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diluted with 150 mL of water, and extracted 5 times with 15-mL
portions of methylene chloride. The combined extracts were dried
over a mixture of Na,SO,—~NaHCO,, and most of the solvent was
removed by distillation to yield 0.1 g (30%) of residue. The residue
on analysis by gas chromatography (6 ft X !/ in., 15% DEGS
on 80/100 Chrom WHP column, 75 °C, 38 mL/min He flow rate)
in addition to the solvent peak gave rise to one minor peak, A
(tg 1.9 min), and two major peaks, B (tg 2.9 min) and C (¢g 3.5
min) with 1.0:1.3 relative peak areas. On the basis of retention
times, as compared to known samples, peak B was identified as
ethyl 2-methyl-3-(trifluoromethyl)butyl ether and peak C was
identified as 2-methyl-3-(trifluoromethyl)-2-butanol.

Solvents. Acetic acid solvent was prepared from 994.9 mL
of glacial acetic acid (J. T. Baker Chemical Company) and 5.1
mL of acetic anhydride. Formic acid solvent was prepared by
storing practical grade formic acid (Matheson, Coleman, & Bell,
97-100%) over boric anhydride for several days, decanting, and
distilling from fresh anhydride. Ethanol solvent was prepared
according to the method of Fieser.’® The water solvent was
purified by passage through a mixed bed deionizer to produce
water of 17 uQ or better quality.

Rate Measurements, The rates of solvolysis were followed
titrimetrically. In a typical run, the requisite amount of sulfonate
ester was accurately weighed into a 25-mL volumetric flask and
then sufficient solvent was added rapidly to give a 25-mL reaction
solution volume.’® Reaction time commenced with the addition

(52) Fieser, L. F. Experiments in Organic Chemistry, 3rd ed.; D. C.
Heath: Boston, 1957; pp 285-286.

(53) For reactions whose half-lives were longer than a few weeks, rate
measurements were accomplished by the ampule technique.f

of the solvent. At appropriate times, 2-mL aliquots were analyzed
for liberated sulfonic acid. The titrating solutions were as follows:
for acetic—formic acid solvents, 0.02 N sodium acetate in acetic
acid; and for the aqueous ethanol solvents, 0.02 N sodium
methoxide in methanol. The indicators used were as follows: for
acetic-formic acid solvents, bromophenol blue in acetic acid (2-3
drops); for aqueous ethanol solvents, bromothymol blue in water
(2 drops).

Treatment of Kinetic Data. First-order rate constants were
calculated by using the integrated first-order rate equation4%

k,=1/tIn (mL./mL, - mL,)

Muitiple determinations (6-12) were made for each kinetic run.
The slope values recorded in Table IV were obtained by regression
analysis® of log k,(Y) versus: log k,(neophyl-OTs) values,! Yoy
values,?* Winstein-Grunwald Y values,'® and Ygr, values® as
indicated in the table.

(54) (a) Frost, A. A.; Pearson, R. G. Kinetics and Mechanism, 2nd ed.;
Wiley: New York, 1961. (b) Carpenter, R. G. Determination of Organic
Reaction Mechanisms; Wiley: New York, 1984; Chapter 4.

(55) The parameter mL. = measured titer at 10 half-lives or theo-
retical titer at 100% conversion calculated from known quantity of sul-
fonate ester present in the reaction mixture; mL, = measured titer at time

(56) (a) Edwards, A. L. An Introduction to Linear regression and
Correlation; W. H. Freeman and Co.: San Francisco, 1976; pp 21-32. (b)
Dixon, W. J.; Massey, F. J. Introduction to Statistical Analysis;
McGraw-Hill: New York, 1957; pp 191-192.

(57) Schadt, F. L.; Bentley, T. W.; Schleyer, P. v. R. J. Am. Chem. Soc.
1976, 98, 7667.
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The effect of added alkali-metal and alkaline-earth-metal salts on the rate of intramolecular alkylation of the
title compound has been investigated in 99% aqueous Me,SO. It was found that the rate is practically insensitive
to Et,N* and K* ions and it is slightly decreased by Na® ion, but it is strongly depressed by Li*, Ba?*, Sr?*, Ca®*,
and Mg?* ions, the observed effects ranging over nearly 5 powers of ten. Analysis of rate data was carried out
by means of a self-consistent approach, as based on the classical Acree hypothesis of independent contributions
of free ions and ion pairs to the overall rate. In most cases it was possible to measure the ion pairing association
constants (Kj;) together with the specific rates for reactions of the ion pairs (k;;), even when the latter are much
lower than the specific rate for reaction of the free ion (k;). The results show that ion pairing decreases in the
order Li > Na > K and Mg > Ca > Sr > Ba, which clearly suggests that association is dominated by coulombic
interactions. The strong inhibition caused by ion pairing is due to a greater cation interaction with the anionic
reactant than with the transition state, where a significant fraction of the available negative charge is concentrated

in the C-C bond-forming region.

