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Visualization of Molecular Length of a,w-Diamines and
Temperature by a Receptor Based on Phenolphthalein and

Crown Ether

Kaoru Fuji, Kazunori Tsubaki, Kiyoshi Tanaka, Noriyuki Hayashi, Tadamune Otsubo and
Takayoshi Kinoshita

The hybrid molecule 1 consisting of phenolphthalein and crown ether moieties can discriminate the
chain length of the a,w-diamines by color change, while 2 can not. Thus, it is suggested that two
crown ether part are necessary to visualize the chain length by the color. The pink color faded at 50
°C and reappeared at 20 °C, which could repeated more than 10 times.

Key words: Chromgenic receptor/ Molecular recognition/ Phenol phthalein

Supramolecular chemistry based on molecular
recognition has become attractive not only for organic
chemists but aso for researchersin other academic fields,
and remarkable progress has recently been made in this
area. If the weak signals derived from such molecular
interaction could be transformed into visual information,
more information could be directly available. Here, we
report the visual determination of the chain length of linear
diamines using a functional molecule 1 consisting of
phenolphthalein (3) and two loops of crown ether.
Visualization of the “length” of a guest molecule as well
as “temperature” is possibleusing 1 [1].

Interactions of host compounds (1 and 2) and
phenol phthalein (3) with aterminal diamine 4 (n = 8) and
nonylamine (5) were examined by taking UV-visible

spectrain MeOH at 25 °C (Fig. 1). Whilediamine4 (n=
8) developed no color change with 3, adlight color change
was observed with 2. In contrast, dramatic color change
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Figure 1. UV-visible spectraof 1, 2 and 3 with the diamine 4
(n = 8) (solid lines) and with nonylamine (5) (dotted lines) in
MeOH at 25 °C. The concentrations are 2.5 x 10“ M for the
hosts and 2.5 x 10 M for the guests.

was seen with compound 1. The changein color depends
upon the length of the diamine. The color devel opment
by 1 and amines was greatest with guest diamines of n =
8 and 9. Diamines shorter than 1,5-diaminopentane gave
no coloration that could be detected by the naked eye.

The degree of color development by 1 and diamines 4
is quite sensitive to temperature. The absorbance at 571
nm by the complex of 1 and diamine 4 (n = 9) decreases
with a rise in temperature. The reversibility and
reproducibility of this change were confirmed asfollows.
The temperature of the mixture was gradually increased
from 20 °C to 50 °C over 30 min and then dropped to 20
°C over another 30 min. This temperature profile was
repeated more than 10 times while monitoring the UV-
visible spectrum at 571 nm (Fig. 2). In the *H NMR
spectrum of the complex, the signal of the a-methylene
of the diamine at & 2.47 ppm was broad at 22 °C, but
sharpened to atriplet at 60 °C. These experiments show
that the diamine 4 (n = 9) dissociates from the host
molecule 1 to show free rotation at a higher temperature.
Thus, color development due to complex formation
reflects changes in temperature.

To better understand the above phenomena, the
structure of the colored complex of 1 and diamine 4 (n =
9) was investigated in detail. The values of pKgl' and
pKa2' in 50% agueous methanol at 30 °C were 10.4 and
11.1for 1,and 9.6 and 11.3 for 3. These data suggest that
thereis no correlation between the coloration of 1 and the
difference in pKa' values. Tamura and his coworkers
reported that the colored complex of phenolphthalein (3)
existsin adianionic form [2]. The colored complex of 1
and diamines is also considered a dianion. A Job plot
using UV-visible spectra suggested that the host-guest ratio
in the colored complex of 1 and diamine 4 (n = 9) was not
1.1, but rather 1:2, 2:3, or some intermediate ratio. These
findings indicate that one molecule of the diamine is
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Figure 2. Temperature dependence of the absorbance of 1
(5.0x 10* M) inthe presence of 4 (n =9, 1.0 x 103 M).

Table 1. The Apparent Association Constant (K’) of the
complexes of 1 with diamines 4 and Molar Absorption
Coefficients (g).

diamine 4 K' (M €
n=7 910 % 60 5830+ 120
n= 8§ 1270 £ 50 8930+ 100
n=9 2020 = 100 7940 + 130
n=10 1370 + 80 5280+ 70

bridged between two crown rings and the other serves as
a counter cation of the carboxylate, derived from ring-
opening of the y-lactone of 1. Therefore, a new system
was designed in which alarge excess of N-ethylpiperidine
exists together with the diamine to act as a counter cation
for the carboxylate anion. N-Ethylpiperidine itself gave
no color without adiamine. The Job plot of 1 and diamines
4 (n=7-10) in the presence of N-ethylpiperidine clearly
showed a 1:1 correlation between them. Thus, the colored
complex consists of 1, diamine and N-ethylpiperidinein
theratio of 1:1:1 in this system. The apparent association
constant (K") of the complexes and molar absorption
coefficients (€) were determined by UV-visible titration.
The results listed in Table 1 show that the degree of
coloration caused by the interaction between 1 and
diamines depends not only on the apparent association
constants but also molar absorption coefficients.
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