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a b s t r a c t 

Intramolecular excited state proton transfer (ESIPT) dyes are appealing for metal ion sensing because of their large 

apparent Stokes-shift, environmental sensitivity, and turn-on fluorescence capabilities. Here we introduce 1,3- 

bis(2-pyridylimino)-4,7-dihydroxyisoindole (2) as a new ESIPT sensing motif. The 2,5-bis(2-pyridylimino)pyrrole 

portion of 2 readily coordinates Hg 2 + , Zn 2 + , Co 2 + , Cu 2 + , and Ni 2 + ions and results in a visible red-shift in ab- 

sorption. While coordination of Hg 2 + , Co 2 + , Ni 2 + , and Cu 2 + completely quenches emission, coordination to Zn 2 + 

increases the ESIPT emission quantum yield from 25% to 60%. Unlike traditional ESIPT sensors, the metal ion 

binding site of 2 is intrinsic to the chromophore but is not the ESIPT site, thus enabling the selective modifi- 

cation of each functionality. As proof of concept, we use bromobutyrate as an alcohol protecting group whose 

cleavage by hydrazine results in turn-on fluorescence response. Collectively these results demonstrate the 1,3- 

bis(2-pyridylimino)-4,7-dihydroxyisoindole motif is sensitive to several stimuli (i.e. metal ion, base, solvent, and 

N 2 H 4 ) and is a promising scaffolding for sensing applications. 
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. Introduction 

Colorimetric and fluorometric metal ion sensors are useful for a

ange of applications from biological labelling [1] to detecting heavy

etal contamination in the environment [ 2 , 3 ]. In the presence of the

argeted analyte, these sensors typically exhibit a turn-on/-off emission

nd/or a discernible spectral shift in absorption/emission. Given these

equirements, excited state intramolecular proton transfer (ESIPT) dyes

re a particularly appealing class of molecular sensors because they are

ighly sensitive to environmental changes (e.g. solvent, pH, etc.) and

xhibit large apparent Stokes shifts [4–6] . ESIPT compounds for sens-

ng metal ions typically employ either 1) a ‘fluorophore spacer receptor’

rchitecture where the metal ion chelator and the chromo/fluorophoric

nit are covalently linked in proximity but are largely independent moi-

ties [7–9] or 2) the ESIPT functional groups can directly serve as the

etal ion binding site where the proton is replaced by a metal ion [10] .

lternatively, one can envision an ESIPT dye where the metal ion chela-

or is intrinsic to the chromophore, but not the ESIPT site, which may

rovide a means of retaining ESIPT emission but with increased sensi-

ivity and amplified spectral response to the analyte. 

In 2011, Hanson et al. reported 1,3-bis(2-pyridylimino)-4,7-

ihydroxyisoindole (2 in Figure 1 ) as a new class of ESIPT dye [10] .

hotoexcitation of this molecule leads to an electron density shift away

rom the phenolic protons (OH) and toward the imine (N) followed by
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xcited state proton transfer from O to N, and finally emission from

he proton transferred, keto state [ 11 , 12 ]. Compound 2 exhibits a large

pparent stokes shift ( > 6,000 cm 
− 1 ) and an ESIPT emission quantum

ields of > 30% [11] . The latter is particularly notable in that it is one

f the highest ESIPT quantum yields reported to date [ 4 , 5 ]. Equally

mportant, at least for the present study, is that compound 2 contains

 1,3-bis(2-pyridylimino)isoindole core which is a tridentate, monoan-

onic ligand known for binding a large range of metal ions like Fe 2 + ,

o 2 + , Ni 2 + , Cu 2 + , Zn 2 + , Cd 2 + , and more [13–17] . Therefore, unlike typ-

cal ESIPT metal ion sensors [ 18 , 19 ], the metal ion binding site in 2 is

onjugated to the photoactive portion of the dye and may be directly

nvolved in influencing the ESIPT event. Herein we report our study

nto the influence of metal(II) ions on the photophysical properties of

,3-bis(2-pyridylimino)-4,7-dihydroxyisoindole-based ESIPT dyes. Our

xperiments show that this ESIPT dye is responsive to several metal

ons but a more than two-fold enhancement in emission quantum yield

pon coordination with Zn 2 + ions. Additionally, we demonstrate that

ith the use of phenolic protecting groups, this dye can also serve as

urn-on fluorescence probe for hydrazine. 