It has been recognized for many years that cation as-
sociation may greatly affect the reactivities of anionic
nucleophiles such as alkoxides, aryloxides, and enolates
in nucleophilic substitution and addition reactions.'3 It
is worth noting, however, that knowledge in the field is

(1) le Noble, W. J. Highlights of Organic Chemistry; Marcel Dekker:
New York, 1974; Chapter 22.

(2) Reutov, O. A.; Kurts, A. L. Russ. Chem. Rev. (Engl. Transl.) 1977,
46, 1040.

(3) Jackman, L. M.; Lange, B. C. Tetrahedron 1977, 33, 27317.
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mainly based on evidence which is qualitative in nature,
or semiquantitative at best. Relatively few quantitative
studies have been reported in recent years.*® It has been

(4) Arnett, E. M.; Maroldo, S. G.; Schilling, S. L.; Harrelson, J. A. J.
Am. Chem. Soc. 1984, 106, 6759.

(5) Arnett, E. M.; Maroldo, S. G.; Schriver, G. W,; Schilling, S. L,;
Troughton, E. B. J. Am. Chem. Soc. 1985, 107, 2091.

(6) Arnett, E. M.; Harrelson, J. A., Jr. Gazz. Chim. Ital. 1987, 117, 237.

(7) Nluminati, G.; Mandolini, L.; Masci, B. J. Am. Chem. Soc. 1983,
105, 555.

(8) Galli, C.; Mandolini, L. J. Chem. Soc., Perkin Trans. 2 1984, 1435.
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pointed out®® that a major difficulty in these studies arises
from a meaningful dissection of contributions to the overall
rate into separate contributions of rapidly equilibrating
free ions, ion pairs, and higher aggregates.

QOur previous work on the effect of alkali-metal ions on
the reactivity of aryloxide ions’ and of the anion derived
from a malonic ester derivative® in alkylation reactions of
the Sn2 type has shown that under suitable conditions a
self-consistent analysis of rate data leads to a satisfactory
solution of the problem in terms of cation association with
both initial and transition state. This is operationally
equivalent to a dissection of contributions of free ions and
ion pairs to the overall rate.

In view of the general importance of the §-keto enolates
derived from acetoacetic esters, and as a continuation of
our studies in the field, we have undertaken a detailed
investigation of the effect of added alkali-metal and al-
kaline-earth-metal ions on the rate of cyclization of the
anion derived from ethyl (5-bromopentyl)acetoacetate in
99% aqueous Me,SO (v/v) at 25 °C (eq 1). The results

CO,Et CO,Et

Br(CHp)5G - — cocH, + Br~ e

COCH,4 P

A

of such an investigation, together with a self-consistent
analysis of rate data, are reported herein. The ultimate
goal of these investigations is the collection of a body of
experimental information, namely, association constants
of metal cations with anionic nucleophiles and transition
states, to provide a sound basis for interpretation of as-
sociation phenomena in terms of cation size and charge
and anion structure.

Results and Discussion

Cyclization of A~ as the reaction of choice for the present
investigation offers several advantages. First, only mo-
noalkylation is possible, as only one acidic proton is present
in the parent compound AH. Second, any complication
due to competing C- and O-alkylation is absent, since
O-alkylation would lead to a highly disfavored eight-
membered ring. Product analysis showed that under the
conditions of the kinetic runs 1-acetyl-1-(ethoxy-
carbonyl)cyclohexane was the only detectable product
(Experimental Section). Finally, the reaction rate in the
absence of added salts lies conveniently in the stopped-flow
range. An intrinsically slower reaction would lead to rates
unconveniently low to measure because of the strong
rate-retarding effects exerted by some of the added salts.

