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Metal lon Binding to Octakis(dimethylamino)porphyrazine: Core Coordination of Mn(lIl)
and Peripheral Coordination of Pd(Il)
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The synthesis and X-ray structural characterization of two manganese(lll) porphyrazine (tetraazaporphyrin)
complexes are reported: [Mn@#tc)ODMAPZz] (1) and [Mn(CI)ODMAPZ] @) (Et.dtc = diethyldithiocarbamato;
ODMAPz = 2,3,7,8,12,13,17,18-octakis(dimethylamino)porphyrazinato). In bhathd 2, the Mn(lll) ion sits

~0.3 A out of the plane of the pyrrolic nitrogen atoms toward the axial ligand. The structural data reveal that
for both 1 and 2 the Mn(lll) ions are isolated from each other, simplifying the interpretation of the magnetic
behavior of these compounds. Cyclic voltammetry shows that the peripheral dimethylamino groups make these
metalloporphyrazines extremely electron-rich, with the Mn(lll)/Mn(Il) couple-d4t3 V (versus ferrocenium/
ferrocene), shifted approximately 6:6.9 V more negative than those of related manganese macrocycles.
Temperature-dependent magnetic susceptibility measurements show that the groundtat@ with axial
zero-field splitting, andD| = 3.1—3.3 cnT! for both1 and2. These bulk magnetic measurements are compared

to the magnetic behavior of Mn(lll) porphyrin-type complexes, as well as recent direct resonance measurements
on 1 and2 by high-field EPR spectroscopy. The related metalloporphyrazine NIODMAPz, with an internally
bound Ni(ll) ion, coordinates 4 equiv of PdCio the peripheral dimethylamino sites to give [Ni(ODMAPZz)-
(PACb)4] (5). CompoundL crystallizes inC2/c, with a = 22.480(3) A,b = 20.128(2) A,c = 19.423(3) A8 =
102.97(13, V = 8564(2) B, andZ = 8 (R, = 0.074, vR, = 0.169). Compoun@ crystallizes inP1 with a =
10.216(6) Ab = 13.426(8) A,c = 15.683(14) Ao = 114.59(53, B = 96.82(6}, y = 101.87(53, V = 1863(2)

A3 andZ = 2 (R, = 0.067, WR, = 0.183).

Introduction to those of precise high-field EPR measureméhtsThe
peripheral dimethylamino groups make the ODMAPz macro-
cycle extremely electron-rich. As a result, the free-base form,
H,ODMAPz, is readily oxidized, making it an excellent choice
for the preparation of charge-transfer salts with potentially novel
conducting propertieks. Electrochemical measurements of the
manganese compoundsand 2 now show that the electron-

Phthalocyanines and related macrocyklésmodified by
attachment of substituents at the periphery have long been
widely studied. The Mn(lll) complexes of such molecules have
received recent attention as building blocks for molecular
magnetic materialé®> This report describes the syntheses,
characterizations, and X-ray crystal structures of two mangan- ' ;
ese(lll) complexes: [Mn(&titc)ODMAPZ] (Etdtc = diethyl- rich Mn'"ODMAPz is an extremely strong reductant. Thds,
dithiocarbamato; ODMAPz= octakis(dimethylamino)por- and2 are good candidates for th? lgreparanon of deramceptor
phyrazinato) 1) and [Mn(Cl)ODMAPZz] @) with the porphyrazine (D—A)_molecule-based m_agné‘té.v More ‘Tece”"y' there hav_e
ligand (tetraazaporphyrin) 0DMAPz (3).6 Few such man- been mcreqsed efforts in the preparation of _porphyrgzme-,
ganese(lll) complexes, whether of porphyrins, phthalocyanines, phthalocyanlne-, and porphyrin-type molecules with subs.tltuents
or porphyrazines, have been crystallographically characteftiZed. linked directly to theg-carbon atoms of the pyrrole rings,
We define the ground spin states of these molecules with including those that provide metal-binding sites on the

; 13-19 ii ; ;
magnetic susceptibility measurements and compare the resultsper!phery' . The utllity of the .dlmgthylamlno groups as
peripheral bidentate chelation sites is demonstrated by the

t Northwestern University. coordination of four PdGlunits by NIODMAPz @) to give
* Imperial College of Science, Technology and Medicine. [PACL]4[NIODMAPZ] (5).
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Experimental Section

Table 1. Crystallographic Data fot and 22

Goldberg et al.