. Materials and Methods 

Barium perchlorate, calcium perchlorate tetrahydrate, calcium chlo-

ide, cadmium perchlorate hydrate, cobalt(II) perchlorate hexahy-
arch 2021 
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Fig. 1. Structure of molecules 1-4 and the proposed coordination site of the 

M 
2 + ions. 
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rate, copper(II) perchlorate hexahydrate, iron(II) perchlorate hy-

rate, mercury(II) perchlorate hydrate, magnesium perchlorate hexahy-

rate, manganese(II) perchlorate hydrate, nickel(II) perchlorate hex-

hydrate, zinc perchlorate hexahydrate, cadmium acetate dihydrate,

opper(II) acetate, sodium acetate trihydrate, 2-aminopyridine, 2,3-

icyanohydroquinone, 4-(dimethylamino)pyridine (DMAP), 1-Ethyl-3-

3-dimethylaminopropyl)carbodiimide hydrochloride (EDC HCl), di-

ert -butyl dicarbonate (Boc 2 O), and 4-bromobutanoic acid, n -butanol,

cetonitrile, dichloromethane, toluene, and methanol were all pur-

hased from Sigma Aldrich and used without further purification.

odium chloride (Ward’s Scientific), dimethyl sulfoxide, strontium per-

hlorate trihydrate, zinc acetate dihydrate (Alpha Aesar), and ethylene

lycol (EMD Millipore) were purchased from their respective suppli-

rs, in parentheses, and used without further purification. Compounds

 [20] and 2 [10] were synthesized following previously published pro-

edure. 

Synthesis of 3: 2 (500 mg, 1.5 mmol), di- tert -butyl dicarbonate

489 mg, 2.24 mmol) and dimethylaminopyridine (DMAP) (182 mg,

.5 mmol) were added to a 250 mL three neck round bottom flask

quipped with a magnetic stir bar and dissolved in acetonitrile (100 mL).

he flask was purged and backfilled with N 2 three times and stirred at

oom temperature. The reaction progress was monitored by TLC. After 2

ays the solvent was evaporated in vacuo and the crude mixture was pu-

ified by column chromatography on silica gel using a 10% ethylacetate

n hexanes mobile phase. The fractions were combined and evaporated

o dryness to obtain 3 (0.417 g, 65% yield) as a yellow amorphous solid.
 H NMR (400 MHz, DMSO- d 6 ) 𝛿 13.89 (s, 1H), 8.73 (dddd, J = 8.7, 4.9,

.9, 0.9 Hz, 2H), 8.01–7.89 (m, 2H), 7.61–7.54 (m, 1H), 7.38 (ddd,

 = 7.9, 5.5, 1.0 Hz, 2H), 7.34–7.26 (m, 2H), 7.19 (dd, J = 8.7, 0.9 Hz,

H), 1.50 (s, 9H). DART-HRMS: m/z calcd. For C 23 H 21 N 5 O 4 ([M + H] + )

32.1627, found 432.1681 

Synthesis of 4: 3 (100 mg, 0.23 mmol), 4-bromobutanoic acid

50 mL, 0.48 mmol), 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

Cl (EDC) (114 mg, 0.59 mmol), and DMAP (15.8 mg, 0.13 mmol)

