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The syntheses and structures of three four-coordinate iron(1l)
porphyrinates are reported. The three derivatives are tetraarylpor-
phyrin species, where the aryl is either phenyl, p-methylphenyl, or
p-methoxyphenyl. One of these derivatives, that of tetraphenylpor-
phyrin, Fe(TPP), is a new crystalline phase that is distinct from
the earlier reported phase (Collman, J. P.; et al. J. Am. Chem.
Soc. 1975, 97, 2676). This new phase of Fe(TPP) has a very
saddled porphyrin core; the prior phase was ruffled. The iron atom
has close interactions (~3.10 A) with two pyrrole C,—C, bonds
above and below the porphyrin plane. Mdssbauer spectra and
magnetic susceptibility measurements, different for the two phases,
provide strong evidence that the two phases of Fe(TPP) have
distinct electronic structures that originate from intermolecular
interactions.

We report that solid-state effects have a significant
influence on the electronic structure of square-planar iron-
(1) porphyrinates. Although the electronic states of iron(ll)
porphyrinates have been intensively investigated both ex-
perimentally and theoretically, they are yet far from being
determined (or understood) with certainty. Four-coordinate
iron(Il) porphyrinates or phthalocyanines are constrained by
the macrocyclic ligand to square-planar coordination.

In an early theoretical investigation of alon(Il) with D4
symmetry, Griffitd noted that the orbital pattern always
requires that the,d 2 orbital be of higher energy than the
other orbitals, and thus the species will always be intermedi-
ate spin § = 1). Subsequently, the ground states of the
intermediate-spin four-coordinate iron(ll) porphyrins and
phthalocyanines have been studied primarily bysktmauer
and magnetic susceptibility. The two most thoroughly
investigated species are Fe(TPPind Fe(Pc). Despite their
expected similarities, these two species have significant
differences in their Mesbauer properties and magnetic
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susceptibilitieg 8 Fe(TPP)(42d) has a much smaller quad-
rupole splitting value and a larger magnetic moment, which
indicates that it has a different ground state than Fe(Pc). Most
studies have assigné,A [(dx)*(dx»0y2)*(d2)"] as the ground
state for F&(PcP1? and 3Azq [(dyy)?(dz0y2)?(d2)?] for Fe-
(TPP)(42d).013

As part of our investigation of iron(ll) porphyrinates, we
have recently isolated and structurally characterized three
four-coordinate P§Porph) complexes. These derivatives
(Porph= TPP, TTP, Tp-OCH;PP) were synthesized by
reduction of the corresponding [Fe(Porpf)]complext*
ORTEP diagrams for all three crystalline derivatives are
shown in Figure 1; packing diagrams are given in the
Supporting Information. Solvent interactions are minimal.
Fe(TTP) has crystallographically imposed inversion sym-

(2) Abbreviations: Porph, a generalized porphyrin dianion; TPP, dianion
of mesetetraphenylporphyrin; TTP, dianion ohesetetratolylpor-
phyrin; Tp-OCH;PP, dianion ofmesetetrap-methoxyphenylporphy-

rin; Pc, phthalocyanine; OEP, 2,3,7,8,12,13,17,18-octaethylporphyri-

nato dianion; OEC trans7,8-dihydro-2,3,7,8,12,13,17,18-0octaeth-

ylporphyrinato(octaethylchlorinato) dianiong PP, dianion omese
tetra(2,6-difluorophenyl)porphyrin; EPP, dianion ofmesetetra-

(pentafluorophenyl)porphyrin; TPrPc, 2,7,12,17-tetrapropylporphycene;

Np, porphyrinato nitrogens; THF, tetrahydrofuran.

The original preparation of crystalline Fe(TPP), a crystalline phase

reported by Collman et dlin 1975, crystallizes in the tetragonal system

and appears to be the generally studied phase. We denote this phase
as Fe(TPP)é2d).
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/ v— & o
1 - _ A with the expected intermediate-spin state for iron. Formal
T core diagrams along with averaged bond distances and angles
t for the porphyrin cores are given in Figure S1 in the
5! Supporting Information. As is commonly observed, the
< saddled and ruffled Fe(TPP) complexes have shorter Fe
ol ‘c!:n] <

N, distances than planar FeFOCHPP) and Fe(OEPY.
< gth ‘ua { } The new Fe(TPPIR1) structure is a toluene solvat&guite

¢ - € c[bzﬁ';.cw 9\, different from the previously reported unsolvated form. The

QI crystal packing is significantly different between the two.

