methylimidazole (or 1,2-dimethylimidazole) is required to freeze a favorable
configuration, even at room temperature, providing the perpendicular orientation of two imidazole planes which
seems to be instrumental in the stabilization of the ragg(@f(dy,)* electronic state.

Introduction Chart 1

Our approach to produce an asymmetric metalloporphyrin
catalyst is to attach bulky substituents on chiral centers near
the plane of the tetrapyrrolic ring, as close as possible to the
metal atom to maximize steric interaction with incoming
substrate. We have shown that a chiroporphyrin catalyst
possessing these topological features can be easily constructed
from a chiral cyclopropanecarbaldehyde derivaivéhe pro-
totypic tetramethylchiroporphyrin, TMCRHcan be obtained
from (1R)-cis-caronaldehydic acid methyl estend pyrrole as
the desired,-symmetricoSo atropisomer, which exhibits a
cleft along amesodiagonal on each face of the macrocycle.
This chiroporphyrin unit possesses multipoint binding properties
with potentially important applications in chiral recognition of
axial ligands (Chart 1).

Thus, the ruthenium(ll) complex (TMCP)R{CO) demon-
strates enantioselective binding of chiral aliphatic alcohols,
which results from different van der Waals contacts with the
n-alkyl substituents for each enantionfeiOn the other hand,

the cobalt(lll) complex (TMCP)CoCl binds chiral primary

amines in an irreversible, nonenantioselective reactiohijle

the zinc(ll) complex of the relategtnitrophenylchiroporphyrin

undergoes a drastic shape change from an “open” to a “closed”
" - form upon binding of a pyridine ba$e.Taking into account

umv@ﬂ?r& mrglcr:gw; Jceg?hjﬁogginéereigﬁw be addressed: L.L-G., he remarkably different receptor properties of thes-e two d
t Abbreviations used: P, porphyrin dianion; TPP, 5,10,15,20-tetraphe- TMCP complexes, we have now extended our studies to the

nylporphyrin dianion; OEP, octaethylporphyrin dianion; TAP, 5,10,15,20- coordination chemistry of ™iron(Ill) chiroporphyrins. In

tetraisopropylporphyrin dianion; TMCP, chiroporphyrin dianion. iti i i ; i ; i
® Abstract published imdzance ACS Abstractjovember 15. 1997. addition to their possible enantioselection properties, these iron
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by bulky alkyl groups may profoundly influence electronic and
catalytic properties of the resulting iron tetralkylporphyrins.

Generally sterically demanding groups at the porphyrin periph-

Wolowiec et al.

ligation and the fine details of the electronic structt#&’ In
the tetrarylporphyrin series the rare,£f)*(dx)* ground
electronic state has been stabilized by ligands which are

ery introduce an extensive nonplanar distortion of the relatively simultaneously weak-donors and strong-acceptors such as

flexible porphyrin macrocyclé-1! Conformationally con-

t-BUNC, 4-CN-Py, and P(OMgpPh23-25 On the basis of EPR

strained porphyrins and metalloporphyrins have been proposedstudies, the analogous ground electronic state was assigned to
as model systems to study the electronic consequences of rindow-spin iron(lll) chlorins for any low-spin type ligarid>27

deformations? The conformational flexibility of the porphyrin

Recently we have proven that the controlled modification of

macrocycle has been considered as means of control of redoxthe tetrarylporphyrin periphery by addition of the quinoxaline
spectroscopic, and catalytic properties of metalloenzymes orfragment also results in stabilization of the low-spin iron(lll)

metalloporphyrin® 15 including the electronic structure and
chemistry of the ferryl porphyrin cation radicals intermediates
involved in catalytic oxidatio®17

(dkdy)*(dyy)* ground electronic state, even in the presence of
the axial cyanide ligané?
In the extensive studies on low-spin bis(R-pyridine)iron(l11)

IH NMR spectroscopy has been shown to be a uniquely tetrarylporphyrins Walker, Scheidt, and co-worké# have
sensitive method for detecting and characterizing iron porphy- demonstrated that the stabilization of thedg)*(dy,)* electronic
rins. The hyperfine shift patterns that have been recorded for state is related to a relative perpendicular orientation of two

paramagnetic iron porphyrins are sensitive to the iron oxidation,

spin, and ligation statt:® Recently we have examined high-
spin iron(lll) complexes of chiral porphyrf and the corre-

planar axial ligands along with an extensive§-ruffled
porphyrin core. The planar axial ligands are located in
perpendicular planes over theesopositions in grooves formed

sponding bis-alcohol adducts characterized by a low-spin grounddue to the porphyrin distortion from planarity.

electronic state which is unusual for such a ligafibnin this
work we have focused on the low-spin derivatives produced
by coordination of cyanide or imidazole derivatives.

Typically the ground electronic state of low-spin iron
porphyrins evolves between two extreme cases, ikg(@ky,)*
and (ddy)*(dx).?126 A large variety of axial ligands have

Nakamura et al. have shown that the steric interaction between
methyl of coordinated 2-methylimidazole anteseisopropyl
substituent of iron(lll) tetralkylporphyrin or 2-methylbenzimi-
dazole and ortho methyl protons of tetramesitylporphyrin
stabilizes this unusual electronic structéfeBoth species, i.e.
[(TAP)FE" (2-MelmH)]* and [(TMP)Fd!'(2-MeBzImH)],*

been probed in order to elucidate the relation between the demonstrated the pyrrole resonances near or in diamagnetic
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region which may suggest the contribution of thedg)*(dx,)*
electronic staté®

In light of these investigations thefaj3 atropisomer of
tetramethylchiroporphyrin (@)-cis-caronaldehydic acid methyl
ester at themesoposition) seems to be perfectly suited to
promote the less common ground state of low-spin iron(lIl)
porphyrins. Themesaalkyl substituents form a groove on each
face of the porphyrin what may stimulate the perpendicular
orientations of intrinsically planar axial ligands with their planes
located above thmesopositions although the flexibility of the
structure remains to be evaluated. The strongly ruffled con-
figurations of chiral porphyrin, associated with the bulkiness
of mesosubstituents, have been established by means of X-ray
crystallography for (TMCP)RY(CO)(GHsOH) and (TMCP)-
Felllc|_5,6,20

Here we report a detailed examination of theNMR spectra
of a variety of low-spin bis(R-imidazole)iron(lll) chiroporphyrin
complexes in order to elucidate an impact of the porphyrin
structure on the electronic properties of the low-spin iron(lll)
complexes.

