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TRANSPORMATIONS OF CYCLOALKANES UNDER THE ACTION CF ACYL HALIDES IN
THE PRESENCE OF AIBrB.

I.S.Akhremf A.V.Orlinkov, E.I.Mysov, M.E.Vol’pin
Nesmeyanov Institute of Organo-Element Compounds of the USSR Academy of Scien-
ces, 28 Vavilova St., Moscow B-334, U.S.S.R.

Cycloalkanes have been found to react with acyl halides in the presence of
AIBr3 (mole ratio RCOX:AIBr3=1:2 ) under very mild conditions affording products
of hydrocarbon oxidative coupling or/and hydrocarbon acylation.

Despite success in activation of saturated hydrocarbons under the action
of Lewis acids and transition metal complsxes the problem of finding of active
gystems effecting transformation of hydrocarbons in mild conditions still arou-
ges a great interest.

In the present work we have found that acylchlorides in the presence .of
AIBr3 (mole ratio RCOCI:AIBr3=1:2) react with cycloalkanes (cyclopentane, cyclo-
hexane, methylcyclopentane and methylcyclohexane) under very mild conditions.
These reactions proceed rather fast at room temperature and in some cases even
at -10°¢. Depending on the reagents ratio and hydrocarbon structure the reaction
proceed predominantly or exclusively in one of three main directions.

1) Oxidative coupling of an unitial cycloalkane or its isomer affording
bicyclic hydrocarbons, viz. decaline derivatives:

2 O 3COCI+2AIBry mm RCOCI+2AIBr UMQ
Me
Me RCOCI+2A1Br; M, Me
: O Me:@g:m

In the absence of solvent or with the excess of cycloalkane this process
is observed for all hydrocarbons studied with the exception of cyclopentane.
As indicated in Table 1, in the presence of the excess of cyclohexane (20°C)
dimethyldecalines are formed in an hour quantitatively with respect to acetyl
chloride and the degree of the cyclohexane conversion being 19% after 15 min.
The mixture of dimethyldecalines contains six isomers and the main components
are thermodynamically most favourable 2,6- and 2,7-dimethyldecalines.

According to Nenitzescu1 the action of MeCOCI and A1013 on cyclohexane
(20°c, 2 days) produces a small quantity of a hydrocarbon CqoHy, to which the
gtructure of 2,2-dimethylbicyclopentyl was aesignedz_ According to Gavrilov3,
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cyclohexane under the action of activated AICI3 (1:1) affords 10% of a mixture
of dimethyldecalines after 20 hours at 40-60°¢. However, by special test expe-
riments we have shown that under conditions employed by us (20°C, 1 h) AICIB,
AIBrB, MeCOCI+AICI3 and equimolecular mixture of MeCOCI+AIBr3 were practically
inactive.

Besides dimethyldecalines the reaction of cyclohexane produces a small qu-~
antity of the C18H32 hydrocarbon being probably a tricyclic coupling product of
dimethyldecalines with cyclohexane. Also 6% of a mixture of polymethylated cyc=-
loalkanes is formed, the latter being probaebly products of the further tranfor-
mations of dimethyldecalines., Really, we have found that the same mixture of
polymethylcycloalkanes was formed under the action of MeCOCI+AIBr3 (1:2) on di=-
methyldecalines.

Transformations of methylcyclopentane are similar to those of cyclohexane.
On the contrary, oxidative coupling of methylcyclohexane proceeds with difficul-
ty and that of cyclopentane is not obgerved at all.

2) Acylation of cycloalkanes with formation of alkyleycloalkylketones:

O RCOCE + 2AeBrs Me  peoce+ 2ae8rs Me
U G
U _RCOC+24Brs UCOR
O Mo COCE + 24¢Br, OMQ + Me
COMe Mg COMe

This reaction route ig favoured by decreasing the cycloalkane/acyl halide
ratio and also by performing the reaction in the CH2012. Transformations of
cycloalkanes into saturated ketones are observed with all hydrocarbons gtudied
and ketones of the cyclopentane series are formed almost exclusively. With the
equimolecular ratio of hydrocarbon and acyl chloride this reaction route is
predominant and in the case of cyclopentane it represent the only way of trans-
formation with any ratio of hydrocarbon and acyl chloride from 6:1 to 1:10, i.e.
also under conditions favouring an oxidative coupling of other cycloalkanes. As
indicated in Table 1, under these conditions cyclopentane is transformed into
alkylcyclopentylketones in 55-60% yield while other cycloalksnes produce 12-16%
of saturated ketones.

