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ABSTRACT

CE -

A series of dithia[n.3.3](1.3.5)crownophanes were synthesized by cesium carbonate-assisted intramolecular cyclization reactions in 10-31%
yields. Their complexation behavior exhibits an unusual ion-selectivity preference due to the presence of a “breathing” process of the dithia-
[3.3]metacyclophane moiety, which indirectly controls the ion selectivity through the adjustment of the cavity size of the crown unit. This
breathing mechanism is also supported by observation made in X-ray crystallographic analysis.

Studies of classic crown ethers reveal that the cavity size of is known to exist as a syn conformer both in the solid state

a crown ether is one of the main factors in governing its
complexation to a metal iohOn the other hand, one of the
key features in the chemistry of cyclophanes is their
conformational behavior.The conformational mobility of

and in solutiorf;” and its conformational behavior involves
a tilting motion of the two aromatic rings resulting in a
variation of the tilting angle.. Crownophan& was reported

to exhibit interesting complexation behaviors mediated by

cyclophanes and their aromatic interactions were in fact the mobility of the cyclophane moiety and form a novel
employed in a recent approach to a nanomechanical molec-supramolecular polymeric structut®. A [n.3.3](1,3,5)-

ular cyclophane systefCrownophanes, having a flexible

polyether chain and a cyclophane skeleton, are a unique kind

of hybridized molecular host that exhibits interesting proper-
ties? The bis-cyclobutyl bridges in crownophadedictate

its rigid molecular structure, and its crown unit complexes
Li* strongly and specificall§2,11-Dithia[3.3]metacyclophane
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crownophane (Figure 1b) exhibiting conformational mobility
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Relaxation Contraction

(b)
Figure 1. (a) Tilting of aromatic rings irsyn-1and (b) confor-
mational changes in a breathing process in [n.3.3](1,3,5)crowno-
phanes.

in the cyclophane unit as in Figure 1a will result in a variably

Scheme 1. Synthesis of Crownophands
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sized cavity in its crown unit. Such a ligand is expected to
show a decrease in the complexation selectivity toward metal
ions. On the basis of the “breathing” mechanism, it may,
however, complex effectively to a series of metal ions with
various ion radii. This may be the desirable result in the case
of nonselective yet effective complexation of a mixture of
metal ions. We report in this communication the complex-
ation behavior of a series ofJ3.3](1,3,5)crownophanek

[
e

/

] b
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Synthesis of some closely relatedd.3](1,3,5)cyclophanes
has been reportéd.In our work, crownophaned were
prepared by an intramolecular cyclization of compo@kt
in the presence of N&-9H,0 in a mixture of 95% ethanol
and benzene under high dilution conditions (Schem® 1).
Compounds4at® and 4b* were obtained in 15 and 20%
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yields, respectively. Cyclophade!® was, however, isolated

in a very low yield &1%) under such conditions. Addition
of cesium carbonatéto the reaction mixture resulted in a
significantly increased vyield (31%) ofic. Surprisingly,
presence of cesium carbonate did not have an appreciable
effect on the yields ofla and 4b.

The structures ofla and4b were characterized by X-ray
crystallography. However, no suitable crystalsdafcould
be isolated for a similar study. Fata, interestingly, two
independent conformera-(I) and 4a-(Il) were observed
in the crystal (Figure 2). 1da-(1), both the thia-bridges adopt
a pseudochairconformation with C—S bond lengths and
C—S—C bond angles very similar to those observed in
reported medium-sized dithia[3.3]metacyclophahésin
conformer4a-(ll), one of the sulfur atoms is triply dis-
ordered. This is a uniqgue example of the bridge wobbling
processes of a thia-bridge in the solid st&t€.The two
benzene rings ida-(lI) and4a-(ll) are not parallel to each
other but tilt at angles of 16.1 and 13,8espectively. The
X-ray single-crystal structure ofb (Figure 2) shows that
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(t, 4 H), 4.22 (d, 4 HJ = 14.9 Hz);13C NMR (CDCk) ¢ 13.39, 18.73,
31.62, 69.89, 70.31, 71.13, 128.18, 131.28, 132.75, 152.91; MSrtt#) (
502 (M*, 92); IR (KBr) 2949, 2923, 2862, 1451, 1369, 1301, 1259, 1233,
1104, 1014, 1013, 925 crh Anal. Cacld for GgH3g04S,: C, 66.89; H,
7.62. Found: C, 67.07; H, 7.78.

