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The high-pressure SNAr reaction was first applied to the synthesis of 
new functionalized diaza-crown ethers, which are directly connected 
to various heteroaromatic substituents as cation binding sites. The 
yields of the reaction were moderate to excellent (51% to 
quantitative). In a CHzClz liquid membrane cation-transport 
experiment, diaza-crown ethers having 2'-thiazoyl-, 2'-benzoxazoyl-, 
2'-pyrazinyl-, and 6'-pyridazinyl groups exhibited almost perfect Ag + 

ion selectivity. Cation extraction and "C-NMR titration experiments 
revealed that attachment of heteroaromatics to the diaza-crown ring, 
if in the proper position, provides excellent Ag+ ion specificity. Since 
the binding and transport selectivity of these crown ethers were higher 
than those of the known crowns, the high-pressure technique proved 
a useful method for synthesis odf a new type of specific crown ethers. 
Single crystals of the complexes of diaza-crown ethers with silver 
trifluoromethanesulfonate (AgO,SCF,): AgTf and the corresponding 
metal-free diaza-crown compounds were successfully prepared. The 
short Ag + * - Ag+ distances (2.790 and 2.969 A) in the Ag complexes 
were confirmed for these Ag complexes by X-ray crystallography. 

INTRODUCTION 

Aza-crown compounds show quite different features 
from those of the conventional crown ethers. This is 
due not only to the soft nitrogen atoms themselves in 
the crown rings, but also to the fact that several 
functional groups can be introduced. Therefore, 
aza-crown compounds are expected to bind soft 
cations such as Ag' or Cu2+ rather than hard alkali 
metal or alkali earth metal cations. Though various 
attempts have been made, aza-crown ethers to which 
aryl and heteroaryl groups are directly connected to 
the ring nitrogen atoms are rarely known. We first 
applied the high-pressure t e c h n i q ~ e ' , ~ * ~  to the synthesis 
of these new functionalized diaza-crown ethers4*' 
which incorporated various heteroaromatic functional 
groups as cation binding sites. The yields were 
moderate to quantitative. 

Transport experiments and extraction  experiment^^.^ 
confirmed the almost perfect selectivity towards Ag +. 
X-ray diffraction analysis was also performed on two 
silver trifluoromethanesulfonate (AgTf) complexes 
of 2a and 2b,6 and on the corresponding metal ion 
free diaza-crowns. The features of the 13C-NMR 
spectrum of the Ag complexes showed good agreement 
with the X-ray structure determination. 

RESULTS AND DISCUSSION 

Synthesis of new functionalized aza-crown ethers 
A variety of functionalized diaza-crown ethers were 
readily prepared from commercially available diaza- 
crown ethers (Scheme 1). The yields are summarized 
in Table 1. Generally the reaction gave 15-, 18- and 
21 -membred diaza-crown ethers as well as piperazine 
derivatives in moderate to excellent yields. We also 
tried this S,Ar reaction under ordinary pressure for 
comparison. When diaza-crown lb,  2-bromothiazole 
and triethylamine were reacted in a sealed tube, less 
than 2% yield of 2b was obtained. The earlier methods 
(ring closure after introduction of functional group) 
required high dilution conditions and additional 
procedures, and the products were obtained in lower 
yields. Thus, our procedure would afford a convenient 
method for construction of the unique aza-crown 
ethers and ligand topologies. 

0.8 GPa, 100°C. 3-6 days 

NE$ I THF 
HN + ArX 
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Table 1 Structure and yields (Yo, in parentheses) of diaza-crown compounds 

n 
Ar-N N-Ar 

W 

Ar n = I  n = 2  n = 3  

-H la  lb  l c  Id 

2a (89) 2b (82) 2€ (92) 

3a (100) 3b (74) - 

4a (95) 4b (64) - 

5a (82) 5b (86) - 

6a (80) 6b (81) - 

7a (95) 7b (77) - 

8a (83) 8b (85) - 

9a (92) 9b (79) - 

Structures of 2a and 2b and their silver complexes 
Transport, extraction and 3C-NMR experiments on 
these diaza-crown ethers towards metal ions were 
carried Our new functionalized compounds 
exhibited almost perfect Ag + ion selectivity. Changes 
in 3C-NMR chemical shifts when silver perchlorate 
was added are suggestive of the binding sites and their 
make-up. After several attempts we succeeded in 
isolating single crystals of two silver ion complexes, 
the AgTf complex of 2a and 2b (Fig 1). Interestingly, 
they had 1:2 complex structures of crown and silver 
salts. The manner of attachment of the siler ions 
showed quite good agremeent with 13C-NMR results. 
The binding sites of the two functionalized diaza- 
crown ethers to silver atoms were two nitrogen atoms 
of the crown-ring and an additional two thiazolyl 
nitrogens. However, the structures of these two 
binuclear Ag + complexes are quite different in 