ere added to a 100 mL three neck round bottom flask equipped with a

agnetic stir bar and dissolved in dichloromethane (50 mL). The flask

as purged and backfilled with N 2 three times and stirred at room tem-

erature. Reaction progress was monitored by disappearance of orange

mission, which is indicative of the alcohol’s protection. Once orange

mission completely disappeared (~3 days), the reaction was quenched

ith 25 mL H 2 O. The reaction crude was extracted three times with

CM then concentrated in vaccuo. The crude material was recrystallized

rom DCM by layering with hexanes. The crystals were filtered, rinsed

ith hexanes, then dried in vaccuo to yield 4 (0.102 g, 78% yield) as a

ale yellow crystalline solid. 1 H NMR (400 MHz, DMSO- d 6 ) 𝛿 14.18 (s,

H), 8.81–8.67 (m, 2H), 7.95 (dtd, J = 11.7, 7.5, 1.9 Hz, 2H), 7.66–7.49

m, 2H), 7.42 (d, J = 8.1 Hz, 1H), 7.38 (d, J = 8.1 Hz, 1H), 7.31 (ddt,

 = 7.5, 4.9, 1.3 Hz, 2H), 3.72 (t, J = 6.5 Hz, 2H), 3.00 (t, J = 7.4 Hz,

H), 2.27 (m, J = 6.9 Hz, 2H), 1.50 (s, 9H). DART-HRMS: m/z calcd.
2 
or C 27 H 26 N 5 O 5 Br ([M + H] + ) 580.1151 and 582.1131, found 580.1208

nd 582.1191. 

Instrumentation : Absorption (Agilent 8453), steady-state and time re-

olved emission (Edinburgh FLS980), quantum yield (Hamamatsu Quan-

aurus), NMR (Bruker), and HR-MS (Agilent 6200 Q-TOF-MS coupled

o an IonSense DART SVP) measurements were performed on commer-

ially available instrumentation with experimental details provided in

he supporting information. 

. Results and Discussion 

.1. Synthesis 

The chromophores/fluorophores used in this study are shown in

ig. 1 . The parent, non-ESIPT dye 1 (a.k.a. BPI), was synthesized us-

ng the alkaline-earth-catalyzed nucleophilic addition of pyridyl amine

o 1,2-dicyanobenzene in butanol as originally reported by Siegl [20] .

ompound 2 was synthesized using the same procedure but with mi-

or modifications as described previously ( Scheme 1 ) [10] . It is worth

entioning that the reaction time (20 days) and yield (20%) for 2 were

otably lower and longer than 1 (2 days and 68%) presumably due to

eactivation of the cyano groups by the alcohol substituents. Attempts to

ncrease the reaction rate by refluxing in ethylene glycol (bp: 198°C ver-

us 118°C for n-butanol) resulted in a markedly shortened reaction time

rom ~20 days to 2 h as determined by the disappearance of starting

aterial. However, concomitant with the formation of 2 was a yellow

mitting side product, which was difficult to separate by column chro-

atography and only a small portion of the desired product was isolated

4% yield). Longer reaction times (~8 h) in ethylene glycol led to the

omplete decomposition of 2 as evidenced by TLC. 

Using ultrafast spectroscopy, Dawlaty and coworkers demonstrated

hat one alcohol group of 2 is sufficient for ESIPT to occur [ 21 , 22 ]. With

his in mind, we prepared compounds 3 and 4 containing a single Boc

i.e. tert butoxycarbonyl), and both Boc and bromo butyrate phenolic

rotecting groups, respectively. These were selected as the alcohol pro-

ecting groups because 1) Boc increases the solubility of 2 and 2) bromo

utyrate is known to undergo cleavage in the presence of hydrazine en-

bling “turn-on ” fluorescence sensing ( vide infra ) [23–25] . Compound

 was synthesized by reacting 2 with di- tert -butyl dicarbonate anhy-

ride in acetonitrile to give 3 in 65% yield. Interestingly, even with a

arge excess of di-tert-butyl dicarbonate anhydride, Boc addition only

ccurred at one of the OH groups of making this a convenient strategy

or asymmetric functionalization of 2. Subsequent reaction of 3 with

-bromobutyric acid in DCM in the presence of EDC and with DMAP

atalyst gave compound 4 in 78% yield [26] . 

.2. Metal Ion Chelation 

The photophysical properties of 1 and 2 in the absence and pres-

nce of metal(II) perchlorate salts was measured in a 90:10 mixture of

MSO/water (v/v). Due to the low solubility of 1 and 2 in aqueous con-

itions, DMSO was selected as the primary solvent for photophysical

tudies. However, with the intention of creating a practical methodol-

gy (i.e. sampling aqueous biological fluids), 10% volume of water or

ater containing the cations of interest were added to 1 or 2 in DMSO.

t is important to note that there was negligible change in the absorption

nd emission spectra (Figure S1) or the excited state lifetime (Figure S2)

f 2 in DMSO after the addition of 10% water. 