Reagents and solvents were purchased commercially and used as

1

2

received unless otherwise noted. According to the method of Ciam- formula
polini et al.2°> Mn(Et,dtc), was prepared as a yellow, microcrystalline  fw

solid (1.25 g, 70%). Methylene chloride and acetonitrile were distilled color, habit
over calcium hydride. The porphyrazines®DMAPz and NiOD- cryst size/mm

GrHsgN17S,Mn

860.1

thin black plates
0.3 0.25x 0.03

C32H43N160IMn
747.3

black prisms
0.23x 0.13x 0.08

MAPz were prepared according to published procedtir&ectronic lattice type monoclinic triclinic

absorption spectra were recorded using a Hewlett-Packard HP8452A SPace group, no. C2fc, 15 P12

diode-array spectrophotometer. Fast-atom bombardment (FAB) and A 22.480(3) 10.216(6)

electric ionization (El) mass spectra were obtained by Mr. John Barton (t:);,i\ ig}éggg gggggz)

and Dr. Doris Hung using a VG-70-250E and a VG AutoSpec Q. a/deg ’ 11['1 59(5)

EIerr_lentaI analyses were performed by Qneida Research Service;, Incﬁ/deg 102.97(1) 96.'82(6)

(Whitesboro, NY) or by the microanalytical laboratory at Imperial /qeq 101.87(5)

College. VIA3 8564(2) 1863(2)
[Mn(Et .dtc)ODMAPZ] (1). In a nitrogen-filled glovebox, a sample  z 8 2

of Mn(Etdtc), (0.160 g, 0.455 mmol) was added to a purple suspension D./g cn1? 1.334 1.332

of H,ODMAPz (0.300 g, 0.456 mmol) in methanol (10 mL). The F(000) 3648 788

homogeneous deep blue solution that immediately formed was stirred radiation used Cu &° Cu Ka

for 12 h. The solution was filtered, and the supernatant was evaporated«/mm-* 3.82 3.92

to dryness in vacuo. The solid dark blue residue was dissolved in a ¢ range/deg 3.850.0 3.2-60.0

minimum amount of toluene, and this solution was layered with hexanes nmoé:Sfdumque refins 4389 5172

and allowed to stand for 5 days. Removal of the supernatant afforded obsd,|Fo| > do(|Fo)) 2948 3977

0.150 g (40%) of a dark blue crystalline solid. YVis (MeOH): Amax

336, 470, 602, 780 nm. FABMS (MW 860): mz 711 (M — Et- abs cor

face-indexed numerical

max, min transm 0.906, 0.509
dtc). Anal. Calcd for [Mn(Edtc)ODMAPZz] (MNnGHssN17S;): C, no. of variables 531 452
51.67; H, 6.80; N, 27.69. Found: C, 51.47; H, 6.94; N, 26.93. R 0.074 0.067
[Mn(CI)ODMAPZz] (2). A sample of anhydrous MnB1(0.033 g, WRY 0.169 0.183
0.154 mmol) was added to a purple suspension @BMAPz (0.100 weighting factorsa, b® 0.075, 54.974 0.108, 3.157
g, 0.152 mmol) in DMF (5 mL), and the mixture was heated at@0 largest diff peak, 0.55,—0.38 0.45-0.50
for 24 h under M. The reaction mixture was cooled and filtered through hole/e A

Celite, and the Celite was washed with methylene chloride. The filtrate
was washed with brine (¥ 10 mL), dried over MgS@ and filtered.

a Details in common: graphite-monochromated radiatiorscans,
Siemens P4 diffractometer, 293 K, refinement baseB%# Rotating-

The solvent was evaporated under reduced pressure to give a dark blugnode source. R, = 5 ||Fo| — |Fell/3 [Fol. ¢ WR, = { S [W(F2 — F2))/

solid. The crude product was purified by silica gel chromatography y[w(F2)7}12 ew = ¢%(Fs2) + (aP)? + bP.

(hexane/EtOAc (9/1), then acetone), affording 0.057 g (50%) of a dark
blue crystalline solid. UVW-vis (CHCL,): Amax342, 466, 607, 780 nm.
HRMS (FAB), m/z: calcd for MnGzH4sN1¢Cl (M), 746.3319; found,
746.3330. Anal. Calcd for [Mn(CI)ODMAPZz] (Mng&H4gN16Cl): C,

susceptibility of the sample holder was measured in the same temper-
ature range and field to provide an accurate correction for its
contribution to the total magnetic susceptibility. A diamagnetic

51.44: H, 6.47: N, 29.99. Found: C, 51.71: H, 6.26; N, 25.01, correction of—5.00 x 10™* cm¥mol was estimated from Pascal's
Numerous attempts at obtaining a better fit for the nitrogen content constant¥-?2and used for botfl and2.

using crystalline material failed, and we believe this problem is likely

Crystallography. Table 1 provides a summary of the crystal data

due to difficulties in combustion of the sample rather than to the and data collection and refinement parameters for [MuitE}-

presence of impurities.

