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A series of ionic multicomponent complexes comprising Cgo and Cyz anions and coordinating assemblies of
methyldiazabicyclooctane cations with metal tetraphenylporphyrins, (MDABCO*),*M'TPP+(Ceo(70) )2+ S0l. (Cgo, M =
Zn (1); Ceo, M = Co (2); Cs0, M = Mn (3); Cso, M = Fe (4); Czo, M = Mn (5); and Cp, M = Fe (6)) has been
obtained. IR— and UV-vis-NIR spectra of 1-6 justified the formation of Cg*~ in 1-4 and single-bonded (C+o7),
dimers in 5 and 6. Co and Mn atoms are six-coordinated in the (MDABCO™),M"TPP units with relatively long M—N
bonds of 2.475(2), 2.553(2), and 2.511(3) A for 2, 3, and 5, respectively. Isostructural complexes 2 and 3 contain
Ceo*~ zigzag chains separated by the (MDABCO*),-M"TPP units, whereas in 5 the layers formed by the (Czo7);
dimers alternate with those composed of the (MDABCO*),-Mn'"TPP units and noncoordinating MDABCO™ cations.
Negative Weiss constants of =13 (1), =2 (3), and -2 (4) K indicate the antiferromagnetic interaction of spins, which
decreases the magnetic moment of the complexes below 70-120 K. The EPR signals of 1 and 4 attributed to
Cgo" are split into two components at the same temperatures, which broaden and shift to higher and lower magnetic
fields with the temperature decrease. Complexes 2 and 3 show single EPR signals with g-factors equal to 2.1082
and ~2.4 at 293 K, respectively. These values are mean between those characteristic of M'TPP and Cg*~, and,
consequently, the signals appear due to exchange coupling between these paramagnetic species. The
antiferromagnetic ordering of Ceo*~ spins below 70-100 K shifts g-factor values closer to those characteristic of
individual M'"TPP (g = 2.1907 (2) and ~4.9 (3) at 4 K). In contrast to 1-4, complex 5 shows paramagnetic
behavior with Weiss constant close to 0.

Introduction promising photoactive propertié8 Fullerenes are relatively

Compounds of fullerenes with metalloporphyrins form a Weak acceptors as compared with conventional planar
wide family, which includes covalently linked dyad and triad “-@Cceptors such as tetracyanoethylene and tetracyanoquino-
molecules, coordination dyad3,and molecular and ionic ~ dimethané. As a result, most metalloporphyrins cannot
donor-acceptor complexésSome of these compounds show  reéduce fullerenes (even such strong donors ad TR
and FETPP" (TPP: tetraphenylporphyrin)). It was shown
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g :HSE!:U:E 0; grfll_zl%r?st Onghe_miCSIAF;hysics RAS. ligands or polar solventslonicity of donor-acceptor com-
nstitute of Solid State Physics . ) ) " . i L
I Research Center for Low Temperature and Materials Sciences, Kyoto plexes is an important condition to manifest high conductivity

U(ni)versilté/. A or magnetisnt.To solve the problem of weak acceptor pro-
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(D;1*) are used additionally to neutral metalloporphyrins: Chart 1
(D){M"porphyrin(fullerene)} .6 This approach can be Ph
applied to the porphyrin-fullerene complexes due to that the ﬂﬂ
packing mode of planar porphyrin and spherical fullerene [\7
molecules provides large cavities, which can accommo-

date even bulky counter cations (' The study of

[{ Cr(CeHe)2 "} +{ CA'TPP(fullerene’)} - CsH4Cly] complexes Ph
(Cr(GsHe)2:  bis(benzene)chromium; fullerenesg,Cand MUTPP (M = Zn, Co, Mn, and Fe)

Cso(CN),) showed that fullerene radical anions are essentially

stronger ligands than neutral fullerenes and form coordi- Co—C o-bonds similar to those observed in alkylcobalaniins.
nating { Co'TPP(fullerene’)} units with the length of the  Therefore, the formation of such coordination bonds is an
Co...C(fullerene) contacts in the 2.282.32 A rangeé2>Co- important condition for the formation of ionic multicompo-
ordination is realized by-type and most probably involves nent complexes between fullerene anions and metallopor-
electrons from CBTPP ¢z and LUMO of Gy . The resulting phyrins. Taking into account this fact the multicomponent
{Cd'TPP(fullerene’)} units are diamagnetfcThe variation ~ approach can be developed using coordinating N-containing
of counter cations affects the stability pEd' TPP(Csy )} cations. These cations can coordinate not only to Co(ll)
units. They are stable up to room temperature in Porphyrins butalso to Zn(ll), Fe(ll), and Mn(ll) porphyrins
{(CH3)aN*}{ CO'TPP(Cs0)} -(CsHsCN)-(CsH4Cl,) 6 dis- that allows the range of ionic multicomponent complexes
sociate above 190 K in (TDAE)-{CO'TPP(Csr )} of such type to be essentially expanded. Up to now two com-
(TDAE: tetrakis(dimethylamino)ethylené),and are not plexes with coordinating methyldiazabicyclooctane cations
formed in{ (Cs")+(CsHsCN)1.64(CHsCN)} -Cd' TPP(Cog )+ were reported{ (MDABCO™)-Cd'OEP(Ceo )} *(CeHaCl2)1—x
(CeH4Cl2)0265 Recently a similar complex based on cobalt-  (CeHsCN) (x=0.67F and{ (MDABCO™)-Ca'TMPP} >+(Ceo )=

(I1) octaethylporphyrin: (TMP)-{ Cd'OEP(Cs;)} *(CeHsCN)ye (CeH4Cl2)2.5(CeHsCN)1.s (TMPP: tetrakis(4-methoxyphen-
(CeH4Cl)1 x (x=0.75) with noncoordinating tetramethylphos-  Y)Porphyrin):® They contain six- and five-coordinated
phonium cations has been obtained. Bheonded diamag- Ca'porphyrin units and demonstrate the reversible formation
netic{ Co'OEP (Cs7)} units are also found in this complex ~ ©f C0—C(Ceo") coordination bonds with a paramagnetic

Ph Ph
MDABCO*

with the Co++(Ceg") distance of 2.27 B All the aforemen-  diamagnetic transitidrand the formation of new negatively
tioned complexes contain only Qmorphyrins, whereas Zn charged (G ). dimers bonded by two single bonds.
TPP, MATPP, and FETPP do not form such complexes. In this work we present a new series of ionic multicom-

This observation was proved by the fact that among thesePonent complexes of both fullerenegoG@nd Go (1-6)

metalloporphyrins only C&TPP form stable coordination ~ containing new assemblies, in which'WPP porphyrins (M
=Zn, Co, Mn, and Fe, Chart 1) coordinate two MDABCO

(3) Olmstead, M. M.: Costa, K.; Maitra, D. A.; Noll, B. C.; Philips, s.  cations (Chart 1), and metal atoms are six-coordinated.

