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BODIPY dyes functionalized with 2-(2-

dimethylaminophenyl)ethanol moieties as selective 

OFF-ON fluorescent chemodosimeters for the nerve 

agents mimics DCNP and DFP 

 

R. Gotora, P. Gaviñaa, Luis E. Ochandob, K. Chulvia, A. Lorentea, R. Martínez-
Máñezc and A. M. Costeroa* 

Two OFF-ON fluorescent chemodosimeters based on a BODIPY core for the detection of 
nerve agents mimics have been synthesized. Their reactivity towards diethylcyanophosphonate 
(DCNP) and diisopropylfluorophosphate (DFP) has been tested in organic and aqueous phase. 
These chemodosimeters selectively detect the nerve agents with good LODs. The 
chemodosimeters hold their sensing properties on solid supports, allowing the preparation of a 
hand held sensing kit. The sensing in solid-liquid phase has been demostrated. The X-Ray 
structure of compound 2 has been resolved. 
 

 

Introduction 

Sarin, Soman and Tabun are by far the most known chemical 
warfare among the nerve gases. Their extreme toxicity, together 
with their low cost and easy production makes these 
compounds a big concern for governments and civilians, 
especially in areas involved in war related conflicts. 
Chemically, nerve agents are organophosphorous derivatives 
with a good leaving group (see Scheme 1). These compounds 
irreversibly bind to a free serine residue of the 
acetylcholinesterase, inhibiting its enzymatic task1. 

  
Scheme 1. Chemical structures of nerve-agents Sarin, Soman, and 
Tabun, their simulants (DFP and DCNP) and some pesticides as 
potential interfering agents. 

 
The resulting over-accumulation of acetylcholine in the 
synaptic junctions of the nerves has immediate effects such as 
muscle relaxation hindering, “hyperventilation” and death in 
the worst cases. 
Monitoring these agents has been achieved by means of 
different technologies, such as the use of ion mobility 
spectroscopy2, biosensors3, electrochemical methods4, 
microcantilevers5, photonic crystals6, optical-fiber arrays7, etc. 
but most of them show some limitations, such as low 
portability, high costs or the need of qualified personal to 
operate the devices. 
In the last years, the use of colorimetric and/or fluorimetric 
chemosensors has gained importance. Colorimetric and/or 
fluorimetric chemosensors have proved to be a cost-effective 
method capable of performing quantitative analysis with 
widespread technologies, or even semiquantitative analysis 
with the “naked-eye”. Among the existing dosimeters for the 
nerve agent simulants, the transduction mechanism usually 
involves charge transfer (ICT) or photoinduced electron 
transfer (PET) processes, whereas the interaction with the 
analytes is performed by quaternization of nitrogen atoms8, 
phosphorylation of hydroximate groups9 or displacement 
assays10. 
Our research group has recently explored the use of 2-(2-
(dimethylamino)phenyl)ethanol moieties11 in the selective 
detection of nervous gases. The detection mechanism starts 
with the phosphorylation of the hydroxyl group by the 
organophosphorous derivatives forming a phosphoester, which 
in a second step is displaced by the attack of the nitrogen atom 
to give a five membered ring quaternary ammonium salt. 
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On the other hand, borondipyrromethene (BODIPY) 
fluorophores have gained a huge attention due to their 
remarkable optic properties, such strong extinction coefficients, 
high quantum yields of fluorescence and good photostability.12 

Herein we report the synthesis of two new fluorescent probes (1 
and 2) based on 2-(2-dimethylaminophenyl)ethanol receptors 
connected to BODIPY fluorophores, and their use in the 
selective detection of the nerve agent simulants DCNP and 
DFP. 
 
Results and discussion 

The synthesized probes (1 and 2) are depicted in Scheme 2. It 
was expected that these chemodosimeters in polar solvents 
would have no fluorescence due to ICT processes involving the 
nonbonding electrons of the nitrogen atom.13,14 In the presence 
of nerve agents, the nitrogen atom should form the 
corresponding ammonium salt through a displacement reaction 
and thus an increase of the fluorescence was expected to occur. 
 

