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Introduction

There is currently a large interest in determining what factors
affect the electronic structure of low-spin hemoproteins. Thus
an attractive attempt regarding the structtiienction relation-
ship is to substitute oxygen by various exogen ligan8sveral
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11,15 all from Escherichia coli to perform diverse biological
reactions. A chlorin is a hydroporphyrin with one reduced
pyrrole double bond. There is currently limited data available
of the physical properties of iron chlorins to explain their
biological properties. In contrast, much more information is
available with iron porphyrins. Thus it has been accepted that
most of the low-spin iron(lll) have a {g)? (dy, dy,)* ground
state. However, we reported that when two moleculetedf
butylisocyanide are bound to ferric tetraphenylporphyrin, the
IH NMR spectrum is indicative of a low spin complex which
shows the chemical shifts of the pyrrole protons in the

&liamagnetic are#:1” The hyperfine shifts were separated into

their dipolar and contact contributions. The separated compo-
nents reflect the very low magnetic anisotropy of the iron, and
the unusual orientation of the unpaired spin density when the
nitrogen axial ligands are exchanged for isocyanide ligands leads
to complete reverse localization. Subsequently, it was recognized
that the unusualH NMR behavior results from the formation

of an unusual (g, dy,)* (dy)* ground staté®2° It should be
underlined that a similar (g dy;)* (dy)?! situation was also
reported with low-basicity cyanopyridine complexation to
ferriporphyrins. The change in ground state of low-spin iron-

small nonphysiological ligands have been examined by various(”') from (dx)? (dez, dy2)° to (dhe, dy2)* (dy)* electron config-

spectroscopic methods in hope of gaining information about

structural and reactivity perturbations of the heme environment.

Examples using iron porphyrin models include mainly carbon

monoxide, cyanide, isocyanides, and to a less extent phos-

phines? So far, experimental investigations have mostly focused
on the electronic structure of low-spin iron(lll) porphyrihs.
Studies of the electronic structures with simple iron chlorins
which might serve as models for naturally occurring iron chlorin
proteins have been more limitéd!® This is related to the
synthetic difficulty of preparing pure compounds due to the
oxygen sensitivity of reduced macrocycle.

Nature utilizes iron chlorins such as heme d, found in a
terminal oxidase compleX, or a catalase, hydroxyperoxidase
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uration occurs progressively through the series of pyridine
complexes of both Fe(ll)TPP and Fe(ll)TMP complexes, the
low-basicity pyridines stabilizing the unusuak4ddy;)* (dxy)*
state32°The axial EPR spectra, with, > g, are also indicative

of a (A, dy,)* (dyy)* state. With the TPP compound, the X-ray
structure shows that the two axial ligands have relative
perpendicular orientations along with an extensivepy8fled
porphyrin core which is related to electronic factors rather than
steric factors. This electronic contribution may be due to the
partial delocalization of the (¢! unpaired electron into the 3a

(,r) orbital of the porphyrin ring, which is made possible by
the twisting of the nitrogen jorbitals of the nitrogen out of
the plane of the porphyrin ring, as suggested recéflyhe
Md&ssbauer spectrum shows also an unusually small positive to
large negative quadrupole splitting in the ferric tetraphenylpor-
phyrinato complexes.

To find out the general conditions for the formation of low-
spin ferric chlorin complexes with the g% (dx;, dyz)° or
(dyz,0y2)* (dyy)* ground state, we have decided to examine a large
series of low-spin iron(lll) chlorin complexes bearing various
different axial ligands by means ofH NMR and EPR
spectrocopies and X-ray crystallography. We previously ob-
served an unusual electronic structure for [(TPCHB2(NC),]-
CRSGO; by 'H NMR.2! We have now further extended our
studies to the preparation and complete spectral characterization
(NMR and EPR) of [(TPC)Fe(PPh(M#g)]CFsSG;. Its X-ray
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structure has also been determined which is one of few stuctureTable 1. Crystallographic Data for Fe(TPC)[P(M@hLCFRSO; 2

