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Introduction

In contrast to the wide range of six-coordinate low-spin ferric
porphyrin complexéswith nitrogen and phosphorus donor
ligands, few examples of pure six-coordinate high-spin ferric
porphyrins with oxygen donor ligands such as sulfoXide,
phosphine oxidé,and watet* are known. This is principally

Table 1. Crystal Data for Fe(TPP)[OP(H)(OMe)(Phg£}]O,, 1

formula FeBO4N4C58H45-CIO4-CHZCI2 Z 4

mol wt 1163.5 Dy, gcnr®  1.337
cryst syst monoclinic T, K 294
space group C2/c u(MoKo), 5.119
a A 25.867(6) cm?

b, A 14.781(4) R 0.079
c, A 16.096(3) Ry 0.072
B, deg 111.41(2) Alp,e A3 0.28
v, A3 5730(2)

the preparation and X-ray structure of the complex Fe(TPP)-
[OP(H)(OMe)(Ph)}CIO,.

Experimental Section

EPR spectra were recorded on a Varian spectrometer equipped with
a temperature controller at 90 K as solids. Visible spectra were
measured on a Uvikon 941 spectrometer in chloroform.

Synthesis of Fe[OP(H)(OMe)(Ph)CIO4, 1. To a solution of 0.2
g (0.26 mmol) of Fe(TPP)CI& in 20 mL of CHCl, was added 8
equiv of OP(H)(OMe)(PH} by a syringe at room temperature in a
Schlenk tube under an Ar atmosphere. The solution was stirred for 10
min. After addition of 40 mL of pentane, fine crystals were collected
by filtration and washed with pentane. The yield was (87%). Anal.
Calcd for GgH4eN4OgP.CIFe: C, 64.47; H, 4.26; N, 5.19; P, 5.74.
Found: C, 63.87; H, 4.32; N, 5.26; P, 5.84. BVis (1, nm CHCE):

due to the presence of an expanded porphinato core and thet01, 523, 667. ESRg = 5.29,g = 1.85 (solid).

necessity to find moderate field strength neutral axial ligands.
Weak field anionic ligands such as chloride and iodide lead to
five-coordinated high-spin derivativés.

The chemistry of phosphorus donor ligands has remained an

area of extensive interest in metalloporphyrin chemistry due to
the ability of these ligands to stabilize both ferrous and ferric
states in metalloporphyrihsnd hemoprotein%. Thus trimeth-

ylphosphine complexation to myoglobin and hemoglobin al-

Single Crystal Structure Determination on Fe[OP(H)(OMe)-
(Ph)].ClO,. Crystallographic data are collected in Table 1. Crystals
of the compound were obtained as reported in results. The X-ray study

was carried out on an ENRAF-Nonius CAD4 diffractometer using

graphite monochromatized ModcKradiation. The cell parameters are
obtained by fitting a set of 25 higA-reflections. The data collection
(20max = 54°, scanw/26 = 1, tmax = 60 s, rangén,k,l: h —30 to+30,
k0to 17,1 0 to 19, intensity controls without appreciable decay (1.5%))
gives 5448 reflections from which 2832 reflections satisfied2a(1).

lowed the possibility to determine experimentally the rate of After Lorenz and polarization corrections the structure was solved with
self-exchange electron transfer reactiérighe use of this ligand direct method® which reveal the Fe, Cl, and P atoms and some C
to record iron NMR via spin polarization transfer has also been atoms. The remaining non-hydrogen atoms of the structure were found
recently demonstratéd.We have been pursuing the reaction after successive S(_:ale for factor_refinem_ents anql Fourier d_ifferenf:e.
of ferric porphyrin with various low basicity phosphorus The perchlorate anion was found in two different sites. After isotropic

derivatives to determine the influence of this factor on the
electronic state of low-spin ferric porphyrifsWe now show
that ferric porphyrin complexation is not limited to the phospho-
nous diester but that the phenylphosphinic methyl ester also
forms an hexacoordinated complex which is sufficiently stable
to allow solution and solid-state characterization. We report

TURA CNRS 415.
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(R = 0.115) and then anisotropic refinemem € 0.095), some
hydrogen atoms were found with a Fourier difference (in particular
P—H), and the remaining ones were set in geometrical positions and
then refined. The whole structure was refined by the full-matrix least-
square techniques (use Bfmagnitudey, y, z, i, for Fe, P, Cl, O, N,
and C atomsy, y, z for perchlorate anion ang, y, z for hydrogen
atoms; 405 variables and 2832 observatians; 1/o(F,)? = [o¥(l) +
(0.04F:2)?)~12) with the resultingR = 0.079,R, = 0.072 andS, =

1.98 (residual\p < 0.28 e A3). Atomic scattering factors were taken
from ref 19. The calculations were performed on a Hewlett Packard
9000-710 for stucture determination and on a digital Microvax 3100
with the Molen packagdé for refinement and Ortep calculations.

Results and Discussion

The synthesis of Fe[OP(H)(OMe)(PEJIO,4 compound is
achieved by displacement of coordinate perchlorate from Fe-
(TPP)CIQ according to the equation

Fe(TPP)CIQ + OP(H)(OMe)(Ph) (excessy
Fe[OP(H)(OMe)(Ph)CIO,

(10) Reed, C. A.; Mashiko, T.; Bentley, S. P.; Kastner, M. E.; Scheidt, W.
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Figure 1. Molecular structure for Fe(TPP)[OP(H)(OMe)(PiQI0,, 1.