The parent molecule 1, with no OH groups for proton transfer, ex-

ibits highly structured absorption features at < 420 nm and only had

 negligible blue emission ( Φem < 0.01%) at room temperature. In

ontrast, 2 has less well defined, but still structured absorption (350–

80 nm), bright orange emission at 610 nm ( Φem = 25%), and a large

pparent Stokes shift (6,600 cm 
− 1 ) consistent with absorption in the

nol state, ESIPT, and then emission from the keto state [10] . 



S. Ayad, T. Banerjee, B. Casale et al. Journal of Photochemistry and Photobiology 6 (2021) 100029 

Scheme 1. Synthesis of compounds 2, 3, and 4. 

Fig. 2. Normalized absorption spectra of 1 (a) and 2 (b) without and with 100 equivalents of Hg 2 + , Zn 2 + , and Ni 2 + . (c) Emission spectra for 2 without and with 100 

equivalents Zn 2 + ( 𝜆ex = 400 nm). All spectra were acquired in DMSO with 10% H 2 O (v/v) and ~5 × 10 − 7 M dye concentration. 
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Select absorption and emission spectra of 1 and 2 following the addi-

ion of 100 equivalents of dication perchlorate salts are shown in Fig. 2

ith the remaining spectra provided in supporting information (Figure

3). The addition of Ba 2 + , Ca 2 + , Cd 2 + , Fe 2 + , Mg 2 + , Mn 2 + , and Sr 2 + to

 had minimal effect on the absorption spectra (Figure S3a). The most

bservable change in this series was in the amplitude, but not position,

f the high energy absorption peaks upon the addition of Fe 2 + however

his can be attributed to increased light scattering from the relatively

nsoluble Fe(II) salt. The lack of spectral shifts suggests that either the

ons are coordinating but have no influence, or far more likely is that

hese metal ions do not coordinate to 1 under these conditions. 

In contrast, notable bathochromic shifts in absorption ( Fig. 2 a and

igure S3b) can be observed upon the addition of Hg 2 + , Zn 2 + , Co 2 + ,

nd Cu 2 + with the largest shift for Ni 2 + (0.33 eV). While most retain

he vibrational structure, there is significant broadening in the pres-

nce of Hg 2 + the origin of which is currently unclear to us. For these

etal ions, we attribute the spectral shift to metal ion coordination to

he 2,5-bis(2-pyridylimino)pyrrole portion of the molecule which effec-

ively pulls electron density away from the 𝜋-system and lowers the

nergy of the 𝜋- 𝜋∗ transition. The absence of absorption from the par-

nt 1 and complete shift in the spectra indicates that for these cations,

here is irreversible and/or at least heavily coordination favoured metal

on binding to the dye under these conditions. It is important to note

hat despite metal ion coordination to 1, no emission enhancement was

bserved from these complexes ( Φ < 0.01%). 
em 

3 
For the absorption spectra of complex 2 in the presence of dica-

ions, similar trends were observed as with 1. That is, a nominal shift

n absorption or emission with Ba 2 + , Ca 2 + , Cd 2 + , Fe 2 + , Mg 2 + , Mn 2 + ,

nd Sr 2 + (Figure S3c) but bathochromic shifts in absorption with Hg 2 + ,

n 2 + , Co 2 + , Cu 2 + , and Ni 2 + ( Fig. 2 b and Figure S3d). The trend and the

agnitude of the shift were similar to as with 1, which lacks the OH

roup, suggesting that metal ion coordination to 2 is at the 2,5-bis(2-

yridylimino)pyrrole portion of the molecule and not the ESIPT site (i.e.

