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THE STRUCTURE OF SEVERAL meso TETRAARYLPORPHINATO 
MANGANESE0 TETRACYANOETHENIDE COMPLEXES 

ERIK J. BRANDON,la KEN-ICHI SUGIURA.14b ATTA M. ARIF,la 
LOUISE LIABLE-SANDS,lC ARNOLD L. RHEINGOLD,* lc and 
JOEL S. MILLER*la 
Department of Chemistry, University of Utah, Salt Lake City, UT 84112 and the 
Department of Chemistry, The University of Delawm, Newark, DE, OH 19716 
USA 
Abstract The structures of several uniform ... D+A.-D+A.-D+A.-... (D: S = 2 
Mporphryin; A: S = 1/2 TCNE) chain compounds with the [TCNE].- truns-p2 
bonded to two Mn(III)'s exhibiting cooperative magnetic properties have been 
studied by single crystal x-ray diffraction. Herein we summarize the structures 
obtained for these compounds and their UCN infrared absorptions. 

The study of molecule-based magnetic materials based upon organic radicals 
spins is an area of increasing interdisciplinary research worldwide.lF2 Ferro- or 
fenimagnetic ordering has been observed for several classes of materials possessing the 
[ T C  N E ]  .- (TCNE = tetracyanoethylene) radical anion. For example, 
[FeCp*2].+[TCNE].- (Cp* = pentamethylcyclopentadienide) is a ferromagnet with a 
Curie (critical or ordering) temperature, T,, of 4.8 K, Jwhile V(TCNE),-y(solvent) (Tc - 
400 K)4 and [MnVP]+[TCNE].-.2PhMe (TPP = meso-tetraphenylporphinato), (Tc = 
14 K) are ferrimagnets. Current research focuses toward establishment of relationships 
between structure and magnetic phenomena, particularly in the correlation of 
dimensionality, connectivity and the critical temperaturn of the material l2 The clathrate 
nature of this class of materials6 enables the introduction of different solvents into the 
structure to alter the inter- and intrachain couplings and subsequently the ordering 
temperatures. We have prepared [MnTPP][TCNE].xS [S = PhR (R = H, Me, Et, C1, F, 
Br, N@, CN), C!aH& (R = Me, Cl), and C&3R3 (R = Me, Cl)] and have obtained 
crystals structure for [MnTPP][TCNE].xS(S = 1.2-dimethylbenzene [x = 1, A).6 1,2- 
dichlorobenzene (x = 4, B6). 1,2,4-trichlorobenzene, C] in addition to that reported for S 
= PhMe, x = 2, D. Additionally, the [TCNE].- salts of 4-phenyl-substituted 

1. (a) University of Utah. (b) Current address: Institute of Scientifk and Industrial 
Research, Osaka 565 Japan. (c) University of Delaware. 
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270 E.J. BRANDON CI  ul 

[MnTPPl+'s, i. e., 1 (E - H), 2-fluorophenyl substituted [MnTPP]+, i. e., I, and meso- 
tetrakis(3,5-di-t-butyl-4-hydroxyphenyl)po~hinatomanganese(III), MnTP'P,7 J, have 
been studied by single crystal x-ray and herein we report the structures of A-J. 

1 X = Cl. MnXlPP,  E 
1 X = Me. MnTtolP. F 

I J 

1 X = OMe, MnTOMePP, G 
1 X = Bur, MnTBu'PP, H 

Each of these [Mpor]+[TCNE].- salts possess an uniform ... D+A.-D+A.-D+A.-... 
(D: S = 2 Mpor; A: S = 1/2 TCNE) chain with the [TCNE].- rruns-p2 bonded to two 

Mn(III)'s, Stereoviews 1 - 10. A - J belong to the Pi (Z = 1) space group with an unit 
cell axis being the chain direction the its length being the intrachain Mn-Mn separation. 
The unit cell parameters are listed in Table 1. Table 2 lists the Mn-NC and intrachain 
Mn-Mn distances, the Mn-N-C and Mn-Mn-N angles as well as the dihedral angle 
formed by the MnN4 and TCNE planes. Each of these bonding modes have 
characteristic uCN infrared absorptions, Figure 12. The magnetic properties of A,6 B, 15 
D,5,* and 57 have been reported while in addition to more detailed studies the 
determination of the magnetic properties of the other salts are in progress. 

