wo 2015/052731 A1 [N 00O 0RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/052731 Al

16 April 2015 (16.04.2015) WIPO I PCT
(51) International Patent Classification: (74) Agents: CHOPRA, Priyanka et al.; K & S Partners, Intel-
CO7D 491/107 (2006.01)  GOIN 33/52 (2006.01) lectual Property Attorneys, 109, Sector 44, Gurgaon, Na-
GOIN 21/64 (2006.01) tional Capital Region 122003 (IN).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/IN2014/000646 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
8 October 2014 (08.10.2014) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
2991/DEL/2013 8 October 2013 (08.10.2013) IN SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: COUNCIL OF SCIENTIFIC & INDUSTRI- . L
AL RESEARCH [IN/IN]; Anusandhan Bhawan, Rafi (84) Designated States (uniess otherwise indicated, for every
Marg, New Delhi 110001 (IN). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors: DAS, Amitava; National Chemical Laboratory, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

Dr. Homi Bhabha Road, Pune, Maharashtra 411008 (IN).
ALIL Firoj; National Chemical Laboratory, Dr. Homi Bh-
abha Road, Pune, Maharashtra 411008 (IN). SAHA, Suk-
deb; Analytical Science Discipline, CSIR-Central Salt &
Marine Chemicals Research Institute, G.B. Marg, Bhavn-
agar, Gujarat 364002 (IN).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: NOVEL LIGAND FOR DETECTION OF CHROMIUM (IlII) AND A PROCESS FOR THE PREPARATION THERE-

OF

Formula-l (Lx)

(57) Abstract: The invention disclosed herein relates
to novel ligands (Lx) of Formula -I for selective de-
tection of Cr (III) in pure aqueous medium and indus-
trially viable process for the preparation thereof. Fur-
ther the invention provides the process of selective de-
tection of Cr (III) by fluorimetry using novel ligands
of Formula-I. The invention also discloses a method
of solubilizing novel ligands of formula-I in pure
aqueous medium with the aid of non-ionic surfactant.
The invention discloses a method of selective detec-
tion of Cr (II) using novel ligands of Formula-I.



WO 2015/052731 A1 WK 00PN VAT 00O

Declarations under Rule 4.17:

—  before the expiration of the time limit for amending the

— as fto the applicant's entitlement to claim the priority of claims and to be republished in the event of receipt of
the earlier application (Rule 4.17(iii)) amendments (Rule 48.2(h))
Published:

—  with international search report (Art. 21(3))



20

WO 2015/052731 PCT/IN2014/000646

“NOVEL LIGAND FOR DETECTION OF CHROMIUM (lll) AND A PROCESS FOR THE PREPARATION THEREOF”

FIELD OF THE INVENTION:

The invention discloses a novel ligand (L,) of Formula-1 with high selectivity to Cr (lll) and a process
for the preparation thereof. Particularly, the invention further discloses a method of determining
Cr (1) in fluids, where the ligand should have solubility in aqueous medium with the aid of non-

ionic surfactant.

Formula-1 (Lx)

BACKGROUND AND PRIOR ART OF THE INVENTION:

Due to its high paramagnetic behavior it is challenging for chemists to develop fluorogenic receptors
specific for Cr (lll) detection with fluorescence on response, as it is well known to quench the
luminescence of a fluorophore. Further, due to the high solvation enthalpy of Cr (lll)-ion in aqueous
medium, it is also difficult to find an appropriate receptor for Cr(lll -ion that works in pure aqueous
medium.

There are only few examples of receptors available in the literature, which binds exclusively to Cr (Ill)
in an ensemble of several other competing metal ions. The Receptor 1 was reported by Li et.al,
Chem. commun, 2008, 3387. It is a FRET based chemo sensor for detection of Cr(lll) in ethanol/water

(2/1, v/v) medium and it can be used as an imaging agent in Hela cell.
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Li et al also reported another Ferrocene Based Receptor 2 (Org. lett, 2008, 2557) for selective
detection of Cr(lll) in ethanol/water (1/1, v/v) with an association constant of 7.5 x 103 M. Receptors
3 (Anal. Methods, 2012, 3163; receptor is effective in acetonitrile/water (9/1, v/v)) and 4 (Anal.
Methods, 2012, 2254; receptor is effective in methanol/water (9/1, v/v)) were developed by D. Das
and his co-workers and both reagents showed high selectivity towards Cr(lll) in predominantly organic
medium. Receptor 5 is a BODIPY based Cr(lll) sensors synthesised by D. Wang et al. (Tetrahedron

Letters, 2010, 51, 2545). It can detect Cr(lll) selectively in acetonitrile with binding stoichiometry of
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Further Hassan SS, et al. in Analytical Sciences (Impact Factor: 1.57). 07/2005; 21(6):673-8 discloses
use of a rhodamine-B chromate ion-associat_e complex as an electroactive material in a poly(vinyl
chloride) membrane plasticized with o-nitrophenyloctyl ether as a solvent mediator. It is to be noted
that the oxidation state for Chromium in chromate is (VI). They reported a Potentiometric Rhodamine
B based Membrane Sensor for selective determination of Chromium ions [Cr(VI ) & Cr(II)] in waste
water. Firstly it can’t detect Cr(III) directly. To detect Cr(IIl) they have adopted an indirect methodology
in which Cr(I1I) was first oxidised to Cr(VI) by adding H,O,, that can be sensed by the reported sensor.
Another important thing , this types of sensors cannot be applied for bio imaging application to monitor

intra cellular Cr(III) activity.
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In the present invention L, it can selectively detect only Cr(III) in pure aqueous medium. It does not have
any interferences of Cr(VI) at all. It is a fluoromertic as well as colorimetric sensor for Cr(III) detection.
It can be used for monitoring intra cellular imaging of Cr(IIl) . Fluorescence detection methods are more

sensitive and simpler compare to other analytical methods.

