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The Li* and Na* complexes of a series of substituted dibenzo-14-crown-4 ethers bearing alkyl, ether,
hydroxylic and carboxylic functional groups have been investigated in solution by 'H and *C NMR
spectroscopy. As was found previously for the uncomplexed ligands, the orientation of the sidearm
relative to the crown cavity in the complexes depends on the nature of the atom linking the sidearm to the
macrocyclic ring. Most significantly, when the sidearm is attached to the macrocyclic ring through an ether
linkage the sidearm is oriented towards the cavity, resulting in intramolecular interactions between the
bound carbon and secondary donor groups on the sidearm, which appear to be stronger for sodium than

for lithium.

Introduction

Advances in the ionic recognition of Group | and 2 metals by
synthetic ionophores * owes much to the discovery of crown
ethers® and related macrocyclic compounds.*® The subsequent
development of lariat ethers and ionizable lariat ethers was
driven by efforts to increase both binding strength and ion-
specificity.”® Despite the proliferation of research in this area,
the factors that influence interactions between a coordinated
cation and secondary donor groups of lariat ethers are not well-
understood.? This is due in part to the flexibility of most crown
ethers; ' the introduction of substituent groups can strongly
influence the preferred conformations of lariat ethers,*!! while
the nature of the linkage of the sidearm has a significant effect
on the interaction of secondary donor groups with the macrocy-
clic cavity.®12'* Both inter- and intra-molecular interactions can
compete for binding with a complexed cation.'>" In a continu-
ing effort to better understand cation binding by ionizable lariat
ethers, we have been investigating the conformational prefer-
ences of lariat ethers based on the rigid dibenzo-14-crown-4
framework; >3 specifically, the effect of sidearm orientation on
the discrimination between lithium and sodium cations.

The significant interest in crown ethers as lithium ionophores
has resulted from the important applications of lithium in sci-
ence, medicine and technology.' The 14-crown-4 system has
received particular attention®'*?! because of its nearly optimal
cavity size for complexation of the lithium cation.>*'6?* Within
the 14-crown-4 ether family, dibenzo-14-crown-4 (DB14C4)
and its derivatives are known to be highly preorganized for
cation complexation;*'®?* these molecules adopt a V-shape,
where the two planar halves intersect at an angle of 118-138°
and the oxygens are arranged to form the base of a square
pyramid when complexed to a guest molecule or ion (e.g H,0,
Li* or Na*).!>?"2 This arrangement provides a particularly
attractive environment for complexation of Li*, since most Li*
complexes are four- or five-fold coordinate and the most select-
ive Li* ionophores exhibit either four-fold tetrahedral or five-
fold square pyramidal coordination.?

Numerous sym-DB14C4 lariat ethers bearing proton-
ionizable sidearms have been studied for the selective complex-

+ Abbreviations: 14-crown-4: 1,4,8,11-tetraoxacyclotetradecane;
dibenzo-14-crown-4:  6,7,8,15,16,17-hexahydrodibenzo[b,][1,4,8,11}-
tetraoxacyclotetradecine.

ation and extraction of lithium.®?*2¢ The extraction properties
of these compounds are expected to be strongly influenced by
the orientation of the ionizable sidearm relative to the crown
cavity.®!! Structural studies of substituted DB14C4 ethers in
solution '* and of DB14C4 ethers and their complexes in the
solid state,'*?! have indicated that the preferred orientation of
the sidearm is determined by the linkage between the sidearm
and the ring. When the sidearm is attached to the macrocycle via
an ether oxygen, it adopts a conformation which orients it
towards the cavity of the macrocycle. Conversely, substituents
attached by a carbon linkage prefer a conformation where the
sidearm is directed away from the cavity. Solvent extraction
studies have shown that the mode of attachment of the sidearm
to the dibenzo-14-crown-4 ether ring has a significant effect on
the cation selectivity and the extraction efficiency of these lig-
ands; for example, bis-zert-octylbenzo-14-crown-4-acetic acid
(tert-octyl = 1,1,3,3-tetramethylbutyl) exhibits lithium selectiv-
ity, whereas bis-zert-octylbenzo-14-crown-4-oxyacetic acid
extracts sodium and potassium preferentially over lithium?®
(compounds § and 9, respectively). Studies of related dibenzo-
14-crown-4-oxyacetic acids have also suggested a dependence of
the lithium selectivity on the conformation of the sidearm.!®
Previous work has shown NMR to be a powerful tool for study-
ing the conformations of lariat ethers and their complexes in
solution.'? In a continuation of our previous conformational
study of DB14C4 lariat ethers,"** we have investigated the com-
plexation of the lariat ethers 1-9 with lithium and sodium ions
in solution by 'H and '*C NMR spectroscopy.