Figure 1. ORTEP diagrams for three Fe(Porph) complexes: (a) Fe(TPP)- .There are no close contacts_ in Fe(TREX), with th’i closest

(P1): (b) Fe(TTP); (c) Fe(T-OCHsPP). The hydrogen atoms of the ~ intermolecular approach to iron greater than 3.9 A. However,

porphyrin ligands have been omitted for clarity. 50% probability ellipsoids for Fe(TPP)P1), there arer—s interactions between adja-

are depicted. cent porphyrin molecules as shown in Figure 2. In this

Table 1. Selected Structural Data for Fe(Porph) and Related Species p_acking arrang_ement, a_djac_ent porphyrin rings have indi-
vidual pyrrole rings nesting into each other to form a one-

i S
o€ 26 N[l]t _relt) _'9__

closest intermolecular

compound corf  Fe—NpP distance to iroh ref dimensional ABAB chain. The twg3-carbon atoms of
Fe(TTP) pla 1.986(1) =40 W adjacent pyrrole rings interact with the iron atom of the
Fe(Tp-OCHPP)  ruf  1.976(1) >3.95 tw molecule above and the molecule below, yielding very short
Equg)%lz)d Safd 11997626212) >33-190 (FeCy) IIVZ intermolecular distances (3.098, 3.239 A and 3.142, 3.266
Fgg()EP))( ) “;,a i.ggé()le) 347 (Fe-Cy) 23 A). The arrangement of the two,EC, “double”-bond
Fe(OEC) ruf  1.982(16) 3.12 (FeCn) 23 interactions around the iron atom is approximately ortho-
Fe(Pc) pla  1.926(1) 3.24 (FeNm) 20 gonal. These ethylenic interactions and other close contacts
Fe(RTPP) pla  2.002(2) 3.11 (FeCs) 24a ; . . -
Fe(TRPP) pla  1.994(6) 3.06 (FeC<) 24b are associated with the saddled core conformation. Similar
Fe(TPrPc) pla  1.915(24) 3.32 (FEC5A) 24c packing arrangement, core conformation, and explanation

a Predominant core conformation contribution: pla, planar; ruf, ruffled; were noted for isomorphous Co(TPP) some time %go'
sad, saddled’ In angstroms¢ Cs, carbon atom of the solvate molecule. We note that the differences in iron environments are
similar to those found between Fe(Pc) and Fe(TRR)).
The crystalline environment in Fe(TPPY() leads to iron
becoming pseudo-six-coordinate (Table 1). Similamgse
nitrogen atoms of adjacent Pc rings in centrosymmetric Fe-
(Pc) are 3.24 A away, generating a pseudo-six-coordinate
environment for irorf? Such axial interactions should lead

metry and Fe(Tp-OCH;PP) twofold symmetry, whereas a
new phase of Fe(TPM{) has no required symmetry. This
complex also has a distinctly saddled core conformation, very
different from those previously observed for Fe(Porph)
species, all of which were either planar or ruffled. Selected

structural data are listed in Table 1. Observed-Rg to an increase in the energy of the drbital, which could

gﬁ;?{;ﬁia:‘ trT)iZeinf%?g:hczgirgitheecig:rgp(l)%)(?e(i) "j‘&r\einr?:ghcause a change in the relative d-orbital energy levels. Most
) 1o " th tical calculatiort$25:26 that théA ds
(TPP)(THF)] 92.067(7) A in [Fe(TTP)(THF)] 7and 2.080 o0 cieal caloulations™Hagree that ez, and™EsA

A in five-coordinate imidazole-ligated speci¥s;onsistent (19) Hu, C.. Noll, B. C.: Schulz, C. E.. Scheidt, W. Rorg. Chem2005

44, 4346.
(15) Stolzenberg, A. M.; Strauss, S. H.; Holm, R. H. Am. Chem. Soc (20) During the writing of this Communication, we noted that this complex
1981 103 4763. has been briefly reported: Song, B.; NamGoong, S.; Yu.Borean
(16) Reed, C. A.; Mashiko, T.; Scheidt, W. R.; Spartalian, K.; Lang).G. Chem. Soc1997, 41 (8), 420. (This structure is not entered in the
Am. Chem. Sod98Q 102 2302. Cambridge Structural Data Base.)
(17) Hu, C.; Noll, B. C.; Scheidt, W. RActa Crystallogr., Sect. 2005 (21) Scheidt, W. R.; Lee, Y..Btruct. Bonding (Berlin1987, 64, 1.
61, M830. (22) Kirner, J. F.; Dow, W.; Scheidt, W. Rnorg. Chem1976 15, 1685.
(18) Hu, C.; Roth, A.; Ellison, M. K.; An, J.; Ellis, C. M.; Schulz, C. E.; (23) Strauss, S. H.; Silver, M. E.; Long, K. M.; Thompson, R. G.; Hudgens,
Scheidt, W. RJ. Am. Chem. SoQ005 127, 5675. R. A.: Spartalian, K.; Ibers, J. Al. Am. Chem. S0d985 207, 4207.
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Table 2. Mossbauer and Magnetic Data for Fe(THR)(and Related Species

