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The synthesis, X-ray structure, and magnetic susceptibility characterization of a hydroxo-bridged camplex, (
hydroxo)bis((tetraphenylporphinato)manganese(lll)) perchlofdhn-(TPP)L(OH)} ClO,4, are described. The
complex is readily prepared by a controlled hydrolysis of monomeric diaquo(tetraphenylporphinato)manganese-
() perchlorate. Interestingly, the bridging hydroxo complex appears to be more stable than the putative
complex in halocarbon solvents. The X-ray structure determination shows a complex in which two five-coordinate
manganese(lll) ions are bridged by a single hydroxo ligand with an averageOMtfistance of 2.026(1) A and

a Mn—O(H)—Mn bridge angle of 160.4(8) The two porphyrin planes are nearly coplanar, and the two metal
ions are separated by 3.993 A. The average-Mpdistance is 2.008(7) A. The two manganese ions are displaced
by 0.19 and 0.20 A from their respective 24-atom mean planes. Both of the two porphyrin rings are moderately
S, ruffled and have a near-staggered orientation (theWi—Mn'—N' dihedral angle is 29%9. The four inter-

ring pairs of mesephenyl groups of the binuclear cation are extremely crowded, with a nearly perpendicular
orientation for each pair. The solid-state magnetic susceptibility was measured over the temperature 380ge 2
K. The observed behavior is typical of an exchange-coupled binuclear complex. The data were fit to the total
spin Hamiltonian Hi: = H(1) + H(2) — 2JS-S) of a zero-field-split, high-spin d-d* dimer in its actual
crystallographic geometry, using numerical techniques. The hydroxide bridge supports a relatively strong
antiferromagnetic coupling 2= —74.0 cn?) between two zero-field-splith = —10.8 cnt!) manganese(lll)
ions. Crystal dataa = 16.807(7) A,b = 17.061(6) A,c = 17.191(5) A o = 85.64(3), B = 79.75(3}, y =
61.95(27, triclinic, space grougl, V = 4281(3) B, Z=2,R, = 0.0707 for 14 802 observed data based~gn
> 4.00(Fq), Row = 0.2007 for 21 696 total unique data, least-squares refinemeR€ asing all data.

Introduction single-hydroxo-bridged compleg)fFe(OEP)}(OH)} ClO4. Re-

Multinuclear manganese systems, probably involving oxo and/ Cently, we reportetithat the analogous manganese(tithy-
or hydroxo bridging motifs, are an essential component in a droxo derivative{[Mn(OEP)L(OH)} ClO, can be synthesized
number of metalloenzymés5 In these bridged systems, the by controlled hydrolysis of the monomeric precursor [Mn(OEP)-
protonation and deprotonation of the oxo bridge may be (H20)]CIO;or [Mn(OEP)(OCIQ)]. Itis interesting to note that
important in the catalytic cycle of the redox enzymes. Recently, theu-oxo species [Mn(OEP)P cannot be isolated in crystalline
Naruta et aP reported that a binuclear Mn(lll) porphyrin  form and is very unstable in halocarbon solvents, while its
complex can lead to oxygen evolution from water. An essential protonated form is readily obtained and quite stable in halo-
feature of their proposed mechanism is the formation of carbon solvents. Most importantly, the hydroxide bridging

hydroxide complexes of the porphyrin dimer. The electronic ligand is found to mediate an unprecedentedly large antiferro-
structure and the interaction between manganese centers are thyfiagnetic coupling (2 = —71.0 cnty) between the two

of some considerable interest, and the synthesis and charactermanganese(lll) ions. We have carried out parallel studies on

izgtio.n of.manganese complexes with WeII-Qefined and simple {he much more hindered tetraphenylporphyrin system. Herein,

bn\slvglng I|g_and|systems s_eer{lé;(;] btetrf]espemally SO'I " we report the detailed synthesis, X-ray structure, and temper-
€ previously comgnunlca at theu-oxo iron(llf) por- ature-dependent magnetic susceptibility characterization of the

phyrinate [Fe(OEP)P? can be protonated to form the novel hydroxo-bridged  tetraphenylporphyrin analggVn(TPP)L-

® Abstract published irAdvance ACS Abstractganuary 15, 1996. (OH)} CIOs.
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Figure 1. UV/vis/near-IR spectrum dfiMn(TPP)L(OH)} ClIO4 in CHx-
Cl; solution.

Experimental Section

General Information. H,TPP was prepared by literature methéts.
Manganese acetate was purchased from Alfa, HGd@d CDC}
(chloroformd, 99.8 atom % D) were from Aldrich, and all other
reagents were obtained from Fisher.
received unless otherwise noted. Coaxial NMR tubes for solution

magnetic susceptibility measurements were bought from Wilmad Glass.
IR spectra were recorded on a Perkin-Elmer 883 infrared spectropho-

tometer as CsBr pellets; electronic spectra were recorded on a Perkin
Elmer Lambda 19 UV/vis/near-IR spectrometer, and NMR spectra were
recorded on a General Electric GN300 spectrometer.

Synthetic Procedures. [Mn(TPP)CI]. Preparation of [Mn(TPP)-
Cl] followed our reportedi procedure for [Mn(OEP)CI], which was a
modification of Adler’s preparatioft. IR (vmn—ci): 291 (m) cnt® (CsBr
pellet). UV/vis: Amax 346, 374, 400, 477 (Soret), 528, 583, 618 nm.

[Mn(TPP)(H 20)2]CIO 4. A CH.CI; solution (50 mL) of [Mn(TPP)-
Cl] (0.5 g) was vigorously shaken with 200 mL of aqueous KOH (2
M) twice in a separatory funnel. The GEl, layer was separated from
the mixture and washed with 200 mL of distilled water twice. The
resulting CHCI, solution was then treated with aqueous HE(©4%,
200 mL). The CHCI, phase was collected, dried with }&0s, and
taken to dryness under vacuum. UV/vi&nax 335, 388, 412 (sh), 478
(Soret), 571, 604 nm.

Caution! Although we have experienced no problem with the

procedures described in dealing with systems containing perchlorate
ion, they can detonate spontaneously and should be handled only in
small quantities; in no case should such a system be heated above 3

°C, and other safety precautions are also warratited.

{IMn(TPP)] 2(OH)} ClO,4. A CH.CI; solution (20 mL) of [Mn(TPP)-
(H20),]CIO,4 (200 mg) was washed with distilled water (100 mL) five
times. An UV/vis spectrum was taken after each washing. Water
washes were continued until the blue shift of the Soret band from 478
to 464 nm wagust complete. The CkCl, phase was separated from
the mixture, dried with N8Oy, and taken to dryness. Single crystals
were obtained by a liquid diffusion crystallization from &, and
hexanes (5 daysy. An X-ray structure determination identified the
complex ag[[Mn(TPP)L(OH)} ClO4 with solvated CHCI, and water
molecules. UVNis (CHCly): Amax (€, cm™ M™1) 348 (7.75x 10%),

373 (9.02x 10%, 397 (7.91x 10%), 464 (1.21x 1CP), 529 (7.50x
1), 579 (1.32x 10%, 615 (1.38x 10%), 699 (933), 761 (911), 795
(511) nm. A typical UV/vis/near-IR spectrum is given in Figure 1.

