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ABSTRACT

The Ritter reaction of enantiopure 2-(1-aminoalkyl)aziridines 1 with different nitriles afford enantiopure tetrasubstituted imidazolines 2. The
opening of the aziridine ring takes place with total regio- and stereoselectivity. A mechanism to explain the described addition reaction is
proposed.

4,5-Dihydro-1H-imidazoles (2-imidazolines) are useful in-
termediates for the synthesis of molecules with pharmaco-
logical activities such as antihypercholesterolemic,1 antiin-
flammatory,2 antidiabetic,3 antihypertensive,4 or anticancer.5

In addition, imidazolines have been used as synthetic
intermediates6 and as auxiliaries7 or catalysts8 for asymmetric
synthesis. Several syntheses of differently substituted imida-

zolines as racemic mixtures have been described.9 Unfortu-
nately, the synthesis of stereodefined imidazolines has been
scarcely reported despite their usefulness. Optically active
imidazolines are generally obtained from enantiopure 1,2-
diamines,10 although other chiral compounds11 have oc-
casionally been used. However, these methodologies are
limited by the difficult availability of the enantiopure
precursors, and for this reason the variety of groups bonded
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at C-4 or C-5 of the ring is quite limited. Most of the
enantiopure imidazolines described are only 4-sub-
stituted10a,f,g,11d or 4,5-disubstituted with the same group
(generally phenyl).10a-e,11aOnly a few examples of syntheses
of 4,5-disubstituted enantiopure imidazolidines (containing
a range of groups) have been reported.11b-d Moreover, in
some cases, where enantiopure imidazolidines are obtained,
they are formed in low enantiomeric excess.11c For these
reasons, an efficient synthesis of enantiopure 2,4,5-trisub-
stituted imidazolines, which could be manipulated to include
a variety of substituent groups from easily available enan-
tiopure precursors, would be very interesting.

In addition, the Ritter reaction of nitriles with different
compounds constitutes an important methodology to obtain
amides or heterocyclic compounds.12 However, to the best
of our knowledge few papers have described the use of the
Ritter reaction to prepare enantiopure compounds in general13

or optically active imidazolines in particular.11b,14

Previously, we described the synthesis of enantiopure 2-(1-
aminoalkyl)aziridines15 and the aziridirine ring opening by
different nucleophiles with total regio- and stereoselectivity.16

Very recently, we reported the synthesis of aziridine-borane
complexes, their lithiation, and their selective reaction with
different electrophiles.17

To extend the scope of synthetic applications of 2-(1-
aminoalkyl)aziridines, we report herein the Ritter reaction
of 1 with a range of nitriles. The opening of the aziridine
ring takes place with total regio- and stereoselectivity,
affording enantiopure 2,4,5-trisubstituted imidazolines.

Treatment of amino aziridines1 with various nitriles was
carried out in the presence of BF3‚OEt2 to activate the
aziridine ring because this Lewis acid had previously been
used successfully to activate compounds1.16 Thus, a solution
of amino aziridines1, in the corresponding nitrile, was treated
with 1 equiv of BF3‚OEt2 and heated at reflux for 6 h.18 A
mixture of imidazolines2 and N-benzylamides3 was
obtained in moderate or high yields after hydrolysis of the
mixture reaction (Scheme 1, Table 1). The chain R3 of the
obtainedN-benzylamides and the starting nitriles was the
same.

The results of the synthesis of imidazolines via Ritter
reaction of aminoaziridines are listed in Table 1. This process

appears to be general; thus the reaction can be performed
with a variety of amino aziridines (derived from leucine,
phenylalanine, and serine)15 and nitriles (aromatic, aliphatic,
and alkoxy-functionalized). Consequently, the substituents
of the imidazolines can also be widely varied.

In all cases the ring-opening reaction of amino aziridines
1 was highly regio- and stereoselective and other isomeric
forms of imidazolines were not observed in the crude reaction
products by1H and13C NMR (300 MHz), within the limits
of NMR analysis. Synthesis of imidazolines2 proceeded with
no detectable racemization. The enantiomeric purity of2h
was determined by chiral HPLC analysis, showing an
enantiomeric excess (ee)>99%. To exclude the possibility
of coelution of both enantiomers, a racemic mixture of2h
was prerared and analyzed by HPLC.19

The structure and absolute configuration of compound2h
was established by single-crystal X-ray analysis,20 and the
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Scheme 1. Synthesis of Imidazolines2

Table 1. Synthesis of Imidazolines2

entry 2 R1 R2 R3 yielda (%)

1 2a i-Bu Bn Me 45
2 2b i-Bu Bn Et 52
3 2c i-Bu Bn i-Pr 46
4 2d i-Bu allyl Me 48
5 2e i-Bu allyl MeOCH2 58
6 2f Bn Cy MeOCH2 49
7 2g Bn Bn Me 42
8 2h Bn Bn i-Pr 61
9 2i Bn Bn Ph 50
10 2j BnOCH2 Bn MeOCH2 53
11 2k BnOCH2 Bn Ph 55

a Isolated yield after column chromatography based on the starting amino
aziridine1.
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structure and absolute configuration of the other imidazolines
2, as depicted in Scheme 1, was assigned by analogy.
NOESY experiment in compound2c was according to the
proposed structure of compounds2.

This transformation and the observed stereochemistry of
the products2 may be explained by assuming the selective
coordination of the aziridine nitrogen to the Lewis acid.
Support for this is provided by the isolation of the amine-
borane complexes, obtained by treatment of the amino
aminoaziridines2 with BF3‚Et2O and further treatment with
LiAlH 4.17

An intramolecular ring-opening reaction at C-2 of the
activated aziridine, with the consequent inversion of its
configuration would occur by means of the nucleophilic
attack of the dibenzylamino group, affording a reactive
aziridinium salt5. It is reasoned that the nitrile would then
attack the intermediate compound5 at C-3,21 which would
suffer an inversion of its configuration affording a cationic
intermediate6. N-Cyclization of6 by attack of the dibenzyl-
amino group to the cationic carbon would afford other
cationic cyclic intermediate7. Debenzylation of7 by reaction
promoted by a second molecule of nitrile would produce the
corresponding 2-imidazoline2 and intermediate8, which
after hydrolysis yield the correspondingN-benzylamide3.

In conclusion, we have described a new synthesis of
enantiopure trisubstituted imidazolines, with total selectivity
by the Ritter reaction of enantiopure 2-(1-aminoalkyl)-
aziridines 1 with different nitriles. The opening of the
aziridine ring takes place with total regio- and stereoselec-
tivity and provides a wide range of aryl and alkyl imidazo-
lines. A mechanism to explain the described addition reaction
is proposed.
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Scheme 2. Proposed Mechanism
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