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Abstract. A series of adamantane functionalized diaza-lariat ethers 1–6 have been prepared and alkali 
metal picrate extraction profiles determined. The ability of aza-crown ethers 1–6 to extract the alkali metal 
picrates was compared with that of diaza-18-crown-6 (7) and N,N '-dibenzodiaza-18-crown-6 (8). Na+ and 
K+ transport across bulk liquid membrane was also measured. The results of alkali metal cation extraction 
experiments showed that lariat ethers 2 and 3, in which the adamantane molecule is linked to the diaza-18-
crown-6 by amine bond, have better complexation abilities for all cations compared to the parent crown 
ethers 7 and 8, as well as a significantly higher selectivity for K+ than diaza-18-crown-6. However, diaza-
lariat ether 1 showed reduced, and 4–6 negligible extractability towards any of the alkali cations. Monte 
Carlo conformational analysis pointed to the importance of conformational flexibility of the investigated 
compounds for their extraction ability of alkali cations.(doi: 10.5562/cca2100) 

Keywords: diaza-bibracchial lariat ethers, adamantane functionalized crown ethers, metal ion 
complexation, metal ion transport, Monte Carlo conformational search 

 
INTRODUCTION 

Since Pedersen discovered crown ethers as a new class of 
compounds with unusually powerful non-covalent cation 
binding properties,1 they have played an important role in 
a number of areas in chemistry, the most notable being 
their application as synthetic receptors for organic and 
inorganic cations, anions and neutral molecules.2 Many 
different modifications of crown ethers, such as changing 
the ring size, the kind of substituents, and the type of 
donor atoms, have been made to enhance their 
complexation properties.3 One of the structural modifica-
tions is the replacement of one or more ether oxygen at-
oms with nitrogen4 as well as the attachment of a side arm 
to the ligand. Such side armed crown ethers have been 
named lariat ethers.5 In addition, there are number of 
papers describing crown ethers which contain a polycyclic 
moiety.6 Incorporation of a rigid polycyclic molecule such 
as cubane,7 pentacycloundecane,8 3,5-disubstituted-4-
oxaheksacy-clo[5.4.1.02,6.03,10.05,9.08,11]dodecane,9 2-
oxaadamantane6b,10 and adamantane10b,11 into crown ethers 
should affect their conformational mobility and 
complexation abilities. The lipophilic polycyclic moiety is 
expected to increase the solubility of crown ethers in non-

polar media and thereby increase their ability for metal ion 
complexation and ion transport. Because of their structural 
characteristics, crown ether compounds exhibit ionophoric 
properties in membranes, behaving very similarly to the 
natural ionophores (such as gramicidin, valinomycin, 
nonactin, etc.) which makes them particularly interesting 
and useful.12 Beyond their traditional place in chemistry, 
their applications in biology include the ability to regulate 
enzyme activity,12,13 interact with and cleave DNA,12,14,15 
and act as antimicrobial agents.14−16 

In this paper we describe the cation binding proper-
ties of six highly lipophilic diaza-18-crown-6 derivatives 
with adamantane moieties attached to the side arms:  
N,N '-bis(1-adamantylmethyl]-4,13-diaza-18-crown-6 (1), 
N,N '-bis[2-(1-adamantyl)ethyl]-4,13-diaza-18-crown-6 
(2), N,N '-bis[3-(1-adamantyl)propyl]-4,13-diaza-18-crown-
6 (3), N,N '-bis(1-adamantanoyl)-4,13-diaza-18-crown-6 
(4), N,N '-bis[1-oxo-2-(1-adamantyl)ethyl]-4,13-diaza-
18-crown-6 (5) and N,N '-bis[1-oxo-3-(1-adamantyl)pro-
pyl]-4,13-diaza-18-crown-6 (6). In diaza-bibracchial 
lariat ethers 1, 2 and 3 the linkage between adamantane 
moieties and diaza-18-crown-6 is accomplished by 
using an alkyl chain of different length while in the 
compounds 4, 5 and 6 by using the amide bond linkage. 