Highly sensitive and selective fluorescence chemosensor for Cr** based on rhodamine B and a 4,13-
diaza-18-crown 6-ether conjugate” is disclosed by Duliang Liu, in RSC Adv., 26 Nov 2013,4, 2563-
2567, where detection of Cr** was possible only in predominantlty non aqueous environment (3:2,

MeOH-H,0 (v/v).

There are only three previous reports that describe the use of reagents for the detection of Cr(lll) in
pure aqueous solution; (Mao, J et al. Org. Lett., 2007, 9, 4567-4570 and Mao, J et al. Anal. Bioanal.
Chem., 2010, 396, 1197) one of them describes the interference by Fe®. The most recent report
reveals that a rhodamine derivative within a polymeric matrix could be utilized for specific detection
of Cr (lll) in pure aqueous medium and the hydrophobic micro-environment generated around the
binding core of the receptor induces a favourable influence for the detection of Cr(lll) (Macromol.
Rapid Commun. 2014, 35, 323) However, the possibility of using these three molecular probes as an

imaging reagent for studying the cellular uptake of Cr(lll) is not explored and discussed.

While the receptors disclosed herein have the capability to detect Cr (ll) in pure aqueous medium and
in physiological condition. All other above examples suffer from a major drawback that they have this
capability of detecting Cr (lil) only in mixed aqueous organic solvents medium.

Detection of Cr (lil) in pure aqueous solution is a very basic and vital need in the art, so that Cr(lll)
may be monitored for its presence and activity in cellular structure. There is also a need to detect Cr

(1) in physiological fluids.
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OBJECTS OF THE INVENTION:

Main objective of the present invention is to provide a novel ligand that could selectively detects Cr
(Itl) in aqueous medium as well as in physiological pH (7.2).

Another objectivé of the invention is to develop a methodology for solubilizing the reagent in pure

aqueous medium in presence of non-ionic surfactant like Titron X 100.

SUMMARY OF THE INVENTION:

Accordingly, the present invention provides novel ligands of Formula | (Lx) for detection of Chromium

in pure agueous medium

(Lx)

Formula |

wherein R, and R, are same or different and individually selected from the group consisting of H,
linear or branched (C1-C6) alkyl, aryl or dansyl; R3 is same selected from group H, methyl; R4 is
selected from H, (C1-C6) alkyl;

where, R1 may form saturated or unsaturated carbocyclic (C4-C6) ring with R3 and similarly R2 may
form saturated or unsaturated carbocyclic (C4-Cé) ring with R4; and(...... ) line is optionally represents
single bond.

In one embodiment of the present invention the ligand of formula-l, encompasses the compounds

selected from the group consisting of;
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In an embodiment of the present invention a process of preparation of ligands of Formula I(Lx),
15 wherein the said process comprising the steps of:
a. refluxing ethyléne diamine and rhodamine B derivatives (ll) in organic solvent,'to obtain the
corresponding amino ethylene rhodamine derivative (lll) and;
b. refluxing the amino ethylene rhodamine derivative of step (a) in the presence of (A- Br)
alliphatic bromide, triethyl amine and dry CHCl; under inert conditions to obtain Ligand (Lx) of

20 Formula-I.
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wherein Ry and R, are same or different and individually selected from the group consisting of H,

linear or branched (C1-Cé) alkyl, aryl or dansyl; R3 is same selected from group H, methyl;
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wherein, R1 may form saturated or unsaturated carbocyclic (C4-Cé) ring with R3.

In another embodiment of the present invention the organic solvent is polar organic solvent selected
from the group consisting of methanol, isopropanol, n-propanol, ethanol, water, butanol and mixtures
thereof.

Still In another embodiment of the present invention the alliphatic bromide (A-Br) is alkene bromide
selected from the group consisting of allyl bromide, 3-bromoprop-1-ene or alkyl bromide selected

from the group consisting of propyl bromide, 1-bromopropane.

Still In another embodiment of the present invention a process for selective detection of Cr (lit) using
ligands of Formula-I, in aqueous medium as well as in physiological liquid of pH (7.2) comprising steps

of:
a. preparing a solution of tris(hydroxymethyl)aminomethane buffer (Tris buffer )and

Polyethylene glycol tert-octylphenyl ether (Triton X 100) at pH 7.2;

b. preparing a stock solution of ligands of Formula-l in a water miscible solvent in

concentration ranges from 6.0 to 8.0 x 10 M;

c. mixing solution of step (b ) with the solution of step (a) to solubilize ligand of formula I;
d. preparing Chromium ( 1ll) metal stack solution using water;

e. adding metal solution gradually to the solution of step (c ) and;

f. recording spectrum in a UV or fluorescence spectrometer.

Still In another embodiment of the present invention the water miscible solvent is selected from

acetonitrile, Methanol, DMSO, Ethanol, THF, DMF and mixtures thereof.

