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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 13C 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 I and 2 metals by 
synthetic ionophores'~~ owes much to the discovery of crown 
ethers and related macrocyclic compounds.4-6 The subsequent 
development of lariat ethers and ionizable lariat ethers was 
driven by efforts to increase both binding strength and ion- 
specifi~ity.~-' 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; 'J' 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 ~av i ty .~* '~* '~  Both inter- and intra-molecular interactions can 
compete for binding with a complexed ~ a t i o n . ' ~ , ' ~  In a continu- 
ing effort to better understand cation binding by ionizable lariat 
elhers, we have been investigating the conformational prefer- 
ences of lariat ethers based on the rigid dibenzo-14-crown-4 
framework; I 2 3 l 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 te~hnology.'~ The 14-crown-4 system has 
rcceived particular attention 'J'-~' because of its nearly optimal 
cilvity size for complexation of the lithium ~ a t i o n . ~ * ' * ' ~ * ~ ~  Within 
the 14-crown-4 ether family, dibenzo- 14-crown-4 (DB 14C4) 
and its derivatives are known to be highly preorganized for 
cation complexation; 216*22 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. H20, 
Li' or Na+).'2v2'i22 This arrangement provides a particularly 
artractive 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 c~ord ina t ion .~~  

Numerous sym-DB 14C4 lariat ethers bearing proton- 
ionizable sidearms have been studied for the selective complex- 

i Abbreviations: 14-crown-4: 1,4,8, I 1 -tetraoxacyclotetradecane; 
dibenzo-14-crown-4: 6,7,8,15,16,17-hexahydrodibenzo[h,i~[ 1,4,8, I I]- 
tetraoxacyclotet radecine. 

ation and extraction of l i t h i ~ m . ~ , ~ ~ ~ ~  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'3u and of DB14C4 ethers and their complexes in the 
solid state,'292' 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-tert-octyl benzo- 14-crown-4-acetic acid 
(tert-octyl = 1,1,3,3-tetramethyIbutyI) exhibits lithium selectiv- 
i ty, whereas bis-tert-octyl benzo- 14-crown-4-oxyacetic acid 
extracts sodium and potassium preferentially over lithium 26 

(compounds 5 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.16b 
Previous work has shown NMR to be a powerful tool for study- 
ing the conformations of lariat ethers and their complexes in 
~ o l u t i o n . ' ~ ~ ~ ~  In a continuation of our previous conformational 
study of DB 14C4 lariat ethers,13' we have investigated the com- 
plexation of the lariat ethers 1-9 with lithium and sodium ions 
in solution by 'H and I3C NMR spectroscopy. 

Results and discussion 
The 'H and I3C NMR spectra of the compounds 1-9 were 
recorded in ['H,]acetone, 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 C1, C2, C9, C10, C1 I 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.Z8 2-D ROESY experi- 
ments were used to obtain the dipolar proton coupling data 
shown in Table 3. The complete I3C assignments (Table 4) were 
made using DEPT and/or HETCOR. 

J Chem. SOC., Perkin Trans. 2, 1996 2549 



Table 1 'H chemical shifts of 1-9 and their complexes with LiCIO, and NaCIO, in ['Hdacetone at 303 K 

Compound I -Ha 2-H a 9-H a 10-H 1 I-H 12-H 

1 
I-Na 
1-Li 
2 
2-Na 
2-Li 
3 
3-Na 
3-Li 
4 
4-Na 
4-Li 
5 
5-Na 
5-Li 
6 
6 N a  
6 L i  
7 
7-Na 
7-Li 
8 
8-Na 
8-Li 
9 
9-Na 
9-Li 

2.18 
2.39 
2.52 
2.19 
2.2812.48 
2.4012.59 
2.18 
2.2812.48 
2.6812.49 
2.21 
2.3812.27 
2.53 
2.19 
2.3112.22 
2.5412.40 
2.21 
2.3812.69 
2.3812.60 
2.22 
2.3912.63 
2.3612.62 
2.22 
2.3612.58 
2.3812.65 
2.30 
2.39 
2.39 

