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Summary

The chemical reactions of carbon monoxide with (C,Hs).Mg and C,H:MgBr
in the presence of the carbonyls Mo(CO)s, W(CO),, Co(CO)s and Fe,(CO)s in
tetrahydrofuran have been examined. Catalytic reaction produced a series of
compounds. The tetrahydrofuranyl-2-ethyl ketone was the main reaction prod-
uct, indicating the radical character of the reaction.

Introduction

The formation of a carbon—carbon bond in the presence of transition metal
compounds, a very important procedure in organic chemistry, is based mainly
upon “two-electron’ component steps such as oxidative addition, migratory
insertion and reductive elimination [1—8]. The mechanism of those processes
raises the question of whether it would be possible to obtain, for example,
ketones from carbon mcnoxide in a two-electron step by step process. Such a
process could be described by the equation:

M
2R +CO = R,.CO (1)

M = transition metal compound

This equation suggests that ketone could be obtained from carbon monoxide
from reaction of CG with two radicals. Such a process can proceed readily the
other way round under irradiation [9].

From the reaction of organomercurial halides or diorganomercurials with
carbon monoxide in the presence of dicobalt octocarbonyl, ketones were
formed in excellent yield (eq. 2) [10]. However, the reaction did not proceed

C CO)
R,Hg + CO —2 > R,CO + Hg (2)
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according to the free radical mechanism because of the heterolytic decomposi-
tion of R,Hg into RHg" and R™; RHg" and R~ reacted with cobalt compounds
THFCo(CO)," and Co(CO),~, formed from Co,(CO); dissociation in tetrahydro-
furan, and the products of these reactions reacted with CO.

Results and discussion

In our studies we have used as source of radicals RMgX and R,Mg, which in
a solvent cage and on diffusion from a solvent cage react via the single electron
transfer (SET) pathway [11,12]. We chose the compounds C,H;MgBr and
(CqHs);Mgbecause the ethyl group exhibits moderate electronegativity as well
as intermediate addition velocity, and a reducing tendency. Common carbonyls
such as Mo(CO)s, W(CO)g, C02(CO)g and Fe,(CO)y were used as precursors of
catalysts. Mo(CO)e (2.64 X 1072 g; 1 X 107° mol) was dissolved in tetrahydro-
furan (THF 30 cm?®) under carbon monoxide and an excess of a diethyl ether
(Et,0) solution of C,HsMgBr or (C,H;),Mg (10 cm?; 4.3 X 1073 mol) was added
under stirring. In 2 min the reaction solution changed its color from light yellow
to brown with simultaneous carbon monoxide fixation. After 15 min, MgBr,-
(THF), (for the case of C,H;MgBr) and after another couple of minutes alkox-
ydes (Table 1) precipitated from the solution. The reaction proceeded as long as
the ratio of carbon monoxide fixed to magnesium compound, CO/(C,H;),Mg or
2 C,H:MgBr= 0.97. The reaction was accompanied by the liberation of small
amounts of hydrocarbons (C,Hg, C,H, and C,H,, in the ratio 9.5:1,6:1). When
the reaction had ceased (2 h), the entire mixture was treated with 20 cm? 5%
HCI solution, THF was distilled off and the remnants were extracted with Et,O
(3 X 20 cm?). The compounds were separated by the GLC method and identi-
fied on a mass spectrometer.

An identical procedure was applied in reactions with W(CO),, Co2(CO)g and
Fe,(CO)s. The observations were similar. Analysis revealed the formation of
over ten products. The qualitative and quantitative results gathered in Table 1
revealed that the nature of our reactions was similar to that of reaction 1, but
more complicated.

As expected, we obtained the diethyl ketone as well as the other compounds
formed in the subsequent reaction of (C,H;),CO with diethylmagnesium or with
ethylmagnesium bromide, e.g. the products of the reduction, addition and
dimerization reactions. The carbonyl group in ketones readily undergoes reduc-
tion, e.g. in solution the reduction reaction proceeds by transfer of an electron
to give the radical anion [11,12], which dimerizes and after protonation forms

pinacol [13].
(1) R’

e (3

G R3COH )

R R
~— Mg N 1=
C=0 c—~oO —
or RMgX
R 9 R
H+
R,C——CR; (4)

R = C2H5 OH OH

The radical anion may also react with R” to produce, after hydrolysis, the
tertiary alcohol. The secondary alcohol may be formed as the result of magne-
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sium hydride formation in solution [14]. Tetrahydrofuranyl-2-ethyl ketone is
the main product of these reactions, which is evidence for the radical character
of those reactions. The solvent tetrahydrofuran contains a partially’ positively
charged hydrogen atom which is easily removable by ethyl radicals [15,16]. As
the result the tetrahydrofuranyl R; radicals are formed.

l l + CaHg I | + CgHg (5)
O O

That the R; radical is the component of the main reaction product may be
explained by the fact that the stability of the tetrahydrofuranyl radical exceeds
that of the ethyl radical, and may also be due to the radical combination rate
constant k, which generally appears to decrease as the size of the radical
increases from the correlation between radical molecular weight and log k& [17].
The other products, containing R; and R’, are direct a statistic consequence of
their cross-combination reactions. Liberation of hydrocarbon, ethylene and
ethane during the reaction is further confirmation of the formation of radicals
in the reaction medium [18,19].

