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Abstract In this study, the synthesis of
7-((Hydroxyimino)methyl)-1,10-phenanthroline-4-
carbaldehyde oxime (1) in two steps starting from 4,7-di-
methyl-1,10-phenanthroline (2) is reported. It is found that
compound 1 can be used as a fluorogenic probe for the detec-
tion of hypochlorite ion in aqueous solution. NMR and mass
spectral analysis indicate that probe 1 undergoes a chemical
transformation through its oxime units upon treatment with
hypochlorite, which results in a remarkable enhancement of
the emission intensity. Also, metal ion recognition properties
of probe 1 is investigated. It is noted that compound 1 is
responsive to Zn*t, Cd*, NiZ* and Cu®" metal ions, which
reduced the emission intensity under identical conditions.

Keywords Fluorescence - Probe - Hypochlorite -
1,10-phenanthroline

Introduction

Reactive oxygen species (ROS) represent an important class
of intermediates, which play crucial roles in many biological
and/or pathological process in living organisms [1]. It is well
known that they are mainly produced from oxygen during the
electron transport chain in order to eliminate undesired xeno-
biotics [2]. However, it should be noted that over production
of ROS increases the oxidative stress, which may lead to some
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neurodegenerative diseases such as Alzheimer’s and neuron
degeneration along with cancer, cardiovascular diseases, and
arthritis etc. Among the ROS, hypochlorite is a significant ion
for the immune system. It is generated from the reaction of
chloride ions with H,O, in the presence of myeloperoxidase
enzyme [3, 4]. Moreover, hypochlorite is indispensable for
our daily life, which is frequently used in disinfection of drink-
ing water, household bleach, cooling-water and/or cyanide
treatment in a concentration range of 107°-1072 M [4, 5].
Consequently, the design and synthesis of novel and sensitive
compounds, which can selectively detect hypochlorite ion be-
come an important topic [2—4, 6—18].

In this context, fluorescent compounds that consist of a sig-
naling unit attached with a suitable recognition unit offer a
powerful tool for the selective and sensitive detection of target
ions as analytes, which play essential roles in many biological,
chemical and environmental processes. To date, many excel-
lent examples of fluorescent probes for the detection of a va-
riety of ions and molecules have been reported [19-35].

1,10-phenanthroline skeleton [36], which bears an integrat-
ed signaling and recognition moiety, is a good candidate for
intensity-based optical probes. For example, Kaur and Alreja
reported the differential absorption changes of a simple tailor-
made amidic functionality based on 1,10-phenanthroline unit
with Cd**, Zn*" and Cu®" metal ions [37]. Yang et al. reported
a three-arm phenanthroline derivative as a colorimetric and
fluorescent sensor for fluoride [38]. Algi et al. reported that
1,10-phenanthroline with orthogonal BODIPY units can be
used as turn-off fluorescent Cd*" probe [39]. Chemical mod-
ification of this 1,10-phenenthroline derivative also allowed
tailoring the selectivity from one ion (Cd*") to another (Zn*")
[40]. Also, they have reported that chromogenic Fe** and
fluorogenic Zn*" detection was possible with an imidazo-
phenanthroline scaffold [41].

In this paper, the design, synthesis and properties of a new
compound, viz. 7-((Hydroxyimino)methyl)-1,10-
phenanthroline-4-carbaldehyde oxime (1), is described. It
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Scheme 1 Synthesis of probe 1.

Conditions: i- SeO,,

1,4-dioxane-water (4 %, v/v),

100 °C, 60 %; ii- NH,OH.HCI, 7\ N
NEt;, C,HsOH, 78 °C, 85 %

=N N=

should be noted that this novel compound 1 is rationalized on
the basis of a chemodosimeter approach [42—44], which
would allow fluorescence detection of hypochlorite ion via
deoximation reaction in aqueous solution. Furthermore, 1,
10-phenanthroline scaffold in 1 would be used for the detec-
tion of some certain metal ions in aqueous solution. It is found
that probe 1 immediately undergoes an oxidation reaction
with NaClO through its oxime units in 0.1 M Na,COs-
NaHCO; buffer containing DMF (pH = 9.0, 30:1 v/v) at room
temperature (rt). NMR and mass spectral data indicated that 1
undergoes a chemical transformation, which resulted in a re-
markable enhancement of the emission intensity. Importantly,
this paves the way of detection of NaCIO with 1 in aqueous
solution. It is noteworthy that this novel probe 1 is highly
selective to hypochlorite ion when compared to some other
ROS and anions (vide infra). On the other hand, probe 1 also
induces turn-off fluorogenic responses to metal ions such as
Zn*", Cd*", Ni*" and Cu*" ions under identical conditions.

