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Abstract

In recentyear syriarejuvenate interest in chemical warfare agents (GYAr terrorist attacks.
Nerve agents are the most scandalous chemicalsandause death of a person owing to the
inhibition of acetyl cholinesterase activity. Inigharticle, we report a colorometric and
ratiometric fluorescent probe 4-diphenylamino-24topy benzaldehyde oximeTPOD) that
could be efficient of instant and real-time recagdof DCP vapour. Upon reaction with DCP,
bathochromic shift from ~463 to ~532 nm was obsgrdee to the inhibition of PET from
oxime-hydroxyl to the triphenyl amine moiety andclation to the benzisoxazole. The
transformation from oxime to benzisoxazole was icordd by NMR and HRMS data. The probe
TPOD can be applied on a portable and cost effectisekiés where in presence of DCP vapor
dramatic color and fluorescence change were obdemthin 30 secs. Furthermore, the probe
can efficiently detect DCP in presence of otheveaeagents and electrophile and the detection
limit is 0.14 uM. Moreover to evaluate the sensingchanism we have prepared a control
compoundTPD whose crystal structure and non covalent intevastihave been incorporated.
To achieve the on-site applicationTOD we have performed an experiment in soil sample to
detect trace amount of DCP. Moreover the probe maruseful in cellular imaging of DCP
containing bio-samples. Thus the prolfOD is an auspicious, instant and on site monitoring
ratiometric fluorescent probe for selective DCPedBbn in presence of other interfering nerve
agents.

1. Introduction

Organophosphorous compounds (OPs) include agrrallpesticides, herbicides and chemical
warfare agents (CWA) i.e; nerve agents and areadedaas being the most poisonous chemicals
to living things ever discovered or synthesized3]1However, the substantial use of these
compounds in agricultural industry around the wdwd generated the poisoning of thousands of
humans. In 1936, during synthesis of pesticides, first nerve agent (Tabun, GA) was



discovered as a by-product [4-6]. OPs, such ag,sswman, and tabun have also been utilized as
nerve agents in chemical warfare [7-8p, the potential exposure to chemical warfare tsgen
(CWASs) due to terrorist and military activity hdsis become a serious threat to our soldiers and
civilians [9-12]. It is evident that the primaryxioity of nerve agents comes from the inhibition
of acetylcholine esterases (AChE) by reaction wéthctive phosphate group of OPs with the
hydroxyl groups of AChE, that prevents the decontjmrs of acetylcholine. As a result, rapid
death of a human, paralysis of central nervousesysind organ failure may occur [13,14].
Therefore, a reliable, facile and selective methasrequired to resolve the problem. Various
sensing methods for nerve agents have been repddeti7], such as mass spectroscopy/gas
chromatography [18-21]electrochemical sensor [22,23gnzymatic sensor [24-26]and
interferometry [27-29].However, these methods have some limitations, sashlimited
selectivity, low sensitivity, slow response, lack specificity, operational complexity, non-
portability, costly and inconvenient for real-tingetection and monitoring [30-32]. So, it is
highly appealing to develop a probe which can staistinct changes both in color and
fluorescence in the presence of OPs. In this doectluorescent chemosensors have attracted
significant attention owing to their portabilitygw cost, highly sensitivity, and easy operation in
recent years [33-35]. Generally, diethylchlorophwgp (DCP) is claimed as a nerve-agent
mimic owing to its low toxicity but similar reacity of NAs and hence, a cheap and easy
method is most desired for DCP detection.