http://dx.doi.org/10.5562/cca2100
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The presence of a C=O linkage should impose rigidity 
and preorganization of the receptor, but is also expected 
to strongly reduce the binding properties of nitrogen 
atom of the macrocyclic ring.11 In the case of methylene 
linkage, complexation ability of nitrogen atom is pre-
served, but the resulting ligand is more flexible. In an 
attempt to rationalize the experimental results and to 
investigate relationship between conformational flexi-
bility and extraction properties of crown compounds 
16, we performed conformational analysis of investi-
gated compounds using Monte Carlo algorithm. This 
kind of calculations has already proven as successful in 
similar investigations.17,18 

 

EXPERIMENTAL 

Extraction Experiments 

The extraction experiments were performed similarly as 
was reported elswere.10,19 Each of the alkali metal (Li+, 
Na+, K+, Rb+, and Cs+) picrates were freshly prepared 
by reacting the respective alkali metal hydroxides, 
M+OH−, with picric acid.19 Li+ picrate was prepared and 
subsequently used in situ due to its high solubility in 
water and EtOH. All other alkali metal picrates were 
isolated and dried prior to use. A 5.0 mM aqueous solu-
tion of all alkali metal picrate was prepared. Reagent 
grade CHCl3 was washed three times with redistilled 
water and then utilized to prepare 5.0 mM solution of 
diaza crown ethers 16. A CHCl3 solution (0.5 mL) of 
the corresponding crown ether was placed into a 5 mL 
screw-top vial, and the aqueous solution of the alkali 
metal picrate (0.5 mL) was added. Another portion of 
the metal picrate solution (0.5 mL) was added to the 
second vial which contained CHCl3 (0.5 mL), and no 
host (blank probe). The vials were stoppered, shaken on 
a Termolyne Maxi-Mix III Type 65800 mixer for 4 min, 
and then allowed to stand at ambient temperature for 1 
h. A 0.1 mL aliquot of the aqueous phase was taken 
with automatic pippete and diluted in volumetric flask 
via addition of redistilled water to a total volume of 10 
mL. UV-Visible spectra were obtained for the two 
solutions, and the percent of picrate extracted in each 
case was calculated from the absorbance measured on 
355 nm. For each combination of crown ether and alkali 
metal picrate, the picrate extraction was conducted on 
five different samples, and the average value of percent 
picrate extracted was calculated.10 In the absence of 
crown ether, no metal picrate extraction was detected. 
 
Transport of Alkali Metal Picrates across Bulk 
Chloroform Membranes 

The transport studies were conducted at ambient 
temperature in „hollow-tube-within-a-vial“ cells as 
reported earlier.10b,20 A hollow glass tube (20 mm ID) 

was suspended vertically within a glass vial (40 mm ID) 
so that the bottom of the glass tube extended below the 
surface of the CHCl3 membrane which separated the 
aqueous source phase (3 mL of 2.510−3 M solution of 
alkali metal picrate in redistilled water) from aqueous 
receiving phase (10 mL of redistilled water). The liquid 
membrane consisted of 10 mL of CHCl3 solution of 
crown ether (c = 0.07510−3 M). The molar ratio of 
crown ether to alkali metal picrate was 1:10. The 
organic phase was stirred at ca. 200 rpm by means of 
internal small magnetic stirring bar. During the first 7 h, 
aliquot of the aqueous receiving phase (3 mL) was taken 
at 1 h intervals, and the concentration of alkali metal 
picrate was determined by recording the UV-visible 
spectra (percent of picrate transported was calculated 
from the absorbance measured on 355 nm with ε = 
14400). The aliquot was returned to the receiving phase 
and transport experiment was continued. Transport rate 
was calculated as a slope of moles of picrate transported 
vs. time data, fitted to a straight line. After the first 7 h 
transport experiment was continued for another 17 h 
(total of 24 h), and the total amount of picrate 
transported in 24 h was determined. 
 