Results and Discussion

Symmetry Analysis. The stereochemistry of equatorially
coordinated chiroporphyrin (TMCP)&X, (X = axial ligand)
can be anticipated by considering the X-ray structures of
(TMCP)RU'(CO)(EtOH) and (TMCP)FECIL.82° There the
cyclopropyl substituents of the ruffled porphyrin are oriented
alternatively toward either face of the macrocycle. Tdie
configuration of ester and porphyrin groups on each cyclopro-
pane constrains the methyl ester groups to lie on the porphyrin
ring, with carbonyl oxygen atoms nearly eclipsing four pyrrole
carbon atoms. One methyl of tigemdimethyl group in each
cyclopropane also lies over the porphyrin ring, thus defining a
C,-symmetric deep groove of ca—2 A width along the Giess—
CnesoaXis.

(27) (a) Stolzenberg, A. M.; Strauss, S. H.; Holm, R. H.Am. Chem.
Soc.1981, 103 4763. (b) Coulter, E. D.; Sono, M.; Chang, C. K;
Lopez, O.; Dawson, J. Hnorg. Chim. Actal995 240, 603.

(28) Wojaczymski, J.; Latos-Gragski, L.; Glowiak, T.Inorg. Chem, in
press.
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Molecular mechanics calculations have been used to visualize
the representative structures. In a minimization procedure we
have used the standard MMparameterization of the Hyper-
chem program with an exception for the iron coordination
surrounding where we have imposed constraints on bond
distances consistent with the low-spin iron(lll) st&t€? As a
starting point of molecular mechanics calculations the X-ray-
determined structure of a high-spin iron(lll) chiroporphyrin has
been applied® The planar axial ligands have been initially
located in the prearranged equatorial ligand grooves perpen-
dicularly to each other over the pfescCmeso lines. The
originally D, symmetry of a [([TMCP)F#] fragment can be
lowered considerably due to the axial coordination.

For the sake of systematization the axial ligands can be
classified depending on their intrinsic symmetry as follows:
cylindrical, C; planar,C,-symmetrical with respect to the
coordination axis, & planar asymmetrical, & nonplanar
asymmetrical, A. Therefore, the low-spin iron(lll) chiropor-
phyrin complexes will fit in the types (TMCP)EgC),, (TM-
CP)F&!(Sy)2, (TMCP)F&!(A,),, (TMCP)Fé! (A,)(C), and (TM-
CP)Fé'(A), with respect on the axial ligand symmetry (only
those combinations are given which were detected in the course
of our investigations). To probe the low-spin complexes we
have used the following ligands (in parentheses their classifica-
tions for the dynamically rigid structures are given): cyanide
(C), 1-methylimidazole, 1-Melm, and imidazole, ImH S
2-methylimidazole, 2-MelmH, and 1,2-dimethylimidazole, 1,2-
diMelm (Ap), and previously investigatétl methanol (A).
Schematic views of the representative structures of [[TMCP)-
Fe''(1,2-diMelm)]* as obtained by molecular mechanics are
presented in Figure 1. Complexes are shown in two essential
projections presenting the top and side views of the chiropor-
phyrin. The point symmetry of each species and the predicted Figure 1. Schematic views of the representative [(TMCP)Eg2-
number of'H resonances are collected in Table 1. diMelm),]* structure (isomet) as obtained by molecular mechanics.

One-Dimensional™ NMR Studies of Low-Spin Iron(lll) The complexes are shown in two essential projections presenting the

Chiroporphyrin.  The NMR spectra of six-coordinate low-spin top and side views of the chiroporphyrin.

iron(lll) chiroporphyrins have been analyzed in the context of Table 1. Symmetry-Implicated Multiplicity ofH NMR

the symmetry resulting from the axial ligation. Addition of an Resonances for (TMCP)MeBis-Ligated Complexes

excess of potassium cyanide to a solution of (TMCE)Ekin no. of resonances

methanold, results in its conversion to a six-coordinate low-

spin complex: [(TMCP)P&(CN),]-. A titration of (TM- — sym pyrole 1'CH 2.CH 4CH 5:Chy OCHs

CP)Fd'Cl with (TBA)CN in dichloromethanel produced [(TMCP)Fe"] D 2
TMCP)Fe!(CN);] - as well. Usually low-spin iron(lll (IMCRIFECr & 4

[(TMCP)Fe(CN)]~ as well. Usually low-spiniron(lll) por-  (rycpjrai(c), D, 2

phyrins, formed by coordination of two cyanide ligands, result (TMcP)Fé'(S,); D, 2¢

in very narrow, paramagnetically shifted resonances due to the(TMCP)Fe (Ap).l® C,  4°

optimal relaxation properti€®. The representativéH NMR gmgggigﬂgﬁr’gfg 82 gf

spectra for ['(TMCP)F’é(CN)z]‘ a.re shoyvn in Figure 2. (TMCP)Fé”(A)"Z Ci 8
The peculiar sets of two downfield-shifted pyrrole resonances o d al he i lindric licand bond® .

at 13.7 and 13.2 ppm (at 233 K in methawig)-is of importance C; axis oriented along the irercylindric ligand bond? C; axis

. . oriented along the N—N3 pyrrole nitrogens¢ C, axis oriented along
to describe the electronic structure. These resonances argyq No—Ni4 pyrrole nitrogens? Equivalent pyrrole protons [2-H, 3-H,

accompanied by a strongly downfield shiftedH resonance 12-H, 13-H], [7-H, 8-H, 17-H, 18-H]¢ Equivalent pyrrole protons [2-H,
and a group of four remainingesealkyl resonances crowded  3-H], [7-H, 18-H], [8-H, 17-H], [12-H, 13-H]! Equivalent pyrrole
in the diamagnetic region. A comparison of the spectra collected protons [2-H, 13-H], [3-H, 12-H], [7-H, 8-H], [17-H, 18-H].

in dichloromethane, and methanotl; reveals substantial
differences in isotropic shifts. Particularly, a spectacular sign
reversal of isotropic shift of pyrrole resonances is observed,
which can be accounted for by hydrogen bonding which is
present in methanol but is absent in dichloromethane. It was
already demonstrated that hydrogen bonding to the cyanide

ARANNRRNR
AANNRERPNR
ARANNRRNR
ARNNRRENR
AANNRRLPNR

ligand caused general decrease of the [(TPPJE&),]~
isotropic shifts®22 Recently this observation has been attributed
to the increasing contribution of the{d,)*(dx,)* component

in the ground electronic staté.

