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Two new chemosensor dyes with either one or two trifluoro-

acetophenone recognition moieties have been investigated in

terms of reversibly interacting with amines and diamines.

The determination of toxic compounds such as amines has

become of large interest, since they are widespread pollutants

in nature. Because of their extensive use in pharmaceutical

industries and dye manufacturing it is necessary to develop

new and effective sensors for aliphatic amines. Various bio-

genic amines such as cadaverine and putrescine are products of

the enzymatical decarboxylation of amino acids. So the pre-

sence of these amines can serve as an indicator of food quality,

e.g. for fish products.

Chromatographic and optical methods1,2 are widely used

for the detection of amines, but they are not feasible for on-

line measurements. Other materials which are used range from

crown and heterocrown ethers, recognising amines in their

ammonium form3 to indicators with aldehyde moieties as

receptor units. Glass et al. described a fluorescent diamine

sensor based on a quinoline chromophore with an aldehyde

moiety as recognition unit.4 Lavigne et al. reported on car-

boxylic acids as receptor units for diamines.5

It is known that the trifluoroacetyl group reversibly reacts

with nucleophiles such as amines under the formation of

hemiaminals.6 Suzuki et al. developed a trifluoroacetophe-

none-based tripodal sensor molecule for the detection of

amino acids.7 The preparation of an amine-selective chemo-

sensor with a (trifluoroacetyl)azobenzene reporter group in-

corporated into a dendrimer was reported by Beil and

Zimmerman.8

Here we report on the synthesis and characterisation of a

new optical sensor based on two chemosensor dyes and their

use for the selective detection of aliphatic amines and di-

amines. The dyes are xanthen derivatives having either two

(1) or one (2) trifluoroacetophenone moieties. Incorporated

into polymer layers both are capable of reversibly binding

amines from aqueous solutions.

Starting from 4,5-dibromo-2,7-di-tert-butyl-9,9-dimethyl-

xanthene and 2,2,2-trifluoro-1-(4-vinylphenyl)-ethanone com-

pound 1 was synthesised via Heck-reaction using a capped

heavy-wall pyrex tube. Besides the disubstituted xanthen dye

1, the monosubstituted compound 1a was formed (Scheme 1).

To distinguish between the selectivity of one and two

trifluoroacetyl moieties towards mono- and diamines, com-

pound 2 was synthesised. One nitro instead of one trifluoro-

acetyl group was used for 2, because it has a similar acceptor

strength (Hammett substitution constant) but no chemical

reactivity towards amines. According to Scheme 2 compound

2 was synthesised via Heck-reaction from 1a and 1-nitro-4-

vinylbenzene.

Sensor layers S1 and S2 were prepared according to the

literature.9 Absorption measurements were performed by

placing the sensor-layer-containing flow-cell in the spectro-

meter and pumping aqueous amine solutions through the cell.

Additionally, the response of the dyes 1 and 2 to amines in

homogenous solution (ethyl acetate) was investigated.

The acceptor capacity of the trifluoroacetyl groups in 1 and

2 is decreased when reacting with amines. Their conversion

into a hemiaminal or a zwitterion leads to a change in the

electron delocalisation within the dye molecule and subse-

quently to a shift in absorbance to shorter wavelengths.

The dyes embedded in thin layers of plasticised PVC as well

as in homogenous solution showed changes in absorbance on

exposure to aliphatic amines. To study the hemiaminal for-

mation with monoamines, 1-propylamine (PA), diethylamine

and triethylamine were used. The main focus, however, was on

the interaction with aliphatic diamines of different chain

length, i.e. diaminomethane up to 1,6-diaminohexane.

Scheme 1 Synthetic route for compound 1 and 1a.

Scheme 2 Synthesis of compound 2.
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The sensor layer S1 has its absorbance maximum at around

335 nm and exhibits the largest signal changes upon addition

of different aqueous amine solutions at 380 nm and at 290 nm,

respectively. All amines reacted within 5 minutes to form the

hemiaminal or zwitterion (in the case of triethylamine).

Kinetic studies with analogous compounds were performed

by Zimmerman et al.11 Fig. 1 shows the absorption spectra of

membrane S1 upon addition of different concentrations of

1,3-diaminopropane (DAP) solutions.

The sensitivity of S1 towards diamine DAP is comparable to

monoamine PA (see ESIw).
In contrast to sensor layer S1, sensor layer S2 showed no

change in absorption upon exposure to aqueous solutions

containing DAP (Fig. 2). Obviously, no reaction took place,

indicating the high selectivity of S1 over S2. The same

behaviour was observed for diaminomethane and 1,2-diami-

noethane. Considering S2, marginal sensitivity was found for

1,4-diaminobutane, 1,5-diaminopentane and 1,6-diaminohex-

ane (Table 1).

The response and sensitivity of S1 and S2 towards mono-

amines is comparable, only the magnitude in signal changes is

smaller for S2 because only one functional group in 2 can react

with amines (Table 1). To illustrate the sensitivity of S1 to

primary amines the calibration functions are given in Fig. 3.