Computational Methods 

Conformational search was performed for compounds 
16 and two referent compounds 7 and 8 using the 
software Macromodel21 which enables efficient con-
formational search of cyclic compounds. The initial 3D 
molecular structures were obtained by submitting the 
smile codes to the online 3D structure generator 
(http://cactus.nci.nih.gov/translate/). Allinger’s MM3 
force field22 was used for parameterization of the mole-
cules and solvent effect was modelled using the gener-
alized Born-solvent accessible surface area continuum 
solvent model (GB/SA) for chloroform.23 For each 
compound, the conformational search was performed 
using at least 20 000 steps of Monte Carlo multiple 
minimum (MCMM) procedure. In each step, generated 
conformation was initially energy minimised using 500 
steps of Polak-Ribière conjugate gradient algorithm. 
The conformations that were found within 20 kJ/mol 
from the energetically most favourable conformation 
were additionally energy minimised using 300 steps of 
Truncated Newton conjugate gradient algorithm. In 
order to make the search as extensive as possible, the 
conformation that has been found the least times 
(within 20 kJ/mol from the most favourable conforma-
tion) was used as the starting one in the subsequent run. 
Even so, some conformations were found several tens 
of times leading to the conclusion that the conforma-
tional space was thoroughly sampled. Gromacs soft-
ware24 was used for cluster analysis which was per-
formed on the set of conformations found within 10 
kJ/mol energy window. 
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RESULTS AND DISCUSSION 

The synthesis of diaza-bibracchial crown ethers 13 was 
based on N-alkylation of diaza-18-crown-6 with the 
corresponding adamantyl tosylates or the coupling reac-
tions with two equivalents of corresponding acyl chlo-
rides followed by reduction of the obtained crown ethers 
4–6 with LiAlH4, as shown on Scheme 1.25 The corre-
sponding adamantyl tosylates and adamantyl acyl chlo-
rides were prepared according literature procedures.26 
All the products were purified by column 
chromatography. It is important to point out that no 
mono-lariat ethers were observed in the reaction 
medium. The prepared lariat crown ethers 1–6 were 
characterized by their IR, 1H NMR, and 13C NMR 

spectral data as well as IR and HRMS. (Supplement  
S2–S20). 

In order to investigate cation binding abilities of 
bibracchial lariat ethers 1–6, extraction experiments 
were carried out by solvent extraction of alkali metal 
picrates from aqueous solution into chloroform. The 
results thereby obtained were compared with the corre-
sponding results for the referent compounds, namely 
diaza-18-crown-6 (7) and N,N '-dibenzodiaza-18-crown-
6 (8). Since picrate ion concentrations can easily be 
determined by UV measurements, extractions of aque-
ous alkali metal picrates were carried out at room tem-
perature with chloroform solutions of diaza-crown 
ethers 1–6. The obtained results are shown in Table 1 
and Figure 1. 

 

Scheme 1. Synthesis of diaza-bibracchial lariat ethers 1–6. 

Table 1. Extractions of alkali picrates with CHCl3 containing diaza-crown ethers 1–8 

Crown ethers(b) Percent of picrate extracted / %(a) 

Li+ Na+ K+ Rb+ Cs+ 

1   8.8 ± 0.3   5.2 ± 0.7   8.2 ± 0.3   6.0 ± 0.5   5.3 ± 0.6 

2 22.5 ± 0.3 37.1 ± 0.7 57.0 ± 0.6 35.8 ± 0.8 39.4 ± 0.8 

3 27.1 ± 0.7 25.0 ± 0.6 44.1 ± 0.7 23.8 ± 0.7 26.5 ± 0.6 

4   0.5 ± 0.3   0.5 ± 0.6   2.1 ± 0.3   1.0 ± 0.5   0.6 ± 0.5 

5   0.3 ± 0.3   0.6 ± 0.4   1.1 ± 0.4   0.5 ± 0.5   2.8 ± 0.3 

6   0.2 ± 0.1   1.0 ± 0.6   0.3 ± 0.1   0.2 ± 0.5   0.5 ± 0.4 

7 23.1 ± 0.5 20.8 ± 0.3 25.4 ± 0.7 10.3 ± 0.3 18.8 ± 0.8 

8 16.3 ± 0.8 17.4 ± 0.7 31.2 ± 0.6   7.5 ± 0.6   8.6 ±0.7 
(a) Defined as percent of picrate extracted into organic phase. Each value is the average of five independent extraction experiments. 
(b) The extraction experiments were performed by using 5×10−3 M CHCl3 solution of the diaza-crown ethers studied and 5×10−3 M 