In this article, we report a new ratiometric cheersor based on an o-hydroxyl substituted
triphenylaminoaldehyde oxime group that can detecirve agent simulant diethyl
chlorophosphate (DCP) very rapidly and selectivelgqueous acetonitrile solution. It comes to
light that by deprotonation of an oxime, supernoptele oximate is formed and is capable of
attacking the strong electrophilic organophosphatesaccordingly it has been incorporated into
sensor system to detect nerve agents [36, 37]ddlitian, the oxime group is a well-known
medical antidotal treatment for nerve agent exp$BB-41] because “supernucleophile” oxime
is capable to restore the serine—OH from the plastdied serine—-OH in AChE by the
attacking at internal phosphorus (serind?Qe serine-OH), and thus the function of AChE
reactivates [42-47]. Besides, the o-hydroxy grodipth® chemosensor enhance the rate of
cyclization to generates the benzisoxazole prodiitt a greatly increased sensitivity [48-51].
Moreover, for sensing a target analyte a ratiomattethod offers an alternative approach to
overcome the disadvantage of intensity based @dlons by integrated correction of two
emission bands. Finally, ratiometric probe can tmpleyed to detect liquid and gaseous nerve
agents [52-55]Hence, we obtained a concise colorimetric and matoic fluorescent probe,
bearing an electron donating amine group and matarcing o-hydroxyl functionality in the
structure, that could realize fast response agdpsble of real-time and onsite recording of DCP
vapor. A naked-eye detection limit down to 0.14 jeMel is remarkably achieved, which makes
it a highly optimistic fluorescent sensor for a ple rapid and low-cost detection for DCP . We
have reported another derivativEPD) which is devoid of the ortho-hydroxyl group. Inig
molecule the characteristic spectrophotometric @rigs was observed but upon interaction with



DCP appreciable change in absorbance and fluorescgare not observed to the same extent.
This proves the participation of ortho-OH in theestodosimetric reaction mechanism. However
the compoundPD has been treated as a control compound whoseatsgaicture (Fig.8) and
analytical data (ESIt) have been recorded.

2. Experimental Section
2.1. Chemicals and physical quantification

All the chemicals were obtained from sigma-aldractd were used without further purification.
For NMR spectra, TMS was used as an internal stdnalad DMSO-¢ as solvent'H and**C
NMR spectra were measured on a Brucker 400 MHzunmsnt. Chemical shifts arfti—"H and
'H—C coupling constants are expressed ppm and in Hz units. Mass spectra and fluorescence
spectra were done on a Waters QTOF Micro YA 263smgeectrometer and Perkin Elmer
Model LS 55 spectrophotometer.

2.2. Structure optimization study

All calculations for density functional theory (DFBnd Time-dependent density functional
theory have been performed using Gaussian 09 progtptimization of structures have been
done using the B3LYP/6-31G (d, p) level of thedr2DFT calculation has also been carried out
at the same level.

2.3. Calculation of detection limit

The detection limit of TPOD was calculated on the basis of absorption andrdheence
titration. The absorption and fluorescence specwfiifPOD was measured 10 times, and to get
the slope, the ratio of the absorption and flucgase intensity at 405 nm and 532 nm were
plotted as a concentration of DCP. Detection limés calculated from following equation:
Detection limit =3Sb1/S where S is the slope of thébration curve and Sbl is the standard
deviation of the blank measurement.

2.4. Method of solution preparation for UV-Vis titration

Stock solution of TPOD and TPD (0.4 uM) was prepared in GEN/H,O (1:1v/ v). All
experiments were performed in gEN/H,O solution (CHCN/H,O = 4:6 v/v, 10 mM HEPES
buffer, pH = 7.4). During titration each time 2 ml gada of TPOD (8 M) was charged in a
quartz optical cell (optical path length= 1 cm). B8ing a micropipette slowly the stock solutions
of analyte (8 uM) were put in the quartz opticdl.ce

2.5. Method of solution preparation for fluorescene titration

Stock solution of TPOD and TPD (0.4 uM) was prepared in CG4N/H,O (4:6 v/ v). All
experiments were performed in gEN/H,O solution (CHCN/H,O = 4:6 v/v, 10 mM HEPES



buffer, pH = 7.4). During titration each time 2 ml gada of TPOD (8 pM) was charged in a
quartz optical cell (optical path length= 1 cm). @sing a micropipette slowly the stock solutions
of analyte (8 uM) were put in the quartz opticdl.ce