4.24 
4.32 
4.48 
4.2114.25 
4.2 114.36 
4.3414.58 
4.22 
4.2014.42 
4.3614.60 
4.23 
4.2514.32 
4.3614.62 
4.25 
4.2414.26 
4.3414.53 
4.2014.24 
4.1314.54 
4.3414.52 
4.22 
4.1314.54 
4.32l4.61 
4.22 
4.1314.50 
4.2914.60 
4.26 
4,0914.54 
4.0914.54 

b 
h 
h 
4.0414.16 
4.0614.23 
4.1614.42 
4.18 
4.0714.38 
4.2514.59 
4.23 
4.1914.34 
4.3414.57 
4.1614.25 
4.22l4.3 5 
4.3614.59 
4.1614.26 
4.3314.53 
4.4314.47 
4.1614.26 
4.3014.72 
4.4714.73 
4.1814.28 
4.3114.68 
4.5414.72 
4.3314.43 
4.3914.79 
4.3914.79 

b 
b 
h 
2.34 
2.57 
2.78 
2.43 
2.70 
2.92 
2.67 
2.85 
3.14 
2.67 
2.80 
3.07 
4.25 
4.62 
4.56 
3.85 
4.20 
4.22 
4.02 
4.36 
4.49 
4.14 
4.46 
4.46 

- 
- 
- 
1.14 
1.13 
1.18 
1.81 
1.74 
1.80 
2.67 
2.65 
2.69 
2.67 
2.65 
2.68 
- 
- 
- 
3.50 
3.61 
3.48 
3.77 
3.87 
3.84 
4.42 
4.48 
4.48 

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

, R3 

1 

1 R 1 t R 2 = R 3 = H  

2 R1=CH3,RZ=R3=H 

3 R' = CH~CHZOH, R2 = R3 = H 

4 R' = CHZC%H, R2 = R3 = H 

5 R' = CHZC@H, R2 =H, 

I I  

11 12 

I 1  12 

I1  12 

13 14 15 16 17 
R3 = C(CH~)~(=H~C(CHH,), 

6 R1=H.R2+OH,R3=H 

7 R' = H, R2=OCH3. R3 = H 

8 R' = H. R2 = OCH~CHZOH, R3 = H 

9 R' = H, R2 = OCH2C~H,  

R3 = C ( ~ 3 ) 2 C H 2 C ( ~ 3 ) ,  

11 

11 12 

11 12 

13 14 IS 16 17 

Re~ently,'~" we reported that the substituted DB14C4 ethers 
1-9 are highly rigid molecules in solution. As found in the solid 
state,1u1* 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 C10 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 

Fig. 1 Conformation of substituted dibenzo-14-crown-4 ethers 

fi'0 B 

(4 (b) 

Fig. 2 Newman projections along C-9 and C-10 of substituted 
DB 14C4 ethers 

is gauche [Fig. 2(6)]. 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- 
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Table 2 'H NMR vicinal coupling constants (JIHz) of symdibenzo-l4-crown-4 ethers and their complexes with LiClO, and NaClO, in 
[2H6Jacetone at 303 K 

Compound R Compound R J9e-10 J!h-lO 

2 
2-Na 
2-Li 
3 
3-Na 
3-Li 
4 
4-Na 
4-Li 
5 
5-Na 
5-Li 

CH3 
CH3 
CH3 
CHzCH2OH 
CHZCHZOH 

CH2COzH 
CH2C02H 
CH2COzH 
CH2COZH 
CH2COzH 
CHZCOZH 

CH2CH10H 

4.9 
3.9 
3.2 
4.8 
3.5 
2.9 

3.9 
3.2 
a 
4.2 
3.2 

U 

7.1 
8.8 
9.5 
6.6 
9.2 
9.5 

7.8 
9.5 
a 
9.5 
9.3 

U 

6 
6 N a  
6 L i  
7 
7-Na 
7-Li 
8 
8-Na 
8-Li 
9 
9-Na 
9-Li 

OH 
OH 
OH 
OCH3 
OCHl 

OCH2CH20H 
OCH2CH20H 
OCH2CHzOH 
OCH2COzH 
OCH2C02H 

OCH3 

OCH2COZH 

4.7 
0.8 
2.4 
4.9 
1 .o 
1.2 
5.1 
1.1 
1 .o 
5.4 
1 .o 
1.6 

6.5 
3.7 
4.8 
6.1 
3.6 
4.4 
6.2 
4.0 
4.2 
5.4 
3.8 
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 NaClO, in 
[2H6]acetone at 303 K 

