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ABSTRACT

The three-component condensation between an amine, an aldehyde, and an r-acidic isocyanide efficiently provides substituted 2-imidazolines
in a one-pot reaction under mild conditions.

Despite recent advances in molecular biology and the
progress in combinatorial synthetic methodology, the rate
of introduction of new medicines has decreased markedly
over the past two decades.1a Structural diversity in a focused
collection of potential therapeutics is believed to increase
the positive hit rate. Most medicines in use are still small
synthetic organic molecules that often contain a heterocyclic
ring.1a-c However, the range of easily accessible and suitably
functionalized heterocyclic building blocks for the synthesis
of structurally diverse libraries is rather limited. The
development of new, rapid, and clean synthetic routes toward
focused libraries of such compounds is therefore of great
importance to both medicinal and synthetic chemists.1

Undoubtedly, the most efficient strategies involve multi-
component reactions (MCRs), which have manifested as a
powerful tool for the rapid introduction of molecular
diversity.2 Consequently, the design and development of

(new) MCRs for the generation of heterocycles receives
growing interest.2a

The 2-imidazoline scaffold is one such interesting hetero-
cycle. Besides being widely encountered in natural products,3

2-imidazolines are also convenient building blocks for the
synthesis of pharmaceutically relevant molecules such as
azapenams, dioxocyclams, and diazapinones.4 Imidazoline
derivatives have been studied asR2-adrenoceptor or estrogen
receptor modulators.5 Their interaction with specific imida-
zoline binding sites results in a multiplicity of biological
functions.6 Also, suitably functionalized 2-imidazolines are
easily converted to 2,3-diamino acids, which are incorporated
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in a wide range of antibiotics and other biologically active
compounds.7 Furthermore, chiral 2-imidazolines have at-
tracted considerable interest as templates for asymmetric
synthesis8 and as chiral ligands for asymmetric catalysis9,10

and have found wide application as potent N-heterocyclic
carbene ligands in organometallic catalysis.10 Thus, the
2-imidazoline scaffold is considered an attractive synthetic
target.

Typical synthetic procedures toward 2-imidazoline deriva-
tives include ring closure of 1,2-diamines11 and base-
promoted aldol reaction.12 The latter method was developed
by the groups of Schöllkopf12a and Van Leusen12b simulta-
neously in the 1970s. Schöllkopf’s procedure involves the
reaction of isocyanoacetates orR-lithiated isocyanides with
imines. Van Leusen used TosMIC and its derivatives as
R-acidic isocyanides to synthesize imidazoles13 via 4-tosyl-
2-imidazolines. Recently, imidazoline chemistry regained
attention and some catalytic diastereo- and enantioselective
routes toward 2-imidazolines have been reported.14 However,
most syntheses were performed in a stepwise fashion and
were not set up as MCR.15 They are therefore not suited for
the combinatorial synthesis of small focused libraries of
2-imidazolines. Our main objective was the translation of
the aldol synthesis of 2-imidazolines to an elegant and
flexible MCR and to determine its scope with respect to the
input components. In this communication, preliminary results
are presented.

We envisioned a MCR toward 2-imidazolines of type5
to proceed through in situ formation of imines3 from amines
1 and aldehydes2, followed by attack of theR-acidic
isocyanide4 and subsequent ring closure (Scheme 1). Traces
of amine present in the reaction mixture may act as a basic
catalyst to promoteR-addition to generate the tentative
intermediateA.12a

From previous work in this area, it seemed reasonable to
use isocyanoacetate6. However, the initial results for the
MCR combining6 with benzylamine7 and benzaldehyde8
were disappointing (Table 1). Even after prolonged stirring

in MeOH, only traces of 2-imidazoline9 were formed (entry
1). Also, in our hands, reaction times between6 and the
preformed imine of7 and8 proved to be significantly longer
than those reported earlier.16 However, when the reaction
was performed at a larger scale (entry 2), a reasonable
amount of9 could be isolated. On the other hand, stirring
the same components in DCM gave no detectable 2-imida-
zoline 9.

Interesting in this respect is that isocyanoacetate6 can be
easily applied in Ugi four-component condensations (Ugi-
4CC).17 A reaction between6, isopropylamine10, isobu-
tyraldehyde11, and propionic acid12provides the bisamide
13 in 81% yield (Scheme 2).