L.; Van Calcar, P. M.; Balch, A. LJ. Am. Chem. Sod999 121, Crystal structures of three complexes with both fullerenes
7090. (b) Ishii, T.; Aizawa, N.; Kanehama, R.; Yamashita, M.; Sugiura, ; e

K.: Miyasaka, H.Coord. Ghem. Re 2002 226 113, (c) vudanova,  Co0 @nd Gowere studied, and IR, U¥vis-NIR spectra and

E. I.; Konarev, D. V.; Gumanov, L. L.; Lyubovskaya, R. Russ. temperature-dependent EPR and SQUID Iof6 were

Chem. Bull 1999 48, 718. (d) Boyd, P. D. W.; Hodgson, M. .. measured. It was shown thatd@omplexesl—4 contain
Rickard, C. E. F.; Oliver, A. G.; Chaker, L.; Brothers, P. J.; Bolskar, . - radical ani hich if if
R.D.; Tham, F. S.; Reed, C. A. Am. Chem. Sod999 121, 10487. monomeric Go radical anions, which manifest an antifer-

(e) Boyd, P. D. W.; Reed, C. Mcc. Chem. Re005 38, 235. (f) romagnetic interaction of spins.;£complexes5 and 6

Konarev, D. V.; Neretin, I. S.; Slovokhotov, Yu. L.; Yudanova, E. |; ; ; ; ; :
Drichko, N. V.; Shul'ga, Yu. M.; Tarasov, B. P.; Gumanov, L. L.; Contam_ dlam_ag_ngtlc (%) d_lme_rs that allow magnetic
Batsanov, A. S.; Howard, J. A. K.; Lyubovskaya, R. Ghem. Eur. properties of individual coordinating (MDABCQ,-M"TPP
J. 2001, 7, 2605. (g) Konarev, D. V.; Kovalevsky, A. Y.; Li, X.; i i
Neretin, I. S.; Litvinov, A. L.; Drichko, N. V.; Slovokhotov, Yu. L.; assemblies (M= Fe, and Mn) to be studied.
Coppens, P.; Lyubovskaya, R. Morg. Chem.2002 41, 3638. (h)
Mikami, S.; Sugiura, K.; Asato, E.; Maeda, Y.; Sakat, YProceeding
of the Conference “The 19th Fullerene General SympoSitinyu,
Japan, July 2728, 2000; p 40. . . .

(4) Saito, G.; Teramoto, T.; Otsuka, A.; Sugita, Y.; Ban, T.; Kusunoki, Materials. Zinc(ll) tetraphenylporphyrin (ZnTPP), cobalt(l)
M.; Sakaguchi, KSynth. Met1994 64, 359. _ tetraphenylporphyrin (CarPP), manganese(lll) tetraphenylpor-

(5) Paicaud, A.; Hsu, J.; Reed, C. A.; Koch, A.; Khemani, K.; Allemand, phyrin chloride (M TPPCI), iron(lll) tetraphenylporphyrin chlo-

JPI'."\I_fI,;i\QQJUdJ’ 'Z:J"BArT;/'rgph;;q 'PS..Og‘g%‘ 1Pl_3§ 63?.'&25“@3&?::3& ride (F&'"TPPCI), NaBH, diazabicyclooctane (DABCO), sodium

Chem. Soc1993 115, 5212. ethanethiolate (CCH,SNa), and methyl iodide (C#) were
(6) Konarev, D. V.; Khasanov, S. S.; Otsuka, A.; Yoshida, Y.; Saito, G.  purchased from Aldrich. & of 99.98% purity and & of 99.0%

JS' ’;”.‘-O‘fs“jg- i?%%%ﬁiéiﬂ&fjﬁéﬁl&%@?%’ R'.\ggi};hgzgfv’ purity were received from MTR Ltd. Solvents were purified in argon

Eur. J.2003 9, 3837. (c) Konarev, D. V.; Neretin, I. S.: Saito, G.: atmosphereo-Dichlorobenzene (gH4Cl,) was distilled over Cabd
Slovokhotov, Yu. L.; Otsuka, A.; Lyubovskaya, R. Bur. J. Inorg. under reduced pressure, benzonitrilgHECN) was distilled over

Chem.2004 1794. (d) Konarev, D. V.; Neretin, I. S.; Saito, G.; iati
Slovokhotov, Yu. L. Otsuka. A Lyubovskaya, R. Nalton Trans. Na under reduced pressure, and hexane was distilled over Na/

Experimental Section

2003 3886.

(7) Konarev, D. V.; Khasanov, S. S.; Saito, G.; Lyubovskaya. RJ.N. (9) Rossi, M.; Glusker, J. P.; Randaccio, L.; Summers, M. F.; Toscano,
Porphyrins Phthalocyanine8003 7, 801. P. J.; Marzilli, L. G.J. Am. Chem. S0d.985 107, 1729.
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Table 1. Data of Elemental Analysis fot—6

elemental analysis found/calcd

no. complex C,% H,% N,% Cl,.% M,%
1 {(MDABCO)»ZnTPR +(Cs0)2(CsH4Cl2)2.5(CsHsCN)o 5 80.96 2.65 4.17 6.07
82.62 2.47 4.18 6.21 2.29
2 {(MDABCO)>CoTPR+(Cs0)(CsH4Cl2)4.#(CsHsCN)1 6 according to X-ray structural analysis
3 {(MDABCO)>MnTPPR +«(Cg0)2(CsH4Cl2)4.2(CeHsCN)1 g according to X-ray structural analysis
4 {(MDABCO)»FeTPR+(Cs0)2(CsH4Cl)2.2(CsHsCN)o 82.04 2.77 4.37 5.52
83.61 2.30 4.35 5.51 1.97
5 {(MDABCO)>MnTPP+(MDABCO){ (C70)2} > according to X-ray structural analysis
(CeH4Cl2)s'(CsHsCN)s
6 {(MDABCO)»FeTPR+(C70)»(CsHaCl2)3 82.70 2.39 3.61 6.98
83.40 2.26 3.69 6.87 1.80

benzophenone. The solvents were degassed and stored in a glovglass plug, and 25 mL of hexane was layered over the solution.

box. All manipulations for the synthesis of air-sensitiive6 were
carried out in a MBraun 150B-G glove box with controlled
atmosphere and the content of®and Q less than 1 ppm. The

The diffusion was carried out during 2 months to give crystals of
1-6 on the wall of the tube. The solvent was decanted from the
crystals, which were then washed with hexane to give black prisms

crystals were stored in a glove box and sealed in anaerobic with characteristic blue luster (up tot 1 x 0.5 mn® in size)
conditions in 2 mm quartz tubes for EPR and SQUID measurementswith 50—70% yield.

under 10° Torr. KBr pellets for IR- and UV-visible-NIR
measurements were prepared in a glove box.

