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EFFECT OF SOLVEXNTS ON REACTIONS OF ORGANOMETALLIC COM-
POUXNDS

III*. ACTION OF ALKYL HALIDES ON XNOXN-SOLVATED ORGANO-
MAGNESIUM COMPOUNDS

L. L. ZAWHARKIXYN, O. Yr. OKHLOBYSTIN axp B. NX. STRUNIN
Institute of Organoclernent Compounds, Academy of Sciences of USSR, Moscow (USSR)
{Received April 12th, 1965)

In previous papers!-? we reported that the Wurtz reaction yields and the dis-
proportionation products, R g, and R_pu,, of the reaction Mg + RX in non-
solvating media were negligible although the same hydrocarbons were obtained by
simultaneous charges. In the RMgX -+ RX systems the reactions are mainivheterolyvtic
in character—%in solvating media, although the radical? and radical-chain® mechanisms
have been ascribed to a number of similar processes with participation of alkyl-
magnesium halide etherates.

Since the strong solvation of cations gives rise to increase of nucleophilicity of
organometallic compounds®, it seemed that the formation of free radicals would take
place more easily in the absence of solvating solvents. This prompted us to investigate
the action of alkylhalideson non-solvated organomagnesium compounds in more detail.

The formation of hydrocarbons and bicumene by the interaction of magnesium
with alkyl halides in cumene was pointed out by Bryce-Smith and Cox!0. They ke-
lieved that the primary source of free radicals in this case was the svstem RMgN —
RYX, but not RMgX itself because it is stable at the reaction temperature (130%).

The formation of free alkyl radicals from non-solvated alkvlmagnesium halides
seemed unlikelv on consideration of the data on the thermal decomposition of
(CH,).Mg, (C.Hj)aMg and (C;Hgy).Mg? 13, On the whole, alkyl derivatives of suf-
ficientlyv electropositive metals give rise to ethylenic hvdrocarbons more readily than
free radicals. \We hoped that the thermal decomposition of non-solvated organo-
magnesium compounds in hyvdrocarbon media would also produce olefins:

CH,

N
CH,CH,HC 7 Mg— — > CH,CH,CH=CH, -+ H\Mg—
~H
The pvrolvsis of non-solvated butvimagnesium iodide®* was carried out in
cumene and decane (Table 1). A major product was butene. It should be noted that
the amount of bicumene (Table 1, No. 1) was the same as that produced in the
preparation of butvimagnesium iodide in cumene (Table 4, No. 1). Hence, thermal
decomposition of the non-soivated alkylmagnesium halides is not a process for pro-
ducing free radicals.

® Part II, see ref. 6; the last paper of this series see ref. g.
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TABLE ¢ 3
THE PYROLYSIS OF XON-SOLVATED C HMgI® (20 h)

No.  Temp. Solrert  Bicumene Gas (mole) CyH,, Amount of C,H, tn
2, ixture C.H,,~C_H,
O (e (mole) CiHrg C.H, {mole) :’é{’ U7 Lo gddyq—Cgfig
I 140 cumene 0.3 0.001 0.032 0.155 0.027 83
= 150 decane  — —_ 0.031 0.342 0.027 92

* Butylmagnesium iodide was prepared from o.5 mole C;H,I and 0.55 g-atom Mg at 8o°.

On an other hand, in the presence of alky! halides at the same temperature, the
same organomagnesium compounds decompose rapidly giving a complex mixture
of hydrocarbons and bicumene, if cumene is the solvent (Table 3). The formation of
such large amounts of bicumene undoubtedly indicates a free-radical reaction
mechanism. If C,H Mgl interacts with s-amyl iodide or n-hexyl iodide in cumene,
vields of bicumene are 56 and 529, respectivelv. The hyvdrocarbons produced,
RH, R'H, Ri-g,, R'_g, etc., are formed by the alkvl groups of both the organo-
magnesium compound and the alkvl halide. Apparently, both the alkvimagnesium
halide and the alkyl halide take part in the formation of free radicals as follows:

RMgX + R'X—+ R* & R &+ MaXX’

This assumption is also supported by the correlation between the amount of bicumene
and the difference, (RH + R'H) — (R(-g, ~ R’-g,). Some inexactitude is present,
we believe, as a result of the reduction side-reaction which takes place with the
participation of a 8-hvdrogen atom:

—MgCH, + RI —» C,H, + RH = IMg-
These types of reaction were observed in the case of lithium alkvis!* and some specific
Grignard reagents!s. However, it is possible that in some cases the exchange reaction
takes place:

RMzX = R'X — R°MgX =~ RX -

The action of methyvl iodide on butylmagnesium iodide at So° (18 h) leads to the
formation of CH Mgl. Hydrolysis of the reaction mixture gives up to 67 ¢, of methane

(Table 2j. Additional evidence for the formation of CH,Mgl was obtained tia the
formation of trimethvlboron ‘identified as (CH,);B-XH,, vield 177;".

TABLE 2

THE EXCHANGE OF RADICALS BETWEEN C HoMglI axp CH,l 1N HEPTANE AT So°7
Reazctzon Gas after Liguid after Exckarge

gas hydrolysis hydrolys:s %o

pnole) {mole) {molz)

o.0c9 0.337 CH, o.029 CH,,

0.cob oorr C.Hg o013 CgH,.

©0.003 o050 C.H,y o202 CH,I

0.0003 o.0c08 C.H, 0.006 CgH;.

