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Bis(tetrahydrofuran)(2,7,12,17-tetrapropylpor- Scheme 1
phycenato)iron(lll) Perchlorate: A Pure
Intermediate Spin Complex
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Masuo Takeda} Saburo Neya$ Noriaki Funasaki,® and

Mikio Nakamura* " [Fe(TPtPcYTHF),JCI0; (1)  [Fe(EtioPe)(THF),]Cl04(2)

Department of Chemistry, Toho University School of . . . .
Medicine, Ota-ku, Tokyo 143 8540, Japan, Department of only for the deeper understanding of the biologically important

Chemistry, Faculty of Science, Toho University, porphyrin complexes but for the elucidation of the novel
Funabashi, Chiba 274-8510, Japan, Division of Biomolecular Physicochemical properties expected for these compléxes.
Science, Graduate School of Science, Toho University, In this paper, we report that bis(THF)(2,7,12,17-tetrapropy-
Funabashi, Chiba 274-8510, Japan, and Department oflporphycenato)iron(lll) perchlorate, [Fe(TPrPc)(THRIO, (1),
Physical Chemistry, Kyoto Pharmaceutical University, is a quite pure intermediate spin complex on the basis of the
Yamashina, Kyoto 6078414 IH NMR, EPR, and Mesbauer spectroscopy, as well as SQUID
magnetometry (Scheme 1).
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Experimental Section
Synthesis. The chloro-iron(lll) complex, [Fe(TPrPc)Cl], was
prepared by the Vogel's meth8dFe(TPrPc)Cl] was converted tb
Iron(Ill) porphyrin complexes with very weak axial ligands, by reaction with 1.0 equiv of AgCIQin THF solution. The purple
such as [Fe(TPP)(THECIO4 and [Fe(OEP)(THR]CIO,, show solid obtained after the workup procedure was recrystallized from
a quantum mechanically spin-admixed=S5/2, 3/2 staté:> ~ THF—heptane’H NMR(CD.Cl,, 25°C): 4 47.9 (8H,a-CHy), 1.64
In the course of our studies on the relationship between heme(lslHé:‘EéﬁHZT)i_ﬁ:-f“l(?lg"('é:H%H;)?G.Z (4H, pyrrole), 0.2 (4H, meso),
properties and deformed porphyrin ridgye have found that . ' o ' :

. . - . . Physical Measurements!H and3C NMR spectra were recorded
the bis(THF)(porphyrinato)iron(ill) complexes with highly ., 5 3201 (A300 spectrometer, operating at 300.4 MHz for proton.

ruffled and sadddled porphyrin cores, [F&#P)(THF|CIO4 EPR spectra were recorded on a Bruker E500 spectrometer operating
and [Fe(OETPP)(THE)CIO4, respectively, exhibit quite pure  at X band and equipped with an Oxford helium cryostat. To determine
intermediate spin (S 3/2) character§The results are explained  the g values, the observed EPR spectrum was simulated by Bruker
in terms of the smaller cavities to accommodate the iron(lll) WIN-EPR Sim Fonia program using Gaussian line function. The solid-
ions in these nonplanar complexes, as compared with the planaistate magnetic susceptibilities were measured between 2 and 300 K
ones>® This finding has lead us to investigate the spin states under a magnetic field of 0.5 T with a SQUID magnetometer (Quantum
of the iron(lll) complexes of porphyrin analogues, such as Design MPMS-?).The _measured data were corrected for diamagnetic
porphycene, corrphycene, and corrole, since they have uniquecqptrlbutlons. Iron-57 Mssbauer spectra were measured on a_WlsseI
cavity sizes and cavity shapes different from those of porphy- Moessbauer spectrometer system. The samples were kept in a gas-

rins? Studies on these complexes must be quite important notrow cryostat, and thé’Co(Rh) source was kept at room temperature.
Ins.” studies S plexes mus quite Imp Isomer shifts §) are given relative to thex-iron foil at room

Introduction

temperature.
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T Toho University School of Medicine. Al

, Faculty of Science, Toho University, Figure 1a shows thtH NMR spectrum taken at 298 K. The

u i s iversity. .

