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Abstract

Schiff bases and their metal complexes have diverse applications in the fields of medicine, catalysis, analytical
chemistry, corrosion inhibition and photochromism. A series of novel Schiff bases were synthesized via
nitration, reduction and subsequent condensation with various substituted indole-3-carbaldehydes. The
product structures were characterized by using FTIR, *H NMR, 3C NMR and HRMS. Two representative
molecules were shown to exhibit selective fluorescence enhancement toward AI**, Hg?*, Fe3* and Fe?*, which
can be ascribed to suppressed C=N isomerization and the chelation-enhanced fluorescence (CHEF) effect.
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Introduction

Schiff bases are an important class of organic compounds formed by the condensation of primary amines with
active carbonyl compounds, characterized by the imine (—RC=N-) functional group. Since their discovery, Schiff
bases have attracted sustained research interest in their structures and properties. Numerous studies have
demonstrated that Schiff bases possess versatile application values covering analytical chemistry, biomedicine,
catalysis, and corrosion inhibition.1 Owing to their excellent coordination capability, Schiff bases have been
extensively developed as chemical sensors in recent years for the detection of various analytes, emerging as
one of the ideal sensing platforms for environmental and biological analysis. Through rational structural design
of Schiff base molecules and coordination assembly with different metal ions, such probes can achieve
sensitive detection of diverse targets, including metal cations (Hg?*, Pb%*, Cu?*, Zn?*, Ni?*, AI**, Cr3*, Fe?*, etc.),*"
7 anions (CN-, F, I, ClO, etc.),® ! pH variation,'>'® as well as neutral analytes such as pesticides and
insecticides in biological and environmental systems.#16|n 2025, Lin and co-workers’ reported a ferrocenyl
salicylaldehyde fluorene-based Schiff base fluorescent probe. Upon binding with metal ions, the probe
exhibited obvious fluorescence enhancement. Mechanism investigations revealed that the turn-on
fluorescence originated from the suppression of photoinduced electron transfer (PET) together with the
chelation-enhanced fluorescence (CHEF) effect (Figure 1).1772° Accordingly, the design, synthesis, and
application of novel Schiff bases and their complexes are of important research significance.
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Figure 1. Fluorescent probe SF-Fc for recognition of trivalent metal ions.

Indole is an important nitrogen-containing aromatic heterocycle, which is widely distributed in natural
products and synthetic functional molecules. Its derivatives have broad application prospects in agriculture,
medicine, chemical sensing and other research fields.?*? Indole derivatives possess diverse biological activities
and have been extensively developed in agricultural science as plant growth regulators,?*=2> pesticides,?%?’
antiviral agents?®3° and fungicides.33 For instance, indole-3-acetic acid is a classic phytohormone that
regulates plant growth and development, thereby increasing crop yield. In the pharmaceutical field, indole-
based compounds are widely exploited for anticancer,>*3’ antibacterial,3%! anti-inflammatory*>*?® and
antiviral research.*® As a representative drug, indomethacin, a non-steroidal anti-inflammatory agent, is
clinically applied to treat acute and chronic rheumatoid arthritis, gouty arthritis, cancer pain, tenosynovitis and
other inflammatory disorders. Apart from biological and medicinal values, indole derivatives also display
outstanding potential in fluorescent chemical sensing. Cyanine dyes are typical functional fluorophores with
indole skeletons. Benefiting from their long emission wavelength, good biocompatibility, high molar extinction
coefficient and excellent tissue penetration, cyanine dyes show distinctive superiority in cellular and in vivo
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bioimaging. Currently, cyanine-based fluorescent probes have been successfully used for trace detection of
metal ions, anions, gas molecules, biological thiols, reactive oxygen species and other bioactive analytes.**

Fluorene skeleton features high molecular rigidity, excellent photoluminescence quantum yield and good
structural modifiability, which can further improve the fluorescence stability and detection sensitivity of Schiff
base probes.*®> In view of the excellent sensing performance of Schiff bases and indole derivatives, the
fluorene skeleton with high rigidity was introduced into Schiff base molecules in this work. Two series of
indole-fluorene Schiff base fluorescent probes were designed and synthesized (Figure 2), and their recognition
and sensing performances toward metal ions were preliminarily investigated.

indole-di-H-fluorene Schiff bases (5) indole-di-CH;-fluorene Schiff bases (9)

Figure 2. Two series of newly synthesized indole-fluorene Schiff bases.