determinations of a low-spin ferric chlorin complé®. A 2 (CsHio)
comparison with [(TPP)Fe (PPh(M&)JCIO, shows a small empirical formula 2(GHsFeRNLP,05S) V, A3 2796.2(2)
distortion of the chlorin ring in the former compléx. fw 2263.83 z 1
crystal system triclinic p calcd g.cn® 1.345
: : space group P1 wem?t 4.36
Experimental Section a A 14.1570 (4) T 204
General Information. As a precaution against the formation of the b'ﬁ 14.1860 (6) RW 0.187
u-oxo dimer [Fe(TPCYO,”?® all reactions were carried out in dried g” deg 1765'.122072%;3) finaR 0.071

solvents in Schlenk tubes under an Ar atmosphere. Solvents Wereﬁ de 77.913(2)
distilled from appropriate drying agents and stored under argdn. ’deg 63.979(2)
NMR spectra were recorded on a Bruker AC 300P spectrometer in 7. deg '
CD.Cl, or CDCk at 300 MHz. Tetramethylsilane was used as the
internal reference. The temperatures are given within 1 K. EPR spectra
were recorded in CkCl, on a Bruker EMX 8/2,7 spectrometer operating
at X-band frequencies. Samples were cooled to 4.2 K in a stream o
helium gas in frozen C¥Cl,, the temperature of which was controlled

by an Oxford Instruments ESR 900 cryostat. Visible spectra were - A T
y 4 P Fe, N, P, and C atoms, y, zfor triflate anions and riding mode for

measured on a UV|kon.941. spectrometer inCHH . hydrogen atoms; 1320 variables and 8606 observations| witR.0o-
Reagents.The following iron chlorins were prepared by literature (1); calcw = 1/[0¥(Fo)? + (0.125P} + 2.06P] whereP = (Fo2 + 2

methods: (TPC)Fe€l and (TPC)FeCES0;* P(MeRPh is com-  £'3 yith the resultingR = 0.071, R, = 0.187 andS, = 1.029

mercially available. (residualAp < 0.76 eA®). Atomic scattering factors were from the
Synthesis. (TPC)Fe[P(MeypPh], 1. A solution of (TPC)FeCl (0.1 International Tables for X-ray crystallograpfyORTEP views were

g, 0.14 mmol) in dichloromethane was reduced under argon by Zn realized with PLATON98?

Hg amalgam. The solution was then filtered and 8 equiv of dimeth-

ylphenylphosphine added by a syringe to in situ (TPC)Fe species. Results and Discussion

Hexane addition (30 cfp was added gradually and the solution set . .

aside for crystalli(zatio?.] Fine crystalgs were ycollected by filtration. ~ Preparation of Compounds 1 and 2.The synthesis of the

Yield: 0.094 g (70%). UV-vis (toluene): Ama/nm 370 ¢ 13.7 dn# symmetric bis-phosphine species (TPC)Fe(ERh 1 is a

conformationally different cations and the two disordered anibibe

two resulting complexes are designa@l and2B. After anisotropic
frefinement, some peaks were found and assigned to the nonstoichio-
metric pentane (30%). The whole structure was refined by the full-
matrix least-squares technigée@use ofF magnitudey, y, z, §i; for

mmol2 cmY), 444 ¢ 62.4) 569 € 7.9), 609 ¢ 17.1), 654 € 4.3).H variation of our method, previously reported for the synthesis

NMR (8, CDCh, ppm, 273 K): 8.2 (2H, Kx), 7.8 (4H, H), 7.6 (m, of (TPP)Fe(PMgPh),%° and the reduction of Fe(lll) to Fe(ll)

20 H, Hyyrr, Homp), 4.35 (4H, pyrrolidine). Ligand: 6.9 (§, 6.7 (Hy), was carried out with ZrHg amalgam. The compound is

4.9 (H) and —2.35 (Me). FAB MS (W2): [M]* 946.3, [M — obtained as a crystalline solid with 70% yield and characterized

