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g5-Cyclohexadienyl- and ~5-cycloheptadienyl-tricarbonyliron tetrafluoroborate 
are reduced in refluxing acetonitrile to yield mixtures of 1,3-cyclohexadienetri- 
carbonyliron and 5,5’-di-1,3-cyclohexadienehexacarbonyldiiron, and di-q5-cyclo- 
heptadienyltetracarbonyldiiron and 5,5’-di- 1,3-cyclcheptadienehexacarbonyldi- 
iron, respectively. 

Of the numerous transition-metal n-complexed cations possessing extraordi- 
nary stability, the tricarbonyliron complex of the cyclohexadienyl cation (Ia) 
has been of special interest, theoretically as well as synthetically [ 11. Cation Ia 
possesses sufficient stability towards water to be recrystallized from it, and yet 
on the other hand, conveniently reacts with nucleophiles stronger than water to 
afford addition products with attack usually occurring at carbon to give 5-sub- 
stituted 1,3-cyclohexadienetricarbonyliron deriv+ives. Elaboration of this 
reaction owing to the ease of the liberation of the free ligand has proven syn- 
thetically useful. The formation of other products resulting from nucleophilic 
addition to the electronically deficient iron or the carbon of one of the carbonyl 
groups is known, but rare* (vide infra). We now report that cation Ia, as well as 
the q5-cycloheptadienyl analogue (Ib), in the absence of added nucleophile is 
facilely reduced in acetonitrile (CH,CN) at 90°C. 

Heating solutions of Ia-BF, [ 21 .(33--82 mM) in dry, degassed CH&N at re- 
flux under nitrogen results in rapid dissipation of the IR carbonyl absorption 
bands of the cation Ia at 2100 and 2060 cm-’ and the appearance of new 
carbonyl absorption bands characteristic of a neutral tricarbonyliron complex at 
2040 and 1970 cm-‘_ Substantial decrease in the concentration of Ia was notice- 
able in ca. IO-15 minutes with complete disappearance of Ia occurring in ca. 
1 h. After 1.5 h, work-up of the reaction mixture afforded a mixture of 1,3- 

*Only iodide ion and phosphines have been reported [Sl to ultimately give products with addition at 
iron and &placement of carbon monoxide. The reaction of azide ion with Ib to give addition at carbon 
is believed to initially invohre attack at metal Cl61 . 



cyclohexadienetricarbonylrion (IIa) [S] and 5,5’-di-1,3-cyclohexadienehexa- 
carbonyldiiron (IIIa) [4] in ca 45% total yield. 
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The ratio [ IIa] / [ IIIa] was concentration-dependent, ranging from a value of 
ca. 5.8 to ca. 2.6 over the concentration range 33 to 66 mM. The increase in the 
amount of dimer relative to parent complex with increase in concentration is 
consistent with the formation of parent complex by hydrogen abstraction from 
solvent rather than by intermolecular hydride transfer from one cation molecule 
to another- 

Facile reduction of $-cycloheptadienyltricarbonyliron tetrafluoroborate 
(ILBF,) [5] (31.3 mM in CH,CN) also occurred in refluxing CH,CN, but in 
contrast to the reaction of cation Ia, yielded the Fe-Fe dimer IVb (32%) [6] 
and only a small amount of C-C dimer IIIb [6] (-7%)*_ The reaction of cation 
Ib with a reaction time of 4.5 h was dramatically slower than that of cation Ia**. 

Reports of the reduction of n-complexed cations in the absence of traditional 
reducing agents such as sodium amalgam, zinc [3,6] and Grignard reagents 131 
are few. However, the formation of small quantities (from “trace” to amounts 
representing 9.2% yield) of the reduction products IIa(b) and IIIa(b) has in a 
few cases been reported in the reactions of cation Ia and Ib with certain nucleo- 
philes (e.g. amines) in polar solvents such as acetone or alcohols [ 3,6,9] . In 
striking contrast to these reports of low-yield reductive processes is the report 

*A very small amount of what is probably 5.5’-di-1.3rycloheptadienetricarbonyliron was aIs0 obst?Ned. 
**Cation Ib also reacts slower than Ia with acetylacetone. the difference in rate being axrived to predom- 

inantly a difference in AS’ [?I _ 
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of the heterogeneous reaction of cation Ib with sodium hydroxide in a mixed 
solvent system (acetone, ether, water, and pentane) to afford dimer IIIb in the 
remarkably high yield of 60% [ lo]_ 

Reports of the formation of Fe-Fe dimer IVa and IVb in nucleo?hilic addi- 
tions to Ia and Ib are rare. An 8% yield of dimer IVb has, however, been reported 
for the reaction of cation Ib and dicyclohexylamine [9a] _ Additionally, we have 
observed the formation of varying amounts of dimers IVa and IVb from the 
reactions of cation Ia and Ib, respectively, with certain nucleophiles dependent 
upon the reaction conditions [ 111. 