Synthesis. N-Methyldiazabicyclooctane iodide (MDABGO
was obtained by a dropwise addition of 1 molar equiv of;CH
(2.11 mL, 0.0178 mol) to DABCO (2 g, 0.0178 mol) dissolved in
60 mL of hexane at stirring. A white crystalline precipitate of
MDABCO:-| formed during the addition. Aftel h the precipitate
was filtered off, washed with 100 mL of hexane, and dried in
vacuum during 8 h. MDABC@ (4.07 g) was obtained with 90%
yield and satisfactory elemental analysis.

Iron(Il) and manganese(ll) tetraphenylporphyrins were obtained
by the reduction of MTPPCI with NaBH in anaerobic condi-
tions!! About 50 mg of NaBH was dissolved in warm ethanol

Careful examination of the crystals df and 3—6 under
microscope showed that only one phase was harvested in the
synthesis. On the contrary, the crystals2oivere obtained as a
mixture of two phases at the least: black large prisms and planar
rhombs. We studied the crystal structure of one phase (large prisms)
and measured IR, UV—vis-NIR spectra and temperature-depend-
ent EPR for one single-crystal sample used in the crystal structure
determination.

The composition ofl, 4, and 6 was determined from the
elemental analyses and that &f3, and5 from X-ray structural
analysis on single crystal (Table 1). The X-ray diffraction data also
showed that several crystals from the synthesi8 ahd5 have
similar unit cell parameters. The difference between the value

(12 mL), and the solution was cooled down to room temperature calculated from the expression (10% - (found content of C, H,

and filtered. 500 mg of MTPPCI was put into the obtained solution
(M"TPPCI and MTPP only slightly dissolved in ethanol). The

N, Cl), %) and the calculated content of metals (Zn, Co, Mn, and
Fe) for air-sensitivel, 4, and6 indicates the addition of oxygen to

reduction was carried out during 24 h. The precipitate of reduced the complex in the course of analysis (about onerlecule per

metalloporphyrins was filtered off, washed with two portions of
ethanol (5 mL), and dried to give FEPP and MATPP with 50~
70% yield. The absence of MAPPCI in the samples was proved
by visible-NIR spectra. The obtained MAPP can contain coor-
dinating ethanol? whereas PETPP crystallizes from ethanol as a
solvent free phas®.

The crystals ofLl—6 were obtained by the following procedure.
Cso (1—4) (25 mg, 0.035 mmol), or & (5 and6) (25 mg, 0.03
mmol), a 10-fold molar excess of GEH,SNa (30 mg, 0.36 mmaol),
and a 5-fold molar excess of MDABCO(44.5 mg, 0.175 mmol)
were stirred in 20 mL of the &1,Cl,/CsHsCN (19:1) mixture for
1 h at 60°C. GHsCN was added to increase the solubility of
CH;CH,SNa and MDABCOQI, which are poorly soluble in pure
CeH,4Cl,. During stirring the color of the solution changed from
violet characteristic of neutralggto red-brown. After cooling the
solution down to room temperature and filtering, the NIR spectrum
was measured to indicate selective reduction of fullerenes 19 (
radical anion state. ZnTPR)( Cd'TPP @), Mn"TPP @), F&'TPP
(4), Mn"TPP 6), and FETPP @) (~24 mg, 0.035 mmol) were
dissolved in the obtained solutions at 80 for 1 h, then cooled,
and filtered in a 50 mL glass tube of 1.8 cm diameter with a ground

(11) (a) Wayland, B. B.; Olson, L. W.; Siddiqui, Z. U. Am. Chem. Soc.
197Q 92, 4235. (b) Kobayashi, H.; Yanagawa, Bull. Chem. Soc.
Jpn. 1972 45, 450.

(12) Reed, C. A;; Kouba, J. K.; Grimes, C. L.; Cheung, Slr¢rg. Chem.
1978 17, 2666.

(13) Collman, J. P.; Reed, C. A. Am. Chem. S0d.973 95, 2048.

fullerene anion). The addition of Qo ionic Gso complexes during
the elemental analysis was previously repofted.

General. UV —visible-NIR spectra were measured in KBr pellets
on a Shimadzu-3100 spectrometer in the-22600 nm range. FF¥
IR spectra were measured in KBr pellets with a Perkin-Elmer 1000
series spectrometer (486@800 cnt?). EPR spectra were recorded
from 292 down 6 4 K with a JEOL JES-TE 200 X-band ESR
spectrometer equipped with a JEOL ES-CT470 cryostat. A Quantum
Design MPMS-XL SQUID magnetometer was used to measure
static susceptibilities of polycrystalline—-6 between 300 and 1.9
K at 100 mT static magnetic field. A sample holder contribution
and core temperature-independent diamagnetic susceptibygty (
were subtracted from the experimental values. The value® of
and yo were calculated in a high-temperature range using the
appropriate formulayy = C/(T—0) + yo.

Crystal Structure Determination. X-ray diffraction data for
2, 3, and5 are listed in Table 2. The intensity data for the structural
analysis were collected on a MAC Science DIP-2020K oscillator
type X-ray imaging plate diffractometer with graphite monochro-
mated Mok, radiation at low temperatures using an Oxford
Cryostream cooling system. Raw data reductiof2evas carried
out using the DENZO prograd®. The structures were solved by

(14) (a) Konarev, D. V.; Khasanov, S. S.; Saito, G.; Otsuka, A.; Yoshida,
Y.; Lyubovskaya, R. NJ. Am. Chem. SoQ003 125 10074. (b)
Allemand, P.-M.; Khemani, K. C.; Koch, A.; Wudl, F.; Holczer, K,;
Donovan, S.; Groer, G.; Thompson, J. O5ciencel99], 253 301.

(c) Kitagawa, T.; Lee, Y.; Takeuchi, KChem. Commurli999 1529.
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Table 2. X-ray Diffraction Data for2, 3, and5

Konarev et al.

compound 2 3 5
structural formula {(MDABCO)>CoTPR+(Cs0) {(MDABCO)>MnTPP;+(Cs0)2 {(MDABCOQO)>MnTPP+(MDABCO),
(CeH4Cl2)4.£(CeHsCN)1.6 (CeHaCl2)42(CeHsCN)1g {(Cr0)2} 2(CeH4Clo)e(CeHsCN)a g
empirical formula Gi5.d183.6Cls sCONo 6 C215.8Hs83.6Clg aMNNg g Ca21.4H136Cl1o2MNN16 8
M, [g'mol~1] 3179.01 3166.25 5916.22
crystal color and black, prism 0.5x 0.4 x 0.3 black, prism 0.4« 0.3 x 0.2 black, prism 0.6< 0.5 x 0.16
shape, size,

mm x mm x mm

crystal system orthorhombic orthorhombic _ triclinic
space group Pbca Pbca R

a, 19.8690(10) 20.0250(10) 19.1170(10)
b, A 26.6500(10) 25.9500(10) 19.5660(10)
c, A 25.8430(10) 25.938(2) 20.7310(10)
a,° 90 90 67.606(3)

B, ° 90 90 81.629(3)

