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Abstract

A new ditopic receptor 2 consisting of a meso-ternaphthalene backbone and two crown rings has been
shown to selectively complex and transfer dipicrate of 1,9-diaminononane and 1,10-diaminodecane from
aqueous solution into the organic phase. © 2000 Elsevier Science Ltd. All rights reserved.
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Over the past two decades, many synthetic receptors have been constructed based on the fact
that some of their properties, such as shape, size and functional groups, complement those of a
guest molecule. Several ditopic receptors have been reported to recognize the length of o,w-
diamines. They have carboxylic acids' or crown ethers? to bind to amines using specific hydrogen-
bonding interactions. Recently, we reported the preparation of chiral ter- and quaternaphthalene
derivatives.? These compounds are expected to be backbones for host molecules for recognizing
the length of a,m-diamines due to their upright nature. In this paper, we report new ditopic
receptors 1 and 2 consisting of a meso-ternaphthalene backbone and two crown rings, the latter
of which showed sharp recognition of the length of o,w-diamines 3.

The synthetic route to the host molecules 1 and 2 is outlined in Scheme 1. Racemic
ternaphthalene 4° was methylated and then subjected to deacetylation followed by reductive
removal of the benzyl group to give meso-ternaphthalene 5, which was then converted to ditriflate
6 in 74% overall yield from 4. The coupling partner 7 was prepared from the corresponding
bromide* in 50% yield. The reaction of triflate 6 with boric acid 7 under modified Suzuki
coupling conditions® gave the desired host 1 in 80% yield. Simultaneous deprotection of an allylic
group took place under these reaction conditions. Methylation of 1 gave 2 in 65% yield.

* Corresponding author. Fax: +81-774-38-3197; e-mail: fuji@scl.kyoto-u.ac.jp
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Scheme 1. Reactions and conditions: (i) Mel, K,CO3;, acetone, reflux; (ii)) NaOH, H,O-THF, rt; (iii) Pd/C, HCO,NH,,
THF-MeOH, 60°C, 1 h; (iv) Tf,0, i-Pr,NEt, CH,Cl,, rt; (v) Pd(PPh3),4, Na,CO3, toluene-MeOH-H,O, 80°C, 26 h;
(vi) Mel, NaH, DMF, 0°C-rt

Interaction between host 1 and o,®-diamines 3 was examined by the UV-vis spectroscopic
method. Absorption at 375 nm increased upon addition of these diamines to the host 1 in
THF:H,O (4:1). Job plots suggested that the host:guest ratio in complexes was 1:1 at 25°C. The
association constants (K,) were determined by titration, and analyzed by the Rose-Drago
method.® The results are summarized in Table 1. No relationship was observed between the
association constants and the length of o,m-diamines (entries 1-5). The behavior of 1 and non-
ylamine indicated 1:1 complexation, and its Ka of 139+13 (entry 6) was almost the same as those
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of 1 and diamines. These results indicate that complexation is based on acid-base interaction
between only one of the phenol crown rings of 1 and one of the amino groups of a,m-diamines 3.7

Table 1
The association constant (K,) of the complexes of the hosts 1 and 2 with diamines 3
entry diamine 3 (n =)  host’ Ka (M) method®
1 4 1 326 £ 23 a
2 8 1 281 £ 11 a
3 10 1 219 +7 a
4 12 1 246 = 17 a
S 14 1 168 + 6 a
6 nonylamine 1 139 £ 13 a
7 6 2 (6.88 = 0.50) x 10° b
8 8 2 (4.05 £ 0.27) x 10° b
9 9 2 (6.87 £ 0.21) x 10° b
10 10 2 (6.92 £ 0.28) x 10° b
11 11 2 (122£0.18) x 10° b
12 12 2 (2.96 £ 0.10) x 10° b

13 14 2 (3.44 +0.24) x 10° b
* [Host] = 1.23 x 10”® M for entries 1-6 and [Host],, = 1.10 x 10° M

org

forentries 7-13. "

a) Determined by the titration. See the text. b)
Determined by diammonium picrate liquid-liquid extraction from H,O
to CHCI,. The Ka values are given by [2¢37*Pic,"],,/12],.[37"*Pic," 1.,

where [ ], indicates the concentration in CHCI,. See ref. 2i.

The ability of the ditopic receptor 2 to recognize dipicrates of o,m-diamines 3 was investigated
by the method based on picrate liquid-liquid extraction from H,O to CHCl; at 25°C.%"® The K,
values were calculated, assuming that a 1:1 complex was formed. The K, values clearly depend on
the chain length of the guests (entries 7-13). It was shown that the host 2 specifically bind dia-
mines 3 (=9 and 10). The K, values clearly decreased for complexes of 2 with 1,11-diamino-
undecane or the longer and with 1,8-diaminooctane or the shorter, due to the rigid nature of the
framework of the host 2. In general, ditopic receptors sharply distinguish the amine with optimal
length from those of a shorter length, while the recognition of the length is rather loose for dia-
mines longer than that of optimal length. As can be seen from Table 1, the K, value for 1,11-
diaminoundecane is approximately six times less than that of 1,10-diaminodecane (see entries 11
and 10). The only example showing sharp discrimination of the length of guest includes a bisan-
thracenyl macrotricyclic receptor reported by Lehn et al.?

The structures of 1 and 2 were determined by an X-ray crystallographic analysis.” Host 1
cocrystallized with two disordered toluene molecules. The central naphthyl ring was also dis-
ordered in the opposite sense in a ratio of about 1:1 in the crystalline state (Fig. 1a,b). The crys-
tals of host 2 obtained from acetonitrile contain two molecules of the solvent. No disorder of the
central naphthyl ring was observed, although an oxygen atom in the crown ring was disordered
(Fig. 1c).' A marked difference between the crystal structures of 1 and 2 was found in the
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conformation of the crown rings. Two rings of 2 were bent over to create a cavity, while those of
1 were spread out, which may explain the selective complexation of 2 with diamines.

Figure 1. X-Ray crystal structures of 1 (a) and (b), and 2 (c). Hydrogen atoms and solvent molecules have been
omitted for clarity
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