P(Me)Ph]+ 808.3, [M — 2P(Me)}Ph] 670.3. by IH NMR (see above).
[(TPC)Fe(PPh(Me});]CF3sS0; 2. To a solution of 0.1 g (0.12 mmol) Two major difficulties may be encountered in preparing

of (TPC)FeCESQ; in 2.5 mL of dichloroethane was added 2.5 equiv phosphine ferric complexes of chlorins. First, oxidation of the
(43.5uL) of P(Me)Ph by a syringe under stirring at room temperature.  :horin ring to the porphyrin ring may occur, as was previously
After being stirred for 15 mn, the solution became green. Then 5 mL reported with imidazole ligand.Second, a possible autore-

of pentane was added and the solution was set aside overnight forduction of the ferric state ma.y occur’ This situation was

crystallization at ®C. Purple crystals of Fe(TPC)[P(M&hLCRSOs . . . . - .
were collected by filtration and washed with hexane. Yield: 0.097 g previously encountered with ferric porphyritfs*Using triflate,

(73%). UV—Vis (CHCly): Ama/nm 371 € 33.7 dnf mmol cm™) a weak axial ligand, as an intermediate, allowed us to solve
437 € 65.6), 605 € 13.5). this problem. Thus, a similar strategy was used to prepare low-
Single-Crystal ~ Structure  Determination on  Fe(TPC)- spin ferric tetraphenylchlorins. Starting from (TPC)Fe{86s)

[P(Me),Ph],CFsSOs 2. The X-ray study was carried out on a NONIUS  in dichloroethane solution, [(TPC)Fe(PPh(Me)CFsSO; 2 was
Kappa CCD diffractometer using graphite monochromatized Mo K  readily obtained from P(MefPh addition in 70% yield.2
radiation. The cell parameters were obtained with Denzo and Scafepack exhibited two Soret bands, one at 437 nm and the second in
with 10 frames @ rotation: T per frame). Crystallographic data are  the near-ultraviolet region (371 nm). It is interesting to note
presented in Table 1. Crystals of the compound were obtained asthat hyperporphyrin spectra were reported for bis(phosphine)
reported above. The data collectiort2. = 60°, 91 frames via 2.0 iron(lll) porphyrin complexes, the highest wavelength being red-
¢ rotation and 60 s per frame, 46 frames via"ZProtation and 60 s ghjfted (442 nm§2 Suitable crystals were obtained by diffusion
per frame, rangékl: h, 0.18;k —16.181, —20.21, gave 14211 4 payane in the dichloroethane solutionain a thin tube.
reflections. The data reduction leads to 13 322 independent reflections Structure Determination. The crystal structure of is

from which 8606 reflections satisfield> 2.00(l). The structure was ised of two ind dent i irs in th tri it
solved with SIR-97, which reveals the non-hydrogen atoms of the two comprised of two .|n epen ,en 'Or_' palrs in the gsymme rc uni
of structure. The iron chlorines differ in the orientation of the

henyl rings of the axial ligands with respect to the porphyrin
(21) Starting from Fe(TPC)&1in tetrahydrofuran solution, Fe(TPC)&F P y 9 9 P Porpny

SOs 3 was readily obtained from AgGEOs addition in 70% yield. plane. Compound8A has its phosphine ligands with the aromatic

The [Fe(TPC)]CESO; complex exhibited UV-vis spectra with a Soret
band at 402 nme(= 66 dn? mmol~t cm~1) and a characteristic chlorin (26) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo,