Y, ° 90 90 63.610(3)

vV, A3 13684.1(10) 13478.6(13) 6419.7(6)

z 4 4 1

pcalc [g/c] 1.543 1.560 1.530

u [mm~1] 0.371 0.340 0.256

F(000) 6484 6460 3012
absorption correction none none none

T[K] 180(2) 100(2) 90(2)

max. 2, ° 54.56 52.74 54.90

reflns measured 38154 32062 25574
unique reflns 14570 12559 25574
parameters 1105 1105 2721
restraints 347 275 1487

reflns [Fo > 20(Fo)] 10697 8673 19154

Ry [Fo > 20(Fo)] 0.0583 0.0593 0.0694

WR; (all data} 0.1608 0.1479 0.1834

a 0.0725 0.0603 0.0860

b 5.9731 9.5934 7.2534

GOF 1.018 1.008 1.021

restr GOF 1.016 1.001 1.005
CCDC number 610969 610970 610971

aw = 1[o%(Fe?) + (aP)? + bP], P = [Max(Fc2,0) + 2 F2/3.

direct method and refined by the full-matrix least-squares method disordered. One of four such positions is partially occupied by the
againstF? using SHELX-97%6 Non-hydrogen atoms were re- CgHsCN molecules, and the other three positions are occupied only
fined in the anisotropic approximation. Positions of hydrogen by the GH4CI, molecules.

atoms were calculated geometrically. Subsequently, the positions
of H atoms were refined by the “riding” model withis, = 1.2U¢q

of the connected non-hydrogen atom or as idea} Gidups with

Uiso = 1.0eq o 1. Synthesis.To preparel—6 we used the reduction of
Molecule Disordering in 2, 3, and 5.(2 and3) (MDABCO™),

CaITPP and (VDABCO); i TPP unis s wellas 6 radicel ateren'es Wth CHCHLSa n he presence ofan excess of
anions are ordered idand3. There are three positions of solvent L 472 6115 U :
molecules. One position is occupied by ordergH I, molecule. (MDABCO )-(fullere_:ne ) salt was precipitated fr(_)m the
Another one is shared by bothgd@sCN and GH.Cl, molecules solution by hexane in the presence of corresponding metal-
with 0.9/0.1 occupancies f& and 0.8/0.2 occupancies f8r The loporphyrins. The data of elemental analysis and composi-
third position is occupied by orientationally disorderegHgCl» tions of 1—6 are listed in Table 1. The compositionsyf4,
molecules. and 6 determined from elemental analyses and thosg of
(5) (MDABCO*)*Mn'"TPP units and one of crystallographically  and3 determined from X-ray structural analyses are similar
independent (&), dimers are ordered at 100 K. The othe;dQ, and differ only in the content of solvent¢8,Cl, and
dimer is fixed in two orientations linked to each other by the rotation c;H.CN molecules: {(MDABCO)»M'TPR -(Cso70)2"
about the longer axis of dumb-bell {£), at an angle of 36 (CeHaCl2)2.26x(CeHsCN)y (x = 0—2.2,y = 0—1.8). There-
The occupancy factors are 0.5/0.5. Noncoordinated MDABCO fore, all these complexes most probably contain the same

cations are disordered between two orientations linked by their ol . . .
rotation (~10°) about the axis passing through the two nitrogen (MDABCO™),*M"TPP units and fullerene anions at a 1:2

atoms of MDABCO'". There are six positions of solvent molecules. molar ratio.5 has a different compositio§(MDABCO).:
The two positions are occupied by the ordergt§CN molecules, MNTPP «(MDABCO),+{ (C70)2} 2 (CeH4Cl2)e* (CsHsCN)s, and
whereas in the rest four positions, the solvent molecules are involves free noncoordinated MDABCGations addition-
ally to the (MDABCO")>*Mn'"TPP units. We also found
that noncoordinating Cu(ll) tetraphenylporphyrin does
not form such a multicomponent complex, and only
(MDABCO™)+(Cso") salt can be isolated in the synthesis.

Results and Discussion

(15) Otwinowski, Z. Minor, W. InProcessing of X-ray diffraction data
collection in oscillation modeMethods in Enzymologgarter, C. W.,
Sweet, R. M., Eds.; Academic Press: 1997; p 276.

(16) Sheldrick, G. MSHELX97 University of Gdtingen: Germany, 1997.
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Figure 1. UV—vis-NIR spectra of pristine MATPP (a),3 (b), and5 (c)
in the 380-1600 nm range.

T T T
400 600

Table 3. UV—vis-NIR Spectra of Parent Compounds ahe6

porphyrin fullerene

Soretband, Q-bands,
compd nm nm UV-range NIR-range
Coo 262, 341, 470
Crno -, 420, 540
ZnTPP 431 553, 596, 623
CoTPP 421 536, -, 617
MnTPP 443 -, 572,611
FeTPP 427 504, 630, 675
1 436 (5) 563, 600, - -, 340 942, 1076
2 425 (4) 532, -, - -, 340 934, 1077
3 453 (10) 526, 580,619 -, 340 937, 1083
4 436 (9) 532,612, - 262, 341 942, 1077
5 449 (6) -, 574, - - - 880,-1240
6 434 (7) -,~550, - ~860,~1240

2. IR— and UV—Visible-NIR Spectra of 1-6. The 1:1
molar ratio between MDABCO cations and & (1—4) or
Czo (5 and 6) indicates formal-1 charge on the fullerene
molecules.

The IR-spectra ofLl—4 are similar. They manifest the
absorption bands of MTPP, MDABCO", Cqso, and corre-
sponding solvent molecules (Supporting Information). The
position ofF1,(4) mode at 1384, 1387, 1395 (split barig,
1382, 1387, 1395 (split ban@), 1388 @), and 1387 cm*

(4) is close to that in the salts containingl charged
fullerenel” The inversion of the intensities d¥,,(2) and
F1,(1) modes in the spectra G4 is also characteristic of
—1 charged &.*” The NIR spectra justify the presence of
monomeric Go'~ in 1—4 due to the appearance of charac-
teristic bands at 934942 and 10761083 nm (Figure 1b,
Table 3)8

The IR spectra of & complexes5 and 6 indicate the
formation of the (Go ). dimers, which is proved by the
presence of characteristic additional bands (Supporting
Information) previously observed even in the complexes and
salts containing (&), dimers!*®1°NIR spectra justify the
formation of (Go ). dimers as well (two wide characteristic
bands at about 880 and 1240 nm) (Figure &}?

(17) (a) Picher, T.; Winkler, R.; Kuzmany, Rhys. Re. B1994 49, 15879.
(b) Semkin, V. N.; Spitsina, N. G.; Krol, S.; Graja, &hem. Phys.
Lett. 1996 256, 616.

(18) Reed, C. A.; Bolskar, R. DChem. Re. 200Q 100, 1075.

(19) Konarev, D. V.; Khasanov, S. S.; Vorontsov, I. |.; Saito, G.; Antipin,
Yu. A.; Otsuka, A.; Lyubovskaya, R. NChem. Commur2002 2548.