Experimental Section

General

All chemicals were purchased from Sigma Aldrich Chemicals
or Merck Company and used as received unless otherwise

HO OH
N N
OHC CHO / N
i 7\ N\ i 72\ N\
=N N= =N N=
3 1

noted. FTIR spectra were recorded on Perkin Elmer Spectrum
100 model FTIR with an attenuated total reflectance (ATR). 'H
(400 or 300 MHz) and "*C (100 or 75 MHz) NMR spectra were
recorded on a Bruker DPX-400 or Ultrashield 300 NMR
Spectrometers. Combustion analyses were carried out by using
a LECO CHNS-932 analyzer. LC MS spectra were recorded on
a Thermo Scientific TSQ Quantum Acces Max spectrometer.
UV-vis and fluorescence measurements were recorded on
Varian Cary 50 and Varian Cary Eclipse spectrophotometers,
respectively. Melting points were determined on a Schorrp
MPM-H2 model apparatus and are uncorrected. The synthesis
of 3 [39, 40] was carried out according to a published proce-
dure. Hypochlorite solutions, which was obtained from a local
supplier (Migros A.S.), were prepared from commercial bleach
(5 % NaClO solution). Metal solutions were freshly prepared
from the corresponding perchlorate salts.

Synthesis of 7-((Hydroxyimino)methyl)
-1,10-Phenanthroline-4-Carbaldehyde oxime (1)

To a solution of 3 (118 mg, 0.5 mmol) and NEt; (0.21 mL,
1.5 mmol) in ethanol (60 mL) was added NH,OH HCI
(104 mg, 1.5 mmol). The mixture was heated under reflux
overnight and the solid part was filtered while the solution
was hot: grey solid, 113 mg, yield 85 %, mp. 282-284 °C.
""H NMR (300 MHz, DMSO-de) &/ppm: 12.11 (s, 2 H, OH),

Fig. 1 Emission intensity 140
changes of compound 1
(3.3 x 1075 M) depending 755
on the pH 7
100
5
o 804
Py
2
5 60
=
404
20 1
0-
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Fig. 2 Emission spectra of 1
(3.3 x 107> M) upon addition of 250 -
NaClO (0; 0.67 x 10°%;
1.0x10%1.67x107%
3.0x107% 333 %104
3.67x 1074, 4.0x 107, 2001
567 %10 *M)in 0.1 M
Na,CO;-NaHCO; buffer-DMF =
solution (30:1 v/v, pH=9.0, rt., S 150 4
Aexc = 290 nm) >

[72]
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9.13 (d, J = 4.6, 2 H), 8.99 (s, 2 H), 8.64 (s, 2 H), 8.00 (d,
J = 4.6 Hz, 2 H); '>C NMR (75 MHz, DMSO-dg) &/ppm:
150.3, 146.8, 146.5, 137.4, 125.3, 123.9, 121.2; FTIR-ATR
(ecm™"): 3280, 2990, 1790, 1732, 1698, 1651, 1608, 1583,
1566, 1513, 1435, 1389, 1353, 1307, 1291, 1234, 1224,
1184, 1164, 1102, 1050, 988, 963, 945, 931, 883, 854, 842,
826, 753, 730, 704, 663. Anal Calcd for C;4H;oN4O5: C,
63.15; H, 3.79; N, 21.04; Found: C, 63.13; H, 3.82; N,
21.07; LCMS (m/z) Calcd. for C;4H;(N4O5: 266.08 [M'];
Found: 265.32 [M-H]".

1+ Zn** Complex

"H NMR (300 MHz, DMSO-dg) &/ppm: 12.60 (s, 2 H, OH),
9.17 (s, 2 H), 9.16 (bs, 2 H), 8.87 (bs, 2 H), 8.37 (d, ] = 5.0 Hz,

Fig. 3 Emission spectra of 1

Wavelength (nm)

2 H). LCMS (m/z) Calcd. for C;4H;(N40,Zn: 330.01 [M'];
Found: 344.98 [M + H,0-4 H]".

Results and Discussion

The target compound 1 was synthesized via a two-step reaction
sequence, which was started from 2 (Scheme 1). In the first
step, compound 2 was readily oxidized with SeO, in dioxane-
water mixture (4 %, v/v) to give dialdehyde 3 in 60 % yield [39,
40]. In the next step, dialdehyde 3 was treated with hydroxyl
amine HCI salt in the presence of NEt; in refluxing ethanol.
Compound 1 was characterized by "H and *C NMR, mass
spectral data and elemental analysis, which were proved the
structure (see Supporting Information Fig. S1-S3).