H —N). Interestingly, for Co 2 + there is a small but discernible, low en-

rgy, structured absorption features from 500–620 nm ( Fig. 3 b). Similar

pectral features was observed in 5,6-dichloro-1,3-bis(2-pyridylimino)-

,7-dihydroxyisoindole [10] and can be attributed to absorption from

he keto form of molecule (i.e. O 
− and NH form). This observation is

mportant in that it indicates that metal ion coordination is an effective

eans of perturbing the enol-keto equilibrium even in the ground state

f the 1,3-bis(2-pyridylimino)-4,7-dihydroxyisoindole dye. While rela-

ively weak, at sufficiently high concentrations this feature combined

ith the spectral shift results in a color change of 2 upon addition of

g 2 + and Co 2 + ( Fig. 3 a) making it an intriguing candidate for colori-

etric sensing. 

The cation coordination also influences the emissive behaviour of 2

nd the results are summarized in Fig. 2 c and Table S1. As with absorp-

ion, the non-coordinating cations had minimal influence on the energy

 𝜆em ≈ 610 nm), lifetime ( 𝜏 ≈ 3.5 ns) or quantum yield ( Φem ≈ 25%)

f emission from 2 (Table S1). On the other hand, coordination with
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Fig. 3. a) Photograph of solutions containing 1 mM solutions of 2 (left), 2 with 

10 equivalents of Co 2 + (middle), and 2 with 10 equivalents of Hg 2 + (right) per- 

chlorate salts in DMSO with 10% H 2 O (v/v) under ambient light and b) absorp- 

tion spectra of the same solutions after ~20 fold dilution (inset: zoom of the 

normalized absorption spectra between 520 and 630 nm). 
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Fig. 4. Photograph of solutions containing 2 in DMSO with 10% H 2 O (v/v) 

without (left) and with (right) 100 equivalents of Zn 2 + under (a) ambient light 

and (b) UV irradiation. 
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o 2 + , Cu 2 + , Hg 2 + , and Ni 2 + completely quenched emission from 2

 Φem < 0.01%). While we have not definitively established a mecha-

ism, excited state quenching by these ions is not unusual and is of-

en attributed to either excited state electron transfer or paramagnetic

uenching [27–29] . 

Remarkably, coordination of Zn 2 + (Zn-2) not only shifted the enol

mission peak to 630 nm ( Fig. 2 c) but also increased the excited

tate lifetime ( 𝜏 = 4.1 ns) and more than doubled the emission quan-

um yield ( Φem = 60%) of 2. The emission enhancement can be at-

ributed to both a decrease in the non-radiative decay rate constant

 k nr = 2.4 × 10 8 s − 1 ) and a two-fold increase in the radiative decay rate
onstant ( k r = 1.5 × 10 8 s − 1 ) of Zn-2 relative to 2 ( k nr = 3.2 × 10 8 s − 1 ;
 nr = 3.2 × 10 8 s − 1 ). In terms of non-radiative decay, one can envi-

ion metal ion coordination increasing the rigidity of the molecule and

nhibiting vibrational relaxation modes. Regardless of the mechanism,

he spectral shift and increase emission intensity are sufficiently large

o visually differentiate the sample with and without Zn 2 + ions ( Fig. 4 ).

.3. Zn-2 Coordination Chemistry 

Previous reports indicate that Zn 2 + can coordinate to BPI in either

etrahedral [17] or octahedral [30] geometries. Given the remarkable

nhancement in photophysical properties, we sought to gain structural

nsights into the Zn-2 adduct observed here. Unfortunately, all attempts

o grow crystals of the Zn-2 were unsuccessful (see SI for more details).

nstead, we monitored changes in the 1 H NMR spectrum of 2 in DMSO- d 6 
pon the addition of Zn 2 + ions and the results can be seen in Fig. 5 . In the

bsence of Zn 2 + , compound 2 exhibits five well defined peaks from 7.0–

.0 ppm indicating a plane of symmetry bisecting the isoindole portion
4 
f the molecule. The peak assignments for this region, four from the

yridyl ring (H b-e ) and one from the isoindole (H a ), are shown in Fig. 5 .