(14)4b (30%): mp 221—-223C; *H NMR (CDCls) ¢ 2.27 (s, 12 H),
2.46 (s, 6 H), 3.66—3.69 (m, 4 H), 3.76 (d, 4 Bi= 15.3 Hz), 3.77 (s, 8
H), 3.87—3.91 (m, 4 H), 4.27 (d, 4 H,= 15.3 Hz);13C NMR (CDCk) 6
13.26, 18.74, 31.65, 69.94, 70.40, 71.30, 71.41, 128.33, 131.00, 132.73,
153.38; IR (KBr) 2937, 2906, 2868, 1563, 1453, 1375, 1356, 1303, 1258,
1234, 1134, 1097, 1055, 940, 840 thMS (EI) (m/z) 546 (M*, 24). Anal.
Cacld for GoH4205S,: C, 65.90; H, 7.74. Found: C, 66.03; H, 7.54.

(15)4c (31%): mp 184—186C.; H NMR (CDCl) 6 2.25 (s, 12 H),
2.46 (s, 6 H), 3.65—3.68 (t, 4 H), 3.71—-3.78 (m, 16 H), 3.85—3.88 (t, 4
H), 4.25 (d, 4 H,J = 15.4 Hz);'3C NMR (CDCk) ¢ 13.19, 18.76, 31.62,

added dropwise simultaneously at the same rate to nitrogen purged 95%70.77, 70.89, 71.14, 71.41, 128.25, 131.12, 132.68, 153.17; IR (KBr) 2923,

ethanol (1 L). After the addition, the mixture was stirred overnight and the
bulk of the solvent was removed under reduced pressure. Water and
dichloromethane were added to the residue, and the mixture was stirred
until all solids were dissolved. The organic layer was separated, dried, and
evaporated. The residue was chromatographed on silica gel using ethyl
acetate/hexane (1:4 and then 3:7) as the eluent.
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944 cntl; MS (El) (m/z) 590 (M, 66). Anal. Cacld for GH4606S,: C,
65.05; H, 7.85. Found: C, 64.93; H, 8.02.
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Figure 2. ORTEP drawing of crownophane (dp-(l), (b) 4a-
(1), and (c) 4b.

one of the sulfur atoms is disordered. Similad#y the two
benzene rings idb are not parallel and form an angle of
12.9°. The tilting angles in botha and4b are larger than
that in syn-9,18-dimethyl-2,11-dithia[3.3]metacyclophane
(11.5°)17 This implies that the long polyether chaindrhas

a tendency to push the two aromatic rings apart, resulting in
a larger tilting anglea. The crystal structures of botha
and4b indicate a conformational preference for the relaxation

for Lit but too small for the other alkali metals. The
breathing flexibility in 4a may be restricted due to the
relatively short polyether linkage. The logarithm of associa-
tion constants (lodlas9 of 4b, 4c, 15-crown-5 (15-C-5), and
18-crown-6 (18-C-6) are summarized in Table 1. For

Table 1. Comparison of logK,ss0f Crownophanedb, 4c,
15-Crown-5, and 18-Crown-6

crown Na* K+ Rb* Cs*
4b 3.68 4.62 3.61 2.27
15-C-52 4.52 4.40 4.29 3.74
4c 3.85 5.00 5.15 5.29
18-C-62 3.89 6.20 5.96 5.17
aSee ref 18.

crownophanelc, the order of association constants is Cs
> Rb" > K* > Na, corresponding to the decreasing order
in ionic size of the metal ions. In contradh has a maximum
log Kassfor KT, followed by Na, Rb", and CS.