 
 
Scheme 2. Chemical structures of the synthesized probes. 
 

Synthesis of the probes  
 
BODIPY-based probe 1 was synthesized in 63% yield by 
means of a Liebeskind-Srögl coupling between the boronic acid 
derivative 3 and thiomethylbodipy 4 in the presence of Cu(I)-2- 
thienylcarboxylate (CuTC), trifurylphosphine (TFP) and a 
catalytic ammount of Pd2(dba)3

14 (Scheme 3). 
 

 

Scheme 3. Coupling reaction to form probe 1 
 
The synthesis of the boronic acid precursor 3 started with the 
reductive hydrogenation of the 2-(2-nitrophenyl)ethanol in the 
presence of formaldehyde to yield 2-(2-
dimethylaminophenyl)ethanol 5, followed by an aromatic 
bromination with NBS catalyzed with ammonium acetate to 
form 6.  Lithiation of this compound with two equivalents of 
BuLi followed by treatment with triethoxyborane and acidic 
water work-up gave rise to the building block 3 (Scheme 4). 

 
Scheme 4. Synthetic procedures to form the boronic acid of sensing unit 
3. 
 
On the other hand, the thiomethyl BODIPY derivative 4 was 
obtained by the condensation of pyrrole with thiophosgene, 
followed by methylation with MeI and reaction with BF3·Et2O 
following procedures described in the literature15a. The 
tetramethylated thiomethyl BODIPY analogous was also 
obtained by using 2,4-dimethylpyrrole instead of pyrrole. 
Unfortunately, the cross-coupling between 3 and this derivative 
was not successful, probably due to steric hindrance. 
Probe 2 was synthesized by means of a Suzuki cross-coupling 
reaction between the boronic acid derivative 3 and the meso-(p-

bromophenyl) BODIPY 7 in 86% yield (Scheme 5). 
. 
 

 
 

Scheme 5. Synthesis of probe 2. 

 
Compound 7 was prepared in a 19% yield by the condensation 
of 2,4-dimethylpyrrole with p-bromobenzaldehyde, followed by 
aromatization with DDQ and reaction with BF3·Et2O

15b. 
 

X-Ray structure of compound 2 

 
Single dark red crystals of compound 2 were obtained by slow 
evaporation of acetonitrile solutions. X-ray diffraction analysis 
of several batches revealed a monoclinic P21/c crystal system, 
with two molecules in the asymmetric unit. 
In general, the bond lengths and angles within the BODIPY 
core exhibit the same geometric parameters as those examples 
reported in the literature.16 Thus, the boron atom has the typical 
bond lengths (B-N 1.548 Å and B-F 1.394 Å) and the N1-B1-
N2 and F1-B1-F2 angles indicate a tetrahedral BF2N2 
configuration17. Moreover, the dihedral angle between the 
pyrrole rings is 2.16º indicating a high level of planarity of the 
BODIPY core. By contrast, the phenyl group at the meso 
position is almost perpendicular to the indacene plane with a 
dihedral angle of 81.53º. The two aromatic rings in the biphenyl 
moiety are also not coplanar (dihedral angle of 22.16º) 
following the trend observed in other related compounds14 

(Figure 1). To our surprise, the nitrogen atom of the 
dimethylamino group shows a remarkable pyramidalization 
with average C19-N3-C19’ bond angles of 112.8º. The Car-N3 
bond length is 1.429 Å indicating that there is no conjugation 
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between the nitrogen lone pair and the π-system of the aromatic 
ring. Besides, the methyl groups of the dimethylaniline moiety 
are facing away from the ortho alkyl substituent, observation 
that has been previously spotted in other o-substituted 
anilines.18  
The 2-ethanol moiety shows a high grade of disorder in one of 
the molecules of the asymmetric unit, with three different 
positions for the oxygen atom, one of them at the 50% of 
occupation and the other two at 25% each. 
 

 
 

 
 

Figure 1. (Top) Asymmetric unit of compound 2. Thermal ellipsoids 

indicate the atom positions at probability levels of 35%. (Bottom) 

Molecular packing in the unit cell of the crystal structure along the b 

axis. Hydrogen atoms have been omitted for clarity.  
 