The mechanism(s) of the reduction of ii-complexed cations in the presence of 
nucleophiles remains obscure, although, quite reasonably, it has been suggested 
that in the case of the nucleophile, hydroxide ion, nucleophilic attack might 
occur at the metal with ultimate oxidation of the metal and electron transfer to 
the complexed cation [lo]. The reduction observed with other nucleophiles 
could be rationalized similarly, with electron transfer followed by hydrogen 
abstraction or dimerization. An alternative possibility would entail electron 

transfer directly from the nucleophile to the complex. 
Similar rationalization of the reduction observed by us in the absence of 

added nucleophile is more difficult owing to the presence of ostensibly only 
two weakly nucleophilic species, -BF4 and CH,CN. Although the equilibrium is 
unfavorable, the tetrafluoroborate ion (-BF,) potentially is a source of F- which 
could react at metal and lead to electron transfer_ Fluoride ion, however, reacts, 
albeit under different conditions, with cation Ia to give C-fluorination (viz., 
5-fluoro-1,3-cyclohexadienetricarbonyliron) [ 12]_ Furthermore, the tetraphenyl- 
borate salt of Ia also undergoes reduction to yield IIa and IIIa in relative amounts 
comparable to that obtained with Ia-BF,. 

Although a weak nucleophile, CH,CN is known to attack the Group VI metal 
atom of the tropylium complexes [C7H7M(C0)3] + BF,- (M = Cr, MO, W) leading 
to displacement of the stable species, tropylium ion [13] _ Similar attack by 
CH&N at the iron atom of cation Ia could either liberate the cyclphexadienyl 
cation ( C6H7+) and an iron( 0) species, (CO),Fe(NCCH,), , or, alternatively, 
liberate the cyclohexadienyl radical (C&H, ‘) and a transient iron (I) species 
[(CO)XFe(NCCH,),]‘. By analogy to the disproportionation of the iron carbonyls, 
Fe,(CO),, in the presence of nitrogenous or oxygenous bases ]14], either, or 
both, of the generated iron species could perhaps in the presence of CH3CN 
undergo a similar oxidative-reductive process resulting ultimately in electron 
transfer to cation Ia. Similar rationalization could be offered for the reduction 
of Ib*. 

Consistent with the importance of nucleophilic attack of CH,CN at iron, the 
rate of reduction of cation Ia in the more weakly nucleophilic solvent, benzo- 
nitrile, is much less than that in CH&N. Similar reduction in rate for attack at 
metal by C,H,CN compared to that by CH&N has been observed in the reaction 
of these nitriles with the Group VI metal carbonyls [15] _ 

*An alternative ration&&&ion obviating nucleophiiic attack by nitrile and instead invoking attack by an 

adventitiously present nucleophile is less attractive. but cannot be ruled out. The use df reagent grade 
acetonitrile that had neither been dried by distillation from P,O, nor degassed had no perceptible effect. 
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Suggestive evidence for the existence of a free radical mechanism stems from 
the dramatic suppression of the reduction of cation Ia or Ib in the presence of 
oxygen. Continuous slow bubbling of oxygen through a solution of Ia-BF, in 
CH,CN at reflux gave an 80% recovery of Ia-BF, after 5 h*_ In the a’isence of 
oxygen, but otherwise under identical conditions reduction is complete in ca. 1 h- 
Similarly, treatment of a solution of Ib-BF, yielded 46% recovery of Ib-BF4 
after 5 h**_ 
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*NO neutral x-compIe.ues were detected although presumably any Ha and IIIa could have been destroyed 
under the reaction conditions. 

**Only a very small amount of an unidentified neutral srsomplex was isolated with the starring material. 