2.6. Synthetic procedures
2.6.1.Preparation of compound 1

Phosphorous Oxychloride (PQE(3 ml) and DMF (3 ml) were placed in a two neckimd
bottomed flask, Then the flask was dipped in an begh, the stirrer was started, and 3-
methoxytriphenylamin€500 mg, 1.81 mmol) dissolved in DMF (1 ml), wasled to the POGI
and DMF mixtures over a period of eight minutegeAtompleting the addition the mixture was
again stirred for 15 minutes. Then the ice bath segsmrated and again the mixture was allowed
to heat at 55-60°C for 6 hr., cooled to the roomperature and poured into ice water. The
agueous part was extricated four times with etlogtate. Then organic layer was collected in a
beaker and dried over sodium sulfate. Organic stéverere removed in rotary evaporator under
reduced pressure. Finally the residue was purifiedolumn chromatography using ethyl acetate
in hexane (10% v/v) to give pure 3-methoxytriphamyinoaldehyde. Light yellow solid, (320
mg, 58.3%), mp: 150-16G, MS (LCMS): (m/z, %): 321.24(Compound 1+H,O), 100 %];
Calculated for GH1/NO,: 303.12.*H-NMR (DMSO-d6, 400 MHz) (ppm) 10.01 (s, 1H), 7.47
(d, J =8.4 Hz, 1H,), 7.32 (t, 4H), 7.05 (m, 6HP&®(s, 1H), 3.39 (s, 3H).

2.6.2.Preparation of compound 2

BBr; (1 ml, 1.47 mmol) was added to the solutioncompound 1 (300 mg, 0.98 mmol) in
CH.Cl, (2 ml) at 0 °C under a nitrogen atmosphere. Thaure was allowed to stir at 0 °C for
0.5h and at room temperature for 3 h. Then thetiga mixture was cooled to 0 °C, and
carefully MeOH (100 mL) was added. The solvent wamoved in rotary evaporator and the
residue was added to MeOH (100 mL). This processagatinued three times. The residue was
diluted with organic solvent DCM, the precipitateasvfiltered and washed with DCM to
give compound 2(160 mg, 56.4%) as a yellow solid, mp >180 °C. USMS): (m/z, %): 313.2
[(Compound 2+H"+Na), 100 %]; Calculated for 1gH1sNO,: 289.32H NMR (400 MHz,
DMSO0-d6,):8 (ppm) 10.75 (s, 1H), 9.29 (s, 1H), 7.45 {& 8 Hz, 1H), 7.37 (m, 1H), 7.25
(d,J=8.4Hz, 3H), 7.11 (d] = 8.4 Hz, 2H), 7.07 (d] = 8 Hz, 4H), 6.97 (d] = 8 Hz, 2H).

2.6.3.Preparation of compound TPOD

NH,OH-HCI (28 mg, 0.40 mmol) and,KO; (71 mg, 0.51 mmol) were added to the solution of
compound 2 (100 mg, 0.34 mmol) in 5 mL GEH. The mixture was stirred at room
temperature over 5 h, then 30 mL water was addddseparated four times with 50 mL EtOAc.
The organic part was dried over anhydrousS@ and concentrated to dryness in a rotary
evaporator under reduced pressure. Finally theluesivas refined by column chromatography
(Hexane/EtOAc, 1:2, v/v) to yieldPOD (60 mg, 58%) as a white solid. mp: 130-%@0MS



(LCMS): (m/z, %): 327.10 KPOD+ Na), 100 %]; Calculated forigH1¢N202: 304.34.'H NMR
(400 MHz, DMSO0-d6), d: 11.01 (s, 1H), 9.36 (5,120 (s, 1H), 8.06 (s, 1H), 7.54 (m, 1H),
7.35(t, 1H), 7.13 (t, 2H), 7.04 (t, 2H), 6.56 (H)2 13C NMR (100 MHz, DMSO-d6) (ppm)
162.15, 151.55, 146.53, 134.99, 133.62, 129.16,321817.12, 115.43.