Spectroscopic properties 

 

The spectroscopic properties of compounds 1 and 2 were 
evaluated in acetonitrile solution (10-6 M). Compound 1 shows 
an absorption band at 495 nm (ε= 61600 M-1cm-1) whereas 
compound 2, in addition to the main absorption band at 498 nm 
(ε= 91400 M-1cm-1), shows two small bands at 240 and 290 nm, 
which can be attributed to the biphenyl moiety attached at meso 
position. The fluorescence emission spectra of these 
compounds in acetonitrile show weak emission bands at λem= 
515 nm (λexc= 470 nm) for 1 and λem= 507 nm (λexc= 480 nm) 
for 2. The fluorescence quantum yields (Фf ) of the free species 
in acetonitrile are rather low (< 0.02 for 2 and < 0.001 for 1). 
The strong fluorescence quenching observed for these 
compounds presumably resides in an intramolecular charge 
transfer (ICT) from the donor dimethylaniline moiety to the 
acceptor BODIPY core. In fact, it is known for similar 
compounds that the initial locally excited state (LE), after 
solvent reorganization, leads to a ICT state which is highly 
stabilized in polar solvents such acetonitrile13. BODIPYs 
showing an ICT processes use to have low quantum yields due 
to the non-radiative deactivation nature of the ICT processes. 
Moreover, in the case of 1, the existence of a twisted 
intramolecular charge transfer (TICT) could be considered, as it 
has previously been observed in related compounds14. 
Reducing the dimethylaniline electron-donating power (i.e: 
protonation or quaternization), would result in the cancellation 
of the ICT processes with the concomitant increase in the 
lifetime of the LE state thereby restoring the fluorescence 
emission13. 
In fact, we could observe that after protonation with HClO4, 
compound 2 restored its fluorescence to emission quantum 
yields of Фf = 0.446, while the quantum yield of 1+H+ 
increased to Фf = 0.019. 
 
Table 1. Spectroscopic properties of the synthesized dyes, free and 
protonated. Concentration is 10-6 M in MeCN. Proton source is HClO4. 
λexc= 470 and 480 nm for 1 and 2 respectively. Фf was measured using 
meso-phenyl bodipy as standard.17 ax = relative amplitude of species x. 
 

Probe λabs 

(nm) 

λem 

(nm) 

Фf τ1 

(ps) 

a1 

(%) 

τ2 

(ps) 

a2 

(%) 

1 495 515 <0.001 n.m.[a]    

1+H+ 501 520 0.014 97    

2 498 507 0.019 76.3 99.3 2002 0.7 

2+H+ 499 508 0.446 643 16.3 2370 83.7 

[a] not measured due to low emission 

 

Detection experiments in solution 

 

As a first approach, detection studies were carried in liquid 
phase using acetonitrile solutions (10-6 M) of compounds 1 and 
2. Both probes showed small changes in the UV spectrum after 
addition of different aliquots of DCNP or DFP. Only compound 
2 showed a new UV band at 260 nm along with a decrease of 
the bands at 240 and 290 nm. This change on the UV region 
can be ascribed to a change in the dihedral angle of the 
biphenyl moiety1920 (see Figure 2 for compound 2 and Figure S-
1 for compound 1). On the other hand, the addition of DCNP or 
DFP to acetonitrile solutions of 1-2 immediately gave rise to a 
large enhancement of the fluorescence emission.  
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Figure 2. UV-vis (left) and emission (right, λexc=470 nm) spectra of 
compound 2 in MeCN (1x10-6 M for emission, 1x10-5 M for UV-vis) 
titrated with DCNP (from 100 µM to 20 mM). Yellow: free ligand, red: 
ligand+DCNP 20 mM 
 
The side products from the nerve agents decomposition by 
hydrolysis or other mechanisms (i.e: formation of the 
pyrophosphate) include the formation of acids. Thus, in order to 
demonstrate that the previously described changes were due to 
the reaction with the simulant and not to a mere protonation 
process, buffered solutions of the probes were used in the 
detection experiments 
Thus, 10-6 M solutions of sensors 1 and 2 in water:MeCN 3:1, 
buffered with 0.1M MES pH 5.5 were also studied11. Addition 
of DCNP or DFP in the range of 100 µM to 20 mM also gave 
rise to a large enhancement of the corresponding emission 
bands.  
The nature of the resulting product of the reaction of 1 or 2 with 
the simulants was studied by the synthesis of the expected 
product through a different pathway. Thus, cyclization reaction 
of 2 was carried out with one equivalent of tosyl chloride in 
acetonitrile in the presence of K2CO3.  

