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The reaction of tetracyanoethylene (TCNE) with metal 
coordination complexes leads to the formation of a plethora of 
complexes exhibiting a variety of bonding arrangements. Best 
characterized are the nonbonded structures found for metallocene- 
based charge- and electron-transfer complexes (e.g., [Fell- 
Cp2] [TCNE]2 or [Fe111Cp*2]*+[TCNE]'- (Cp = cyclopenta- 
dienide; Cp* = pentamethylcyclopentadienide)), platinum-group 
+metallocyclopropane structures (e.g., [Pt(PPh3)2TCNE],48 [Ir- 
(CO) Br(PPh3)2TCNE] ,4b and [ I~(CO)B~(ASP~J)~TCNE] &), and 
recently reported linear chain structures with TCNE p2-bound 
to two metals [i.e., [MnTPP]+[TCNE]*- (TPP = meso-tet- 
raphenylpor~hyrin)~ and [M(hfaca~)~TCNEl (M = Cu, Co) 
(hfacac = hexafluoroacetylacetonate)] .6 In addition to under- 
standing the bonding modes of TCNE and its anions, recent work 
has shown that some TCNE-based materials exhibit cooperative 
magnetic behavior.3s7J To understand the mechanisms of spin 
coupling necessary for the observed ferromagnetic behavior, a 
detailed knowledge of the bonding of TCNE is es~ential .~.~ This 
is preferably accomplished by a structural determination of the 
magnetic material under investigation, but for the disordered 
V[TCNE].*yCH2C12 room-temperature magnet, it must be 
determined by alternative methods using model compounds?-9 
Herein we extend the examples of TCNE bonding to a metal 
with the structural characterization of [TCNEI2- p2-bound to 
two IPS; it is the first example of the coordination chemistry of 
[TCNEI2-. 

The reactionof K[TCNE] and rr~nr-[Ir(CO)Cl(PPh~)~] leads 
to the isolation of [Ir(CO)(PPh3)2]2[TCNE].MeCN (1) and [Ir- 
(CO)(PPh3)2]2[C4(CN)6] (2).1° The latter complex forms via 
the dimerization of [TCNEI- and the Rh analog has been 
structurally characterized.' The structure reveals an essentially 
planar [C4(CN)6]2- p2-bound to two Rh%. We have prepared 
1, grown crystals12 upon slow cooling to room temperature from 
acetonitrile, and structurally characterized it.I3 An ORTEP 
drawing of the [TCNEI2-and Irl coordination sphere is presented 
in Figure 1, and the average key bond distances and angles are 
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Figure 1. Structure of the P2CzIr2[TCNE] framework for [(PhjP)2- 
(OC)Ir]2[TCNE]. The key anion distances are C(l)-C(2) = 1.478(8), 
C(l)-C(S) = 1.366(9), C(l)-C(6) = 1.426(9), C(2)-C(3) = 1.375(8), 
C(2)-C(4) = 1.407(9), N(3)-C(3) = 1.160(7), N(4)-C(4) = 1.152(8), 
N(5)-C(5) = 1.168(8), and N(6)- C(6) = 1.147(8) A. 

presented in comparison toother related TCNE-based compounds 
in several oxidation states in Table I. It is the first example of 
[TCNEI2- a-bound to a metal. The 2- charge on the anion is 
evident from the (NC)2C-C(CN)2 bond distance and dihedral 
angle. This C-C distance is 1.478 A which is comparable to the 
separation of 1.49 A observed for the free [TCNEI2- ion.14 This 
is significantly longer than the 1.398 A and 1.392 A observed for 
[TCNE]*- in [ FeCp*$+[TCNE]*- I S  and [MnTPP]+[TCNE] 
respectively, and 1.344, 1.353, and 1.349 A observed for TCNE 
and [M(hfacac)2TCNE] (M = Cu, CO)].~ The nonplanar 
geometry is also characteristic of the oxidation state; TCNE and 
[TCNE]*- are planar (D2h) while [TCNEI2- is twisted (D2d).14 
The observed dihedral angle is 67.2O, consistent with the free 
rotation along thecenter C-C bond, and is not 90° due to packing 
forces. This value is sma!ler than the 87.1O reported for the 
isolated free [TCNEI2- ion.I4 

The Ir-N=C angle is essentially linear (175.0O) and is 
comparable to those reported for 2 (168.8O), MnCp(C0)jTCNE 
(1  81.1 ' ) , I6  and [RuP(OMe),PPh3Cp(C3(CN)s)] ( 176.3°)17a and 
the values of 164.7 and 168.8O reported for [M(hfacac)*TCNE] 
(M = Cu, C O ) ~  but is not comparable to that reported for 
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Table I. X-ray Crystallographically Determined Bond Lengths and Angles in [TCNE]" (n = 0, 1-, 2-) 

cation [Fe(CsMe&]'+ [MnTPP]+ [Co(CsMed21+ [Ir(CO)(PPh3)zl+ [ R h ( C O ) ( P P h W  
TCNE sym D2h D2h Dzh Did 

C-CN, A 1.439 (2) 1.417 (2) 1.434 1.392 (8) 1.417 1.432 
C-CNM, A 1.436 1.371 1.405 
C=N, A 1.153 (2) 1.140 (4) 1.122 1.166 (3) 1.149 1.14 
C r N M ,  A 1.137 1.164 1.153 
C-CrN,  deg 178.2 (1) 179.9 175.7 177.6 176.9 176.9 
C-C=NM, deg 176.0 176.7 179.0 
M-N=C,deg 148.1 175.0 168.8 
NC-C-CN, deg 115.6 (1) 117.7 119.5 117.1 118.8 117.1 

TCNE r-[TCNE]'- pz-[TCNE]'- [TCNEI2- p2-[TCNEI2- p2-[C4(CN)6I2- 

temp, OC 25 -30 -100 -50 -70 
C-C, A 1.344 (4) 1.392 (9) 1.369 (10) 1.49 (2) 1.478 (8) 1.449 

[(NC)2C12 1.9 87.1 67.2 20.0 
dihedral angle, deg 

Rw 7% 3.5 5.4 5.9 8.3 2.9 8.6 
YC=N, cm-I 2259 s, 2221 m 2183 s, 2144 s 2187 m, 2139 m, 2126 s 2104 s, 2069 s 2176 m, 2097 s 
ref 17b 15 5 13 this work 11 

[MnTPP]+[TCNE]*- (148.1°).5 The linear Ir-N=C angle is 
consistent with the anion charges being localized in orthogonal 
p-orbitals on the central C-C carbons, 3, not 4. The IrN=C 
distances are essentially equivalent (Le., f0.015 A) to the N- 
distances. 
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The V C ~ N  vibrational spectra of [(Ph3P)2(OC)Ir]2[TCNE] has 
absorptions at 2176 m and 2097 vs cm-I. These are significantly 
blue-shifted by 72 and 28 cm-I, respectively, from that reported 
for the isolated [TCNEIZ-.l4 Similar shifts (1 5-45 cm-I) in the 

YC-N stretching frequency are observed upon coordination of the 
weakly antibonding nitrogen lone pair of electrons of acetonitrile 
to metals.ls The observed values are the closest to the values of 
2188 and 2099 cm-I reported for the V[TCNEIx.yCH2C12 room- 
temperature magnet7J and thus suggests that [TCNEI2- may be 
present. 
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