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Amphiphilic Isothiouronium Derivatives 
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Fluorescence-active long-chain amphiphiles with an isothiouronium segment that serves as an 
anion-binding moiety were newly synthesized. The mono layers on the surface of pure water (Milli-Q, pH 
5.8) as well as of the aqueous subpbases containing NaOAc or Na2HP04 were studied from the standpoint 
of anion recognition for biologically important species in water. Surface pressure versus area per molecule 
(n:-A) isotherms implied that the monolayers showed an expansion at low surface pressure region below 10 
mN m-1 by introducing the anions into the aqueous subphases. The organized molecular layers were 
deposited by a horizontal lifting method at about 24 mN m-1

, and were characterized by IR spectroscopy, 
X-ray diffraction, and atomic force microscopy. It is noteworthy that the formation of the stable organized 
molecular layers and the interaction with anions. However, fluorescence detection ofthe anions has not yet 
been successful using the organized film because it seems that the fluorescence ofthe film is not quenched 
by the binding of water molecule (or Br- counter anion) at the isothiouronium moiety. 
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1. INTRODUCTION 
Recognizing and sensing anionic species in water1 has 

recently emerged as a research target not only in 
supramolecular chemistry but also in analytical 
chemistry. Although several examples based on 
host/guest interaction between synthetic receptors and 
target anions have been reported so far2

, there has still 
been a challenge because water molecules surrounding 
the anion interfere with the desired host/guest 
association, resulting in the low affinity of receptors 
with anions in water. Therefore, the systems enable to 
overcome such a problem are desired. Here, employing a 
cationic isothiouronium group3.4 as anion-binding and 
hydrophilic group, we decided to newly synthesize 
isothiouronium amphiphiles with long alkyl-chains. This 
approach is mainly due to the fact that hydrogen 
bondings at the air-water interface are stronger than 
those in bulk water.5 Furthermore, the synthetic 
versatility of isothiouronium unit allowed us to make the 
related fluorescence-active amphiphiles by introducing 
naphthalene ring. In this paper, we report the synthesis 
of the desired amphiphiles 1 as well as the properties of 
the mono layers on the surface of pure water and of the 
aqueous subphases containing anion species. The 
cationic organized monolayers on solid substrates were 
also characterized by polarized IR spectroscopy, X-ray 
diffraction (XRD), and atomic force microscopy (AFM). 

2. EXPERIMENTALS 
2.1 Materials and methods 
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The starting materials, 3,5-dihydroxybenzyl alcohol 
(2) was purchased from Aldrich. Pure water (Milli-Q, 18 
Mn cm) was used in all experiments. Surface pressure 
versus area per molecule (n-A) isotherms were measured 
by Langmuir-type film balance (Lauda). The 
monolayers of the isothiouronium amphiphiles were 
spread from chloroform solution onto the pure water or 
the aqueous solution containing anions. The 
isothiouronium monolayers were transferred by a 
horizontal lifting method at 24 mN m-1 and 10 °C. Out-of 
plane and in-plane X-ray diffraction were measured by 
Rigaku Rad-B (Cu Ka radiation, 40 kV, 30 mA), 
MXP-BX (40 kV, 40 mA), respectively. FT-IR spectra 
were measured by a polarized FTIR 660 (JASCO) with 
the incidence angle of 0° and 45°. AFM images of the 
films on mica were measured by a SPA 300 (spring 
constant is 0.09 N m"1

). Fluorescence spectra were 
recorded by a FP-6300 spectrophotometer (JASCO). 

2.2 Synthesis of isothiouronium amphiphiles 
The synthesis of 1 a and 1 b is outlined in Scheme I. 

Alkylation of 3,5-dihydroxybenzyl alcohol (2) with 
1-bromohexadecane or 1-bromooctadecane in DMF at 
70 °C in the presence of K2C03 afforded 3a and 3b, 
respectively, followed by bromination with PBr3 in THF. 
Dialkoxybenzylbromide (4a) or (4b) and 2-[(N
methylthioureido)methyl]naphthalene (5)4

b were stirred 
in EtOH at 60 °C to give la and lb, respectively. The 
assignment of 1 was conducted by means of several 
spectral data. t 
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Scheme 1. Reagents and conditions: (i) n-C.,H2n+1Br, 
K2C03, dry DMF, 44% for 3a, 44% for 3b; (ii) PBr3, 

dry THF, 73 % for 4a, 94% for 4b; (iii) 2-[(N
methylthioureido)methyl]naphthalene (5), EtOH, 92 % 
for la, 92% for lb. 