Titration of imidazole or its methylated derivatives to
(TMCP)Fé'Br converts high-spin iron chiroporphyrin into the
respective low-spin counterparts. The complete conversion has
been achieved for a 1:4 (TMCP)EBr:R-imidazole molar ratio

(29) Scheidt, W. R.; Lee, Y. Btruct. Bondingl987, 64, 1.
(30) Munro, O. Q.; Marques, H. M.; Debrunner, P. G.; Mohanrao, K.;

Scheidt, W. R.J. Am. Chem. Sod.995 117, 935. even for the most sterically hindered 1,2-diMelm. In each
(31 Wojaﬁzyrsski, J; Wobg\{ieﬁ, g:.; LatIOS-GraSki, L.; Simonato, J. P.; investigated case we have confirmed the coordination of two
Marchon, J.-C. Unpublished results. _ ; - . e
(32) (a) La Mar, G. N.; Del Gaudio, J., Frye, J.8ochim. Biophys. Acta </ ligands by mtegrag:)n of the pyrrole and R-imidazole
1977 498 422. (b) La Mar, G. N.; Viscio, D. B.; Smith, K. M.;  ligand resonances. Th& NMR spectra for a series of

Caughey, W. S.; Smith, M. LJ. Am. Chem. Sod.978§ 100, 8065. [(TMCP)F€" (R-Im);]* complexes are shown in Figure 3. The
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Figure 2. 300 MHz *H NMR spectra: (A) (TMCP)P&(CN),]~ in pyrr
methanole, at 233 K; (B) [(TMCP)F#& (CN),]~ in dichloromethane-
d; at 273 K. Resonance assignments follow those used in the text. In 1-H
each case, where a group of protons contributes to a single resonance, )
the label of the representative member for the set is only given. Asterisks
indicate solvent (A) or solvent and TBA resonances (B).
resonance assignments which are given above selected peaks y 40 20 °
have been made on the basis of relative intensities, line width 8 [ppm)

analysis, and 2D NMR experiments. The labeling is made Figure 3. 300 MHz'H NMR spectra: (A) TMCP)P&(1-Melm),]™,
according to Chart 1. In agreement with our classification, (B) [(TMCP)Feé'(2-MelmH)]*, and (C) [(TMCP)F¥(1,2-diMelm}]*
which correlates the symmetry of axial ligands and the in dichloromethanet; at 273 K. Resonance assignments are as in Figure
multiplicity of observed resonances, the generated Complexesz' The crowded region of eight pyrrole resonances is labeled schemati-
are assigned to the following categories: (TMCP)Ee),, cally pyrr.

[(TMCP)FE"'(CN);]~; (TMCP)Fe"(Sy)2, [(TMCP)Fé!'(1-

separated sets of resonances corresponding to the (TM&P)Fe
Melm),]*, [(TMCP)Fé" (ImH),]*; (TMCP)Fé! (Ap)2-1 and (TM-

(Ap)2-l and (TMCP)F¥ (Ap).-lIl geometry, respectively. We

CP)Fe! (Ap)-Il, [(TMCP)Fe' (2-MelmH)] ¥, [(TMCP)Fé'(1,2- could easily distinguish these sets based solely on the corre-

di-Melm)]*. sponding intensities ratios as their populations are different and
Spectral patterns determined for the less sterically hindered temperature dependent.

imidazoles (ImH, 1-Melm) appeatr, at first, contradictory to the
elaborated correlation (Table 1). To reconcile these differences
we have to consider a possibility that thé NMR experiments

do reflect areffectve symmetry, which for a given system may
be higher than predicted solely for a rigid structure. The fast
rotation around the FeN(R-imidazole) bond generates, as a
resultant, the (TMCP)PHS,), type spectrum. The steric
hindrance of 2-MelmH and 1,2-diMelm slowed down such a
rearrangement to an extent that two isomers gave two well-

To complete the overview of all accessible coordination
environments we have made an attempt to generate a spectrum
corresponding to the (TMCP)[¢A)(C) pattern. Titration of
[((TMCP)F€" (1,2-diMelm)]* with (TBA)CN produces, apart
from already characterized [(TMCP)YEECN),]~, the mixed-
ligand complex [(TMCP)P&(1,2-diMelm)(CN)] (Figure 4).

This species reveals a predicted spectral pattern of four 1
resonances. The pyrrole resonances are partially covered by
the TBA countercation lines. Hence a single sterically hindered
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Figure 4. H NMR titration of [(TMCP)Fd'(1,2-diMelm)]™ with : T v
(TBA)CN in dichloromethanel, at 293 K. The spectrum demonstrates
the stage ([(TMCP)FPEJCI:CN~:1,2-diMelm molar ratio 1:1.2:2.5)
where the mixed-ligand species [(TMCP)H&,2-diMelm)(CN)] pre- 200
dominates in the system. The inset demonstrates the fragment of the J A o
spectrum at 223 K with four well-separated-H resonances of : ©  meso1-H

[(TMCP)Fé" (1,2-diMelm)(CN)]. 150 °
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ligand induces the porphyrin deformation and generates a barrier
of rotation, which is sufficient to stabilize a position of the 1,2-
diMelm plane in the structure.

The effects of temperature on thigl NMR spectra of
[(TMCP)FE"(CN);]~ and [(TMCP)F# (1,2-diMelm)]* are

;
[}

chemical shift [ppm)
3
1

PRI S g

o
1

shown in Figure 5, where the pyrrole andH chemical shifts Beym

are plotted versus T/ In general these plots are not linear as

would be expected according to the Curie law for simple -501

paramagnetic complexes. Rather they show noticeable curva-

tures. The curvature in Figure 5 can be ascribed to the effects -100 . T - T - !
[0}

related to the thermal equilibrium between two alternative
electronic states (§2(dxdy2)® < (dxty)*(cyy)* of low-spin iron-
(1) porphyrins (vide infra). e
. I _Qni and 1-CH resonances of [[TMCP)HE¢CN),]~ in methanole, and (B)
2D NMR Studies of (TMCP)Fel! (S, Low-Spin Iron(lll) pyrrole and (C) ECH resonances of [(TMCP)#¢1,2-diMelm}]* in

Chiroporphyrin. -~ The complete assignments of resonances gichioromethaneb. The individual assignments are shown in the figure.
required an application of two-dimensioAbl NMR techniques.