As the crown unit iMb structurally resembles that of 15-
crown-5, whereadc could be considered as a derivative of
18-crown-6, a comparison of their ion selectivity is of special
interest (Table 2). The average cavity diameter4bfis

Table 2. Comparison of lon Selectivity of Crownophandé
and 15-Crown-5 and of Crownophade and 18-Crown-6

ion pairs 15-C-52 4b 18-C-62 4c
Nat/K+ 1.32 0.11 4.9 x 1078 0.07
K*/Rb* 1.29 10.2 1.74 0.71
Rb*/Cs* 3.55 21.9 6.17 0.72
Na*/Rb* 1.70 1.17 8.51 0.05
K*/Cs* 457 224 10.7 0.51
Nat/Cs* 6.03 25.7 0.05 0.04
aSee ref 18.

estimated from its crystal structure (Figure 2c) to be about

mode (Figure 1b). Assuming that this preference was also2.28 A2° which is between the ionic diameters of K2.66

observed in solution, the breathing process in these [n.3.3]-

A) and Na (1.90 A). On the basis of the size-match

(1,3,5)crownophanes would then involve the relaxation mode principle, 4b is not expected to behave like 15-C-5, the

as the conformational minimum and the contraction mode
as the transition state.

The association constants of crownophasdasc were
measured using the solvent extraction metHott. was
surprising to observe thdadoes not bind to any alkali metal
ion, althoughdb and4c can extract a series of alkali metal
ions from a water solution. In comparison to the structurally
rigid 1 with a crown cavity fitting Li* perfectly, the crown
unit in 4ais enlarged by an outward tilting of its C1 and
C1'carbons. The crown cavidais believed to be too large
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strongest preference of which is for Nélrable 1), and may
not show a strong preference to either™Nar K*. Our
experimental observation was théh shows the strongest
affinity for K* (Table 1) with an ion selectivity ratio of 0.11
for Nat/K*, about 8 times more selective than its preference
for Na' over K" for 15-crown-5 (Table 2). It is evident that
4b adopts the most stable conformation in a relaxation mode
(Figure 1b) via the breathing mechanism to provide a larger
cavity size for a preference of 'Kto Na". In fact, in
comparison to 15-C-54b generally shows higher ion
selectivity (Table 2) for K/Rb", Rb"/Cs", K*/Cs", and Na/

(20) The cavity diameter was estimated by averaging the difference
between the diagonal distance of two oxygen atoms and the van der Waals
diameter of an oxygen atom (2.80 A).
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Cs', with the highest selectivity index of 224 for'#Cst.
The length of the polyether chain #b seems to restrict the
degree of the breathing mechanism (arw)eesulting in its
ion selectivity compared to the more conformationally
flexible 15-crown-5.

18-Crown-6 shows a significant preference for #¢ Rb"
and Cg, but crownophanetc exhibits nonselective and

In conclusion we have demonstrated the potential in using
the conformational mobility (breathing process) of the
cyclophane component of a crownophane in functioning as
a “tuning” factor to adjust its complexation behavior and
ion selectivity. The crownophangb illustrates an increase
in ion selectivity over the more conformationally mobile 15-
crown-6, while the behavior ofic indicates that a more

similar binding preference to all three alkali metal ions (Table flexible breathing process will result in nonselective but

2). We believe that the longer polyether chairdimallows
a more flexible breathing process (varying angle sup-
ported by the fact thadc has larger association constants
than4b for all the alkali metal ions (Table 1), including the
relatively smaller N&. On the other handic exhibits the
largest association constant for the largé,@gain indicating

that the breathing process could result in a large relaxation

mode (Figure 1b) to bind to CsIncidentally, this prefer-
ential ion selectivity for C§ is in accordance with the
observation that in the synthesis4af, the product yield was
significantly improved upon addition of cesium carbonate.
In addition to the higher polarizability of the €swhich
makes it more effective in intramolecular cyclization reac-
tions?! the template effect of the Cds believed to play a
key role in the enhanced yield dt under these conditions.

(21) Ostrowicky, A.; Koepp, E.; Vogtle, H.op. Curr. Chem1991, 161,
37.
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effective binding to a series of metal ions. In view of the
extensive literature in both cyclophane and crown chemistry,
the function of conformational characteristics in a cyclophane
in controlling the cavity size of a crown unit would provide
a comprehensive area in modulating the complexation
properties of crownophanes.
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