Results and discussion

The 'H and “C NMR spectra of the compounds 1-9 were
recorded in [*Hglacetone, with and without added alkali metal
salts. The proton resonances were partially assignable by simple
inspection; 2D COSY and TOCSY experiments were per-
formed to complete the assignments. The chemical shifts for
protons on Cl1, C2, C9, C10, Cl11 and C12 are reported in Table
1. The proton coupling constants between protons on C9 and
C10 (Table 2) were obtained by direct measurement from 1D
spectra where possible, and the remaining measurements were
obtained using computer simulation.?® 2-D ROESY .experi-
ments were used to obtain the dipolar proton coupling data
shown in Table 3. The complete '*C assignments (Table 4) were
made using DEPT and/or HETCOR.
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Table 1 'H chemical shifts of 1-9 and their complexes with LiClO and NaClO, in ['HJacetone at 303 K
Compound 1-H* 2-H* 9-H* 10-H 11-H 12-H
1 2.18 4.24 b b — —
1-Na 2.39 4.32 b b — —
1-Li 2.52 448 b b — —
2 2.19 4.21/4.25 4.04/4.16 2.34 1.14 —
2-Na 2.28/2.48 4.21/4.36 4.06/4.23 2.57 1.13 —
2-Li 2.40/2.59 4.34/4.58 4.16/4.42 2.78 1.18 —

3 2,18 4.22 4.18 243 1.81 3.75
3-Na 2.28/2.48 4.20/4.42 4.07/4.38 2.70 1.74 3.74
3-Li 2.68/2.49 4.36/4.60 4.25/4.59 2.92 1.80 3.81
4 221 423 4.23 2.67 2.67 —
4-Na 2.38/2.27 4.25/4.32 4.19/4.34 2.85 2.65 —
4-Li 2.53 4.36/4.62 4.34/4.57 3.14 2.69 —
5 2.19 4.25 4.16/4.25 2.67 2.67 —
5-Na 2.3112.22 4.24/4.26 4.22/4.35 2.80 2.65 —
5-Li 2.54/2.40 4.34/4.53 4.36/4.59 3.07 2.68 —
6 2.21 4.20/4.24 4.16/4.26 4.25 — —
6-Na 2.38/2.69 4.13/4.54 4.33/4.53 4.62 — —
6-Li 2.38/2.60 4.34/4.52 4.43/4.47 4.56 — —
7 222 422 4.16/4.26 3.85 3.50 —
7-Na 2.39/2.63 4.13/4.54 4.30/4.72 4.20 3.61 —
7-Li 2.36/2.62 4.32/4.61 4.47/4.73 4.22 3.48 —
8 222 4.22 4.18/4.28 4.02 3.77 3.69
8-Na 2.36/2.58 4.13/4.50 4.31/4.68 4.36 3.87 3.75
8-Li 2.38/2.65 4.29/4.60 4.54/4.72 4.49 3.84 3.78
9 2.30 4.26 4.33/4.43 4.14 442 —
9-Na 2.39 4.09/4.54 4.39/4.79 4.46 4.48 —
9-Li 2.39 4.09/4.54 4.39/4.79 4.46 4.48 —

“ Separate resonances for axial and equatorial protons are given when resolved. ® H-1 = H-10 and H-2=H-9 in 1.

1R'=R*=R*=H

11

2 R'=CH;,R*=R*=H
1n 12

3 R!=CH,CH,0H,R*=R*=H
1 12

4 R'=CH,CO,H,R*=R*=H
n 12

§ R! =CH,CO,H,R?=H,

1314 15 1617
R3 = C(CH;),CH,C(CH;);

6 R!'=H,R?=OH,R*=H

n

7 R'=H,R*=0CH;,R*=H
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8 R! =H, R?=0CH,CH,0H,R*=H
112

9 R! =H,R?=0CH,COH,

1314 15 1617
R? = C(CH;),CH,C(CH,);

