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sidearm substituents on the alkali metal cation complexation behaviours. Their cation
recognition properties were characterized by FAB-MS, liquid-liquid extraction, 'H NMR
titration, and X-ray diffraction experiments. All the examined ester-armed cyclens showed far

greater selectivity and stability for Na” complexation than amide- and alcohol-armed cyclens 2a

and 3."°
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Figure 1-B. Armed Cyclens Having Ester-, Amide- and Alcohol-Functionalized Sidearms.

1-2. Synthesis of Armed Cyclens

A series of ester-armed cyclens 1a-1f, an amide-armed cyclen 2a and an alcohol-armed
cyclen 3 were prepared to compare their metal complexation abilities. The NaCl complexes with
ester- and amide-armed cyclens were synthesized directly by the reaction of corresponding
chlorides and cyclen-4HCI in the presence of Na,CO; (see 1-8. Experimental Section). The
alcohol-armed cyclen was synthesized by reaction with propylene oxide and free cyclen, and

isolated as a free ligand as reported by Hancock et al.*®"
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Table 1-B. Liquid-Liquid Extraction of Alkali Metal Table 1-C. Log D values of Derivatives
Cations with Armed Cyclens. for Ester-Armed Cyclens.

: Extraction %
AT Il ot i

Li' Na' g Sidearm analog

la <3 73 <3 la' 0.54

1b <3 38 <3 1b' 2.33
1¢(R) <3 66 <3 Ic' 2.97

1d <3 71 <3 1d’ 3.48

le <3 0] < 3 le' 4.14

1f <3 04 <3 1f 8.98

eg.
3° 10 17 <3 1a’ = CH;CO,-R (R = 1a: Ethyl-)

*Conditions: LiClO4, 0.0100 mmol; KCIO,, 0.0100 mmol in
H,0, 1.50 mL; Armed cyclen-NaCl complex, 0.0100 mmol in
CHCl;, 1.50 mL. °Conditions: LiCl10,, NaClO, and KCIO,,
0.0100 mmol each in H,0, 1.50 mL; Armed cyclen, 0.0100
mmol in CHCl;, 1.50 mL.

1-4. Stability Constants of Ester-Armed Cyclen - Na* Complexes

‘Stability constants of ester-armed cyclen — Na" complexes were determined in CD;CN and
CD;CD,OD by 'H NMR measurements. Since the stability constants of Na' complexes with
armed cyclens 1a-1f, 2a and 3 were too large to be determined, the competitive binding method
was employed, in which cryptand [2.2.2] § or 15-crown-5 6 competed with each cyclen in the

Na" complexation process. The experimental details were described in the Experimental Section

(1-8).

A

O O
{ ’,? log Kna ' = 8.5, (in EtOH)
Q,/O‘ ,,O\}
\/0\ 0, =9.63 (in CH;CN)

Cryptand [2.2.2] 5§
/[ )\

(O ’O_B
- " log Kna = 4.92 (in CD;CN)
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15-Crown-5 6
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Figure 1-C. Related Amide-Armed Cyclens.

The log K values for Na" complexes with armed cyclens are represented in Figure 1-D, in
which the log K values reported with cryptand [2.2.1] 4 and [2.2.2] 5 are included.'” Although
armed cyclens had more flexible structures than these cryptands, they showed log K values
comparable to that of cryptand [2.2.2] 5. Even ester-armed cyclens containing bulky residues 1e
and 1f exhibited high stability constants for Na" complexation, suggesting that the bulky
sidearms did not interrupt the octacoordination around the Na”. In other words, various types of
substituents can be introduced into the ester-armed cyclen system without lowering the cation

binding ability.

QH/—HQ N /; RNH [N’\o\l N g/‘ o/ r}
\o_ o/
N T
2a Cryptand [2.2.2] 5 Cryptand [2.2.1] 4

Figure 1-D. Stability Constants of Na" Complexes with Armed Cyclens and Related Ligands.
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Figure 1-G. Variable Temperature "C NMR Spectra (150MHz) of Armed Cyclen le - Na’
Complex in CD;CD,0OD.

1-7. Conclusion

I successfully developed a new series of ester-armed cyclens that exhibited excellent
selectivity and high stability for Na” complexes. Their cation selectivity was superior to those of
amide- and -alcohol-armed cyclens. This type of armed cyclens has unique quadruplicated
helical structure upon Na" complexation both in solid and solution states. Since very stable Na*
complexes were obtained even if bulky fluorenyl and cholesteryl residues were introduced on
their sidearms, the functional armed cyclens that would be detailed in Chapters 2 and 3,

respectively, were applicable as supramolecular devices.
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methylfluorene sidearms by decarboxylation of fluorenyl ester and one unreacted fluorenyl ester

was typically detected (Figure 2-B).
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Figure 2-B. One of Partially Decomposed Cyclen Derivatives Detected by ESI — MS.

