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The synthesis of some ferrocenyl tin hydrides
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Tin hydrides containing a ferrocenyl (Fc) group
have been synthesized. They reduce haloalkanes in
good yields and their decomposition products are
easily separated from the products by oxidizing
the ferrocene compounds to ferrocenium ions.
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INTRODUCTION

Since the discovery of ferrocene in 1951 by Kealy
and Pauson,' many aspects of its chemistry have
been investigated and reviewed. However, there
are few reports in the literature on the involve-
ment of ferrocene or ferrocene derivatives in free-
radical reactions. Free radicals can be or have
been implicated in the mechanisms of reactions of
some ferrocene derivatives® and we have
reported on the reactions of ferrocenyl radicals."
Tributyltin hydride has been widely used in
organic synthesis from the early 1970s, and is
particularly useful for intermolecular and intra-
molecular free-radical reactions.’®!* Separation
of the desired products from by-products of the
decomposition of tributyltin hydride can be diffi-
cult. To overcome such difficulty, it was decided
to attempt to synthesize a tin hydride which
would give easily removable by-products.
Incorporation of a ferrocenyl group (C,oHyFe, Fc)
into a hydride would give by-products which
would be oxidized readily to ferrocenium species
and thus render them water-soluble.

The first hydride synthesized was dibutylferro-
cenyltin hydride (1).

The synthetic method used for the synthesis of
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1 is outlined in the route shown in Scheme 1 and
was achieved in an overall yield of 70 % starting
from the readiy available compound chloromer-
curiferrocene, 2.

FcH— FcHgCl— FcSnBu,Cl— 1
2 3

Scheme. 1 Route to dibutylferrocenyltin hydride.

Chloromercuriferrocene 2 was synthesized
according to the method of Fish and Rosenblum®
and subsequent reaction of 2 with dibutyltin sul-
phide gave dibutylferrocenyltin chioride 3.2
Reduction of 3 using lithium aluminium hydride
gave 1 as a yellow—orange oil. The product was
characterized by IR, 'H, *C and "Sn NMR, and
mass spectroscopy.

EXPERIMENTAL

Equipment

All reactions were carried out under nitrogen.
Infrared spectra were recorded using a Philips
Scientific PU 9800 FTIR spectrometer. Mass
spectra were determined using an AE1 MS30
instrument at an ionization potential of 70eV. 'H
and ®C NMR were recorded on a Bruker ACF
250 MHz machine.

Synthesis

Dibutylferrocenyltin hydride (1)

To anhydrous diethyl ether (20 cm?) in a round-
bottomed flask were added lithium aluminium
hydride (60 mg, 1.6 mmol) and dibutylferrocenyl-
tin chloride (0.7 g, 1.5 mmol). The mixture was
stirred at room temperature for 4h and then
hydrolysed slowly with cold water/ethyl acetate
(9:1). After separating the ethereal layer, the
aqueous solution was extracted with ether and the
combined ether fractions were washed with cold
water and then dried over magnesium sulphate.
The ether was removed in vacuo to leave an
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Table 1 Reduction of alkyl bromides using dibutylferrocenyl-
tin hydride*

Alkyl halide Alkane product Yield (%)

1-Bromodecane Decane 90
1-Bromododecane Dodecane 73
1-Bromoheptane Heptane 95
1-Bromohexadecane Hexadecane 96

“Reactions were carried out for 4h at 80°C by refluxing
equimolar amounts of bromoalkane and dibutylferrocenyltin
hydride in benzene in the presence of the initiator AIBN.
Yields were calculated by GC using the internal standard
method.

orange oil, dibutylferrocenyltin hydride (0.5 g,
80%). IR (NaCl), cm~' 2957, 2925, 1833 (Sn-H),
1464, 1260, 1107. '"H NMR (CDCl,), ppm: 4.42
(t, 2H, CH,), 4.15 (s, SH, CH;s), 4.10 (t, 2H,
CsHy) 1.40-1.90 (m, 12H, [CH,);X2), 1.02 (t,
6H, CH;x2). "C NMR (CDCL), ppm: 73.84
(Fc), 71.29 (Fc), 68.42 (Fc), 27.84 (Bu), 27.14
(Bu), 18.31 (Bu), 13.60 (Bu). MS m/z: 420
(M+1), 418 (M-1), 361 (M-58), 305
(M —114), 303 (M —116), 186 (M —233).

RESULTS AND DISCUSSION

The tin hydride 1 reduced various bromoalkanes
to their corresponding alkanes in high yields. The
results are shown in Table 1.

Reaction of 1 with 4-nitro-2,2,4-trimethyl-
pentane gave a 40 % yield of iso-octane, which
is a lower yield than that achieved using tri-
butyltin hydride.”? The reaction of 1 with 6-
bromohex-1-ene gave methylcyclopentane and
hex-1-ene.

Removal of the tin by-products from reaction
mixtures was readily achieved by washing mix-
tures with dilute nitric acid. This produced dark
blue solutions containing the organic products
plus ferrocenium ions. Extraction of the aqueous
solutions with diethyl ether provided separation
of the organic products from the metal-containing
products.

Diphenylferrocenyltin hydride was also synthe-
sized, by first reacting 2 with diphenyltin sulphide
to give diphenylferrocenyltin chloride followed by
reduction of the chloride using lithium aluminium
hydride.

The scope and potential of these new tin hyd-
rides requires further investigation. It may be
possible to alter the metal complex in such a way
as to allow these types of hydrides to act as radical
sources in aqueous reactions.?
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