Upon the addition of Zn(ClO 4 ) 2 there is a decrease in the NMR

eaks associated with 2 and a concurrent increase in an equal num-

er but shifted peaks for Zn-2. While the indole proton (H a ) remained

argely unaffected, there are notable upfield and downfield shifts for

 e and H b-d ( Fig. 5 ) that are accompanied by the disappearance of

he H f , isoindoline proton at 13.7 ppm (Figure S4). These changes are

onsistent with previous reports of Zn 2 + coordination to the 2,5-bis(2-

yridylimino)pyrrolate portion of the molecule [ 17 , 30 ] and not the ES-

PT site. The lack of symmetry breaking that was observed with the

etrahedral Zn-BPI complex reported by Anderson et al. [17] suggests 2

s binding Zn 2 + via a tridentate and octahedral coordination environ-

ent [30] . 

To investigate the binding stoichiometry of 2 with Zn 2 + we employed

he method of continuous variations, also known as a Job plot, as has

een previously reported with other metal ion probes [31–33] . Here

e monitored the absorption spectral changes with respect to the molar

atio of Zn 2 + and the normalized absorption spectra are shown in Figure

5 [ 31 , 34 ]. The Job plot was then generated by graphing the absorption

hanges at 443 nm (i.e. the distinct absorption feature for Zn-2, see

ig. 2 b) versus the mole fraction of Zn 2 + and the results are shown in

ig. 6 . The peak maximum at ~0.33 as well as the sigmoidal shape of

he graph at higher mole fractions are indicative of an AB 2 binding motif

31] . 

Collectively these results indicate that Zn 2 + is octahedrally coordi-

ated at the 2,5-bis(2-pyridylimino)pyrrolate site of 2 with a stoichiom-

try of Zn(2) 2 . Similar coordination chemistry was proposed by Gagne

t al for Zn(4,4’-dimethylBPI) 2 [30] . 

.4. Effects of Solvent, Salt, and pH 

To probe the environmental effects, we measured the photophysical

roperties of 2 with variation in solvent (DMSO, MeOH, and MeOD), pH

with and without NaOAc), and Zn 2 + salt (Zn(ClO 4 ) 2 , and Zn(OAc) 2 )

nd the results are summarized in Table 1 with the spectra in Figure S6.
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Figure 5. 1 H NMR spectra of 2 in DMSO- d 6 during a titra- 

tion with 0 to 50 equivalents of Zn(ClO 4 ) 2 . 

Table 1 

Photophysical properties of 2 with variation in solvent, pH, and counter ions. 

Entry Solvent Salt a Absorption (nm) 

Emission at rt b 

k r ( × 10 8 s − 1 ) c k nr ( × 10 8 s − 1 ) d 
𝜆max (nm) 𝜏 (ns) ΦPL 

1 DMSO - 390 616 3.0 0.25 0.8 3.3 

2 DMSO NaOAc 350, 605 616 6.3 0.12 0.2 1.6 

3 DMSO Zn(ClO 4 ) 2 417 630 4.1 0.60 1.5 2.4 

4 DMSO Zn(OAc) 2 405, 605 630 8.0 0.68 0.9 1.2 

5 MeOH - 385, 590 594 3.8 0.23 0.6 2.6 

6 MeOH NaOAc 385, 590 596 3.9 0.09 0.2 2.6 

7 MeOH Zn(ClO 4 ) 2 413, 590 606 4.3 0.28 0.6 2.3 

8 MeOH Zn(OAc) 2 398, 560 615 8.8 0.48 0.5 1.1 

9 MeOD - 385, 590 592 6.7 0.11 0.2 1.5 

10 MeOD NaOAc 385, 590 595 6.8 0.23 0.3 1.5 

11 MeOD Zn(ClO 4 ) 2 385, 540 615 8.2 0.10 0.1 1.2 

12 MeOD Zn(OAc) 2 398, 560 617 10.4 0.34 0.3 1.0 

a 100 equivalents of each salt relative to 2. 
b Emission data acquired using dilute solutions (~5 × 10 − 7 M (c) k r = Φ/ 𝜏. (d) k nr = (1- Φ)/ 𝜏. 