2-3. Photoreaction of Na* Complex Followed by UV Method

UV Absorbance

220 260 300 340
Wavelemghth / nm

Figure 2-C. UV Spectral Change of Armed Cyclen 1e — Na" Complex upon Irradiation.

When the CH;CN solution of armed cyclen 1le — Na* complex, (1 x 10” mol L) was
irradiated by TLC lamp, the reaction time course was followed by UV method. The new peak at
256 nm, which was characteristics of fluorenone, appeared even after short irradiation period.
This absorption peak rose gradually with increasing irradiation time and finally reached 3.0 as
UV absorbance. As illustrated in Figure 2-D, fluorene and 9-fluorenol had small € values at 256

nm and their product yields were not so high. Thus the absorbance at 256 nm could be a good
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Figure 2-E. Metal Cation Effects on Time-Dependence Profiles of Photoreaction.

Conditions: Armed cyclen 1e — Na" complex, 1.0 x 10°mol L'; (a) + cryptand [2.2.1], 4.0 x 10° mol L'';
(b) itself: (c) + Ca(CF3S03),, 2.0 x 10° mol L™ and (d) + La(CF;S05);, 2.0 x 10 mol L™ in CH,;CN.

I also compared the yields of photoproducts after a short irradiation period (5 minutes), which
were determined by HPLC analysis. Table 2-A summarizes the product distribution of the
hexane-soluble fraction. Commercially available fluorene, 9-fluorenol, and fluorenone were

used as authentic samples in HPLC analysis and product yields were estimated from their

absorption coefficients.

Table 2-A. Photoreaction Products Distributions of Armed Cyclen 1e and Its Metal Complexes.

Yield (%)’
_ﬂuorene derivatives fluorenone fluorenol
No metal 71 35-(:I: 3) ) ____—_;_—
le - Na' 5(1) 39 (+ 4) 2(x1)
le - Ca*" 7 1) 9 (1) 1(x1)
le-La™ 4(x1) 18 (£2) 2(x1)

* Estimated from HPLC peak area and each absorption coefficient.

34



















































Me
Me

Wfe

Me

O
Y

Morpholine derivative 7

/] H

3-5. Conclusion

Cholesteryl ester-armed cyclen 1f formed quadruple helical complexes in which Na*, Ca*
and Y were octacoordinated in solution states. Their chiral amphiphilic natures gave stable
self-aggregates in aqueous solutions, and offered characteristic chirality induction phenomena.
They nicely accommodated glansyl-]eucine anions in their chiral ciomains and expressed
chirality preference for L-isomer.**' The largest enantiomer-dependent fluorescence
enhancement was observed with the aggregate of armed cyclen 1f — Na” complex. This stable
self-aggregate could fix the stereochemistry (A- or A-) of racemic armed cyclen le — Na®
complex. These observations clearly demonstrated that the self-aggregate of cholesteryl
ester-armed cyclen 1f - metal complexes provided chiral environments for both anionic organic
guests and cationic armed cyclen - metal complex. Since armed cyclen - metal complexes
worked well as supramolecular building blocks, their characteristic coordination chemistry can

provide wide variations in the development of supramolecular functional systems.

3-6. Experimental Section
General Procedures

Preparation of Self-Aggregates. An ethanol solution of cholesteryl-armed cyclen 1f -

51












12. Shannon, R. D. Acta Crystallogr. 1976, A32, 751.

13. Berova, N.; Nakanishi, K.; Woody, R. W. In Circular Dichroism: Principles and
Applications, Wiley-VCH, New York, 2000.

14. Tsukube, H.; Nishimura, T; Shinoda, S. Bunseki Kagaku 2002, 51, 359.

15. Polonski, T.; Chimiak, A.; Kochman, M. Tetrahedron 1974, 30, 641.

16. Self-aggregation of armed cyclen le - Na* complex was demonstrated by dynamic light
scattering and TEM experiments.

17. (a) Haward, J. A. K.; Kenwright, A. M.; Paker, D.; Port, M.; Navet, M.; Rousseau, O.;
Woods, M. Chem. Commun. 1998, 1381. (b) Di Bari, L.; Pintacuda, G.; Salvadori, P. Eur. J.
Inorg. Chem. 2000, 75.

18. Lightner, D. A.; Wijekoon, W. M. D.; Zhang, M.-H. J. Biol. Chem. 1988, 263, 16669.

19. Kano, K.; Hasegawa, H. Chem. Lert. 2000, 698.

35