Results and Discussion

Synthesis of indole-fluorene Schiff bases

The synthetic routes to two series of indole-fluorene Schiff bases (5a—5h and 9a-9f) are illustrated in Scheme
1. For the synthesis of indole-di-H-fluorene Schiff bases 5a—5h, fluorene 1 was used as the starting material
and nitrated in acetic acid with concentrated nitric acid to introduce a nitro group at the 2-position, providing
2-nitrofluorene 2.°! Subsequently, reduction with zinc powder yielded 2-aminofluorene 3.>! Notably, zinc
powder was pre-treated with dilute hydrochloric acid to remove the surface oxide layer prior to use. Finally, a
series of indole-di-H-fluorene Schiff bases 5a—5h were obtained via condensation reaction with substituted
indole-3-carboxaldehydes 4 in the presence of glacial acetic acid as a catalyst.
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Scheme 1. Synthetic routes to the two series of Schiff bases 5 and 9.
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For the synthesis of indole-di-CHs-fluorene Schiff bases 9a-9f, 9,9-dimethylfluorene 6 served as the
starting material. Unlike fluorene, the above-mentioned nitration conditions failed to afford satisfactory
results for substrate 6. Therefore, a concentrated HNO3/H,SO4 mixture was employed as the nitrating reagent
with dichloromethane as solvent at room temperature, affording 9,9-dimethyl-2-nitrofluorene 7 in good
yield.>> Following a similar reduction process and subsequent condensation with substituted indole-3-
carboxaldehydes 4,> a series of indole-di-CHs-fluorene Schiff bases 9a—9f were successfully synthesized.
Sensing properties of indole-fluorene Schiff bases for metal ions
Firstly, 5-bromo-substituted indole-di-H-fluorene Schiff base 5e was chosen as a typical example to explore its
recognition behavior toward diverse metal ions. In DMSO solution, the probe concentration was set to 1x10*
M, and equivalent concentrations (1x10* M) of various metal ions, including Hg?*, Al®*, Fe3*, Fe?*, Cu?*, Ca**,
Mg?*, Li*, K*, and Na*, were added separately. Fluorescence measurements revealed that only Hg?*, AI**, Fe3*
and Fe?* induced distinct fluorescence enhancement of the probe, while negligible fluorescence change was
observed for the other metal ions (Figure 3a). Such fluorescence enhancement may originate from the
inhibition of C=N isomerization and the chelation-enhanced fluorescence (CHEF) effect induced by
coordination between the probe and the four metal ions.
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Figure 3. (a) Fluorescence spectra of 5e with various metal ions (1 equiv.) in DMSO. (b) Fluorescence spectra of
5f with various metal ions (1 equiv.) in DMSO.

In addition, 5-methoxy-substituted indole-di-H-fluorene Schiff base 5f, which possesses electron-donating
properties, exhibited similar recognition capability toward metal ions. Consistent with the above results,
prominent fluorescence enhancement was observed upon addition of Hg?*, AI**, Fe** and Fe?*, while no
distinct fluorescence response was seen for other metal ions (Figure 3b). By contrast, the 9,9-
dimethylfluorene-based Schiff bases displayed inferior metal ion sensing capability. This performance
difference can be ascribed to the steric hindrance originating from the gem-dimethyl groups, which distort the
binding pocket and hinder effective metal coordination.

The unique selectivity toward Hg?*, AI**, Fe3* and Fe?* can be rationalized by multiple factors. First, these
four metal ions possess appropriate ionic radii and coordination geometries to form stable chelate complexes
within the flexible binding cavity of the di-H-fluorene scaffold. Second, according to the Hard and Soft Acids
and Bases (HSAB) principle, the imine nitrogen donors of the Schiff base skeleton exhibit favorable
coordination compatibility with the target ions, which endows the probes with specific binding affinity toward
these metal species. Photophysically, the coordination interaction effectively suppresses the photoinduced
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electron transfer (PET) process and restricts the free rotation/isomerization of the C=N bond, together with
the typical CHEF effect, collectively enabling the sensitive turn-on fluorescent response.

Subsequently, quantitative fluorescence titration of probe 5f toward Fe?* was implemented with Fe?*
equivalents ranging from 0 to 1.0 (Figure 4). The fluorescence intensity increased gradually and significantly
with incremental addition of Fe?* (0.1 eq, 0.25 eq, 0.5 eq, and 1.0 eq). To further clarify the recognition
process, the N-methylated derivative 5g was further investigated for comparison, and its fluorescence
responses to Hg?*, Al3*, Fe3* and Fe?* were measured and found to be highly consistent with those of probes
5e and 5f (Figure S43).

30000 A

*20000

FL Intensity/a.u.

10000

350 400 450
Wavelength/nm

Figure 4. Fluorescent intensity of 5f with the addition of Fe?* in DMSO.

Based on the above results, we proposed two plausible scenarios for the recognition process: either the
indole nitrogen atom is not involved in metal ion coordination during ion recognition, or the coordinated
metal ions inhibit the isomerization of the Schiff base C=N bond together with other related sensing pathways.
The present work only conducts preliminary fluorescence screening to validate the selective sensing
performance of the probes. Further systematic investigations, including spectral characterization, binding
behavior analysis, and theoretical simulation, will be performed to clarify the detailed sensing mechanism in
our follow-up study.