[Ni(ODMAPz)(PdCI )4 (5). Ni(ODMAPz) (0.200 g, 0.280 mmol)
and PdCJ (0.400 g, 2.25 mmol) were combined in @EN/CHC (3/1
v/v) (12 mL); the mixture was heated at 100 for 4 h and stirred an

on F2

ODMAPZ] (1) and [Mn(CI)ODMAPZz] @). Both structures were solved

by direct methods and were refined by full-matrix least-squares based
All of the major-occupancy non-hydrogen atoms of both
complexes were refined anisotropically. In compountivo adjacent

additional 12 h at 66C. The reaction mixture was cooled and filtered  NMe2 groups were disordered over two partial occupancy (60:40)
to give a blue solid. After washing with GBN, CHCE, and E$O, .orlenta'tlons, the minor-occupancy atoms Qf which were refined
0.280 g (70%) of a blue solid was obtained. Yvis (DMF): Amax !sotrc_)plcally. Also in this st_ructure, two discrete pos_ltlons were
321, 606 nm. Anal. Calcd forGH.sN1ClsNiPdy: C, 26.98: H, 3.40; identified for each of the terminal methyl groups of the diethyldithio-
N, 15.73. Found: C, 26.89: H. 3.72: N, 15.18. carbamate ligand (65:35 and 55:45), and the minor occupancy atoms
Magnetic Susceptibility Studies. Solid-state magnetic susceptibility were again re_fined isotropically._ The hyd_rogen_atoms ' n both structures
measurements ofh and 2 were made by using a Quantum Design were placed in calculated positions, assigned isotropic thermal param-

MPMS SQUID susceptometer operating in the temperature range 1.9 eters,U_(H) = 1.2e(C) [U(H) = l'w?q(C_Me)]’ and ‘?‘”OWed to r_ide
300 K and equipped with a 5.5 T magnet. Polycrystalline samples " their parent atoms. Computations were carried out using the

were loaded in gel caps and compressed by fitting one half of the cap SHEILXTL'EC program S?(Steﬁf' q ded with
into the other half and sealing them together with glue. The _ El€ctrochemistry. Cyclic voltammetry data were recorded with a
Cypress Systems CS-1087 computer-controlled potentiostat. A three-

electrode configuration was employed: a platinum disk working
electrode, a silver wire counter electrode, and a sihaéliver chloride
reference electrode. Measurements were made in dichloromethane
freshly distilled over calcium hydride. The supporting electrolyte was
tetran-butylammonium hexafluorophosphate. All measurements were
calibrated by addition of ferrocene as an internal reference Eand
values were calculated frontf, + Ey)/2 at a scan rate of 110 mV

st

(14) Sibert, J. W.; Baumann, T. F.; Williams, D. J.; White, A. J. P.; Barrett,
A. G. M.; Hoffman, B. M.J. Am. Chem. Sod.996 118 10487
10493.

(15) Kobayashi, N.; Togashi, M.; Osa, T.; Ishii, K.; Yamauchi, S.; Hino,
H. J. Am. Chem. Sod.996 118 1073-1085.

(16) Yilmaz, I.; Bekaroty, O. Chem. Ber1996 129 967-971.

(17) Murashima, T.; Uchihara, Y.; Wakamori, N.; Hidemitsu, U.; Ogawa,
T.; Ono, N.Tetrahedron Lett1996 37, 3133-3136.

(18) Kogak, M.; Okur, A. I.; Bekaroglu, OJ. Chem. Soc., Dalton Trans.
1994 323-326.

(19) Kobayashi, N.; Lever, A. B. R. Am. Chem. S0d.987 109, 7435~
7441.

(20) Ciampolini, M.; Mengozzi, C.; Orioli, Rl. Chem. Soc., Dalton Trans.
1975 2051-2054.

(21) Carlin, R. L.MagnetochemistrySpringer-Verlag: New York, 1986.

(22) O’Connor, C. JProg. Inorg. Chem1982 29, 203-283.

(23) SHELXTL PC version 5.03; Siemens Analytical X-ray Instruments,
Inc.: Madison, WI, 1994.
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Results and Discussion S
Synthesis and Optical Properties. In principle, a metal ion Wavelength (nm)

qould_ coordinate to either _the peripheral dimethylamir_m chela- Figure 1. UV—vis spectraimas M (Ioge)) for HODMAPzZ (3) [334

tion sites or the central cavity ofJDMAPz. Not surprisingly, (4.57), 531 (4.29), 708 (4.16)], NIODMAPZ)[325 (4.92), 561 (4.42),

as shown by X-ray crystallography, the manganese ions were704 (4.52)], and [Mn(Ettc)ODMAPZ] (1) [336 (4.53), 470 (4.47),
captured by the macrocyclic core to give a manganese(lll) 602 (4.59), 780 (4.24)] in C¥l, and for [Ni(ODMAPz)(PdC)),] (5)
porphyrazine with a single axial ligand bound to the metal [321 (4.45), 606 (4.52)] in DMF.