Fig. 6. Job plot of the absorbance at 443 nm for 2 with varying molar ratios 

of Zn 2 + in DMSO. The total concentration of 2 and Zn 2 + was maintained at 

0.05 mM. 
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In line with the results above, upon the addition of Zn(ClO 4 ) 2 to 2 in

MSO (entry 3 in Table 1 ), there is a red-shift in absorption and emis-

ion as well as an increase in both the excited state lifetime and emission

uantum yield relative to 2 alone (entry 1). For both solutions there are

o notable absorption features below 500 nm. In contrast, the addition

f acetate, as either NaOAc or Zn(OAc) 2 , results in a dramatic increase

n the absorption peak at 605 nm. Presumably, the acetate makes the

olution sufficiently basic as to deprotonate the ESIPT site and increase
5 
he “keto ” character of ground state 2 and Zn-2. Interestingly, the addi-

ion of acetate also decreases the radiative and non-radiative decay rate

onstants. 

In both methanol (entry 5–8) and deuterated methanol (entry 9–12)

he low energy absorption feature is weakly present in 2 and Zn-2 solu-

ions but again is dramatically enhanced upon the addition of acetate.

elative to that in DMSO there is also a general increase in excited state

ifetime but decrease in emission quantum yield that can be attributed

o the lower radiative rate in MeOH and MeOD. In agreement with pre-

ious studies [ 35 , 36 ], deuteration (MeOD) of the ESIPT dyes increases

he excited state lifetime and decreases the non-radiative decay relative

o the protonated dye (MeOH). 

Not surprisingly these results demonstrate the high sensitivity of 2

o solvent and pH effects. But regardless of solvent, there was a general

rend of increasing emission quantum yield and lifetime upon Zn 2 + co-

rdination to 2 which was further enhanced by the addition of acetate.

he higher pH also increases the contribution of the low energy “keto ”

bsorption feature, but these effects could readily be reversed by the

ddition of acetic acid (Figure S7). 

.5. Deprotection by Hydrazine 

Analyte induced cleavage of a protecting group on the proton donor

ite of an ESIPT dyes is an appealing strategy to realize turn-on fluores-

ence detection of species like H 2 S,[ 26 , 37 ] O 2 
− , [38] ONOO, − [39] and

ydrazine [25] . The latter is of particular interest because hydrazine

s an acutely toxic and carcinogenic compound [ 40 , 41 ] that is com-

only used in many industrial, agricultural, and pharmaceutical pro-
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Fig. 7. Emission spectra changes of 4 with respect to time after the addition of 

2.2 equivalents of N 2 H 4 (black to green, spectra acquired every 0.5 min). Inset: 

Emission intensity at 610 nm with respect to time. ( 𝜆ex = 390 nm) 

Fig. 8. Absorption spectra of 4 in DMSO before and after the addition of 2.2 

equivalents of N 2 H 4 and then the addition of excess HOAc. The spectrum of 2 

in DMSO is included for reference. 
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Fig. 9. Photograph of 4 in DMSO without (left) and with (right) N 2 H 4 under 

(a) ambient light and (b) UV irradiation. 
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esses [42] . As previously demonstrated by Goswami et al., a bromobu-

yrate alcohol protecting group is readily cleaved in the presence of hy-

razine resulting in turn-on fluorescence [25] . To further expand the

etection capabilities of 2, we generated the compounds 3 and 4 con-

aining a single Boc, and both Boc and bromobutyrate phenolic protect-

ng groups, respectively. 

The similarity in photophysical properties between 2 and 3 is not

urprising because it has previously been demonstrated that one alcohol

roup of 2 is sufficient for ESIPT to occur (Figure S8) [ 21 , 22 ]. However,

he addition of both Boc and bromobutyrate phenolic protecting groups

o 2 results in compound 4 whose photophysical properties more closely

esemble non-emissive 1 ( Φem < 0.01%). This behaviour can be ratio-

alized by the lack of OH donor for the ESIPT process to occur which

revents keto emission that is observed in 2 and 3. At time 0 (i.e. prior

o N 2 H 4 addition) no emission was observed. However, immediately af-

er the introduction of N 2 H 4 , bright red emission was readily apparent,

ven to the naked eye. The emission intensity continued to increase un-

il plateauing at ~20 min after the initial addition. The emission spectra

re consistent with the keto-type emission that is observed with 2 and

 ( Fig. 7 ). 