©.0003 o.coz5 GyH,;. 0.359 C;H,I

* 0.6 mole of CH,I was taken.
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It is notable in this respect, that amounts of RH are less than R'H, but
R(-H) = R'(—H)-

Unlike Kharash and Urry®, we obtained not only the hvdrocarbons RH, R'H,
R(-n, and R’_g,, but also the coupling products of the free radicals R* and R"*
and the Wurtz products, f.e. the hydrocartons RR, RR" and R'R’. However, it is
possible that in some cases free-radical reactions are accompanied by heterolrtic
Wurtz reactions. In particular, the action of methyl iodide on butylmagnesium iodide
leads to the formation of relatively considerable amounts of pentane (Table 3, No. 7).

Free radicals that are generated in RMgX - R’X svstems are, apparently,
very reactive. \WWhen butylmagnesium iodide was treated with buty! iodide in n-decane
(Table 3, No. 10) hydrocartons of high molecular weight {up to 560) were obtained.
This may be explained by the formation of free radicals from the solvent and, in
some degree, by polymerisation of butene produced in the reaction mixture. Free
butyl radicals arising in the reaction between non-solvated butvimagnesium bromide
and butyl bromide are able to react with tin metal suspended in the reaction mixture
giving tetrabutyltin in 102, vield (calculated on butyl groups). It should be emphasized
that the tin metal does not react with C H,Br under the conditions of the reaction?®.

It is now evident that tiie predominant source of the by-products obtained
during the synthesis of non-solvated organomagnesium compounds is the reaction
of the latter with alkyl halide and not the thermal decomposition of the magnesium
compound, as claimed by Shorvgin ef al3. We are convinced of the existence of the
reaction RMgX -~ R’X at the temperature of the preparation of alkvimagnesium
halides in hydrocarton solvents (Table 4i. Butylmangesium iodide reacts both with

TABLE +

THE FCRMATION oF C,H, Mgl UNDER DIFFERENT CONDITIONS

{o.5 mola C,H,T and o.55 g-atom Mgz}

No.  Temp. Yiddd CoH Mzl Seiven: Birumene CGas {mels; Rlatio C.H ¢
(*C: T — s = C.H, CH, Lmole;

(%5} 3 HEY imoley CoH,q C H,

I o 93 0.165 cemene 0.3 0.00I ©0.022 0.003 5.5 0.0iC

2 35 a3 ©.355 cumens I3 o.005 o©.038 ©.013 2.7 0.623

3 i5C 54 0.270 cumene 5.7 0.024 ©0.097 0.0458 20 c.030

4 Y0 95 0.3753 nonane - — — — - —-

5 150 El o.oz20 nonans -— — 0.225 0066 3.2 ©.020

butyl iodide and amyl 1odide at So and 1107, respectively, and vields of bicumene
are sufficiently high (xx and 26°, respectivelv). Hence, the formation of a small
amount of bicumene cannot be taken as evidence for the production of free radicals
in the interaction between magnesium and alkyl] halides in cumene, in so far as these
may- be generated from alkvimagnesium and unreacted alkyl halide.

The mechanism of formation of free radicals in the svstem RMgX - R'X iz
not clear. \We believe that the action of an organometal compound on an alkvl halide
is similar to the action of the free metal with alkyl halides.

M+ RX— M-+ R* - X-

e
R“T.\I ~RN—R®* = M~ R* X~

J- Orgaromeial. Chem.. & (1665) 349-35¢
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In the latter case, the electron which converts RX into R® and X~ is one from the
two electrons of the C—M bond. The investigation of reactions in R—M + R’X systems
should give some information about reactions in M +— RX systems.

These reactions should be regarded as oxidation-reduction reactions as also are
the interaction of the organic compounds of alkali metals and Grignard reagents with
azo-, azoxy- and nitro-compounds!?. In a series of studies!S it has been shown that the
anions may be the sources of unshared electrons. As long as the assumption that the
formation of free carbanions from magnesium alkyls is very unlikely (and more so in
hydrocarbon media), it must be acknowledged that the metal-carbon bond may be the
source of unshared electrons under certain conditions:

—~C—>M —> {-C' + M* ¢

The available experimental evidence on the interaction of organomagnesium
compounds with alkyl halides in various solvents enables the following general
conclusion to be dravwn. In RMgX -+ R’X svstems the possible processes are as follows:

(1) Wurtz reaction.

(2) The exchange reaction RMgX — R'X — R"\MgXN + RX.

(3) The formation of free radicals R* and R"™.

(1) The reduction of organomagnesium compounds via the 8-hydrogen atom.

The nature of the initial compounds, RMgX and R’X, and the complexing
capacity of the solvent influence the balance between these general processes.
Heterolvtic reactions (1) and (2) are favourable in strongly solvating solvents. The
free-radical reactions (3) increase with decrease in solvating (complexing} capacity
of the solvent; in completely unsolvating solvents this process is favoured. The
influence of solvent on the reduction reaction (4) is not clear, but decrease in solvating
capacity of the solvent may be assumed to increase this kind of reduction by analogy
with organolithium compounds!i.

Investigations of RMgX -~ R’X svstems in diethyl ether media were of little
use, because diethyvl ether 1s a very weakly solvating solvent; all these reactions may

rt

ake place stimultaneously in ether sclution.
SUMMARY

(1; Thermal decomposition of non-solvated organomagnesium compounds leads
to the production of ethvlenic hvdrocarbons but not free radicals.

{2} Interaction between non-solvated alkvlmagnesium halides and alkyl halides
leads to the formation of free radicals from both the organomagnesium compound and
alkyvl halide.

(3 There is a distinct similarity between reaction mechanisms in RM — R'X
svstems and in M —+— RX svstems.

{4; The choice between heterolvtic and free-radical reactions in RMgX + R'X
svstems is essentially dependent on the complexing capacity of the media. The hetero-
Ivtic Wurtz and exchange reactions are favoured in strongly solvating solvents; the
predominant formation of free radicals takes place in unsolvating solvents.

J- Organometal. Ckem., 4 (1965) 319354
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