Observed ROE Observed ROE 
Compound Resonance cross-peaks" Compound Resonance cross-peaks' 

2-Li 11-H 
10-H 
9e-H 
9a-H 

3-Li 12-H 
11-H 
10-H 
9e-H 
9a-H 

7-Li 1 I-H 
10-H 
9e-H 
9a-H 

8-Li 12-H 
11-H 
10-H 
9e-H 
9a-H 

2-Na 11-H 
10-H 
9e-H 
9a-H 

3-Na 12-H 
11-H 
10-H 
9e-H 
9a-H 

7-Na 1 I-H 
10-H 
9e-H 
9a-H 

8-Na 12-H 
11-H 
10-H 
9e-H 
9a-H 

10 (i) 
9e (w), 11 (i) 
9a (s), 10 (w) 
9e 6) 
11 6) 
10 (i), 12 (s) 
9e (i). 11 (i) 
9a (s), 10 (i)  
9e 6) 
9a (i), 9e (i) 
9a (s), 10 (i) 
9e (s), 10 (i) 
1 1  (i) 
12 (i) 
9a (s), 9e (i) 
9a (s), 10 (i) 
9e (s), 10 (s) 

- 

a 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 C  5 Hz), consistent with two gauche inter- 
actions as in conformer (6) 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,13* 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 I3C chemical shift correl- 
ation for C10 in 2, 3, 5, 6 and 9, relative to Cl of 1, with and 
without added LiC104 or NaCIO,, 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 C10, and a pseudo-equatorial 
orientation for 2-5, which have a carbon substituent at CIO. 

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 I )  shows that all of 

the hydrogens of the macrocyclic ring exhibit a shift to lower 
field upon addition of LiCIO, or NaCIO,. 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.29 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 I3C chemical shift data is complicated 
by the fact that I3C resonances are more sensitive to conform- 
ation than 'H  resonance^.^' Variations in the observed I3C 
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 13C 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-0 bonds undergo 
distortional stresses upon comple~ation.~~ The different trends 
for the I3C resonances for 1-9 and their complexes, evident in 
the data given in Table 2, indicate competing effects on the I3C 
chemical shifts. The I3C resonances of C1, C3, C4, C7, C8, C10 
and C11 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 13C chemical shifts of syn-dibenzo-14-crown-4 ethers and the chemical shift changes that occur upon complexation with LiCIO, and 
NaCIO, in ['H,]acetone at 303 K; Ad < 0 depicts a shift to higher field" 

6, 

Compound C-1 c-2  c -3  c -4  c -5  C-6 c -7  c-8 c -9  c-10 c-11 c-12 

1 
I-Na 
1-Li 
2 
2-Na 
2-Li 
3 
3-Na 
3-Li 
4 
4-Na 
4-Li 
5 
5-Na 
5-Li 
6 
6 N a  
6-Li 
7 
7-Na 
7-Li 
8 
8-Na 
8-Li 
9 
9-Na 
9-Li 

30.18 
-0.78 
-1.66 
30.30 
- 0.69 
-1.55 
30.27 
- 0.97 
-1.74 
30.31 
- 
- 1.83 
30.38 