Conclusions

In summary, two series of indole—fluorene Schiff bases were successfully synthesized and fully characterized.
Their fluorescence sensing performances toward diverse metal cations were studied under uniform
experimental conditions. These probes exhibited prominent fluorescence enhancement in the presence of
Hg?*, AI**, Fe3*, and Fe?*, revealing great potential as fluorescent sensors for the selective detection of these
metal ions.
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Experimental Section

General. All commercially available chemicals were used directly without further purification. Reactions were
monitored by TLC using 0.25 mm GF254 silica gel plates, and flash column chromatography was performed
with 200-300 mesh silica gel. FT-IR spectra were acquired on a Tianjin Gangdong FTIR-650 spectrometer. *H
and 13C NMR spectra were recorded on a Bruker Avance Ill HD 600 MHz NMR spectrometer, with chemical
shifts referenced to TMS in ppm. ESI-HRMS was measured via a Thermo Scientific LTQ-Orbitrap mass
spectrometer. Fluorescence spectra were recorded on FL970 spectrometers at 298 K.

Synthesis of 2-nitrofluorene (2). A 250 mL three-necked flask equipped with a thermometer and reflux
condenser was charged with fluorene 1 (9.9 g, 60.0 mmol) and glacial acetic acid (90 mL). The mixture was
stirred vigorously until the solid was completely dissolved. The solution was heated to 50 °C, and concentrated
nitric acid (65 wt %, 14 mL) was added dropwise over 30 min. After the completion of the addition, the
reaction temperature was elevated to 80 °C and held for 10 min. Upon cooling to room temperature, a yellow
solid precipitate formed spontaneously. The resulting mixture was poured into 600 mL of ice water. The crude
solid product was collected by vacuum filtration and washed with water (3 x 100 mL), then dried under
vacuum. Recrystallization from ethanol (300 mL) afforded 2-nitrofluorene 2 as orange-yellow needle-like
crystals (11.4 g, 90% yield). mp 155-156 °C, consistent with literature data.>!

Synthesis of 2-aminofluorene (3). A solution of CaCl, (anhydrous, 1.0 g) in water (2.0 mL) and zinc powder
(30.0 g) were added to a stirred mixture of 2-nitrofluorene 2 (3.0 g, 14.0 mmol) and ethanol (50 mL). The
resulting mixture was heated at reflux for 2 h. The hot suspension was filtered immediately through a
preheated Blchner funnel, and the residue was washed with hot ethanol (5.0 mL). The combined filtrate was
slowly introduced into vigorously stirred ice water (300 mL), yielding a white flocculent precipitate. The solid
was collected by vacuum filtration and dried under vacuum. Recrystallization from ethanol afforded 2-
aminofluorene 3 as colorless needle crystals (1.82 g, 72%). mp 133-135 °C, consistent with literature data.>!
Synthesis of 9,9-dimethyl-2-nitrofluorene (7). A 100 mL three-necked flask was charged with 9,9-
dimethylfluorene 6 (5.8 g, 30.0 mmol) and dichloromethane (30 mL). The mixture was stirred until full
dissolution. Mixed acid (9 mL, HNOs (65 wt %)/H,SO4 (98 wt %), 2:1 v/v) was added dropwise slowly while the
internal temperature was kept between 5 and 10 °C over 15 min; the solution turned yellow gradually during
the addition. The mixture was stirred at room temperature for 5 h. The reaction mixture was slowly poured
into vigorously stirred ice-cold ethanol (200 mL) to form a yellow precipitate. The crude solid was collected by
vacuum filtration, washed sequentially with water (3 x 20 mL) and cold ethanol (2 x 10 mL), then dried under
vacuum. Recrystallization from ethanol provided 9,9-dimethyl-2-nitrofluorene 7 as yellow crystals (5.0 g, 70%
yield). mp 98-99 °C, consistent with literature data.>?