2.6.4.Preparation of compound TPD

NH,OH-HCI (30 mg, 0.43 mmol) and,KO; (75 mg, 0.54 mmol) were added to the solution of
3 (100 mg, 0.36 mmol) in 5 mL GEH. The mixture was stirred at room temperature évie,
then 30 mL water was added and separated four tmtes50 mL EtOAc. The organic phase
was dried over anhydrous pBO, and concentrated to dryness in a rotary evapoatder
reduced pressure. Finally the residue was refineddtumn chromatography (Hexane/EtOAc,
1:2, v/v) to yieldTPD (65 mg, 63%) as a light green solid. mp: 140°C5MS (LCMS): (m/z,
%): 289.3[(TPD+H"), 100 %]; Calculated for gH;eN,O: 288.34.

2.6.5.Preparation of compound TPODP complex

In a small round bottomed flag®OD (20 mg, 0.06 mmol) was taken in 2 ml acetonitaihel to
this mixture DCP (20.7 mg, 0.06 mmol) was addedpdise. After the completion of the
reaction acetonitrile was evaporated in rotary evajor. To get pure compound purification was
done by column chromatography (Hexane: EtOAc =v@v)). Finally we got pure product as a
light yellow solid. MS (LCMS): (m/z, %): 304.1269PODP] + H,O, 100 %]; Calculated for
Ci9H14N20: 286.1106. 1H-NMR (CDCI3, 400 MHzy: (ppm) 8.03 (s, 1H), 7.45(d, J=8.4 Hz,
1H), 7.29 (m, 4H), 7.04 (m, 6H), 6.91 (d, J=8.4 HH). 13C-NMR (DMSO-d6, 100 MHz)}
(ppm) 162.14, 151.55, 146.53, 134.99, 133.62, 19.18.32, 117.12, 115.43.

3. Results and discussion
3.1. Synthesis and characterization

Following Vilsmeier-Haack synthesis procedure westfiprepared 4 — diphenylamino - 2-
methoxy benzaldehyde (Compoundl) then demethylaifothe Compoundl was carried out
using BBg in dichloromethane [56-61]. Finally proBEPOD has been synthesized with the
reaction of hydroxyl amine in methanol. We confidhtee structural identification of the probe
TPOD by mass spectroscoplH NMR and**C NMR (ESIt). We first observed the spectral
response off POD towards DCP in 4:6 v/iv C#€N-H,O in HEPES buffer solution. When we
added DCP toTPOD rapidly ratiometric color change from cyan to gregas observed in
fluorescence lamp.The reaction is highly dependensolvent system and the efficient changes
was observed at pH 7.4 in @EN-H,O (4:6 v/v). Thus the probe is applicable to def2CP
under the change in relative humidity.
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Scheme 1Reagents and Conditions: @MF, POCk, Heat 868C, 6 hrs (b)BBrs, CH.Cly, r.t, 5
hrs (c)NH,OH, K,CO3,MeOH, r.t, 5 hrs.

3.2. Color and fluorescence response of TPOD towasdCP

Inspection of the absorption spectrumTéfOD upon treatment with DCP (Fig.1a) shows that a
new band appears at ~405 nm. The band at ~329 dm 8B8 nm were gradually decreased and
an isosbestic point at ~ 379 nm was appeared. ahuscrease in the long wavelength band and
decrease in the short-wavelength band with an estgbpoint at ~379 nm shows that the
sensing reaction is a single and promising condeptecess. The images displayed in inset of
Figure 1a showed that the addition of DCP to theeaqs CHCN solution ofTPOD causes a
distinct color change from colorless to yellow. g 1b shows the change of absorption ratio
with successive addition of DCP (0-10 equiv).