The formation of (MDABCO),*M"TPP units shifts the
positions of the Soret bands of metalloporphyrins byl®
nm to the red side and in some cases changes the position
and relative intensities of the Q-bands at 5@&%0 nm
(Figure 1, Table 3). Similar red shifts of the Soret bands
were observed at the coordination of various ligands to
metalloporphyrins including fullerené<? It should be noted
that the position of the Soret and Q-bands in the spectrum
of Mn"TPP obtained by us can even have red shift relative
to pristine metalloporphyrin due to the coordination of
ethanol*? which was used as a solvent in the syntheses.

3. Crystal Structures of {(MDABCO) ,-Ca" TPP} +(Ceo)2
(CeH 4C|2)4A4'(C5H 5CN)1_5 (2) and { (M DABCO) >Mn' TPP} .
(Co0)2*(CsH4Cl ) 422 (CsHsCN);1 5 (3). Complexe and3 are
isostructural. Metalloporphyrins coordinate two MDABCO
cations in both2 and 3. Therefore, metal atoms are
six-coordinated and have an octahedral environment'at M
centers (M= Co and Mn, Figure 2a). Previously such an
environment was reported for €BPP in (piperidiney
Cd'TPP! and by our knowledge was for the first time found
for Mn""TPP since even in a large excess of N-containing
ligands such as pyridine and imidazole (L) MH#PP forms
only five-coordinated EMn'"TPP12 Most probably, crystal
packing forces in the complex with fullerene facilitate the
stabilization of these six-coordinated metalloporphyrins. The
Co— and Mn—N(MDABCO") distances of 2.475(2) and
2.553(2) A indicate weak coordination of MDABC@ations
to metalloporphyrins. The CeN(MDABCO) distances are
essentially shorter in six-coordinated (MDABCP
Cd'OEP(Cso) units (in these units § additionally
coordinates to CEWEP with the Ce-C(Cso™) distance of
2.508(4) A at 100 K3 and five-coordinated (MDABC®)-
CJ'TMPP (2.340(3) and 2.385(2) A, respectivelyy. The
elongation of Ce-N axial coordination bonds from 2.157-
(3) to 2.436(2) A was observed at the transition from five-
coordinated (imidazoleCd' TPP to six-coordinated (piperi-
dine)-Cd'TPP. This elongation is a consequence of that an
unpaired electron involved in the bonding is located in the
d, orbital, which pointed directly to the two nitrogen atoms
of axial ligands?! The removal of the electron frongarbital
in CA"TPP' leads to a noticeable shortening of axial-3%
bonds in (piperiding)Co"TPP" to 2.060(3) A22 For the
same reason, the MrN axial coordination bonds can be
elongated and the (MDABC@Mn'TPP units can be
destabilized. This implies that an unpaired electron of
Mn'"TPP involved in the bonding with MDABCOshould
also localize on g orbital. Additional contribution to the
elongation of M-N bonds in the (MDABCO),M"TPP (M
= Co and Mn) can provide the repulsion between two
positive charges of the MDABCO cations. Porphyrin
macrocycles are nearly planar with root-mean-square devia-

(20) (a) Wayland, B. B.; Minkiewicz, J. V.; Abd-Elmageed, M. E.Am.
Chem. Soc1974 96, 2795. (b) Litvinov, A. L.; Konarev, D. V.;
Kovalevsky, A. Yu.; Coppens, P.; Lyubovskaya, R.Qtyst. Growth
Des.2005 5, 1807.

(21) (a) Scheidt, W. RJ. Am. Chem. Sod974 96, 90. (b) Scheidt, W. R.
J. Am. Chem. S0d.974 96, 84.

(22) Scheidt, W. R.; Cunningham, J. A.; Hoard, JJLAmM. Chem. Soc.
1973 95, 8289.
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a

Figure 2. Molecular structure of (MDABCO)*Mn"TPP units in3 (a) and5 (b). (MDABCO"),-Cd'TPP units in2 have geometry similar to that of
(MDABCO*)*Mn"TPP in3.

Figure 3. View of the crystal structure a2 along thea (a) andc axes (b). Solvent g44Cl, and GHsCN molecules are omitted for clarity. Only one of
two coordinating MDABCO cations is shown in part (b).

tions rms= 0.033 and 0.064 A foR and3. Co atom is in The (MDABCO)-M"TPP units form channels passing
the porphyrin plane with the average length of the equatorial along thea-axis (Figure 3a shows the view along four such
Co—N bonds of 1.988(2) A), which is close to that observed channels) and accommodate zigzag chains of #ge @ith

for six-coordinated (piperiding)Co'TPP (1.987(2) At A relatively short interfullerene center-to-center distances of
thermal parameter of Mnatom for the vibration perpen-  10.342 and 10.428 A fa2 and 3, respectively (Figure 3b).
dicular to the mean plane of the core was higher than that There are interfullerene-€C contacts of 3.5583.729 A in

of the N atom (rms amplitudes are 0.055 A and 0.047 A, 2 and noticeably longer ones & (3.716-3.918 A). The
respectively). The disorder model in which a metal atom was center-to-center distances betweey Cin two other direc-
distributed between two symmetry equivalent out-of-plane tions are about or more than 13.5 A. Eagly Cis surrounded
positions with isotropic temperature factors gives the dis- py three MDABCO™ cations with multiple short van der
placement parameter &f0.127 A. However, the accuracy  waals G-C and H-C contacts of 3.5293.842 and 2.647

of the crystal structure determination f8rdoes not allow 2.862 A length. Ther-interaction and coordination ofs&~

one to refine simultaneously the position of Matoms with to M'TPP are absent (the shortest Co and-ANG{Ces'")
anisotropic temperature factors because they show largegistances are 6.26 and 6.31 A). Several short van der Waals
correlations. Similarly for high-spin§= 5/2) Mn'TPP C-+C contacts are only formed between phenyl substituents

(CeHsCHa), the out-of-plane displacement of Matomwas ot metalloporphyrins and fullerenes. Metalloporphyrins are
calculated to be-0.177 A. The length of equatorial M isolated from one another (the shortest-%M!" distances

borrlds is average i8 at 2.096(2) i and is close to thatin 5.6 163 and 16.4 A fo2 and3). Due to the large size of
Mn!' TPP(CeHsCH)2 (2.084(2) A): the channels formed by porphyrins there is a large space in

(23) Kimer, J. F.; Reed, C. A.; Scheidt, W. R Am. Chem. Sod977, them occupied by disordered solveryHiCl, and GHsCN
99, 1093. molecules.
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Figure 4. View of the crystal structure db approximately along the-axis (a) and in thec-plane (b). GH4Cl, and GHsCN molecules are omitted for

clarity.