 

 
 
 
Scheme 6. Cyclization reaction of 2 in the presence of tosyl chloride to 
form compound 8. 
  

The isolated product was characterized by NMR and HRMS, 
and its UV-vis and emission spectrum (λabs= 499 nm, λem= 509 
nm, Фf = 0.435, τ1 = 424 ps, τ2 = 2289 ps with relative 
amplitudes of a1 = 14% and a2 = 86%) perfectly matched with 
that resulting of 2 + DCNP (see supplementary information, 
figure S-17). 

  
Kinetic studies  
 

The kinetic of the reaction between compounds 1 and 2 and 
DCNP and DFP in buffered water:MeCN (3:1 v/v) solutions 
(pH 5.5, MES 0.1 M) was studied. For each solution, a battery 
of experiments was carried out using different amounts of 
simulant. The simulant was always in an excess to consider 
pseudo first-order conditions.  

The intensity of the emission band was continuously monitored 
(520 nm and 510 nm for 1 and 2 respectively). The obtained 
data allowed us to determine the observed rate constants at 
different simulant concentrations (kobs). Plotting kobs vs the 
concentration of the simulant, let us evaluate the constant rates 
(k) and the corresponding half-life time (t1/2 = ln 2/k) for the 
reaction of DCNP and DFP with 1 and 2. Table 2 summarizes 
the results obtained. Moreover, as an example, figure 3 shows 
the increment in the emission intensity at 510 nm for probe 2 in 
the presence of 6, 12, 18, 24 mM of DCNP in buffered 
water/acetonitrile 3:1 v/v mixtures (for compound 1 see 
supplementary information, figure S-18). 

 
Figure 3. Kinetic profile of the emission intensity at 510 nm of probe 2 
after the addition of 6, 12, 18 and 24 mM DCNP. Probe 2 is 10-6 M in 
pH=5.5 buffered water/acetonitrile 3:1 v/v mixture. The inset shows the 
correlation between kobs and concentration of DCNP.  
 
Table 2. Observed reaction rates (kobs) and constant rates (k) for the 
reaction of probes 1 and 2 with different concentration of nerve gas 
simulants DCNP and DFP. Sensors are 10-6 M in pH=5.5 buffered 
water/acetonitrile 3:1 v/v mixture 

 
 

Limits of detection and interferents 
 
Detection limits for compounds 1 and 2 are summarized in 
Table 3. For this determination, increasing amounts of the 
simulants were added to solutions containing probes 1 or 2. The 
emission values for these determinations were measured two 
minutes after the addition of the simulant. The limit of 
detection was considered to be reached at concentrations of 
simulant that fulfilled the condition: 

Is = I blank + 3×σblank 

where Is is the sample emission intensity after 2 minutes of 
addition of the simulant, I blank is the emission intensity mean of 
the blank and σblank is the standard deviation of the blank. 

DCNP 24 mM
DCNP 18 mM
DCNP 12 mM
DCNP 6 mM

k o
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)
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Probe kobs k 

(10-3s-1) 
t1/2 

(s) 
1 0.116 0.173 0.235 0.286 9.53 72 

2 

 

DCNP 
(mM) 

0.122 
 
6 

0.156 
 
12 

0.198 
 
18 

0.221 
 
24 

5.68 122 
 

Page 5 of 9 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5  

Table 3. Limits of detection (ppm) of DCNP and DFP for probes 1 and 2, in 
MeCN and in buffered water:MeCN (3:1 v/v) solutions (pH 5.5, MES 0.1 
mol dm-3) 

(ppm) DCNP DFP DCNP (water:MeCN) 

1 5 3 54 

2 7 8 4 

 
Additionally, the reactivity of probes 1 and 2 towards other 
organophosphorous compounds (OP) and 4,4’-DDE, or 4,4’-
DDD (see Scheme 1) was studied in buffered aqueous solutions 
(water/acetonitrile 3:1 v/v pH=5.5 MES 0.1M ). Thus, 100 ppm 
of the interfering species were added to the probe solutions. In 
general, no increase of fluorescence emission was observed 
indicating that no reaction occurred in the presence of potential 
interferents that may be present in common environments (see 
Figure 4). 

