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Curtin—Hammett—Winstein—Holness kinetics are exploited in the acceleration of the aldol reaction between formylbenzo-15-crown-5 and
acetylbenzo-15-crown-5. Potassium cations facilitate this acceleration through the fast, reversible formation of a 1:1:1 sandwich complex
between the crown ethers and the metal cation.
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The emulation of some of the catalytic efficiency and 1) to the question of recognition-mediated acceleration of
selectivity of enzymésremains a long-term goal for the chemical reactions. Rather than locating complementary
supramolecular chemist. Over the past 20 years, a wide ranggecognition sites on the reactive partnérsand B, we can
of enzyme mimicdhave appeared in the literature, many of rely on a cofactolC, which is capable of forming the 1:1:1
which are based on the ability of crown ethers to bind cations complex [A-B-C], to assemble the reagents in a reactive
strongly and selectively. We have become interested in complex. The formation of this complex renders the reaction
exploiting recognition processes to accelerate and direct thebetweerA andB pseudointramolecular, and hence, we might
outcome of chemical reactions. Our previous Wohas expect significant rate acceleratfothrough its formation.
focused on the use of recognition sites located on the two The approach shown in Figure 1 relies on the ability of
reactive partners that allow the formation of a reactive the cofactorC to form the 1:1:1 complexA-B-C]. This
complex in which the reaction becomes pseudointramolecu-requirement places constraints on the recognition motifs that
lar. Recently, we identified an alternative approach (Figure can be used in this approach. The formation of 2:1 sandwich
complexe% between benzo-15-crown-5 derivatives and po-
t University of St Andrews. tassium cations is well established. Therefore, we identified
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To test this hypothesis, we synthesiz&dand 2 using
standard proceduréand examined their reaction with each
Bimolecular Reaction other in the presence of KOMe in methanol solution. First,

Channel however, we planned to establish (a) the existence of 2:1
p* complexes between the crown eth&rsnd2 and potassium
and (b) that these complexes were in fast exchange under

A [A-B+C] the proposed reaction conditions.
l/_\H;[ @ﬂ Accordingly, we prepared solutions &f 2, and KBR in

methanol at varying stoichiometries. When the crown-to-

metal ratio was 2:1, i.e., forlj:K*] and [2,*K*], analysis

Cofactor-mediated ‘ c of the samples by fast atom bombardment mass spectrémetry
Cycie (FABMS) demonstrated the presence of species correspond-

S : i m ing to [1,:K*] and [2*K*]. When a sample was prepared
-— ‘ with a stoichiometry of 1:1:1 in respect &f 2, and KBR,
FABMS analysis demonstrated that, in addition to the ]
P [P<C] and [2-K*] complexes, the 1:1:1 compleX{2-K*] was
Figure 1. The reaction oA andB occurs either via the bimolecular present in the sample.
regction channel or by a cofactor-mediated cycle. In principle, these In order for the CurtifrHammett principle to be effective

two pathways can lead to produ®sandP* with different regio- in this system, the existence of the complex is not sufficient.
and/or stereochemistry. We must also demonstrate that the three complexes shown

in Scheme 1,1*K*], [2*K*], and [1-2:K*], have the desired
sandwich-type structures and that they are in fast exchange.
crown-51 and acetylbenzo-15-crown-3 (Scheme 1) as  Therefore, 300 MHZAH NMR spectroscopy was employed
being suitable for investigating the effectiveness of rate g assess these factors. The addition of 0.25, 0.50, and 1.00
acceleration through the mechanism shown in Figure 1. mojar equiv of KBF, to a solution ofL. and2 in d;-MeOH

In order for this approach to be successful, it is essential resylted in significant changes in the chemical shifts of the
that the various complexes formed between the crown ethersjx aromatic proton resonances!(trough H, Scheme 1).
and the potassium cation are in fast exchange. If this gjgnificantly, at all concentrations of K the observed

condition is met, then CurtinHammett type kineticswill chemical shift changes (Figure 2) warpfield shifts. This
operate and the reaction will occur through tHe2fK]*

complex only. This behavior obviates any requirement that ||| || N RN

the reactive complex, in this casg-2-K]*, should be the
H6 777%

dominant species in solution.
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indicate that the resonance is shiftgafieldon addition of the salt.
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pattern of chemical shift changes suggests strongly that the

[1+1-K*] [2-2:K"] - ; i
\ / aromatic rings present ifh and 2 are stacked in a parallel

Fast Fast fashion with respect to one another in a sandwich-type
H arrangement.
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In contrast, when an identical experiment was performed control experiments were performed involving aldehyde
with either LiBF, or NaBFR, the pattern of chemical shift and acetophenong ((c) and (d), Figure 3) and where the
change was entirely different (Figure 2). In this case, all six base used was LiOMe ((b) and (c), Figure 3) instead of
aromatic resonances are shiftéodwnfield, consistent with KOMe.

the deshielding effect of the electrophilic cation. It is clear that the reaction involvingyand2 proceeds at

It was also apparent that the addition of Kgfid notresult 5 far higher rate than any of the control reactions. However,
in the observation of separate resonances corresponding tG s also apparent that the reaction betwdeand 2 in the
the bound and the unbound species, although they must both, esence of LiOMe also displays a significant rate enhance-
be present in solution. This strongly suggests that all of the ,ant. We attributed this enhancement to an increase in
complexes present in solution must be exchanging at a ratéyagicity of the methoxide anion as a result of cation
faster than theH NMR time scale, and hence, a time- complexation by the crown ethers and to an enhancement
averaged spectrum IS c_)bserved. These observa_mons_, demorBf the electrophilicity of the aldehyde as a result of cation
strate that the exploitation of CurtitHammett—Winstein— complexation. To test these hypotheses, additional cross