X-ray Structure Determination. Crystals with two different shapes
(needle and plate) were isolated from the same crystallization batch.
Both crystal types have identical electronic spectra and unit cell

(10) Adler, A. D.; Longo, F. R.; Finarelli, J. D.; Goldmacher, J.; Assour,
J.; Korsakoff, L.J. Org. Chem 1967, 32, 476.

(11) Adler, A. D.; Longo, F. R.; Kampas, F.; Kim,J.Inorg. Nucl. Chem
197Q 32, 2443.

(12) Wolsey, W. CJ. Chem Educ 1973 50, A335. Chem Eng News
1983 61 (Dec 5), 4;1963 41 (July 8), 47.

(13) If the crystallization time was too long,g. 10 days, a crystalline
[Mn(TPP)CI] impurity was noted.

All these materials were used as
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Table 1. Crystallographic Data for
{IMn(TPP)LOH} ClO,-0.84H0-4.65CHCI,

chem formula: @2,55}"53,@|10,31Mn2N805‘84 =2 _
a=16.807(7) A space group P1
b=17.061(6) A T=—146(2)°C
c=17.191(5) A A=0.71073 A

o = 85.64(3} Peatc = 1.445 g cm3
B =79.75(3} u=0.68 mnr!

y = 61.95(2} Ri2° = 0.0707
V=14281(3) B Rt =0.1710

parameters? A black, platelike crystal with the dimensions of 0.10

x 0.35 x 0.55 mm was employed for X-ray structure determination
on an Enraf-Nonius FAST area-detector diffractometer with a graphite-
monochromated Mo rotating anode sourde=f 0.710 73 A). Our
detailed methods and procedures for small-molecule X-ray data
collection with the FAST system were described previods\Both

cell determination and intensity data collection were executed at 127-
(2) K. Any crystal decay problem was excluded by comparison of a
common portion of data collected after each sweep during data
collection. Data were corrected for Lorentz and polarization factors,
and at the final stages of analysis, a modified ver$iohthe absorption
correction program DIFABS was applied. A brief summary of the
crystal data is listed in Table 1, complete crystallographic details are
included in the Supporting Information (Table S1). In all tables, the
atom names of porphyrin ring 1 of the dimer are preceded by the
numeral “1” and those of ring 2 by “2".

The structure was solved in the centrosymmetric space gRaup
with the direct-methods program SHELXS-86nd difference Fourier
syntheses led to the location of all the remaining non-hydrogen atoms.
The structure was refined agaiiStwith the program SHELXL-93?

All data collected were used, including negative intensities. Severe
disorder was observed for some solvate components in the lattice
corresponding to six different solvent molecule sites. The first-CH
Cl, molecule (CI(2)-C(1)—CI(3)) was ordered with full occupancy.
The second CECl; (Cl(4)—C(2)—CI(5)) was also ordered but with an
occupancy of 0.725(4). The third GBI, was disordered, and two
geometries (Cl(6a)C(3a)-Cl(7a) and Cl(6b}C(3b)-CI(7b)) were
resolved with occupancies of 0.316(4) and 0.684(4), respectively. Each
of the fourth and fifth CHCI, molecules (CI(8)-C(4)—CI(9) and (CI-
(10)-C(5)—Cl(11)) were found together with residual density assigned
as water molecules (O(w1), O(w2) and O(w3), O(w4), respectively).
Thus constraint that the occupancy summation equal 1 for each group
was applied, which led to occupancies of 0.543(5), 0.214(9), and 0.243-
(10) for the fourth CHCI,, O(wl), and O(w2), respectively, and of
0.614(4), 0.176(15), and 0.211(15) for the fifth &b, O(W3), and

(w4), respectively. The sixth GEl, (CI(12)—C(6)—CI(13)) was
ound near a symmetry center with a shortest distancelob A for
two symmetry-related chlorine atoms (CI(12L1(12)); therefore, its
occupancy cannot be larger than 0.5. An alternative@HCI(14)—
C(7)—CI(15)) was found with close contact to the sixth £Hb and
one of the fragments of the disordered third LLH (Cl(6b)—C(3b)—
Cl(7b)), with distance of 0.483 A for C(#}CI(13) and 2.505 A for
Cl(14)---Cl(7b). Thus, the occupancy of the sixth @H, was refined
independently to be 0.456(4) and that of the seventhGlHwas
assumed to be the same as that of CK82(3a)—Cl(7a) and refined
in the least-squares process. Although there may be other alternatives
in interpreting these concerted disorder problems, our detailed examina-
tion considered the geometry, the thermal motion, the nonbonding
interactions, the difference Fouriers, and the behavior in least-squares

(14) Crystals obtained from Gigl, and hexanes were extremely unstable
largerly because of the GBI, solvate. In order to find a satisfactory
X-ray-quality single crystal, a total of eight crystals with different
shapes were examined on the diffractometer, all of which gave a
constant set of unit cell parameters.

(15) Scheidt, W. R.; Turowska-Tyrk, Inorg. Chem 1994 33, 1314.

(16) The process is based on an adaptation of the DIFARSic to area
detector geometry by: Karaulov, A. I. School of Chemistry and
Applied Chemistry, University of Wales College of Cardiff, Cardiff
CF1 3TB, U.K. Personal communication.

(17) Walker, N. P.; Stuart, DActa Crystallogr, Sect A 1983 A39, 158.

(18) Sheldrick, G. MActa Crystallogr, Sect A 1990 A46 467.

(19) Sheldrick, G. MJ. Appl. Crystallogr. in press.
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Table 2. Atomic Coordinates and Equivalent Isotropic Displacement Parametérsod{ [Mn(TPP)LOH} ClO4-0.84H0-4.65CHCI,?

atom X y z Ueq) atom X y z Ueq)