Table 4. SQUID Data for the Complexes and3—6 in the 1.9-300 K Range

compd 0, K (temp range, K) observed magnetic moment, calculated magnetic momeptz
1 —13(1006-300) 1.6 (106-300% 1.738=1/2 (Gs¢'"), 0 (ZnTPP}
3 —2 (70-300) 4.1 (76-300p 4.53 8= 1/2 (Cs¢'™), 5/2 (MA'TPP)}
4 —2 (70-300) 3.7 (76-300p 3.87 6= 1/2 (G¢™), 2 (F&TPP)}
5 0 (10-300) 5.3 (16-300) 5.92 8= 5/2 (Mn'TPP)p
6 —31 (156-300) 4.3 (156-300Y 4.90 6= 2 (FE'TPPy

a Magnetic moment was calculated per half of formula §(iDABCO)2*M"TPP; o 5 Co(CsH4Cl2)x*(CsHsCN)y containing one g~ and half of M'TPP.
b Magnetic moment was calculated per formula unit containing onrg Jcdimer and one MTPP.

{ (M DABCO) z'Mn I TPP} ‘(M DABCO) 2'{ (C70)2} 2'(C 5H4C| 2)3'
(CeHsCN), (5). Two MDABCO™ cations coordinate to
Mn"TPP in5 (Figure 2b). The geometric parameters of
(MDABCO),*Mn"TPP units are nearly the same as those in
3. Coordinated nitrogen atoms of two MDABCQations
and a metal atom lie along a straight line2n 3, and 5,
which is nearly perpendicular to the porphyrin plane2in
and 3 (88°) and forms an angle of 85n 5. In previously
described (piperiding)Cd'TPP this line forms an angle of
about 89 with the porphyrin plané'? The porphyrin
macrocycle is unusually deformed & in such a way
that the nitrogen atoms of two pyrrole rings come out
by 0.120 A above and below the porphyrin plane. The
Mn—N(MDABCO™) distance in5 is 2.511(3) A. Thermal
parameters of Mhatom were almost the same as for N atoms

C—C o-bond. Since electrons on the LUMO of{ should
participate in the formation of the interfullerewebond of

the (Go ), dimer, two negative charges can localize near
this bond, and such an arrangement of MDABC¢ations
provides better conditions for the electrostatic interaction
between positive and negative charges5inThe layers
from (Czo7). dimers alternate with the layers composed
of (MDABCO™),Mn"TPP units and noncoordinating
MDABCO™ cations (Figure 4a). MIWTPP are completely
isolated from one another with the closest Mn...Mn distance
larger than 19 A. Most parts of solvent molecules are located
in large cavities formed by phenyl substituents of 'WIRP
and (Go ). dimers (Figure 4a). Due to the large size of this
cavity solvent molecules are strongly disordered.

4. Magnetic Properties of the Complexes. a.

of the porphyrin macrocycle, and there was no reason to {(MDABCO *),Zn" TPP} +(Ceg~)2*(CeH4Cl2)2.5(CsHsCN)o s

consider the disordered model with the out-of-plane displace-

ment of Mr'. The average lengths of MiN equatorial
bonds of 2.097(2) A are close to those3rand high-spin
(S= 5/2) Mn”TPP'(CeHscH3)2.23

In accordance with optical data, the¢C radical anions
form single-bonded (&), dimers in5 (Figure 4a,b). The
length of the intercage €C bond in the ordered dimer of
1.601(4) A is close to that in previously described single-
bonded (Gy), dimers (1.584(9) A¥? The (G¢ ). dimers

(1). Zn"TPP is diamagnetic§ = 0) and EPR silent that
allows one to study magnetic interaction betweegy C
except for a contribution from metalloporphyrin. Magnetic
moment of1 (1.6 ug) at 300 K is close to 1.73z cal-
culated for a system of noninteracting 1/2 spins per
{(MDABCO™),:Zn"TPB o5:(Ceg~) unit (Table 4). Magnetic
moment is temperature independent down to 100 K, and
below this temperature it decreases down to/. Bt 1.9 K
(Figure 5a). Magnetic susceptibility affollows the Curie-

form closely packed layers arranged almost parallel to the Weiss law in the 308100 K range with a negative Weiss

c-axis. Each @~ anion in the layer forms short van der
Waals C-C contacts with three otherz& anions from
neighboring dimers (the shortest-C contacts are in the
3.162-3.341 A range). Each (&), dimer is surrounded
by four MDABCO' cations located close to the interfullerene

constant of—13 K and manifests a maximum at 10 K. The
EPR signal ofl at 293 K is a single Lorentzian line witip

= 2.0000 and the line width of 2.75 mT. Tigefactor of the
signal remains unchanged down to M0 K, and the
signal strongly narrows with the temperature decrease (Figure

Inorganic Chemistry, Vol. 46, No. 6, 2007 2267



4,5

AAAAAAAAAAAAAAAAAAAAAA

rwvvw—v—v-v—v-v—v—v—v-v—*""""v-v-v-w b
[ a

0 50

4,0 1
3,54
3,0 1
2,5

“—e

2,0

Herr Hg

1,5
1,01

0,5 1

100 150 200 250 300
Temperature, K

Figure 5. Temperature dependences of magnetic moments of polycrys-
talline 1 (a), 4 (b), and3 (c) in the 1.9-300 K range.

6a,b), which is characteristic ofg€ .18 Below 120-100 K
the signal splits into two components shifted to higher and

lower magnetic fields with the temperature decrease and

slightly broadensd; = 1.9986,AH = 0.35 mT andg, =
2.0007,AH = 0.19) (Figure 6a,b). Integral intensity of the
signal at 293 K corresponds to the contribution of one 1/2
spin per{ (MDABCO™")>Zn"TPPB o5 (Css~) unit. The de-
pendence of (integral intensity of the signalT) vs T is
linear, and thel x T value decreases below 100 K (in
accordance with SQUID data)t4 K less than 10% of £
spins contribute to spin susceptibility @f Such magnetic

behavior indicates the antiferromagnetic interaction between

Ceo"~ spins inl, which manifests itself already below 120
100 K. It can be supposed that the observed antiferromagneti
interaction of Gy~ spins is realized il in the chains similar

to those observed i@ and 3. In this case we can estimate

Konarev et al.

(THF):Fe'TPP“2 is noticeably longer than the &N
distance of 2.014(5) A in (imidazoleFe' TPP24 The Weiss
constant of-2 K (70—300 K) indicates weak antiferromag-
netic interaction of spins id, and the magnetic moment of
4 begins to decrease below 70 K (Figure 5b)! HeP shows
no EPR signal. The parameters of the EPR sign&l afe
close to those observed for (g = 1.9949 andAH =
16.4 mT at 293 K). The-factor value is nearly temperature
independent down to 120 K, and the signal noticeably nar-
rows with the temperature decrease. Below-1200 K the
EPR signal of4 splits into two components, which shift to
higher and lower magnetic fields with the temperature
decrease and noticeably broadgn= 1.9708,AH = 8 mT;
g2 = 2.0001,AH = 17.6 mT) (Figure 7a,b). Such behavior
is similar to that ofl and can be attributed to the anti-
ferromagnetic interaction of &~ spins. It is interesting to
note that in spite of the fact that FEPP is EPR silent
(as ZATPP in1), the parameters of the EPR signal4n
(g-factor and line width) are noticeably different relative to
those of the EPR signal ifh (Figures 6 and 7).

