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Acetylenes enter into reactions with metal carbonyls and various organometallic 

complexes, affording a great diversity of both organometallic and organic products, some 

of considerable structural and theoretical interest. 
2 

The recent development of a simple 

and efficient synthetic route to ferrocenylacetylenes 3 prompted us to examine the analo- 

gous reactions of these substances, with a view toward preparing sterically crowded poly- 

ferrocenyl condensation products. The results of these experiments are now reported. 

The physical properties and relevant spectral data for new compounds isolated in these 

reactions are summarized in Table I. 

Treatment of ferrocenylacetylene (&) with dicobalt octacarbonyl in dioxane solution 

at reflux temperature for 3 hours gave 1,2,4-triferrocenylbensene (2) in 64% yield. Its 

structure follows from its elemental analysis and its oxidation by permanganate to tri- 

mellitic acid. Similar results have recently been reported by SchlUgl and Soukup. 
4 

Attempts to convert this substance to 1,3,5_triferrocenylbensene (2) in the presence of 

aluminum trichloride or toluene sulfonic acid were without success. The symmetrical 

benzene derivative was however isolated from preparations of S-chlorovinylferrocene, and 

may also be prepared by acid catalyzed trimerisation of acetylferrocene. 
4 93 

When a mixture of ferrocenylacetylene and diferrocenylacetylene (lb) were treated 

with dicobalt octacarbonyl, trans-diferrocenylethylene, m.p. 275-276", (lit.%65-267" ), 

and (2) were the only isolable products. - 

Diferrocenylacetylene reacts readily with the carbonyl at room temperature in dioxane 

solution to give the green complex (h), which is very readily oxidized in solution to 
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give ferrocil, FcCOCOFc, (_5)7, m.p. 192-194”, and on treatment with diferrocenylacetylene 

in refluxing dioxane affords the blue tetraferrocenylcyclopentadienone (g), (parent peak 

m/e 816) in 812 yield. Attempts to induce this substance to enter into a Diels-Alder 

reaction with diferrocenylacetylene at elevated temperatures have thus far been without 

success. Rowever the ketone reacts with dimethyl acetylenedicarboxylate in refluxing 

o-dichlorobenzene to give dimethyl tetraferrocenylphthalate (I) in 553 yield. The ketone 

reacts readily with phenyllithium affording a good yield of the corresponding cyclopenta- 

dienol (g), but no reaction occurs under similar or more drastic reaction conditions with 

ferrocenyllithium. The resistance of (6) to reactions with diferrocenylacetylene and fer- 

rocenyliithium is most plausibly attributed to the very great steric crowding which would 

be expected to accompany the formation of the normal products of these reactions. 

The cyclopentadienone (6) is stable in the crystalline state, but its solutions 

rapidly undergo decomposition in air affording diferrocenylacetylene, tetraferrocenyl- 

but-2-ene-1,4-dione (2) (parent peak m/e 82O),tetraferrocenyl-2-pyrone (l0) (parent peak 

m/e 832),and the cyclopentfnone (11) (parent peak m/e 8l8).8 The latter substance is also 

formed in the reaction of diferrocenylacetyleng with molybdenum hexacarbonyl in diglyme 

solution and is the msjof product from the reaction of the acetylene with iron pentacar- 

bony1 at high temperatures. 

Diferrocenylacetylene reacts with triiron dodecacarbonyl in refluxing benzene solu- 

tion yielding at least fioe substances. The principal product of this reaction is (g), 

accompanied by small amounts of (3) and a trace of (14). The latter complex is also 

obtained by photolyzing a benzene solution of (6) and iron pentacarbonyl, by treatment 

of (12) with triphenylphosphine in refluxing xylene, or by heating (3) at 180” for 60 

hours in xylene solution in a sealed tube. Similar transformation of the phenyl analogs 

of 6, 12 and lJ have been reported by Schrauzer 9 and by HUbel and Braye. 
10 

In addition, 

two other substances, one violet (dec. 174”, 1.~. 4.92, 5.00, 5.04, 5.09 CI; nmr: 5.82 

(singlet), 5.60, 5.25 (triplets), rel. intensities 5:2:2; mass spec. principle peak 

m/e 594) and a second black (I.R. 4.90, 4.99, 5.10, 5.47 CI; nmr L 5.68, 6.59 (singlets), 

5.79 (multiplet, rel. intensities 5:5:8) were isolated in very low yield. These are 

tentatively assigned structures (lJ_) and (16) on the basis of their spectral properties 
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and by analogy with similar compounds obtained in the reaction of diphenylacetylene with 

iron carbonyls, 
10 

the structures of which have recently been determined by x-ray diffrac- 

tion studies. l1 

Table I 

Compound a Color lll.p. I.R.(P) N.M.R. (2) b 

2 orange 245-248 __ 

3 orange 264-266 __ 5.87(15) 

4 green 151-153 4.80, 4.90, 5.00 5.76(10) 

6 blue 263-265 5.90 6.00(10) 5.78(10) 

7 red 258-260 5.76 6.13(10) 5.83(10) 

8 orange 226- 228 2.80 6.03(20) 

9 blue >300 5.75, 5.90, 6.26 5.87(10) 5.78(10) 

10 maroon eQ- 264 5.83, 6.19 6.10(s), 6.00(5) 
5.78(5), 5.67(5) 

11 orange 237-239 5.91, 6.30 5.93(5), 5.83(5) 
5.76(5), 5.73(5) 

12 green 250(d) 4.83, 4.92, 5.00 
5.97 

5.81(10), 5.65(10) 

13 red 215(d) 4.87, 4.98, 5.06 6.@(m), 5.75(m) 
5.29 

14 orange 110(d) 4.86, 4.99, 5.05 
5.98 

6.05(10), 5.54(10) 

a. Acceptable analyses ware obtained for all compounds listed 

b. Chemical shifts and integrated areas of unsubstituted cyclopentadienyl ring proron 
absorptions. The number of these characteristic absorptions provides a very useful 
indication of the minimum number of structurally nonequivalent ferrocenyl substitu- 
ents present in each compound. All spectra were determined in CDCln solution. 
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