Mn(1) 0.11922(3) 0.32982(3) 0.49845(3) 0.0190(1) 2C(b6) 0.4309(3) 0.2752(2) 0.2625(2) 0.247(7)
IN(1) 0.0997(2) 0.3619(2) 0.6122(2) 0.0221(6) 2C(b7) 0.4708(3) 0.3763(3) 0.5119(2) 0.0264(7)
IN(2) 0.0859(2) 0.2320(2) 0.5314(2) 0.0229(6) 2C(b8) 0.4573(3) 0.3564(3) 0.5891(2) 0.0281(7)
IN(3) 0.1133(2) 0.3130(2) 0.3857(2) 0.0205(5) 2C(m1) 0.3952(2) 0.2608(2) 0.6648(2) 0.0226(6)
IN(4) 0.1208(2) 0.4454(2) 0.4669(2) 0.0219(6) 2C(m2) 0.3407(2) 0.0220(2) 0.5939(2) 0.0207(6)
1C(al) 0.1217(2) 0.4226(2) 0.6403(2) 0.0239(7) 2C(m3) 0.4176(2) 0.0742(2) 0.3161(2) 0.0209(6)
1C(a2) 0.0921(2) 0.3103(2) 0.6762(2) 0.0242(7) 2C(m4) 0.4473(2) 0.3290(2) 0.3871(2) 0.0213(6)
1C(a3) 0.0595(2) 0.2109(2) 0.6076(2) 0.0243(7) 2C(11) 0.3928(3) 0.2997(2) 0.7408(2) 0.0239(7)
1C(a4d) 0.0712(2) 0.1814(2) 0.4823(2) 0.0250(7) 2C(12) 0.3360(3) 0.3892(2) 0.7579(2) 0.0263(7)
1C(a5) 0.1181(2) 0.2374(2) 0.3565(2) 0.0238(7) 2C(13) 0.3310(3) 0.4248(3) 0.8298(2) 0.0330(8)
1C(a6) 0.1399(2) 0.3536(2) 0.3211(2) 0.0214(6) 2C(14) 0.3837(3) 0.3712(3) 0.8845(2) 0.0359(9)
1C(a7) 0.1244(2) 0.4804(2) 0.3921(2) 0.0226(6) 2C(15) 0.4408(3) 0.2823(3) 0.8682(2) 0.0343(9)
1C(a8) 0.1211(2) 0.5053(2) 0.5167(2) 0.0210(6) 2C(16) 0.4455(3) 0.2458(3) 0.7963(2) 0.0276(7)
1C(b1) 0.1307(2) 0.4055(3) 0.7220(2) 0.0271(7) 2C(21) 0.3054(2)—0.0377(2) 0.6356(2) 0.0228(7)
1C(b2) 0.1117(2) 0.3381(2) 0.7440(2) 0.0260(7) 2C(22) 0.2349(2)—0.0441(2) 0.6096(2) 0.0255(7)
1C(b3) 0.0256(3) 0.1486(3) 0.6053(2) 0.0299(8)  2C(23) 0.1969(3)—0.0950(3) 0.6503(2) 0.0307(8)
1C(b4) 0.0337(3) 0.1298(2) 0.5281(2) 0.0290(8) 2C(24) 0.2302(3)—0.1411(2) 0.7176(2) 0.0331(9)
1C(b5) 0.1506(3) 0.2304(3) 0.2735(2) 0.0296(8)  2C(25) 0.3008(3)—0.1361(2) 0.7434(2) 0.0303(8)
1C(b6) 0.1655(3) 0.3002(2) 0.2521(2) 0.0267(7) 2C(26) 0.3388(3)—0.0852(2) 0.7027(2) 0.0251(7)
1C(b7) 0.1202(3) 0.5659(2) 0.3964(2) 0.0264(7) 2C(31) 0.4197(3) 0.0344(2) 0.2408(2) 0.0244(7)
1C(b8) 0.1182(2) 0.5810(2) 0.4731(2) 0.0251(7) 2C(32) 0.4925(3) 0.0125(2) 0.1796(2) 0.0281(7)
1C(m1) 0.1303(2) 0.4908(2) 0.5967(2) 0.0217(6) 2C(33) 0.4934(3)—0.0238(3) 0.1096(2) 0.0367(9)
1C(m2) 0.0673(2) 0.2431(2) 0.6763(2) 0.0261(7) 2C(34) 0.4220(4)—0.0382(3) 0.1000(2) 0.0421(11)
1C(m3) 0.0921(2) 0.1789(2) 0.4002(2) 0.0249(7) 2C(35) 0.3488(3)—0.0168(3) 0.1604(3) 0.0397(10)
1C(m4) 0.1400(2) 0.4347(2) 0.3224(2) 0.0229(6) 2C(36) 0.3479(3) 0.0191(2) 0.2310(2) 0.0297(8)
1C(11) 0.1584(2) 0.5479(2) 0.6339(2) 0.0239&) 2C(41) 0.4586(2) 0.4028(2) 0.3434(2) 0.0221(6)
1C(12) 0.1093(3) 0.5977(2) 0.7021(2) 0.0295(8) 2C(42) 0.5311(3) 0.3872(2) 0.2830(2) 0.0263(7)
1C(13) 0.1445(3) 0.6409(3) 0.7394(2)  0.356(9) 2C(43) 0.5391(3) 0.4571(3) 0.2423(2) 0.0296(8)
1C(14) 0.2275(3) 0.6368(3) 0.7081(2) 0.0365(9) 2C(44) 0.4742(3) 0.5435(3) 0.2614(2) 0.0311(8)
1C(15) 0.2763(3) 0.5894(3) 0.6386(2) 0.0360(9) 2C(45) 0.4016(3) 0.5603(2) 0.3217(2) 0.0310(8)
1C(16) 0.2416(3) 0.5459(2) 0.6020(2) 0.0280(7)  2C(46) 0.3937(3) 0.4903(2) 0.3626(2) 0.0257(7)
1C(21) 0.0459(3) 0.2064(3)  0.7539(2) 0.0274(7) ORfla) 0.2583(3) 0.2715(6) 0.4852(4) 0.022(2)
1C(22) —0.0188(3) 0.2632(3)  0.8140(2) 0.0322(8)  Oflb) 0.2549(6) 0.2518(12) 0.4750(7) 0.027(3)
1C(23) —0.0398(3) 0.2303(3) 0.8858(2)  0.0404(10) H(1) 0.2682(37) 0.2796(38) 0.4429(34)  0.050
1C(24) 0.0019(3) 0.1396(3) 0.8995(2)  0.0434(11) C1(1) 0.22320(7) 0.71673(7) 0.92002(5)  0.0362(2)
1C(25) 0.0655(3) 0.0824(3) 0.8401(2) 0.0392(9) 0O(2) 0.2373(3) 0.7314(3) 0.9959(2) 0.0702(12)
1C(26) 0.0875(3) 0.1158(3) 0.7681(2) 0.0330(8) O(3) 0.2969(2) 0.7109(2) 0.8612(2) 0.0442(7)
1C(31) 0.0854(3) 0.1108(2) 0.3557(2) 0.0251(7) O(4) 0.2196(4) 0.6351(3) 0.9221(2) 0.0772(14)
1C(32) 0.1366(3) 0.0206(3) 0.3686(2) 0.0316(8) O(5) 0.1412(3) 0.7871(3) 0.9012(3) 0.0816(14)
1C(33) 0.1311(3) —0.0412(3) 0.3245(2) 0.0394(10) C(1) 0.2322(4) 0.7517(4) 1.1709(3) 0.0562(14)
1C(34) 0.0747(3) —0.0133(3) 0.2682(2) 0.0393(10) C1(2) 0.18996(7) 0.73528(7) 1.26930(6)  0.0359(2)
1C(35) 0.0234(3) 0.0751(3) 0.2550(2) 0.0374(9) C1(3) 0.32802(10) 0.76764(12) 1.16629(10) 0.0707(4)
1C(36) 0.0283(3) 0.1372(3)  0.2988(2) 0.0331(8) €(2) 0.2934(5) 0.7414(5) 0.4855(4) 0.052(2)
1C(41) 0.1640(3) 0.4714(2) 0.2457(2) 0.0262(7) C4(4) 0.32576(12) 0.78926(10) 0.40019(12) 0.0535(6)
1C(42) 0.1152(3) 0.4857(3) 0.1836(2) 0.0334(8) C4(5) 0.17627(13) 0.77050(12) 0.49789(14) 0.0605(6)
1C(43) 0.1431(4) 0.5136(3) 0.1111(2) 0.0441(11) C{3a) 0.2063(19) 0.9524(20) 0.9726(17)  0.137(19)
1C(44) 0.2173(4) 0.5304(3) 0.0995(3) 0.0539(14) CHX®6a) 0.1307(7) 0.9981(6) 1.0607(5) 0.099(2)
1C(45) 0.2646(4) 0.5184(4) 0.1609(3) 0.0517(13) CHX7a) 0.2543(5) 1.0281(5) 0.9410(4) 0.079(2)
1C(46) 0.2383(3) 0.4891(3) 0.2336(2) 0.0364(9) C((3b) 0.2468(8) 0.9089(9) 0.9723(6) 0.066(3)
Mn(2) 0.38791(3) 0.17894(3) 0.49056(3) 0.0177(1) CI{6b) 0.1647(2) 0.9698(2) 1.0492(2) 0.0724(7)
2N(1) 0.3719(2) 0.1475(2) 0.6048(2) 0.0210(5) CI{7b) 0.3069(3) 0.9645(4) 0.92450(15) 0.104(2)
2N(2) 0.3887(2) 0.0670(2) 0.4615(2) 0.0204(5) @G(4) 0.0075(7) 0.6714(9) —0.0474(5) 0.061(3)

