1678

J. CHEM. S0C., CHEM. COMMUN., 1992

Fluoride-induced Activation of Molybdenum Hexacarbonyl: Formation of Esters and

Lactones from Alkyl lodides

Michéle Imbeaux, Hélene Mestdagh,* Khadija Moughamir and Christian Rolando*

Ecole Normale Supérieure, Département de Chimie UA 1110 du CNRS, Laboratoire de I’'Activation Moléculaire,
Laboratoire associé a I’'Université Pierre et Marie Curie, 24 rue Lhomond, 75231 Paris Cedex 05, France

In the presence of fluoride ion, alkyl iodides Rl are carbonylated by molybdenum hexacarbonyl to esters RCO;R, and

diiodides lead to good vyields of the corresponding lactones.

Although a variety of organometallic complexes in which a
transition metal in a low oxidation state is bound to fluorine
have been characterized,! the synthetic potentialities offered
by fluoride-induced reactions of metal carbonyls have been
scarcely investigated. Fluoride ion is known to react with
metal carbonyls of group 62 and group 77 in solution, or with
iron pentacarbonyl in the gas phase,5 leading to fluoro
complexes. The nucleophilic reactivity of fluoride ion with
iron, manganese or cobalt carbonyls has been used to generate
metal carbonyl anions.” We report here a new carbonylation
reaction effected by molybdenum hexacarbonyl in the
presence of fluoride ion, eqn. (1).

Mo(CO)s, (BugN+ F-,3H,0
RI o(CO)s, (Buy 2 )RC02R 1)

To our knowledge no carbonylation reaction using molyb-
denum hexacarbonyl or a metal carbonyl of the same group
has been reported.8 Another unusual feature of this reaction is

Table 1 Synthesis of esters and lactones from alkyl halides, molybde-
num hexacarbonyl and fluoride ion

Isolated
Halide Method« Ester orlactone® yield (%)

n-CgHy7l A (n-CgH47)-CO,-(n-CaHy7) 91
C 70

I(CH)4! B El 69

O o]
B¢ 70
I(CHp)s! B Cl 67
fe) (o]
Br B O 50

e Method A: tetrabutylammonium fluoride trihydrate (20 mmol),
molybdenum hexacarbonyl (10 mmol), alkyl halide (10 mmol), in
tetrahydrofuran (50 ml), reflux 20 h. After cooling the reaction
mixture was poured in a saturated FeCl; solution and extracted with
pentane. Method B (lactone synthesis): the diiodide (10 mmol) was
slowly added to the refluxing solution containing the other reactants
[tetrabutylammonium fluoride trihydrate (40 mmol), molybdenum
hexacarbonyl (20 mmol), in THF (100 ml)]. After 20 h reflux the
cooled reaction mixture was stirred with diethyl ether (150 ml),
filtered from the insoluble material, concentrated and chromatogra-
phed on silica. Method C (catalytic in molybdenum): alkyl halide
(5 mmol), molybdenum hexacarbonyl (0.5 mmol), methyl formate
(25 mmol), tetrabutylammonium fluoride trihydrate (10 mmol), in
THF (30 ml), 2 d at 40 °C then 2 d at 60 °C; workup as in method A.
b The identity of the products was ascertained by comparison of their
spectroscopic and analytical data with those of authentic samples.
¢ KF + 18-crown-6 (2 equiv. each per diiodide equiv.) was used as
fluoride source.

that both R groups of the ester molecule are furnished by an
electrophilic reagent, while the oxygen atom appears to come
from a water molecule.

The results are summarized in Table 1. If a diiodoalkane is
used as the substrate, the reaction leads to a lactone, which is
obtained in a good yield even in the relatively difficult case
involving a seven-membered ring closure.® The last entry
shows that carbonylation occurs selectively on the most
reactive site of the dihalide.

Experiments performed without fluoride ion demonstrated
the specific role played by the fluoride ion in this reaction:
reaction of 1-iodooctane under the same conditions as above
but using tetrabutylammonium iodide instead of fluoride led
to complete recovery of the starting material; tetrabutylam-
monium bromide and hydroxide gave only nucleophilic
substitution leading respectively to octyl bromide and octanol.

If the carbonylation of l-iodooctane was performed in
dioxane instead of tetrahydrofuran (THF), dioctyl ketone
n-CgH;7-CO-n-CgH;; was obtained as a byproduct (16%)
besides octyl nonanoate (84%).

Although commercial trihydrated tetrabutylammonium flu-
oride appeared as the most convenient source of fluoride,
other reagents were also efficient: with tetrabutylammonium
hydrogen difluoride!0 or potassium fluoride in the presence of
18-crown-6,11 octyl nonanoate was obtained with respective
yields of 59% and 60% in the case of valerolactone the latter
reagent was as efficient as trihydrated tetrabutylammonium
fluoride (Table 1). This indicates that the water molecule
required for ester formation can be used at the final hydrolysis
stage.

In order to make the reaction catalytic in molybdenum,
methyl formate was added to the reaction medium so
as to provide the stoichiometric amount of carbon mon-
oxide necessary for ester formation; under these conditions,
a good yield of ester was obtained when using 0.1 equiv.
of molybdenum hexacarbonyl relatively to 1-iodooctane
(Table 1). Methyl formate had been shown to behave as an
efficient CO source against dinitrogen complexes of iron!? and
molybdenum.!3 The global transformation resulting in the
molybdenum catalysed reaction is shown in eqn. (2).

Mo(CO)g, F-
—_—
RCO,R + 2 HI + MeOH  (2)

2RI+ HCO;Me + H,O

This reaction could be thought to require only a catalytic
amount of fluoride. However, use of 0.1 equiv. of fluoride ion
(relative to 1-iodooctane) did not yield a sizeable amount of
ester. This is probably due to the stoichiometric release of
protons occuring in the reaction, which converts the fluoride
ions into less reactive (HF),F~ species.14 In order to make the
reaction catalytic in fluoride, we are now trying to add a base
which would consume these protons without disturbing the
progress of the reaction.

The mechanism of this reaction is currently under investiga-
tion. Reaction of molybdenum hexacarbonyl with fluoride ion
is known to lead to two possible anionic species whose salts
have been isolated and characterized: Mo(CO)sF- ion2 or
Mo, (CO)gF33— ion.# Work is in progress to determine if these
anionic fluoro complexes are formed in the first stage of ester



J. CHEM. SOC., CHEM. COMMUN., 1992

formation and to isolate or trap subsequent intermediates
involved in this reaction.
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