The kinetics were followed by monitoring the disap-
pearance of the enolate ion absorption in the neighborhood
of 300 nm. The reactant concentration was typically in
the order of 1.5 X 107 mol L™l. The anion was generated
in situ by addition of a calculated amount of Me,NOH to
a solution of the parent reactant AH and salt.’® The
Et,N* ion and the metal cations were added as bromides,
with the sole exception of Mg?*, which was added as
perchlorate, because of the difficulty of obtaining anhyd-

(9) Crescenzi, M,; Galli, C.; Mandolini, L. J. Chem. Soc., Chem. Com-
mun. 1986, 551.

(10) With the exception of runs carried out in the presence of Et,NBr,
KBr, and NaBr, we observed a relatively slow production of the enolate
absorption upon addition of the base, showing that those ions which
strongly inhibit the reaction of A~ also inhibit the reaction of OH™ with
AH. This phenomenon did not interfere with the rate measurements,
since in all cases the rate of production of A~ was much faster than its
subsequent decay.
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Figure 1. Effect of tetraethylammonium and metal salts on the
rate of intramolecular alkylation of 8-keto enolate A~ in 99%
Me,SO. The horizontal line represents the specific rate &; for
reaction of the free ion. The points are experimental (k, in s™)
and the lines are calculated by using eq 2.
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rous MgBr,. Good first-order behavior was observed in
all cases up to high conversions. The observed rate con-
stants &, are listed in the Experimental Section and are
plotted against the concentration of added salt in Figure
1.

Analysis of rate data was carried out on the basis of a
distribution scheme involving independent contributions
from the free ion A~ and from the ion pair A"M* (Scheme
I). If one assumes that the activity coefficients of the
transition states from A~ and from A"M? are identical with
those of A~ and A"MT, respectively, which is equivalent to
the assumption of a negligible primary salt effect on what
is essentially the intramolecular version of a reaction in-
volving an ion and a neutral molecule, eq 2 is easily ob-
tained.!’ The latter relates the measured quantity &,

1+ (Rip/R)Kipy: [MT]

k " = ki 2
°b 1+ Ky [M*] ®

to [M™*] through a functional relation which reduces to a
two-parameter equation when k; is known.

We first note that E.N* and K™* exert but a negligible
influence on the reaction rate. Although eq 2 predicts no
influence on k., not only when K;;, is small, but also when
ki, = k; for any value of K;, for the sake of internal con-
sistency in the present work and in the line with previous
results from our”® and other®® laboratories, we believe it

(11) Hammett, L. P. Physical Organic Chemistry, 2nd ed.; McGraw-
Hill: New York, 1970; pp 211-213.



Ethyl (5-Bromopentyl)acetoacetate Metal Derivatives

Table I. Ion Pairing Association Constants and Reactivity
of Ion Pairs

metal ion  log K;, log K. kyp (57D kip/kE

K* <1

Na* 1.40 «1

Li* 3.72 1.32 41%x10%  4.0x1073
Ba?* 3.66 1.87 1.6 X 10 1.6 X 107?
Sr+ 4.32 1.81 3.1x10% 3.0x 108
Ca?* 5.08 1.11 1.1 X 10 1.0 x 10™*
Mg2* =7 >92 1.8x10%¢ 1.7x 107

ch = 0.102 s7L

more reasonable to conclude that association of A~ with
either Et,N* or K* is neglibible, i.e., K;;, < 10. Thus, the
k., value of 0.102 s™! obtained when the Me,N* ion ac-
companying the added base is the sole counterion was
taken as a reliable measure of the specific rate k; for the
reaction of the free ion A™. In all the other cases significant
rate-retarding effects are apparent, which are markedly
dependent upon cation nature and concentration. Since
the alkali-metal bromides behave as strong electrolytes in
Me,S0,” and since in all cases the concentration of added
salt was much greater than the substrate concentration,
the total concentration of added salt was taken as a rea-
sonable approximation for [M*]. A nonlinear least-squares
procedure (see Experimental Section) was used to fit eq
2 to the k., values obtained in the presence of Na* and
Li*. The good agreement between the experimental points
and the full lines calculated by means of the least-squares
parameters (Figure 1) clearly shows that distribution
Scheme I adequately describes the metal ion effects on the
rate of reaction (1). In order to extend the quantitative
treatment to the rate-retarding effects exerted by the
divalent metal salts, we have tentatively assumed that the
latter behave as strong 1:1 electrolytes of the (MX)*X"~
type in Me,SO solution. Accordingly, the quantity [M*]
in eq 2 was set equal to the total salt concentration and
the least-squares fit of the data to eq 2 was carried out on
this basis. The close adherence of the experimental data
to eq 2 (Figure 1) provides a good indication of the es-
sential correctness of the above assumption.