2N(3) 0.4293(2) 0.1943(2) 0.3762(2) 0.0194(5) Ci(8) 0.0264(3) 0.5761(3) —0.0802(2) 0.0707(12)
2N(4) 0.4208(2) 0.2714(2) 0.5196(2) 0.0210(5) Cl(9) —0.0670(2) 0.7662(3) —0.0979(2) 0.0874(14)
2C(al) 0.3657(2) 0.1972(2) 0.6680(2) 0.0213(6) €(5) 0.2429(6) 0.2976(6) 0.0158(4) 0.051(2)
2C(a2) 0.3386(2) 0.0899(2) 0.6359(2) 0.0218(6) CI{10) 0.3167(2) 0.1982(2) 0.05037(13) 0.0643(8)
2C(a3) 0.3720(2) 0.0087(2) 0.5131(2) 0.0213(6) CI{11) 0.2072(2) 0.2918(2) —0.07054(12) 0.0737(9)
2C(a4) 0.4075(2) 0.0315(2) 0.3867(2) 0.0221(6) C(6) 0.4567(10) —0.3976(10) —0.0157(12)  0.092(5)
2C(ab) 0.4222(2) 0.1537(2)  0.3130(2) 0.0210(6) CI(12) 0.5454(3) —0.5016(3) —0.0081(3) 0.093(2)
2C(ab) 0.4353(2) 0.2692(2) 0.3455(2) 0.0211(6) CI(13) 0.4878(5) —0.3178(4) —0.0561(2) 0.0758(14)
2C(a7) 0.4465(2) 0.3239(2) 0.4685(2) 0.0223(6) C(7) 0.4569(19) —0.2969(16) —0.0451(24)  0.093(17)
2C(a8) 0.4241(2) 0.2932(2) 0.5945(2) 0.0233(7) Cl(14) 0.4355(4) —0.1874(3) —0.0611(2) 0.0593(14)
2C(b1) 0.3265(2) 0.1703(2)  0.7390(2)  0.0236(7)  Cl{15) 0.5728(3) —0.3712(4) —0.0778(2) 0.0606(15)
2C(b2) 0.3086(2) 0.1056(2) 0.7190(2)  0.0244(7)  Ofw1)—0.0504(9) 0.7057(10) —0.1172(7) 0.029(4)
2C(b3) 0.3865(2) —0.0672(2) 0.4704(2) 0.0236(7) O(W2) 0.0760(10) 0.5248(10) —0.0873(8) 0.034(3)
2C(b4) 0.4085(2) —0.0524(2) 0.3928(2) 0.0239(7) O(WB) 0.2691(19) 0.2130(18) —0.0243(15) 0.073(10)
2C(b5) 0.4225(3) 0.2047(2)  0.2427(2)  0.0242(7) O(w4) 0.1823(32) 0.2245(28) —0.0175(25)  0.157(19)

aThe estimated standard deviations of the least significant digits are given in parenthieg3.is defined as one-third of the trace of the
orthogonalizedJ; tensor.” Occupancy number 0.62(4)Occupancy number 0.38(4)Occupancy number 0.725(4)Occupancy number 0.316(4).
fOccupancy number 0.684(#)Occupancy number 0.543(8)Occupancy number 0.614(4)Occupancy number 0.456(3)Occupancy number
0.316(4).% Occupancy number 0.214(9)Occupancy number 0.24(1).0Occupancy number 0.18(2)Occupancy number 0.21(2).

refinement, and we believe that the currently presented model is the 1.75” in SHELXL-93) was applied to the third, sixth, and seventh-CH

best possible one. Constraint of the-Cl bond lengths (with “DFIX

Cl, molecules. Atoms Cl(6a), Cl(6b), and C(7) and the four partial
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Figure 2. “Edge-view’ ORTEP diagram of [Mn(TPP)L(OH)}*.
Thermal ellipsoids are drawn at the 50% probability level. Porphyrin
hydrogen atoms are omitted for clarity. The two disordered positions
for theu-hydroxo bridge oxygen atom are nearly overlapped with each
other. Thermal parameters for thehydroxo group are reduced.

water oxygens were treated as isotropic contributors. Hydrogen atoms
of the two porphyrin ligands and ordered & solvates were idealized
with the standard SHELXL-93 idealization methods.

At the final stage of the least-squares refinement, it was noted that
the bridging hydroxo oxygen atom had an unusual thermal ellipsoid
and residual electron density within 0.8 A. Thus an isotropic, two- Figure 3. “Top-view” ORTEP diagram of [Mn(TPP)L(OH)} + with
site model (O(1a) and O(1b)) was used to describe the bridging oxygen atom-labeling scheme. The Mn¢iMn(2) axis is perpendicular to
atom with a refined separation 6f0.42 A and occupancies of 0.62(4)  the plane of the paper. Thermal ellipsoids are drawn at the 50%
and 0.38(4), respectively. Thehydroxo hydrogen atom was directly  probability level, except for the thermal parameters of iHeydroxo
located from the difference Fourier; its coordinates were refined in least- group, which have been reduced by a factor of 2. Porphyrin ring 2 is
squares but the isotropic thermal parameter was fixed at 0.05. drawn with solid bonds and completely labeled; while ring 1 is drawn

At convergence, the discrepancy indi€eseR; = 0.0707 for 14 802 with open bonds and only the labeling scheme for the four phenyl
observed data based 61 = 4.00(F,) and Ry = 0.2007 for 21 696 groups are given, those for the 24-atom core are identical to ring 2
total unique data. The atomic coordinates are listed in Table 2; the after a 30 clockwise rotation and are eliminated for clarity. Both
anisotropic thermal parameters and the fixed hydrogen atom coordinatesdisordered oxygen atoms of the bridging hydroxide are shown.
are included in the Supporting Information (Tables S2 and S3).