As shown in Figure 2a, fluorescence spectra gMLprobe TPOD solution upon addition of
different amount of DCP (0-10 equiv) exhibits adyral change in the detection mode in a
ratiometric way when excited at 379 nmg;§= 11x 18 M™* cm™). Initially it shows a band at ~
463 nm § = 0.005) which is gradually decreases and a neak @& ~ 532 nmd( = 0.23)
gradually increases with the addition of DCP antlirsdéion came after 10 equiv addition of
DCP. The interaction oTPOD and DCP was clearly investigated by the appearafcan
isoemissive point at ~ 491 nm. In fact the intacacis clearly visible through the color change
from cyan to green. Based on the Job’s plot (Fig’1$ it has been proved that the stoichiometry
of the formation of compoun@PODP between probdPOD and DCP is 1:1. The ratio of
fluorescence intensities of proB®0D at ~ 463 and ~ 532 nmyl Is3) showed a momentous
change from 0.782 to 37.05 upon charged with DCig. (Ea), a ~48 fold inflation in the
ratiometric emission. Limit of detection (LOD) GiPOD towards DCP was calculated (Fig.
S15t and S167) in terms of the formula/i3 and are 0.14 uM and 0.23uM from absorption and
fluorescence data through fitting a straight liNew the plots of fluorescence intensities ratio vs
concentration of DCP has been shown in Fig. 2lzase of our control compound@RD) the
change in the spectra (Fig. S13t and S14t) wasassenly due to the inhibition of PET from



the oxime-OH as a result of DCP binding. In prdi®D the spectral response is facilitated by
the cyclization brought about by the ortho-OH group

3.3. Interference study of TPOD in presence of acte electrophiles

To assess the selectivity diPOD for DCP, we performed the UV-Vis and fluorescence
response offPOD to some active electrophiles and nerve agents6f2such as thionyl
chloride (SOG)), acetyl chloride (CBCOCI), phosphorous oxychloride (PQloxalyl chloride
(COCl),, triethyl phosphate (TEP), diisopropyl fluorophbates (DFP), tributyl phosphate
(TBP), diethylcyano phosphonate (DCNP) and dimetieghyl phosphonate (DMMP). As
shown in Figure 3a and 3b, among DCP and thesderiteg substances, only DCP induced an
obvious ratiometric naked eye color change fromortess to yellow and a ratiometric
fluorescence change from cyan to green was obseBrgdhe fluorescence of tAdPOD probe
remained undisturbed or was only slightly increasegresence of various interfering agents
(Figure S18t). The probe molecul®OD has no response with DCNP and DFP because of
having worse leaving aptitude of cyanide and flderiAlthough DCNP, DFP, SOLIPOCE etc
can react with the —OH group, but they have no thpa the fluorescence aPOD due to the
unique intramolecular cyclization process thatasant upon the properties of ‘Gis a good
leaving group and this sensing event is succefsfldCP.

3.4. Time dependent fluorescence investigation

Next we studied response time ®POD at different amount of DCP. We investigated the
fluorescence response BPOD over a (0- 1 min) incubation time at the differenhcentration
range of DCP (0- 10 equiv). The fluorescence iritgreg ~ 532 nm increases and at ~ 463 nm
decreases with increasing concentration of DCParfdgherconcentration of DCP promoted
the reaction to complete within a min. The changdélumrescence with time graph (Fig. 4a)
explored that the reaction of tfi@®POD and DCP could be accomplished within a minute. As
expected, with increasing the concentration of D@® fluorescence intensity at ~532 nm
increases and higher concentrations of DCP showepliek response, and the color and
fluorescence changes are easily perceptible toéked eye and in UV lamp under ~379 nm
irradiation. The pseudo-first order rate constakd,) calculated for the DCP-prompted
cyclization isk = 0.1498 (Fig. 4b). Following the eqn IMf{ucF)/Frad = —Kt [66, 67],Where
Fmax @andF; are the fluorescence intensities at 532 nm at&imum value acquired after the
reaction is terminated and at time t dtds the observed pseudo-first-order rate consthat,
rate constari’ was calculated.