center, as shown in Scheme 1. Similarly, reaction of H . o

ODMAPz with NiCl, gave the internally metalated compound Substituents make the ODMAPz macrocycle significantly more
45 However, the reaction of excess Pg@lith a centrally electron-rich than other porphyrazines such as OESPz and are
metalated ODMAPz4, gives [Ni(ODMAPz)(PdG)).] (5), consonant with the increased stability of the higher oxidation
confirming that the peripheral NMegroups can indeed coor- ~ State of manganese.

dinate in a bidentate fashion analogous to tetramethylethylene- H20DMAPz (3) exhibits a Soret peak centered at 334 nm
diamine. and two broad bands at 522 and 705 nm, as can be seen in

¢ Figure 128 The peak at 522 nm is assigned tesr* transitions
from the lone-pair electrons on the external nitrogen atoms into
a sr* ring orbital, and the 705 nm peak is assigned to the Q
rpand. The spectrum of NIODMAPZY is qualitatively the
same, with a small blue shift20 nm) of all three bands. In
contrast, insertion of Mn(lll) into the porphyrazine to forin
and 2 causes striking changes in the absorption spectrum, as
seen in Figure ¥ Although the Soret band matches that of
the free base, the next two peaks are blue-shifted and centered
at 467 and 607 nm, with a less intense shoulder near 765 nm.
The absorption spectra of Mn(lll) porphyrin compounds are
well-known to contain other transitions in addition to the normal
Q and Soret band®;3! and are not amenable to simple
interpretation. We tentatively suggest that the peak at 607 nm
is the blue-shifted Q band, and the* peak is now centered

at 467 nm. The shoulder at the red end of the spectrum may

Much work has been reported examining the influence o
the properties of the macrocycle on the rate of metal complex-
ation, as well as the effect of the solution conditiéfi$8 but
less has been done on the effect of changing the metal salt upo
the rates of complexatiofi. Insertion of the metal into the
porphyrazine core by the Mn(felic), reagent is remarkably fast
at room temperature, occurring in seconds. This facile meta-
lation contrasts with the more typical reaction of MaBwxhich
demanded an extended period of reaction (24 h) at elevated
temperature$. This difference parallels the disparity in rates
of metalation of HTAP (TAP = tetraazaporphyrin) or }Pc-
Bu,?® (H,PdBuU4 = tetratert-butylphthalocyanine) by Cu(OAg)
versus CuGl

During the synthesis and purification &f the incorporated
Mn was oxidized from Mn(ll) to Mn(lll) even though all steps

were performed under an inert atmosphere. This contrasts withpe que to an LMCT absorbance of the type @ing) — e

the recently described synthesis of MYESPz (OESPz= (metal) as has been described in analogous porphyrin sgé#tra.
octakis(ethylsulfanyl)porphyrazine), which was stable in the pgaaks observed in the near-infrared region (80850 nm) for

manganous form unless exposed to air or alkyl halid@ie  1\in(OESPZ)CI) have been suggested as arising from LMCT
electrochemical data (vide infra) show that the dimethylamino 4nsitions?

(24) O'Shea, D. F.; Miller, M. A.; Matsueda, H.; Lindsey, Jliorg. Chem. (28) Mani, N. S.; Beall, L. S.; White, A. J. P.; Williams, D. J.; Barrett, A.
1996 35, 7325-7338. G. M.; Hoffman, B. M.J. Chem. Soc., Chem. Comm894 1943~
(25) Stuzhin, P. A.; Khelevina, O. @oord. Chem. Re 1996 147, 41— 1944.
86. (29) The absorption for the chloride compl&xs essentially identical.
(26) Shamim, A.; Hambright, Rnorg. Chem.198Q 19, 564-566. (30) Gouterman, M. InThe Porphyrins Dolphin, D., Ed.; Academic
(27) Lahiri, G. K.; Summers, J. S.; Stolzenberg, A.lkbrg. Chem1991, Press: New York, 1978; Vol. Ill.; pp-1156.

30, 5049-5052. (31) Boucher, L. JCoord. Chem. Re 1972 7, 289-329.
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twisting causes the gLatoms to be displaced by as much as
0.35 A out of the metatN, coordination plane. The manganese
atom is displaced out of the\toordination plane toward the
apical ligand by 0.33 A (0.34 A) fol (2). This out-of-plane
deformation is similar to that observed (0.29 A) in the
manganese porphyrazine complex [Mn(OESPZ)@l} contrasts
with the 0.26 A displacement seen in the manganese porphyrin
compound [Mn(TPP)C® (TPP = 5,10,15,20-tetraphenyl-
porphyrinate). This difference in behavior is probably due to
the smaller size of the central porphyrazine cavity compared to
that in porphyrins. There is a distinct loss of planarity in the
porphyrazine ligand ofl outside this inner core, with two
adjacent ¢ atoms of one pyrrole ring being displaced by ca.
0.28 A out of the plane of the inner core on the opposite side
to the metal atom. The peripheral dimethylamino groups adopt
various skewed conformations with respect to the ligand plane
for both1 and2, with torsion angles about thegENMe; bonds
ranging from 12 to 68 In solution, however, there is no barrier
to rotation among these groups as evidenced by the single
methyl resonance at 3.73 ppm in thd NMR spectrum for
H,ODMAPz.