Magnetic Susceptibilities. Crystalline {[Mn(TPP)L(OH)} CIO; {Tﬁ;’r']e(T?’P'PigeH‘;‘gldo'iO”d Lengths (A) and Angles (deg) for
from CH,Cl, and hexanes was harvested and crushed to powder. The 4
powder sample was dried under vacuum 4e8 h and was then used Mn(1)—-0(1a) 2.041(5) Mn(2)O(1a) 2.015(5)
to measure the magnetic susceptibilities in both solution and solid state. Mn(1)—O(1b) 2.009(8) Mn(2)O(1b) 2.040(9)

The Evans NMR method was used to obtain solution magnetic Mn(1)—1N(1) 1.999(3) Mn(2)-2N(1) 2.001(3)
susceptibilitieg? A CDClI; solution of the crushed crystal sample (0.2 Mn(1)—1N(2) 2.011(3) Mn(2)-2N(2) 2.004(3)

_ 3 } ; Mn(1)—1N(3) 2.007(3) Mn(2)-2N(3) 2.006(3)
mL, ¢ = 3.8 x 10°2 M) was transferred into the inner tube, and 0.25 Mn(1)—1N(4) 2.016(3) Mn(2)-2N(4) 2.020(3)

mL of CDCl, into the outer tube. An NMR spectrum was then O(1arH(1 0.73(6 O(1bY-H(1 0.77(6
recorded at 20C, and the line shift of CHGlwas measured to calculate (1a)y-H(1) -73(6) (1byH(D) 17(6)
the solution susceptibility. IN(1)-Mn(1)—0O(1la) 94.6(3) 2N(1yMn(2)—O(la) 98.7(2)

Solid-state magnetic susceptibilities were measured under helium 1IN(2)-Mn(1)—0O(1a) 105.6(3) 2N(2yMn(2)—0O(1la) 102.7(4)
on a Quantum Design MPMS SQUID susceptometer from 2 to 300 K 1IN(3)-Mn(1)—O(la) 96.0(3) 2N(3yMn(2)—O(la) 92.3(2)
at a field of 0.5 T. The sample (22.16 mg) was contained in a Kel-F 1N(4)-Mn(1)—O(la) 87.8(3) 2N(4yMn(2)—O(la) 91.7(4)
bucket which had been calibrated independently at the same field andIN(1)~Mn(1)=1N(2) 89.50(12) 2N(1yMn(2)—2N(2) 89.37(11)
temperatures. The raw data file was corrected for the diamagnetic IN(1)~Mn(1)—IN(3) 169.16(12) 2N(£Mn(2)—2N(3) 169.06(12)
contribution (1.0x 10-3) of both the sample holder and the compound  1N(1)~Mn(1)—IN(4)  89.61(12) 2N(1yMn(2)-2N(4) 89.58(11)
to the susceptibility. The reported magnetic dafar [Mn(TPP)CI] i“(Z)—Mn(l)—lN@) 89.88(12) 2N(2yMn(2)-2N(3) 88.91(11)

(2)-Mn(1)—~1N(4) 166.57(12) 2N(2yMn(2)—2N(4) 165.63(12)

were used to apply a correction for the paramagnetic impurity. IN(3-Mn(1)-1N(4) 88.49(12) 2N(3}Mn(2)—2N(4) 89.40(11)
Result Mn(1)-O(la)-Mn(2) 159.8(5)

esufts Mn(1)—O(1b)-Mn(2) 160.9(8)

X-ray Structure of {{Mn(TPP)]2(OH)}ClO,. Figures 2 and a Estimated standard deviations of the least significant digits are given
3 are ORTEP diagrams of thfMn(TPP)L(OH)}* cation. in parentheses.

Figure 3 also illustrates the labeling scheme used in the tables
for the non-hydrogen atoms. Porphyrin ring 1 (drawn with open
bonds) is labeled completely; however, only thesephenyl
carbon and pyrrole nitrogen atoms are labeled for ring 2 (drawn
with solid bonds), since its nomenclature is exactly the same

as that of ring 1. To further increase the clarity of the diagram,
the porphyrin ring indices (*1” and “2”), the “C” for all the
carbon atoms, and the parentheses are omitted in the labeling
scheme. Selected bond distances and angles are given in Table
3. Complete bond distances and angles are listed in the
(20) Ry = S||Fo| — |Fell/S|Fol andRoy = {Z[W(Fo2 _ FCZ)Z]/Z[WFO4]}1/2. Supporting Information (Tables S5 and 86) Averaged values
The conventionaR factorsR; are based off, with F set to zero for for the unique chemical classes of distances and angles in the

negative F2. The criterion of F> > 20(F?) was used only for  porphinato cores are entered on the mean-plane diagrams given
calculatingR;. Rfactors based oR? (Rxy) are statistically about twice in Figure 4

as large as those based®randR factors based on ALL data will be 9 ) . . .
even larger. The values given in Table 1 are for the 14 802 observed ~ The average MrNp bond distances in the two porphinato

data. Values for all unique data (21 696) &e= 0.1127 andRoy = cores are identical at Mn(EN, = 2.008(7) and Mn(2}N, =

0.2007. 2.008(8) A, where the numbers in parentheses are the esd’s of
(21) (a) Evans, D. FJ. Chem Soc 1959 2003. (b) Bartle, K. D.; Dale, ’ ’ . .

B. J.: Jones, D. W.; Maricic, S. Magn Reson1973 12, 286. the average. The two manganese ions are displaced by 0.19

(22) Behere, D. V.; Mitra, Slnorg. Chem 198Q 19, 992. and 0.20 A from their respective 24-atom mean planes and 0.21
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Figure 4. Formal diagrams of the porphinato cores{@¥in(TPP)}L-
(OH)} CIO,4 for porphyrin ring 1 (a) and for ring 2 (b), displaying the
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Figure 5. Temperature dependence of the magnetic susceptibility for
a powder sample of [Mn(TPP)L(OH)}CIO,s. The solid line was
calculated with the following set of parameters] 2 —74.0 cn1?, D

10.8 cntl. The mole fraction of a monomeri§ = 2, impurity
with ZFS equal to-2.3 cnT! was adjusted tom, = 1.35%. The value

of g was taken as 2.0 for the dimer and the monomeric impurity.

(1) and 96.3(5.6)for Mn(2). The N-Mn—Mn'—N' dihedral
angles have an average value of 29.9(6)he two porphyrin
rings are found to be nearly parallel to each other with dihedral
angles of only 4.0 and 624between the mean planes of the
24-atom cores and four-nitrogen cores, respectively. Each of
the phenyl groups of one porphyrin ligand is found to form a
pair with a phenyl group of another porphyrin ligand (see Figure
2). The two phenyl rings within a pair are nearly perpendicular
to each other with observed PPh dihedral angles of 77.2,
88.2, 80.3, and 83°1

Magnetism. The detailed methodology of the analysis of
the temperature-dependent magnetic susceptibilities was de-
scribed previously. The temperature dependencejofor a
powder sample of[Mn(TPP)L(OH)} ClO,4 is shown in Figure
5. The observed behavior is typical of an exchange-coupled
dinuclear complex containing a small residual mononuclear
impurity, which is assumed to be [Mn(TPP)CI]. The data were
fit to the total spin Hamiltonian of a zero-field-split, high-spin

average values for the bond parameters in each ring. The value ford*—d* dimer, including a monomeri§ = 2 impurity. In view

the perpendicular displacement of each atom (in units of 0.01 A) of
the 24-atom core of both rings is shown. For both rings, a positive
value is a displacement toward the other ring of the dimer.

and 0.22 A from their respective four-pyrrole-nitrogen mean
planes, each toward the bridging hydroxide group. The Mn-
(1)-+*Mn(2) separation is 3.993(2) A. The oxygen atom of the
u-hydroxo ligand is disordered at two positions (O(1a) and
O(1b)) with a separation of 0.42 A, while only one hydrogen
atom can be located from the difference Fourier with distances
to O(1a) and O(1b) of 0.73(6) and 0.77(6) A, respectively. It
can be seen from Figure 3 that the direction of this disorder
(the O(1ay--O(1b) vector) is nearly perpendicular to the plane
defined by Mn(1), Mn(2), and the-hydroxo hydrogen atom.
Therefore the geometries of the two MO@(H)—Mn entities

are nearly identica®® The distances between the disordered
oxygen positions to the Mn(lll) centers have average values of
2.025(23) A (to Mn(1)) and 2.028(18) A (to Mn(2)), and the
average Mr-O(H)—Mn bridging angle is 160.4(8) The
average values for the-eMn—N, angle are 96.0(6.1for Mn-

(23) In otheru-hydroxo structure&/-2*we have found that the H atom is
out of the plane defined by M(1), M(2), and O, although the
displacement in the present case is somewhat larger. Hence it is
reasonable to believe that the H atom is also disordered but with a
H---H separation less than 0.42 A value of the two oxygen atoms.