C. { (M DABCO +)2'CO” TPP} ‘(Ceo’f)z'(C6H4C|2)4_4'
(CeHsCN)16 (2). The magnetic properties @fwere studied
by temperature-dependent EPR on a single-crystal sample
tested by X-ray diffraction. The EPR signal & has a
Lorentzian shape, which does not depend on the orientation
of the crystal in the 4293 K range. The signal hag=
2.1082 and a line halfwidth of 7.1 mT at 293 K (Figure 8a,b).
The observed-factor value is an intermediate one between

dhose characteristic of &~ (1.9996-2.0000} and six-

coordinated (piperiding)Cd'TMPP (an asymmetric signal
with go= 2.214 andy, = 2.054)?° Therefore, that can be a

the exchange interaction according to the one-dimensionalSignal appeared due to the exchange coupling betwgen C

Heisenberg antiferromagnetic model willkg = —9.6 K
(Supporting Information).

b. {(M DABCO +)2-Fe“ TPP} '(Cs()'_)z‘(CeH 4C|2)2,2'
(CeHsCN)os (4). Magnetic moment ofd is 3.7 ug per
{(MDABCO™"),*Fe€'TPP o5 (Cso) unit at 300 K (Table 4,
Figure 5b). The value calculated for the system containing
monomeric Go'~ (S= 1/2) and F&TPP in high spin state
(S= 2) is 3.87ug. The spin state of +:F€'TPP is known to
depend on the ligand strength of “L”. ¥EPP coordinating
two strong field ligands such as pyridine, imidazole, or
piperazine is diamagnetiS(= 0), whereas FETPP coor-
dinating two weak field tetrahydrofuran ligands has a high
spin state $ = 2) with a magnetic moment of 5,1g.1%2*
Therefore, the retention of the high spin state df FeP at
the coordination of two MDABCO is possible if they are
weak-field ligands. The positive charge in MDABCO
cations can essentially weaken their ligand strength in
comparison with neutral bidentant DABCO. Indeed, the
Co--N(MDABCO") distance in the (MDABCQ)-Cd'TMPP
of 2.385(2) A is noticeably longer than the distance of
2.157(3) A in (imidazole)Cd' TPP2 Similarly, the Fe-O
distance of 2.351(3) A with a weak-field THF ligand in

(24) (a) Jameson, G. B.; Molinaro, F. S.; Ibers, J. A.; Collman, J. P;
Brauman, J. |.; Rose, E. J.; Suslick, K. 5.Am. Chem. Sod.98Q
102 3224. (b) Reed, C. A.; Mashiko, T.; Scheidt, W. R.; Spartalian,
K.; Lang, G.J. Am. Chem. S0d.98Q 102 2302.
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and (MDABCQO"),:Cd'TPP. The exchange interaction aver-
agesg-factor value and results in the disappearance of
individual features of the signals (asymmetry, hyperfine
splitting, and etc). A similar single lineg(= 2.1188 and
AH = 52 mT at 292 K) was observed {fifMDABCO™)-
Ca'OEP(Ceo )} *(CsH4Clp)1—x(CsHsCN)y (x==0.67) with non-
bonded CHOEP and Gz~ species above 50 KOne Cd-
OEP and one g~ contribute to the EPR signal in the
Cd'OEP complex, whereas one 'Od°P and two G~
contribute to the EPR signal 2 As a result, the signal in

2 shifts closer ta-factors characteristic of¢g~ and becomes
essentially narrower (7.1 vs 52 mT). Similar single lines
instead of two signals were observed in other ionic complexes
and salts of @ containing paramagnetic cations and
Coo—.520014aThe temperature decrease narrows the signal
(AH = 3.55 mT at 85 K). Below 70 K thg-factor shifts to
larger values with the temperature decrease and broagens (
= 2.1907, AH 5.2 mT at 4 K, Figure 8a,b). The
temperature dependence of integral intensity of the signal
multiplied by T (I x T) is linear, and the x T value
decreases below 35 K showing antiferromagnetic interaction
of spins at low temperatures (Supporting Information).
According to X-ray diffraction dat2 contains closely packed

(25) Walker, A. F.J. Am. Chem. Sod.97Q 92, 4235.
(26) Paul, P.; Kim, K.-C.; Sun, D.; Boyd, P. D. W.; Reed, C. A.Am.
Chem. Soc2002 124 4394.
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zigzag chains of g, and antiferromagnetic interactions long (longer than that distance Biand 10.18 A van der
can realize namely in this chains decreasing the contribution Waals diameter of §) that results in weak magnetic

of Ceg’~ spins to the EPR signal. As a result, tpactor of interaction in3.
EPR signal in2 shifts closer to that characteristic of e.{(MDABCO "),*Mn"TPP}+(MDABCO *)>*{(C707)2} »*
individual six-coordinated CaPP. (CeH4Cl2)e*(CsHsCN)s (5). According to the X-ray diffrac-

d. {(MDABCO *)*Mn""TPP}+(Ce0")2:(CeH4Cl2)s.* tion and optical dat® contains diamagnetic single bonded
(CeHsCN)1 5 (3). Magnetic moment o8 is equal to 4.1ug (C70)2 dimers*aThat results in drastic changes in the mag-

per {(MDABCO™")»*Mn"TPP o5 (Css) unit at 300 K and netic behavior ob relative tol—4. The magnetic moment
begins to decrease below 70 K (Figure 5c). The value of 5 is equal to 5.3ug, whereas the calculated magnetic
calculated for the system containing noninteracting C moment for the high spin MAWPP is 5.92ug. Structural
(S= 1/2) and high spin MATPP S = 5/2) is 4.53ug. The parameters for the (MDABCQ,Mn"TPP units in5 also
geometric parameters of the MPP porphyrin ir8 are also justify the high spin state of MTPP. The magnetic moment
evidence of the high spin state of MFPP23 The Weiss is temperature independent down to 10 K (Supporting In-
constant of3 is negative 2 K) in the 76-300 K range. formation), and the Weiss constant is close to zero. Therefore,
The EPR signal 08 is very broad (more than 100 mT) and the disappearance of the contribution gf'C spins destroys
cannot be fitted well by one Lorentzian line (Figure 9). The magnetic exchange interactions of spindifParamagnetic
approximateg-factor value of 2.4 can be considered as an (MDABCO™),-Mn"TPP units are completely magnetically
intermediate one between those af’C (1.9996-2.0000) isolated due to large distances between'Manters. In the
and high spin MKRTPP @m= 5.96 andg, = 2.00?). EPR spectrum ob we found low-field six-line pattern with
Therefore, this signal can appear due to exchange couplingan averagegy = 5.96 and line splitting withB = 65.8 x
between G~ and (MDABCO"),Mn"TPP similarly to2. 104 cm™* (7 mT) due to a hyperfine interaction (HFI) with
The shape of the signal is not changed down to 100 K, below 5*Mn nuclei ( = 5/2). The signal ag-factor 2.000 with
which it becomes closer to an asymmetric signal character-unresolved splitting was also observed (Figure 10). These
istic of high spin MATPP!2 g-factor also shifts to larger  signals can be attributed to tlye andg, components of the
values ¢ = 4.9 at 4 K). High spin MWTPP hagy = 5.9612 spectrun®? and justify the high spin state of Mnin six-
Such magnetic behavior most probably can be explained bycoordinated (MDABCO),-Mn"TPP units. Additionally to