Routinely the 2D NMR spectra have been collected at several of pyrrole rings and thenesosubstituents: 3-H5-(5-Me),
temperatures to achieve the optimal spread of the one-7-H—5-(2-H), 3-H—5-(1'-H), and 7-H-5-(1'-H). Eventually
dimensional spectrum prior to two-dimensional analysis. Here we have identified two crucial cross-peaks 3-H—5-(5-Me),
we present only the most fundamental steps of the resonanceandc, 7-H—5-(2-H), which allowed the recognition of 2-H and
assignments carried out in the representative case of [[TMCP)-7-H in the one-dimensiondH NMR spectrum (Figure 3, Table
Fe''(ImH),]* as shown in the combined COSY/NOESY map 2). Accordingly the resonances at13.55 and—13.12 ppm
in Figure 6. (263 K) correspond respectively to the [2-H, 3-H, 12-H, 13-H]
Generally, to simplify the discussion of 2D NMR spectra, and [7-H, 8-H, 17-H, 18-H] groups of pyrrole protons. The
we will usually list only one of a set of symmetry-equivalent spatial contacts within thenesealkyl protons are pronounced
pairs of protons engaged in exchange or scalar or dipolar via the cross-peald between H and 3-Me and two cross-
coupling (Table 1). The analysis of the structural models of peaks correlating’@ve—5'-Me and 4-Me—6'-Me resonances
[(TMCP)F€" (ImH),] ™ predicts that the NOESY spectra may (not labeled). Additionally, the EXSY peakbetween the 5-H
exhibit through-space correlations between the protons in proton of free and coordinated ImH provided support for the
adjacent pyrrole rings, e.g. 2-H8-H and between the protons  assignment of the axial ligand resonances. The observed COSY/

1000/T
Figure 5. Temperature dependence of the chemical shifts of (A) pyrrole



5766 Inorganic Chemistry, Vol. 36, No. 25, 1997

Wolowiec et al.

Table 2. *H NMR Chemical Shift Data at 293 K for the Studied Complexes

locant
ligand B-pyrrole 4-Me 5-Me 6-Me I-H 2-H
CN~ (KCN in MeOD) 11.12; 10.56 (av 10.84) 0.9 5.31 6.92 101.87 2.76
CN- ((TBA)CN in CDCl;) 3.57 (7,8,17,18); —-0.65 2.57 a 69.12 1.00
3.23(2,3,12,13) (av 3.40)
1,2-diMelm
|d —4.93 (7,8);—4.08 (2,13); —5.24 (15,20); 0.78 (15,20); 1.37 (15,20); 55.73 (15,20); —0.40 (15,20);
—0.99 (3,12);—0.66 (17,18) 2.75 (5,10) 2.59 (5,10) 5.65(5,10) 41.12(5,10) 1.95 (5,10)
(av—2.67) (av—1.25) (av 1.69) (av 3.51) (av 48.44) (av 0.78)
e —4.95 (12,13);-2.44 (8,17); —2.97 (5,20); 1.23(5,20); 3.5(5,20); 57.49(5,20); —0.99 (5,20);
—1.79 (2,3);—0.20 (7,18) 0.42(10,15) 2.29(10,15) 3.5(10,15) 43.37(10,15) 2.3(10,15)
(av—2.35) (av—1.28) (av 1.76) (av3.5) (av 50.43) (av 0.66)
2-MelmH
If —7.83;—7.22¢ —4.11,-4.11 —4.56;2.95 0.2;2.07 b 41.12;28.1 —0.55;2.2
(av—5.81) (av—0.81) (av 1.14) (av 34.61) (av 0.83)
119 —7.83;,—5.94f —5.08;—-3.7Z —2.44;0.96 0.56; 1.69 41.77; 29.95 —1.17;1.77
(av—>5.64) (av—0.74) (av 1.13) (av 35.86) (av 0.30)
1-Melm" —8.31(2,3,12,13); 0.52 157 2.88 23.96 0.36
—8.18 (7,8,17,18) (av-8.25)
ImH —10.16 (2,3,12,13); 0.3 0.96 3.54 15.83 0.53

—9.97 (7,8,12,18) (av-10.07)

aNot assigned® Not assigned at 293 K.Connected to each to other via scalar cross-peak in the COSY speétriithe axial base resonances
were identified as follows: d) 0.26 (2-Me), 9.49 (4-H)~0.32 (5-H), 4.15 ppm (N-Me);€) 0.52 (2-Me), 8.21 (4-H)~0.82 (5-H), 3.74 ppm
(N-Me); (f) 11.77 ppm (4-H); ¢) 10.49 ppm (4-H); If) —15.68 (2-H),—1.64 (5-H), 11.04 ppm (N-Me);\ —14.41 (2-H), 2.02 (4-H), 1.24 ppm

(5-H).

5-Me
5-H(ImH)

6-Me

1-H(ImH) \

4.5-H(ImH),

2-H(tmH)

2-H(ImH), 2-H

N

7H

R |- 10
. / noesy |

10 ]

1 »

Figure 6. 2D 'H NMR spectra of [(TMCP)F&(ImH),]* in dichlo-
romethaned, at 263 K. The upper left triangle presents the COSY map,

and the bottom-right part demonstrates the NOESY experiment. The

most characteristic cross-peaks are labeled as follows. CGSY'-
H—2'-H. NOE: b, 3-H-5-(5-Me) (equivalent to (2-H20-(5-Me));
¢, 7-H-5-(2-H); d, 1'-H—5-Me. EXSY: e, 5-H(ImH)—5-H(ImH).