(24) The analogous singlehydroxo complexe§[M(OEP),OH} ClO4 with
M = Ga(lll) and In(lll) have been synthesized and structurally
characterized: Chen, B.; Scheidt, W. R. Manuscript in preparation.

of the axially elongated structure around Mn(lll) in the dimer,
a negative sign is expected fbr° thusD was constrained to
negative values in our calculations. A satisfactory fit is obtained
with parameters of 2= —74.0 cnt!; D = —10.8 cn1?, and
Wmo = 1.35% for a Curie-like impurity.

The solution susceptibility measured by NMR methods in
CDCl; gives a value of 3.3z for the effective magnetic moment
at 20°C. This value corresponéfsto an antiferromagnetic
coupling constant2of —67.4 cntl, in satisfactory agreement
with the results from solid-state measurements.

Discussion

Synthesis. We previously reportéftthe synthesis, structure,
and magnetic characterization{gMn(OEP)L(OH)} ClO,. This
hydroxo-bridged species is stable in halocarbon solvents and is
readily obtained by a controlled hydrolysis of the monomeric
precursor [Mn(OEP)(kLD)]CIO4 or [Mn(OEP)(OCIQ)]. This
is in distinct contrast to our observations concerning a related

(25) In order to estimate the coupling constdnta “one-parameter-fit”
procedure was applied using the equation
_ 3K|_ 30+ 14x® + 5™ + x*®
TLo+ 1é+ 5+ 3x8 4 X*°

where x = exp(JKT) and K = NgB%3K. Of course, such a
procedure is not guaranteed to produce a coupling congtarith
sufficient reliability.

A
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compound: theu-oxo-bridged species [Mn(OERD, which .
appears to be extremely unstable in halocarbon solvents. 4 " )
Attempted synthesis of [Mn(OERJ) with methods that are ] o v, f:;“r‘r’:ej;’a':’ep'es"mge
appropriate for the preparation of [Fe(OERR® were unsuc- i Final stage
cessful. Although the formation of a new species was indicated

by electronic spectra, we were unable to isolate this compound
in crystalline form. Recrystallization of “[Mn(OER” from
CH.CI, or CHCL leads exclusively to crystalline [Mn(OEP)-
Cl]. Attempted crystallization from benzene, toluene, or THF
solution were unsuccessful. The difference in hydroxo- vs oxo-
bridged species in susceptibility to nucleophilic attack is =
somewhat unexpected. The difference in stability is also -
surprising since the MnO—Mn angle at the bridging hydroxide

is expected to be much more nonlinear than in the oxo derivative 300 350 400 450 500 550 600 650
and thus more open to attack. Such strong nonlinearity has nm

peen observed not only i{Mn(OEP)L(OH)} CIO,? b,Ut ?ISO Figure 6. Electronic spectra monitoring the synthesig pin(TPP)L-

in {[Fe(OEP)}(OH)} ClO4" and the group 13 OEP derivativ&s,  (OH)} CIo, from [Mn(TPP)(HO)]CIOs. Concentrations of all species

all of which have the two porphyrinato rings strongly canted are arbitrary and were chosen to emphasize the shifts in the spectra.
with respect to each other.

We have now extended our study to this interesting apparent
bridging hydroxo vs oxo stability difference to the manganese-
(1) tetraphenylporphyrinate derivatives. We thought that the
use of tetraphenylporphyrin as the porphyrin ligand instead of
octaethylporphyrin would enhance the stability of tir®xo
derivative, since the bulksnesephenyl groups should limit the
close approach of the two porphyrin rings, a feature which
appeared necessary in order to form the nonlinear hydroxide
bridge. Indeed, it was not clear that thehydroxo M TPP
complex could be formed at all, considering the structural
requirements.

The expected stabilizing steric effects notwithstanding, [Mn-
(TPP)LO does not seem to be any more readily prepared than
the OEP derivative, at least as a crystalline solid. In our hands,
the reported preparation of “[Mn(TPRY)"2” with pyridine as
solvent was not successful; the product was found to be the
bis(pyridine) adduct® However, theu-hydroxo MA'TPP
complex can be reproducibly synthesized by the controlled
hydrolysis of the previously reported mononuclear, six-
coordinate manganese(lll) tetraphenylporphyrinate [Mn(TPP)-
(H20),]ClO4.2°

The hydrolysis of the diaquo precursor can be conveniently
monitored by electronic spectra, since the blue shift of the Soret . qer to accommodate the nonlineaH@(H)—M angle. The

band is a “fingerprint” for the formation of the-hydroxo  iterplanar angle in the OEP derivatives is limited by the closest
species. Spectra showing the diaquo precursor, an mtermedlat%pproach of the rings~3.3 A spacing). In the TPP system,
stage in the hydrolysis, and the final product are given in Figure the inter-ring interactions of the peripheraésephenyl groups

6. It can be seen clearly that the Soret band is blue-shifted st 50 be taken into account. This factor is expected to limit
from 478 nm (the diaquo precursor) to 464 nm (thbydroxo e gihedral angle between the two porphyrin planes to values
complex). Most importantly, the spectrum of the hydrolysis heqr zer0. Indeed, the observed dihedral angle between the two

product is essentially identical to that of the isolated single 24_s5tom mean planes is only &.@hile the value between the
crystal of{ [Mn(TPP)p(OH)} CIO,, as shown in Figure 1. The 45 N, mean planes is 6°4suggestive of a significant, strong

biphasic hydrolysis of [Mn(TPP)(#D),JCIO, is an efficient  jyieraction between the two porphyrin rings. Nevertheless,
method for the synthesis of tHgMn(TPP)p(OH)} CIO, com- despite the near coplanarity of the two rings, the-NB(H)—
plex. A bulk sample so prepared has a low level of apparent \1n bond angle is still decidedly nonlinear at 160.4(8)
mononuclear impurity as judged by the magnetic susceptibility Obviously, the two Mr-O(H) vectors cannot be perpendicu-

Absorbance

manganese atom displacement from the 24-atom mean plane
(0.20 A) are within the range expected for high-spin five-
coordinate manganese(lll) porphyrina&83° The identity of

the bridging ligand as the hydroxide ion is confirmed by the
stoichiometry, which shows that the binuclear unit is a mono-
cation; the location and refinement of the hydroxide ion
hydrogen atom from the X-ray data add additional support to
the identification. The average axial Mi®(H) bond distance

of 2.026(17) A is very close to the 2.011(18) A value observed
for {{[Mn(OEP)L(OH)}CIO4 and consistent with a bridging
hydroxide ligand rather than a bridging oxo ligand, whose
expected values are in the range 1884 A. The bridging
Mn—O(H)—Mn angle of 160.4(8) s, to our knowledge, the
largest value reported for @hydroxo bridge angle.