Synthesis of 2-amino-9,9-dimethylfluorene (8). 2-Amino-9,9-dimethylfluorene 8 was synthesized following
the procedure described for 2-aminofluorene 3. Starting from 9,9-dimethyl-2-nitrofluorene 7 (3.0 g, 12 mmol),
target compound 8 was isolated as a solid (2.0 g, 77% yield). mp 162-163 °C, consistent with literature data.>?
General procedure for the synthesis of indole-fluorene Schiff bases (5a-5i, 9a-9f).>* 2-Aminofluorene 3 or 2-
amino-9,9-dimethylfluorene 8 (1.0 mmol) was added to a solution of the corresponding indole-3-carbaldehyde
4 (1.0 mmol) in absolute ethanol (10 mL). Glacial acetic acid (3—-5 drops) was introduced as catalyst. The
mixture was heated at reflux for 5—6 h. After cooling to room temperature, a pale yellow solid precipitated
out. The crude solid was collected by vacuum filtration, rinsed with ethanol (3 x 5 mL), and dried under
reduced pressure to give the desired Schiff base product.
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N-(9H-Fluoren-2-yl)-1-(1H-indol-3-yl)methylimine (5a). Light yellow solid. Yield: 93%. mp 243-244 °C. IR (KBr,
Vmax, cM™1): 3249, 2961, 1622, 1593, 1573, 1530, 1443, 1426, 1364, 1244, 1124, 1096, 873, 809, 767, 735. *H
NMR (600 MHz, CDCls): & 8.79 (s, 1H, CH=N), 8.58 (dd, J 6.6, 1.8 Hz, 1H, ArH), 8.50 (brs, 1H, NH), 7.82 (d, J 8.4
Hz, 1H, ArH), 7.79 (d, J 7.8 Hz, 1H, ArH), 7.73 (s, 1H, ArH), 7.56 (d, J 7.2 Hz, 1H, ArH), 7.48-7.46 (m, 2H, ArH),
7.40 (t, J 7.2 Hz, 1H, ArH), 7.36-7.30 (m, 4H, ArH), 3.97 (s, 2H, CH2). 23C NMR (150 MHz, CDCls): & 153.4, 152.4,
144.4, 143.3, 141.7, 138.8, 136.8, 129.9, 126.8, 126.2, 125.3, 124.9, 123.8, 122.4, 121.9, 120.3, 119.9, 119.6,
117.6,116.9, 111.2, 36.9. ESI-HRMS: m/z calcd for C2H17N2 [M+H]* 309.13862; found 309.13647.
N-(9H-Fluoren-2-yl)-1-(6-fluoro-1H-indol-3-yl)methylimine (5b). Light yellow solid. Yield: 89%. mp 233-234
°C. IR (KBr, Vmax, cm™): 3020, 2893, 1621, 1590, 1536, 1445, 1424, 1404, 1365, 1334, 1231, 1147, 1116, 1094,
1085, 951, 843, 813, 767, 734. 'H NMR (600 MHz, CDCls): 6 8.75 (s, 1H, CH=N), 8.47 (dd, J 8.4, 5.4 Hz, 1H, ArH),
8.47 (brs, 1H, NH), 7.82 (d, J 8.4 Hz, 1H, ArH), 7.79 (d, J 7.8 Hz, 1H, ArH), 7.67 (s, 1H, ArH), 7.56 (d, J 7.8 Hz, 1H,
ArH), 7.47 (s, 1H, ArH), 7.40 (t, J 7.2 Hz, 1H, ArH), 7.32=7.29 (m, 2H, ArH), 7.14 (dd, J 9.0, 1.8 Hz, 1H, ArH), 7.09
(dt, J 9.6, 2.4Hz, 1H, ArH), 3.96 (s, 2H, CH2). 13C NMR (150 MHz, CDCls): & 160.7 (d, Jcr 198.8 Hz), 153.5, 152.6,
144.4, 143.3, 141.6, 139.0, 136.8 (d, Jc.r 10.0 Hz), 130.3, 126.8, 126.2, 124.9, 123.6 (d, Jc-r 7.5 Hz), 121.7, 120.3,
119.9, 119.6, 117.6, 116.9, 110.5 (d, Jc.r 20.0 Hz), 97.7 (d, Jc-r 21.2 Hz), 37.4. ESI-HRMS: m/z calcd for Ca2H16FN2
[M+H]* 327.12920; found 327.12726.

1-(6-Chloro-1H-indol-3-yl)-N-(9H-fluoren-2-yl)methylimine (5c). Yellow solid. Yield: 78%. mp 219-220 °C. IR
(KBr, vmax, cm™): 3069, 3033, 2893, 2835, 1620, 1595, 1562, 1525, 1448, 1426, 1368, 1325, 1273, 1247, 1127,
1110, 903, 852, 815, 765, 730. *H NMR (600 MHz, CDCls): 6 8.75 (s, 1H, CH=N), 8.52 (d, J 8.4 Hz, 1H, ArH), 8.49
(brs, 1H, NH), 7.81 (d, J 8.4 Hz, 1H, ArH), 7.79 (d, J 7.2 Hz, 1H, ArH), 7.69 (s, 1H, ArH), 7.56 (d, J 7.8 Hz, 1H, ArH),
7.47 (s, 1H, ArH), 7.46 (d, J 1.8 Hz, 1H, ArH), 7.40 (t, J 7.2 Hz, 1H, ArH), 7.32-7.29 (m, 3H, ArH), 3.96 (s, 2H,
CH3).13C NMR (150 MHz, CDCls): § 153.4, 152.1, 144.4, 143.3, 141.6, 139.1, 137.2, 130.4, 129.6, 126.8, 126.3,
1249, 123.8, 123.5, 122.6, 120.3, 119.9, 119.6, 117.6, 116.9, 111.2, 36.9. ESI-HRMS: m/z calcd for C2H16CIN2
[M+H]* 343.09965; found 343.09799.

