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SYNTHETIC STUDIES WITH IRON CARBONYL COMPLEXES
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ADDITION OF THE ANION OF NITROMETHANE TO THE DIENYL CATION
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Summary

Reactions of carbon nucleophiles with tricarbonyl(cyclohexadienyl)iron tetra-
fluoroborate are described. Acetaldehyde formed traces of the addition product
and methyl vinyl ketone gave several products, but not the expected tricarbonyl-
5-exo-(2-oxobut-3-enyl)cyclohexa-1,3-dieneiron(0). The anion of nitromethane
reacted with tricarbonyl(cyclohexadienyl)iron tetrafluoroborate to give tricar-
bonyl-5-exo-(nitromethyl)cyclohexa-1,3-dieneiron(0), which was reduced with
zinc in acetic acid/hydrochloric acid to give tricarbonyl-5-exo-(aminomethyl)-
cyclohexa-1,3-dieneiron(0).

Nucleophilic attack on tricarbonyl(dienyl)iron cations is currently of interest
as a means of carbon—carbon bond formation [1]. Successful addition of acetone
and butan-2-one [2] via the enol in refluxing ethanol, and of sodium anions of
diketones and other stabilised enolates [3] in THF are well known. We report
here the reactions of a variety of synthetically important carbon nucleophiles
with tricarbonyl(cyclohexadienyl)iron tetrafluoroborate.

Ethyl acetate and acetonitrile have a higher pk, than acetone and failed to
react with tricarbonyl(cyclohexadienyl)iron tetrafluoroborate in refluxing
ethanol. Attempted addition of acetophenone was also unsuccessful, the only
product from these reactions being tricarbonyl-5-exo-ethoxy(cyclohexa-1,3-
diene)iron(0), formed by solvolysis of the dienyl cation. With acetaldehyde
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traces of the desired addition product, tricarbonyl-3-exo-(2-oxoethyl)cyclohexa-
1,3-dieneiron(0) (I), were isolated. Since methyl vinyl ketone can enolise in only
one direction, it was hoped that its addition would provide a good route to tri-
carbonyl-5-exo-(2-oxobut-3-enyl)cyclohexa-1,3-dieneiron(0) (II). In the event,
none of the complex was isolated when tricarbonyl(cyclohexadienyl)iron tetra-
fluoroborate was heated with methyl vinyl ketone under reflex in ethanol,
though its isomer, tricarbonyl-5-exo-(1-acetylethenyl)cyclohexa-1,3-diene-iron(0)
(1I1) was obtained in 14% yield. The nature of this complex was confirmed un-
ambiguously by its *C NMR spectrum (see Table 1). Overall recovery of diene .
complexes from this reaction is high and tricarbonyl-5-exo-(2-oxo0-4-ethoxy-
butyl)eyclohexa-1,3-dieneiron(0) (IV) (23%) and tricarbonyl-5-exo-(1-acetyl-2-
ethoxyethyl)cyclohexa-1,3-dieneiron(0) (V) (20%) were also produced (Scheme
1).
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Addition of ethanol across the double bond of the methy! vinyl ketone
followed by preferential enolisation toward the more substituted carbon atom
accounts for the formation of products with branched sidechains. Reaction con-
ditions avoiding the use of ethanol were tried without success. However, II was
produced slowly from 1V by treatment with HBF, in THF.

When lithium acetylide, stabilised by ethylenediamine, was added to a suspen-
sion of tricarbonyl(cyclohexadienyl)iron tetrafluoroborate in ether, the only
complexes obtained appeared to be addition products of ethylenediamine to the
dienyl cation. These were not characterised. The considerably less basic anion of

(Continued on p. 226)
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phenylacetylene was prepared in situ in dioxane with lithium amide. No iron
complexes were obtained from the reaction of this salt with tricarbonyl(cyclo-
hexadienyl)iron tetrafluoroborate, though 1,4-diphenylbuta-1,3-diyne [5] was
isolated in 35% yield. The salt is, however, reported to react successfully with
the tricarbonyl(cycloheptatrienyl)chromium cation [6]. The problem with its
application to the tricarbonyl(cyclohexadienyl)iron system lies most probably in
the basicity of the nucleophile, since the cyclohexadienyl ring, unlike tricar-
bonyl(tropylium)metal complexes, has a hydrogen which may be readily removed.
producing benzene with spontaneous destruction of the complex.

Nitromethane has a very low pK, (similar to keto esters) and its anion added
successfully to tricarbonyl(cyclohexadienyl)iron tetrafluoroborate (Scheme 2).

