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Tetracarbonyldi-y-2,2,5,5-tetramethylhex-~-yne-di-iron. A Novel Complex 
Containing an Iron-Iron Double Bond 

By K. NICHOLAS, LINDA S .  BRAY, RAYMOND E. DAVIS,* and R. PETTIT* 
(Department of Chemistry, University of Texas,  Aust in ,  Texas 787 12) 

Summary The reaction of Fe,(CO) 12 with 2,2,5,5-tetra- 
methylhex-3-yne gives a complex which appears to 
contain an iron-iron double bond. 

THE reactions of alkynes with iron carbonyls have been 
shown to give a variety of products depending on both the 
nature of the carbonyl and the acety1ene.l These products 
frequently possess cyclic structures and in an attempt to 
prepare a per-t-butylated system we have treated 2,2,5,5- 
tetramethylhex-3-yne [di-t-butylacetylene, (I)] with Fe,- 
(CO),,. Although the reaction failed to produce the desired 
product i t  did lead to a novel compound which we believe 
constitutes the first example of an organo-iron complex 
containing an iron-iron double bond. 

The reaction of (I) with Fe,(CO),, in refluxing methyl- 
cyclohexane yielded a black-violet crystalline product 
(420;,) of compositiont (C,,H,,),Fe,(CO), (11). The air 
stable compound was purified by sublimation at 100" and 
0.1 rnm Hg. The complex exhibits unusual thermal sta- 
bility, subliming without decomposition at 175" in air. 

FIGURE 

The complex, slightly soluble in non-polar organic 
solvents, insoluble in polar solvents, exhibits a single sharp 
n.m.r. absorption at  T 8.65 (CS,). The i.r. spectrum (CS,) 
displays terminal metal carbonyl bands at 1955 and 1920 
cm-l. No bridging or ketonic carbonyl absorptions are 
observed. The mass spectrum does not show a parent 
molecular ion peak ( M  m/e 500), but peaks are observed at 

m / e  472(M - CO), 444(M - 2CO), 416(M - 3CO), 388(M 
- 4CO), 332(M - Fe), and 276(&1 - 2Fe). 

The structure of (11) has been determined by a single 
crystal X-ray diffraction study.: Crystals of (11) obtained 
by sublimation at  100' and 0.1 mm Hg :re monoclinic, 
P2,/c, a = 9-706, b = 14.403, c = 8.903 A, ,8 = 96-14', 
The unit cell contains only two molecules, so that each 
molecule lies a t  an inversion centre. Using 1678 observed 
reflections out of 2117 measured with Cu-K, radiation, the 
structure was solved by the heavy atom method and has 
been refined, including all hydrogen atoms, to a conventional 
R value of 0.042 and a weighted R value of 0.032. 

The 
two iron atoms and four C=O groups lie in the same basal 
plane. The four acetylene carbons form a plane normal to 
this basal plane, with Fe-C(acety1ene) distance of 2.048, 
2.113, 2.049, and 2.116 A. The acetylene C-C distance is 
1.283 A, while the distances from C(acetyiene) to the 
quaternary C atoms are 1.506 and 1.507 A. The But 
groups are bent away from the Fe,(CO), plane, so that the 
angles a t  the acetylene carbons are 142.6 and 143.0". 

The most interesting distance observed in this structure 
is the extremely short Fe-Fe distance, 2.215 A. The 
Fe-Fe distance of a typical series of organo-di-iron com- 
plexes containing metal-metal single bonds varies from 2-37 
to 2.77 The presence of an iron-iron double bond in 
the complex is consistent with the unusually short metal- 
metal distance observed. The diamagnetic behaviour of 
the complex is consistent with a structure in which each 
iron atom accepts two electrons from each of two acety- 
lenes, two electrons from each of two carbonyls, and shares 
two electron pairs with the other iron, thus obeying the 
effective atomic number rule. 

Attempted chemical additions to the metal-metal 
double bond were unsuccessful. The complex did react 
with iodine in benzene but only with extensive decom- 
position. Treatment of the complex with HCl in benzene 
or with hydrogen in the presence of 5% palladium on 
charcoal gave only starting material. These negative 
results may be a consequence of the steric bulk of the But 
groups which could prevent attack a t  the iron-iron bond. 

Although multiple metal-metal bonding has been pro- 
posed between elements of the second and third transition 
s e r i e ~ , * ~ ~  we believe this to be the first example involving 
two iron atoms. 

We thank the Robert A. Welch Foundation and the 
National Science Foundation for financial support. 

The molecular geometry is shown in the Figure. 

(Received, March 16th, 1971; Com. 310.) 

t Calculated for C,,H,, Fe,04: C = 57.6; H = 7.2. 
$. Details of the structure determination, final atomic parameters and molecular geometry will be reported elsewhere. 
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