N-(9H-Fluoren-2-yl)-1-(6-methyl-1H-indol-3-yl)methylimine (5d). Light yellow solid. Yield: 82%. mp 213-215
°C. IR (KBr, vmax, cm™): 3249, 2961, 1613, 1594, 1568, 1529, 1444, 1422, 1367, 1241, 1125, 1067, 947, 906,
840, 813, 740. 'H NMR (600 MHz, CDCl3): & 8.76 (s, 1H, CH=N), 8.43 (d, J 8.4 Hz, 1H, ArH), 8.39 (brs, 1H, NH),
7.81(d, J 8.4 Hz, 1H, ArH), 7.79 (d, J 7.8 Hz, 1H, ArH), 7.64 (d, J 1.8 Hz, 1H, ArH), 7.56 (d, J 7.8 Hz, 1H, ArH), 7.47
(d, J 1.2 Hz, 1H, ArH), 7.40 (t, J 7.2 Hz, 1H, ArH), 7.32=7.30 (m, 2H, ArH), 7.25 (s, 1H, ArH), 7.16 (dd, J 7.8, 0.6
Hz, 1H, ArH), 3.96 (s, 2H, CH,), 2.52 (s, 3H, CHs). 13C NMR (150 MHz, CDCl3): 6 154.0, 152.5, 144.4, 143.3, 141.7,
138.7, 137.3, 133.7, 129.5, 126.8, 126.1, 124.9, 123.6, 123.1, 121.9, 120.3, 120.0, 119.5, 117.6, 116.8, 111.2,
36.9, 21.8. ESI-HRMS: m/z calcd for Ca3H19N2 [M+H]* 323.15427; found 323.15216.
1-(5-Bromo-1H-indol-3-yl)-N-(9H-fluoren-2-yl)methylimine (5e). Light yellow solid. Yield: 90%. mp 186-187
°C. IR (KBr, vmax, cm™): 3022, 2889, 1621, 1594, 1562, 1524, 1477, 1440, 1365, 1277, 1237, 1096, 1049, 882,
800, 765, 731. 'H NMR (600 MHz, CDCl3): & 8.76 (d, J 1.8 Hz, 1H, ArH), 8.73 (s, 1H, CH=N), 8.65 (brs, 1H, NH),
7.82 (d, J 8.4 Hz, 1H, ArH), 7.79 (d, J 7.8 Hz, 1H, ArH), 7.68 (s, 1H, ArH), 7.57 (d, J 7.2 Hz, 1H, ArH), 7.48 (d, J 1.2
Hz, 1H, ArH), 7.43 (dd, J 8.4, 1.8 Hz, 1H, ArH), 7.40 (t, J 7.2 Hz, 1H, ArH), 7.38=7.29 (m, 3H, ArH), 3.96 (s, 2H,
CH2).3C NMR (150 MHz, CDCls): 6 153.3, 151.9, 144.4, 143.3, 141.6, 139.1, 135.5, 130.8, 126.9, 126.8, 126.7,
126.3,125.1, 125.0, 120.3, 119.9, 119.6, 117.6, 116.4, 112.7, 37.0. ESI-HRMS: m/z calcd for C22H16BrN2 [M+H]*
387.04914; found 387.04749.