The results of the analysis of rate data are collected in
Table I. The quantities listed in the second column of
Table I were calculated from eq 3, which is derived from

K. = (kyp/R)Kjp (3)

the transition-state theory.!! K_ has the meaning of the
equilibrium constant for the formal reaction of the tran-
sition state that does not contain M* into the one that
contains M*, i.e., the ion pairing association constant of
the transition state. This quantity has proved useful in
discussions of structure effects on reactivity of ion pairs
relative to free ions in terms of relative stabilities of ion
pairs with transition states and reactants.”®

Table I shows that the extent of association of the 8-keto
enolate ion A~ with the alkali-metal and alkaline-earth-
metal ions depends in a dramatic way upon cation nature,
the association constants spanning a range of more than
6 orders of magnitude. Among the alkali-metal ions, as-
sociation constants decrease markedly in the order Li >
Na > K, which is the trend observed in Me,SO for many
B-keto enolate ions which can adopt a U-type conforma-
tion,*®!2 as well as for alkoxide!® and aryloxide” ions. This
finding clearly indicates that the stability order among ion
pairs is dominated by the stronger coulombic interaction
with the smaller metal ions, and not by solvation effects,
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which would lead to an opposite trend.”®2 This conclusion
is fully consistent with the behavior exhibited by the al-
kaline-earth-metal ions, for which the extent of cation
association grades regularly in the order Mg > Ca > Sr >
Ba.

When compared with the log K;, values, the corre-
sponding log K. values show that cation interactions with
the transition state are not only much weaker but also
much less dependent on cation nature, the observed K.
values ranging over about 1 order of magnitude. This is
in line with expectations,® since a significant fraction of
the negative charge of A~ is concentrated in the C-C
bond-forming region in the transition state and, conse-
quently, is less available for cation interaction. On this
basis the cation dependence of the ion pair reactivity is
easily understood, remembering that &;,/k; = K_./K,.
Since the stabilities of the ion pair transition states are
only slightly cation-dependent, the principal variable in
the measured k;,/k; values is K;;, and the differences in
this equilibrium constant are the principal cause for the
differences in ion pair reactivity. Thus, it is not surprising
to find that there is an approximately inverted relationship
between stability and reactivity of the A"M* pairs.

Experimental Section

Ethyl (5-bromopentyl)acetoacetate was prepared according to
a literature procedure,* 'TH NMR as expected. The alkali-metal
and alkaline-earth-metal bromides Mg(Cl0,); and Et,NBr (AR
grade materials) were dried under vacuum.

Rate Measurements. These were carried out as previously
reported® by using either conventional or stopped-flow spectro-
photometry. The mixed solvent (99% aqueous Me,SO, v/v) and
the Me,NOH stock solution were prepared and handled as pre-
viously described.® Rate constants &, (s!) are listed below at
the various added salt concentrations, which are given in par-
entheses in mol L1, k; = 0.102 + 0.004 (no added salt).

Et4II‘IBr: 0.104 (1.00 x 107%); 0.101 (1.00 X 1072); 0.100 (1.00
X 1071,

KBr: 9.35 X 1072 (2.81 x 107%); 9.27 X 1072 (1.87 X 1072); 9.16
x 1072 (9.36 X 1072,

NaBr: 9.35 X 1072 (3.01 x 1073); 8.51 X 1072 (5.02 X 107%); 8.71
X 1072 (7.54 X 107%); 7.82 X 1072 (9.85 X 107%); 9.11 X 1072 (1.52
X 107%); 8.44 X 1072 (2.29 X 107%); 7.02 X 1072 (3.81 X 1072); 6.10
X 1072 (5.72 X 1072); 5.09 X 1072 (9.48 X 107%).

LiBr: 8.92 X 107 (2.84 X 107%); 6.73 X 107 (3.79 X 107%); 5.40
X 1078 (5.69 X 107%); 4.34 X 1073 (6.64 X 107%); 3.41 X 107% (9.48
X 1078); 2.82 X 1078 (1.33 X 1072); 2.49 X 107® (1.52 X 1072); 1.99
X 1078 (2.27 X 1072); 1.56 X 1073 (3.41 X 107%); 1.26 X 1072 (3.79
X 1072); 1.21 X 107 (5.69 X 1072); 9.93 X 10™* (9.48 X 1072,

BaBr,2H,0: 8.39 X 10 (2.83 X 10%); 6.65 X 10 (5.66 X 107%);
5.40 X 1078 (1.23 X 1072); 3.36 X 107 (2.36 X 1079); 3.11 X 1078 (4.72
X 107%); 1.97 X 1073 (9.43 X 107?).