C.Hs + C,Hs — C,H,+ C,H, (6)

We also expected the presence of cross-combination compounds, like R;R,; and
R,R, in the reaction mixture. However, such compounds were not detected and
the reactions seem to be more complicated. Most probably they produce high
molecular weight materials (ca. 5—10%) which are observed but not separated
by GC/MS.

The reaction between metal carbonyls and a Grignard compound is well
known. As the result of direct nucleophilic attack on a positively charged
carbonyl carbon, a carbene complex is formed [20,21].

_ o OMegX .
(CO)sMCO + RMgX > (CO)sM=C{ (7)
@

Under reaction conditions the carbene group coexists simultaneously with the
acyl group [22]. Both groups seem to play an essential role in the catalytic
synthesis of ketones and their derivatives eq. 8.

OoMgBr o
(CO)s M=— c\ —— [(cO)sM—C—R]MgBr
R
(1) co
(2) RMgBr + 2R cOo 2R )
or R>Mg
Mo(CO); + R;COMgBr [lcogM—RIMgBr + RCR

M= Mo ,W ;R = C,H3 and l ,
(@)
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A tertiary alcohol is formed in the reaction of a radical with the carbene form,
and ketones arise in reaction of R° with the acyl group. Formation of the mag-
nesium bromide is described by the Schlenk equation (eq. 9).

2 RMgBr = R, Mg + MgBr; t3))

The reaction equilibrium is shifted towards the right-hand side because of the
contribution of R,Mg to the reaction, which also confirms that for the reaction
with C,Hs;MgBr, diethylmagnesium is the main source of radicals [23]. The
catalytic reaction reported here was not sensitive to light, which seems to be
indicative of the formation of radicals as the result of interaction of some para-
magnetic transition metal centre [24]. The compounds formed in the reaction
between (C,H;),Mg and metal carbonyls are the subject of further investigation.

Formation of the R;-free compounds (Table 1) and liberation of C,H, could
be explained also in terms of conventional organometailic reaction such as §-H
elimination, oxidative addition-reductive elimination sequences involving transi-
tion metal carbene intermediates.

The formation of tetrahydrofuranyl-2-ethyl ketone is difficult to explain by
anything other than a radical mechanism. The free radical process discovered by
us suggests that such a reaction would also proceed on use of another source of
radicals, which would open the new perspectives for organic synthesis.

Experimental

All manipulations were carried out under pure, dry argon and carbon monox-
ide, using Schlenk-tube and vacuume-line techniques. THF and Et,0O were puri-
fied before use by distillation under argon from sodium and benzophenone.
Ethyl bromide was distilled over CaCl,. The metal carbonyls Mo(CO),, W(CO)s,
Co0,(CO)g and Fe,(CO)s were obtained commercially from Fluka AG; Grignard
Mg turnings and ethyl bromide were obtained from POCh-Gliwice. C,H:MgBr
and (C,H;5),Mg were obtained by the usual method.

Reaction of diethylmagnesium with carbon monoxide

To a tetrahydrofuran solution (30 ¢cm3) containing dissolved tungsten hexa-
carbonyl, W(CO)¢ (0.026 g; 7.5 X 107° mol) an ether solution of diethylmagne-
sium (4.95 X 1072 mol, 10 cm?) was added with stirring under carbon monoxide.
After 2 min the solution changed its colour from light yellow to brown, simul-
taneous with carbon monoxide uptake (measured by means of the gas burette).
The reaction proceeded as long as CO/(C,H;).Mg= 0.97. Repeated addition of
(C2;H;),Mg or Co;HsMgBr to the reaction mixture caused each time further CO
fixation up to the moment when the total amount of added magnesium com-
pound perreacted. After 2 h when the reaction had ceased the entire mixture
was treated with 5% solution (20 cn:?), tetrahydrofuran was distilled off and
the residue was extracted with Et,O (3 X 20 cm?®). The compounds were identi-
fied on a mass spectrometer after chromatographic separation (GLC, 2 m col-
umn, 3% OV 225 on GAS-CHROM Q). An identical procedure was applied for
reactions with Mo(CO),, Co4(CO)g and Fe,(CO)y, and also using either (C,Hs),-
Mg or C,HsMgBr. The qualitative and quantitative results are gathered in Table
1. Relative yields of particular compounds were calculated on the assumption
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of total area under the GLC curves as 100%. Corrections for different numbers
of carbon atoms in particular compounds were taken into account.
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