N-(9H-Fluoren-2-yl)-1-(5-methoxy-1H-indol-3-yl)methylimine (5f). Brown-yellow solid. Yield: 91%. mp 180—
183 °C. IR (KBr, vmax, cm™2): 3022, 2896, 1620, 1596, 1567, 1530, 1488, 1465, 1440, 1292, 1266, 1214, 1183,
1108, 1071, 1021, 924, 860, 832, 803, 772, 741, 732. *H NMR (600 MHz, CDCls): 6 8.76 (s, 1H, CH=N), 8.49 (brs,
1H, NH), 8.10 (d, J 3.0 Hz, 1H, ArH), 7.81 (d, J 8.4 Hz, 1H, ArH), 7.79 (d, J 7.8 Hz, 1H, ArH), 7.66 (s, 1H, ArH), 7.57
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(d, J 7.2 Hz, 1H, ArH), 7.48 (d, J 1.2 Hz, 1H, ArH), 7.40 (t, J 7.2 Hz, 1H, ArH), 7.34-7.29 (m, 3H, ArH), 6.99 (dd, J
8.4, 2.4 Hz, 1H, ArH), 3.97 (s, 2H, CHy), 3.96 (s, 3H, CHs).3C NMR (150 MHz, CDCl3): & 155.8, 154.1, 152.5,
144.4, 143.3, 141.7, 138.8, 131.7, 130.5, 126.8, 126.2, 125.9, 125.0, 120.3, 120.0, 119.5, 117.6, 116.6, 114.1,
112.0, 103.8, 55.9, 37.0. ESI-HRMS: m/z calcd for C23H19N,0 [M+H]* 339.14919; found 339.14713.
N-(9H-Fluoren-2-yl)-1-(1-methyl-1H-indol-3-yl)methylimine (5g). Light yellow solid. Yield: 83%. mp 199-202
°C. IR (KBr, vmax, cm™): 3249, 2961, 1614, 1594, 1572, 1530, 1442, 1420, 1370, 1245, 1125, 1088, 947, 908,
876, 833, 806, 734. *H NMR (600 MHz, CDCls): § 8.75 (s, 1H, CH=N), 8.53 (d, J 7.8 Hz, 1H, ArH), 7.81 (d, J 7.8 Hz,
1H, ArH), 7.79 (d, J 7.2 Hz, 1H, ArH), 7.58 (s, 1H, ArH), 7.56 (d, J 7.2 Hz, 1H, ArH), 7.47 (d, J 1.2 Hz, 1H, ArH),
7.41-7.29 (m, 6H, ArH), 3.96 (s, 2H, CH2), 3.89 (s, 3H, CHs). 133C NMR (150 MHz, CDCl3): & 153.6, 152.6, 144.4,
143.3, 141.7, 138.7, 137.9, 134.2, 126.7, 126.1, 126.1, 124.9, 123.3, 122.3, 121.6, 120.3, 120.0, 119.5, 117.6,
115.2, 109.5, 36.9, 33.4. ESI-HRMS: m/z calcd for Ca3H19N; [M+H]* 323.15427; found 323.15210.
1-(1-Benzyl-1H-indol-3-yl)-N-(9H-fluoren-2-yl)methylimine (5h). Yellow solid. Yield: 85%. mp 178-180 °C. IR
(KBr, vmax, cm™): 3020, 2893, 1621, 1594, 1571, 1536, 1465, 1452, 1391, 1355, 1304, 1167, 1108, 1094, 1085,
951, 810, 773, 749, 738. *H NMR (600 MHz, CDCls): 6 8.76 (s, 1H, CH=N), 8.57-8.55 (m, 1H, ArH), 7.81 (d, J 7.8
Hz, 1H, ArH), 7.79 (d, J 7.8 Hz, 1H, ArH), 7.64 (s, 1H, ArH), 7.56 (d, J 7.8 Hz, 1H, ArH), 7.47 (s, 1H, ArH), 7.40 (t, J
7.2 Hz, 1H, ArH), 7.38-7.29 (m, 8H, ArH), 7.21 (dd, J 7.8, 1.2 Hz, 2H, ArH), 5.40 (s, 2H, CH,), 3.96 (s, 2H, CH,). 3C
NMR (150 MHz, CDCl3): & 153.6, 152.5, 144.4, 143.3, 141.7, 138.8, 137.5, 136.3, 133.5, 128.9, 128.1, 127.1,
126.8, 126.3, 126.1, 124.9, 123.5, 122.4, 121.8, 120.3, 120.0, 119.6, 117.6, 115.7, 110.1, 50.6, 37.0. ESI-HRMS:
m/z calcd for Ca9H23N2 [M+H]* 399.18557; found 399.18347.
N-(9,9-Dimethyl-9H-fluoren-2-yl)-1-(1H-indol-3-yl)methylimine (9a). Light yellow solid. Yield: 85%. mp 237-
239 °C. IR (KBr, vmax, cm™): 3065, 2956, 2920, 2858, 1591, 1444, 1360, 1274, 1261, 1245, 1155, 1022, 964, 894.
IH NMR (600 MHz, DMSO-ds): & 11.76 (brs, 1H, NH), 8.80 (s, 1H, CH=N), 8.41 (d, J 7.8 Hz, 1H, ArH), 8.02 (s, 1H,
ArH), 7.81 (dd, J 8.4, 1.8Hz, 1H, ArH), 7.78 (d, J 7.2 Hz, 1H, ArH), 7.52 (d, J 7.2 Hz, 1H, ArH), 7.49 (d, J 8.4 Hz, 1H,
ArH), 7.42 (s, 1H, ArH), 7.32 (t, J 7.2 Hz, 1H, ArH), 7.29-7.18 (m, 4H, ArH), 1.47 (s, 6H, CHs, CH3). 13C NMR (150
MHz, DMSO-de): 6 155.4, 155.1, 153.8, 153.1, 138.9, 137.6, 135.7, 133.9, 127.5, 127.2, 125.2, 123.3, 123.2,
122.4, 121.4, 121.1, 120.4, 120.1, 115.8, 115.6, 112.5, 46.9, 27.4. ESI-HRMS: m/z calcd for CaaH21N2 [M+H]*
337.16992; found 337.16818.