Our structure determinations of several hydroxo-bridged
octaethylporphyrin derivativé824 led us to expect that a
tetraphenylporphyrin derivative would be very sterically stressed.
There appear to be two contradictory structural requirements
in the hydroxide-bridged species. In order of apparent impor-
tance these are (i) to make the bridging hydroxide angle as small
as possible while (i) also minimizing the intramolecular
porphyrin—porphyrin interactions. In the OEP derivatives, the
two porphyrin rings are canted with respect to each other in

measurements. o lar to the porphyrin mean planes but must be offset to
Structure. The coordination group geometry of the man-
ganese(lll) ions i [Mn(TPP)L(OH)} ClO4 is that of a high- (30) (a) Day, V. W.; Stults, B. R.; Tasset, E. L.; Marianelli, R. S.; Boucher,
spin five-coordinate manganese(lll) system. Thus, the averaged Ié' JMIHErgJ- NAucl- gﬁem léett ig;? 191é 5??(5547(b)( T)U/Iinzky, A Coheg,
; . M. L. J. Am Chem Soc 99, . (c) Anderson, O. P;
value of the Mn-N, bond distance (2.008(7) A) and the Lavallee, D. K.Inorg. Chem 1977 16, 1634. (d) Scheidt, W. R.:
Lee, Y. J.; Luangdilok, W.; Haller, K. J.; Anzai, K.; Hatano, IKorg.
(26) Cohen, I. AJ. Am Chem Soc 1969 91, 1980. La Mar, G. N.; Eaton, Chem 1983 22, 1516. (e) Williamson, M. M.; Hill, C. L.Inorg.
G. R.; Holm, R. H.; Walker, F. AJ. Am Chem Soc 1973 95, 63. Chem 1986 26, 4668. (f) Jinghe, Z.; Shongchun, J.; Zhungsheng,
(27) Fleischer, E. B.; Palmer, J. M.; Srivastava, T. S.; Chatterjedl. A. J.; Rizhen, JChin. J. Appl. Chem 1988 5, 50. (g) Suslick, K. S.;
Am Chem Soc 1971 93, 3162. Watson, R. Alnorg. Chem 1991 30, 912. (h) Suslick, K. S.; Watson,
(28) Cheng, B. Unpublished results. R. A.; Wilson, S. RInorg. Chem 1991, 30, 2311. (i) Armstrong, R.
(29) (a) Kennedy, B. J.; Murray, K. $norg. Chem 1985 24, 1557. (b) S.; Foran, G. J.; Hambley, T. WActa Crystallogr, Sect C 1993

Williamson, M. M.; Hill, C. L. Inorg. Chem 1987, 26, 4155. C49 236.
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Table 4. Selected Structural Features for Monobridged Binuclear Porphinato Complexes

dihedral angle, deyg
phenykphenyl distance, A

interplanar mean-plane twist

compound angle2 deg sepn? A angle deg average ref
[Fe(TRPP)LO 1.6 49 43 31.2 35.5 41.4 374 34
6.64 6.85 6.95 6.85
[Fe(TPP)}O 3.7 4.50 35.4 28.0 27.8 35.5 317 35
6.46 6.04 5.81 6.03
[Fe(TPP)}IN 0.0 4.1 317 65.3 65.3 36
5.77 5.77
[Fe(TPC)}O 0.0 4.60 30.2 59.2 56.9 58.0 37
5.64 5.87 5.76
[Fe(TPP)}C 0.0 3.87 317 66.5 66.5 38
5.75 5.75
[Mo(TPP)(0O)}O 0.0 3.85 30.4 70.5 75.2 72.8 39
5.60 5.29 5.44
[Ru(TPP)(-OCsH4CH5)].0 25 3.8 27.9 86.5 67.1 37.6 76.0 76.5 40
5.05 5.68 5.78 5.25 5.44
[Mo(TTP)(CN]:0 1.6 4.01 30.4 70.1 71.8 68.7 72.5 70.8 41
5.45 5.08 5.58 5.32 5.36
[MNn(TPP)(Ns)].0 0.0 3.88 28.5 85.0 61.3 73.2 42
4.94 5.76 5.35
[Fe(TMPyP)}O-(ClO4)s 0.4 4.43 324 68.7 62.9 65.8 43
5.42 5.23 5.32
[(NCHsTPP)Fe-O—Fe(TPP)ICIQ 1.6 4.4 30.2 85.8 82.3 69.2 79.3 79.2 44
5.10 5.15 5.42 5.44 5.28
[Fe(FF);O-H,0 15.8 4.7 24 4.6 61.8 67.2 42.3 57.1 45
7.67 5.09 5.26 5.19 5.18
{IMn(TPP)LOH} CIO, 3.96 4.38 29.9 77.2 88.2 80.3 83.1 82.2 this
4.87 4.93 5.49 5.31 5.15 work

aThe dihedral angle of two mean planes of the 24-atom cores within a dimeric mole@ile.average separation of individual atom from the
other 24-atom coré€. Average of the four NM—M'—N' dihedral angles? The top line is the dihedral angle between the two phenyl rings, and the
lower line is the corresponding centegenter distance.

accommodate the'16° difference. Indeed the eight;NMn— As was noted previousB? the sad ruffling results from
O(H) angles range from 87.8(3) to 105.6(3)nterestingly, the relatively small dihedral angles between the mean plane of the
dihedral angle between the porphyrin planes in the Mn, Fe, and porphyrin core and the peripheral phenyl groups. This structural
Ga OEP systems is alsel5° smaller than that predicted from  feature arises from attempting to make the entire tetraphenylpor-
consideration of the MO(H)—M angle3! In all systems, the  phyrin moiety as coplanar as possible in order to allow the
strain in the required off-normal axial bond vectors is taken up intermolecular close approach of two such groups. The values
more by one metal than the other in the binuclear complexes. of the eight dihedral angles range from 47.1 to 84w@ith an
We do conclude that the relatively large values of the average value of 51(3) Perhaps surprisingly, the effects of
M—O(H)—M bond angle in all systems is dominated by the sadruffling do not appear to decrease the intramolecular,
intramolecular inter-ring steric repulsion factors, with the largest inter-ring distances between the atoms that define the two 24-
value found for the TPP system. atom cores. Rather, th&-ruffling of the cores leads to the
There are a number of other interesting structural features pyrrole rings of the two cores alternatively tipping toward each
found for the{ [Mn(TPP)L(OH)} CIO4 molecule. Some, butnot  other or away from each other. This leads to the closest pair
all, are related to minimizing the intra- and intermolecui@so of atom—-atom contacts at 3.38 A. Indeed, this distance is
phenyk-phenyl interactions. The separation between the two comparable to the shorest such inter-ring distance observed in
porphyrin mean planes is 4.4 A, and the inter-ring twist angle the OEP derivatives, where the close contact between the two

is found to be 29.9 (See Figure 3) The twist angles in the rings results from the canting of the two cores.
OEP derivatives are much smaller and would lead to close inter- It might have been expected that the closest intramolecular

ring phenyl ring contacts. The two porphyrin cores exhibit : - :
. i 33 pairs of phenyl rings i [Mn(TPP)L(OH)} ClO4 would have
substantiaD,q-ruffled cores of thesadtype®**as can be seen parallel or nearly parallel relative orientations, in order to