NOESY pattern of cross-peaks is fairly reproducible for all other
systems studied here. The 2-'-Me and 7-H-2'-H cross-
peaks in relevant NOESY maps are of particular importance

MelmH);]* and [(TMCP)F#'(1,2-diMelm)]*. As a matter of
fact, we have used the [(TMCP)E@mH),] ™ complex to search
for optimal conditions of NOESY experiments which would
be appropriate for low-spin [(TMCP)E¢R-Im),]* complexes
in general. The observation of the NOE cross-peaks for the
low-spin bis(R-imidazole)iron(lll) porphyrins depends strongly
on the selection of the experimental parameters, i.e. a mixing
time, the block size, and the spectral bandwidth. Their values
are determined by intrinsic properties of the investigated species
as expressed by the relevantandT,* values. In general we
have followed the recipes elaborated for bis(R-imidazole)iron-
(1) tetraarylporphyrins by Simonis, Walker, and co-work&rs
as a guidelines for the parameter choice (the acquisition time
in t, ~ 1.5Ty; the acquisition time irt; ~ (1/2)ts; 7 1.15—
1.3T; of the shortest; of the coupled pair). Approximaté;
relaxation times for pyrrole resonances of [(TMCP)Fk2-
diMelm);]* equal 50 ms. Apparently, the relaxation times are
favorable for NOE correlations in comparison to previously
investigated sterically hindered bis(R-imidazole) low-spin iron-
(1) tetrarylporphyrins33

Figure 7 presents NOESY/COSY spectra of [(TMCH)Fe
(2-MelmH),]* collected at 273 K. Previously in the one-
dimensional spectra we have unambiguously identified two well-
defined subsets of resonances assigned to two isomers. Within
each nonequivalent pyrrole ring the pyrrole protons are expected
to be scalarly coupled with an approximate 5 Hz coupling
constant. Cross-peaks on the COSY map (the lower fragment
of Figure 7) reveal pairwise scalar coupling between symmetry-
unequivalent protons located on the same pyrrole ring i.e. (2,3),
(12,13) for the isomer [(TMCP)EE2-MelmH),] ™I and (7,8),
(17,18) for the isomer [(TMCP)Hg2-MelmH)]*-Il. Thus, the

and can be considered further as a convenient starting point inPyrrole resonances without scalar correlation to any other pyrrole

the spectroscopic analysis.
systems of the (TMCP)EC), and (TMCP)F# (S), symmetry
types, i.e. (TMCP)P&(CN),]~ and [(TMCP)Fé&' (1-Melm)] ™,
respectively, as well as for the systems with restricted rotation
around the axial coordination bond (2-MelmH, 1,2-diMelm).
2D NMR Studies of (TMCP)Fé" (A), Low-Spin Iron(lll)

Chiroporphyrin. The relatively simple case of [(TMCP)He
(ImH)]* has established a background for the analysis of the
more elaborate situation encountered for [(TMCP)ge

They were observed for other

resonance could be unambiguously assigned to two other pyrrole
rings for each isomer. Characteristic sets of cross-peaks due
to coupling between protons of each alkyl substituent have been

(33) (a) Walker, F. A.; Simonis, W. Am. Chem. Sod991 113 8652.
(b) Lin, Q.; Simonis, U.; Tipton, A. R.; Norvell, C. J. Walker, F. A.
Inorg. Chem 1992 31, 4216. (c) Simonis, U.; Dallas, J.; Walker, F.
A. Inorg. Chem.1992 31, 5349. (d) Simonis, U.; Lin, Q.; Tan, H.;
Barber, R. A.; Walker, F. AMagn. Res. Cherml993 31, S133. (e)
Tan, H.; Simonis, U.; Shokiriev, N. V.; Walker, F. A. Am. Chem.
So0c.1994 116 5784.
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3 experiment. The most characteristic cross-peaks are labeled as follows.
. COSY: a, I'-H'—2-H'. NOE: b, I'-H"—2"-H"; ¢, 2-H—3-H', d, 7-H'—
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° p p > * projections are as in the text. Thet2 and 2-H" resonances are labeled

. . with A and doublen, respectively, under the 1D projection.
Figure 7. 2D *H NMR spectra of [(TMCP)P&(2-MelmH)]" in

dichloromethaneh at 273 K. The two upper fragments present the I
NOESY map, fﬁ\d the two bottom 0,?55 den?onstratep the cosy Scalar 1-H—2'-H connectivities revealed byandb cross-peaks
experiment. Resonance assignments shown in the one-dimensionafor thel andll isomers, respectively (lower part of COSY map
projections follow those in text. in Figure 8). Cross-peaksandd demonstrate pairwise scalar
coupling between symmetry unequivalent pyrrole protons

established and located in the COSY map for two pairs of located on the same pyrrole ring, i.e. (~B-H), (17-H-18-
unequivalentmesealkyl substituents. H) for the isomerl and (2-H-3-H), (12-H-13-H) for the

The complementary peak assignments have been derived fronisomerll.
the NOESY and ROESY experiments. The NOESY map for  We have observed that temperature effects play a crucial role
[(TMCP)F€" (2-MelmH)] " collected at 273 K is presented at in the NOESY map obtained. Apart from NOE-related reso-
left upper triangle in Figure 7. At that temperature the five nances one can expect EXSY cross-peaks due to two dynamic
groups of EXSY cross-peaks betwegzpyrrole resonances4 phenomena, i.e. an axial ligand exchange between free and
to —10 ppm), 4Me (-6 to 4 ppm), 5Me (0 to 2 ppm), 6Me coordinated 1,2-diMelm and a hindered rotation of coordinated
(2 to 6.5 ppm, peaks not labeled);H (28 to 44 ppm, left inset), R-imidazoles with respect to the F&l(imidazole) axis. Ac-
and 2-H (-1.2 to 2.1 ppm) were observed and, with the cordingly the very intense EXSY cross-peaks are observed
supporting information on their relative intensity, allowed to between all four resonances of each particular set assigned to
separate the porphyrin resonances into subsets correspondingne respectivenesealkyl positions: 6-Me (f), 5-Me (g), 4'-
to two isomerd andll (see labeling at Figure 7). Me (h), 2-H (i), and 1-H (observed but not shown). These

In case of the more sterically hindered imidazole derivative, correlations are created by the internal rotation. The group of
i.e. 1,2-diMelm, the COSY experiment at 293 K provided the eight pyrrole resonances demonstrates a more complicated
unambiguous assignments dfl2 resonances due to observed picture of mutual correlations demonstrating sep&rp7 cross-
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peaks. The missing cross-peak between two the most downfieldproximity between the selected fragments of the complex.
shifted resonances of similar intensity is presumably hidden Consequently, it precludes the unambiguous determination of
under the diagonal trace. Four other cross-peaks of lowerthe 1,2-diMelm ligand orientation with respect to the porphyrin

intensity could be also observed at the lower threshold (not skeleton.