the antiferromagnetic interaction of spins in thg'Cchains. the major signal, split and weak signals are also observed in
The distance betweery of 10.428 A in the chains is rather  the magnetic field from 130 up to 300 mT (Figure 10). The
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] dimers. Unfortunately, the crystal structure6as unknown,
. /\\/ 292 K and that prevents us from analyzing the magnetic properties
= of this complex in detail. The magnetic momen®tas equal
3] WZOO K to 4.3ug. The complex is EPR silent in the293 K range
ER /\Mmo K that is consistent with the presence of EPR silent (e
=1 kw 60 K dimers and FETPP. Thougt6 contains diamagnetic (¢ )2
3 1 dimers, the Weiss constant ef31 K is relatively large in
o ] rd/‘ 23K the 156-300 K range, and the magnetic moment 6n
=] f—,”_—_‘ 4K decreases below 120 K (Supporting Information).

] Conclusions

0 200 400 600

L A new series of ionic complexes comprisingg@nd Go
- Magnetic field, mT _ anions and coordinating (MDABCQ,-M"TPP assemblies
T o 207 St 4 e oo el nant oA e*(M = 20, Co, Min, Fe) were obtained. The use of coordina-
associated with impurities (most probably due to the reduction:e40C tion cations such as MDABCOJthis work and refs 8 and
impurity).26 10] demonstrates a high synthetic potential for the design
of a variety of ionic fullerene compounds with five- and six-
i gL coordinated metalloporphyrins with various substituents and
metals (Zfl, Cd', Mn", and F&). This allows one to obtain
] ¢ g” new coordination assemblies with MDABCOor other
T coordination cations, unknown so far, which can have new
_ ¢ structures and properties. For example, complex formation
with fullerene anions stabilizes six-coordinated 'MIRP
porphyrins in the solid state, which were not found previously
T most probably due to their low stability. Indeed, the-M
_ bonds are very weak in both coordination (MDABCQ
M''TPP assemblies with the length of 2.475(2) A for=m
100 200 300 Co and 2.511(3}2.553(2) A for M= Mn.
Magnetic field, mT Complexes contain (MDABC®,-M"TPP units with
Figure 10. EPR signal of5 at 293 K attributed to six-coordinated ~ a different spin state. ZAPP is diamagnetic§ = 0),
(MDABCO™)zMn''TPP units. CO'TPP presumably ha$ = 1/2 spin state, whereas
Mn'"TPP and FETPP are most probably in a high spin state.
Complexesl—4 are interesting examples of compounds, in
which fullerene anions are neither dimerized nor coordinated
but are located close enough to each other to realize magnetic
exchange interaction between them. This interaction is
obviously an antiferromagnetic one and decreases the
magnetic moments of the complexes below 120 K. The
presence of paramagnetic (MDABCR-M'"TPP (M= Co,
Mn, and Fe 2—4)) units does not affect noticeably the
temperatures (70100 K) at which the decrease of magnetic
moments is observed relative focontaining diamagnetic
(27) Goodgame, D. M. L.. El Mkami, H.; Smith, G. M.; Zhao, J. P.: Zn"TPP (1206-100 K). The negative Weiss constant is also
Mclnnes, E. J. LDalton Trans.2003 34. the highest forl amongl—4. That can be explained by the

Intensity, arb. units

average splitting is about 10 mT that can be associated with
HFI with 5®Mn nuclei. However, because of the overlapping
it is impossible to determine exactly the positions of these
additional signals. These signals can manifest due to a slight
distortion of Mr' centers in (MDABCQO),-Mn"TPP from a
regular octahedral environméhbr due to the polycrystal-
linity of the sample.

The composition of{ (MDABCO™"),Fe'TPR +(C7o )2
(CsH4Clp)s (6) is similar to those ofl—4. According to
optical data it contains diamagnetic single bondeeh (G

2270 Inorganic Chemistry, Vol. 46, No. 6, 2007
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absence of strong direct magnetic exchange interactiondecamethylcobaltocene, Gi@o" hasS= 0; D, = TDAE""

between M centers and g~ due to large distances between
them. However, some modifications of EPR spectra-of

hasS=1/2; and B = decamethylchromocene, G&rt has
S = 3/2)28 These complexes show the weak antiferromag-

are observed due to the different spin states of metallopor-netic interaction of g~ spins most probably mediated by

phyrins. Only Gg~ spins manifest itself il and4 containing
EPR silent ZHTPP and FETPP. In this case antiferromag-
netic interaction of spins split single EPR signals into two
components below 12680 K, which broaden and shift to
lower and higher magnetic fields with the temperature
decrease. 1”2 and3 Cd'TPP and MHTPP are EPR active.
These complexes manifest single EPR signals gAféictors
intermediate between those characteristic ot Cand

phenylene groups of TBPDA. The substitution of diamag-
netic Cp%Cao" by paramagnetic TDAE and Cp*%Cr' does

not affect noticeably the temperature at which the magnetic
moment of the complexes decreases. However, the com-
plexes demonstrate single EPR signals due to the exchange
coupling between g~ and corresponding catioACom-

plex 5 contains diamagnetic single-bonded,{Q. dimers

that result in magnetic dilution of the paramagnetic'Mn

corresponding metalloporphyrins as a result of exchangecenters due to large distances between them and the pure
coupling between these paramagnetic species. Single EPFParamagnetic behavior &t

lines instead of two lines were previously observed for
different ionic complexes and salts okd3ontaining two
EPR active species: cations angyC.52.2d143lost probably
this interaction is weak and realized only through the
diamagnetic phenyl substituents and MDABCGEations. In
both cases antiferromagnetic ordering gfCspins at low
temperatures<80 K) lowers the number of unpaired¢
spins relative to the number of spins of metalloporphyrins
and shiftsg-factors of2 and 3 closer to those characteristic
of individual metalloporphyrins. A similar magnetic behavior
was found in ionic multicomponent complexes of tetrabenzyl-
p-phenylenediamine with fullerene: (TBPDACss)*(D*1-3)
containing cations D;—3; with a different spin state (D=

(28) Konarev, D. V.; Kovalevsky, A. Yu.; Khasanov, S. S.; Saito, G.;
Otsuka, A.; Lyubovskaya, R. Neur. J. Inorg. Chem2005 4822.
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