Still In another embodiment of the present invention a kit for selective detection of Cr (lll) using novel

ligands of Formula-l, comprising
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a) Ligand L, stock solution (6.9 x 10* M) in acetonitrile;
b) 0.32 mM Triton X 100 in Tris buffer solution at pH 7.2;
c) Aqueous Cr(lll) solution (3.28 x 10”°M);

d) Final ligand solution (1.59 x 10°° M) in 0.32 mM Triton X 100 in Tris buffer having solution pH of 7.2.

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 depicts 'H NMR Spectra of ligand L,

Figure 2 depicts °C NMR of L,

Figure 3 depicts Mass Spectrum of L,

Figure 4 depicts Emission titration of Ly with aqueous Cr (lll) solution in 0.4 mM Triton X in Tris PH 7.2.

B-H plot. Binding constant (K) = 2.83 x 10°M ™.

Figure 5: Benesi-Hildebrand (B-H) plots of emission spectral titration. All studies were performed in

ag. solution of 0.4 mM Triton X-100 and Tris buffer (5 mM, 25 mM NaCl; pH 7.2).

Figure 6: depicts Bar diagram showing emission change at A = 582 nm upon addition of various metal
jons (1.0 x 10*M) to 15.6 puM of L, in 0.23mM Triton X 100 in Tris Buffer PH 7.2.

Figure 7 depicts UV Titration of Ligand L (1.59 x 10" M) upon addition of aqueous Cr (lll) solution in
(0.4) mM Triton X 100 in Tris buffer having solution pH 7.2

Figure 8: depicts Flow Chart for detection procedure from a kit

Figure 9 :depicts Changes in (A) absorption and (B) emission spectra (Ag of 530 nm) of the receptor L,
(1.59 x10° M) in absence and presence of different metal ions (M™: 1.62 x 10“M: Li*, Na’, K, Cs’,
Ca™, Mg¥, sr*, Ba*", Cr*", Fe*, Co*, Ni¥*, Cu*', Zn*, Hg", Cd* and Pb*); All studies were performed
in aq. solution of 0.4 mM TX100 and Tris buffer (5 mM, 25 mM NaCl; pH 7.2).

Figure 10 depicts Isothermal Titration Calorimetry (ITC) titration profile for the binding of Cr* to

receptor L, at 25°C in acetonitrile; Top plot: raw data for the sequential 2 pl injection of Cr** (1.2 x
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107 M) into solution of L, (2.0 x 10" M) and bottom plot of the heat evolved (kcal per mole) of Cr*

added.

Fig. 11: Plot of (I-10) vs. [Cr3+], where 10 and | are emission intensities at 583nm of receptor L1 in the

absence and presence of known [Cr3+] as well in tap water spiked with a known amount of Cr3+.

DETAILED DESCRIPTION OF THE INVENTION:
The invention will now be described in detail in connection with certain preferred and optional

embodiments, so that various aspects thereof may be more fully understood and appreciated.

For the purpose of this invention, the expression ‘Novel Ligand (Lx)’ or ‘novel reagent’ or ‘receptor’
‘colorimetric’ as well as ‘fluorescent chemosensor’ are used interchangeably throughout the
specification and the same may be appreciated as such by the person skilled in the art.

The present invention discloses a novel ligand for selective detection of Cr (lll) in agueous medium.

The novel ligand (L,) of Formula | is as disclosed herein:

Formula I (Lx)

wherein R, and R, are same or different and individually selected from the group consisting of H,

linear or branched (C1-C6) alkyl, aryl or dansyl; R3 is same selected from group H, methyl; R4 is

selected from H, (C1-C6) alkyl;
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where, R1 may form saturated or unsaturated carbocyclic (C4-C6) ring with R3 and similarly R2 may
form saturated or unsaturated carbocyclic (C4-C6) ring with R4; and (... ) line is optionally

represents single bond.

In another preferred embodiment, the invention provides the library of compounds of Formula-I.

The novel ligand (Lx) of Formula-l encompasses the compounds selected from the group consisting of;

/
Cl Id Ol r C
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The invention provides a process of preparation of novel ligands of Formula | (Lx) comprising steps of:

a. refluxing ethylene diamine and rhodamine B derivatives (lIl) in an organic solvent, to obtain
the corresponding amino ethylene rhodamine derivative (lll) and;

b. refluxing the amino ethylene rhodamine derivative of step (a) in the presence of (A-Br)

alliphatic bromide, triethyl amine and dry CHCl; under inert conditions to obtain Ligand Ly of

Formula-1 in good vield. (cf scheme 1)
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According to the process, the organic solvent is polar organic solvent selected from the group
consisting of methanol, isopropanol, n-propanol, ethanol, water, butanol and mixtures thereof.
The alliphatic bromide (A-Br) is preferably alkene or alkyl bromide such as, allyl bromide, propyl
10 bromide, 1-bromopropane, 3-bromoprop-1-ene.
The said process is time saving due to fewer steps and ihdustn‘ally feasible. The invention provides a
process of preparation of novel ligands (L) and (L) comprising steps of:
a. refluxing ethylene diamine and rhodamine B in methanol to obtain the corresponding amino
ethylene rhodamine derivative (L); and
15 b. refluxing the amino ethylene rhodamine derivative of step (a) in the presence of allyl bromidé,

triethyl amine and dry CHCL; under inert conditions to obtain novel Ligand L,; or
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c. refluxing the amino ethylene rhodamine derivative of step (a) in the presence of propyl

bromide, triethyl amine and dry CHCl; under inert conditions to obtain novel Ligand L, (refer

scheme 2)

Scheme : 2 (A) Methodology adopted for synthesis of L, and L,. (B) molecular structure for cr*.Ly.

