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Abstract

The bireceptor molecule 1 was synthesized in an one-step procedure. It binds cations under neutral conditions

and anions in acidic media. The structure of K' < 1 was clarified by X-ray crystallographic analysis.
© 1999 Elsevier Science Ltd. All rights reserved.
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Recent advances in host-guest chemistry deals with cations and anions as guests have
developed more sophisticated host molecules and demands higher selectivity for guest species.
Although many host molecules have been synthesized for this purpose, the developments of
hosts for the anion guests are less active than that of the cations.!"!

In previous reports, we clarified that cage compounds which contain six or four pyridine
rings showed strong complexation abilities toward cations. Under acidic conditions, the cage
compound complexed with C1” ion, and anions larger than C1” were not included in the cavity.?
The rigid structure affected the selectivity of the guest species.

In the next step, we planned the synthesis of a multidentate bireceptor containing nitrogen and
oxygen as donor atoms. The cage 1 was obtained as its potassium complex from the direct
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bridgehead nitrogen atoms are in the
range of 5.024 ~ 5.341 A indicating
that four nitrogen atoms are in a Figure 1 Cation and anion inclusions by cage compound 1.
tetrahedral arrangement. The potassium

ion is placed at the center of the cavity. The
average distance between the potassium and
pyridine nitrogen is 3.150A and is comparable
to that of potassium and the bridgehead
nitrogen (3.177A). On the other hand, the
average distance between potassium and the

oxygen atoms is shorter (3.039 A) than that of
the K*-~N. Representative bond lengths and
angles are shown in Table 1.

The inclusion properties toward anions were
estimated in 10 % D,SO4. After the addition of

Me4NCl to a solution of 1 - nD*, new signals
corresponding to the CI” < 1 - nD" appeared,; Figure 2 Crystal structure of K < 1.

the exchange rate of C1” was sufficiently slow in the solution. The binding constant, K; = 24
2 M"!, was obtained by comparison of the intensities of both peaks. The thermodynamic data,

AG (-1.8 kcal/mol), AH (-2.9 kcal/mol), and AS (-3.9 cal/K - mol) of the CI” inclusion were
estimated by the van't Hoff's plots using K, values at different temperatures obtained from

variable temperature NMR spectra. In the case of the F~ ion complexation, the exchange rate

of F" was very fast compared to that of the CI". The methylene signals were slightly shifted to
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Table 1 Representative atomic distances (AD, A)
and angles (°) of the crystal structure of K™ < 1.

AD (A) angles (°) 6

K(1)-N(1) ~ 3.130(3) N(1)-K(1)-N@3) 172.77(8)
K(1)-N@2) 3.107(3) N(2)-K(1)-N(4) 162.87 (8) 4
K(1)-N@3)  3.091 (3) N(S)}-K(1)-N(7)  109.43 (7)
K(1)-N@4) 3.271(3) N(6)-K(1)-N(8) 111.17(7)
K(1)-N(5)  3.268 (3) O(1)-K(1)-0(2) 161.64 (7)
K(1}-N(6) 3.115(3) 2
K(1}-N(7)  3.068 (3)

K(1)- N(8)  3.255(3)

K(1)-0O(1)  3.059 (3) 0
K(1)-0(2) 3.018(3)

N(5)-N(6)  5.179 (4)

N(6)-N(T)  5.024(5) .
N(7)-N(8)  5.154 (4) Figure 3

N(5)-N(7)  5.173(4) + s
NGS)-NGB) 5341 (4) Plots of logK, for M < 1 (Errors are within 5%).
N(6)- N(8)  5.256 (4)

upper field upon the addition of F', and this signal was used for the determination of K. The
binding constant, K, =23 £ 3 M, was obtained by the NMR titration experiment. In both
cases, the 1:1 complex formations with Cl” and F~ were observed.P! The anions larger than CI
(Br,, I', BF4") were not complexed with nD*- 1. In the case of cation inclusion, the binding
constant K, of K" 1 was estimated by a competition experiment using K*c 1 and 18-crown-
6. Since the K; of K < 18-crown-6 in DMSO is known,[(’) the K, of K* c 1 was calculated
using the integral ratios of the signals of K* c 1 and newly appeared metal-free 1. The X;
values for other alkali metal cations were estimated in DMSO-ds by mixing K" < 1 and Mpic
(M =Li* Na*, Rb*, Cs*). The new signals correspond to the M™ < 1 that appeared at different
positions. The difference in the chemical shift, A8, depends on the size of the cations; Cs"
showed the largest AS and Li* showed the smallest. The binding constants of the cations are

larger than that of the pyridine analog 2a, but selectivity is similar to it (Figure 3).01 The
decadentate cryptand possessing N and O atoms as binding sites showed stronger cation
affinity than parent pyridine analog 2a.
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