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important goal for the synthetic chemist." We are investigating the application of molecular recognition to the

stereocontrol was achieved in this reaction, the efficiency of the reactive complex in this reaction was modest —

them effectively intramolecular as opposed to intermolecular.

could be extended to other cycloaddition reactions.
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Accordingly, we designed the system shown in Figure 1 which possesses the same recognition sites as
our previous system’ (an amidopyridine and a carboxylic acid), but with an azide replacing the diene. Here, we
report the efficient acceleration of the cycloaddition reaction between 1 and 2 through the [1+2] complex.

Azide 1 was synthesised’ by standard methods in three steps from 4-fert-butylpyridine in an overall yield
of 71%. Maleimide 2 was synthesised in 48% yicld by reaction of commercially-available 1-aminopropionic
acid with maleic anhydride in glacial acetic acid.

In order to assess the efficiency of the rate acceleration induced by the formation of a complex between 1
and 2, we followed the course of the reaction between these components in CDCIl, at 50°C. The initial
concentrations of I and Z were 50 mM and the emergence of the resonances arising from 3 were monitored by
270 MHz 'H NMR spectroscopy over a period of 20 hours. The reaction between 1 and N-ethyimaleimide was
chosen® as the control reaction in order to estimate the rate constants k, and k, for the bimolecular reaction
between i and 2 (Figure i). The reaction between 1 and N-ethyimaieimide proceeds siowly from a starting
concentration of reagents of 50 mM in CDCl, at 50°C. Therefore, although we performed the reaction between
1 and N-ethylmaleimide from a starting concentration of 50 mM in order that a direct comparison could be made
with the reaction betwccn 1 and 2, the kinetic data uc;ed to obtain rate constants were obtained from a reaction
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Figure 2 Concentration-time profiles for the recognition-mediated reaction between 1 and 2 (solid squares) and the control reaction

B
between 1 and N-ethylmaleimide (open squares) performed in CDCl; at 50°C from a starting concentration of reagents of 50 mM.
The solid lines represent the best [it of the appropriate kinetic model to the experimental data. Note: The best fit line in the case of

10y

the conirol reaction was generatea from rate constants dervied from kinetic data obtained at 100 mM.

Kinetic simulation and optimisation® of the model parameters (Figure 1) afforded best fit values for the
rate constants (Table 1) for the control reaction which, in turn, were used, together with the association
constant® for the [1+2] complex, measured in CDCI, at 50°C, in the kinetic model for the recognition-mediated
reaction. The ratio k /k, gives an estimate of 2.16 M for the kinetic effective molarity” (EM) achieved within the
[1+2] complex.

Table 1 Best fit values of the rate constants shown in the kinetic scheme (Figure 1) for the reaction between 1 and 2

Rate Constant Best Fit Value
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The kinetic data shown in Table 1 can be converted into an energy profile for the recognition-mediated
reaction (Figure 3) by application of standard thermodynamic relationships. In the absence of any stabilising or
destabilising effect on the transition states induced by complexation, the activation barrier for the reaction within
the complex [1¢2] can be determined by calculating the sum of the bimolecular activation barrier and the free
energy of binding. It is clear from Figure 3 that the transition state leading to 3 is stabilised by 11.0 kimoi
with respect to the bimolecular reaction as a resuit of complex formation. This stabilisation is sufficient to offset
the increase (8.9 kJmol') in activation barrier brought about by formation of the [1°2] complex, thus the
activation barrier for the reaction between 1 and 2 is lower in the [1+2] complex by 2.1 kJmol" with respect to
the model bimolecular reaction (in accordance with the fact that EM > 1M).
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Figure 3 Thermodynamic profile for the recognition-mediated reaction obtaincd from the experimental data for the reaction
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In order to assess the effect of the alkyl spacer placed between the carboxylic acid and the maleimide. we
prepared compounds 4 and 5. Compound 4 reacts with azide 1 at 50 mM in CDCI, at 50°C at a rate similar to
that of the control compound indicating that the simple methylene spacer is too short to permit the azide and the
maleimide to react within the [1+4] complex in this case. Conversely, maleimide 5§ rcacts significantly faster
with 1 than the control compound under the same conditions. However, analysis of the kinetic data for the
reaction between 1 and 5 reveals that the EM achieved within the [1+5] complex is only 341 mM.
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These results indicate that maleimide 2 contains the optimum spacer for the acceleration of the reaction
within the supramolecular assembly. If we assume that the difference in EM is entircly the result of the addition

he extra methylene rotor, we can estimate that the addition of a single CH, rotor costs this system
15.3 Jmol 'K ! entropically. Therefore, the drop in the EM value between [1+2] and [1+5] is approximately that

expected® for the addition of the extra methylene rotor into the system.
In conclusion, we have demonstrated that it is possible to design rationally a simple systcm which is

capable of accelerating a chemical reaction efficiently. Through the attachment of appropriate recognition sites to

of the exir
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an azide and a maleimide, it is possible to accelerate the [3+2] dipolar cycloaddition reaction efficicntly. This
acceleration arises through the stabilisation of the transition state leading to 3 in the [1+2] complex. The results
presented here indictate that, although the association constant for the [12] complex is low (28 £ 2 M), this
does not affect the ability of this recognition-mediated system to accelerate the reaction between the azide and the
maleimide. We are currently attempting to combine the acceleration observed in this system with regiospecific
addition of the dipole to an unsymmetrical dipolarophile.
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