N-(9,9-Dimethyl-9H-fluoren-2-yl)-1-(6-fluoro-1H-indol-3-yl)methylimine (9b). Light yellow solid. Yield: 85%.
mp 204-205 °C. IR (KBr, vmax, cm™): 3249, 2961, 2858, 1615, 1589, 1534, 1440, 1371, 1336, 1289, 1148, 1118,
954, 877, 838, 810, 734. *H NMR (600 MHz, CDCls): § 8.75 (s, 1H, CH=N), 8.56 (dd, J 9.0, 5.4 Hz, 1H, ArH), 8.51
(brs, 1H, NH), 7.76 ( d, J 7.8 Hz, 1H, ArH), 7.74 ( d, J 7.2 Hz, 1H, ArH), 7.67 (s, 1H, ArH), 7.46 (d, J 7.2 Hz, 1H,
ArH), 7.38-7.35 (m, 2H, ArH), 7.32 (dt, J 7.8, 1.2 Hz, 1H, ArH), 7.25 (dd, J 7.8, 1.8Hz, 1H, ArH), 7.13 (dd, J 9.0,
1.8Hz, 1H, ArH), 7.32 (dt, J 9.0, 2.4 Hz, 1H, ArH), 1.55 (s, 6H, CHs, CHs).3C NMR (150 MHz, CDCls): & 160.7 (d,
Jcr 198.8 Hz), 154.9, 153.7, 153.6, 152.6, 139.1, 136.9 (d, Jcr 10.0 Hz), 136.5, 130.4 (d, Jcr 2.5 Hz), 126.9,
126.7, 123.6 (d, Jcr 7.5 Hz), 122.6, 121.7, 120.5, 119.7, 119.6, 116.9, 115.7, 110.5 (d, Jc-r 20.0 Hz), 97.7 (d, Jcr
21.2 Hz), 46.9, 27.3. ESI-HRMS: m/z calcd for C2aH20FN2 [M+H]* 355.16050; found 355.15829.
1-(6-Chloro-1H-indol-3-yl)-N-(9,9-dimethyl-9H-fluoren-2-yl)methylimine (9c). Light yellow solid. Yield: 89%.
mp 217-218 °C. IR (KBr, vmax, cm™): 3186, 3161, 3108, 1627, 1600, 1574, 1466, 1459, 1421, 1392, 1167, 1077,
1050, 969, 899, 879, 844, 757, 745, 730. *H NMR (600 MHz, DMSO-ds): 6 9.87 (s, 1H, CH=N), 8.27 (d, J 3.0 Hz,
1H, ArH), 8.04 (d, J 8.4 Hz, 1H, ArH), 7.58 (s, 1H, ArH), 7.51 (t, J 6.6 Hz, 1H, ArH), 7.43—7.40 (m, 1H, ArH), 7.36
(t, J 7.2 Hz, 1H, ArH), 7.24 (d, J 8.4 Hz, 1H, ArH), 7.21-7.18 (m, 1H, ArH), 7.12-7.09 (m, 1H, ArH), 6.68 (s, 1H,
ArH), 6.54-6.52 (m, 1H, ArH), 1.31 (s, 6H, CHs, CHs).3C NMR (150 MHz, DMSO-ds): & 155.6, 152.8, 148.9,
140.1, 138.1, 128.8, 127.8, 127.5, 125.6, 123.3, 123.0, 122.7, 121.4, 118.8, 118.5, 113.7, 112.9, 112.8, 108.9,
46.9, 27.4. ESI-HRMS: m/z calcd for C2aH20CIN2 [M+H]* 371.13095; found 371.12906.
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1-(6-Bromo-1H-indol-3-yl)-N-(9,9-dimethyl-9H-fluoren-2-yl)methylimine (9d). Light yellow solid. Yield: 84%.
mp 207-208 °C. IR (KBr, vmax, cm™): 3251, 2960, 1611, 1593, 1567, 1525, 1443, 1419, 1367, 1240, 1122, 1087,
885, 838, 810, 757, 738. 'H NMR (600 MHz, CDCls): § 8.75 (s, 1H, CH=N), 8.48 (d, J8.4 Hz, 1H, ArH), 7.76 (d, J
7.8 Hz, 1H, ArH), 7.73 (d, J 7.2 Hz, 1H, ArH), 7.67 (s, 1H, ArH), 7.61 (d, J 1.2 Hz, 1H, ArH), 7.46 (d, J 7.2 Hz, 1H,
ArH), 7.43 (dd, J 8.4, 1.8 Hz, 1H, ArH), 7.38=7.35 (m, 2H, ArH), 7.32 (dt, J 7.2, 1.2 Hz, 1H, ArH), 7.25 (dd, J 7.8,
1.8Hz, 1H, ArH), 1.55 (s, 6H, CHs, CHs).'3C NMR (150 MHz, CDCl3): & 154.9, 153.7, 153.4, 152.5, 139.1, 137.6,