(

/§Y RN e

\,‘ &\/»‘\

|

red

o

L2
i HyNCHCHoNH,, MeOH: Reflux
@ Dry CHCly, H,C=CHCH,Br., Et3N. Inert Atmosphere.
ii. Dry CHCI4. H,CCH,CH,Br, E3N, Inert Atmosphere

According to the process, the Intermediate compound L was synthesized following a literature
procedure, (A. Org. Lett. 2008, 10, 3013-3016). Methodologies that were adopted for synthesis of the
receptor L, and the model compound L; are presented in the scheme 2. Desired compound L, and L,
were isolated in pure form after necessary workup and were thoroughly characterized by various

analytical/spectroscopic techniques.

The invention discloses a process for solubilisation of ligand L, in an aqueous medium employing non
ionic surfactant, preferably Polyethylene glycol tert-octylphenyl ether (Triton X 100).

With reference to Figure 5 & Figure 7, Ligand L4, dissolved in pure agueous medium with the aid of
Triton X 100, is selective/specific for Cr (lll) and excludes similar metals selected from alkali, alkaline
earth metals and all common transition metals.

In another preferred embodiment, the alkali, alkaline earth metals and transition metals are selected

from, but not limited to Li, Na, K, Cs, Mg, Ca, Ba, Sr, Zn, Co, Cu, Ni, Fe, Pb, Hg and such like.
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In another embodiment, the invention discloses the process of selective detection of Cr (lll) by a
process of fluorimetry comprising:

a. preparing a solution of Tris (tris(hydroxymethyl)aminomethane buffer )buffer and Triton X 100 at

pH 7.2;

b. preparing a stock solution Ligand L, in a water miscible solvent; add required volume of Ligand

stock solution to make desired Ligand L, concentration;
c. mixing Ligand L solution of step (b) with the solution of step (a);
d. preparing metal stock solution using water,
e. adding metal solution gradually to the solution of step (c) and;
f. recording spectrum in a UV or fluorescence spectrometer.

According to the process the water miscible solvent is selected from acetonitrile, Methanol, DMSO,
Ethanol, THF, DMF and mixtures thereof.

According to the process a stock solution of the receptor /ligand L, was prepared in acetonitrile
medium with concentration ranges from 6.0 to 8.0 x 10* M, preferably (6.9 x 10 M);and the final
concentration of metal salts is in the range of 1.0 to 2.0 x 10 M, preferably 1.62 x 10 M.

The UV-vis spectrum for the ligand L; may be carried out from for the range 250-800 nm and a An,y of
562 nm is observed. The luminescence studies were carried out using an excitation wavelength of 530
nm and emission spectrum was monitored from 540 to 800 nm, with slit width of 2/2 nm; while a
spectrum with Anax of 583 nm is observed.

The invention provides a kit for selective detection of Cr (lll) is disclosed. a kit for selective detection
of Cr (lll) comprises:

a) Ligand L, stock solution in acetonitrile.
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b) 0.32 mM Triton X 100 in Tris buffer solution at pH 7.2.
c) Aqueous Cr (l1) solution (3.28 x 10°M).

d) Final ligand solution (1.59 x 10” M) in (0.4) mM Triton X 100 in Tris buffer having solution pH of 7.2.

It describes the method of detection of Cr(lll) in an aqueous medium

Further the invention provides a method of separation Cr (lll) selectively from a sample comprising
other metals, or other ingredients employing the li-g,and of Formula | described herein. It is possible to
extract Cr (lll) from aqueous solution when the concentration of Cr (lll) either equal to or higher than
8.0 x 10*M. For extraction studies, dichloromethane (CH,Cl,) was used as the water immiscible organic

solvent for extraction of Cr (lll) from aqueous layer in the form of L,.Cr*.

Expekimental:

Materials and method:

Rhodamine B, Ethylenediamine, 3-bromoprop-1-ene, 1-bromopropane, all metal perchlorate salts (e.g
LiClO,, NaClO,, KClOs, CsClOs, Mg(ClOs);, Ca(ClO4);, Ba(ClO4);, Sr(ClO4)z, Cu(ClO4);, Zn(ClOy),,
Co(ClO4)2, Ni(ClOg)2, Cr(ClO4);, Fe(ClO4)z, Cd(ClO4)2, Hg(ClO4);, and Pb(ClO,);) and lanthanide ions as
nitrate salts were obtained from Sigma-Aldrich and were used as received. Et;N, Triton X-100, Tris
Buffer, NaCl was procured from S.D. fine chemicals, India and was used as received. Solvents such as
acetonitrile, chloroform were also purchased from S.D. Fine Chemicals, India and were used without
further purification unless mentioned otherwise. Silica gel 100-200 mesh was used for column
chromatography. Analytical thin layer chromatography was performed using silica Gel GF 254. HPLC
grade water (Merck, India) was used for experiments and all spectral studies. Aminoethylene

rhodamine B (L) was synthesized following a standard procedure (Org. Lett. 2008, 10, 3013-3016)

5.0 mM Tris-HCl aq. buffer solution was used for maintaining solution pH, unless mentioned otherwise.