H2O solution of alkali metal picrates. 
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From the data shown in Table 1 and Figure 1, it is 
obvious that the lariat ethers 2 and 3 with the alkyl 
sidearms showed much better extraction towards all alkali 
cations, particularly K+, compared to the referent 
compounds. They both also showed a significantly higher 
selectivity towards K+ than crown ether 7, but lariat ether 
2 showed slightly lower selectivity for K+ than referent 
compound 8 in contrast to lariat ether 3 where the K+ 

selectivity is similar to the referent N,N '-dibenzodiaza-18-
crown-6 (8). Lariat ether 1, which also contains an alkyl 
sidearm, displays an inferior ability to extract alkali metal 
picrates studied when compared with the extraction of 
model crown ethers 7 and 8. Similarly to the bibracchial 
lariat ether 1, ethers 4–6, with adamantane molecule 
linked through an amide bond, showed very low, almost 
negligible, extractions toward any of the alkali cations 
studied. It is apparent that the binding abilities of lariat 
crown ethers towards alkali metal cations are influenced 
by the chain length of the attached side arms and the type 
of the bonding to the nitrogen atom. This is in accord 
with our previously obtained results for the monosub-
stituted adamantane aza-crown ethers.11 

Since diaza-crown ether 2 displayed a high affinity 
towards Na+, K+, Rb+, and Cs+ cations when compared to 
parent diaza-18-crown-6 (7), we might assume that the 
high extraction is due to the formation of a relatively stable 
complexes with ionophore 2 and the metal cation guests. 
 
Conformational Analysis 

In order to rationalize experimental results, we per-
formed the conformational analysis for the studied 

compounds 1–6. However, it is worth to note that the 
imposed rigidity for the crown ether 5 vs. 2 and 6 vs. 3 
in the solution was observed by 13C NMR spectra of 
those compounds (Figure 2 and Figure 3). Namely, in 
the aliphatic region (46−71 ppm) in the spectra of crown 
ethers 5 and 6 there are 12 different signals correspond-
ing to the carbon atoms C7/7' – C12/12' for diaza-crown 5 
(Figure 2a) and C8/8' – C13/13, corresponding to diaza-
crown ether 6 (Figure 3a). Also there is the difference 
for the carbon atoms in the side-chain, as for C5, C6, C13, 
and C14 of diaza-crown ether 5 (Figure 2a) and C5, C6, 
C7, C14, C15, and C16 of diaza-crown 6 (Figure 3a). 
However, in the 13C NMR spectra of diaza-crown ethers 
2 and 3, only tree signals exist that correspond to the 
carbon atoms C7, C8, and C9 of diaza-crown 2 (Figure 
2b) and C8, C9, and C10 of diaza-crown ether 3 (Figure 
3b). Also, there is no difference in the chemical shifts of 
the equivalent side-chain carbons in 2 (Figure 2b) and 3 
(Figure 3b). Obviously the difference in the two side-
arms as well as in the crown core of the diaza crown 5 
and 6 is due to existence of stable unsymmetrical con-
formers on the NMR time-scale. 

With the goal of investigating conformational 
space of the studied compounds Monte Carlo (MC) 
conformational search was performed. For each com-
pound, 20 000 MC steps were accomplished. Since 
some of the conformers were found several tens of 
times (in some cases even more than hundred times), the 
selected number of steps was considered sufficient for 
extensive MC conformational search. In order to gain 
deeper insight into conformational distribution of inves-
tigated compounds, cluster analysis of MC results was 

 

Figure 1. Extraction of alkali picrates with CHCl3 containing diaza-crown ethers. 
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performed. Special attention was given to the conforma-
tions that have oxygen and nitrogen atoms oriented in 
appropriate positions for binding alkali cation i.e. con-
formations that have oxygen and nitrogen atoms ori-
ented towards the centre of the crown ether ring. Con-
formational flexibility was estimated through number of 
structures found within 10 kJ/mol and 20 kJ/mol energy 
windows and cluster analysis. 