  
 
Figure 4. Relative (to DCNP) emission intensity of compounds 1 and 2 
(measured at 520 and 510 nm respectively) with 1000 ppmv of DCNP, 
OP compounds, gasoline and diesel. 
 
Moreover, DCNP or DFP were added to the water/acetonitrile 
3:1 v/v solutions of 1 and 2, containing the tested interferents 
and, as expected, the detection event still was observed, 
indicating that these species do not ruin the sensing capabilities 
of the probes. 
 
Sensing experiments over supporting material 
 

In order to assets the possibility of using these chemosensors as 
on-field sensing devices, we decided to fabricate solid polymer 
strips doped with the probes 1 and 2. The strips, which had no 
initial fluorescence, were dipped in distilled water contaminated 
with DCNP (from 2 to 2000 ppm). Clear enhancement of the 
fluorescence was observed by the naked eye from 20 to 2000 
ppm for 2 (see figure 5).  

 
 

Figure 5. Hydrogel coated polyethylene strips. Hydrogel was previously 
doped with compound 2. The strips were dipped in distilled water 
contaminated with (from the left to the right): 0, 2, 20, 200, and 2000 
ppmv of DCNP. Values indicate the relative (to the rightmost strip) 
luminance of the measured squared areas. Measurement was carried out 
by meaning the CIE luminance of all the pixels inside the squared area 
with a custom-made image processing software. (Fluorescent changes 
are more easily appreciated on the real samples rather than on the 
paper) 
 
Additionally, tap water was also used as solvent in the tests 
showing that this complicated matrix has no influence in the 
sensing properties of the system. After the test was performed, 
washing the strips with distilled water did not quench the 
fluorescence, indicating that the irreversible cyclization had 
occurred. 
 

Gas phase sensing 

 
As a test experiment, we hang the strips in the center of a round 
bottom flask, containing an air atmosphere. Then, this 
atmosphere was contaminated with 5 ppm of DCNP. In the 
period of 5 minutes, the strip was removed from the system, 
and a clear increase of the fluorescence emission could be 
observed under a hand held UV254nm lamp. With this simple 
procedure, we demonstrated the possibility of detection of 
nerve agent simulants in the gas phase. At the moment, this part 
of the investigation is still in progress. 
 
Experimental 

General methods 

 
All the synthetic manipulations were performed in a dry argon 
atmosphere using standard techniques. Compound 4 and 7 were 
prepared following the procedures described in the literature.15a, 

15b. Tetrahydrofuran was distilled over Na prior to use. The 
other materials were purchased and used as received. Silica gel 
60 F254 (Merck) plates were used for TLC. 1H and 13C NMR 
spectra were recorded using a Bruker DRX-500 spectrometer 
(500 MHz for 1H and 126 MHz for 13C) and a Bruker Avance 
400 MHz (400 MHz for 1H and 100 MHz for 13C) with the 
deuterated solvent as the lock and residual solvent as the 
internal reference. HRMS were recorded using a Shimadzu 
QP5050A. Absorption spectra were recorded with a Shimadzu 
UV-2101PC spectrophotometer. Fluorescence spectra were 
carried out in a Varian Cary Eclipse fluorimeter. 
 
Crystal structure data collection and refinement.  