ESI-MS measurements were performed using a Micromass QTof- Micro instrument. FT-IR spectra were
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recorded as KBr pellets using a Perkin Elmer Spectra GX 2000 spectrometer. 'H and "C NMR spectra
were recorded on Bruker 500 MHz FT NMR (model: Avance-DPX 500). Electronic spectra were recorded
with a Varian Cary 500 Scan UV-Vis-NIR Spectrophotometer, Isothermal Titration Calorimetry studies
were performed in Microcal iTC200, while emission spectra were recorded using either Edinburgh
Instrument Xe-900 Spectrofluorometer or PTI. For all spectroscopic studies in aqueous buffer medium
as well as for studies with plant/algal cells, L, self-assembled inside the miceller structure of TX100
was used, unless mentioned otherwise.

Photophysical study:

To check the selectivity of Receptor L, towards various metal ions like Li*, Na*, K, Cs’, Mg>, Ca®,
BaZ, Sr¥, Zn*', Co™, Cu®, Ni*", Fe¥, Pb?*, Hg" change in electronic as well as emission spectra were
examined in 0.32 mM Triton X 100 in tris (5 mM, 25mM NaCl) buffer medium at PH 7.2.

Absorption and emission spectra of receptor L4 in 0.32mM Triton X 100 in Tris buffer (5 mM, 25 mM
NaCl) pH 7.2 medium shows no absorption band at 562 nm and very weak emission band at 583 nm on
excitation at 562 nm. This solution of L, appears colourless and all these clearly suggest that L, in this
solution is present exclusively in spirolactam form. This is also confirmed from the "C NMR studies,
which shows a characteristic signal at 64.85 ppm for the tertiary C-atom. However only in presence of
Cr*, a strong absorption band at 562 nm and intense emission band at 583 nm (for A.« = 530 nm) are
observed. These changes are also associated with simultaneous visually detectable change in solution
colour from colourless to pink red. For other metal ions, no such changes are observed.

For calculating the binding affinity of ligand L, (1.59 x 10° M) towards Cr** in aqueous solution,
systematic absorption and emission spectral titration is performed in 0.32 mM Triton X 100 in tris
buffer (5 mM, 25 mM NaCl) medium at PH 7.2. The association constant (K.s) of 2.4 x 10° M for the L-
,.Cr’" formation is evaluated from the absorption titration and B-H plot data (Figure 3). A good linear
fit data supported the 1:1 binding stoichiometry. For emission titration, a significant increase in
emission intensity at 583 nm is observed with an increase in concentration of Cr** in aqueous medium.

The binding affinity towards Cr’* is also evaluated from linear fit B-H plot for 1:1 stoichiometry and is
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found to be 2.83x 10° M"'. The 1:1 binding stoichiometry is further confirmed from Jobs plot and
presence of signal for m/z at at 616.87 (Calc 616.75) in FAB-MS analysis of a mixture of L4 (1.59 x 10-5
M) and (9.5 x 10° M) Cr(ClO,); for [L, + Cr*].

To understand the role of Triton X 100 surfactant in the sensing of Cr**, the emission intensity of
receptor Ly (1.59 X 10° M) in presence of aqueous Cr’* (5 mole eqv.) solution was plotted against
different concentration of Triton X 100. The figure shows that sensing efficiency of the reagent
described above is maximum when [Triton X] = 0.4 mM. This is also a good agreement with the data
obtained from photo physical study shown in table below. Thus the surfactant concentration is
adjusted to achieve maximum sensing efficiency of receptor L,.

Table: Effect of Triton X 100 on binding affinity of L, to Cr* in aqueous medium.

i [Titron X 100] (mM) Binding Constant (M™) Quantum yield in water
!

! w.r.t. Rhodamine B

Uv-Vis Fluorescence

Spectroscopic | Spectroscopic

Method Method
0.23 1.96 x 10° 2.0x10° 0.185
0.32 2.4x10° 2.83x 10° 0.211
0.4 3.2x10° 3.25 x 10° 0.22

UV-Vis and Fluorescence studies:

A solution of the perchlorate salts of the respective ion (Li*, Na*, K*, Cs*, Ca*" Mg¥, Ba®', Sr*, Fe%,
Ni**, Co™, Cu”, Mn*", Cd™, Pb%, Ba™, Zn*, Sr*, Hg* and Cr*) and nitrate salts of lanthanides ions
(Tb*, Ho™, Ce*, sm¥, Rb", Pr’, Eu®, Gd*, Nd*, Dy*, Tm*, Er”, Yb*) in pure aqueous medium were
used for all studies. The effective final concentrations of all metal salts were maintained at 1.62 x 10

M.
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A stock solution of the receptor Ly (6.9 x 10* M) was prepared in acetonitrile medium and 57 ulL of
this stock solution was added to 2.5'ml of 0.4 mM TX100 in Tris-HCl aqueous buffer medium having
solution pH 7.2 to make the effective ligand concentration of 1.59 x 10 M. The solution was used for
all the photophysical studies. Cr** stock solution (4.75 x 10" M) was prepared in pure aqueous medium
and was used for all studies. Emission titrations were also performed as a function of [TX100] (0.1 mM,
0.23 mM, 0.32 mM, 0.4 mM, 0.6 mM) in Tris-HCl buffer medium of pH 7.2 by monitoring the increase in
emission intensity (using Agq = 530 nm, Ayon = 583 nm and slit width 2/2 nm) on binding of L, to cr®
for optimizing the maximum enhancement of the emission intensity. The relative fluorescence
quantum yields (¢¢) were estimated using equation 1 for different concentration of TX100 (0.1 mM,
0.23 mM, 0.32 mM, 0.4 mM, 0.6 mM) in Tris-HCl buffer medium (having solution pH of 7.2) and by

using the Rhodamine B (¢¢ = 0.3 in aqueous medium at RT) as a reference.