:: F(Ia%lirti fe.sﬂtoxz)eri\:]et:z’aggesci?:rleinggrr:ct(i:gr?;ot;umt?g?r?esr ?rgrgm minimize the phenytphenyl nonbonded interactions. However,
bp the four pairs of phenyl rings have nearly perpendicular

dimeric” intermolecular interactions that Scheidt and $%ee orientations with PkPh dihedral angles of 77.2, 88.2, 80.3,

noted led tosad core conformations. These interactions are and 83.1 (see Figure 3). This interesting structural feature led
relatively tight for both rings of [Mn(TPP)L(OH)} CIOs, and -+ (SEE FIgUTe ). resting structura tealt
us to examine the relative phenyl ringhenyl ring orientations

both inter-ring interactions are between rings related by inversion . ) .
centers. For ring 1, there is a separation between the two mear{or all previously reported binuclear tetraarylporphyrin systems

planes of 3.51 A, a lateral shift of 3.51 A, and a slip angle of V.Vith a single oxygen, nitrogen, or carbon.atom as the bridging
45.0°. The corresponding values involving ring 2 are 3.61 A, ligand. The values of the pheryphenyl dihedral angles and
3.69 A, and 45.6 Values for a number of analogous ring selected other structural features are given in Table 4. Values
ring interactions in other tetraarylporphyrin systems were 'ange upward from 3pbuta number of derivatives have phenyl
gathered in Table XXIV of ref 32. ring pairs with relative perpendicular orientations. However,
there does not seem be any correlation between thePRh
(31) The predicted dihedral angle is [180 (the M—O(H)—M angle)f. dihedral angle values and a number of other structural param-

(32) Scheidt, W. R.; Lee, Y. J. Recent Advances in the Stereochemistry of €ters such as the Qihedral angle bEtwee'.n the two porphyrin
Metallotetrapyrroles.Struct Bonding (Berlin)1987, 64, 1. planes, the porphyrin mean plane separation, and ghev\-




A Nearly Linear Single Hydroxo Bridge
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Figure 7. Plot of the center to center distances of the phenyl rings vs

the Ph-Ph dihedral angles listed in Table 4.

M’'—N,' dihedral angles (the twist angles). These parameters
might be thought to bear some relation to phenyl ring interac-

tions. A correlation does exist between the-f#h orientation

and the center to center distance within a pair of phenyl rings.

Figure 7 is a plot of all observed P#h dihedral angles vs the
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The hydroxide ion is in a very unusual chemical environment,
similar to that found for{[Mn(OEP)L(OH)}CIO, and the
analogous iron complex. All of the close contacts found
between the oxygen or hydrogen atom of the hydroxide ion are
with atoms of the porphyrin rings. The hydroxide ion and the
perchlorate ion are well separated, with a shortest@distance
of 8.2 A. However, the hydroxide hydrogen atom is within
hydrogen-bonding distance of the porphyrin nitrogen atom 2N-
(3) at a distance of 2.49 A with a 2N@BH—0 angle of 114.

The solvent content (and crystallographic model) of{ti\n-
(TPP)RL(OH)} CIO; lattice is complex. The symmetry-unique
portion of the lattice has six different solvent regions (holes).
Four of these contain methylene chloride molecules solely,
although not necessarily at full occupancy. The remaining two
solvent holes appear to contain either methylene chloride or
water. Our model for water is based on a fit of the electron
density and the observation that water molecules in the two
regions are within hydrogen-bonding distance of each other.
The crystalline lattice appears to be quite unstable; loss of
crystallinity occurs quite rapidly when crystals are removed from
mother liquor. Crystals must first be embedded in silicone
grease in the crystallizing medium and then quickly transferred
to the nitrogen cold stream on the diffractometer for data
collection.

Magnetic Properties. The temperature-dependent magnetic
susceptibility of{[Mn(TPP)L(OH)}ClO, (Figure 5) has been

phenyl center center distances. It can be clearly seen that the Well fit by assuming an antiferromagnetic exchange coupling
dihedral angles fall into two groups that are separated by a gapPetween twoS = 2 Mn(lll) centers mediated by the single
of almost 20. Furthermore, it is quite clear that as pairs of bridging hydroxo ligand. lThe antiferromagnetic coupling
phenyl rings become closer, the phenyl group orientations tendconstant (2 = —74.0 cm*) found for this molecule is
toward 90. Thus as the distance between a pair of phenyl rings Marginally larger than that found f¢{Mn(OEP)L(OH)} CIO4

become smaller, the two rings adopt a geometry in which they 2J

= —71.0 cnTY).® If the marginal difference is real, it is

become nearly perpendicular. It should be noted that while, to consistent wit_h the expectation that the larger hydroxide bridging
a good approximation, the phenyl ring orientations do not have @ngle (160.8) in {[Mn(TPP)L(OH)} CIO4 should lead to a larger

any effect on the centercenter distance, all of the geometric

value of the coupling constant, since stronger antiferromagnetic

parameters listed in Table 4 collectively have an effect on phenyl cOUPling is found as the MO—M bridge angle becomes

ring pair separations. We do note a special case, [FE{BF)]
in which the porphyrin macrocycles are covalently linked
through twoortho-substituted phenyl rings with a urea bridge.

larger®¢ Compared to the case of binuclear Mn(lll) Schiff base
complexes with a single hydroxo bridging ligand, the antifer-
romagnetic coupling ii[Mn(TPP)L(OH)} ClO, is significantly

The consequent geometry might appear to favor all phenyl ring Stronger than that ofhydroxo)bisf-acetato)dimanganese(fl)
pairs being nearly parallel. However, even in this case, the a1d two Mn(1V) tetramers? where the coupling constants are
centercenter distance trend seems to be followed. The values2) = —18 and—40to—44 cn*, respectively. The marginally
for this special case are marked with the open symbols in Figure!arger value of the zero-field splitting in the TPP derivative
7. There thus appears to be a favored orientation of the phenylCompared to the OEP derivatigd = ~10.8 vs—8 + 2 cnr™?)

rings that is dependent only on the centeenter distance.
Indeed, theoretical calculatiolshave suggested that perpen-
dicular orientations are preferred when two phenyl rings lie
above each other.
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Summary. The synthesis of the hydroxo-bridged complex
{IMn(TPP)L(OH)} CIO,4 through a controlled hydrolysis of [Mn-
(TPP)(HO),]* is demonstrated. The X-ray structure shows that
each Mn(lll) ion is axially coordinated with a MrO(H)—Mn
bridge angle of about 18@nd nearly coplanar porphyrin rings.
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These features result from the steric constraints of the hinderedW.R.S. Funds for the purchase of the FAST area detector
tetraphenylporphyrin ligand. Steric crowding also leads to diffractometer were provided through NIH Grant RR-06709.
phenyl ring pairs that are nearly perpendicular to each other.

Temperature-dependent magnetic susceptibility measurements, SUPPorting Information Available: ~Tables StS3, giving com-

. e plete crystallographic details, anisotropic thermal parameters, and fixed
show that t.he Mn(lll)--Mn(III) exchange Tteractlon is mod- hydrogen atom coordinates fg{Mn(TPP)L(OH)}CIO,, Table S4,
erately antiferromagnetic 2= —74.0 cn’) and modulated  gjying" magnetic susceptibility data f¢{Mn(TPP)L(OH)} ClO,, and
by zero-field-splitting effects. Tables S5 and S6, listing complete bond distances and angles (14
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