symmetry. The complex of 2b has an exactly 
centrosymmetrical co-ordination structure and the 
Ag + . ' ' Ag + separation is 2.790 A. Remarkably, this 
is shorter than in metallic silver (2.889A). Each 
silver is basically co-ordinated by two nitrogen atoms 
of the thiazole and crown ring. In contrast to the 2b 
complex, in the 2a complex two Ag atoms are closely 
spaced (Ag + . . . Ag +, 2.969 A) but in an asymmetrical 
fashion (Fig 1). One silver is strongly linked to two 
thiazole nitrogens, and to an oxygen of the counteranion. 
The second silver interacts with a nitrogen and three 
oxygen atoms of the diaza-crown ring, and with an 
oxygen of the counteranion. In the solid state, the 
conformational structures of 2a and 2b (Fig 2) are not 
different enough to explain the remarkably different 
structures between the 2a- AgTf and 2b.AgTf complexes. 
In the case of the 2a.AgTf complex, Ag+ ion binding 
presumably changes the orientation of the thiazole- 
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Space filling model of view 1 Space filling model of view 2 

Cylindrical bonds model of view 1 Cylindrical bonds model of view 2 
Structure of 2a 

Space filling model of view 3 Space filling model of view 4 

P> 

Q 

Cylindrical bonds model of view 3 Cylindrical bonds model of view 4 
Structure of the 2: 1 Ag03SCF3 complex of 2a 

Figure 1 Structure of 2a and its 2: 1 Ag03SCF3 complex. All hydrogen atoms are omitted for clarity. 
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Space filling model of view 1 

Cylindncal bonds model of view 1 Structure of 2b 

--.say,.- 

Space filling model of view 3 

' A*: 

Cylindrical bonds model of view 3 

- 
Space filling model of view 2 

3. 
Cylindrical bonds model of view 2 

Space filling model of view 4 

Cylindrical bonds model of view 4 
Structure of 2: 1 Ag03SCF, complex of 2b 

Figure 2 Structure of 2b and its 2:l Ag03SCF, complex. All hydrogen atoms are omitted for clarity. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
9
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL ION-SPECIFIC BINDINGS O F  AZA-CROWN ETHERS 293 

functionalized sidearms upon complexation in solution. 
It is indeed the case that a guest cation can organize 
a ligand conformation. 

In conclusion, the thiazole-functionalized arms are 
confirmed to play important roles in these two 
binuclear complexes, and the size of the crown ring 
significantly influences the structure of the complexes. 
Theoretical calculations on the relative stabilities 
among possible conformations of these AgTf complexes 
are envisaged in order to explain the structural 
difference described above. 

EXPERIMENTAL SECTION 

Solvents and reagents including diaza-crown ethers 
la- lc  are commercially available and were used 
without any additional purification. 

General procedure for synthesizing functionalized 
diaza-crown ethers 
A mixture of non-functionalized diaza-crown ether la  
( 1.37 mmol), the heteroaromatic halide (chloride or 
bromide) (5.48 mmol), an excess of triethylamine 
(10.7 mmol), and 8 ml of THF in a polytetrafluoro- 
ethylene tube, was compressed to 0.8 GPa (8 kbar) at 
100°C for a few days. After cooling and depressurization, 
solvent and unreacted triethylamine were evaporated. 
The quarternary salt precipitated and was removed 
by filtration and the product was isolated by 
chromatography on silica gel. 

Isolation of the AgTF complex of 2a 
In a 30 ml two-necked Pyrex flask, 11 1.4 mg (0.29 mmol) 
of 2a and 215.3 mg (0.938 mmol, 2.89 equiv.) of AgTf 
were dissolved in 10ml of dry THF. After stirring 
overnight at room temperature under an argon 
atmosphere, the mixture was filtered and the solid was 
washed with 50 ml of dichloromethane. The filtrate 

was evaporated and 208.5 mg of crude product was 
obtained. Recrystallization from dichloromethane- 
hexane gave complex crystals as colourless prisms. 
m.p. 180-183°C decomposed. Anal. calcd. for 
C,,H2,O9N4S,F,Ag2: C, 24.06; H, 2.69; N, 6.24. 
Found: C, 23.88; H, 2.57; N, 6.06. 

Isolation of the AgTf complex of 2b 
The reaction was carried out in dry THF using 2b as 
above. Colourless plates, m.p. 163- 164°C were 
obtained. Anal. calcd. for C20H2,0,0N,S,F,Ag2 : 
C, 25.49; H, 2.99; N, 5.94. Found: C, 25.21; H, 2.87; 
N, 6.03. 
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