Recently,'3* we reported that the substituted DB14C4 ethers
1-9 are highly rigid molecules in solution. As found in the solid
state,'>22 the benzo groups form the two planar halves of a V
with the bridge propylene units oriented in a pseudo-boat con-
formation (Fig. 1). Substituent groups on CI0 can reside in
either a pseudo-equatorial position, where the dihedral angle
formed with the O—C9 bond of the macrocyclic ring is anti
[Fig. 2(a)], or a pseudo-axial position where the dihedral angle
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Fig. 1 Conformation of substituted dibenzo-14-crown-4 ethers
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Fig. 2 Newman projections along C-9 and C-10 of substituted
DB14C4 ethers

is gauche [Fig. 2(b)]. The preferred position in the uncomplexed
crown ethers is determined by the atom attached to C10. The
substituent occupies the pseudo-axial position when this atom
is oxygen; when this atom is carbon, the pseudo-equatorial con-
former is observed. The first objective of the current study was
to determine the corresponding conformations of 1-9 in the
presence of Li* and Na*.

Previously, we used '"H-'H coupling constants and NOE to
establish the conformation of the sidearms in 1-9.13 Analysis
of the coupling constant data listed in Table 2 and the NOE
data in Table 3 leads to similar conclusions for the lithium and
sodium complexes of 1-9. Referring to the Newman projec-
tions shown in Fig. 2, we examined the vicinal coupling con-
stants between the proton on C10 with the two protons on C9.
The complexes of 2-5 exhibit one larger coupling (J > 5 Hz), as
expected for an anti relationship, and one smaller coupling
(J < 5 Hz), as expected for a gauche interaction. The ROESY
data for the complexes of 2 and 3 exhibit crosspeaks between
the proton on C10 and the equatorial proton on C9, but not to
the axial proton on C9. These results are consistent with con-



Table 2 'H NMR vicinal coupling constants (J/Hz) of sym-dibenzo-14-crown-4 ethers and their complexes with LiClO, and NaClO, in

[*HgJacetone at 303 K
Compound R Joe10 Joa-10 Compound R Joe-10 Joa-10
2 CH;, 4.9 7.1 6 OH 4.7 6.5
2-Na CH; 39 8.8 6-Na OH 0.8 3.7
2-Li CH, 32 9.5 6-Li OH 24 48
3 CH,CH,0OH 4.8 6.6 7 OCH;, 4.9 6.1
3-Na CH,CH,OH 3.5 9.2 7-Na OCH, 1.0 36
3-Li CH,CH,0H 29 9.5 7-Li OCH; 1.2 4.4
4 CH,CO,H a a 8 OCH,CH,0OH 5.1 6.2
4-Na CH,CO,H 39 78 8-Na OCH,CH,OH 1.1 4.0
4-Li CH,CO,H 32 9.5 8-Li OCH,CH,0OH 1.0 4.2
5 CH,CO,H a a 9 OCH,CO,H 5.4 5.4
5-Na CH,CO,H 4.2 9.5 9-Na OCH,CO,H 1.0 3.8
5-Li CH,CO,H 32 9.3 9-Li OCH,CO,H 1.6 4.1

“ Not resolved.

Table 3 Dipolar proton coupling observed in 2-D ROESY spectra of sym-dibenzo-14-crown-4 ether complexes with LiClO, and NaClOQ, in

[*HgJacetone at 303 K

Observed ROE

Compound  Resonance cross-peaks’

Observed ROE
Compound Resonance cross-peaks”’
2-Li 11-H 10 (w)
10-H 9e (w), 11 (w)
9e-H 9a (s), 10 (w)
9a-H 9e (s)
3-Li 12-H 9e (w), 11 (w)
11-H 12 (w)
10-H 9 (W)
9¢-H 9a (s), 10 (w)
9a-H 9e (s)
7-Li 11-H —
10-H 9a (s), %e (i)
9¢-H 9a (s), 10 (i)
9a-H 9e (s), 10 (s)
8-Li 12-H 9a (w), 11 (s)
11-H 12 (s)
10-H 9a (i), 9e (i)
9¢-H 9a (s), 10 (i)
9a-H 9e (s), 10 (i),
12 (w)

2-Na 11-H 10 (i)
10-H 9e (w), 11 (i)
9e-H 9a (s), 10 (w)
9a-H 9e (s)

3-Na 12-H 11 (s)
11-H 10 (i), 12 (s)
10-H 9e (i), 11 (i)
9e-H 9a (s), 10 (i)
9a-H 9e (s)

7-Na 11-H —
10-H 9a (i), 9e (i)
9e-H 9a (s), 10 (i)
9a-H 9e (s), 10 (i)

8-Na 12-H 11 (i)
11-H 12 (i)
10-H 9a (s), 9e (i)
9¢-H 9a (s), 10 (i)
9a-H 9e (s), 10 (s)

s, strong; i, intermediate; w, weak.

former (a) and indicate that the substituent on C10 occupies the
pseudo-equatorial position. The complexes of 6-9 exhibit two
small couplings (J < 5 Hz), consistent with two gauche inter-
actions as in conformer (b) where the sidearm occupies a
pseudo-axial position, which is supported by the ROESY data
for the complexes of 7 and 8 which exhibit crosspeaks between
the proton on C10 and both protons on C9.