 
Intensity data were collected at 120(2) K with an Oxford 
Diffraction S Ultra diffractometer equipped with a Mo co-
mounted (λ = 0.71073 Å) enhance X-ray sapphire CCD 
detector. Structures were solved by direct methods and refined 
by full-matrix least-squares using SHELX-97.20, 21 Molecular 
graphics of the structures (Fig. 1) were produced with Mercury 
and Ortep.22 Solution, refinement, geometrical calculations and 
graphics were performed with the WinGX package.23 CCDC 
982038 contain the supplementary crystallographic data for this 
paper.  
 
Experimental procedures 

 
Synthesis of compound 6. 2-(2-Nitrophenyl)ethanol (10 g, 61 
mmol), 37 % aq formaldehyde (11.24 mL, 75.2 mmol), ethanol 
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(200 mL, 99 %), and Pd/C (500 mg, 10 %)were placed under an 
H2 atmosphere at 60 PSI until the uptake of hydrogen ceased. 
After filtration through celite, the solvent was evaporated, and 
the residue was dissolved in EtOAc, and washed twice with 
water, and NaCl (sat.). The organic phase was dried using 
MgSO4, and the solvent was evaporated to give 2-(2-(N,N-
dimethylamino)phenyl)ethanol as crude oil. The oil (10.12 g, 
61 mmol) and ammonium acetate (470 mg, 6.1 mmol) were 
dissolved in acetonitrile (300 mL) in a round bottom flask. 
Then, the mixture was cooled down to 0 ºC, and a solution of 
N-bromosuccinimide (10.85 g, 61 mmol) in 10 ml of 
acetonitrile was added dropwise. After 1 h reaction, the solvent 
was evaporated and the mixture dissolved in EtOAc. The 
organic solvent was washed twice with 10% aq Na2CO3  and 
NaCl (sat.). The organic phase was dried with MgSO4 and 
evaporated. The remaining oil was purified by silica column 
chromatography using EtOAc:hexane 4:6 as eluent to yield 
10.61 g (71%) of 6 as brownish oil. Rƒ = 0.77 (EtOAc:Hexane 
6:4). 1H NMR (500 MHz, CDCl3) δ 7.24 (dd, J = 8.5, 2.4 Hz, 
1H), 7.21 (d, J = 2.3 Hz, 1H), 6.97 (d, J = 8.5 Hz, 1H), 3.75 (t, J 
= 5.7 Hz, 2H), 2.87 (t, J = 5.7 Hz, 2H), 2.59 (s, 6H). 13C NMR 
(125 MHz, CDCl3) δ 151.36, 138.22, 133.64, 130.35, 121.77, 
117.61, 77.00, 63.86, 44.81, 35.61. HR-MS: calcd for 
C10H14BrNO [M+ H]+: 244.0337, found: 244.0341. 
 
Synthesis of compound 3. Compound 6 (1.45 g, 5.94 mmol) 
was dissolved in dry THF under argon atmosphere and the 
solution was cooled to -78 ºC. Then, 15.77 mL of 1.13 M BuLi 
(17.82 mmol) was slowly added. After 30 min, the reaction was 
warmed to 0 ºC in an ice bath for 5 min, and then cooled again 
to -78 ºC. At this point, triethylborane (2.55 ml, 14.84 mmol) 
was added. The reaction was allowed to warm up and was kept 
overnight at room temperature. Then, 75 ml of NH4Cl 10% in 
water was added, and the mixture was stirred for other 5 min. 
The organic solvent was partially evaporated, the organic phase 
was extracted with dichloromethane (5x100ml) and the 
combined organic phases were dried over MgSO4. The solvent 
was evaporated, and the solid was dissolved in the minimum 
amount of CHCl3. A 1:1 mixture of EtOAc:hexane  was slowly 
added in order to precipitate the boronic acid 3. The compound 
was isolated by centrifugation (0.96 g, 77%). Rƒ = 0.59 
(EtOAc:MeOH 9:1). 1H NMR (500 MHz, DMSO-d6) δ 7.81 
(br. s, 2H), 7.62 (d, J = 1.2 Hz, 1H), 7.59 (dd, J = 8.0, 1.2 Hz, 
1H), 7.06 (d, J = 7.5 Hz, 1H), 4.70 (s, 1H), 3.64 (t, J = 7.5 Hz, 
2H), 2.82 (t, J = 7.5 Hz, 2H), 2.65 (s, 6H). 13C NMR (125 MHz, 
DMSO-d6) δ 136.69, 133.44, 132.29, 118.49, 62.20, 45.16, 
34.72. HR- MS: calcd for C10H17BNO3 [M+H]+: 210.1296, 
found: 210.1301. 
 