Méssbauer data magnetic data
compound temp, K AEqg, mm/s o0, mm/s temp, K e UB D,cmt Uiso
Fe(TPP)(42d) 4.2 159 0.52 5-300 4.204 4 70 2.94
Fe(Pc) 4 2.79 0.49 1.6-300 3.9 64 2.74
Fe(TPP)P1)® 20 2.21 0.57 1.8300 4.0 108 2.77
Fe(OEC) 4.2 2.55 0.63 296 35
Fe(OEP) 4.2 1.71 0.62 296 4.6

aRoom temperature. Reference 7¢ Reference 49 Reference 6¢ This work.f Reference 23.
states are low-lying and separated by an energy ranging from

several hundred to two thousand reciprocal centimeters. ] N

Mispelter’'s calculatior® further suggest that a small axial 40 PP T LU L

perturbation can induce a reverse of these two-electron 354 ’

configurations. So the energy levels in iron(ll) porphyrin 1 . Fe(TPP)(132d)

could be affected by differences in the crystal packifg, 7 « F(TPP) (P1)

which could lead to different electronic configurations. 254 : T Clcuiaedln
Accordingly, we have further investigated properties that ~ F" e 1

could provide insight into the similarities and differences in N

the electronic structures between the two forms of Fe(TPP). =1

The Fe(Pc) versus Fe(TPR)2d) dichotomy suggests that 10+

the Massbauer quadrupole splitting values observed for Fe- 05

(TPP)P1) would be higher than that seen for the other ]

crystalline form of Fe(TPP). As shown in Table 2, that is A S sy S sy S SR

0 50 100 180 200 280 300

indeed the case (2.21 vs 1.51 mm/s). This quadrupole T®

splitting value diﬁeren(—:e Is consistent with a shift from a Figure 3. Temperature dependence of the magnetic moment of the

BAZQ state for Fe(TPP)42d) to asEQA state for Fe(TPP)- polycryst:alline samples. Top curve: Fe(TARX{). Bottom curve: Fe-

(P1). (The similar Fe-N, distances in these two phases rule (ZTE;)MJZ. Tlp]e diagri%ﬂeﬁ Vf T Wai/ﬁt;?\ld 2by 2}h$ equatIiDc;weﬁ/T

out covalency effects as the factor of th&g change.) The << g)g(_’DV/VK Te;;ejf 4N912,EZCZD/D[1XH2 exp(i{D/K% ]p;[sl < [gé% (_S/PT])E}

use of these simple assignments must be tempered by theg s ref 28 andy, = g = giso

recognition that allS = 1 states are quite close in en-

ergy!2>?Values ofAE, for related species are also given  In summary, the syntheses and structures of three new

in Table 2. It is seen that Fe(OEP) has a smalles, than four-coordinate iron(ll) porphyrinate derivatives are reported.

Fe(OEC) does, consistent with differences in iron environ- Most significantly, the synthesis and characterization of a

ments that are similar to those of Fe(TPP). second crystalline form of Fe(TPP) has shown that weak
These results suggest that the magnetic susceptibilities ofaxial interactions in the solid state are sufficient to lead to a

the two Fe(TPP) phases should also display differences withchange in the electronic character of the intermediate-spin

Fe(TPP)P1) having lower values of magnetic moment over complex, with the statéE4A becoming more favorable than

the entire range of measurements. Magnetic moments forthe 3A,4 state. This conclusion is supported by $sbauer

Fe(TPP)P1) over the temperature range +800 K are  and magnetic susceptibility measurements that have been

shown in Figure 3. For comparison, the results of Boyd et made on both crystalline forms.

al.” for Fe(TPP)(42d) have also been plotted in Figure 3 ) )

(top curve). Both data sets have been fit as described in the Acknowledgment. We thank the National Institutes of

figure caption. A characteristic feature of all of the magnetic Health for support of this research under Grant GM-38401
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