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Noncovalent binding of alkali metal cations to crown eth
ers is one of the most classical examples in host-guest 
chemistry.1 The stability and selectivity upon complexation 
generally depends on the complementary sizes of metal ca
tions and crown ether cavities. The size correlation is not, 
however, well fitted to the relatively large crown rings due 
to the conformational flexibilities. A large number of bis 
(crown ether)s have been reported2 and their binding af
finities were dramatically increased toward alkali metal ca
tions larger than the cavity sizes of the monocrown ethers. 
We previously reported symmetric and asymmetric bis 
(crown ether)s in which two crown ethers are covalently 
held together by highly rigid Kemp's Triacid.3 We describe 
here the syntheses and cation-binding properties of two 
geometrical isomers of bis(benzocrown ether)s 6 and 7 
derived from a new structually well-defined molecule, 1,2,3, 
4,5,6,7,8-octahydro-l,8-dipropyl-l,8-dicarboxylic acid (5).

The synthetic procedure of 1,8-dicarboxylic acid 5 is sim
ilar to that of analogous 1,5-dicarboxylic acid.4 Este
rification (SOClj/methanol) followed by allylation (LDA/al- 
lyl bromide, -5 °C to rt) of the diacid 2, which was syn
thesized from 1,8-dichloroanthraquinone (1) by a literature 
procedure,5 gave the desired product 3 as an isomeric mix
ture The two isomers 3a-b were separated by flash column 
chromatography (RfS in silica gel, hexanes/EtOAc= 10:1 (v/ 
v); less polar isomer 0.3 (16% yield), more polar isomer 0.2 
(43% yield)). Hydrogenation (5% pd/C, 50 psi H2) followed 
by hydrolysis (KOH/10% aqueous EtOH) of each isomer 
provided the corresponding 1,8-dicarboxylic acids 5a and 
5b in a 90% yield. Single crystals of the isomer 5a from 
more polar isomer 3a suitable for investigation by X-ray 
analysis was obtained in methanol and its geometrical struc
ture was detennined unambiguously As shown below, two 
carboxylic acids in 5a are lying in parallel with a cis re
lationship. Each diacid 5a or 5b was coupled with 3'-
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Scheme 1.

Figure 1. Two side views of the crystal structure of the cis di
acid 5a. Hydrogen atoms have been omitted for clarity.

(aminobenzo)crown ethers to give the corresponding bis 
(benzocrown ether)s 6a-b and 7a-b in 30-64% yield.6

Since the hosts 6a-b and 7a-b are highly lipophilic molec
ules, their binding abilities were conveniently determined by 
two phase picrate extractions (CHC13, 0.5 mL, 10 mM of 
host)/(water, 0.5 mL, 10 mM of metal picrates).7 The % ex
tractions were determined by measuring changes in ab
sorbances of picrates at 374 nm in aqueous phase. All ex
periments were triplicated at 24±0.5 °C and the average 
values (±1.5%) are summarized in Table 1 except for Li+ 
ion due to very low extractions (<3%) by all hosts.

A number of trends in'% extractions are worthy of men
tion. First, the % extraction order of the cr5-bis(benzo-15- 
crown-5) 6a are K+>Rb+>Cs+>Na+ and that of the cw-bis 
(benzo-18-crown-6) 7a are Cs+>Ka+, Rb+>Na, while trans 
isomers 6b and 7b show the same orders of the cor
responding monocrown ethers. Secondly, both cis isomers 
6a and 7a extract alkali metal picrates much more ef
ficiently than do the corresponding trans isomers 6b and 7b. 
The largest enhancements of % extractions by the cis isom
ers are observed when alkali metal sizes are a little larger 
than the crown ether cavities. For example, czs-bis(benzo-15- 
crown-5) 6a extracts K* and Rb+ most efficiently, while cis- 
bis(benzo-l 8-crown-6) 7a extracts Cs+. Assuming 1:1 com
plexation, the stability constants7 of the cis isomers with 
these cations (K+, Rb+ for 6a, and Cs+ for 7a) are ~ three 
orders of magnitudes higer than those of the the cor
responding trans isomers in the extraction conditions. Fi-

Table 1. Extraction Percentages of Alkali M아al Cations by Bis 
0)enzocrown ethers) 6a-b and 7a-b

Host Na* k+ Rb+ Cs+
bis(15-C-5) cis 6a 29 87 81 52

trans 6b 17 21 7.0 3.5

bis(18-C-6) cis 7a 21 80 77 84
trans 7b 8.3 74 58 39
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nally, though enhancements are modest, it is apparent that 
the cis isomers extract higher than do the corresponding 
trans isomers when the metal size are smaller than, or sim
ilar to the cavity size.