second band at 649 nra€ 9 dn? mmol! cm™1). *H NMR 6, CDCl, C.; Guagliardi, A.; Moliterni, A. G.; Polidori, G.; Spagna, R.Appl.
ppm, 273 K: 114 (br, 2H, H), 88 (br, 2H, Hyr), 58 (br, 2H, Hyn), Crystallogr. 1998 31, 74—77.
25.5 (br, 4H, pyrrolidine), 12.35 (br, 8H,d 11 (br, 4H, H,) and (27) Sheldrick, G. M.SHELX97. Program for the refinement of crystal
10.3 (br, 4H, Hy); 9.6 (br, 2H, H); 9.2 (br, 2H, K). EPR:g = 5.87 structures Gottingen University: Germany, 1997.
and 1.99. Simonneaux, G.; Kobeissi, 8.Chem. Soc., Dalton Trans. (28) International Tables for X-ray crystallographyluwer Academic
in press. Publishers: Norwell, MA, 1992; Vol. C.
(22) Simonneaux, G.; Sodano, lRorg. Chem.1988 27, 3956-3959. (29) Spek, A. LIPLATON. A multipurpose crystallographic todltrecht
(23) Fleischer, E. B.; Palmer, J. M.; Srivastava, T. S.; Chatterjed). A. University: Utrecht, The Netherlands, 1998.
Am. Chem. Sod971, 93, 3162-3167. (30) Sodano, P.; Simonneaux, G.; ToupetJLChem. Soc., Dalton Trans.
(24) Feng, D.; Ting, Y. S.; Ryan, M. Dnorg. Chem1985 24, 612-617. 1988 2615-2620.
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Table 2. Selected Bond Distances (A) and Angles (deg) for 4 A ot
Fe(TPC)[P(Me)PhLCF:SO; 2
Molecule A Molecule B
Fe(1) P(1) 2.350(3) Fe(61) P(61) 2.356(4)  Figure 2. Atom labels and formal diagrams of the chlorinato core
Fe(l) P(2) 2.348(3) Fe(61) P(62) 2.358(4)  showing the distances for the cations 24) and (b)2B.
Fe(1) N(1) 2.0009(8) Fe(61) N(61) 2.046(9)
Fe(1) N(2 1.971(9) Fe(61) N(62) 1.974(9)  N(3), and N(4) (average FeN distance: 1.995(9) A) imA.
Fe(1) N(3) 2.022(10) Fe(61) N(63) 2.012(10)  gjmijlar situation was found iB: Fe—N(61) = 2.046(9) A and
Fe(l) N(4) 1.992(9) Fe(61) N(64) 1.997(9) . .
c@) C@) 1.446(16) C(62) C(63) 1.479(16) average FeN d|s_,tance. 1.994(9) A. In [(TPP)Fe(P(MPh)]-
c(7) c(8) 1.368(19) C(67) C(68) 1.327(13) ClO4,32the two different Fe-N distances, 1.992(2) A and 1.988-
C(12) C(13) 1.373(18) C(72) C(73) 1.385(13) (2) A, average 1.990(2) A in agreement with other low-spin
C(17) C(18) 1.362(16) C(77) C(78) 1.353(14) iron(lll) porphyrin structures (range: 1.970(+9.000(6) A33

P(1) Fe(l) P(2) 179.4(2)  P(61) Fe(61) P(62) 179.5(2)  Thys there is a core-hole expansion of the macrocycle due to
“gg Eggg Egg g?'ggg mgg%g Ezggig gggi; gg;gg the reduced pyrrole. Such a situation has been previously
N(3) Fe(l) (P1) 89:6(3) N(63) Fe(61) P(61) 87:5(3) reported for high spin iron(lll) quinoxalinotetraphenylporphy-
N(4) Fe(1) P(1) 89.1(3) N(64) Fe(61) P(61) 91.2(3) rint3and iron(lll)dioxoisobacterio chlorif and discussed with
groups parrallel to two trans pyrrole ring®B has its phosphine m?ﬁgu;;;n g((::)a(gff (lzaéllzlél(altgf; 1.479(16) A) distance
I_:_?]alljr;dfh?t;lritekft:trizr:?)tflcﬂg]];ollg ;n%ir%vﬁ:]t?et\%oeg] f: );Ihs eo}f\;f)c. in the pyrroline ring is longer than the usual values of the three
remaining pyrroles (average value of 1.367(18) A) and reflects