SrBr,H,0: 2.20 X 107 (2.82 X 107%); 1.55 X 1073 (5.65 X 10°9);
1.04 X 1078 (1.18 X 1072); 7.36 X 10™ (2.35 X 1072); 5.19 X 107 (4.71
X 1072); 4.21 X 107* (9.41 X 107?).

CaBry2H,0: 3.84 X 10~ (2.80 X 1073); 2.59 X 10 (5.61 X 10°%);
1.11 X 107 (1.22 X 1072); 7.17 X 107% (2.34 X 107%); 4.44 X 1075 (4.67
X 1072); 3.64 X 1078 (9.35 X 1072).

Mg(Cl0,),: 4.25 X 107 (2.99 X 10%); 2.71 X 108 (5.50 X 10°%);
2.43 X 107 (9.98 X 1072); 2.36 X 10 (1.70 X 107); 2.05 X 107 (2.99
%X 1072); 2.10 X 1078 (5.50 X 107%); 1.93 x 107° (9.98 x 1072).

The k, values were fitted by means of a nonlinear least-squares
procedure!® to an equation of the form (4), where y = (ky,/k;)

1+ Ax
"1+ Bx @

Y

and x = v.2[M*]. The mean activity coefficient vy, was calculated
as before” from eq 5. The least-squares calculations, carried out

log ve = -1.12uY2 + 1.65u (5)

(12) Olmstead, W. N.; Bordwell, F. G. J. Org. Chem. 1980, 45, 3299.
(13) Exner, J. H.; Steiner, E. C. J. Am. Chem. Soc. 1974, 96, 1782.

(14) Cadogan, J. I. G.; Hey, D. H.; Ong, S. H. J. Chem. Soc. 1965, 1932.
(15) Wentworth, W. E. J. Chem. Educ. 1965, 42, 96.
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on a Apple II microcomputer, afforded the following numerical
values for the A and B parameters, which are reported in the given
order for the various cations: Li*, 21, 5.2 X 10%; Ba?*, 75, 4.6 X
10% Sr?*, 65, 2.1 x 104 Ca®*, 13, 1.2 x 105 Mg?*, 354, 2.1 x 10".
For Na*, B = 25, but A is so small that it is devoid of physical
significance. The A and B values were translated by means of
eq 2 and 3 into the rate and equilibrium constants listed in Table
1. 1t should be noted that the figures reported for Mg?* are not
meaningful as such, as in this case the products Ax and Bx are
greater than one in the whole concentration range. As a conse-
quence, the quantity y is very close to the limiting value A/B
approached at high cation concentrations. The ratio A/B = k;/k;
is highly significant, however. It is determined in this case with

an inherent precision which is higher than those obtained with
the other salts.

Product Analyses. These were carried out on scaled-up
kinetic runs. GLC analyses® were carried out at 125 °C, using
hexadecane as the internal standard. The yield of 1-acetyl-1-
(ethoxycarbonyl)cyclohexane was 75% in the absence of added
salt, 88% in the presence of 0.1 M LiBr, and 75% in the presence
of 1.7 X 102 M Mg(Cl0,),.
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A series of macrocycles incorporating two a-phenylglycine and a variable number of ethyleneoxy units have
been prepared as new ionophore models. Transport studies (U-cell, chloroform liquid membrane) showed that
only 24-membered macrocycles 8 mimic naturally occurring cyclic ionophores (valinomycin, nonactin) in their
ability to transport K* and Na* ions across the lipophilic membrane. meso-8 was found to be a more efficient
ion carrier than (+)-8 for M* picrates (K* > Na* > Rb* > Cs*). However, both ligands exhibited negligible
transport of M2* (Ba?*, Sr*, Mg?*, Ca?*) picrates. meso-8 and ()-8 exhibited poor extraction equilibrium constants
(K. = 164 and 83 M2, respectively) for K* picrate in a chloroform-water system. 'H and 3C NMR studies
of complexation with (x)- and meso-8 and K*, Na*, Ba?*, and Mg?* salts in CDCl;/CD,CN solvent mixture showed
that ligands 8 bind metal cations by the mutual assistance of amide carbonyl or ester carbonyl and ether oxygen
donors. In this work the first crystalline complex with a macrocycle of this type and a metal cation was obtained,
from meso-8 and KSCN. 24-Membered ligands (+)-8 and meso-8 form considerably more stable water complexes

in chloroform than the equally large crown ethers.