Ba (1 ：1 complex) 8b (2:1 complex)

8c (2:1 comptox)

The cis and trans isomers have the identical molecular 
components but their geometries are different from each oth
er. The cis isomers 6a and 7a can fonn two types of com
plexes 8a and 8b. If two crown units individually bind me
tal cations like in 8b, the extractabilities of the cis isomers 
might be smaller than those of the corresponding trans isom
ers 8c because electrostatic repulsions between two binding 
cations might be greater in cis than in trans isomers. On the 
other hand, like in 8a, cooperative binding of two adjacent 
crown units via intramolecular sandwich-type complex will 
greatly increase extractabilities of the cis isomers. All ob
servations in extraction experiments indicate th 찬 in
tramolecular sandwich-type 1:1 complex 8a could be form
ed in the cis isomers regardless metal cation sizes. When 
the ratio of the cation size and cavity size is >1, extraction 
by the cis isomers 6a and 7a occurs completely, at least 
predominantly, via the stable 1:1 complex 8a. When the ra
tio of the cation size and cavity size is <1, both complexes 
8a and 8b may exist as an equilibrium mixture in solution, 
but the relative populations presumably depend on the con
centrations.

Finally, NMR studies also support that the cis isomers 
could form sandwich-type 1:1 complex 8a with any alkali 
metal cations. The signals for aryl protons of the cis isom
ers 6a and 7a were significantly changed in chemical shifts 
(up to 0.5 ppm) and relative positions and broadened upon 
in presence (1 equiv) of any metal picrate in CDC13, while 
those of the trans isomers 6b and 7b were slightly (<0.2 
ppm) changed without changing relative positions and 
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broadening the peaks. This observation might be attributed 
to the conformational reorganization and restricted rotation 
of the single bonds adjacent to the amide bonds upon for
mation of the stable sandwich-type complex 8a between the 
cis isomers and the metal cations.

In conclusion, using geometrical isomers of new bis 
(crown ether)s which are structually well-defined, we have 
demonstrated that the biscrown effects can be always 
present regardless of the size correlation, but the mag
nitudes are much higher when the the ratio of the cation 
size and the cavity size is >1.

Acknowledgment. This work was financially sup
ported in part by the Basic Science Research Institute Pro
gram, Ministry of Education (Project No, BSRI-96-3422). 
We thank Professor Moon-Gun Choi and Dr. Youngmee 
Kim for X-ray analysis of compound 5a.

References

1. For reviews see: (a) Crown Ethers and Analogous Com
pounds; Hiraoka, M. Ed.; Studies in organic Chemistry 
45; Elsevier: Amsterdam, 1992. (b) Bradshaw, J. S.; 
Izatt, R. M.; Bordunov, A. V.; Zhu, C. Y.; Hathaway, J. 
K. In Comprehensive Supramolecular Chemistry, At
wood, J. L.; Davies, J. E. D.; MacNicol, D. D.; V gtle, 
F., Eds.; Elsevier Science Ltd.: Oxford, 1996; Vol. 1, pp 
35-95. and references therein.

2. For a comprehensive review see: Bradshaw, J. S.; Izatt, 
R. M.; Yan, Z. Chem. Rev. 1994, 94, 939-991 and ref
erences therein.

3. Jeong, K.-S.; Pyun, S. Y. Tetrahedron Lett. 1994, 35(38), 
7041-7044.

4. Jeong, K.-S.; Park, J. W.; Cho, Y. L. Tetrahedron Lett. 
1996, 37(16), 2795-2798.

5. Caluwe, P.; Pepper, T/ J. Org. Chem. 1988, 53, 1786- 
1790.

6. The yields were not optimized. All of the bis(benzo- 
crown ether)s prepared here were fully characterized by

NMR, IR and mass spectrometry analyses: 6a mp 
188-190 °C; 6b mp 98-100 °C; 7a mp 136-137 °C; 7b 
63-65 °C.

7. (a) Koenig, K. E.; Lein, G. M.; Stuckler, P.; Kaneda, T.; 
Cram, D. J. J. Am. Chem. Soc. 1979,101, 3553-3566. (b) 
Gokel, G. W. In Crown Ethers and Cryptands; Mono
graphs in Supramolecular Chemistry; Stoddart, J. F., Ed.; 
RSC: Cambridge, 1991; Chapter 3.