(3.3 x 10> M) in the presence of a 300
variety of ROS and anions
(NaClO, H,0,, OH,, tBuOr,

0, ,NO,,Cl0,,CN,CI',Br,
I,F, AcO™, PF6, BF,,
H,PO, , OH , 105, PO,> and 200+
S04, 5.67x10*M)in 0.1 M
Na,CO5-NaHCOj; buffer-DMF
solution (30:1 v/v, pH =9.0, rt.,
Aexe = 290 nm)

250

150 4

Intensity (a.u.)

100 4

50

— 1+ClO,
1+CN
1+CI
1+Br
141
1+F
1+Ny
= 1+ OAc
1+PF;
e 1 + BF,’
—— 1+H,PO,
— 1+ 10,
1+NO,
1+PO,
— 1+ S0,
1+H,0,
1+OH

N

. <
400 450 500 550 1+ KO,
w— 1 + tBuO

Wavelength (nm) 1+ ClO
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Fig. 4 Relative fluorescence 1.8

spectral changes for 1
(3.3 x 10° M)) in the presence of 1,6 -
a variety of ROS and anions
(NaClO, H,0,, OH,, tBuO;, 1,4 1
0, ,NO,,ClO, ,CN,CI,Br,
I,F,AcO,PF6,BE,, 1.2
H,PO,, OH ", 105, PO,*> and
SO4%,5.67x10*M)in 0.1 M 104
Na,CO5-NaHCOj; buffer-DMF
solution (30:1 v/v, pH = 9.0, 1t., 08 -
Aexc = 290 nm)
0,6 -
0,4 -
0,2 -
0,0 1

PFs ClOs CN- CF Br T F AcO CIO- BFs+ H:PO+ OH- 105 NOr PO+ SOs+H:0: OH  Or tBuO

Fig. 5 '"H NMR spectrum of
probe 1 before (down) and after
(up) the addition of NaClO in
DMSO-dg (300 MHz)

EWR

r T T T T T T T T T T T T T 1
13 12 1 10 9 8 7 6 5 4 3 2 1 ppm
Scheme 2 Plausible reaction o} o NaQ ONa NaQ e}

intermadiates 4-9 from mass
spectral analysis

ClO OClI ClO
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mpa-9-1#123-130 RT: 1.07-1.13 AV: 8 NL: 1.04E5
T: + cESI Q1MS [170.000-600.000]

179.07 : 9

Relative Abundance

181.08

29695  3pq02 33498 35520

203.08 219.16 239.08

180 200 220 240 260 280 300 320

Fig. 6 Mass spectrum (LC MS) of the reaction mixture

Scheme 3 Suggested HO,
mechanism of the reaction N
between compound 1 and sodium /1
hypochlorite
7 N\
—N N=

Optical properties of compound 1 (3.3 x 107> M) were
investigated in 0.1 M Na,CO;-NaHCO; buffer containing
DMF (pH = 9.0, 30:1 v/v) at room temperature (rt). UV-vis
absorbtion spectrum of 1 consists of a broad band between
250 and 350 nm with a A, 0f 290 nm (Fig. S4). pH depen-
dent emission spectral changes of compound 1 were also re-
corded. It was found that compound 1 was highly stable over a
range of pH values from 5 to 9 and the emission intensity of
compound 1 is independent of pH between pH 5 and pH 9
(Fig. 1). However, the emission intensity diminished below
pH 5 and above pH 9 probably due to protonation and

120

5
392,98 ﬁ

° 41315

576.65

469.11 486,07 49918 015°° 53283 54704

440.98

460 480 500 520 540 560 580 600

NaCIlO

-HCIO

deprotonation of the compound under acidic and basic condi-
tions, respectively. Figure 1 suggests that compound 1 mainly
preserves its structure between pH 5 and pH 9. The emission
intensity of compound 1 diminishes below pH 5 probably due
to the protonation of the nitrogen atoms of 1,10
phenanthroline ring [36] and/or the hydroxyl group of oxime
units. However, deprotonation of the oxime units [45] might
take place above pH 9, which also decreases the emission
intensity of compound 1.

Considering the pH dependent emission intensity changes
of compound 1 and the pK, of HOCI, spectrophotometric

Fig. 7 Emission spectrum of
probe 1 (3.3 x 107> M) in the
presence of a variety of metal ions
(AP, Cu*!, Cd*", Fe?', Fe®,
Hg2+, K+, Li+, Mg2+’ MII2+, Na+,
NiZ*, Pb** and Zn?") (1.0 equiv.)
in0.1 M N3.2CO3-N3.HCO3
buffer-DMF solution (30:1 v/v,
pH =9.0, 1t., Aexe = 290 nm)

Intensity (a.u.)