3. RESULTS AND DISCUSSION 
3.1 Surface pressure-area isotherms on water subphases 

Figure 1 shows the surface pressure versus area per 
molecule (n-A) isotherms of the la and lb monolayers 
on pure water (Milli-Q, pH 5.8) at various temperatures. 
When hexadecyl derivative (la) monolayers were spread 
on pure water, first condensed phase occurred at about 
1.1 nm2 molecule'1 independent of the temperature and a 
plateau appeared at 20~24 rnN m·1

• A second condensed 
phase was formed at 10 °C, though the latter could not 
be observed above 15 °C. Whereas, octadecyl derivative 
(lb) monolayers at 10 and 15 °C have a clearly 
condensed phase with the limiting area ea. 0.6 nm2 

molecule'1 and it was found to be unstable at 20 °C. 
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Fig. 1. Surface pressure-area isotherms of la and lb on 
pure water at 10, 15, and 20 °C. 

Subsequently, 1 b monolayer at 1 0 °C was found to form 
most stable condensed phase. Thus, the elucidation (vide 
infra) using the monolayers and the organized molecular 
layers were carried out for 1 b at 10 °C. 

Figure 2 shows the n-A isotherms of the lb 
monolayers on pure water (Milli-Q, pH 5.8) and the 
aqueous subphases containing Aco· or HPOl·. When 
2 x 10·4 M of Aco· was introduced in the subphase, the 
monolayer showed an expansion at the lower surface 
pressure. The larger molecular area compared to that on 
pure water suggests that Aco· significantly interacted 
with the isothiouronium contained monolayers. 
Although similar phenomena can be observed for the lb 
monolayers on several concentrations of HPOl, it is 
noteworthy that, even in the low concentration of 
HPO/- in the subphase, an expanded monolayer was 
obtained. This fact indicates that lb monolayer more 
binds to HPO/" than to Aco·, bein~ mainly due to the 
anion's basicity [pKa: 7.21 (HP04 ·), 4.76 (AcO") in 
water 25 °C].6 Moreover, on the subphase containing 
2 x 1 0-4 M of HPO{, a stable condensed film could be 
obtained. It was concerned that the oxoanions in the 
water subphase were significantly bound to the 
isothiouronium-derived mono layers. 
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Fig. 2. Surface pressure-area isotherms of lb 
mono layers on solution ofNaOAc or Na2HP04 at 10 °C: 
(a) pure water and in the presence of (b) 2 x 10·6 M, (c) 
2 x 10·5 M, and (d) 2 >< 1 0-4 M anions. 

3.2 Structure characterization of the organized molecular 
films 

The monolayers of lb were transferred onto 
hydrophobic plates to obtain fluorescence-active 
Langmuir-Blodgett (LB) films. The LB film may be 
used as a solid-support sensor for the detection of anions 
in water.7 

The molecular orientation in the fi1m was estimated 
by polarized FTIR spectra, which were measured for 20 
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layers on silicon plate. The CH2 symmetric and 
antisymmetric stretching vibration bands due to the 
hydrocarbon chains appeared at 2850 and 2919 cm"1

, 

respectively. Assuming an axial distribution of 
transition dipole moments, the tilt angle of amphiphiles 
for silicon plate can be estimate to be 51°. 8 

Figure 3 shows out-of plane and in-plane XRD 
patterns obtained for 16 layers of 1 b. The long spacing 
of lb in the film can be estimated to be 3.53 nm. From 
the Chem 3D modeling, the length of lb in the 
molecular long axis can be estimated to be 2.9 nm. 
Therefore the above value suggests the formation of a 
bilayer in the film. The in-plane XRD gave single 
diffraction (d = 0.41 nm), suggesting a hexagonal 
packing with 0.41nm spacing among the hydrocarbon 
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Fig. 3. XRD patterns for lb deposited on glass plate at 
24 mN m"1 and lO °C by a horizontal lifting method; (a) 
out-of plane XRD, (b) in-plane XRD. 

substrate 

Fig. 4. Schematic representation of 1 b film ( o/VV\o; 

alkyl-chain, Q : naphthalene-isothiouronium moiety). 

chains. The XRD profiles indicate the presence of a 
highly ordered layer structure (Fig. 4). 

To obtain the information of the surface structure of 
the 1 b-organized layer, AFM experiments were carried 
out. Figure 5 shows the AFM images of one and 
two-layer films of lb deposited on mica. The thickness 
of the one-layer film was estimated to be 1.8 nm, and 
that of the two-layer film was 3.6 nm. The thickness of 
the films corresponds to the results of XRD and Chem 
3D modeling. 