Following completion of the reaction, the solution was quenched

ith dilute HCl. The absorption spectrum of the product ( Fig. 8 ) re-

embles that of 2 treated with NaOAc (Figure S6a) suggesting that the

ydrazine is not only capable of cleaving both protecting groups of 4 but

s also sufficiently basic to deprotonate the product. This hypothesis is

urther supported by the addition of excess acetic acid to the 4 + N 2 H 4 

olution where the spectrum of the acidified product most closely re-
6 
embles that of fully protonated 2 ( Fig. 8 ), and not the Boc protected

olecule 3. 

Collectively this indicates that 4 does exhibit turn-on fluorescence in

he presence of N 2 H 4. However, it is not by enabling an ESIPT mecha-

ism but instead by the N 2 H 4 induced generation of the deprotonated

orm of 2 followed by excitation and emission from the keto form of

he molecule. Presumably, performing the hydrazine reaction in a suf-

ciently acidic medium would result in the “direct ” formation of 2 and

he typical large apparent Stokes shifted emission. Nonetheless, the dra-

atic change in both absorption and emission spectra of 4 in DMSO

pon the addition of N 2 H 4, makes this a promising colorimetric and

uorometric probe for the detection of hydrazine ( Fig. 9 ). 

It is worth noting that from the UV-Vis and emission measurements,

he same metal ion interactions described above in section 3.2 and

.3 for 1 and 2, are also active in molecules 3 and 4. While not explored

ere, this indicates that different combinations of metal ion, hydrazine,

nd molecule 4 will result in unique spectral signatures (i.e. turn-on flu-

rescence, absorption/emission shifts, etc.) which could open the door

o complex, multicomponent detection schemes. 

. Conclusions 

Here we introduce the ESIPT dye, 1,3-bis(2-pyridylimino)-4,7-

ihydroxyisoindole (2) as a new sensing motif for both transition metal

ons and hydrazine. Cations like Ba 2 + , Ca 2 + , Cd 2 + , Fe 2 + , Mg 2 + , Mn 2 + ,

nd Sr 2 + have minimal influence on the photophysical properties of 2

ut the addition of Hg 2 + , Zn 2 + , Co 2 + , Cu 2 + , and Ni 2 + results in a dis-

inct red shift in absorption with Hg 2 + , Co 2 + , Ni 2 + , and Cu 2 + completely

uenching emission from 2. In contrast, Zn 2 + coordination resulted in a

ore than two-fold enhancement in emission quantum yield from 25%

o 60% which is due to a decrease and increase in non-radiative and

adiative rates, respectively. Similarly, in all solvents tested (ie. DMSO,

eOH, and MeOD) there was a general trend of increasing emission

uantum yield and lifetime upon Zn 2 + coordination to 2 which was fur-

her enhanced by the addition of base. Comparative measurements to

,3-bis(2-pyridylimino)-isoindole indicate that the transition metal ions

oordinate to the 2,5-bis(2-pyridylimino)pyrrole portion of 2 and not
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he ESIPT site. NMR measurements and the Job plot suggest that tri-

entate coordination of 2 to Zn 2 + results in an octahedral complex with

n(2) 2 stoichiometry. Additionally, with the appropriate alcohol pro-

ecting groups, the 1,3-bis(2-pyridylimino)-4,7-dihydroxyisoindole mo-

if can serve as a fluorescence turn-on sensor for N 2 H 4 . 

Collectively these results demonstrate that 1,3-bis(2-pyridylimino)-

,7-dihydroxyisoindole exhibits a distinct colorimetric and fluorometric

esponse to several stimuli (i.e. metal ion, base, solvent, and N 2 H 4 ) and

s a promising motif for sensing applications. With that said, the current

olecule shows minimal sensitivity and selectivity for any particular

ransition metal ion. Presumably by varying the steric and electronic

roperties of the 2,5-bis(2-pyridylimino)pyrrole metal ion binding site,

ne could increase the selectivity. This combined with the one step syn-

hesis makes this a versatile and promising motif for a number of sensing

pplications. 
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