Table 2. Selected Bond Distances (A) and Angles (deg) ¥or

Fe-0O1 2.102(5)  P*H1 1.41(8)
Fe-N1 2.034(6) 02C29 1.44(1)
Fe-N2 2.038(5)  NEC2 1.376(9)
P1-01 1.467(6)  NIC5 1.380(8)
P1-02 1.541(7)  N2C7 1.378(9)
P1-C23 1.75(1) N2C10 1.368(9)
c1-C2 1.41(1)
01-Fe-0O1 180(0) O+P1-H1 114(3)
O1-Fe-N1 90.3(2) 02P1-C23  103.9(4)
O1-Fe-N1 89.7(2) 02-P1-H1 99(3)
O1-Fe-N2 90.0(2) C23P1-H1  111(3)
O1-Fe-N2 90.0(2) P+01-P1 137.6(3)
N1-Fe-N1 180(0) Fe-02-C29  119.9(7)
01-P1-02 114.8(4) FeN1-C2 126.7(5)
01-P1-C23  112.4(4) FeN1-C5 127.1(5)

In solution, the complex has a red-brown color, as previously
reported by Reed and co-workgfsr the bis(triphenylphosphine
oxide) adduct, and shows a visible spectrum withx at 401,
523, and 667 nm. In fact, the single crystals of Fe[OP(H)-
(OMe)(Ph)}CIO4 used in the structural study discussed below
arose from an initially unsuccessful attempt to recrystallize Fe-

The ESR spectrum of a polycrystalline sample presents a
tetragonal features with = 5.28 andg = 1.89, according with
a high-spin ferric porphyrin.

The X-ray structure ol is shown in Figure 1; selected bond
distances and angles are given in Table 2. The iron(lll) atom
is centered in the plane of the porphinato ligand in spite of its
high-spin character, as it has been demonstrated previously for
the other high-spin six-coordinate derivatives. As a consequence
of the in-plane high-spin iron(lll) atom there is a large radial
expansion of the porphinato core. The average ¥ebond
distance of 2.036(6) A is much longer than the typical values
of low-spin hexacoordinate derivatives (1.970&2)000(4) A}.

A similar pattern of bond length differences are also noted for
two high-spin six-coordinate iron(lll) derivatives, [Fe(TPP)-
(H20)2]ClO42 and [Fe(TPP)(TMSQJCIO, (TMSO s tetra-
methylene sulfoxidej. The average FeN bond distance of
2.036(6) A is slightly shorter than the 2.045(8) A mean value
previously reported for three high-spin derivative$iowever
this distance is slightly longer than the-Fd distances found

in [Fe(TRwP)(OSQCFs)(H20)] recently reported by Weiss and
Trautwein (mean value 2.021(16) A. This compound was

[TPP][P(OMe}(Ph)ECIO,* Presumably some traces of acidic  yescrined as an high-spin/intermediate admixed species with

water catalyze a partial hydrolysis of the phosphonous diester

yielding the phosphinic ester. It is well-known that the partial

hydrolysis of phosphonous diesters takes place slowly in neutral
medium, but with a trace of acid, the partial esters are instantly

produced in almost quantitavely yield.
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'the high-spin component predominating.

The axial Fe-O bond distance of 2.102 (5) A is much longer
than the metatoxygen distance (1.791 (6) A) found in a
tetrahedral phosphine complex such as BEBFTMPP)L6
where TMPP is tris(2,4,6-trimethoxyphenyl)phosphine. This is

(14) Frank, A. W.Chem. Re. 1961, 61, 389.
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consistent with a weak field ligand and the population of the  Among the limited data on phosphorus oxo acids with-d&1P

3dz2 orbital as required by the high-spin state. As previously bond, the distances and the angles found in the phenylphosphinic
reported. it appears that axial coordination of two weak field methyl ester ligand are typical of this class of compound. The
ligands with two longer than normal bond distances can lead average B-O distance of 1.5008 (7) A in 1 is comparable to
to the high-spin state. The axial £& bond distance is quite  the P=O distance found in methylenebis(phosphinic a&rl)
comparable to those observed in [Fe(TPP)(TM$CD, (2.069 where P=0 distances are 1.488(1) and 1.492 (1) A and in (2-
(3) and 2.087 (3) A) which is another example of six-coordinate amino-2-carboxyethyl)phosphinic acid where the@distance
high-spin ferric porphyrid  This Fe-O distance is also quite  is 1.501(1) A)!8> As far as we are aware, the present study of
similar to the Fe-O separations found in a bidentate diphosphine 1 represents the first example of a structurally characterized
dioxide complex [2.122(6) A] of iron(ll}7 However, such phosphinic derivative of metalloporphyrins.

complex differs from the oxidation state and the presence of )

the bidentate ligand. Moreover these structural data cannot be Acknowledgment. We thank Dr. O. Sergent for recording
interpreted strictly since there is a major steric influence of the the EPR spectra.

porphyrin. Actually the ligand forms a bent interaction with
the metal (FeO—P = 137.6 (3}) whereas, for example, in
FeCk(O=TMPP) the Fe-O—P angle is 163.6 (5)
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