Naturally occurring macrocyclic ionophores such as
valinomycin and nactins exhibit highly selective transport
of K* ions across biological and artificial membranes.!
This property is the cause of their antibiotic activity.?
Both kinds of natural ionophores bind metal cations in the
central cavity of the macroring by ion—dipole interactions
with ester carbonyls (valinomycin®*) or with ester carbo-
nyls and ether oxygens (nactins®). High selectivities ex-
hibited in the transport of metal cations are a consequence
of the specific, rigid conformations of valinomycin and
nactins in their cationic complexes.’® These unique
properties of valinomycin and nactins present a challenge

(1) Hilgenfeld, R.; Saenger, W. Top. Curr. Chem. 1982, 101, 1.

(2) (a) Nishimura, H.; Mayama, N.; Kimura, T.; Kimura, A.; Kawam-
ura, Y.; Tawara, K.; Tanaka, Y.; Okamoto, S.; Kyotani, H. J. Antibiot.,
Ser. A 1964, 17, 11. (b) Moore, C.; Pressman, B. C. Biochem. Biophys.
Res. Commun. 1964, 15, 562. (¢) Mueller, P.; Rudin, D. O. Curr. Top.
Bioenerg. 1969, 3, 157. (d) Andreev, I. M.; Malenkov, G. G.; Shkrob, A.
M.; Shemyakin, M. M. Mol. Biol. 1972, 54, 488. (e) Ovchinnikov, Y. A,;
Ivanov, V. T.; Shkrob, A. M. Membrane-Active Complexones; Elsevier:
Amsterdam, 1974; BBA Library, Vol. 12.

(3) Neupert-Laves, K.; Dobler, M. Helv. Chim. Acta 1975, 58, 432.

(4) (a) Grell, E.; Funck, T.; Santer, H. Eur. J. Biochem. 1973, 34, 415.
(b) Ivanov, V. T.; Laine, I. A.; Abdulaer, N. D.; Senyavina, L. B.; Popov,
E. M,; Ovchinnikov, Y. A.; Shemyakin, M. M. Biochem. Biophys. Res.
Commun. 1969, 34, 803. (c) Bystrov, V. F.; Gavrilov, Y. D.; Ivanov, V.
T.; Ovchinnikov, Y. A. Eur. J. Biochem. 1977, 78, 83. (d) Grell, E.; Funck,
T. J. Supramol. Struct. 1975, 1, 307.

(5) (a) Phillies, G. D. J.; Asher, I. M.; Stanley, H. E. Biopolymers 1975,
14, 2311. (b) Dobler, M.; Phizackerley, R. P. Helv. Chim. Acta 1974, 57,
664.

(6) Kilbourn, B. T.; Dunitz, J. D.; Pioda, L. A. R.; Simon, W. J. Mol.
Biol. 1967, 30, 559.
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Valinomycin Nactins
from the synthetic as well as the biological point of view.
Several attempts have been made to mimic valinomycin
and nonactin activities by using synthetic polyether
macrocycles. In one approach, 18- and 19-membered di-
lactone analogues of 18-crown-6 were studied as valino-
mycin models.” However, the ring size of the model di-
lactones studied was too small to permit the ester carbonyls
to turn inward and take part in the complexation of cat-
ions.®  On the other hand, 32-membered tetralactone cy-
clopolyethers were studied as nactin models.” These
tetralactones achieved only slow transport and poor
K*/Na™ selectivity in comparison to nonactin due to the
greater flexibility of model macrocycles. Nitrogen-pivot

(7) (a) Asay, R. E.; Bradshaw, J. S.; Nielsen, S. F.; Thompson, M. D.;
Snow, J. W.; Masihdas, D. R. K.; Izatt, R. M.; Christensen, J. J. J. Het-
erocycl. Chem, 1977, 14, 85. (b) Izatt, R. M.; Lamb, J. D.; Maas, G. P.;
Bradshaw, J. S.; Christensen, J. J. J. Am. Chem. Soc. 1977, 99, 2365.

(8) Maas, G. E.; Bradshaw, J. S.; Izatt, R. M. Christensen, J. J. J. Org.
Chem. 1977, 42, 3937.

(9) Samat, A.; Bibout, M. E. M. J. Chem. Soc., Perkin Trans. 1 1985,
1717,
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