Interpretation of the magnetic susceptibility (vide infra) for
1 and 2 in part depends on structural information concerning
nearest-neighbor contacts. Analysis of the packing of the
molecules reveals no significant intermolecular interactions other
than normal van der Waals contacts. lirthe closest approach
to the manganese(lll) center is a-@---Mn contact of 3.15 A
trans to the sulfur donor atom (1%3from apartial-occupancy
carbon atom of the diethyldithiocarbamate ligand of a glide-
related molecule. 18, the closest intermolecular contact is from
the hydrogen atom of a dimethylamino group of one molecule
which lies 3.09 A away from the manganese atom 6f eelated
complex, in a position trans to the chlorine ligand ()80Figure
3 illustrates the weak “stacking/dimer pair” associations ob-
served for these molecules in the crystals. In the latter structure,
2, the interplanar separation between the core atoms of the

Figure 2. Molecular structures of (&} and (b)2 shown with 50%
probability ellipsoids.

Table 2. Selected Bond Lengths (A) and Angles (deg) for “dimer” pair is ca. 4.2 A.
Mn—S(1) 2.505(2) MA-N(2) 1.965(6) Electrochemistry. The formal potentials of the reversible
Mn—N(7) 1.955(6) MR-N(12) 1.938(6) redox processes exhibited by compountis4 and Cu-
Mn—N(17) 1.941(6) ODMAPZ3 are given in Table 4 together with literature values
S(1)-Mn—N(2) 90.6(2)  S(L¥Mn—N(7) 98.8(2) for some related compounds. The free b&sexhibits two
S(1-Mn—N(12) 109.8(2)  S(EHXMn—N(17) 99.1(2) reversible oxidations centered-a0.061 and—-0.269 V (versus
N(2)—Mn—N(7) 88.3(3)  N(2)-Mn—N(12) 159.6(3) ferrocenium/ferrocene), which we assign to theReP/[H -
N(2-Mn—-N(17)  88.3(3)  N(7)Mn—N(12) 88.3(3) Pz]" and [H:Pz]'/[H2Pz] couples, respectivef. These data
N(7)=Mn=N(17)  161.8(3)  N(12yMn—N(17) 88.7(3) can be compared to the single reversible oxidation found for
Table 3. Selected Bond Lengths (A) and Angles (deg) 2or OCtaeth)gtgiSO' Orooggali;gsplg\'sgbﬁitlged _porth_raZif:jeS inh the
— range+0.65 to+0. ; ring reduction assigned to the
m_ﬁl(%) ig?&% m:“g)z) i'.gi(z)g)) [H2Pz]/[HPZ]™ couple is centered at1.61 V, close to that
Mn—N(17) 1.956(5) observed for the reduction of the related octaprofybr

unsymmetrical sulfur-substituted porphyrazidgés-or Ni''- or

Cl(1)~Mn—N(2) 98.2(2)  Cl(1y-Mn—=N(7) 101.5(2) CU'ODMAPz, the first oxidation and reduction waves are

Cl(1)-Mn—N(12)  101.5(2)  CI(1}XMn—N(17) 99.2(2)

N(2)—Mn—N(7) 88.7(2)  N(2XMn—N(12) 160.3(2) centered at values close to those found for the first ring oxidation
N(2)—Mn—N(17) 87.9(2) N(7>Mn—N(12) 87.7(2) and reduction of KODMAPZz, which indicates that for the Ni
N(7)-Mn—N(17) ~ 159.4(2) N(12yMn—-N(17)  88.8(2) and C{ODMAPz complexes no metal-centered redox activity

Crystal Structures of 1 and 2. The X-ray structural analyses IS observed in the potential window of the experiment.
reveal that in botll and2 the manganese centers adopt distorted
square pyramidal geometries (Figure 2), the basal plane being(32) Boucher, L. J. i€oordination Chemistry of Macrocyclic Compounds;

formed by the octakis(dimethylamino)porphyrazine ring and melsqn, G. A., Ed.; Plenum: New York, 1979; p 527 and references

; ; ; i ; erein.
W|th,_ in 1, the dlethyldlthlocar_bamatg_Ilgand and, M the (33) Eichhorn, D. M.; Barrett, A. G. M.; Hoffman, B. M. Unpublished
chlorine atom occupying the apical positions. The melghnd results.
coordination distances are unexceptional for both compounds(34) An ezarlci)er report ?; some of !Jsh(see ref 11)h|i_5ted th;%/PﬁCOUD'e

; ; as—210 mV vs Fc¢/Fc. We wish to correct this number here.