shown). For the suggested rearrangement process one can The spread of resonances within the isofhés smaller, and
anticipate EXSY peaks which internally correlate two pyrrole eventually we have observed the 2-P0-(4-Me) (k) and 2-H-
resonances of a single isomer. Furthermore the external20-(5-Me) (1) spatial contacts. The complete connectivity of
correlation between two isomeric forms is accessible as well. 5- (or 20-)mesoalkyl substituent via then—q relay has been
Each pyrrole resonance which is not scalar coupled, asachieved in case of that isomer. An additional cross-peak
determined previously in the COSY map, reveals one internal (not shown) between 10-(#) and 10-(4Me) confirmed the
correlation, i.e. one cross peak to the other singlet from the sameassignment of peripheral resonances. Two other NOE cross-
isomer, and two external corrections, i.e. two cross peaks to apeaks §l and sll) between N-Me and 2-Me of coordinated
pair of s_calar coupled _p_yrrole resonances identified with the ligand were observed for isomefsand I, respectively. The
second isomer. In addition, a set of three cross peaks betweerthemical exchange was not completely suppressed in the studied
one component of a scalar coupled pair incorporate two externalsystem, and the EXSY as well as combined EXSY/NOE
EXSY peaks with two singular pyrrole resonances of the other cross-peaks were found at 190 K (those are not marked at the
isomer and the internal cross peak between the proton reso-Figure 9).

nances located on the same pyrrole ring. Because of their spatial Rearrangements of Low-Spin Iron(l1l) Chiroporphyrins.
proximity t.he.com.blnatlon of the EXSY and N.OE effectg Can The rotation of 1,2-diMelm or 2-MelmH although relatively
be essential in this case. The ROESY experiment carried OUtglow, as we can see the separate sets of resonance for two
at 293 K (the map not shown) gave identical qualitative results otamers in the very large (18303 K) temperature range, has
as NOESY. At the NOESY map collected at 293 K we have peen confirmed by EXSY resonances at the NOESY spectra
also observed the EXSY cross-peagsbetween free and  (Figures 7 and 8). These are the very first examples of such a
coordinated 1,2-d|M§|mé 3;“3‘;263” exchange is typical for low-  gtapility in the low-spin iron(lll) porphyrin series. Previously
spin iron(lll) porphyrins’®3343+3% We have found it usefulto ¢ has heen reported that coordination of sterically hindered
apply this correlations as effective means of a straightforward jnidazoles to form [(TMP)P8(2-MelmH)y] +,33237a[(TMP)-
assignment of 5-H(1,2-diMelm) related to coordinated 1,2- Fe' (2-MeBzIm)]* 3P and [(TAP)F& (2-MelmH)]*+ 2 induced

diMelm. ) the S, deformation and froze the rotation around the-Rebond
Gradually decreasing the temperature, we were able to follow bt only in low-temperature limits.

systematically positions of all the resonances and to partially
suppress the EXSY cross-peaks providing finally the appropriate
conditions for observation of the NOE effects in the NOESY
experiment. This goal has been achieved at 190 K at excess 0
1,2-diMelm ligand (3:1 1,2-diMelm:(TMCP)Br molar ratio).

The relevant fragment of NOESY map is presented at Figure
9. The relays of the established NOE connectivities are shown
in Figure 10. The cross-peaks labekedh are related to the
isomerl. The 2-H-3-H couple demonstrated scalar coupling
throughout the entire range of temperature (COSY spectra were
taken at four temperatures between 293 and 190 K). Their
assignments have been independently confirmed by NOE cross
peaksa ande which correspond to the 2!H20-(5-Me)' and
3-H'—5-(5-Me) dipolar correlations. The estimated distances,
as found from the molecular model, between pyrrole 2-H and
3-H protons and located in the plane of the porphyrin core 20-
(5-Me) and 5-(5Me) protons are equal 3.51 and 3.43 A,

We assume that the dynamic rearrangement of the otherwise
sterically hindered chiroporphyrins require the intermediate form
fWhich would facilitate the exchange between [(TMCPYFe2-
diMelm),]* isomers. The alternative ruffled structure, which
takes an advantage of the fact that the fence is enlarged only
on one face of the porphyrin, is presented in Figure 11. The
rotation will create successive switching of the up/down ruffling
distortion at the particulameso positions and will be ac-
companied by the displacement of the chiral alkyl substituent
outward of the porphyrin pocket extending its diameter. Such
a sequence of porphyrin rearrangements may facilitate the
‘concerted rotation which preserves the 402-diMelm—1,2-
diMelm dihedral angle. Less sterically hindered 1-Melm or
ImH ligands are not bulk enough to restrain the rotation. It is
tempting to treat this observation in terms of the analogous
mechanism as for 1,2-diMelm, i.e. to include an exchange
between two more stable rotamers via intermediate structures

Wherr?ag those betvlveezr(]) 2‘,1\7 andd3-5H flr\}ld Iocatted over thealthough with a smaller activation energy than for 1,2-diMelm.
porphyrin macrocycle 20-(4e) and 5-(4Me) protons are However one cannot exclude a possibility that an extent of

equal to 3.47 and 3.48 A, respectively. The NOE cross-peaks ruffling in [(TMCP)Fe! (ImH),]* ([(TMCP)Fe! (1-Melm),]*)

b;d, g, dand h \I,Ivmjl'lﬂ tge 1b5ft'_1t959":”‘y| substituents were sy, 0h smaller allowing an unhindered dynamic process. In
observed as well. € o-substitueént resonances Were assigneg, o rq|eyant comparison, the strongly ruffled porphyrin cores

by default. Two other spatial contacts between 17413-(2- were determined for [(TMP)B&2-MelmH),]* 2 and [(TPP)-

H) (f) and 7-H- 5-(2-H) (i) (not shown at Figure 9 but Fe(2-MelmH)]+,3® but almost .

