JIAIC

S

COMMUNICATIONS

Published on Web

07/21/2005
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The Menschutkin reactidmesults in the formation of quaternary
ammonium salts by the action of alkyl electrophiles on tertiary
amines. It has been studied extensively as a mogglr8action
because the charge that develops as the reaction proceeds mak
the reaction’s rate particularly sensitive to solvéRiate constants
vary by orders of magnitude across a range of solvent polarity.
Supramolecular chemistry provides many capsular host molecule
which are ordered solvent cages for small guest moleéulbgse
structured environments can act to stabilize reactive spédes,
impart selectivity on reactions by geometric constrafhiand
accelerate reactiois4 We used the Menschutkin reaction to study
the effects of structured environmets® offered by cavitandl
(Figure 1). Quinuclidine is bound withihand reacts with a variety
of electrophiles; we report that the host facilitates the Menschutkin
reaction, and we interpret the effect in terms of the reaction’s fixed
environment.

Cavitandl forms complexes with molecules of appropriate size,
shape, and chemical complementatf§° The interior of the cavity
is as-electron rich surface similar to an ordered cage of benzene
molecules. In contrast, the upper rim is a polar array of eight
secondary amides rich in hydrogen bond donors and acceptors. Th

vase-like conformation is stabilized by a seam of hydrogen bonds
that are also in position to interact with a guest molecule. Choline
derivatives are among the best guests known faand show
association constants greater tha?, #9en in solvents that compete
to occupy the cavity. The trimethylammonium “knob” is held by
cationfr interactions, and polar groups are attracted to the cavitand’s

Figure 1. Deep cavitandl and an energy-minimized (Maestro; MM
rendering of its complex with quinuclidine. Ethyl groups have been shown
as methyl groups or omitted, and one cavitand wall of the model (side view)
has been removed for clarity.

Scheme 1

amide chain (Scheme 1.).

At millimolar concentrations, quinuclidine is a good enough guest
to compete with acetone solvent; the nonpolar end of quinuclidine
is located deep in the cavity (Figure 1). In its resting state, the
cavitand is, on average, occupied with two molecules of acetone
that exchange rapidly with the bulk solvent (Scheme 1). Through

a partial unfolding mechanism, quinuclidine displaces the acétone,
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with an association constait, of 40 M~1. This complex then
engages an electrophile RX in anZreaction, and we labeled this
the accelerated rate const&ri, The product is the complex of an
N-alkylquinuclidinium and1; it is tightly bound by1, with an
association constait, i > 4000 M1 (greater than the detection
limits of a 600 MHz NMR spectrometer). In short, product
inhibition prevents turnover, and the reactions are not catalytic.

Menschutkin reactions. A prigrthere could have been inhibition
of the reaction by the congested environment of the bound
quinuclidine’s nitrogen. Moreover, the 18@rrangement of nu-
cleophile and leaving group is not without intermolecular steric
clashes of alkyl groups and the amides.

Entries +4 (Table 1) illustrate the dependence of the rate

We examined the reaction of the complex with alkyl electrophiles enhancement on the nature of the leaving group. Bromobutane and
and compared these reactions to those of uncomplexed quinuclidinechlorobutane exhibit the greatest rate enhancement, followed by
(Table 1). The electrophiles (16.9 mM) and quinuclidine (16.4 mM) butyl mesylate and butyl tosylate. The halide ions as leaving groups
in acetoneds were monitored by NMR. Separate experiments are well suited for solvation by the-N\H donors of the amide groups
determined the rate of the reaction in the presence and absencet the cavitand periphery. The positive charge that develops on the
(ketr) Of 1 (12.3 mM). Experimental data were fit to kinetics quinuclidine can be stabilized by the carbonyl oxygens. Of course,
simulations of the accelerated reaction using KinTekSir; and a single amide cannot act simultaneously in both roles, but members
regression analysis gave.. The ratio of these rate constants of the cyclic array need only to twist slightly to bring their
provides a measure of the efficacy df at facilitating the appropriate atoms near the reaction site. As the positive charge
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Table 1. Alkylation of Quinuclidine in the Presence and H
Absence of 1 CgH470 N*\(\
, ki Kl Iji °
entry electrophile M~*min—! M~min—! Kacel Ketr CgH470 N.H
1 butyl chloride 0.44 3.3% 104 1300 /).\/
2 butyl bromide 120 0.075 1600 o
3 butyl mesylate 0.68 45103 150 2
4 butyl tosylate 2.1 0.020 100 -
5 (bromomethyl)cyclopropane 47 0.065 720 ) - ) )

6  neopentyl bromide b f n.d. reaction transition state. The nucleophile and electrophile are not
g :zOPfogymem'%e hoxvbut 10 f9-5‘ 10 10d00 confined together byl as would be the case in a capsular host.
reo—2-bromo-s-methoxybutane C n.d. . . . L. ..

9 erythro—2-bromo-3-methoxybutane ¢ ¢ nd Instead, this supramolecular eﬁ_ec_:t mcreasesrt_tlmsm reactiity

10  tert-butyl bromide 0.014 f n.d. of the reactants in a rate-determining step that is second order. These
11 allyl chloride 84 0.11 760 results contribute to a growing body of evidence that the structures
ig E‘gﬂzﬁlﬁob”:c')?r‘:‘i e e e 2'3' providing the physical barriers of container molecules are not merely
14  dichloromethanek? 0.29 43x 104 670 spectators in the reactions of molecules within molecules.
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aUsed as solvenP No reaction, even at 50C. ¢ No reactiond The
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develops on the nitrogen, the weak GHitteractions between guest
and host are “promoted” to stronger catimrnnhteractions, further
stabilizing the transition state. The congested nature of the
environment around the nucleophilic site is particularly suited to
smaller leaving groups. The much larger mesylate and tosylate
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