(.Tables 2 a.nd 3). The Innergﬂg CO'E\e of the po.rphyraz[ne (35) Cook, A. S.; Williams, D. B. G.; White, A. J. P.; Williams, D. J.;
ligand for 1 is planar to within 0.09 A, but foR this core is Lange, S. J.. Barrett, A. G. M.; Hoffman, B. Mingew. Chem., Int.

severely twisted, being planar only to within 0.21 A. This Ed. Engl.1997, 36, 760-761.
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Table 4. Comparison of Half-Wave Potentials (V vs#Ec) for Compoundd—4

Pz(0)/ Pz(1-)/ Mn'"Pz(2-)/ Pz(2-)/

compound Pz(1-) Pz(2-) Mn'"Pz(2-) Pz(3-) ref
H,ODMAPz (3) —0.061 —0.269 —1.61 35
NiIODMAPz (4) —0.284 —-1.75 33
CuODMAPz —0.289 -1.76 33
[Mn(Et.dtc)ODMAPZ] (1) —0.06% —-1.28 this work
[Mn(CI)ODMAPZ] (2) —0.077 —-1.32 this work
Mn"Pc —0.4t0—-0.5 36
[Mn(TPP)(CI)(H:0)] -0.5t0—0.7 31, 38

aMay be the Mn(IV)/Mn(lll) couple; see text.

a

Figure 3. Packing diagrams showing the weak intermolecular contacts
present in (a) the chainlike structure band (b) the dimeric structure

of 2. The nonbonded Mr-Mn contacts are 9.92 and 7.21 A,
respectively.

The Mn(I11)/Mn(ll) reduction waves fofl and2 (the [Mné*-
PZ-1*/[Mn2tPZ"] couple) occur atc—1.3 V (vs Fc¢/Fc). This
is a dramatic cathodic shift compared to literature values for
other Mn macrocycles (Table 4). Thus, the Mn(lll)/Mn(ll)
couple has a potential 6f0.40 to—0.5 V for Mn"'Pc36-37while
for [Mn(TPP)(CI)(H:O)] and related porphyrin compounds, the

(36) For a cyclic voltammetric study in which the effect of solvent and
supporting electrolyte is discussed, see: Lever, A. B. P.; Minor, P.
C.; Wilshire, J. PInorg. Chem.1981, 20, 2550-2553.

(37) Lever, A. B. P.; Pickens, S. R.; Minor, P. C.; Licoccia, S.; Ramaswamy,
B. S.; Magnell, K.J. Am. Chem. S0d.981, 103 6800-6806.

analogous half-wave potential lies between-€8.5 and—0.7
V.31.3839 Clearly, the eight dimethylamino groups make the
macrocycle extremely electron-rich, destabilizing the Mn(ll)
oxidation state and making M®DMAPz an exceptionally
strong reductant.

No reversible couples were observed up-&0 V, suggesting
that the ring reductions either are no longer reversible or have
been shifted by metalation with manganese to potentials more
negative than this limit. The couple &0.07 mV for1 and2
we tentatively assign as metal-centered, VP2 ~]2/[Mn3*-
PZ2-]", rather than as ring-based, [MiPz ]2H/[Mn3TPZ2"],
because it occurs some 200 mV more positive than the first
ring oxidation in the H Ni(ll), or Cu(ll) porphyrazines. No
reversible oxidation waves are observed at potentials more
positive.

Reports of the Mn(IV)/Mn(lll) couple for phthalocyanines
are scarce, but Lever et al. have giverkap of ca.+0.5 V for
the [M*PZ2-12/[Mn3tPZ-1* couple3” A recent electro-
chemical study of manganese tetraphenylporphyrins in aqueous
solution placed the Mn(IV)/Mn(lll) couple betweer0.3 and
+0.7 V, depending upon the pH of the soluti!hThe shift to
more negative potentials for both the Mn(Ill)/Mn(ll) and Mn-
(IM)IMn(111) couples for these manganese porphyrazines again
is attributed to the strong electron-donating ability of the
dimethylamino groups, making the ODMAPz macrocycle
significantly more electron-rich than its phthalocyanine or
porphyrin relatives.

Magnetic Susceptibility. A plot of the product of the molar
magnetic susceptibility and temperatugg ) versus temper-
ature for2 is shown in Figure 4; the data fdrare similar and
are not shown. ThewT curve exhibits a plateau region between
300 and 10 K with a magnetic moment of 2.8.9 cn? mol~!