In our earlier report,' we noted that a similarity existed
between the conformation of the oxypropylene bridge of
DB14C4 and the chair form of cyclohexane and 1,3-dioxane.
We demonstrated that despite the differences in the overall ring
structure of cyclohexane and DB14C4, a correlation between
13C chemical shifts of C10 with the substituent position for 1-9
could be made, similar to those for axial and equatorial sub-
stituents on chair cyclohexane. The '*C chemical shift correl-
ation for C10in 2, 3, 5, 6 and 9, relative to Cl of 1, with and
without added LiClO, or NaClO,, are listed in Table 5, along
with the corresponding chemical shift correlations for substi-
tuted cyclohexanes. Once again, these data are consistent with
our conclusion of a pseudo-axial orientation for 6-9 which have
an oxygen atom attached at Cl0, and a pseudo-equatorial
orientation for 2-5, which have a carbon substituent at C10.

Having established that the overall conformation of the lig-
ands does not change in the presence of added alkali salts, we
directed our attention to investigating the effect that the side-
arm has on the cation—-macrocycle interaction and on the inter-
action between the sidearm and a complexed cation. Examin-
ation of the 'H chemical shift data (Table 1) shows that all of

the hydrogens of the macrocyclic ring exhibit a shift to lower
field upon addition of LiClO, or NaClO,. This down-field shift
can be interpreted in terms of decreasing electron density in the
macrocyclic ring due to the electron-withdrawing effect of cat-
ion complexation by the oxygens of the crown ether. In general,
the magnitude of the downfield-shifts should correlate with the
strength of the interaction between the cations and crown
ethers.?” For ligands 1-5, the 'H chemical shift changes are
greater for the lithium complexes than for the corresponding
sodium complexes, indicating stronger binding of lithium ion.
For compounds 6-9, however, the 'H chemical shift changes are
similar for lithium and sodium complexes, suggesting similar
binding for these two cations.

Interpretation of the '*C chemical shift data is complicated
by the fact that *C resonances are more sensitive to conform-
ation than 'H resonances.*® Variations in the observed “C
chemical shifts (Table 3) can be indicative of ligand conform-
ational changes as well as electronic effects due to cation bind-
ing. As in the case of the 'H chemical shifts, a downfield shift
of C signals will result from decreasing electron density on
the carbon atom upon cation complexation. However, an
upfield shift can result if the C—-C and C-O bonds undergo
distortional stresses upon complexation.* The different trends
for the C resonances for 1-9 and their complexes, evident in
the data given in Table 2, indicate competing effects on the *C
chemical shifts. The '*C resonances of C1, C3, C4, C7, C8, C10
and Cl11 are shifted upfield for all these ligands upon complex-
ation with either lithium or sodium ion. The resonances of C2
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Table 4 "C chemical shifts of syn-dibenzo-14-crown-4 ethers and the chemical shift chan

NaClO, in [*HgJacetone at 303 K; AJ < 0 depicts a shift to higher field”

ges that occur upon complexation with LiClO, and

dc

Compound ~ C-1 c-2 c3 C-4 c-5 c6 C-7 c-8 c-9 C-10 cll c12
1 30.18 6796 15076  117.35 12269 — — — _ _ _ _
1-Na -0.78 LIS 157 -283  -024 — — — _ _ _ _
1-Li -1.66 206 -353 485 027 — — - — — _ _
2 30.30 6776  150.54  117.40 12275  122.87 11795 15087  73.07 465 1424 —
2-Na —0.69 090 -1.10 -202 -021 -026 -226 —1.19 082  -0.60 -035 _
2-Li ~1.55 185  -287  —4.10 0.14 009  -449  -305 154 -127  -096 —
3 30.27 67.86 15068  117.30 12270 12287  117.89 15091 7170 3713 3262  60.64
3 Na -0.97 130 -162  -287 =027  —036 -317 -172 150 —092  —038 042
3 Li ~1.74 207 -343  —4.67 0.20 003  -511  -355 214 -163 -104 -074
:_ ) 30.31 67.89  150.32 11697 12259 12307 11804 15092  70.87 3612 3315 173.60