In case of the referent compound 7, conforma-
tional analysis was repeated with increased number of 
MC steps (150 000 steps) since the most favourable 
conformation was found less than dozen times during 
the 20 000 MC steps. However, conformational search 
with increased number of steps resulted with the same 

conformation as the global minimum. That conforma-
tion was found 356 times during the search being the 10 
kJ/mol more stable than any other conformation. This 
result leads to the conclusion that conformational space 
of diaza-18-crown-6 (7) is dominated by one very stable 
and, consequently, very populated conformation  
(1 structure within 10 kJ/mol energy window, 20 struc-
tures within 20 kJ/mol, Table 2). Visual inspection of 
that conformation shows that 4 oxygen atoms are in 
appropriate position for binding alkali cation (Figure 4). 

Conformational analysis of the other referent 
compound, N,N '-dibenzodiaza-18-crown-6 (8), showed 
larger conformational flexibility (94 structures were 
found within 10 kJ/mol energy window, 1214 structures 

Figure 2. Comparison of the 13C NMR spectra of lariat diaza-crown ethers 5 and 2. 
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within 20 kJ/mol energy window, Table 2) than in case 
of diaza-18-crown-6. Structures found within 10 
kJ/mol from the most stable conformation of com-
pound 8 are distributed between 3 clusters. Each clus-
ter can be represented with one cluster-representative 
structure. Visual inspection showed that only one of 
these three structures has appropriate orientation of 
oxygen and nitrogen atoms for complexation of alkali 
cations (Figure 4 and Figure S1 in Supplementary 
Materials). Comparison of these results with the results 
of conformational analysis of diaza-18-crown-6, sug-
gested that in case of N,N '-dibenzodiaza-18-crown-6 
preorganization is necessary for binding alkali cations 
and it can be achieved due to the larger conformational 
flexibility. 

Conformational analysis showed that compounds 
2 and 3 have larger conformational flexibility than the 
referent compounds 7 and 8 (178 and 113 structures 
were found within 10 kJ/mol energy window, Table 2), 
and the conformations with oxygen and nitrogen atoms 
oriented towards the centre of the crown ether ring are 
highly present within the most stable conformations 
(Table 2, Figure 4). Cluster analysis of the conforma-
tions found within 10 kJ/mol of the most stable confor-
mation resulted with 3 clusters in case of compound 2 
and 6 clusters in case of compound 3. Visual inspection 
identified 2 out of 3 cluster-representatives in case of 
compound 2 (Figure 4 and Figure S1 in Supplementary 
Materials) and 4 out of 6 cluster-representatives in case 
of compound 3 (Figure 4 and Figure S1 in Supplemen-

Figure 3. Comparison of the 13C NMR spectra of lariat diaza-crown ethers 6 and 3. 
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tary Materials) as the structures capable of binding al-
kali cations due to orientation of oxygen and nitrogen 
atoms. Cluster analysis showed that these structures 
represent 25 % and 53 % of the conformations found 
within 10 kJ/mol energy window in cases of compounds 
2 and 3, respectively. These results lead to conclusion 
that in cases of compounds 2 and 3, the conformations 
with oxygen and nitrogen atoms in appropriate orienta-
tions for complexation of alkali cations are present and, 
due to the large conformational flexibility, any preor-
ganization that might be needed for cation binding can 
easily occur. Consequence is that these compounds have 
larger complexation ability of alkali cations than the 
referent compounds 7 and 8 (Table 1, Figure 1). 

