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Several chromenone-based receptors have been prepared.
Despite the self-association of these hosts in CDCl3 they are able
to bind hydroxymethylfuranones with a Kass of around 1000 M-1,

These compounds are able to accelerate the rate of the reaction
of butenolide with pyrrolidine together with the increase of the
selectivity.

A major drawback of organic reactions is their lack of
selectivity and therefore the low yield in which the target product
is obtained. The success of enzymes lies not only in their strong
catalytic activity but also in the dramatic effect they induce in the
selectivity of organic procedures. This kind of effect is also
desirable in artificial receptors.!-4 One reaction amenable to this
kind of study takes place between pyrrolidine and 5-
hydroxymethyl-2-(5H)-furanone 1. Two products are obtained
from this reaction: the conventional nucleophilic adduct 25 and the
amide 3 (Scheme 1), which is probably produced through the
well-known rearrangement of the double bond® and aminolysis of
the vinyl ester.” Moreover furanone 1 is readily associated with
chromenone based receptors,® providing a system to study the
influence of complex formation in the rate and selectivity of its
reaction with pyrrolidine.

The previously published receptor 4 is not, however, suitable
for this work due to the high acidity of its sulfonamide proton,
which is readily lost in the presence of pyrrolidine. A second
receptor 5 (mp= 180°C), in which the acidity of the sulfonamide
NH is reduced through substitution of the chromenone moiety by
a chromane ring with less electron-withdrawing potential, does not
show this drawback (Scheme 2).

Like other chromenone receptors, compound $ is partially
dimerized in CDCl3 solutions.8 Its Kd can be easily measured at
20°C and shows a value of 2.2x102 M-1. Once the self-association
is known, the association constant with the butenolide 1 can be
calculated as Kass=8.8x102 M-1. As expected, these two values
are lower than those corresponding to receptor 4 (Kass=6.7x103
M-1) owing to the weaker sulfonamide H-bond and the higher
mobility of the receptor 5 chromane esters. Nevertheless, the
association properties of receptor S are in the right range to
complex butenolide 1. Receptor § therefore was chosen for a

"
i
2
OH {>
N
\-H HO
OH O
— 0
1 —d _ﬂ_,]:/\
Fast
0
ok} 3

Scheme 1. Reaction between furanone 1 and pyrrolidine and
the proposed transition states.

Scheme 2. Receptors 4 and 5 and their complexes with
5-hydroxymethyl-2-(5H)-furanone.

kinetic study.

Reactions were carried out in CDCl3 solutions at 20 °C
containing 0.1 M pyrrolidine, 0.05 M furanone 1 in the presence
or absence of 0.005 M receptor 5. The butenolide half-life was
measured by !H NMR integration of furanone signals, showing
that receptor S exerts a significant catalytic effect. The formation
of both pyrrolidine adducts 2 and 3 is accelerated by receptor 5;
however, catalysis in the formation of the 1,4-addition product is
more efficient than the lactone aperture. For an enolate-like
mechanism, as proposed in Scheme 1, the catalytic effect of
receptor 5 can be explained in terms of stronger hydrogen bonds
in the transition state complex,?-11 due to the negative charge
developed in the carbonyl oxygens. This is expected for both
reaction pathways, and indeed the speed of formation of
compounds 2 and 3 increases (Table 1).

Better results are expected for receptors in which not only the
negative carbonyl group but also the positive charge developed on
the pyrrolidine nitrogen are stabilized.12-14 Four receptors were
therefore prepared in which non-bonding electron pairs were
placed in the complex close to the incoming nucleophile in the 1,4
addition pathway.

Additional catalytic groups in receptors 6 (mp= 194°C) and 7
(mp= 144°C) include a pyrazole and a pyrrolidine respectively.
The pyrazole receptor 6 showed the expected dimer formation
constant and butenolide association in the same range as receptor
5. Accurate constants cannot be easily measured for the
pyrrolidine receptor 7 due to broad signals in its 1H NMR
spectrum. However, the values are probably similar to those of

Table 1. Kass and kinetic results for receptors 5 to 9

Receptor | Kd M) | Kass M) | t1/5 (min) | Ratio 2/3
300 2.8
5 2x2x102 8.8x102 51 9
6 3.7x102 7.7x102 25 15
7 32 15
8 4.5x103 1.3x103 22 15
9 5.5x102 1.2x103 13 18
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Scheme 3. Synthesis of receptors 5 to 9.
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Figure 1 Kinetic plot for the production of compound 2 (top)
and 3 (bottom) in the presence of receptors 5 and 9.

receptors 5 and 6.

Kinetic studies with these receptors afford better catalytic
properties than for receptor 5, the effect is only moderate.

Better results are obtained from non-bonding electrons of
sulfonamide oxygens. This is the case of receptors 8 (mp= 142°C)
and 915, in which a 10% molar amount reduces the butenolide
half-life to 22 and 13 min., respectively. Surprisingly, the
presence of the ethoxycarbonyl group in compound 8 decreases its
catalytic efficiency. This group apparently favors the formation of
a stronger dimer which handicaps the lactone association, thus
reducing catalytic activity under the reaction conditions. The
sulfonamide group also increases the dimerization, although to a
lesser extent, which is also compensated by a larger association
constant with the butenolide (Table 1). To confirm that the
complex is the active species, an experiment in the presence of
20% tetracthylammonium benzoate was carried out. Essentially the
catalytic activity of receptor 9 was inhibited (t;/»=180 min). The
reaction half-life reduction is due to the presence of the carboxylate
which shows a small catalytic activity itself (t{,=190 min).

The most interesting effect of the sulfonamide 9 lies in its

reaction selectivity.16,17 Essentially the decrease in the lactone half
life-due to the sulfonamide can be attributed only to pyrrolidine
nucleophilic addition, while butenolide rearrangement is not
catalyzed by this group (Figure 1). Whereas the receptor hydrogen
bonds should stabilize the negatively-charged transition states of
both reaction pathways, the geometry of receptor 9 places the
sulfonamide group close to the incoming pyrrolidine but far away
from the y-proton. The sulfonamide non-bonding electron can
therefore only favor the nucleophilic addition step.
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