5 Kyoto Pharmaceutical University. CHy(a), CHy(B), and CH(y) s_lgnals were obseryed at47.9,

(1) Scheidt, W. R. InThe Porphyrin Handbogkkadish, K. M., Smith, 1.64, and 2.54 ppm, respectively. Two broad signals observed

K. M., Guilard, R., Eds.; Academic Press: San Diego, 2000; Vo. 3, at—76.2 and ca. 0 ppm were assigned to the pyrrole and meso

h. 16, pp 49-112. - : - ,
@ CAbbrevigfionS: TPP. OEP. TMCPIFIP. OETPP: dianions of 5.  Protons, respectively, by spectral comparison with [Fe(EtioPc)-

10,15,20-tetraphenylporophyrin, 2,3,7,8,12,13,17,18-octaethylporphy- _(THF)Z]C|O4(2); a broad meso signal was Observe_d at 0.15 ppm
rin, tetramethylchiroporphyrin, 5,10,15,20-tetraisopropylporphyrin, and in 2, as shown in the inset of Figure 1a. Two signals at 11.2
2,3,7,8,12,13,17,18-octaethyl-5,10,15,20-tetraphenylporphyrin, respec- gnd 17.9 ppm, each corresponding to 8H, were unambiguously

tively. TPrPc, EtioPc: diaions of 2,7,12,17-tetrapropylporphycene and . . .
3,6,13,16-tetraethyl-2,7,12,17-tetramethylporphycene, respectively. assigned to the coordinated THF protons by spectral comparison

(3) (a) Nakamura, M.; Ikeue, T.; Fujii, H.; Yoshimura, I.Am. Chem. with [Fe(TPrPc)(THFdg),]ClO,4, as shown in Figure 1b. Ex-
Soc 1997, 119, 6284-6291. (b) Nakamura, M.; Ikeue, T.; Fujii, H.;  tremely upfield shifted pyrrole and downfield shiftedmeth-

Yoshimura, T.; Tajima, Kinorg. Chem 1998 37, 2405-2414. (c) ; ; ; ;
Nakamura, M.. Ikeue, T: Ikezaki, A.; Ohgo, Y. Fujii, Forg. Cherd ylene signals suggest that the iron has unpaired electrons in both

1999 38, 3857-3862. (d) Ikeue, T.; Ohgo, Y.; Saitoh, T.; Nakamura,
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Figure 1. 'H NMR spectra taken in CEZI, solution at 298 K. (a) 4.0 00000 6 0 O O
[Fe(TPrPc)(THR)CIO, (2); (b) Fe(TPrPc)(THF-g),]CIO,; Inset of (a)
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Figure 4. Temperature dependence of the effective magnetic moments
for a microcrystalline sample df in the range of 2300 K.
0 100 200 300 400 500 iron(Ill) N .-macrocycles characterized as quite pure intermediate
Field(mT) sEin cotrr?plfxes alltshov(\j/ed Ia(rjge Qs ;/?rl]ﬂré%.l“vﬁFitgure 4 t
. . . shows the temperature dependence of the magnetic moments,
Figure 2. EPR spectrum ofl taken in frozen ChCI, solution at obtained by SQUID magnetometry, in the solid over the

4.2 K. . .
temperature range-200 K. The effective magnetic moment

the d,, and d, orbitals; the unpaired electrons in these orbitals (uer) is almost constant at 56800 K, which is quite close to

are delocalized to the porphycene ring via thgirdn)—p,- the spin only valueuer = 3.87 ug, expected for the S 3/2

(porphycene) interaction and are distributed at the pyrrole spin state. Taken together, it is concluded that comfléas

B-carbon atoms. As a result, large contact shifts are induced toattained the essentially pure intermediate spir=(3/2) state.

these signal&® The chemical shift of the pyrrole protonsy6.2 In iron(Ill) porphyrins, the pure intermediate spin complexes

ppm at 298 K, is comparable in magnitude with that of the pure commonly have either or both of the following two character-

