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Summary

The tetraethylammonium undecacarbonylhydridotriferrate [(C,Hs) N"
HFe3(CO);;"] (I}, which can be easily prepared in a two-step sequence from iron
pentacarbonyl, triethylamine and tetraethylammonium chloride, selectively
reduces nitroarenes to amines and «, S-unsaturated carbonyl compounds to the
corresponding saturated compounds both in good yield. I reacts with some
organic halides to give dehalogenated products.

There are many important applications of Na,Fe(CO), and NaHFe(CO), in
organic synthesis [1]. The tetracarbonylferrate dianion and the corresponding
monohydride were recently shown to be useful in the synthesis of aldehydes [2],
unsymmetrical ketones [1], carboxylic acid derivatives {3], in the hydroacyla-
tion [4], dehalogenation [5], desulphuration [6] and reduction of the carbon—
carbon double bond of «, 8-unsaturated carbonyl compounds [7]. Moreover we
found that treating an aldehyde, a ketone, or an active methylene compound
with an aldehvde in the presence of potassium tetracarbonylhydridoferrate in
ethanol or water results in high yield reductive alkylation of the carbonyl com-
pound or the active methylene compound [8]. Under similar conditions using a
variety of aldehydes we were able to alkylate primary and secondary amines [9]
and indole [10].

Extending these studies on applications of iron complexes, we have investi-
gated novel approaches to the application of transition metal clusters in organic
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synthesis. Transition metal clusters offer the possibility of reaction paths involv-
Ing adjacent metal centers acting on a single substrate. Although there have been
many studies of the structure, bonding and fluxional behaviour of carbony!
cluster compounds and their hydrides, little is known about their reactions.

Recently Collman reported synthetic and preliminary mechanistic studies of
the reduction of the olefinic bond in «, f-unsaturated carbonyl compounds by
the binuclear hydride, NaHFe,(CO)g [11], while Landesberg and co-workers
found that refluxing equimolar amounts of a nitroarene and Fe;(CO),, for
10—17 h in benzene containing methanol gave the corresponding aniline [12].
More recently Alper reported that anilines are formed in good to excellent yields
by treatment of nitroarenes with Fe;(CO),, in agueous sodium hydroxide, ben-
zene, and benzyltriethylammonium chloride [13]. 7

We describe below the specific reduction of the nitro group in nitroarenes and
the olefinic bond in &, -unsaturated carbonyl compounds, and the reductive
dehalogenation of organic halides by means of the trinuclear iron hydride com-
plex [(C,H;);N™ HFe3(CO),,”1 (I). This salt is easily prepared by treating iron
pentacarbonyl with triethylamine, since the solid salt [(C,Hs);NH* HFe;(CO),;"]
so obtained reacts rapidly with tetraethylammonium chloride in dichloromethane
to give I [14]. It is a dark red solid, relatively stable to air and can be stored
indefinitely at room temperature; it is easier to handle than iron pentacarbonyl
and other iron carbonyl salts [15].

We have now shown that the treatment of aromatic nitro compounds with 1
in tetrahydrofuran gives the corresponding primary amines in very good yields.

RC,H,NO, 2 RC,H,NH,
R = CH,, CHO, OCH,, OC4Hs,, Cl

Specific examples are listed in Table 1. To ensure maximum yield equimolar
amounts of nitroarene and iron complex are necessary. A potentially useful fea-
ture of the [(C,H;)sN™ HFe;(CO),,” ] reagent is the tolerance of other functional
groups. This is illustrated (Table 1) by the conversion of p-nitrobenzaldehyde
into p-aminobenzaldehyde. Tetrahydrofuran is the best solvent for this reduc-
tion, I being satisfactorily soluble in this solvent. Compounds containing acti-
vated double bonds also react with the salt I to give the corresponding saturated

TABLE 1
REDUCTION OF NITROARENES BY (C2Hs )aN" HFe3(CO)q 1

Yield (55) ©

Substrate Product ¢

C6H5N02 C6H5NH2 95
m-NO,CgHgCH3 m-NH,; CeHyCH3 95
p-NO,CgH4CHO p-NH;CgH4CHO 90
p-NO>CgH4OCH3 p-NH,CgH4 OCH3 95
p-NO,CgH,4Cl p-NHCgH4Cl 70
p-NO2CgH4g0CgHs pP-NH2CgH430CgH;s 80

2 Products were identified by comparison with authentic samples. b Yields indicated refer to pure isolated
compounds.
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TABLE 2

SELECTIVE REDUCTION OF a, f-UNSATURATID CARBONYL COMPOUNDS BY (C,Hs )4N+
HFe3(CO); 1—

Carbonyl compound Product ¢ Yield (%) b
CeHs CH=CHCOCHj3 CeHs CH, CH, COCH3 80
CeHsCH=CHCOOC, Hs CsH5CH>CH1, COOCzH- 50

@ Products were identified by comparison with authcntlc samples Yxelds indicated refer to pure isolated
compounds.

