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IRON PENTACARBONYL MEDIATED COUPLING OF BENZYL HALIDES TO KETONES
UNDER MILD PHASE TRANSFER CONDITIONS.
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Laboratoire de Chimie des Organométalliques, associé au C.N.R.S. (U.A. 415),
Université de Rennes, Campus de Beaulieu, 35042 Rennes Cedex (France).

SUMMARY

In a two-phase system (saturated aqueous calcium hydroxide, tetrabutylammonium
sulfate, dichloromethane, iron pentacarbonyl) benzyl bromides are readily carbonylated to
dibenzyl ketones ; o-a' dibromoorthoxylene yields the o-quinodimethane iron tricarbonyl
complex 8. It is inferred that the reactions proceed through transient generation of the

tetracarbonyl ferrate dianion.

There is now increasing interest in synthetic applications of metal carbonyls
under phase transfer conditionsl. We recently showed that, under such conditiomns, iron
pentacarbonyl is a valuable catalyst for the carbonylation of benzyl halides 1 to aryl-
acetic acids 2?. Here we wish to report that under a nitrogen atmosphere, and using a mil-

dly basic aqueous medium, this system conveniently gives the symmetrical ketones 2 (reac-

tion 1).

Fe(CO)S, base, cationic carrier

ArCHZX (X = C1,Br) ArCHZCOCHzAr (1)

liquid-liquid phase transfer system

2

These results are at variance with a previous report stressing the necessity of
a high concentration of sodium hydroxide to obtain ketones 2 in high yields3. Furthermore,
this method is a valuable alternative to other processes including the slow thermal reac—

tion of 1 with Fez(CO)g or Fe3(CO)]24, or the use of the highly toxic nickel tetracarbonyls.

Several attempts (table I, entries 1, 2, 3) showed us that an atmosphere of carbon mo—
noxide, or the use of a strongly alkaline aqueous medium (NaOH 111, pH 14) gave poor selec-
tivity and significant production of acid 3. We found (table I, entry 4) that an inert at-

mosphere and a stable, mildly basic aqueous medium (saturated Ca(OH)z, pH 12.6 at 20°C)
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provided good selectivity to ketomes 2. Other runs indicated the lower reactivity of chlo-
rides (entry 5), the unfavourable effect of an electrowithdrawing group (entry 8) and the
very favourable effect of an electrodonating group (entry 6). The following standard condi-
tions were typical : into a thermostated cell (20°C) were introduced 4 mmol Ca(OH)2 and 0.5
mmol Bu4N+HSOA—. The cell was purged by several vacuumnitrogen filling cycles. Desaerated
solvents (10 mL water, 10 mL dichloromethane) were then introduced with the benzyl halide

(2 mmol) and iron pentacarbonyl (1 mmol). After vigourous stirring (1200 r.p.m.) until com-
plete disappearance of the halide (G.C.), iron carbonyl wastes were destroyed by aerial oxi-
dation, and the crude ketomes 2 purified by T.L.C. The acids 3 were extracted from the aque-

ous and solid phases after acidificationm.

Looking for the true reactive species in the phase transfer system, we ruled out
Fe(CO)5 itself since it did not give any reaction with benzyl bromide under homogeneous con-
ditions (CH2C12 or C6H5CH3 at 20°C for 3 h). Phase transfer generation of the ion pair
Bu4N+HFe(CO)4wiS also at variance with observed results, since under homogeneous conditions
(CH2C12, 20°C under CO) this ion pair reacts rapidly with benzyl bromide to give toluene and
iron pentacarbonyl. Therefore we suspected that the true reagent was the very basic (about
the same as OH ) tetracarbonyl ferrate dianion Fe(CO)A_—, transiently generated from iron
pentacarbonyl under phase transfer conditions. Therefore, we tried to "trap" it as a stable
organometallic derivative. We observed that complex 8 could be generated by reaction of
a-c' dibromoorthoxylene 7 with dry preformed NazFe(CO)ae. Several attempts under phase trans-
fer conditions (HZO/CH2C1

+
5 or H20/C6H5CH3 ; NaOH or Ca(OH)z, BUAN HSO4 under N, from -5°to
+50°C) (reaction 2) showed the presence of complex 8 in the organic layer (detected by IR

spectroscopy). The following conditions gave the best results (25 % Y. of 8)

CHzBr two phase system
2
@i + Fe(CO)5 — @—Fe(co)3 (2)
. - ~
CH,Br Bu,N OH
8

2 4
z

H20/C6H5CH3, NaOH 1.25 M, Bu4N+HSOA_ at +20°C under nitrogen, and slow addition (3 h) of
Fe(CO)5 under stirring. The isolated complex 8 gave IR, 1H NMR and MS data fully comsistent
with those of the 1iterature7. Here also, this complex could not arise from phase transfer
production of Bu4N+HFe(CO)4_ since, under homogeneous conditions (CH2C12 under CO0) this ion

pair quickly reacted with 7 to give essentially orthoxylene and Fe(CO)S.

Thus, it is reasonable to infer that Fe(CO)A__ is transiently generated from iron
pentacarbonyl under mildly basic phase transfer conditions. As a tetrabutylammonium ion pair
in the organic phase, it then reacts quickly with the reactive benzyl halide according to
the sequence previously demonstrated for other halides in a dry, homogeneous medium with

preformed NazFe(CO)4 (reaction 3)8.
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ArCH,Br + Fe(C0), e [ArCH,Fe(CO),] ot [ArCH,COFe(C0),]

ArCHzBr 3
— ArCHZCOCHZAr
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