Holness klnet|c§ in .thIS system will be possible if the rate control experiments were performégure 4) under identi-
of the aldol reaction is much slower than the rate of exchange L .
cal conditions to those employed previously.

between the complexes shown in Scheme 1.
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A series of experiments was performed to assess the effect . o
that the recognition process has on the rate of the base- £ 10 o
catalyzed reaction betweeh and 2. Optimum reaction g . . sono8”? )
conditions were determined to be at a concentration of 25 ° o god
mM with respect tdl, 2, and KOMe, at a temperature of 50 R
°C in di-methanol. The course of the reaction was followed - R aun®” (© Lo (d)
by 400 MHz 'H NMR spectroscopy, and the product Taons ;;;DDDDDDUDDDDDD
concentration ((a), Figure 3) calculated by the comparison 0@%,5.“.[’,[’1 R R e
of the deconvoluted area of the aldehyde resonance arising 0 5 o1 200 25
from 1, centered ond 9.76, with respect to a resonance Time /h
arising from the product centered @n7.81. Additionally, Figure 4. Concentratiortime profiles for (a) the reaction between

1 and2, (b) the reaction betweehand4, (c) the reaction between
_ 2 and5, and (d) the reaction betwedrand5. All reactions were
carried out ind,-methanol at 50C in the presence of KOMe at

individual reagent concentrations of 25 mM.
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z 15—: .." It is clear from the results presented in Figure 4 that the
-% . o reactions in which one crown ether is present proceed at rates
?, ] G significantly higher than the reaction betwe¢and5. The
e 10 - reaction between and5 proceeds at a faster rate than that
§ ] . betweern2 and4 as a result of the enhanced electrophilicity
_‘é 51 ° oo (b) of 1 when bound to K. Although it is clear from these
< 00°° experiments that the reaction is fastest when a crown ether
o 4 00 @) guuwm () . . . .
Te OOEHDHEEEE.E..... ring is present on both nucleophile and electrophile, thus
T L . . . .
o#ﬁiﬁﬂ R B ! facilitating the formation of the reactivd {2-K*] complex,
0 5 1‘; I1h5 20 2 it is not possible from these data to decide whether the rate
ime

enhancement observed is simply the sum of the increase in

Figure 3. Concentration—time profiles for the reaction between basicity and electrophilicity.
() 1 and2 in the presence of 1 equiv of KOMe, (b) the reaction
betweenl and 2 in the presence of 1 equiv of LiOMe, (c) the

reaction betweed and5 in the presence of 1 equiv of LiOMe, (7) (a) Gokel, G. W.Crown Ethers and Cryptand®oyal Society of

and (d) the reaction betwedrand5 in the presence of 1 equiv of ~ SHemistry: Cambridge, 1991. (b) Parish, W.; Stott, P.; McCausland, C.;
b . . Bradshaw, CJ. Org. Chem1978,43, 4577.

KOMe. All reactions were carried out i-methanol at 50C at (8) FABMS analysis has been used previously in the study of bis(crown)

individual reagent concentrations of 25 mM. complexes; see: Yamada, K.; Matsutani, S.; Uchiyama, A.; Takahashi, T.
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To determine whether the observed rate enhancement is,
in fact, simply an additive effect, we performed reactions
involving aldehydes and acetophenori It is well-knowr?

Product Concentration / mM
=)

that benzo-18-crown-6 derivatives form 1:1 complexes with ] .' Jo00 ®
potassium cations. Therefore, if the rate enhancement 5 50°°

observed in the reaction betwednand 2 is simply an ] .° Ooooo egmmus® (©)
additive result of increased basicity and electrophilicity 1e oo:_._...---""

arising from cation complexation, then the reaction involving R e AR AR pan

6 and7 should, in principle, exhibit the same rate enhance- 0 5 1$ime/:15 20 %

ment. The reaction betweeh and 7 was performed at a

concentration of 25 mM irds,-methanol at 50°C. Two Figure 5. Concentratiortime profiles for (a) the reaction between

equivalents of potassium cations are required to complex both1 and2 in the presence of KOMe, (b) the reaction betwéeand

crown ether rings. Hence, the reaction was performed in the 7 " the presence of 1 equiv of KOMe and 1 equiv of KB3&nd
(c) the reaction betwee# and 5 in the presence of 1 equiv of

presence of 25 mM KOMe and 25 mM KBFThe course  ome. Al reactions were carried out id-methanol at 50C at

of the reaction was followed by 400 MHZH NMR individual reagent concentrations of 25 mM.

spectroscopy, and the product concentration was determined
as before. Although this reaction does proceed at an enhanceﬁevelopment of other cofactor-based systems capable of

rate with respect to the control (Figure 5), the reaction generating stereo- and regiocontrol mediated by the cofactor

procegds a.t a much. I.OWer rate than that betweemd 2 and the immobilization of appropriate cofactors on solid
under identical conditions. supports

Hence, we can conclude that the majority of the rate
enhancement observed in the reaction betweamd 2 is
the result of the formation of the reactive compléxZ-K*]
within the rapidly equilibrating manifold of bis(crown)
complexes shown in Scheme 1.

In summary, we have demonstrated the exploitation of the
Curtin—Hammett principle, as applied to supramolecular
assemblies, to achieve significant rate enhancement ofg . ether/k sandwich complexes and spectroscopic data

chemical reactions. This work represents a proof of principle, for compoundsl, 2, 3, 6, and7. This material is available
and current developments in our laboratories focus on the foq of charge via the Internet at http://pubs.acs.org.
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