Na — — — — — — — — — — _ _
4-Li -1.83 200 -320 -427  -028 0 -517 =362 221 -101  -071  —0.20
5 30.38 67.83 14869 11740 12077 14453 11731  149.50  70.89 36.81 3330 173.63
5 Na -0.39 052 -070 -113  -026  —007 —144 —0.56 058  —037  —006  —-019
5Li -1.43 164  -369 —401  —0.36 047  -466 -243 180 -127  -047  —0.68
6 30.18 68.19 15073 11730 12270 12290  117.90  151.25  73.06  69.57  — —
6-Na -1.02 130 -270 =571  -095 -130 -632 -273  -116 -210  — —
6-Li -1.91 185  -351  -514  —0.19 -042 -604 -362 -039 -277  _ —
7 30.22 6779 15006 11721 12276 12347 11871  151.01  70.54 7903 5799  _
7-Na -L11 108  -230 -543  -076 -125 —647 -267 -091 -255  —015 —
7-Li -2.14 197  -313  -489  -001  -039 -623 -359 —037 -360 -075 —
8 30.30 6778 15004 11720 12219 12351 11874  151.00 7090  77.91 7284  62.34
8-Na -1.26 136  -245  -529 -028 —147 -634 -279 -130 -321 -199  -0.79
8-Li -2.02 207 -316  —479 034  -071  —629  -357 -1.05 -420 -299  —0.65
9 30.18 67.67 14838 11597 12097 14445 11713 14891  70.88 7824 6805  171.97
9_Na -1.02 135 -230 -546 -157 —041 -547 -177 -124 -228  —144 0.69
9Li ~1.61 202 -286 -435  —066 —040 -505 -218 —089 -328  —164 0.89

?Ad¢ for C-2 and C-9 of the Na and Li complexes are shown in bold. ®*C chemical shifts were not obtained due to the low solubility of the

complex in [2H¢]acetone.

Table 5 '*C NMR substituent shift correlations for cyclohexanes, dibenzo-1-4-crown-4 ethers and dibenzo-14-crown-4 ether complexes

Cyclohexane*

Compound R Solvent ax eq Dibenzo-14-crown-4°
2 CH, cDCl, 1.5 6.0 45
2 CH; [2H¢]Acetone 4.5
2-Na CH, [2Hg]Acetone 4.7
2-Li CH, [2H¢]Acetone 49
3 CH,CH,OH CDCl, 6.6
3 CH,CH,0OH [2Hg)Acetone 6.9
3 Na CH,CH,OH [*Hg)Acetone 6.8
3Li CH,CH,0H [*HJAcetone 7.0
4 CH,COH CDCl, 6.5
4 CH,CO,H [*Hg]Acetone 6.0
4-Na CH,CO,H [*HgAcetone c
4-Li CH,CO,H [*Hg]Acetone 6.6
5 CH,CO,H cDCl, 5.9
5 CH,CO,H [PH]Acetone 6.6
5 Na CH,CO,H [2H )Acetone 7.0
5 Li CH,CO,H [*Hg]Acetone 7.0
6 OH CDCl, 39.0 38.6
6 OH [*HglAcetone 43.0 39.4
6-Na OH [PH¢]Acetone 38.1
6-Li OH [H,JAcetone 38.3
7 OCH, CDCl, 470 48.0
7 OCH, [*Hg]Acetone 52.0 48.9
7-Na OCH, [2H,)Acetone 47.1
7-Li OCH, [2H JAcetone 46.8
8 OCH,CH,OH CDCl, 47.0 48.1
8 OCH,CH,OH [HJAcetone 520 417
8-Na OCH,CH,0H [PHg)Acetone 453
8-Li OCH,CH,0H [PH]Acetone 45.2
9 OCH,CO,H CDCl, 46.0 48.5
9 OCH,CO,H [PH)Acetone 52.0 48.1
9-Na OCH,CO,H [2HgAcetone 46.6
9-Li OCH,CO,H [*HgAcetone 46.4

@ AS from unsubstituted cyclohexane. ® Ad from dibenzo-14-crown-4. € *C chemical shifts were not obtained due to the low solubility of the complex
in [*HgJacetone.