Formation of saturated ketones from cyclohexane and cyclopentane under the
action of the equimolecular mixture of MeCOCI and AICIB was observed by Nenit-
zescu1’4 and other authorsS. These reactions, however, are very slow and under
our conditions (20°C, 1h) cyclohexane reacts with the MeCOCI and AICI3 mixture
affording only negligitably amount of the acylation product and cyclopentane is
not acylated at all.

3) Acylation of cycloalkanes leading to o,g-unsaturated ketones:

RCOCI+2ATRr Me  ReocIi2aTErs Me
- ’ COMe
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A five-fold exces3 of acyl chloride relative to cycloalkane allows to
effect the sufficiently selective transformation of cyclohexane and methylcyclo-
pentane in this pathern. Contrary, the formation of unsaturated keiones was
not obgerved under the same conditions with such species as cyclopentane and
methylcyclohexane.

Cyclohexane is transformed (-1o°c, 1h) into 2-methylacetylcyclopent-1-en
in 40% yield. According to Tabushi™ preparation of this alkene from cyclohexane
under the action of the equimolecular mixture of MeCOCI and A1013 demands pro-
longed time and elevated temperatures.

A proposed reaction scheme involves a hydride ion abstraction from hydro-
carbon by RCOCI+AIBI'3 (1:2) to form corresponding or isomeric carbenium ions,
which are in equilibrium with olefins (a). With an excess of cycloalkane a ter-
tiary carbenium ion can either add cycloolefine (route b?) or effect the elect-
rofilic attack on another cycloalkane molecule (route b??). The carbenium ions
thus formed give rise to dimethyldecalines (only some of the possible inter-
mediates are shown in the scheme). The lack of products of cyclopentane oxida-
tive coupling is possible due to a low stability of the secondary cyclopentyl
cation.

With decrease in the cycloalkane concentration in the mixture the process
(b) is hindered and acylation reactions become predominant leading to saturated
ketones (route c¢). PFormation of a saturated ketone can be effected either by
cycloolefine acylation (route ¢’?) or by direct electrofilic proton substitution
in a cycloalkane molecule (route c??).

With an excess of the acylating reagent a hydride ion abstraction from the
tertiary carbon atom of saturated ketone becomes possible with transformation
of the latter into &,B-unsaturated ketone (route d). The failure of cyclopen-
tane to form unsaturated ketone is possibly due to disadvantage of formation of
the secondary cyclopentyl carbenium from corresponding saturated ketone.

Structures of compounds prepared have been established by GLC-MS and NMR-
C and 1H spectra. 2,6- and 2,7-dimethyldecalines were dehydrogenated with Se
at 400°C to produce 2,6~ and 2,7-dimethylnaphtalenes. NMR—130 spectra of all
four hydrocarbons are identical with those of authentic samples7’8

Reactions of other hydrocarbons with acyl halides in the presence of AIBr3
and the structure of acyl halides-AIBr3 reaction products are under investiga-

tion.
Q) O O+ O_ Scheme
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MoCOCe+2AP8
d) MQOCQ " = QCOM@ YT @-COMe

Table 1. Products of interaction of cycloalkanes with RCOCI in the pre-
gsence of AIBr3 ( mole ratio RCOCI:AIBr3-1:2, zo°c. ih ).

L4

Mole ratio Products
RH RCOCI | RH:RCOCI (viela, %)**P
() | wecoer 1211 X a1, Tl ome (15)°, CygHyp(trace
() | wecocr 311 L1y @F, Lom®® Facxg’:g;h_’lk%;mad
O MeCOCT 1:1 T cone$12)
8 MeCOCI 1:5° (eome(40)*
PrcocI 1011 X X6, [TLeg, (15)°
) | Mecoc: 6:1 [come(60)°
PrcocI 6:1 L cop, (55)°
8 MeCOCI 611 EXT @ ((LoandDPs  Loome®°
[CL | mecoc: 621 L1 T [Toome (16)°
(CL | Mecoc: 1:5 T Leone 28)°

80alculated on the RH; PCalculated on the RCOCI; CThe total yield of products
towards MeCOCI excess 100% as a consequance of the ability of acetaldehyde for-
med to react with cyclohexane in AIBr3 presence giving rise to dimethyldecali-
nes. This reaction has been specially shown; d08316(5)". 69318(0.5)3. C40820
(0,8)*%, mass spectra of CgH;¢ and Collyg correspond to the mixture of 1,3~ and
1,4=~dimethylcyclohexane and to 1,3,5-trimethylcyclohexane reepectively;‘At-10°C.
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