SCHEME 2
BF, ~
/\l nitromethane @/\Noz Zn O/\NHz
M\/' NaH = HCH /HOAc \ 2
F'e((.‘.O)3 \Fe(CO)3 \F'e(CO)3
(MT) (¥1T)

Sodium hydride (50% dispersion in oil) was washed with pentane and added
cautiously and in small portions to a vast excess of dry nitromethane, which
also served as solvent for the reaction, cooled in ice under a stream of nitrogen
and with vigorous stirring ¥. Subsequent addition of the dienyl cation yielded
tricarbonyl-5-exo-(nitromethyl)cyclohexa-1,3-dieneiron(0); VI was obtained
in 87% yield after chromatography. Reduction with a large excess of zinc in a
2/1 mixture of glacial acetic acid and concentrated hydrochloric acid over 24 h
gave tricarbonyl-5-exo(aminomethyl)cyclohexa-1,3-dieneiron(0) (VII), a useful
result since attempts to prepare this complex by reduction of tricarbonyl-5-
exo-cyano(cyclohexa-1,3-diene)iron(0) with a number of hydride-reducing
agents has met with no success.

As in other reports [1,2,3] nucleophilic addition in these reactions occurs to
the N-exo face of the ligand. The complexes were characterised by their spectro-
scopic properties (see Table 1) and satisfactory elemental analysis.

Experimental

13C NMR spectra were recorded on a Varian Associates XL 100 spectrometer
operating in the Fourier Transfer mode at 25.2 MHz. All **C NMR spectra were
'H decoupled. Chemical shifts are relative to TMS. 'H NMR spectra were recorded
on a Varian Associates CFT 20 spectrometer operating in the Fourier Transform
mode at 80 MHz, or on a Varian R24 60 MHz. Mass spectral data were recorded
on an AEI MS 12 spectrometer, and infrared data on a Perkin—Elmer 257 spec-
trophotometer.

* Over-rapid addition is indicated by small explosions within the vessel; for this reason it is advisable
to perform the reaction only on a small scale.
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Tricarbonyl(cyclohexadienyl)iron tetrafluoroborate was prepared according
to a literature procedure [1].

Tricarbonyl-5-exo-(2-oxoethanyl)cyclohexa-1,3-dieneiron(0) (I). Acetalde-
hyde (10 ml) was heated with tricarbonyl(cyclohexadienyl)iron tetrafluorobor-
ate (1 g, 3.836 mmol) in ethanol (60 ml) under reflux for 4 h. More acetaldehyde
(10 ml) was added and the heating continued for a further 4 h before pouring
into water (100 ml) and extracting with ether (3 X 50 ml). The combined
extracts were washed with water and dried over magnesium sulphate, filtered
and the solvent removed in vacuo. Column chromatography followed by TLC
eluting with 1/1 hexane/diethyl ether gave the product (0.02 g, 0.1 mmol, 2%)
as a golden oil. m/e 262, —3 CO, —H,.

Reaction with methyl vinyl ketone

Tricarbonyl(cyclohexadienyl)iron tetrafluoroborate (0.600 g, 1.96 mmol)
was heated with methyl vinyl ketone (5 ml) under reflux in ethanol (25 ml)
for 15 h. The resulting yellow solution was poured into water (150 mil) and
extracted with diethyl ether (3 X 50 ml) and the combined extracts were
washed thoroughly with water (4 X 40 ml), dried over magnesium sulphate and
filtered, and the solvent was removed in vacuo. A small amount of tricarbonyl-
5-exo-(ethoxy)cyclohexadieneiron(0) was separated from two other bands by
preparative TLC, eluting with 1/1 hexane/diethyl ether.

The slowest moving band was extracted to give tricarbonyl-5-exo-(2-0x0-4-
ethoxybutanyl)cyclohexa-1,3-dieneiron(0) (IV, 0.152 g, 0.46 mmols, 23%), a
yellow oil. Analysis: Found: C, 54.9; H, 5.64. C,;H,30sFe caled.: C, 53.9; H,
5.42%. m/e 334, —3 CO, —H,: 334, —46, —3 CO, —H,.

The faster band was further separated by TLC, eluting this time with benzene;
the faster moving compound was tricarbonyl-5-exo-(1-acetylethenyllcyclohexa-
1,3-dieneiron(0Q) (III), a pale yellow waxy solid (0.078 g, 0.219 mmol, 14%). Ana-
lysis: Found: C, 53.2; H, 4.33. C,5;H,,0.,Fe calcd.: C, 54.2; H, 4.20%. m/e 288,
—3 CO, 158, 148, 134, 105, 103.