Conformational analysis of compounds 1 and 46 
revealed that these compounds have significantly lower 
conformational flexibility than the compounds 2 and 3, 
and lower conformational flexibility than dibenzodiaza-
crown 8 (Table 2). Conformational flexibility of com-
pound 1 is decreased due to size of the linker through 
which adamantyl unit is attached to the crown ether 

ring. Planarity and rigidity of amide bond present in the 
linker decrease conformational flexibility of compounds 
46. These results are in accordance with the 13C NMR 
spectra where stable unsymmetrical conformation was 
observed in cases of compounds 4−6, while in cases of 
compounds 2 and 3 an average conformation was ob-
served due to fast exchange of plenty different confor-
mation (Figures 2 and 3). Cluster analyses of conforma-
tional searches of compounds 1 and 4−6 showed that 
conformations with oxygen and nitrogen atoms in ap-
propriate orientation for complexation of alkali cations 
are rarely present within the most stable conformations 
(Figure S1). In case of compounds 46, conformations 
in which carbonyl oxygen from amide group is pointed 
towards ether ring were not found by the conformational 
searches (Figure S1). The later result suggests that car-
bonyl oxygen atom most probably does not participate 
in the binding of alkali cations. Thus, due to low con-
formational flexibility and low presence of stable preor-
ganized conformations, compounds 1 and 46 have 
significantly lower ability of extraction of alkali cations 

Table 2. Monte Carlo conformational search of compounds 1−6 and referent compounds 7−8 

Crown 
ethers 

NS(a) within 
10 kJ/mol 

NS(b) within 
20 kJ/mol 

N of 
clusters(c) 

Conform. represented 
by each cluster (%)(d) 

Conf. energy(e) 
(kJ/mol) 

Solv. energy(f) 
(kJ/mol) 

1 46 513 2 
1-A 89 % 
1-B 11 % 

482.5 −55.2 
       

2 178       1517 3 
2-A 75 % 
2-B 24 % 
  2-C 1 % 

477.7 −66.8 

       

3 113 878 6 

3-A 43 % 
3-B 25 % 
3-C 15 % 
3-D 12 % 
   3-E 3 % 
   3-F 2 % 

479.9 −65.6 

       

4 6 160 3 
4-A 66 % 
4-B 17 % 
4-C 17 % 

495.3 −67.2 

       

5 44 652 3 
5-A 68 % 
5-B 27 % 
  5-C 5 % 

461.4 −72.4 

       

6 43 581 3 
6-A 58 % 
6-B 30 % 
6-C 12 % 

457.0 −77.4 

       

7 1   20 1       7-A 100 % 266.4 −40.3 
       

8 94       1214 3 
8-A 90 % 
   8-B 9 % 
   8-C 1 % 

314.12 −69.1 

    

(a) Number of structures found within the energy window of 10 kJ/mol. 
(b) Number of structures found within the energy window of 20 kJ/mol. 
(c) Number of clusters found by the cluster analysis of the structures found within the energy window of 10 kJ/mol. 
(d) Percentage of conformations found within the energy window of 10 kJ/mol that are represented by each cluster; cluster struc-

tures have the same names as on the Figure S1 in Supplementary Materials. 
(e) Force field energy of the energetically most favorable conformation found by the MC search. 
(f) Solvation energy in chloroform for the energetically most favorable conformation. 
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comparing to compounds 2 and 3 and lower extraction 
ability comparing to the referent compounds 7 and 8 
(Table 1). 

Since adamantane-functionalized receptors 2 and 3 
showed a good ability to extract potassium and sodium 
cations we wanted to explore their transport abilities 
towards these two cations. How effectively the cation is 
transported with the host compound depends on how 
well it fits into the macrocyclic cavity and how easily it 

can leave the host carrier at the membrane interface.20,27 
The transport ability was studied using organic liquid 
membrane (H2O-CHCl3-H2O) and compared with crown 
ethers 7 and 8. We also studied the transport rates for 
sodium and potassium picrate (jc, in mol h−1), and the 
results are shown in Table 2. 

A plot of moles of cation transported into aqueous 
phase vs. time was constructed for each carrier-
containing system. Linear concentration increase in the 

Figure 5. Transport of KPy through CHCl3 membrane con-
taining diaza-crown ethers 2, 3, diaza-18-crown-6 (7) and 
N,N '-dibenzo-diaza-18-crown-6 (8). 