S = 3/2 porphyrin complex [Fe(TPP)](GEHsBrs) reported by istics; i) very weak anionic axial ligands such as (@&Bre)~,1*

Reed et al! Existence of the downfield shifted THF signals and ii) highly nonplanar porphyrin cores such as TMEP,

suggests that theabrbital is occupied by an unpaired electron. OETPP? and TPrP? In the former case, even the planar TPP

All the *H NMR results support that is an intermediate spin  ligand can produce the intermediate spin complex as exemplified

complex with the (d)X(dk, dy)%(d2)?! electron configuration. by [Fe(TPP)](CBiHeBre).!* In the latter case, even the axial
Figure 2 shows the EPR spectrumidbken in a frozen CH ligand, such as EtOH or THF, can form the pure=S3/2

Cl, solution at 4.2 K. Computer simulation of the slightly complex, as shown in [Fe(TMCP)(EtO{I0,, [Fe(TPrP)-

rhombic spectrum yielded thgvalues; g = 4.15, g = 3.85, (THF)]CIO,, and [Fe(OETPP)(THR)CIO4;*14 THF and EtOH

and g = 2.04. The result strongly indicates thhis a quite are supposed to be much stronger ligands thami@gBre~."?

pure intermediate spin complex, since the{gg,)/2 value of Although the crystal structure df is not available at present,

4.0 is diagnostic of a quartet stdfeFigure 3 shows the porphycenes and metalloporphycens are reported to have smaller

Mossbauer spectrum measured on a microcrystalline sample acavity sizes than the corresponding porphyrins and metallopor-

77 K. The isomer shift (IS; relative tar-iron foil) and phyrins®216.17 Thus, porphycene cavities resemble those of

guadrupole splitting (QS) were 0.27 and 4.03 mrh sespec-

tively. The large QS values are usually observed in the (13) Sams J.; Tsin T. IThe Porphyrins Dolphin, D., Ed.; Academic
Press: New York, 1979; Vol IV, pp 425478.

intermediate or admixed intermediate spin compléXés fact, (14) Simonato, J.-P.; Pecaut, J.; Pape, L. L.; Oddou, J.-L.; Jeandey, C.:
Shang, M.; Scheidt, W. R.; Wojaczynski, J.; Wolowiec, S.; Latos-
(10) (a) Goff, H. M. Inlron Porphyriry Lever, A. B. P., Gray, H. B., Eds.; Grazynski, L.; Marchon, J.-dnorg. Chem 200Q 39, 3978-3987.
Physical Bioinorganic Chemistry Series 1; Addison-Wesley: Reading, (15) Keutel, K.; Kaplinger, L.; Jger, E.-G.; Grodzicki, M.; Sclmemann,
MA, 1983; Part I, pp 237281. (b) Walker, F. A. InThe Porphyrin V.; Trautwein, A. X.Inorg. Chem 1999 38, 2320-2327.
Handbook Kadish, K. M., Smith, K. M., Guilard, R. Eds.; Academic  (16) The X-ray crystallographic analysis of the analogous chloro(3,6,13,-
Press: San Diego, 2000; Vol 5, ch 36, pp-8B3. 16-tetraethyl-2,7,12,17-tetramethylporphycenato)iron(lll) has revealed
(11) (a) Reed, C. A,; Guiset, B. Am. Chem. S0d996 118 3281-3282. that the Fe-N bond distances are 2.019(3), 2.026(3), 2.028(3), and
(b) Evans, D. R.; Reed, C. Al. Am. Chem. So@00Q 122, 4660- 2.034(3) A, which are much shorter than those in [Fe(OEP)CI], 2.07
4667. A.170hgo, Y.; Ikeue, T.; Neya, S.; Funasaki, N.; NakamuraAdta
(12) Reed, C. A.; Mashiko, T.; Bentley, S. P.; Kastner, M. E.; Scheidt, W. Crystallogr., Sect. Cin press.
R.; Spartalian, K.; Lang, GJ. Am. Chem. Sod979 101, 2948~ (17) Senge, M. O. Data were taken from The Cambridge Structural

2958. Database(CSD), 1997.
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