¢f = (bf' (Isample/Istd)(Astd/Asample)( T]Zsampie/"'lzstd) . --Eq' 1

where, ¢¢ was the absolute quantum yield for the rhodamine B and was used as reference; l;mpe and
lyo are the integrated emission intensities; Aampe and Ayq are the absorbances at the excitation
wavelength, and Nample and Ngq are the respective refractive indices.

Computational Methodology:

The geometry of the compounds of Formula-l with chromium ion was examined by using known
theories. The optimized geometry shows that the Cr* ion is coordinated with two nitrogen atoms, one
oxygen atom, two olefinic m-bonds and a water molecule.

According to the invention, Figure 11 shows that among all the metal cations, only in the presence of
Cr(lll), respective absorption and emission (with Ag = 530 nm) spectral bands at 562 nm and 583 nm
were observed.

Formation of Cr’.L, was also confirmed from the result “Formation of Cr3+.L1 was also confirmed
from the result of FAB MS study. Signal at m/z value of 616.87(Calc 616.75) for Cr3+.L1". Affinity of L,

towards Cr(lll) and the associated binding constant for the formation of Cr*.L, in aq. buffer medium
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(pH = 7.2) was evaluated from the data obtained from B-H plots of the systematic absorption (K> =
3.2+ 0.2). 10° M) as well as emission (K,F™ = (3.3 + 0.2).10° M") spectral titrations.

To envisage the adverse role of high solvation enthalpy of Cr(lll) in aqueous medium, similar Uv-vis
and emission titrations were carried out in acetonitrile medium using ([Cr(lll)]= (0 -1.93 x 10™)M; and
[L;]=(1.59 x 10° M) in CH;CN) and the evaluated formation constant for Cr*.L, in acetonitrile was
(K = (1.1 £ 0.03).10° M, K™ = (1.0 + 0.02).10° M using Aeq: 530 nm and Ayon: 583 nm for emission
titration). The binding affinity of L, towards Cr** was evaluated as K,"© = (1.6 + 0.02).10° M in
acetonitrile medium at 25°C using ITC experiments. Comparison of the binding constants evaluated in
pure aq. buffer medium and in acetonitrile clearly revealed the energy barrier imposed due to the
unfavourable solvation of Cr*" in aqueous medium and thus adversely affecting the affinity of L,
towards Cr*". Thermodynamic parameters were obtained from ITC studies (AG (-(8.48 + 0.02) kcal mol’
"), AH ((-20.8 + 0.4) kcal mol') and AS (-41.4 + 0.05) cal mol™") (all symbols are used according to
standard terminology). The higher -AH value revealed that binding was exclusively driven by enthalpy
change; while small but negative entropy of binding supported the formation of the adduct Cr**.L,.
FTIR Analysis:

FTIR spectra recorded for Ly and Cr**.L4, also revealed a distinct shift from 1617 cm™ to 1587 cm™ (AV
= 30 cm™) for C=C stretching frequency . Blue shift in absorption of vinyl group in the FTIR spectrum
on coordination to metal ion is reported earlier. This also supports the involvement of olefins in
coordination to Cr(lll)-centre and possible mode of binding of Ly to Cr(lll) is shown in Scheme 1C. No
such shifts were observed either in 'H NMR or in FTIR spectra of L, in presence of certain other metal
ions and these metal ions were chosen based on their ability to bind to the model reagent L, .
Examples

The following examples are given by way of illustration of the working of the invention in actual

practice and therefore should not be construed to limit the scope of the present invention.
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Example 1:

Procedure of synthesis of aminoethyl rhodamine B (L):

Amino ethyl rhodamine B is prepared according to literature (J.-H. Soh, K. M. K. Swamy, S. K. Kim, S.
Kim, S.-H. Lee, J. Yoon, Tetrahedron Lett., 2007, 48, 5966).

Rhodamine B (1.0 g, 2.26 mmol) is dissolved in 30 mL of ethanol. It is then heated to 70°C with
constant starring. Then ethylene diamine (3 mL) is added to the reaction medium. It is then allowed
to reflux at 75°C for 12 hour. The solvent is removed under vacuum and is dissolved in diluted HCL.
Then to this resulting solution, NaOH solution was added in a drop-wise manner until precipitation is
complete. The resulting solution mixture is then filtered, washed with water and is further dried to

achieve the desired compound, amino ethyl rhodamine derivative as light red colour solid.