Comparing sensor membranes S1 and S2 two main results

are obtained. First, S1 shows higher sensitivity to diamines

than S2. Almost no change in absorbance was detected for the

reaction of S2 with diamines. Within the diamines, the Keq

values demonstrate the higher sensitivity of S1 towards more

lipophilic 1,6-diaminohexane than for diaminomethane. This

observed tendency corresponds to the Log P value of the

respective diamine. Increasing chain length of the amine

increases its lipophilicity, which, in turn affects its extraction

into the lipophilic polymer layer (described by the 1-octanol/

water partition coefficient Log P). With respect to monoa-

mines, S1 and S2 show comparable sensitivity for 1-propyla-

mine, diethylamine and triethylamine, with highest sensitivity

for the primary and less sensitivity for the secondary and

tertiary amine. The response of S1 and S2 to secondary and

tertiary amines is smaller although they have much higher Log

P values. A reason for this is the steric hindrance of the amine.

Bulky chains lessen the interaction with the trifluoroacetyl

group and therefore decrease its response to the sensor.9 The

equilibrium constants of S1 and S2 in the polymer sensor layer

are a combination of both, the extraction of the amine from

the aqueous phase into the polymer layer (dependent on the

Fig. 1 The absorption spectra of sensor membrane S1 upon exposure

to increasing concentrations of 1,3-diaminopropane (DAP). A de-

crease in absorbance at 380 nm and an increase at 290 nm is observed.

Fig. 2 Absorption spectra of sensor membrane S2 upon addition of

increasing concentrations of 1,3-diaminpropane (DAP). No change in

absorbance is observed.

Table 1 Equilibrium constants Keq for the formation of hemiaminals
from compound 1 and 2 with different amines measured in plasticized
PVC layers (layer thickness 3–5 mm). Additionally, octanol–water
partition coefficients (Log P)10 are given

Amine Keq/M
�1 (S1) Keq/M

�1 (S2) Log P

Diaminomethane 1 nda �2.17
1,2-Diaminoethane 4 nda �2.04
1,3-Diaminopropane 8 nda �1.43
1,4-Diaminobutane 4 1 �0.7
1,5-Diaminopentane 8 2 �0.26
1,6-Diaminohexane 11 4 +0.28
1-Propylamine 15 12.5 +0.48
Diethylamine 2 1 +0.58
Triethylamine 5.5 5 +1.45

a Not determined because of negligible changes in absorbance.

Fig. 3 Response function of S1 on exposure to aqueous amines

measured at pH 13.0 and at 350 nm (PA, 1-propylamine; DAM,

diaminomethane; DAE, 1,2-diaminoethane; DAP, 1,3-diaminopro-

pane; DAB, 1,4-diaminobutane; DAP5, 1,5-diaminopentane). The

solid lines are the calculated values for Keq.
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log P value of the amine) and the chemical reaction of the

amine with 1 or 2.

The reason for the difference in selectivity of S1 and S2 is

based on the different chemical structures of 1 and 2. In the

case of the reaction of compound 1 and 2 with monoamines

there is only one possible way to form the hemiaminal. Each

trifluoroacetyl function reacts with one amino group. In the

case of the reaction of 1 with diamines there are two possible

reacting pathways. First, it is possible that one diamine reacts

via its two amino groups to form a bridge between the two

binding sites of 1. Second, it is also possible that two diamines

each bind via one amino group to the trifluoroacetyl moieties,

forming hemiaminals. The second amino group allows the

formation of hydrogen bonds which stabilises the hemiaminal

structure.11 The structures of the resulting hemiaminals are

given in Fig. 4.

To evaluate whether the formation of bridged hemiaminals

takes place, we had to isolate the respective hemiaminal and to

analyse its structure. Since the chemical reaction is reversible,

the equilibrium had to be shifted towards the hemiaminal form

by adding N-trimethylsilylimidazole (TSIM) to a solution of 1

and DAP. TSIM is a powerful silylating agent, particularly for

alcohols. So the hemiaminal OH-group is locked and the

reverse reaction to form the trifluoroacetyl group is impeded.

Hence, it became possible to isolate and to analyse the

structure of the hemiaminal. The presence of a bridged

structure for the reaction of 1 with DAP was shown by mass

spectroscopy (see ESIw). The spectra gave a clear signal for the
bridged and no signal for the unbridged structure. Hence, we

conclude that the short-chained diamines are bridge-like

bound when reacting with 1, thus causing the difference in

selectivity of 1 over 2.

Comparing the interaction of 1 and 2 with amines in

homogenous solution (Table 2), several results are found.

First, 1 and 2 show similar Keq values for the reaction with

1-propylamine (monoamine). Second, for the reaction of 1 and

2 with diamines the Keq values are significantly increased,

when compared with the results for the monoamine. They

are highest for 1,2-diaminoethane and lowest for 1,4-diami-

nobutane. These results lead to the conclusion that an increas-

ing chain length of the diamine lessens the equilibrium

constant. This tendency is consistent with the results found

by Mertz et al.12 Comparing the reaction of 1 and 2 with

diamines, a significantly higher selectivity in the case of 1

compared to 2 is observed. This is similar to the results for the

sensor layers, attributed to the possibility of macrocycle for-

mation between dye 1 and the diamines.
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Table 2 Equilibrium constants Keq for the formation of hemiaminals
from compound 1 and 2 with different amines measured in ethyl
acetate

Amine Keq/M
�1 (1) Keq/M

�1 (2)

1-Propylamine 195 210
1,2-Diaminoethane 30 000 5000
1,3-Diaminopropane 26 000 3500
1,4-Diaminobutane 13 000 700

Fig. 4 Structures of the bridged (left) and unbridged (right) hemi-

aminals after reaction of 1 with diamines.
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