450

Wavelength (nm)
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Fig. 8 Relative emission 1.0
intensity changes for 1

(3.3 x 107> M) in the presence

of a variety of metal ions

(AP, Cu®’, Cd?", Fe*', Fe™, 0.8+
Hg*", K", Li", Mg*", Mn*", Na",
Ni**, Pb*>" and Zn?") (1.0 equiv.)
in0.1 M N32CO3-N3HCO3
buffer-DMF solution (30:1 v/v, 0.6+
pH = 9.0, 1t., Aexe = 290 nm)

(11,

0.4

0,24

0,0-

titrations of 1 with hypochlorite were carried out in 0.1 M
Na,CO5-NaHCOj3 buffer-DMF solution (30:1 v/v, rt) at
pH=9.0. It was noted that the addition of NaClO to a solution
of 1 resulted a hypsochromic shift of the absorbtion
band around 18 nm (Fig. S4). On the other hand, spec-
trophotometric titrations of 1 with NaClO resulted in a
remarkable enhancement of the emission intensity up to
2.5-fold (Fig. 2).

It was noteworthy that compound 1 (3.3 x 107> M) was
silent to the presence of the other ROS and anions such as
H,0,, OH, tBuO, O, ,NO, , ClO, ,CN,CI,Br, T, F,
AcO ™, PF6, BE, , H,PO,, OH , 105, PO,> and SO, as
depicted in Fig. 3 and 4. These results clearly indicated that
the fluorogenic response of compound 1 was both highly

|

P cuMigN pgH Wit \_‘\K\\W\k\\\l c,dk\“I AW 2l na® K gelBee(W)

selective and sensitive to hypochlorite ions under the given
conditions. Importantly, this paves the way of compound 1 as
a highly sensitive and selective probe for the detection of
hypochlorite ions among the others under the given condi-
tions. The high selectivity and sensitivity of compound 1 to
hypochlorite ions can be explained by the selective reaction
taking pleace between oxime and hypochlorite ions. Oximes
can be destroyed by a specific reaction promoted by hypo-
chlorite ions under mild conditions [4]. It is reasonable to
assume that hypochlorite ions reacts selectively with com-
pound 1 whereas other species do not give any reaction with
1 under the given conditions. The distinct reaction conditions
required for deoximation could account for the high selectivity
of 1 to hypochlorite ions over other species.

Fig. 9 Emission spectral changes 100
of 1 (3.0 x 107> M) in the
presence of various amounts of
Cd*" jons (0, 0.1,0.2, 0.3, 0.4,
0.5,0.6,0.7,0.8,0.9, 1.0, 1.1
and 1.2 equiv) in 0.1 M
Na,CO3-NaHCOj; buffer-DMF
solution (30:1 v/v, pH=19.0, rt.,
Aexc = 290 nm)

Intensity (a.u.)

350
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Fig. 10 Emission spectral 100
changes of 1 (3.0 x 107> M) in the
presence of various amounts of
Zn>" ions (0,0.1,0.2,0.3,0.5,
0.6,0.7,0.8, 1.0, 1.5 and 80 1
2.0 equiv) in 0.1 M
Na,CO3-NaHCOj3 buffer-DMF
solution (30:1 v/v, pH =9.0, rt., -
_ 3 60 A
Aexe = 290 1’]II1) ©
Py
)
<
E 40 -
20
0+
350

The detection limit of probe 1 towards NaClO was calcu-
lated to be 5.0 x 10> M under these conditions (Fig. S5).
Considering the fact that the physiological concentration [2]
of NaClO is around 5-200 puM, this novel compound 1 is a
promising candidate as a fluorescent probe for the detection of
NaClO in aqueous solution.

On the basis of these results, it is reasonable to assume that
compound 1 undergoes a chemical transformation in the pres-
ence of NaClO through the oxime units in the structure
[42—44]. In order to get a deeper understanding of this chem-
ical transformation, "H NMR and mass spectral analysis were
carried out. "H NMR (Fig. 5) analysis of the reaction mixture
suggested the formation of nitrile oxide 4 as a plausible

400 450 500 550
Wavelength (nm)

intermediate in this oxidation reaction (Scheme 2). In contrast,
mass spectral (Fig. 6) analysis of the reaction mixture did not
elicit the presence of 4 under the analysis conditions of LC
MS. However, mass spectra (Fig. 6) clearly elucidated the
presence of 5-9 as plausible intermediates in the reaction
(Scheme 2).