- - , planar porphyrin cores were
observed at th_e lower threshold) completed thg pyrrole/perlpheryObserved for related examples [(OEPYE2-MelmH)]* 3 and
NOE correlation pattern. The estimated distances between[(TMP)Fé”(1_Me|m)2]+_40 There the steric interaction was

?entione?. pylrrola afnd'-2-| prcitons are qulal :jo 2.73 ar;)d t2.8t'1 | partially released either by removing threesosubstituents but
, respectively. Unfortunately, presumably due to substantial preserving the axial ligand, [(OEP)EE@-MelmH),]*, or by

d:cffer_er;clg 'nTcll rel?jxatlonhtlrr_]es bettween thﬁ 2-Me rte%onat\_r]lc%s removing 2-CH group from the axial ligand for the same bulky
of axial igand and porphyrin protons we have not identifiec porphyrin, [(TMP)F& (1-Melm)]*. The recent analysis of
the essential cross-peaks which would point to the spatial

(34) Walker, F. A.; Simonis, U.; Zhang, H.; Walker, J. M.; McDonald  (37) (a) Nakamura, M.; Groves, J. Tetrahedron1988 44, 3225. (b)

Ruscitti, T.; Kipp, C.; Amptuch, M. A.; Castillo, B. V., lll; Cody, S. Nakamura, MBull. Chem. Soc. Jprl995 68, 197.
H.; Wilson, D. L.; Graul, R. E.; Yong, G. J.; Tobin, K.; West, T. J.;  (38) Scheidt, W. R.; Kiner, J. F.; Hoard, J. L.; Reed, CJAAm. Chem.
Barichiewich, B. A.New. J. Chem1992 16, 609. Soc.1987 109, 1963.

(35) Nakamura, M.; Tajima, K.; Tada, K.; Ishizu, K.; Nakamura)iarg. (39) Geiger, D. K.; Lee, Y. J.; Scheidt, W. R. Am. Chem. Sod. 984
Chim. Actal994 224, 113. 106, 6339.

(36) Saterlee, J. D.; La Mar, G. N.; Bold, T.J.Am. Chem. S0d.977, (40) Safo, M. K.; Gupta, G. P.; Walker, F. A.; Scheidt, W.JRAmM. Chem.

99, 1088. So0c.199], 113 5497.
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Figure 9. 2D *H NOESY map spectra of [[TMCP)E¢1,2-diMelm}]* in dichloromethanelk, at 190 K. The most characteristic NOE cross-peaks
are labeled as followsa, 2-H'—20-(3-Me)'; b, 15-(4-Me)'—15-(5-Me)'; ¢, 15-(2-H)'-15-(4-Me)'; d, 15-(6-Me)'—15-(5-Me)'; e, 3-H—5-(5-
Me); f, 18-H—20-(2-H)'; g, 15-(2-H)'-15-(8-Me)'; h, 15-(2-H)'-15-(6-Me)'; k, 3-H'—-5-(5-Me)"; I, 3-H'—5-(4-Me); m, 20-(4-Me)"—-20-
(5'-Me)"; n, 20-(2-H)"—20-(4-Me)"; p, 20-(2-H)"—-20-(53-Me)"; q, (2-H)"—20-(6-Me)". Two other NOE cross-peaksl(andsll) between
N-Me and 2-Me of the coordinated ligand were observed for isorargl ll, respectively.

factors which are instrumental in determination of the core
geometry demonstrated that ligafnglorphyrin nonbonding
interactions includingnesesubstituents are the primary deter-
minant of core conformatioff.

Electronic Structure of Low-Spin Iron(lll) Chiroporphy-
rins. The separation of the dipolar and contact shifts, which is

ground states, we have come to conclusion that the isotropic
shift pattern reflects mainly the spin density distribution due to
the contact mechanism. However, the large difference of the
isotropic shifts determined for'4Me of [(TMCP)Fé'(1,2-
diMelm);]* but not for [[TMCP)Fé&'(1-Melm),] " is due to the
dipolar mechanism and reflects an arrangement of the particular

necessary to elucidate the details of the electronic structure usingnesealkyl group with respect to the shieldingleshielding
the isotropic shifts, by a typical route for tetrarylporphyrins Zones of the complex as regulated by the steric interaction with

systems is not accessible for (TMCPY5€& as themesogroups

the axial ligand.

are flexible and paramagnetically shifted due to a less predictable Generally the ground state of the low-spin iron(lIl) porphyrin
o-delocalization mechanism. It has been demonstrated that thecan be described by two limiting electronic configuratiéhs

major contribution to the isotropic shift of the pyrrole protons
of low-spin tetrarylporphyrins is of contact origt&1° For bis-
(imidazole) complexes with the {)?(dkdy,)° ground state it

(dyy)?(dyby2)® and (ddy,)*(dyy)* clearly distinguishable byH
NMR spectroscopy®23-25 In the first case one can expect the
upfield position of the pyrrole resonances due to—PFe

constitutes ca. 20% of the isotropic shift and produces an upfield delocalization through the ger) filled orbitals of porphyrins.

shift for the pyrrole andmesesubstituent resonances but
definitely a strong downfield shift for the axially coordinated
imidazoles!® The [(TPP)F# (CN),]- complexes presented a
very small dipolar contribution. Generally the negligible dipolar
shift was determined for iron porphyrin systems with the pure
(dxby)*(dyy)* ground staté3-25 Thus the contribution of the
dipolar shift in the isotropic shift of [[TMCP)EEX;] may be
expected to increase in the axial ligand series GND3;0D)

< CN™ (CD.Cly) < 2-MelmH, 1,2-diMelm< 1-Melm, ImH.

In the limits of the dipolar shifts expected for two extreme

In the second case, the specific downfield position of the pyrrole
resonances and strong contact shift ofriesosubstituents are
expected. Such a spin density distribution including the large
spin density atmesopositions is indicative of the (g,;)*(dyy)*
electronic state with the partiaj, ar-cation radical characté:23

In the particular case of the TMCP ligand, the large spin density
at meso positions will translate into the unusually large
downfield shift of the corresponding resonances. Theoretically
the contact shift of methine proton equ&éos 6)p/K, where

Q andK are constants andis 7 spin density at anesccarbor
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Figure 10. Established NOE connectivities (solid arrows) for two
isomers of [[TMCP)F&(1,2-diMelm}] ™.

Hence the shift value depends also on the specific orientation
with respect to the porphyrin macrocycle. This orientation is

conveniently described by a dihedral angle between the plane

determined by the paxis of themesocarbon (Ges) and the
Cmess—C1 bond and the Gese—C1—H bonds. The value of
measured from the models approachédd all investigated
species as required by the tendency of the buligsoalkyl
fragment to be located furthest away from the porphyrin plane.
Consequently the position of the'-H resonances reflects
primary the effects which are related to changes of the spin
density accompanying the modification of the ground electronic

state. We have noticed the interesting relation between the

isotropic shifts of the 1-Hand pyrrole protons. In general the
large downfield isotropic shift of the'H protons was ac-
companied by smaller upfield shift (as far as the absolute value
is concerned) of the pyrrole protons and smaller spread of
R-imidazole resonances.

