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1-0XA-2-MAGNESIACYCLOHEXANE

Scheikundig Laboratorium der Vrije Universiteit,

De Lairessestraat 174, Amsterdam-Z, The Netherlands.

In a novel ring cleavage reaction "Rieke-magresium" and
tetrahydrofuran at 100 °c yislded l—nxa—?—magnesia cyclo-

hexane (I) in up to 50% yield.

Normally, ethers are known to be rather unreactive, e.g. towards metals such
as magnesium and towards organomagnesium compgunds; because of their inert-
ness and their basicity, they are the solvents of choice in the Grignard
reactiaon.

Rieke has described a procedure for the reduction of metal salts by potas-
sium, by which a2 highly reactive form of the corresponding metal is Dbtained,l

€40
MgBr, + 2K THF > mgt o+ 2 KBr (1)

2 hr, 65 °¢

wWhen performing this reaction under the usual cenditiens (2hr, 65 DC, THF)l’2
we observed, that besides the wusual black, voluminous precipitate of active
maghesium Néh and potassium bromide a clear, slightly yellow supernatant
liquid was obtained which, according to acidic and complexomstric titration,
after hydrolysis, contained "basic" magnesium, (i.s. in the form of Mg-C or

Mg-0) and no bromide, if the molar ratio of NgBrzsz K was 132 3 the yield
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was 2% relative to potassium. Fuzthermore, this liquid gave a 1H-NMH
spectrum showing a triplet (5 = -0.30 ppm, J = 7 Hz) indicative of a
~CH,-CH,~Mg~ structural fragment.

Obviously, the orgpznometallic compound must have been formed from THF,
wvhich was the aonly organic material introduced intec the reaction. The yield
could be increased to 50% under more drastic conditions, namely atirring
at 100 % for 65 hry at higher temperatures decomposition occurred, pre-
sumably by attack of the organomagnesium compound on THF 4, as the NMR -
spectrum afterwards showed the absorption of ethene at & = 5.48 ppm.

Hydrolysis of solutions containing the new organomagnesium compound yielded
n-butanol (> 90% vield relative to titrated Mg). Deuterolysis gave 4-D-n-

~butanol with approximately 80% D in position 4 5. From these data structure

I may be dsduced.
* e
—_—
. * "9 S5 hr, 10000 0 I (2)
w\dioxane
CH CH.C £ EMaBy CH.CL e MgX (3)
HOCH,_CH H.Cl —————— BMgOCH,_CH, CH_CH ———"———> BrMgOCH,CH,,CH,CH MgX (3
2”Mp =™ THF Al e 40 hr,50 °C 2N et

IfTz + X = €1

Structure I was further corroborated by independent synthesis from IIa by
precipitation of the magnesium salts with dioxane; Ila was obtained in 100%
yield from 4-chloro-n-butanel by consecutive treatment with ethylmagnesium
bromide and magnesium (eqn. 3).

The mechanism of the remarkable formation of I from THF is not clear at the
moment. Under identical coenditions, neither potassium, nor magnesium, nor
the 1:1 mixture of Mg/MgBrz {prepared by reacting 1 moie of 1,2-dibromoethane
with 2 qramatoms magnesium in THF) gave rise to any observable cleavage of
THF. When the black precipitate, prepared by Rieke's procedure 1 was washed

with THF until nc more material could be extracted, and the residue was
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heated with THF for 685 hr at 100 DD, again a clear solution was obtained
containing 50% "basic" magnesiumy moreover titration gave one gramatom

of magnesium {EDTA titration) for two eguivalents of "basic" magnesium

{HC1 titration). This latter experiment proves that processes involved in
the reduction of MgBr2 (e.g. of radical nature) are not responsible for the
cleavage reaction; furthermore, it is very unlikely, that traces of NgBrz,
remaining afiter reduction and washing, play a catalytic role in a sequence

such as depicted in equation 4:¢

- d ot }
{ §+I"igBr26_,::)_( 5 8 { 5 %"——":) I + mgBr, (&)
0 BrMg0O Br B8rMagl #MgX
IIby X=Br

Consequently, a direct Grignard-type reaction between the active metal and
THF has tae be considered as 2 serious possibility (eqn. 2), unlikely as it
may seem at first sight. The only relevant precedent may bs found in the
cleavage ef allyl phenyl ether by magnesium in beiling THF deseribed by
Masrcker 6. Obviously, THF shows much less functional resemblance to the
alkyl halides of the normal Grignard reaction than allyl phenyl ether does;
it may be for this reasen that the highly active Rieke-magnesium as well as
more drastic conditions are required in our case. Morecver, the occurrence
of about 20% unlabeled n-butanol after deuterolysis {vide supra) may be due
to radical side reactions well known in the formation of Grignazd reagents 7

As magnesium alkoxides are usually oligomeric in solution, it is likely
that I is not monomeric eithery in particular, III Has been shouwn to be tri-
meric in THF 8. 1t is not surprising that I is thermally much more stable
than III; whereas the latter decomposes above 70 OG to form cyclopropane

(egn. 5), I is stable ta 100-120 °ct.

o
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The mechanism of formation of I, the details of its structure and its
equilibrium with Iib {cf. egn. 4) will be the subject of further studies,
ag will be the synthetic utility of I, which - as a functienally substituted

Grighard reagent - is so =asily obtained from simple starting materials.
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