Fe—N(3) axis is not equivalent for the two independent A . .
molecules. The angle, defined as the angle between thethe sp hybridization of the corresponding pyrroline atoms. Such

N—Fe—N axis and the projection of the ligand normal onto the

(32) Toupet, L.; Sodano, P.; SimonneauxA8ta Crystallogr.199Q C46,

porphyrin plane, is 53.4(2)for molecule A and 172.8(1)for 16311633
molecule B. The structures @A and2B are shown in Figure (33) Scheidt, W. R.; Reed, C. AChem. Re. 1981, 81, 543-555.
1. Individual values of bond distances and angles2farand (34) Barkigia, K. M.; Chang, C. K.; Fajer, J.; Renner, M. WAm. Chem.
; ; S0c.1992 114, 17011707,
2B are given Ir? Table 2.' (35) Kaplan, W. A.; Suslick, K. S.; Scott, R. A. Am. Chem. Sod.991
The metat-nitrogen distance to the reduced pyrrole, N(1), 113 9824-9827.

2.009 (8) A, is longer than the remaining three nitrogens: N(2), (36) Eschenmoser, AAnn. N.Y. Acad. Scll986 471, 108
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Figure 3. 'H NMR spectrum of [(TPC)Fe (PPh(Mg)]CF:SG; 2 recorded at 283 K in CELl,.
Table 3. Observed and Isotropic Shifts of [Fe(TPC)(P#Bk)]CFs;SO; 2 (6, CD.Cl,, ppm)
proton chlorin H Ho' Hm Hm' Hp Hp' Hpyrro Hpyr Hpyr Hpyr
(AH/H)2 6.85 6.98 7.62 7.71 7.10 7.44 64.6 0.66 0.66 —57.86
(AH/H)® 7.6 7.8 7.6 7.6 7.6 7.6 4.35 7.6 7.6 8.2
(AH/H)sc° —0.75 —0.82 0.02 0.11 -0.5 —0.16 60.25 —7.14 —7.14 —65.66
proton ligand Hb Hm Hp Me
(AH/H)?2 8.3 5.28 9.32 —13.2
(AH/H)® 4.9 6.7 6.9 —2.35
(AH/H)is® 34 —1.42 2.42 —10.85

@ Chemical shift of [(TPC)Fe(PM@h)]CFsSG; at 298 K with TMS as internal reference. Abbreviations used:ald H' = ortho-protons; Hn
and Hn = metaprotons; b and Hy' = parafprotons.” Chemical shift of (TPC)Fe(PMPh}), at 298 K with TMS as internal referencélsotropic
shift of 2 with diamagnetic complex (TPC)Fe(PMRh), as reference. We used a medium value of 7.8 ppm for the chemical shifts of the diamagnetic
pyrroles since the relative assignment was not possible at this stage.

a situation was previously observed with two iron chlorins: the 100
ferrous octaethylchlorin (OEC)Fe (€C distance: 1.508(7) &) 80- pyrrolidine
and with theu-oxo complex [(TPC)FeD (C—C distance:
1.419(9) A) 601
The pyrrole and pyrroline rings are only slighly displaced 401 : partél
above and below the mean plane of the chlorin (maximum meta
displacement: 0.12(2) A fa2A and 0.15(2) A for2B). Thus PR orthosmetaipara) - x ortho
the conformation of the chlorin macrocycle can be described & 01 W : m}z
as weakly distorted. Figure 2 gives out of plane distances for 201 N pyr2| pyr3
the atoms in the chlorin core from the mean chlorin plane. N\ pyrrolidine
The axial Fe-P distances are very similar to those in the -401 \\
iron(lll) complex of tetraphenylporphyrin containing the same 501 Ty
axial ligand (2.350(1) A$2 but are longer than in the iron(ll) PY”\&\R
complex of TPP containing the same ligand (2.284(15%). -801 AN
IH NMR Spectroscopy.The'H NMR spectrum of [(TPC)- -100 +—r—r—r—r——1——1———
Fe(PPh(Me&),]CFsSG; 2 at 297 K is shown in Figure 3. The 0 1 2 3 4 5 6
peaks for the phenyl protons of the porphyrin ring are assigned 1/T.103