This observation indicated that hypochlorite promoted re-
action of compound 1 started with the addition of hypochlorite
ions into the double bond of oxime units to give intermediates
5-7, which probably furnished compound 4 after elimination
of HCIO (Scheme 3) [44].

Considering the fact that the probe 1 was built on a 1,10-
phenanthroline scaffold, metal ion recognition features of 1

Fig. 11 Emission spectral 100
changes of 1 (3.0 x 107> M) in the

presence of various amounts of

Cu®"jons (0, 0.1,0.2, 0.3, 0.4,

0.5, 0.6, 0.7 and 0.8 equiv) 80 +
in 0.1 M Na,CO3-NaHCOs3
buffer-DMF solution

(30:1 v/v, pH=9.0, 1t.,

3 60
Aexc = 290 nm) 3
2
®
| o

8 40
£

20 -

0
350

: t—i
400 450 500 550

Wavelength (nm)
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Fig. 12 Emission spectral 100
changes of 1 (3.0 x 107> M) in the
presence of various amounts of
Ni*" ions (0, 0.05, 0.10, 0.15,
0.20, 0.25, 0.30, 0.35, 0.40, 0.45
and 0.50 equiv) in 0.1 M
Na,CO;-NaHCO; buffer-DMF
solution (30:1 v/v, pH =9.0, rt.,
Aexe = 290 nm)

Intensity (a.u.)

350

were also investigated. It was found that UV-vis absorbtion
spectra of 1 (3.3 x 10> M) induced nominal changes upon
addition of various metal ions (A", Fe**, Fe*", Hg2+, K, Li',
Mg**, Mn**, Na" and Pb*") (1 equiv) (Fig. S6) in 0.1 M
Na,CO;-NaHCO; buffer-DMF solution (30:1 v/v, pH = 9.0,
rt), albeit Cd*", Zn>*, Cu®" and Ni*" ions caused the formation
of new shoulders and/or bands at 358 nm (Fig. S7), 360 nm
(Fig. S10), 357 nm (Fig. S13) and 352 nm (Fig. S16) in the
absorbtion, respectively. On the basis of these changes in the
absorption spectra, it can be safely concluded that these metal
ions are bound to probe 1 probably through the nitrogen atoms
of the phenanthroline scaffold. Moreover, such changes in the
absorption spectra of probe 1 were allied with the changes
observed in the emission intensity as discussed below. The
addition of metal ions such as AI’", Fe*', Fe*", Hg*", K,
Li", Mg>*, Mn>", Na" and Pb*" did not cause any significant
change in the emission spectrum of probe 1 (Fig. 7). However,
Ni**, Cu*", Zn*" and Cd*" ions elicit dramatic changes in the
emission intensity of probe 1 (Fig. 8). It is well known that 1,
10-phenanthroline scaffold is a good chelating candidate,
which can give coordination compounds through the nitrogen
ring atoms [36, 46]. It is possible that probe 1 might
also interact with the metal ions through the nitrogen
atoms. The dramatic changes in the emission profile of
probe 1 could easily be realized when the ionic radius
of Ni*" (0.69 A), Cu*" (0.73 A), Zn*" (0.74 A) and
Cd*" (0.78 A) were considered. The spectrophotometric
results suggested that the interaction of metal ions with
1 mainly dependent on the ionic radius of metal ions
[46, 47]. The metal ions that have smaller and/or bigger
ionic radius did not cause any significant change in the emis-
sion spectrum of probe 1 since they did not interact efficiently
with probe 1.

@ Springer

400 450 500 550

Wavelength (nm)

Spectrophotometric titrations of compound 1 with Cd**,
Zn2+, Cu®" and Ni*" ions were given in Fig. 9, 10, 11 and
12, respectively. These results suggested that probe 1 was also
responsive to the given metal ions (Cd*", Zn**, Cu*" and
Ni*"). The detection limits [31, 33-35, 39-41] of probe 1 for
Cd*", Zn**, Cu®" and Ni*" metal ions were calculated on the
basis of the spectrophotometric titrations, and they were found
to be 2.56 x 107 M (Fig. S8), 1.09 x 10°° M (Fig. S11),
1.88 x 10°°® M (Fig. S14) and 1.38 x 10 M (Fig. S17),
respectively. Moreover, the binding constants (K,) of probe

L
s
=
-

A
I I T T T T T
13 12 11 10 9] 8 7

J

T T T T T T T

13 12 1" 10 9 8 7

Fig. 13 Partial "H NMR spectra of 1 (up) and 1+ Zn** complex (down)
in (DMSO-de)
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1 with Cd**, Zn**, Cu*" and Ni*" ions were determined from
the emission intensity data following the steady-state fluo-
rometric method in which I, referred to the fluorescence in-
tensities of solutions of 1 [31, 33-35, 39—41]. When /(I - Iy)
VS. [M]fl were plotted, K, values for Cd*", Zn*", Cu*' and
Ni*" metal ions were calculated to be 5.13 x 10* M™!
(Fig. S9), 5.30 x 10* M™' (Fig. S12), 3.33 x 10* M
(Fig. S15), and 1.10 x 10* M (Fig. S18), respectively.