Synthesis of compound 1. Thiomethyl-bodipy 4 (36 mg, 0.153 
mmol) and boronic acid 3 (96 mg, 0.459 mmol) were dissolved 
in 6 ml of dry THF. The solvent was purged with argon for 10 
min. At this point, Pd2dba3 (3.5 mg, 3.8 µmol, 2.5 mol%), tri(2-
furyl)phosphine (2.6 mg, 11.4 µmol, 7.5 mol%) and copper(I) 
thiophene-2- carboxylate (174 mg, 0.918 mmol, 6 equiv) were 
added followed by 5 min N2-purge. Then, the mixture was 
heated at reflux for 24 h. After this time, TLC plate revealed 
quantitative consumption of starting materials. Then, solvent 
was evaporated and the mixture was dissolved in 
dichloromethane, and washed twice with NaHCO3 10% and 
NaCl(sat.). The organic layer was dried with MgSO4 and the 
solvent was evaporated. The remaining mixture was purified by 
aluminium oxide column chromatography using 
dichloromethane as eluent to yield 48 mg  (84%) of an orange 

solid. Rƒ = 0.42 (dichloromethane, aluminum oxide). 1H NMR 
(500 MHz, CD2Cl2) δ 7.93 (s, 2H), 7.53 – 7.50 (m, 2H), 7.32 
(dd, J = 7.6, 1.0 Hz, 1H), 7.09 (d, J = 4.2 Hz, 2H), 6.62 (d, J = 
4.2 Hz, 2H), 3.92 (t, J = 6.0 Hz, 2H), 3.09 (t, J = 6.1 Hz, 2H), 
2.85 (s, 6H). 13C NMR (125 MHz, CD2Cl2) δ 155.81, 143.20, 
134.95, 134.78, 134.53, 133.49, 131.48, 130.30, 129.02, 
119.55, 118.25, 63.49, 44.43, 35.44. HR-MS: C19H21BN3OF2 
[M+H]+: 356.1740, found: 356.1749. 
 

Synthesis of compound 2. meso-bromophenyl-bodipy 7 (96.3 
mg, 0.239 mmol), boronic acid 3 (150 mg, 0.718 mmol) and 
sodium carbonate (151 mg, 1.44 mmol) were dissolved in 10 
mL of a DFM/water (4/1 v/v) mixture. The solvent was purged 
with argon for 10 min. 
Tetrakis(triphenylphosphine)palladium(0) (13.7 mg, 12 µmol) 
was added, and the mixture was degassed for 5 more minutes. 
Then, the mixture was heated to 100 ºC and allowed to react for 
1 h. After this time, TLC plate revealed quantitative 
consumption of starting materials. Solvents were then 
evaporated and the mixture was dissolved in dichloromethane. 
The organic solvent was washed twice with water, and the 
aqueous layer was extracted with dichloromethane. The 
combined organic layers were washed with NaCl(sat.) and 
dried with MgSO4. After solvent evaporation, the remaining 
mixture was purified by silica column chromatography using 
EtOAc:Hexane 7:3 as eluent to yield 99 mg  (86%) of an 
orange solid. Rƒ = 0.4 (EtOAc:Hexane 4:6). 1H NMR (500 
MHz, CD2Cl2) δ 7.78 (d, J = 8.2 Hz, 2H), 7.60 (dd, J = 8.2, 2.4 
Hz, 1H), 7.56 (d, J = 2.3 Hz, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.34 
(d, J = 8.3 Hz, 1H), 6.08 (s, 2H), 3.91 (t, J = 5.8 Hz, 2H), 3.11 
(t, J = 5.8 Hz, 2H), 2.78 (s, 6H), 2.57 (s, 6H), 1.52 (s, 6H). 13C 
NMR (125 MHz, CD2Cl2) δ 155.35, 152.50, 143.38, 141.88, 
141.21, 136.42, 136.10, 133.46, 131.44, 129.52, 128.49, 
127.31, 125.93, 121.12, 120.40, 64.05, 44.76, 36.06, 14.33. 
HR- MS: calcd for C29H33BN3OF2 [M+H]+: 488.2679, found: 
488.2685. 
 