3.5. Computational Studies

To explain optical responses of probeOD upon reaction with DCP, density functional theory
(DFT) and time dependent density functional thefripDFT) calculations were performed

using the B3LYP/6-31G(d, p) level of Gaussian O@gpam [68, 69]. Energy optimized

structures molecular orbital of HOMO and LUMO foonspoundTPOD and TPODP were



shown in Fig. 5. FomMPOD, the electron density in the HOMO was diffused rotree whole
molecule but in LUMO the electron density was maialccumulated on the oxime group
attached phenyl ring. As fofPODP, the electron density in HOMO and LUMO orbitalssva
mostly spread over the benzisoxazole moiety. Fragn3-we found that the energy gap for the
TPODP (3.749 eV) was diminished as compared to the pidd@D (4.074 eV) (Table S37),
indicating the formation of cyclized product.

Now the experimentally observed UV-Vis spectra wasenpared with the TDDFT of probes
TPOD andTPODP. It is noteworthy that computationally found d&aehave compatibility with
the experimental data. TDDFT calculations showesdogiiion band at ~348 and ~305 nm
corresponds to the electronic transition from HOMOUMO (69.81%) { = 0.6493) and
HOMO—LUMO+2 (58.48%) { = 0.2069) energy states respectively for praBOD (Table
S2t) and absorption band at ~371 and ~402 nm @unes to the electronic transition from
HOMO-1-LUMO+1(61.45%) { = 0.1076) and HOMGS>LUMO (71.68%) { = 0.3641) energy
states respectively for pro@@®ODP. These values are concurrent with the absorbascdsbof
the two probesTPOD and TPODP thus the theoretical study supports the experinignta
observed absorption bands.

3.6. Reaction path of DCP sensing

To validate the reaction mechanisainen DCP was added to the acetonitrile solutiomRP®D
(procedure is given in experimental section) thienexhydroxyl group get phosphorylated due to
its extreme nucleophilicity and then intramoleculacleophilic attack from phenolic-OH to the
oxime nitrogen leads to the formation of benzisakazderivative TPODP that has been
characterized by HRMS (Fig. S81) and NMR spectrg. (F971).

H o
6 oo
oH o P~oEt
e |
N _—
@ N

P
AN
HO OEt

OFEt
TPODP

Scheme Plausible reaction mechanism

The structure offPODP and probable mechanism has been shown in Scherime case of
control compound after reaction with DCP, only theme hydroxyl get phosphorylated and
TPDP was formed [70, 71]. The mass spectra THDP has been given in supporting
information



3.7. Recognition of DCP vapor in a sealed vial

We have studied the detection of DCP in gaseous wsii#h probeTPOD immersed filter paper.
A small slice of filter paper test kit was dippeda CHCN solution contained probEPOD (1
pM) and 10 mM HEPES buffer. Then the probe-loadidr fpaper was kept in a sealed vial
containing DCP (10 equiv) in GBN solution (Fig. 6). As time proceeded (0-30 sed)ay light
filter paper turned from colorless to yellow andU lamp cyan color had almost disappeared
and green color was appeared. This result imples bur probeTPOD may serve as a
prospective test kit for on-spot detection of DGPaur.

3.8. Detection of DCP in soil sample

We explored our probe to confirm the presence oPDIC soil samples. In a beaker gD of
DCP was spiked in 6.0 g of soil. Then the spikeill samples were permitted to stand for 2
hours and separated using chloroform. The chlonofpart was evaporate in rotary evaporator
and the residual part was dissolved insCN. Finally the dissolved part was treated withuR0
TPOD solution. Immediately green color was appeareth wie spiked sample, while the blank
did not give any response (Fig. 7). As Our prob@aaghratiometric color change in presence of
DCP, so it would not have any practical problerfiefd trial method.