"H NMR (300 MHz, DMSO-dy) spectra of probe 1 in the
absence and presence of Zn>" ion were depicted in Fig. 13. It
can be seen that the proton signals of probe 1 experienced
down field shifts around 0.05 ppm and 0.49 ppm in
the presence of the metal ion. These result demonsrate
that the metal ions are bound to probe 1 probably
through the nitrogen atoms of 1,10-phenanthroline scaffold.
Furthermore, mass spectral analysis clearly revealed the for-
mation of the complexes between probe 1 and Zn*", Cd*",
Cu”" and Ni*" ions (Fig. S19-S22).

Conclusions

In summary, a novel compound 1, which is based on 1,10-
phenanthroline scaffold with oxime units, is devised in order
to be used as a fluoresent ion probe. It is found that compound
1 undergoes an oxidation reaction with NaClO through its
oxime units, which results in a remarkable enhancement of
the emission intensity up to 2.5-fold in 0.1 M Na,COs-
NaHCOj; buffer containing DMF (pH = 9.0, 30:1 v/, 1t). It
is noteworthy that the response of probe 1 is highly selective
and sensitive to hypochlorite ion. Importantly, this paves
the way of selective detection of NaClO with 1 among
some other ROS and anions in aqueous solution. In
addition to this, probe 1 induces turn-off fluorogenic re-
sponses to metal ions such as Zn>*, Cd**, Ni** and Cu®" ions
under identical conditions. The binding constants (K,) for
Zn*", Cd**, Ni*" and Cu*" ions were calculated to be in the
order of Zn** > Cd*" > Cu®" > Ni*".

Acknowledgments The author is indebted to Aksaray University for
partial financial support of this work (ASU BAP 2015-092).

References

1. Doura T, Nonakaa H, Sando S (2012) Atom arrangement strategy
for designing a turn-on 1 H magnetic resonance probe: a dual
activatable probe for multimodal detection of hypochlorite. Chem
Commun 48:1565-1567

2. LiuF, WuT, CaoJ, Zhang H, Hu M, Sun S, Song F, Fan J, Wang J,
Peng X (2013) A novel fluorescent sensor for detection of highly
reactive oxygen species, and for imaging such endogenous hROS
in the mitochondria of living cells. Analyst 138:775-778

3. Pattison DI, Davies MJ (2006) Evidence for rapid inter- and intra-
molecular chlorine transfer reactions of histamine and carnosine

10.

11.

13.

14.

15.

16.

17.

18.

20.

chloramines: implications for the prevention of hypochlorous-
acid-mediated damage. Biochemistry 45:8152-8162

Lin W, Long L, Chen B, Tan W (2009) A ratiometric fluorescent
probe for hypochlorite based on a deoximation reaction. Chem Eur
J15:2305-2309

Aokl T, Munemorl M (1983) Continucus flow determination of free
chlorine in water. Anal Chem 55:209-212

Long L, Zhang D, Li X, Zhang J, Zhang C, Zhou L (2013) A
fluorescence ratiometric sensor for hypochlorite based on a novel
dual-fluorophore response approach. Anal Chim Acta 775:100-105
Wang Q, Liu C, Chang J, Lu Y, He S, Zhao L, Zeng X (2013) Novel
water soluble styrylquinolinium boronic acid as a ratiometric re-
agent for the rapid detection of hypochlorite ion. Dyes Pigments
99:733-739

Shi J, Li Q, Zhang X, Peng M, Qin J, Li Z (2010) Simple
triphenylamine-based luminophore as a hypochlorite chemosensor.
Sensors Actuators B 145:583-587

Huoa FJ, Zhang 1], Yang YT, Chao JB, Yin CX, Zhang YB, Chen
TG (2012) A fluorescein-based highly specific colorimetric and
fluorescent probe for hypochlorites in aqueous solution and its ap-
plication in tap water. Sensors Actuators B 166—167:44-49
Goswami S, Das AK, Manna A, Maity AK, Saha P, Quah CK, Fun
HK, Abdel-Aziz HA (2014) Nanomolar detection of hypochlorite
by a rhodamine-based chiral hydrazide in absolute aqueous media:
application in tap water analysis with live-cell imaging. Anal Chem
86:6315-6322