K, indicative of simple Curie behavior for a high-spif 8=

2 ground state, as seen for both Mn(lll) phthalocyafimad
porphyrin complexed! At low temperatures, thewT data
quickly decrease to a minimal value of 2.0tmol~t at 1.9 K

for both1 and2. This downturn inymT could be due to either
zero-field splitting of theS = 2 ground state or a weak
antiferromagnetic exchange interaction between neighboring
Mn(lll) ions. The latter effect is ruled out because the
crystallographic data for compountiand2 show no reasonable
pathways for mediating antiferromagnetic coupling between
manganese centers (vide supra). Thus, for interpreting the
magnetic phenomena, we used the well-known expression for
the molar susceptibility of ais = 2 system that exhibits an
axial zero-field splitting, characterized by the conventional zfs

(38) Boucher, L. J.; Garber, H. Knorg. Chem.197Q 9, 2644-2649.

(39) Bettelheim, A.; Ozer, D.; Weinraub, D. Chem. Soc., Dalton Trans.
1986 2297-2301.

(40) Kaaret, T. W.; Zhang, G.-H.; Bruice, T. @. Am. Chem. S0d.99],
113 4652-4656.

(41) Myers, J. F.; Canham, G. W. R.; Lever, A. B.IRorg. Chem1975
14, 461-468.
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Figure 4. Plot of the product of the molar magnetic susceptibility times
temperatureyuT) versus temperature for a polycrystalline sample of
2. The solid line represents the best fit by using the model given in eq
1, with |D| = 3.30 cntt andg = 1.96.

Table 5. Magnetic Parameters for Mn(lll) Porphyrinic
Compoundd

compound D/cmt g°  techniqué ref
[Mn(Et.dtc)ODMAPz] +3.3(1) 1.96 magnsusc this work
—2.625(5) 1.983 HFEPR 10
[Mn(Cl)ODMAPZ] +3.1(1) 2.04 magnsusc this work
—2.326(5) 1.984 HFEPR 10
Mn(TPP)CI -2.3(2) 2 magn susc 42
—2.273(5) 1.822 HFEPR 10
Mn(TPP)CIQ-2H,0°  —2.3(1) 2.00 magnsusc 45
Mn(OEP)CHH,0O° —1.6(1) 2.02 magnsusc 45
Mn(OEP)CIQ-H, 0>  —2.3(1) 1.96 magnsusc 45
Mn(DP—IX-DME)CI —2.53(2) 2 far-IR abs 47

a Abbreviations used: TPP 5,10,15,20-tetraphenylporphyrinato;
OEP = octaethylporphyrinato; DP-IX-DME= deuterioporphyrin IX
dimethyl ester® The effect of small exchange coupling) (was
explored, and a negative signBfwas assumed.An isotropicg value
is assumed in all case$The g value was not determined here but
assumed equal to 2Pure powder samples were used for all measure-
ments.

parameterD. An averaged value of thg andy; components
for the susceptibility was used as described in eq 1, wkere

_C| 2expx)+ 8exp(-4x)
Am = 5’1 + 2 expx) + 2 exp4x)
@’(GIX)(l — exp(=x)) + (4/3x)(exp(—x) — exp(—4x))
3 1+ 2 expx) + 2 exp4x)

)

D/KT andC = Ng?ug?kT.22 A best fit, displayed in Figure 4,
was obtained withD| = 3.30 cnT! andg = 1.96 (Table 5);
the sign ofD cannot be determined by this fitting procedtiet*
Similar results were obtained by fitting the susceptibility data

for 1 (data not shown), and a best fit gave final parameters of

ID| = 3.1 cnt!andg = 2.04. We recently probed the ground
states ofl and 2 through high-field EPR (HFEPR) spectros-

(42) Behere, D. V.; Mitra, Slnorg. Chem.198Q 19, 992—-995.

(43) Behere, D. V.; Marathe, V. R.; Mitra, Ehem. Phys. Letfl981, 81,
57-61.

(44) Kahn, O.Molecular MagnetismVCH Publishers: New York, 1993.

Goldberg et al.

copyl0 Although these compounds are EPR-silent at conven-
tional microwave frequencies (X or Q band), measurements at
high frequency (2086500 GHz) and high field (614 T) yield
strong EPR signals arising from within ti$e= 2 manifold. By
collecting spectra at multiple frequencies, we were able to
determine the magnitude &f to high precision, and to obtain

its sign, and these results are listed in Table 5 for comparison.

A variety of methods, including magnetic susceptibifity3
variable-field magnetizatiof?*>46 and far-infrared spectros-
copy?” have been used to determine the magnetic behavior of
analogous Mn(lll) porphyrin molecules. In all of these studies
the ground state was found to Be= 2, with 1.0 cnT! < |D|
< 3.0 cnT?, and these data are summarized in Table 5.
Changing the identity of either the porphyrin macrocycle or the
axial ligand does not effect large changeshn(i.e., several
wavenumbers). More subtle changes are evident from the
HFEPR data, and the axial sulfur-donatingdft ligand gives
the larges{D| value in Table 5. Reports on the magnetism of
Mn(lll) phthalocyanine compounds are scarce; the one study
of Mn(Cl)Pc assigned it as having &= 2 ground state but
made no attempt at discerning zfs effe€tsThe only other
Mn(lll) porphyrazine complex, prepared by Ricciardi et al., was
examined by magnetic susceptibility measureménitse high-
temperature data showed that the ground stag=s2. The
data were interpreted in terms of an exchange-coupled model
that found the Mn centers to be weakly antiferromagnetically
coupled § = 1.58 cnT, H = J§-S), and no attempt was made
to take zfs effects into account.