-0.39 
- 1.43 
30.18 

-1.02 
-1.91 
30.22 
-1.11 
-2.14 
30.30 

-1.26 
-2.02 
30.18 
- 1.02 
-1.61 

67.96 
1.15 
2.06 

67.76 
0.90 
1.85 

67.86 
1.30 
2.07 

67.89 

2.01 
67.83 
0.52 
1.64 

68.19 
1.30 
1.85 

67.79 
1.08 
1.97 

67.78 
1.36 
2.07 

67.67 
1.35 
2.02 

- 

150.76 
-1.57 
-3.53 
150.54 
-1.10 
-2.87 
150.68 
-1.62 
-3.43 
150.32 

-3.20 
148.69 
-0.70 
-3.69 
150.73 
-2.70 
-3.51 
150.06 
-2.30 
-3.13 
150.04 
-2.45 
-3.16 
148.38 
-2.30 
-2.86 

- 

1 17.35 
-2.83 
-4.85 
117.40 
-2.02 
-4.10 
117.30 
-2.87 
-4.67 
116.97 

-4.27 

-1.13 
-4.01 
117.30 
-5.71 
-5.14 
117.21 
- 5.43 
-4.89 
117.20 
-5.29 
-4.79 
115.97 
- 5.46 
-4.35 

- 

1 17.40 

122.69 
-0.24 

0.27 
122.75 
-0.21 

0.14 
122.70 
-0.27 

0.20 
122.59 
- 

-0.28 
120.77 
- 0.26 
-0.36 
122.70 
-0.95 
-0.19 
122.76 
-0.76 
-0.01 
122.19 
-0.28 

0.34 
120.97 
-1.57 
-0.66 

- 
- 

- 
122.87 
-0.26 

0.09 
122.87 
-0.36 

0.03 
123.07 

0 
144.53 
-0.07 

0.47 
122.90 
-1.30 
-0.42 
123.47 
- 1.25 
- 0.39 
123.51 
- I .47 
-0.71 
144.45 
-0.41 
-0.40 

- 

- 
- 
- 

117.95 
-2.26 
-4.49 
117.89 
-3.17 
-5.11 
118.04 

-5.17 
117.31 
-1.44 
-4.66 
I 17.90 
- 6.32 
-6.04 
118.71 
-6.47 
-6.23 
118.74 
-6.34 
-6.29 
117.13 
-5.47 
-5.05 

- 

- 
- 
- 

150.87 
-1.19 
-3.05 
150.91 
-1.72 
-3.55 
150.92 
- 
-3.62 

-0.56 
-2.43 
151.25 
-2.73 
-3.62 
151.01 
-2.67 
-3.59 
151.00 
-2.79 
-3.57 
148.91 
-1.77 
-2.18 

149.50 

- 

- 
- 
73.07 
0.82 
1.54 

71.70 
1.50 
2.14 

70.87 

2.21 
70.89 
0.58 
1.80 
73.06 
-1.16 
-0.39 
70.54 
-0.91 
-0.37 
70.90 
-1.30 
- 1.05 
70.88 

-1.24 
-0.89 

- 

- 
- 
- 
34.65 
- 0.60 
-1.27 
37.13 

-0.92 
-1.63 
36.12 

-1.01 
36.8 1 

-0.37 
- 1.27 
69.57 
-2.10 
-2.77 
79.03 
-2.55 
-3.69 
77.91 
-3.21 
-4.20 
78.24 
-2.28 
-3.28 

- 

- 
- 
- 
14.24 

-0.35 
-0.96 
32.62 

-0.38 
-1.04 
33.15 

-0.71 
33.30 

-0.06 
-0.47 

- 

- 
- 
- 
57.99 
-0.15 
-0.75 
72.84 
-1.99 
-2.99 
68.05 

-1.44 
-1.64 

- 
- 
- 
- 
- 
- 
60.64 
-0.42 
-0.74 
173.60 

-0.20 
173.63 
-0.19 
-0.68 

- 

- 
- 
- 
- 
- 
- 

62.34 
-0.79 
-0.65 
171.97 

0.69 
0.89 

" Adc for C-2 and C-9 of the Na and Li complexes are shown in bold. 13C chemical shifts were not obtained due to the low solubility of the 
complex in [ZH,]acetone. 