3.9. Cellular imaging

To further investigate the potential applicationT®fOD for DCP in biological samples, confocal
microscopy imaging inside Vero 76 cells (Vero 76fGC no. CRL-1587) were performed.
Firstly, we have checked the cytotoxicity of prold@OD by MTT assays in Vero 76 cells (Fig.
S197). The result suggesting that low micromolarcemtrations ofPOD were almost free of
toxicity to the Vero 76 cells and thus this sernsa@uitable in the cell imaging.

Firstly Vero 76 cellsncubated with prob&@POD (10 uM) for 20 min at 37 °C in PBS buffer with
0.5%DMSO exhibited blue intracellular fluoresceriE@. 8B) indicating thafPOD is cell permeable.
Interestingly when the cells were incubated withub® of TPOD for 20 min and further exposed with
DCP (40uM) for another 5min, blue fluorescence was compjateplaced with green fluorescence after
5 min (Fig. 8D). Here the bright field images diot show any morphological changes that suggestdd th
Vero 76 cells were viable. These results demoresthatt the probe had effective cellular permeahditd
possess high resolution in cell imaging. Moreower tatiometric changes can easily be observedthsy li
changes in DCP levels.

3.10. Single crystal x-ray analysis of TPD

A shinny and X-ray quality single crystal of greeolored probelPD was grown by gentle
evaporation of solvent from a solution in MeOH—CN (1:1) at room temperature with
ambient condition over few days. The probe cryigidl as monoclinic system with space group



P21/n and CCDC entry no. is 1870349. A summaryhef ¢rystallographic parameters and
structure refinement details of the probe are gimehable S4t. All calculations were carried out
using SHELXL-97 [72,73], ORTEP-32 [74], and PLATQI9-[75] programs. The molecular
structure of TPD (Fig. 9) is stabilized by a head to tail type cgdintermolecular hydrogen
bonding which is dimeric in nature. In addition hgdrogen bonding, each dimer alternately
repeats along b-axis and generates a 1-dimensapeimolecular association (Fig. 10) through
a aromatic € H... T interaction. Each molecule simultaneously paréitég in ring O—H
(donor).....imine- N (acceptor) hydrogen bonding in the oxime parthaf nolecule forming a
chain of centro symmetric rings with single’f6) motif. The hydrogen bonding interaction of
O1—H1....N2 with donor-H.....Acceptor distances of 2.799(4) A to the nsaranit.
Supramolecular framework is attained under altéraaf—H.... 1t interaction incorporating with
the repeating molecule along b-axis (ac plane) thigl C- H...1t interaction are aromatic in
nature with GH ...Cg (2) distance of 2.73(A).

4. Conclusion

In summary, we have developed a ratiometric flumeas probe for instant, selective and
sensitive detection of DCP vapour. TROD inhibition of PET process from oxime-hydroxyl to
the triphenyl amine moiety and cyclization to thenbisoxazole are responsible for ratiometric
color change from cyan to green. We have devel@pedntrol compoundPD and compared
spectral responses witPOD. In the crystal structure @PD we have studied-€H...1 and H-
bonding interactions. ProbEPOD can detect DCP in vapour phase as well as in liphigse
and detection limit of the probe calculated frons@ption and fluorescence data are 0.14uM
and 0.23uM. Practical observations are well coredlavith theoretical calculation by DFT and
TDDFT. Furthermore, the probe can be employeceted trace amounts DCP (10-50 ppm) in
soil sample and used in ratiometric fluorescenuta imaging, which make it an efficient probe
for on-site visual detection of environmental DC&s.gWe believe that rapidity and selectivity
made our present probe highly appealing and modié.
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Figure Captions

Fig. 1 (a) Absorption spectra @POD (1puM) in CHCN-H,O (4:6 v/v) in presence of DCP (40
uM) and 10 mM HEPES buffer, pH 7.4, at°e5 (b) Plot of absorption ratio change and
concentration of DCP.