2552

J Chem. Soc., Perkin Trans. 2, 1996



and C9 in the lithium and sodium complexes of 1-5 all exhibit
downfield shifts. In 6-9, an upfield shift of C9 was observed in
contrast to the downfield shifts of C2, and this upfield shift
is greater for the sodium complexes than for the lithium
complexes.

These results suggest that 6-9 undergo conformational
changes upon complexation that are having a unique effect at
9. An obvious source of this effect is the sidearm attached to
Cl10. In each of 6-9, the sidearm occupies the pseudo-axial
position and contains an ether group linking it to the macrocy-
clic ring at C10. This ether group presents a potential coordin-
ation site for an ion bound in the crown ether cavity and is, in
fact, coordinated to the sodium cation in the crystalline com-
rlex of sodium dibenzo-14-crown-4-oxyacetate.'” It is reason-
able to conclude from these NMR data that in solution the ether
oxygen on C10 in 6-9 is interacting with the cation complexed
in the crown cavity and that it interacts more strongly with Na*
than with Li*.

Finally, the question remains whether the functionality
(hydroxylic or carboxylic) at C12 in 3, 4, 5, 8 and 9 interacts
with the complexed cation. The pseudo-equatorial orientation
of the sidearm in 3, 4 and 5 precludes intramolecular coordin-
ation.'? On the other hand, it is not unreasonable to look for
interactions with a complexed cation by the terminal function-
ality in 8 and 9. The upfield shifts of C11 in 8 and 9 are larger
than the corresponding shifts in 2-5 and 7. In addition, the
carboxylate carbon in 9 (C12) exhibits a downfield shift, in con-
trast to the upfield shift observed for C12 in 5. Thus, the
hvdroxy group in 8 or the carboxylic acid group in 9 may be
coordinating directly to the cation through oxygen, or alter-
natively, interacting via hydrogen-bonding to the perchlorate
anion of a complexed ion-pair. In either case, participation of
the sidearm in cation complexation is expected to influence
both the selectivity and strength of cation binding by these
lariat ethers.

Conclusion

All the results we have obtained from both 'H and '*C NMR
studies indicate that no overall conformational changes of the
crown ring occur upon complexation of 1-9 with lithium or
sodium perchlorate, and the orientation of the sidearm is the
same in both the free ligands and in the complexes. The prefer-
ence for lithium binding by 1-5 in acetone, as indicated by the
'H chemical shift results, is consistent with the selectivities
reported for DB14C4 ethers in the literature. On the other
hand, the ether oxygen on CI10 in 6-9 provides a secondary
donor group which is known to coordinate to Na* in the solid
state.! The results presented here provide structural evidence
that the ether oxygen on Cl10 in 6-9 coordinates to the com-
plexed cation in solution and that the cation interacts with the
terminal functionality of the sidearm when it is in the pseudo-
axial position, but does not do so when the sidearm is in the
pseudo-equatorial position. The larger size of the sodium ion,
combined with ability of the sidearm in 8 and 9 to wrap around
the complexed cation and provide a larger coordination
environment, provides a basis for rationalizing the selectivity
differences reported for 5 and 9.

Experimental

The preparations of the crown ethers have been reported else-
where.'#1%2 2H Acetone (99.9%) was purchased from the
Cambridge Isotope Laboratory and Aldrich Chemical Com-
pany. Solvents were dried over molecular sieves before use.
LiClO, and NaClO, salts (Aldrich) were recrystallized from
deionized water and dried in vacuo for 24 h at 110 °C before use.

NMR experiments on 1-3 and 5-9 were performed on 100
mM solutions of the crown ethers in [*Hglacetone in 5 mm tubes
on a Bruker MSL-400. Spectra of 4 were obtained on 20 mm

solutions in [*HJacetone. Samples of the complexes were pre-
pared by dissolution of an equimolar quantity of salt in a 100
mM solution of crown ether (20 mMm for 4) in [*Hg]acetone; the
solution of 2-NaClO, was filtered to remove precipitated com-
plex. Chemical shifts were referenced to tetramethylsilane
(TMS). All experiments were conducted at 303 K. 1-D 'H
NMR spectra were obtained at 400.13 MHz using a spectral
width of 4000 Hz over 32 K data points. 1-D "*C spectra were
obtained at 100.613 MHz using a spectral width of 20 kHz over
32 K data points.
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