TABLE 1 Unit Cell Parametersa for A - J. 
Compound u , A  b, A c, A a, deg f l  deg y deg v, fi3 

A 9.261 10.218 13.294 98.880 94.630 110.640 1151 
B 
C 
D 
E 
F 
G 
H 
I 

9.489 
9.588 

10.116 
10.171 
10.082 
9.896 

10.189 
10.185 

12.865 
10.885 
11.008 
10.189 
14.515 
10.256 
15.822 
11.081 

12.890 
14.475 
12.498 
14.522 
10.280 
14.447 
16.195 
12.378 

92.660 
106.912 
108.150 
107.510 
105.870 
82.640 
83.410 

107.550 

106.190 
99.137 
98.040 
85.580 

11 1.110 
92.400 

108.140 
82.880 

105.470 
107.51 1 
67.920 

111.510 
84.810 

109.070 
100.570 
111.090 

1444 
1327 
1224 
1334 
1350 
1374 
2435 
1243 

J 8.597 14.756 17.573 101.160 100.560 96.370 2125 
a The intrachain Mn-Mn separation is italicized 
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ORGANOMANGANESE(II1)-TCNE COMPLEXES 271 

STEREOVIEW 1. A, [MnTPP][TCNE].1,2-CgHqMe2 (the solvents and Hs are omitted 
for clarity). 

STEREOVIEW 2. B, [MnTPP][TCNE].2( 1.2-CgHqC12) (the solvents and Hs are 
omitted for clarity). 
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272 E.J BRANDON r~ al. 

TABLE 2 

Compound Mn-NC, Mn-N-C. Dihedral Angle, Mn-Mn, Mn-Mn-N, 

A 2.288 167.0 93.99 10.218 14.8 
B 2.356 125.1 29.50 9.489 31.2 
C 2.334 130.2 36.80 9.588 29.0 
D 2.305 148.1 69.51 10.116 19.3 
E 2.267 167.2 86.78 10.189 14.6 
F 2.294 168.4 90.47 10.280 14.0 
G 2.290 165.3 83.69 10.256 14.3 
H 2.254 169.6 100.10 10.189 13.8 
I 2.316 148.4 74.17 10.185 18.3 
J 2.299 129.0 30.40 8.587 29.4 

Mn-NC, Intrachain Mn-Mn Distances, Mn-N-C and Mn-Mn-N angles, and 
the Dihedral Angle Formed by the MnN4 and TCNE planes for A - J. 

A deg deg A deg 

STEREOVIEW 4. C, [MnTPP][TCNE].2( 1,2,4-C&C13) (the solvent sand Hs are 
omitted for clarity). D
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ORGANOMANGANESE(II1)-TCNE COMPLEXES 273 

STEREOVIEW 5. D, [MnTPP][TCNEi].2PhMe (the solvents and Hs are omitted for 
clarity). 

STEREOVIEW 6. E, mnTClPP][TCNE].2PhMe (the solvents and Hs are omitted for 
clarity). 
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274 E.J. BRANDON et ul. 

STEREOVIEW 7. F, [MnTtolP][TCNE].2PhMe (the solvents and Hs are omitted for 
clarity). 

STEREOVIEW 8. G, [MnTOMePP]wNE]-2PhMe (the solvents and Hs are omitted for 
Clarity). 
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ORGANOMANGANESE(I11)-TCNE COMPLEXES 275 

STEREOVIEW 9. H, [MnTBuPJ[TCNEJ.6( 1.4-CAMe2) (note the disordered Fs;the 
solvents and Hs are omitted for clarity).). 

STEREOVIEW 10. I, [kflTPP][TCNE]-2PhMe (note the disordered Fs; the solvents 
and Hs axe omitted for clarity). 
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216 E.J. BRANDON rt a/. 

[ MnTPP]rCNE]’2( 1,2, 4-C6H,Cl3) 
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FIGURE 12. Summary of the uCN IR absorptions for isolated [TCNE].- and A - J. 
Waven urn be I s , cm-’ 
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ORGANOMANGANESE(III)-TCNE COMPLEXES 211 

STEREOVIEW 11. J, [MnTP’P][TCNE].2PhMe (the solvents and Hs are omitted for 
clarity). 
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