136.6, 130.4, 126.9, 126.8, 125.2, 124.1, 123.8, 122.6, 120.6, 119.7, 119.6, 117.3, 116.9, 115.7, 114.2, 46.9,
27.3. ESI-HRMS: m/z calcd for C24H20BrN2 [M+H]* 415.08044; found 415.07910.
N-(9,9-Dimethyl-9H-fluoren-2-yl)-1-(6-methyl-1H-indol-3-yl)methylimine (9e). Light yellow solid. Yield: 82%.
mp 180-182 °C. IR (KBr, vmax, cm™): 3064, 2956, 2920, 2858, 1591, 1568, 1443, 1368, 1261, 1166, 1120, 995,
950, 886. 'H NMR (600 MHz, DMSO-de): & 11.62 (brs, 1H, NH), 8.76 (s, 1H, CH=N), 8.26 (d, J 7.8 Hz, 1H, ArH),
7.93 (s, 1H, ArH), 7.80 (d, J 7.8Hz, 1H, ArH), 7.77 (d, J 7.8 Hz, 1H, ArH), 7.52 (d, J 7.2 Hz, 1H, ArH), 7.41 (d, J 1.2
Hz, 1H, ArH), 7.32 (t, J 7.2 Hz, 1H, ArH), 7.27 (t, J 7.2 Hz, 2H, ArH), 7.19 (dd, J 7.8, 1.8Hz, 1H, ArH), 7.02 (d, / 8.4
Hz, 1H, ArH), 2.43 (s, 3H, CHs), 1.47 (s, 6H, CHs, CHs).13C NMR (150 MHz, DMSO-de): § 155.4, 155.1, 153.8,
153.2, 139.0, 138.1, 135.6, 133.5, 132.5, 127.5, 127.2, 123.1, 123.1, 123.0, 121.1, 120.4, 120.1, 115.8, 115.7,
112.3,46.9, 27.4, 21.9. ESI-HRMS: m/z calcd for CasH23N2 [M+H]* 351.18557; found 351.18353.
N-(9,9-Dimethyl-9H-fluoren-2-yl)-1-(2-methyl-1H-indol-3-yl)methylimine (9f). Light yellow solid. Yield: 85%.
mp 111-113 °C. IR (KBr, vmax, cm™2): 3044, 2967, 2918, 2859, 1621, 1591, 1537, 1381, 1216, 1160, 1125, 1010,
968, 837. 'H NMR (600 MHz, DMSO-ds): 6 8.82 (s, 1H, CH=N), 8.36 (d, J 7.2 Hz, 1H, ArH), 7.80 (d, J 7.8 Hz, 1H,
ArH), 7.77 (d, J 7.8 Hz, 1H, ArH), 7.52 (d, J 7.2 Hz, 1H, ArH), 7.44 (s, 1H, ArH), 7.36 (d, J 7.2 Hz, 1H, ArH), 7.32 (t,
J7.2 Hz, 1H, ArH), 7.27 (t, J 7.2 Hz, 1H, ArH), 7.22 (d, J 8.4 Hz, 1H, ArH), 7.16-7.12 (m, 2H, ArH), 2.66 (s, 3H,
CHs), 1.48 (s, 6H, CHs3, CHs). 3C NMR (150 MHz, DMSO-ds): & 154.7, 153.5, 153.2, 143.6, 138.7, 135.8, 135.1,
127.1, 126.7, 126.1, 122.8, 122.1, 121.4, 121.2, 120.8, 120.1, 119.8, 115.6, 115.5, 110.9, 46.6, 27.1, 11.8. ESI-
HRMS: m/z calcd for CasH23N2 [M+H]* 351.18557; found 351.18347.

Fluorescence spectra

Stock solutions of probes 5e and 5f (1.0 x 10% M) were prepared in pure DMSO. Fluorescence sensing
performance of 5e and 5f toward ten metal ions was investigated under identical experimental conditions.
Briefly, probe stock solution (1.0 x 10* M, 10 pL) was diluted with pure DMSO (80 uL), followed by the
addition of aqueous metal ion solutions at equal molar concentration. All metal ion stock solutions (Hg?*, Al**,
Fe3t, Fe?*, Cu?*, Ca?*, Mg?, Li*, K*, Na*) were prepared from their respective chloride salts (HgClz, AlCls, FeCls,
FeCl,, CuCl,, CaCly, MgCly, LiCl, KCI, NaCl) using ultrapure water.
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