Figure 6. Transport of NaPy through CHCl3 membrane con-
taining diaza-crown ethers 2, 3, diaza-18-crown-6 (7) and 
N,N '-dibenzo-diaza-18-crown-6 (8). 

2-B 2-C 3-B 3-C 

 

3-D 3-F 7-A 8-B 

 

 

Figure 4. Cluster representative structures with oxygen and nitrogen atoms oriented towards the centre of the crown ether ring 
obtained by the cluster analysis of the conformations found within 10 kJ/mol energy window of the compounds: 2, 3, 7 and 8. In 
case of compound 7, the only conformation that was found within 10 kJ/mol energy window is shown. Cluster structures have the 
same names as in the Table 4 and on the Figure S1 in Supplementary Materials. 
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receiving phase with increasing time was observed 
throughout the first 7 hours (Figures 5 and 6). In each 
case, the transport rate (jc) was obtained from the slope 
of the line. Similar linear increase in salt concentration 
in the receiving phase with increasing time was reported 
earlier.10b,20 

Although bibracchial lariat ethers 2 and 3 are supe-
rior to diaza-18-crown-6 (7) and N,N '-dibenzodiaza-18-
crown-6 (8) as alkali metal picrate extracting agents, the 
results obtained from transport experiments (Table 3, 
Figures 5 and 6) showed that the transport rates with 
lariat ethers 2 and 3 for Na+ are lower compared to the 
referent compounds 7 and 8. The transport rates for K+ 

obtained with 2 and 3 are slightly larger than for the 
crown ether 8, but significantly lower than for the refer-
ent compound 7. However, the differences in the 
transport rates of K+ vs. Na+ picrates for both receptors, 2 
and 3, are pronouncedly larger (≈ 4 times, Table 3) com-
pared to the referent crown ethers 7 and 8 and therefore, 
these compounds could be suitable for the selective 
transport of K+. 
 
CONCLUSIONS 

A series of bibracchial lariat ethers 1−6, with the 
adamantyl moiety as a part of the side-arm, has been 
synthesized and their cation-binding abilities have been 
assessed via their ability to extract alkali metal ions in 
comparison with the model compounds diaza-18-crown-6 
(7) and N,N '-dibenzodiaza-18-crown-6 (8). The results 
obtained by extraction experiments showed that the 
bibracchial lariat ethers 4, 5 and 6, in which the linkage 
of the adamantane side-arm to the diaza-18-crown-6 is 
realized by an amide bond, exhibited practically no ex-
traction capabilities towards any of the alkali metal cati-
ons studied. However, lariat ethers 2 and 3, in which the 
adamantane side-arm is linked to the diaza-18-crown-6 
by an amine bond, showed enhanced extraction capabili-
ties for all cations compared to the parent crown ethers 7 
and 8 as well as a significantly higher selectivity for K+ 
than diaza-crown 7. Conformational analysis suggested 

that the differences in cation-binding abilities of investi-
gated compounds are mostly caused by the differences in 
their conformational flexibility. Compounds with higher 
conformational flexibility (estimated through number of 
structures found within 10 kJ/mol and 20 kJ/mol energy 
windows and cluster analysis) have larger extraction 
ability of alkali cations. Conformational analysis also 
showed that the presence of the amide group as the side 
arm linker decreases conformational flexibility of the 
compounds and, consequently, decreases their extraction 
abilities. The results obtained from the transport experi-
ments showed that the transport rates of lariat ethers 2 
and 3 for K+ are larger than for the N,N '-dibenzodiaza-18-
crown-6 (8), but significantly lower than for the diaza-18-
crown-6 (7). On the other hand, the differences in the 
transport rates of K+ vs. Na+ picrates, for both 2 and 3, are 
pronouncedly larger when compared to the referent 
crown ethers 7 and 8, what makes these compounds suit-
able for the selective transport of K+. 

Supplementary Materials. – Supporting informations to the 
paper are enclosed to the electronic version of the article: 
Experimental procedures for the preparation of crown com-
pounds 1–6, and 1H and 13C NMR spectra of all prepared 
compounds. These data can be found on the website of 
Croatica Chemica Acta (http://public.carnet.hr/ccacaa). 
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