Lou X, Zhang Y, Li Q, Qin J, Li Z (2011) A highly specific
rhodamine-based colorimetric probe for hypochlorites: a new sens-
ing strategy and real application in tap water. Chem Commun 47:
3189-3191

Cheng X, Jia H, Long T, Feng J, Qin, J, Li Z (2011) A “turn-on”
fluorescent probe for hypochlorous acid: convenient synthesis,
good sensing performance, and a new design strategy by the remov-
al of C=N isomerization. Chem Commun 47:11,978-11,980.
Goswami S, Manna A, Paul S, Quahb CK, Fun HK (2013) Rapid
and ratiometric detection of hypochlorite with real application in tap
water: molecules to low cost devices (TLC sticks). Chem Commun
49:11,656-11,658

Goswami S, Aich K, Das S, Pakhira B, Ghoshal K, Quah CK,
Bhattacharyya M, Fun H. K, Sarkar S (2015) A Triphenyl Amine-
Based Solvatofluorochromic Dye for the Selective and Ratiometric
Sensing of OCl" in Human Blood Cells. Chem Asian J 10:694—
700.

Koide Y, Urano Y, Hanaoka K, Terai T, Nagano T (2011)
Development of an Si-Rhodamine-Based Far-Red to Near-
Infrared Fluorescence Probe Selective for Hypochlorous Acid and
Its Applications for Biological Imaging. ] Am Chem Soc 133:
56805682

Xu Q, Lee KA, Lee S, Lee KM, Lee WJ, Yoon J (2013) A Highly
Specific Fluorescent Probe for Hypochlorous Acid and Its
Application in Imaging Microbe-Induced HOCI Production. ] Am
Chem Soc 135:9944-9949

Manjare ST, Lee JKY, Churchill DG (2014) Facile meso-BODIPY
Annulation and Selective Sensing of Hypochlorite in Water. Org
Lett 16:520-523

Yang YK, Cho HJ, Shin JLI, Tae J (2009) A Rhodamine — Hydroxamic
Acid-Based Fluorescent Probe for Hypochlorous Acid and Its
Applications to Biological Imagings. Org Lett 11:859-861

de Silva AP, Gunaratne HQN, Gunnlaugsson T, Huxley AJM,
McCoy CP, Rademacher JT, Rice TE (1997) Signaling
Recognition Events with Fluorescent Sensors and Switches.
Chem Rev 97:1515-1566

de Silva AP, Fox DB, Huxley AJM (2000) Combining Fluorescence,
Coordination Chemistry and Electron Transfer for Signalling
Purposes. Coord Chem Rev 205:41-57

@ Springer



J Fluoresc

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Callan JF, de Silva AP, Magri DC (2005) Luminescent sensors and
switches in the early 21st century. Tetrahedron 61:8551-8588
Kim JS, Quang DT (2007) Calixarene-Derived Fluorescent Probes.
Chem Rev 107:3780-3799

Coskun A, Akkaya EU (2005) Ion Sensing Coupled to Resonance
Energy Transfer: A Highly Selective and Sensitive Ratiometric
Fluorescent Chemosensor for Ag(I) by a Modular Approach. J
Am Chem Soc 127:10,464-10,465

Ozlem S, Akkaya EU (2009) Thinking Outside the Silicon Box:
Molecular AND Logic As an Additional Layer of Selectivity in
Singlet Oxygen Generation for Photodynamic Therapy. ] Am
Chem Soc 13:48-49

Guliyev R, Coskun A, Akkaya EU (2009) Design Strategies for
Ratiometric Chemosensors: Modulation of Excitation Energy
Transfer at the Energy Donor Site. ] Am Chem Soc 13:9007-9013
Atilgan S, Ozdemir T, Akkaya EU (2010) Selective Hg(I) Sensing
with Improved Stokes Shift by Coupling the Internal Charge
Transfer Process to Excitation Energy Transfer. Org Lett 12:
47924795

Isik M, Ozdemir T, Turan IS, Kolemen S, Akkaya EU (2013)
Chromogenic and Fluorogenic Sensing of Biological Thiols in
Aqueous Solutions Using BODIPY-Based Reagents. Org Lett 15:
216219

Turan IS, Akkaya EU (2014) Chemiluminescence Sensing of
Fluoride Ions Using a Self-Immolative Amplifier. Org Lett 16:
16801683

Atilgan N, Algi F, Cihaner A, Onal AM (2009) Synthesis and prop-
erties of a novel redox driven chemiluminescent material built on a
terthienyl system. Tetrahedron 65:5776-5781

Asil D, Cihaner A, Algi F, Onal AM (2010) A Diverse-Stimuli
Responsive Chemiluminescent Probe with Luminol Scaffold and
Its Electropolymerization. Electroanalysis 22:2254-2260

Algi M. P, Oztas Z, Algi F (2012) Triple channel responsive Cu**
probe. Chem Commun 48:10,219-10,221.