Synthesis of Ligand L;:

Amino ethyl rhodamine B (400 mg, 0.826 mmol) was dissolved in 20 mL dry chloroform. To this Et;N (3
mL) was added and the resulting solution is kept under N, atmosphere for 20 minutes. Then Allyl
bromide (530 pL, 5.9 mmol) was added into starring solution. It was kept under reflux condition at
temp 65°C with constant stirring for 12 h until all the starting materials are consumed. Then 10 mL of
water was added to it. The organic Layer is collected and dried over anhydrous Na,S50, before
concentration. It was finally purified by column chromatography using silica gel as stationary phase
and 10% ethyl acetate in hexane as eluent or mobile phase to isolate L, in pure form with 50% yield.
"H NMR (500 MHz, CDCl;, SiMey, J (Hz), & ppm) : 7.80 (d, J= 4.6), 7.35 - 7.30 (m), 6.99 (d, J= 4.4), 6.35
- 6.27 (M), 6.16 (d, J= 8.8), 5.56 (td, J= 16.5, 6.5), 4.96 - 4.88 (m), 3.24 (dd, J= 13.7, 6.8), 3.18 - 3.09
(m), 2.85 (d, J= 6.2), 2.21 - 2.13 (m), 1.07 (t, J= 6.8). C NMR (500 MHz, CDCl;, SiMes, & ppm):
167.70, 153.38, 148.70, 135.13, 132.22, 131.54, 128.98, 127.97, 123.78, 122.63, 117.53, 108.03,
105.58, 97.73, 64.85, 56.60, 50.46, 44.37, 37.75, 29.69, 12.60. ESI-MS (+ ve mode, m/z): 565.93 (M +

H+), Calc. for C36H44N402 is 564.76.
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Example 2: Synthesis of Ligand L,:

Amino ethyl rhodamine B (200 mg, 0.41 mmol) was dissolved in 15 mL dry chloroform. To this Et;N
(500 pL) was added and the resulting solution was stirred for 20 minutes under N, atmosphere. Then 1-
bromopropane (120 L, 1.35 mmol) was added and the resulting reaction mixture was refluxed at
temp for 24h until all the starting materials were consumed (Checked by TLC at different time
interval). After this reaction mixture was allowed to attain the room temperature, 10 mlL of water was
added. The organic layer, after drying over anhydrous Na,SO,, was collected and followed by the
removal of chloroform under vacuum to yield the crude product. Column chromatography was
performed using silica gel as stationary phase and 10% ethyl acetate in hexane as mobile phase for
isolating Lz in pure form with 40% yield. '"H NMR (500 MHz, CDCl;, SiMes, J (Hz), & ppm): & 7.81 (dd,
1H, J=5.9, 2.6 , Hy), 7.37 (dd, 2H, J = 5.6, 3.0, Hy, Hy7), 7.05 - 7.00 (m, 1H, Hys), 6.35 (s, 1H, Hya),
6.33 (s, 1H, Hy), 6.31 (d, 2H, J = 2.5, Hs, Hy), 6.19 (dd, 2H, J = 8.9, 2.6, H,, Hy), 3.26 (q, 8H, J=7.0,
Has, His, Has, His), 3.09 (d, 2H, J = 5.8, Hy), 2.15 (s, 6H, Hyy, Ha, Hy), 1.18 (d, 4H, J = 6.7, Hy4, Hyy),
1.09 (t, 12H, J = 7.0, Hs, Hs, Hig, Hiq), 0.68 (t, 6H, J =6.8, Hys, Hag). *C NMR (125 MHz, CDCL;, SiMe,, &
ppm): 167.75, 153.77, 148.72, 148.25, 132.25, 129.18, 127.78, 123.93, 122.59, 108.48, 105.63, 97.94,
64.95, 56.78, 50.96, 44.34, 37.79, 37.47, 20.27, 12.54, 11.82. IR (KBr): vma/cm™ = 1680. ESI-MS (+ve
mode, m/z): 569.29 (M + H"), Calc. for C3sH4N4O, is 568.79. Elemental Analysis: Calculated (C 76.02, H

8.51, N 9.85); Experimentally obtained (C 76.20, H 8.50, N 9.88).

Example 3: Solubilization of Ligand L,:

Method of preparation of Ligand (L) and solubilization of L, in water using Triton X 100:

Final Ligand (L,) concentration = 1.59 x 10° M

Concentration of Cr’* in aqueous solution = 10 M

1. Make 10 mL of 7.092 x 10 M stock solution of ligand L, in pure HPLC grade acetonitrile (Dissolve 4

mg of ligand L, in 10 mL HPLC grade acetonitrile).
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2. Make a solution of 0.32 mM Triton X 100 in Tris-HCl Buffer (5 mM , 25 mM NaCl , pH 7.2) i.e
medium. It is better to make 50 mL Tris-HCl Bﬁffer solution (5 mM tris Buffer, 25 mM NaCl) and adjust
the PH to 7.2. Then add 9.34 pL (10mg) of Triton X 100 to 50 mL of Tris-HCl Buffer (pH 7.2) solution
and stir the solution gently for 10 minutes just to homogenies (avoid vigorous shaking).

3. Take exactly 56 pL of ligand stocks solution and add to 2.5 mL of solvent solution (i.e. 0.32 mM
Triton X 100 in Tris-HC| buffer solution of pH 7.2) to make 1.59 x 10> M of ligand (L) solution for
studies.