(a) 

3.6nm 

L8nm 

0 

(b) 

3.6nm 

1.8nm 

0 

Fig. 5. AFM images of (a) one-layer and (b) two-layer 
films of lb. 

3.3 Fluorescence study 
As the next stage, our attention has been devoted to 

investigate if the solid-supported organized film could 
act as a fluorescent sensor. TI1e 10 layers LB films of 1 b 
were prepared in the absence and presence of NaOAc 
(1 X w-s M) deposited on quarts plate, the fluorescence 
spectra being recorded at an excitation wavelength of 
290 nm (Fig. 6). It seems that the fluorescence of lb 
film fabricated from the monolayer on pure water is not 
quenched by the built-in isothiouroniurn group (Fig. 
6(a)), being unexpected data because the prototypical 
naphthalene-isothiouronium dyad (6) showed almost no 
fluorescence spectra in CH3CN based on a photoinduced 
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electron transfer (PET) process from the excited 
naphthalene to the isothiouronium group (Inset data of 
Fig. 6). 4b As a result, AcO·-induced fluorescent response 
of 1 b monolayer could not been obtained as shown in 
Fig. 6. This t1nding is attributable to the plausible 
phenomenon that water molecule (or Br- counter anion) 
tightly binds to the isothiouronium of 1 b when the 
organized layer is fabricated from the corresponding 
monolayers. To obtain more detailed information, the 
continuous investigation is now undenvay with different 
counter anion of lb. 
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Fig. 6. Fluorescence spectra of 1 b film deposited on 
quarts plate in (a) pure waterand(b) NaOAc (1 X 10'5 M) 
solution excited at 290 nm. Inset: Fluorescence spectra 
of 6 (2 X 1 0"5 M) in CH3CN excited at 270 mn upon 
addition of Aco· as a (n-Bu)4N salt. 

4. CONCLUSION 
As our ongoing program to develop new 

chemosensors for the detection of anions in water, we 
have synthesized fluorescence-active isothiouronium 
amphiphiles la and lb, the monolayers being well 
fabricated. The n-A isotherms using lb monolayer 
indicate significant interactions of anions at the air-water 
interface. The organized molecular films of lb can be 
also prepared and has periodic arrangements with 
hexagonal packing. It is noteworthy that the formation 
of the stable organized molecular layers and the 
interaction with anions. However, fluorescence detection 
of anions has not yet been successful using the 
organized films because it seems that the fluorescence of 
1 b is not quenched by the binding of water molecule (or 
Br- counter anion) at the isothiouronium moiety. 
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Notes and references 
:j:2-[(S-3,5-Dihexadecyloxybenzyl-N'-methyl-N-isothio
uronio)methyl]naphthalene bromide (ta) has 1H NMR 
(400 MHz, CDCI3 : CD30D = 4 : l (v/v), TMS), & 

7.85-7.81 (m, 3H), 7.68 (s, JH), 7.53-7.49 (m, 2H), 7.36 
(br s, 1 H), 6.47 (s, 2H), 6.40 (t, J= 2.0 Hz, lH), 4.80 (s, 
2H), 4.39 (s, 2H), 3.86 (t, J= 6.1 Hz, 4H), 3.14 (s, 3H), 
1. 74-1.69 (m, 4H), 1.43-1.27 (m, 52 H), and 0.88 (t, J = 
6.8 Hz, 6H); FAB-MS, m/z 802 [M-Br]\ Anal. Calcd 
for C52H85BrN202S2: C, 70.79; H, 9.71; N, 3.18. Found: 
C, 70.88; H, 9.63; N, 3.09. 

2-[(S-3,5-Dioctadecyloxybenzyl-N'-methyl-N-isothio
uronio)methyl]naphthalene bromide (1b) has 1H NMR 
(400 MHz, CDCI3 : CD30D = 4 : 1 (v/v), TMS), & 
7.85-7.81 (m, 3H), 7.68 (s, lH), 7.53-7.49 (m, 2H), 7.35 
(br s, I H), 6.47 (s, 2H), 6.40 (t, J= 2.1 Hz, I H), 4.79 (s, 
2H), 4.37 (s, 2H), 3.86 (t, J = 6.2 Hz, 4H), 3.13 (s, 3H), 
1.76-1.69 (m, 4H), 1.43-1.26 (m, 60H), and 0.88 (t, J= 
6.8 Hz, 6H); FAB-MS, m/z 858 [M-Brt; AnaL Calcd 
for C56H93BrN20 2S2: C, 71.68; H, 9.99; N, 2.98. Found: 
C, 71.87; R, 10.25; N, 2.70 . 
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