Fig. 2 (a) Fluorescence spectra POD (1uM) in CHCN-H,O (4:6 v/v) in presence of DCP
(40 uM) and 10 mM HEPES buffer, pH 7.4, at@5.ex = 379 nm. (b) Plot of fluorescence ratio
change and concentration of DCP.

Fig. 3 (a) Relative absorption spectra ®POD (1uM) in CHCN-H,O (4:6 v/v, 10 mM HEPES
buffer, pH 7.4 at 25C) in presence of DCP (10 equiv) and 50 equiv o@BICI, SOC},
POCE, (COCl)y, TEP, DFP, TBP, DCNP and DMMP. (b) Relative fleszence spectra of of
TPOD (1uM) in CHCN-H,0 (4:6 v/v, 10 mM HEPES buffer, , pH 7.4 at @Y in presence of
DCP (10 equiv) and 50 equiv of GEIOCI, SOC}, POCE,(COCI),, TEP, DFP, TBP, DCNP and
DMMP.

Fig.4 (a) Time dependent fluorescence enhancemenfTR®D (1 puM) with increasing
concentration of DCP (0- 10 equiv) in gEN-H,O (10 mM HEPES buffer, 4:6 viv, pH 7.4 at
25°C) solutionlex = 379 nmjem = 532 nm. (b) Pseudo first order rate consthntqf TPOD

(1 uM) in presence of DCP (4aV).

Fig.5 Energy minimized structure and HOMO-LUMO energy gappPOD andTPODP.

Fig.6 Photograph of color and fluorescence respons&éR®D upon exposure to DCP (0-10
equiv) for 0-30 sec. Photographs were taken inligay and in UV-lamp.

Fig.7 Fluorescence spectra of freBOD, Unspiked sample and Spiked sample.

Fig.8 Confocal microscopy imaging @iPOD in Vero 76 cells (Vero 76, ATCC no. CRL-1587):
(A) Bright field image of the cells stained withopre TPOD at 1.0x10° M, (B) Image scan of
the probeTPOD at 1.0x1¢ M concentration for 20 min at 3T, (C) Merged images of B and
A, (D) Bright field image of the cells treated wifiPOD at 1.0x1¢ M and DCP at
concentration 4.0xI0M, (E) Image scan of the cells treated with praOD at 1.0x1F M
for 20 min and further incubated with DCP at coricaion 4.0x1G M for 5 min; and green
fluorescence signal was detected. (F) Merged imaf§é&s and E.e,= 379 nM,Aeni= 460- 540
nm. Scale bar, 100 pum.

Fig.9 Ortep diagram o PD, showing 35% thermal ellipsoids probability le¥@ non-H atoms
with atom numbering scheme.

Fig.10 The crystal packing diagram ®PD shows head to tail O-H...N hydrogen bonded cyclic
dimmer and each dimer constitutes a 1-D supramt@ecnetwork involving € H...m
interaction viewed along the b-axis (H atoms neblwed are omitted in for clarity).
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Highlights

1. 4-diphenylamino-2-hydroxy benzaldehyde oxime hasn synthesized for the ratiometric
detection of DCP.

2. Ratiometric color and fluorescence change welgiesed due to cyclization and PET
mechanism.

3. The probelf POD can be utilised in-field detection of DCP by usiagortable filter paper
strip.

4. ProbeTPOD has an exceptional selectivity towards DCP oveemtlerve agents and active
electrophiles.

5. The prob& POD can able to detect DCP in soil sample and biokdgiample also.

6. Significance of ortho hydroxyl group IHPOD could be justified by comparing with a probe
(TPD) which does not contain that functionality.