TABLE 3
RECUTIVE DEHALOGENATION BY (C2 H5 )4N HFe3(CO)1 1

Alky] halide Product @ Yield (%) P
CgH5COCH5 Br i CsHsCOCH3 75
C¢Hs CH(Br)CH(Br)CgHs € trans- CsHSCH—CHCGHS 94

2 Products w ere identified by comparison vith authentlc samples b Yields indicated refer to pure isolated
compounds. € meso form.

compounds in excellent yields. As shown in Table 2 and in the Experimental

RCH=CHCOR’ & RCH,CH,COR'’
R’ = OC,H;s, CH;

section, the best results are obtained when a 3/1 molar ratio of reagent to sub-
strate is used.

We have also found that the reaction of the complex I with the w-bromo-
acetophenone or meso-1,2-dibromodiphenylethane in THF at 50°C gives aceto-
phenone or trans-1,2-diphenylethene in very good yields (Table 3).

We conclude that the readily accessible salt I provides a useful alternative
reagent to others recently reported for the reduction of nitroarenes to amines
and «, f-unsaturated carbonyl compounds to the corresponding saturated species.
The only limitation to the use of I is the difficulty which is sometimes encoun-
tered of separating the iron containing by-products from the organic compounds.

Experimental

All reactions were carried out under dry, oxygen-free argon. Tetrahydrofuran
(THF) was obtained in anhydrous and oxygen-free form by distillation over
sodium benzophenone ketyl under argon. Fe(CO)s; was purchased from Merck.

Preparation of [(C,H;),N* HFes(CO),,7] (I)

In a 1 I argon-filled three necked flask, equipped with a magnetic stirrer and a
reflux condenser, were placed air-free water (240 ml), iron pentacarbonyl (110
ml, 0.82 mol), and triethylamine (83 ml, 0.59 mol), and the mixture was stirred
and heated at 80° C overnight. After cooling, filtering off, and washing with
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water, the solid triethylammonium hydrogen undecacarbonylhydridotriferrate
[(C,H;);NH" HFe,(CO),,"] (102.4 g, 65%) was obtained. A mixture of
[(C.H;5);NH* HFe3(CO), ] (22 g, 38 mmol) and (C,H;).NCl (8 g, 49.3 mmol}
was stirred in dichloromethane at room temperature for 30 min and the solvent
was then removed under reduced pressure. The red solid residue was washed with
water, dried under vacuum, and recrystallized from methanol to give the pure
[(C.H;).N* HFe,(CO),, ] (18.2 g, 81%).

Aniline from nitrobenzene (general procedure)

To a solution of [(C,H;s);N* HFe;(CO),;,"] (3 g, 5 mmol) in dry THF (30 ml)
was added nitrobenzene (0.61 g, 5 mmol) in dry THF (10 ml). The mixture was
stirred for 2 h at 50°C, acidified with aqueous HCI and extracted with diethyl
ether. The aqueous solution was separated and made basic with aqueous sodium
hydroxide, and then re-extracted with ether. The organic layer was dried
(Na,S0,), filtered, and evaporated under vacuum. Bulb to bulb distillation of
the residue gave aniline (0.44 g, 95%).

Benzylacetone from benzalacetone (general procedure)

To a solution of [(C,H;),N" HFe;(CO),,"] (9 g, 15 mmol) in dry THF (90
ml), benzalacetone (0.73 g, 5 mmol) in dry THF (10 ml) was added dropwise.
The mixture was heated for 2 h at 50°C, poured into water and extracted with
diethyl ether. The organic layer was dried (Na,S0,), filtered, and evaporated
under vacuum. The residue was chromatographed on silica gel with hexane/ether
to give benzylacetone (0.59 g, 80%).

Acetophenone from w-bromoacetophenone (general procedure)

To a solution of [(C,H;);N* HFe;(CO),,"] (3 g, 5 mmol) in dry THF (30 ml),
w-bromoacetophenone (0.99 g, 5 mmol) in dry THF (10 ml) was added drop-
wise. The mixture was heated for 2 h at 50°C, poured into water, and extracted
with diethyl ether. The organic layer was dried (Na,SQ,) filtered, and evaporated
under vacuum. The residue was chromatographed on silica gel with hexane/ether
to give acetophenone (0.45 g, 75%).
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