Tetrahedron Letters No. 24, pp. 2205-2208, 1971. Pergamon Preass. Printed in Great Britain,

THE REACTION OF NITROSONIUM FLUOBORATE WITH OLEFINS IN NITRILE MEDIA
A TWO-STEP SYNTHESIS OF IMIDAZOLES FROM OLEFINS
Monte L. Scheinbaum® and Martin B. Dines

Esso Research Engineering Company
Linden, New Jersey

(Received in USA 20 April 1971; received in UK for publicetion 17 May 1971)
Olefins react with the electrophilic reagent, nitrosonium or nitrosyl

fluoborate, NOBFu, in nitrile media, to form heterocyclic compounds in one
step. The products of reaction with primary or secondary olefins are
conjugate acid salts of imidazole-N-oxides or N-hydroxyimidazolium ions I.
Reduction of I with hydride reagents such as Red-Al furnishes the corre-
sponding imidazoles II. A general, two-step synthesis of 2,4,5~-substituted
imidazoles from olefins with good selectivity 1s made avallable by this

technique.
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2-Methyl-N-hydroxyimidazolium salts are formed by reaction of acetonitrile
solutions of nitrosyl fluoborate with the appropriate olefin at -15 to 0°.
Thus, propylene gives Ia (R=R"=CH3, R'=H), either cis or trans-butene-2
affords Ib (R=R'=R"=CH3), styrene gives Ic (R=06H5, R'=H, R"=CH3), and
cyclohexene affords Id (R=R'=-(CH2)u—,,R"=CH3).2 When benzonitrile is
substituted for acetonitrile the corresponding N=hydroxyl-2-phenylimidazolium
salt is obtained from propylene (Ie, R=CH3, R'=H, R"=06H5)2. Neutralization
of the salts with aqueous base afford imidazole-N-oxide derivatives, which
appear to be conslderably associated, exhibiting high molecular weight

values.3

2205



2206 ' No. 24

These reactions most likely involve electrophllic attack of nitrosonium
ion on plefin to form a nitrosated carbonium ion intermediate, which can
react with the'nucleophilic solvent to form products. In the absence of
nitriles, using inert solvents, reactlon of more than one equivalent of
olefin with,NO+ occurs; products of nitrosative oligomerization are c>bserved.ll

RCH=CHR + NO' 2 RCHCHR + products
r\lro’f

A bridged nitrosonium-oclefin complex ion III might be involved in the
initial step of the nitrosation reaction. Were this to be the case, elther
carbon-nitrogen bond opening, as in path A, leading to intermediate IV or
carbon-carbon bond cleavage leading to V could be envisaged on reaction with
nitrile. These possibllities are readily distingulshed by using d3—aceto—
nitrile as a reactant with the hypothetical complex from NO+ and butene-2.
Were the reaction to involve path A, the final product after reduction would
be II-g, path B would afford II-h, easily differentiated by NMR spectroscopy.
The results indicate the product to be II~g, with only one methyl singlef at
[ 2.13ppm (CDCl3); path B is incorrect. However, there is no evidence for or

against postulating a bridged lon intermedlate (III).
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The first step in path A, the formation of intermediate IV, 1s essentially
an extenslon of the Ritter reaction.5 Modifications of this reaction often
glve a-substituted amidess; however several routes to heterocycles involving
modified Ritter reactions have been reported.7 Alkylation of nitroso com-
‘pounds to nitrones by triethyloxonium ion is knowns, and an analogous reaction
very 1likely occurs intramolecularly in the Ritter-derived intermediate IV.
Cyclization to the heterocyclic ion VI followed by tautomerization to the
N-hydroxyimlidazolium ion I-g ensues.

The two-step preparation of imidazoles II has been applied successfully
employing various oleflins with acetonitrile. Thus propylene gives
2,4(5)~-dimethylimidazole (R=R"=CH3, R=H)9 (80%). Both cis and trans-butene-2
glve the same product, 2,4,5-trimethylimidazole (R=R'=R"=CH3)10 (80%).

Styrene affords 2-methyl-4(5)-phenylimidazole (R=06H R'=H, R"=CH3)1O (50%)

5’
and cyclohexene gives 2-methyltetrahydrobenzimidazole (R,R = (CHQ)L;—,—R"CH3)11

(50%). 2-Phenyl-4(5)-methylimidazolel®

could be prepared by reduction of the
product from propylene and NOBFu in benzonitrile in less than 5% yield.
Attempts to prepare 2-phenyl-4,5-dimethylimidazole by reducing the product
from butene-2 and NOBFy in benzonltrile were unsuccessful.
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