Molecular weight of the Ligand = 564

Malecular weight of the Triton X 100 = 625

Density of Triton X 100 = 1.07 g/L

Molecular weight of the Tris buffer = 121.14

Example 3:

Method of detection of Cr(lll) from pure aqueous solution:

3.28 x 10 M Cr(lll) solution in water is prepared and then it is gradually added to a solution of the
ligand L,, where effective ligand concentration is 1.59 x 10° M in a Tris buffer with solution pH of 7.2
having 0.32 mM Triton X 100. Uv-vis and luminescence spectra are recorded in absence and presence
of [Cr(Ill)]. In emission spectra a 200 fold increase in spectral intensity at 583 nm (Aex = 530 nm and
slit 2/2) is observed, while a simultaneous change in solution colour is observed from colourless to

pink red (please refer to Figures 4 and 6).

Real sample analysis:

To cheeked the applicability of the methods in real sample analysis , probe L1 was applied to detect
Cr3+ in tap water. No Cr3+ was obtained in tap water samples. Water samples were collected and pH
was adjusted to 7.2 using Tris buffer(10mM, 25mM NaCl), spiked with known (10yM and 20pM)

concentration of Cr3+ and emission spectra was recorded. The result was summarised in Table 1.
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Table 1: Determination of Cr** in tap water.

Sample No. | Cr'* added (pM)

1 10

2 20 19.67 98.3

Advantages of the invention:

S 1. With this ligand (L), Cr(lll) can be detected from pure aqueous solutions at physiological pH.
2.The ligand can also be used as a colorimetric as well as fluorescent chemosensor for the detection
of Cr(!ll) in aqueous solutions.
3. The use of Triton X 100 4to create micro-micellar environment that makes the ligand soluble in
water or tri buffer medium having pH 7.2 cell membrane permeable in addition to maximizing the

10 sensing efficiency.

20
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The claim:

1. Novel ligands of Formula | (Lx) for detection of Chromium in pure aqueous medium.

\
R3 _-R3
R‘\r?; ‘ O ‘ ‘?/R1
) R, R4 R4 R
5
(Lx)
Formula |

wherein R, and R, are same or different and individually selected from the group consisting éf H,

linear or branched (C1-C6) alkyl, aryl or dansyl; R3 is same selected from group H, methyl; R4 is
10 selected from H, (C1-C6) alkyl;

where, R1 may form saturated or unsaturated carbocyclic (C4-Cé) ring with R3 and similarly R2 may

form saturated or unsaturated carbocyclic (C4-C6) ring with R4; and(...... ) line is optionally represents

single band.

2. The ligand of formula-l, encompasses the compounds selected from the group consisting of;

20
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3. A process of preparation of ligands of Formula I(Lx) according to claim 1, wherein the said
process comprising the steps of:
a. refluxing ethylene diamine and rhodamine B derivatives (ll) in organic solvent, to obtain the
5 corresponding amino ethylene rhodamine derivative (lll) and;
b. refluxing the amino ethylene rhodamine derivative of step (a) in the presence of (A- Br)

alliphatic bromide, triethyl amine and dry CHCl; under inert conditions to obtain Ligand (Lx) of

Formula-I.
O CoOo —__F

; —Pk.,
3\3 / Nh‘_,/ :

N O \ iy M S
R1 ~ NN ¢R1 7. ] | .
r;l @] rTj F \’f P /\r?ﬁ

R2 RZ F- -

10 wherein Ry and R; are same or different and individually selected from the group consisting of H,
linear or branched (C1-C6) alkyl, aryl or dansyl; R3 is same selected from group H, methyl;

wherein, R1 may form saturated or unsaturated carbocyclic (C4-Cé) ring with R3.

4. The process according to claim, 3, wherein the organic solvent is polar organic solvent selected
15 frem the group consisting of methanol, isopropanol, n-propanol, ethanol, water, butanol and mixtures

thereof.

5. The process according to claim 3, wherein the alliphatic bromide (A-Br) is alkene bromide selected
from the group consisting of allyl bromide, 3-bromoprop-1-ene or alkyl bromide selected from the

20 group consisting of propyl bromide, 1-bromopropane.

6. A process for selective detection of Cr (Ill) using ligands of Formula-l according to claim 1, in

aqueous medium as well as in physiological liquid of pH (7.2) comprising steps of:
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a. preparing a solution of tris(hydroxymethyl)aminomethane buffer (Tris buffer )and

Polyethylene glycol tert-octylphenyl ether (Triton X 100) at pH 7.2;

b. preparing a stock solution of ligands of Formula-l in a water miscible solvent in

concentration ranges from 6.0 to 8.0 x 10 M;

c. mixing solution of step (b ) with the solution of step (a) to solubilize ligand of formula I;
d. preparing Chromium ( lll) metal stock solution using water;

e. adding metal solution gradually to the solution of step (c ) and;

f. recording spectrum in a UV or fluorescence spectrometer.

7. The process for selective detection of Cr (lll) according to claim 7, wherein the water miscible

solvent is selected from acetonitrile, Methanot, DMSO, Ethanol, THF, DMF and mixtures thereof.

8. A kit for selective detection of Cr (lll) using novel ligands of Formula-l according to claim 1,
comprising

a) Ligand L, stock solution (6.9 x 10 M) in acetonitrile;

b) 0.32 mM Triton X 100 in Tris buffer solution at pH 7.2;

c) Aqueous Cr(lll) solution (3.28 x 10°M);

d) Final ligand solution (1.59 x 10 M) in 0.32 mM Triton X 100 in Tris buffer having solution pH of 7.2.
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