Peripheral Metalation. Experiments to examine peripheral
chelation employed NiODMAPZY, which has the porphyrazine
central cavity occupied by Ni(I3® The reactions of several
metal salts with4, including Mn(Etdtc),, Mn(acac), CuCh,
CuBr,, and Cu(OAc), were monitored by UV vis spectroscopy
and TLC (silica gel). When 4 equiv of Cuhas reacted with
4, the solution gave an optical spectrum with peaks at 305 and
650 nm and a dark green solid was obtained, but numerous
attempts failed to give crystals suitable for an X-ray diffraction
measurement. Analogous reactions with Cugave a dark
brown precipitate that was insoluble in common organic
solvents, making purification and characterization impractical.
Optical spectroscopy and TLC data suggested 4hdgdes not
react with Cu(OAc) Mn(Etxdtc), or Mn(acac).

Reaction of4 with PdChL (Scheme 1) gave an immediate
precipitate which could be isolated by filtration and washed
carefully to yield an analytically pure solid of formula [Ni-
(ODMAPZ)(PdC})4] (5). This solid proved insoluble in most
common organic solvents but was soluble in DMF. The
formation of the peripherally metalatestar-porphyrazine5
depicted in Scheme 1 is indicated not only by the stoichiometry
as defined by elemental analysis but also by the optical spectrum
shown in Figure ¥? In this case the Soret band is found at
316 nm, slightly blue-shifted from the spectra of®DMAPz
(3) or NIODMAPz (), and the Q band is now dramatically
sharpened to a single peak at 602 nm, implying 4-fold symmetry
for the macrocycle. The position of this sharp band lends

(45) Kennedy, B. J.; Murray, K. Snorg. Chem.1985 24, 1557-1560.

(46) Dugad, L. B.; Behere, D. V.; Marathe, V. R.; Mitra, Shem. Phys.
Lett. 1984 104, 353—356.

(47) Brackett, G. C.; Richards, P. L.; Caughey, WJSChem. Physl971,

54, 4383-4401.

(48) The analogous ligarid,N,N',N'-tetramethyle-phenylenediamine does
behave as a bidentate nitrogen donor, a good model system for
peripheral metal binding to the ODMAPz compounds: (a) Hughes,
C. M.; Favas, M. C.; Skelton, B. W.; White, A. Hust. J. Chem.
1985 38, 1521-1527. (b) Bombieri, G.; Forsellini, E.; Graziani, R.;
Tondello, E.J. Chem. Soc. A97Q 3349-3352.
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credence to the assignment of the Q band as the peak found athe bidentate dimethylamino groups. Examination of these
the same position fod and 2. The n—x* peaks are lost compounds by electrochemical methods has yielded the fact that
completely because the lone pairs of all the dimethylamino they are markedly easier to oxidize than other manganese(lll)
nitrogen atoms irb are bound to Pd(Il), making them inacces- porphyrazine, phthalocyanine, or porphyrin compounds, thus

sible for charge transfer into the porphyrazime system. indicating that the dimethylamino groups donate significant
Analogous changes in the UWis spectrum occur upon binding  electron density into the macrocycle.
of metals to dithiolat®® and crown-functionalized porphyr- Compoundd and2 provide rare examples in which Mn(lI1)

azines* Work is in progress with the more soluble products jons are coordinated in a porphyrin-type core and are truly
formed between metal caps such as Ba@t an unsymmetrical  jsolated from nearest-neighbor interactions. Often, complica-
porphyrazine bearing only one dimethylamino chelate and will tjons in fitting magnetic data for this type of macrocycle arise
be reported in due cour$e. from intermolecular interactions caused by close stacking of
the ring systems. In this case, it was possible to study the single-
ion spin ground states in detail by magnetic susceptibility
We have successfully carried out the syntheses and deter-measurements and obtain good theoretical fits of the data. These
mined the X-ray crystal structures of two new Mn(lll) por- complexes provide initial structural and magnetic information
phyrazine complexes. Metalation of the central cavity by that we may be able to use in engineering magnetic properties
manganese(lll) causes several distinct changes in the opticalapplicable to problems in materials science as well as biomedical
spectrum as compared to those of the free base and Ni(ll) forms,imaging, as part of our wider efforts in synthesizing a new
including a blue shift in the Q band and the appearance of a family of metalloporphyrazine complexes.
shoulder near 800 nm that may be an LMCT transition. The
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