completely by 2D COSY spectra (Supporting Information). For gigure 4. Curie plot of the chemical shifts vs reciprocal temperature
the phosphine ligands and the pyrroles, the relative intensitiesof [(TPC)Fe (PPh(Me),]JCFsSOs 2 in CD,Cl,.
and 2D COSY determine the assignment. The shifts of the
phosphine ligands are independent of the presence of excess-12.3, and-47.1 ppm, 203 K}2 The hyperfine shifts, obtained
ligand, and hence axial ligand dissociation does not appear toby referencing the observed shift to that of the corresponding
be significant at ambient temperature. Magnetic measurementsdiamagnetic complex (TPC)Fe(PPh(Me)are summarized in
using the method of Evafs®® were made for 0.03 M CECl, Table 3. The hyperfine shifts for symmetrical low-spin ferric
solutions of2 at 297 K, employing MgSi as the reference. The  porphyrins are known to consist of large contact shifts and
solution magnetic momemh = 1.87ug) is compatible with a smaller upfield dipolar shifts due to the magnetic anisotropy.
low-spin stateS = /5. In chlorin, the symmetry is lost but La Mar and co-workers
The spectrum of [(TPC)Fe (PPh(MEJCFsSO; 2 shows the have suggested that such a situation is also highly probable with
pyrrole proton signals at 0.66 (4H) areb7.8 (2H) ppm (293 low-spin ferric chlorins® Thus they have noted that the HOMO
K). This is quite different from the pyrrole proton signals of in ferric chlorins (ay) is symmetry and energitically situated
another low-spin Fe(lll) chlorinates at ambient temperature [Fe- for interactions with the iron a orbitals3®

(QTPP)(IM)" (—12.2, —15.6 and—21.7 ppm, 293 K} but For the saturated pyrroline ring, the protons are expected to
close to the pyrrole proton signals of [(TMC)Fe (k9! (—2.4, exhibit low-field 7z contact shifts? The observed large low-
(37) Evans, D. FJ. Chem. Soc1959 2003-2005. (39) Chatfield, M. J.; La Mar, G. N.; Parker, W. O.; Smith, K. M.; Leung,

(38) Sur, S. KJ. Magn. Reson1989 82, 169-173. H. K.; Morris, I. M. J. Am. Chem. S0d.988 110, 6352-6358.
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Figure 5. EPR spectrum of [(TPC)Fe(PPh(Mp]CFs;SO; 2 in a CHCI; glass, recorded at 4 K.

field shift (0 = 69 ppm) agrees with an important metal
bonding involving a molecular orbital of the chlorin derived
from the a, of a porphyrin. Nevertheless, this contact shift is
much higher than those of the corresponding [(TMC)Fef}m)
Cl (6 = 38.3 ppm}2 and pyropheophorbide a methylester iron-
(1) (6 = 24 and 28 ppm}? Since the contact shift has been
shown to arise predominantly from spin delocalization into the
bonding dxz and dyz orbitald this result agrees with a (dx3)
(dxz,dyz}¥ electronic structure in this aryl phosphine derivatives
(see below).

The isotropic shift obtained for the phosphine methyl groups
of PMePh in [(TPP)Fe[P(MePhL]CIO, is slightly upfield
(—2.5 ppm)?? A dramatic change is observed for [TPC)Fe-
(P(Me)Ph)]CF3SGs. In comparison with the porphyrin, the
signal is at a stronger fieldd(= — 14 ppm), implying that