In the (TMCP)Fé&'X, series we have encountered two

examples relevant to the two extreme ground electronic states

(dxy)?(dxdy2)®, [(TMCP)F€"(1-Melm)]* or even better
[(TMCP)F€"(CDsOD),]*,3t and (ddy,)*(dyy)*, [(TMCP)Fd"-
(CN)z]~ in methanol. ThetH NMR patterns of the low-spin
2-MelmH or 1,2-diMelm complexes corresponds to the inter-
mediate situation where both electronic structures are of
comparable importance.
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Figure 11. Drawing of the [(TMCP)F#(1,2-diMelm)]* structure
obtained from molecular mechanics calculation for the suggested
intermediate of the rearrangement process. The porphyrin ring is
alternatively ruffled with respect to the primary geometry shown at
Figure 1. As the fence is enlarged only on one face of the porphyrin,
the placement of the ligand closer to the thesosubstituent has been
accompanied by the displacement of the chiral alkyl substituent outward
of the porphyrin pocket. Consequently it extends the diameter of the
coordination center and releases the steric congestions.

The curvature of the plots of isotropic shifts V&1,
particularly for the most sensitivé-H resonances and including
anti-Curie behavior for [[TMCP)R&1-Melm)]*, can be ac-
counted for by the complex electronic structure of the investi-
gated species (Figure 5). In the simplest description of the
electronic structure, the populations offé(dkdy,)® and (d.dy)*
(dyy)* electronic states vary according to the Boltzmann distribu-
tion. Generally in the two-level cases the dependence of
isotropic shift onT ~1 tends toward straight line with the average
slope of ground and excited states. At the low-temperature limit
the temperature dependence is mainly determined by the ground
state. Between the two extreme straight line limits The!
plot deviates in general from the Curie 1&%.So assuming the
(dkdy)*(dxy)* ground electronic state for (TMCP)EECN),, one
may expect that primary linear dependence of the isotropic shift
versusT ~1 will deviate toward upfield direction due to the
thermal equilibrium with the (g)%(dxdy)® excited electronic
state. Contrary, the deviation toward downfield direction,
determined for [(TMCP)F&(1-Melm),]*, implies the (gdy)*
(dyy)! excited state.

The intermediate values of thé-#H and pyrrole isotropic
shifts and the deviations from the Curie behavior observed for
the sterically hindered imidazole complexes concur with the
above discussed electronic structure, assuming that they do
correspond to the situation where the populations of both
electronic states are comparable. Finally the contribution of
the dy state may be qualitatively probed by the analysis of the
isotropic shift of the imidazole ligands. It has been demon-
strated that the contact shift results from thetriFer bonding
and is effective when the .dorbitals contain an unpaired
electron, i.e. for the (g)?(dy0y,)® configuration'® On the other
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hand, the unpaired spin density cannot be directly transferredof 2—3 mg of (TMCP)F& Cl in the respective solvent with nitrogen

into the imidazole fragment if the £ail,;)*(d\,)* distribution is bases or (TBA)CN was applied to generate low-spin complexes.
operating. Therefore, the small isotropic shifts of bulky NMR Experiments. *H NMR spectra were recorded on a Bruker
imidazoles reflect a significant contribution of Th&zﬂjz)“(dxy)l AMX spectrometer operating in the quadrature mode at 300 MHz. The
electronic state. residual'H NMR resonances of the deuterated solvents (GHEI

Conclusion. Low-spin iron(lll) chiroporphyrin complexes CHD,0OD) were used as a secondary reference. Magnitude COSY

. : : P : btained after collecting the standard 1D reference spectra.
exhibit considerably different properties in relation to analogous SPectra were o >PEC
low-spin iron(lll) tetrarylporphyrins. One can search for the The 2D COSY spectra were usually collected by use of 1024 points in

. : . t, over the desired bandwidth (to include all desired peaks) witht512
reason of the observed behavior. In the first place the electronic ;s and 46200 scans per block in which 4 dummy scans were

effect of the replacement of the aryl substituents by alkyl groups jncjuded. The repetition time was 200 ms in all cases. Prior to Fourier
seems to be crucial. The importance of this factor is well {ransformation, the 2D matrix was multiplied in each dimension with
illustrated by the upfield pyrrole shifts of cyanide complexes a 30 shifted sine-bell squared window function and zero filled to obtain
observed in this investigation, whereas a downfield shift has a 1024x 1024 word square matrix. The NOESY (NOESYTP) were
been determined for [(TPP)ECN),]~. In the case of the  accumulated by use 512 pointstirand 1024 irt; and 32 scans péf
R-imidazole ligands the impact of porphyrin ruffling is of block. Prior to Fourier transformation the 2D matrix was multiplied
importance. The (TMCP)RE fragment presented some ten- in each dim_ension with a_S&hifted sine-bell squared window funct_ion
dency to assume th& type distortion of the porphyrin core and z_ero-fllled to obtain a 102£_b< 1024 vyord square matrlx.
even if ligands are cylindrical. However the steric bulkiness EXPerimental parameters were varied to obtain the best resolution and
of at least 1,2-diMelm is required to freeze a favorable the signal to noise mode. Usually the repetition time was equal to

. - ! . - 200 ms. The mixing time was varied in the-1550 ms range. The
configuration, even at room-temperature conditions providing

. . . o ; NOESY spectra were processed in the phase-sensitive or magnitude
the perpendicular orientation of two imidazole planes which oges.

seems to be m_strumerﬁ%\ln the stabilization of the rare %7)4' Molecular Mechanics Calculations. Molecular mechanics calcula-
(dy)* electronic state. tions using the HyperChem software (Autodesk) were carried out and
. . displayed on a PC 486 computer. The standard-Mfdrce field, with
Experimental Section the constrains set on the coordination bonds to achieve a low-spin iron-
Materials. (TMCP)Fé'Cl was prepared by iron insertion into  (/ll) porphyrin geometry, has been used as described in the text.
TMCPH? using known procedure?8. Imidazole (ImH), 2-methylimi- )
dazole (2-MelmH), 1-methylimidazole (1-Melm), 1,2-dimethylimida- Acknowledgment. We thank Patrick Dubourdeaux for help
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were prepared by dissolution of-3 mg of the respective high-spin

complex in 0.4 mL of methanal, saturated with KCN. The titration IC970513F