Algi F, Cihaner A (2008) An electroactive polymeric material and
its voltammetric response towards alkali metal cations in neat water.
Tetrahedron Lett 49:3530-3533

Pamuk M, Algi F (2012) Incorporation of a 2,3-dihydro-1H-
pyrrolo[3,4-d]pyridazine-1,4(6H)-dione unit into a donor—acceptor
triad: synthesis and ion recognition features. Tetrahedron Lett 53:
7117-7120

Oztas Z, Pamuk M, Algi F (2013) Nonreaction-based fluo-
rescent Au®" probe that gives fast response in aqueous solution.
Tetrahedron 69:2048-2051

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Degirmenci A, Iskenderkaptanoglu D, Algi F (2015) A novel turn-
off fluorescent Pb(II) probe based on 2,5-di(thien-2-yl)pyrrole with
a pendant crown ether. Tetrahedron Lett 56:602—607

Accorsi G, Listorti A, Yoosaf K, Armaroli N (2009) 1,10-
Phenanthrolines: versatile building blocks for luminescent mole-
cules, materials and metal complexes. Chem Soc Rev 38:1690—
1700

Kaur N, Alreja P (2015) A novel 1,10-phenanthroline based
chemosensor for differential metal ion sensing and constructing
molecular logic gates. Tetrahedron Lett 56:182—186

Yang C, Xu J, Chen W, Lu M, Li Y, Wang XJ (2014) A
novel colorimetric and fluorescent sensor for fluoride detec-
tion based on a three-arm phenanthroline derivative. J Mater
Sci 49:7040-7048

Pamuk M, Algi F (2012) Synthesis of a novel on/off fluorescent
cadmium(II) probe. Tetrahedron Lett 53:7010-7012

Karakaya S, Algi F (2014) A novel dual channel responsive zinc(II)
probe. Tetrahedron Lett 55:5555-5559

Yoldas A, Algi F (2015) An imidazo-phenanthroline scaffold en-
ables both chromogenic Fe(Il) and fluorogenic Zn(Il) detection.
RSC Advances 5:7868-7873

Goswamia S, Maitya S, Maitya AC, Das AK (2014) Fluorometric
and naked-eye detectable dual signaling chemodosimeter for hypo-
chlorite. Sensors Actuators B 204:741-745

Wu X, Li Z, Yang L, Hanb J, Han S (2013) A self-referenced
nanodosimeter for reaction based ratiometric imaging of
hypochlorous acid in living cells. Chem Sci 4:460-467
Emrullahoglu M, Ugiincii M, Karakus E (2013) A BODIPY
aldoxime-based chemodosimeter for highly selective and rapid de-
tection of hypochlorous acid. Chem Commun 49:7836-7838
Boone LL (2006) The highly preorganized ligands 1,10-
Phenanthroline-2,9-dialdoxime and bis-1,10-Phenanthroline,
and their complexing properties with metal ions. University
of North Carolina Wilmington, Dissertation Thesis

Williams NJ, Dean NE, VanDerveer DG, Luckay RC, Hancock RD
(2009) Strong Metal Ion Size Based Selectivity of the Highly
Preorganized Ligand PDA (1,10 Phenanthroline-2,9-dicarboxylic
Acid) with Trivalent Metal Ions. A Crystallographic,
Fluorometric, and Thermodynamic Study. Inorg Chem 48:7853—
7863

Shannon RD (1976) Revised effective ionic radii and systematic
studies of interatomic ditances in halides and chalcogenides. Acta
Crystallogr Sect A A32:751-767



	A Fluorescent Hypochlorite Probe Built on 1,10-Phenanthroline Scaffold and its Ion Recognition Features
	Abstract
	Introduction
	Experimental Section
	General
	Synthesis of 7-((Hydroxyimino)methyl)-1,10-Phenanthroline-4-Carbaldehyde oxime (1)
	1&newnbsp;+&newnbsp;Zn2+ Complex

	Results and Discussion
	Conclusions
	References