Table 5 13C NMR substituent shift correlations for cyclohexanes, dibenzo-1-4-crown4 ethers and dibenzo-14-crown-4 ether complexes 

Cyclohexane" 

Compound R Solvent ax eq Dibenzo-14-crown4 

2 
2 
2-Na 
2-Li 
3 
3 
3-Na 
3-Li 
4 
4 
4-Na 
4-Li 
5 
5 
5-Na 
5-Li 
6 
6 
6-Na 
6-Li 
7 
7 
7-Na 
7-Li 
8 
8 
8-Na 
8-Li 
9 
9 
9-Na 
9-Li 

CH, 
CH, 
CH3 
CH3 
CH,CH,OH 
CH,CH,OH 
CH,CH,OH 
CH,CH,OH 
CH,C02H 
CH2C02H 
CH,CO,H 
CH,CO,H 
CH,CO,H 
CH,CO,H 
CH,CO,H 
CH,CO,H 
OH 
OH 
OH 
OH 
OCH, 
OCH, 
OCH, 
OCH, 
OCH,CH,OH 
OCH,CH,OH 

OCH,CH,OH 
OCH,CO,H 
OCH,CO,H 
OCH,CO2H 
OCH,CO,H 

OCH2CH20H 

CDCI, 

['Hd Acetone 
['Hd Acetone 
CDCI, 

[2H,]Acetone 

[2H,]Acetone 
[ZH,]Acetone 
[2H,]ACetOne 
CDCl, 
['HdAcetone 

['Hd Acetone 
CDCl, 

[2H,]ACetOne 

[2H,]Acetone 
[ZH,]Acetone 

[2H,]Acetone 

[?HdAce tone 
CDCI, 

['Hd Acetone 
['HJ Acetone 
CDCI, 
['Hd Acetone 

['H,]Acetone 
CDCI, 

['H,]Ace tone 

CDCI, 

['H,]Ace tone 

[2H,]Acetone 

[2H,]Acetone 

[ZH,]Acetone 
['Ha] Acetone 
[2H,]Acetone 

1.5 6.0 4.5 
4.5 
4.7 
4.9 
6.6 
6.9 
6.8 
7.0 
6.5 
6.0 

6.6 
5.9 
6.6 
7.0 
7.0 

39.0 38.6 
43.0 39.4 

38.1 
38.3 

47.0 48.0 
52.0 48.9 

47.1 
46.8 

47.0 48.1 
52.0 47.7 

45.3 
45.2 

46.0 48.5 
52.0 48.1 

46.6 
46.4 

c 

&5 from unsubstituted cyclohexane. Ad from dibenzo-l4-crown-4. 13C chemical shifts were not obtained due to the low solubility of the complex 
in [2H6]acetone. 
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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 
c:om plexes. 

These results suggest that 6-9 undergo conformational 
changes upon complexation that are having a unique effect at 
C9. An obvious source of this effect is the sidearm attached to 
C10. 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 
fhct, coordinated to the sodium cation in the crystalline com- 
plex of sodium dibenzo- 14-crown-4-oxyacetate. '2b 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- 
ai:ion.lB On the other hand, i t  is not unreasonable to look for 
iriteractions 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 
hydroxy 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 
A91 the results we have obtained from both 'H and 13C 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 C10 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 C10 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. 

Experiment a1 
The preparations of the crown ethers have been reported else- 
 here.'^*'^*^ TH,]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 NaCIO, salts (Aldrich) were recrystallized from 
deionized water and dried in VCIC'UO 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 ['H,]acetone in 5 mm tubes 
on a Bruker MSL-400. Spectra of 4 were obtained on 20 mM 

solutions in [ZH,]acetone. Samples of the complexes were pre- 
pared by dissolution of an equimolar quantity of salt in a 100 
mM solution of crown ether (20 mM for 4) in [2H,]acetone; the 
solution of 2-NaCI0, 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 13C spectra were 
obtained at 100.613 MHz using a spectral width of 20 kHz over 
32 K data points. 
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