Synthesis of compound 8. Compound 2 (29.2 mg, 59.9 µmol), 
tosyl chloride (13.7 mg, 71.8 µmol) and potassium carbonate 
(24.8 mg, 180 µmol) were placed in a round bottom flask and 
water traces were evaporated twice with 5 ml of toluene. Then, 
the mixture was dissolved in 5 ml of dry acetonitrile. The 
mixture was allowed to react overnight at room temperature. At 
this point, the orange precipitate was filtered off and washed 
with cold Et2O, to yield 35.2 mg (92 %) of the desired product. 
1H NMR (500 MHz, CDCl3) δ 7.99 (dd, J = 8.5, 2.1 Hz, 1H), 
7.82 (d, J = 8.1 Hz, 2H), 7.74 – 7.67 (m, 4H), 7.43 (d, J = 8.1 
Hz, 2H), 7.17 (d, J = 7.9 Hz, 2H), 6.02 (s, 2H), 4.57 (t, J = 7.2 
Hz, 2H), 3.88 (t, J = 1.8 Hz, 6H), 3.49 (t, J = 7.3 Hz, 2H), 2.59 
(s, 6H), 2.35 (s, 3H), 1.45 (s, 6H). 13C NMR (125 MHz, CDCl3) 
δ 155.86, 146.70, 144.00, 143.56, 142.84, 140.67, 139.77, 
139.19, 135.39, 133.54, 131.33, 129.03, 128.80, 128.63, 
127.83, 125.94, 125.09, 121.40, 118.15, 68.59, 55.23, 27.33, 
21.23. HR-MS: calcd for C29H30BN3F2 [M-TsO]+: 470.2574, 
found: 470.2578. 
 
Synthesis of 1,3,5,7-tetramethyl-8-thiomethyl-BODIPY. The 
synthesis of the tetramethylated analogous of compound 4 was 
carried out according to reference 24. The NMR data are in 
agreement with those previously reported. 1H NMR (500 MHz, 
CDCl3) δ 6.09 (s, 2H), 2.61 (s, 6H), 2.52 (s, 6H), 2.46 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 155.32, 143.46, 141.68, 134.22, 
122.15, 22.17, 16.90, 14.65. HR-MS: calcd for C14H18N2F2SB 
[M+H]+: 295.1246, found: 295.1243. 
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Preparation of the strips. 2.0 g of poliuretane based hydrogel 
solution (Hydromed D4®) was mixed by 1h rotation with 27.5 
mL of EtOH and 2.4 mL of water. To 2.5 mL of the viscous 
solution, 500 uL of a 4.3 mM dioxane solution of probes 1 or 2 

was added, and the resulting mixture was again rotated for an 
additional hour. Polyethylene strips (40 x 5 x 0.5 mm) were 
then dipped once in the solutions and then allowed to dry at 
room temperature for 2 hours 

Conclusions 

Two OFF-ON BODIPY-based probes have been prepared and 
their utility in the detection of nerve agent simulant (DCNP and 
CFP) has been demonstrated. The dimethylamino groups 
present in compounds 1 and 2 inhibit the typical fluorescence of 
the BODIPY core probably due to an ICT mechanism. In the 
presence of the target species, the fluorescence of the system is 
restored through the quaternization of the dimethylamino 
nitrogen atom. The intensity of the fluorescence is stronger in 
compound 2 than in 1. Registered LOD were in the 50 ppm, 
and in the case of 1 with DFP, went down to 3 ppm. In 
addition, selectivity towards different potential interferents 
present in civilian or military settings has been demonstrated. 
The properties of the probes are still present in solid supported 
kits which are able to detect the studied simulant not only in 
solution but also in gas phase. The achieved LOD are even 
lower when these solid supports are used.  
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