[(TPP)Fe(Imidazole]™ and other low-spin complexes formed
from tetraphenylchlorin derivatives have been repotfetf. The
apparent extent of rhombicity is smaller for hydroporphyrin than
for porphyrin complexes with the same set of axial ligands but
all of the hydroporphyrin complexes evidence rhombic spectra.
In contrast, the EPR spectrum of [(TPP)Fe(P(BHTIO, is
axial in frozen solution witlg = 3.5 at 4 K*3 This gmax Signal
is consistent with near degeneracy of theahd g, as expected
for low-spin ferric complexes with axial ligands that have
effective cylindrical symmetry. It should also be underlined that
previous NMR results showed that the ferrous hydroporphyrin
complex FeTPC is magnetically different from FeTPP despite
their commorS= 1 ground state: it is rhombic instead of axdal.
Compound2 shows the principad valuesg; = 2.506,g, =
2.374, andgs = 1.743. As expected, the reduction of the

contact shift dominates. This Iarge upfleld methyl proton contact porphyrin to a Ch|0rin_type ring removes the degeneracy of the

shifts agree with unpaired spin density on the methyl group
occurring from occupied-symmetry ¢, and d, orbitals of the
metal. This results also confirms the(# (dy,, d,,)* ground
state, both in porphyrin and chlorin complexes

Analysis of the curve in the Curie plot was made for the
[TPC)Fe(P(Me)Ph)]CFsSO; complex. The temperature de-
pendences of the chemical shifts of the protons inClpare
shown in Figure 4. A magnetically simple molecule is expected
to follow Curie-law behavior in that a plot of the chemical shifts

d,, orbitals. These values are also quite similar to those of the
bis-imidazole complex of iron(lll) tetraphenylchlorin which
shows the principad values aig; = 2.49,9, = 2.39, andy; =
1.752041.44Since Walker and co-workers in a recent ENDOR
and ESEEM study demonstrate that the bis(imidazole) com-
plexes of iron(lll) tetraphenylchlorin and tetraphenylporphyrin
have the same order gfvalues and the same electronic ground
state?* it seems reasonable to propose also g)fddy.dy,)*
ground state for [TPC)Fe(P(M#h)]CFsSO;, in agreement

vs 1/T is linear with an intercept equal to the resonance in the with the H NMR study.

diamagnetic complex. Plots of ortho, meta, and para signals of

In conclusion, these spectroscopic observations are indicative

meso-aryl protons of the chlorin ring are reasonably linear which ¢ 5 metal-based electron in the, arbitals for [TPC)Fe-
intercept respectively at 8.03, 7.4, and 7.34 ppm. However these(p(ve),Ph),]CF;SO; complex at any temperature. Thus the
protons show only small temperature dependence, consistenthange in ground state of low-spin Fe(lll) from the usug))d

with a weak spin density on theesoposition. For the pyrrole
resonances, the chemical shifts vary linearly witf, but the

extrapoled lines do not pass through the diamagnetic value at

1T=0.

EPR Spectroscopy It has been recognized that the EBR
values of low-spin ferriporphyrins provide valuable information
about the orbital of the unpaired electrd#?.EPR properties of

(40) Taylor, C. P. SBiochim. Biophys. Actd977 491, 137-149.

(dyz,0y7)® to the unusual (d,dy;)* (dy)* electron configuration

(41) Peisach, J.; Blumberg, W. E.; Adler, A. Ban. N.Y. Acad. Sc1973
206, 310-327.

(42) Muhoberac, B. BArch. Biochem. Biophyd4.984 233 682-697.

(43) Walker, F. A.; Simonis, U. IBiological Magnetic ResonancBerliner,
L. E., Reuben, J., Ed.; Plenum: New York, 1993; Vol. 12, p-13
274.

(44) Astashkin, A. V.; Raitsimring, A. M.; Walker, F. Al. Am. Chem.
Soc.2001, 123 1905-1913.
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which was previously suggested to occur from porphyrin to angles; plots of chemical shifts versus Hnd 2D COSY spectrum.
chlorin macrocycleX is not observed with phosphine ligands. This material is available free of charge via the Internet at http:

. . . . /lpubs.acs.org.
Supporting Information Available: Tables of parameters, posi- pu g

tional and thermal parameters for all atoms, anisotropic displacement
parameters for non-hydrogen atoms, and bond distances and bondC0013328