The other compound obtained from the reaction was tricarbonyl(1-acetyl-2-
ethoxyethanyl)cyclohexa-1,3-dieneiron(0) (V), a mixture of diastereoisomers
(0.152 g, 0.321 mmol, 20%). Analysis: Found: C, 55.1; H, 56.61. C,sH,OsFe
caled.: G, 53.9; H, 5.42%. m/e 334, —3 CO, 220, 204, 202,172,163, 148, 134.

Tricarbonyl-5-exo-(2-oxobut-3-enyl)cyclohexa-1,3-dieneiron(0) (II). Tricar-
bonyl-5-exo0-(2-oxo0-4-ethoxybutanyl)cyclohexa-1,3-dieneiron(0) (IV 0.152 g,
0.46 mmol) was dissolved in THF (30 ml). 50% aqueous tetrafluoroboric acid
(3 ml) was added and the mixture stirred at room temperature for 20 h, and then
poured into distilled water (150 ml) and extracted with ether (3 X 40 ml) and
dried over magnesium sulphate. The product (0.024 g, 0.09 mmol, 20%) was
separated from unchanged starting material (0.064 g, 0.19 mmol, 41%) by TLC,
eluting with 1/1 hexane/diethyl ether. m/e 288, —3 CO, —H., 174, 148, 134, 126,
91, 85, 83.

Tricarbonyl-5-exo-(nitromethyl)cyclohexa-1,3-dieneiron(0) (VI). Sodium hy-
dride (0.5 g, 50% dispersion in oil, 10 mmol) was washed twice with dry nitro-
methane (150 ml) cooled in ice with vigorous stirring. Over-rapid addition
causes small explosions in the vessel, so great care should be taken at this stage.
After 1 h tricarbonyl(cyclohexadienyl)iron tetrafluoroborate (2.0 g, 6.55 mmol)
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is added in portions, and after stirring at 0°C for 5 min the dark reaction mixture
is filtered under suction through a column of alumina and the solvent removed
to leave a brown gum. Chromatography on silica, eluting with 1/1 hexane/
_diethyl ether gives VI as a golden oil (1.6 g, 5.74 mmol, 87%). Analysis: Found:
°C, 43.8; H, 3.39; N, 5.11. C;(H,NO;Fe calcd.: C, 43.1; H, 3.25; N, 5.02%. m/e
279,—3 CO, 151,135,134, 112, 91.

Tricarbonyl-5-exo-(aminomethyl)cyclohexa-1,3-dieniron(0), (VII). Tricarbonyl-
5-exo-(nitromethyl)cyclohexa-1,3-dieneiron(0) (VI) (0.206 g, 0.74 mmol) was
dissolved in glacial acetic acid (5 ml). Concentrated hydrochloric acid (2.5 ml)
was added and the mixture was stirred for 24 h with slow addition of zinc turn-
ings (2.19 g, 33 mmol) over the first 6 h. A green scum developed on the surface.
The mixture was poured into iced 10% potassium hydroxide soluticn (200 ml)
and extracted with ether (3 X 50 ml). The combined extracts were dried over
sodium carbonate to give VII (0.15 g, 0.60 mmol, 81%) as a golden oil. m/e 249,
—3 CO, —H,, 148, 134 (base peak), 106, 91.

Acknowledgements

GRS thanks the Science Research Council for a studentship and Dr. A.dJ.
Pearson for helpful discussions.

References

1 A.J. Pearson, J. Chem. Soc. Chem. Commun., (1577) 339: A_J. Pearson, J. Chem. Soc. Perkin I, (1+77)
2069; A.J. Pearson, ibid., (1978) 495.

AJ. Birch, K.B. Chamberlain, M.A., Haas and D.J. Thomson, J. Chem. Soc. Perkin I, (3173) 1882.
A.J. Birch, K.B. Chamberlain and D.J. Thompson, J. Chem. Soc. Perkin I, (1973) 1900.

O.F. Beumel, Jr. and R.F. Harris, J. Org. Chem., 28 (1963) 2775; O.F. Beumel, J. and R.F. Harris, J.
Org. Chem., 29 (1964) 1872.

M.V.Q. Yen, Ann. Chim. (Paris), 7 (1962) 785.

P.L. Pausen, G.H. Smith and J.H. Valentine, J. Chem. Soc. (1967) 1057.

A.J. Birch, P.E. Cross, J. Lewis, D.A. White and S.B. Wild, J. Chem. Soc. A, (1968) 332.

L

Naom