2-Phenylisocyanoacetate16 has a more acidicR-H com-
pared to6 and should serve as a more appropriate isocyanide
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Scheme 1

Table 1. Initial MCR for the Synthesis of 2-Imidazolines
Using 6

entry conditions scale (mmol) yielda (%)

1 MeOH, rt, 3 days 1 <5b

2 MeOH, rt, 18 h 5 34b

3 DCM, rt, 3 days 1 0

a Isolated yields.b Only the anti diastereomer (1H NMR) of 9 was found.
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component in the MCR of Scheme 1. Racemic16 was
synthesized fromD-phenylglycine methyl ester14 via the
N-formamide15 in 55% yield (Scheme 3).18

The MCR using16 together with10 and11 afforded the
desired 2-imidazolines17 in reasonable yields depending on
the solvent used (Table 2). In MeOH, DCM, and toluene,

comparable yields were obtained (entries 1-3), whereas in
THF, almost no formation of17 was observed (entry 4). It
is important to note that the use of carboxylic acid12,
together with10, 11, and16, in a procedure similar to that
described above for6 (Scheme 2) only gave17. The expected

Ugi-4CC product was not formed. Apparently, the carboxylic
acid does not participate in this MCR.

Formation of the anti diastereomer17a is favored over
formation of the syn diastereomer17b and is independent
of the solvent used (Table 2). X-ray data of17aunambigu-
ously proved the anti relationship between the methyl ester
at C(4) and isopropyl substituent at C(5) (Figure 1).19a

The scope of this MCR was further elaborated. One-pot
combination of16 with functionalized aliphatic, aromatic,
or benzylic amines and aliphatic, (hetero)aromatic, orR,â-
unsaturated aldehydes provides a range of imidazolines
(Figure 2;18-26). Except for the reaction with sterically
demanding benzhydrylamine (formation of18),20 all reactions
went smoothly and the products were obtained in fair to good
yields (47-91%).21

In analogy with17a, whose relative configuration was
confirmed by X-ray crystal structure determination (vide
supra), 1H NMR data were used to assign the relative
configuration at C(4) and C(5) of18-26.19 Without excep-
tion, the anti products were formed predominantly. Interest-
ingly, Spartan semiempirical PM3 calculations show that,
in general, the syn diastereomers are energetically favored
over the anti isomers. However, the calculations suggest that
formation of the anti diastereomers proceeds via favored
intermediatesA and is easier than formation of the syn
diastereomers.

Besides isocyanoacetates, other isocyanides with acidic
R-protons, e.g., 9-isocyanofluorene29 (becomes aromatic
upon deprotonation), react in a similar fashion with in situ-
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Scheme 2

Scheme 3

Table 2. MCR for the Synthesis of 2-Imidazolines Employing
16

entry solvent yielda (%) ratio of 17a:17bb,c

1 MeOH 67 75:25
2 DCM 74 75:25
3 toluene 62 75:25
4 THF 10 75:25

a Isolated yields.b Diastereomeric ratios were calculated from1H NMR
spectra.c Relative stereochemistry of17a was determined using X-ray
diffraction.

Figure 1. Displacement ellipsoid plot of17a. Drawn at the 50%
probability level. H-atoms are omitted for clarity.
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generated imines. The stable, crystalline, almost odorless29
can be prepared from27 in 88% using the procedure
described for16 (Scheme 4).

Condensation of29with a variety of functionalized amines
(aliphatic, benzylic, or furfuryl) and aldehydes (aliphatic,
(hetero)aromatic, orR,â-unsaturated) provides spiro-2-imi-
dazolines30-39 (Figure 3). The yields were generally good
(up to 91%), but once more, application of benzhydrylamine
resulted in an unsatisfying yield (30, 20%).22 Steric con-
straints in the amine component seem to determine the
limitations of this MCR.

In summary, the stepwise aldol synthesis of 2-imidazolines
was successfully translated to a flexible MCR suited for

combinatorial application. Both 2-phenylisocyanoacetate16
and 9-isocyanofluorene29 were shown to be appropriate
isocyanide components in this reaction. The results indicate
that the MCR is compatible with a large range of amine and
aldehyde components. However, the use of sterically de-
manding amines results in lower yields. Currently, other
isocyanides with acidicR-protons are under investigation.
Further, we are exploring one-pot methods to prepare highly
complex polycyclic structures using the MCR described here.
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(22) When29 is combined with10,11, and propionic acid12, the same
trend as for16 can be recognized. Formation of 2-imidazoline31 was
exclusive (70%) and no Ugi-4CC product was observed. However, a similar
reaction, but now with benzhydrylamine instead of isopropylamine (10) as
amine input, gave no 2-imidazoline. The bisamide, resulting from an Ugi-
4CC, was isolated as the only reaction product in 67%.

Figure 2. Series of 2-imidazolines synthesized from16. Ratios
refer to anti:syn; only the major diastereomer is depicted.

Scheme 4 Figure 3. Series of spiro-2-imidazolines synthesized from29.
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