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1. Materials and methods

All reactions were performed in oven-dried glassware under a slight positive pressure of nitrogen.
H-NMR (600 MHz, 400 MHz) and 3C NMR (151 MHz, 100 MHz) spectra were determined on a 600
MHz Bruker and on a 400 MHz Bruker Avance instrument. NMR spectra were recorded at 298 K,
chemical shifts for 'TH NMR were reported in parts per million (ppm), referenced relative to residual
proton in the deuterated solvent, with coupling constants reported in Hertz (Hz). *H-'H and 'H-13C
correlation experiments were performed using standard Bruker pulse sequence to assign the
signals. The following abbreviations were used for spin multiplicity: s = singlet, d = doublet, t =
triplet, g = quartet, quint = quintet, m = multiplet, dd = doublet of doublets, br = broad signal.
Chemical shifts for 3C NMR spectra were reported in ppm, relative to the central line of a septet at
6 =39.52 ppm for deuterated dimethylsulfoxide.

UV-Vis absorption spectra were recorded using a Perkin-Elmer Lambda 45 spectrophotometer. The
fluorescence spectra were recorded with a Perkin ElImer LS-55 spectrofluorometer, (Aeyc = 350 nm).
Time correlated single photon counting experiments were conducted on an Edinburgh FLS920
equipped with a photomultiplier Homamatsu R928P and connected to a PCS900 PC card (Agy = 340
nm. Aem = 525 nm). Luminescence quantum vyields were determined using fluorescein solution in
NaOH 0.1 M as a reference (® = 0.92). All measurements were performed at 298.0 + 0.1 K, with
ligand concentrations 1-10~ M. Quartz cuvettes with optical path length of 1 cm were used.

All solvents and starting materials were purchased from commercial sources where available.
Compounds 2 and 11 were synthesized as reported in the literature.® Proton NMR titrations were
performed by adding aliquots of a putative anionic guest (such as the sodium salt, 7.5-:1072 M) in a
solution of the receptor (5.0-1073 M) in DMSO-dg/0.5% water. Quantum-chemical calculations were
carried out on the BzO™ and KET~ anions, on the ligands L2 and L4 and on the 1:1 adducts L2:BzO-,
L2-KET-, L4-BzO-, and L4-KET~. Calculations were carried out at the density functional theory (DFT)?2
level with the commercial suite Gaussian 16,3 with the hybrid mPW1PW functional,? including a
modified Perdew and Wang (PW) exchange functional coupled with the PW correlation functional.>
Schafer, Horn, and Ahlrichs split-valence plus polarization® all-electron basis sets were used in the
Weigend formulation Def2SVP.” The geometry of all compounds was optimized. The nature of the
minima of each structure was verified by harmonic frequency calculations. TD-DFT calculations were
carried out at the optimized geometries. GaussView 6.0.168 was used to draw Kohn-Sham (KS)
molecular orbital (MO) compositions, to generate molecular electrostatic potential maps, to analyse
natural charge distributions, and to prepare TD-simulated spectra and calculate molar extinction
coefficients from oscillator strengths . Association constants were obtained by using the open
source program Bindift (http://app.supramolecular.org/bindfit/).
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2. Synthetic procedures
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Scheme S1. Synthetic pathways to obtain L1-L5.
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Synthesis of N,N-bis(3-trifluoroacetylamino)propyl)-5-(dimethylamino)naphthalene-1-
sulfonamide (3)

A solution of 5-(dimethylamino)naphthalene-1-sulfonyl chloride (1) (dansyl chloride, 3.56 g, 12
mmol) in acetonitrile (200 mL) was added dropwise, in a nitrogen atmosphere, to a stirred solution
of N,N-bis(3-trifluoroacetylamino)propyl)amine (2) (5 g, 11 mmol) in triethylamine (5 mL, 35 mmol)
and refluxed overnight. The resulting mixture was filtered to remove the insoluble salts,
concentrated under reduced pressure to 50 mL and poured in 200 mL of cold water. The resulting
suspension was extracted with ethyl acetate (3x50 mL), the combined organic extracts were dried
with anhydrous Na,SO, and evaporated under reduced pressure affording 6 g of a grey/greenish
solid which was purified by crystallization from hot ethanol to obtain 3 as white/green needle-like
crystals (3.46 g. 54%).

1H-NMR (400 MHz, CDCl3) & (ppm) = 1.84 (quint, 4H, J = 6.4 Hz), 2.90 (s, 6H), 3.38 (t, 4H, J = 6.4 Hz),
3.45 (q, 4H, J = 6.5 Hz), 7.03 (brs, 2H), 7.22 (d, 1H, J = 7.6 Hz), 7.55 (dd, 1H, J,=8.5 J,=7.5 Hz), 7.60
(dd, 1H, J; = 8.6 J,= 7.6 Hz), 8.04 (dd, 1H, J;= 7.3 J,= 1.3 Hz), 8.23 (d, 1H, J = 8.8 Hz), 8.59 (d, 1H, J =
8.6 Hz).

Synthesis of N,N-bis(3-aminopropyl)-5-(dimethylamino)naphthalene-1-sulfonamide (4)

120 mL of 0.2 M sodium hydroxide in methanol was dropwise added to a stirred solution of 3 (3.46
g, 6.22 mmol) in 500 mL of methanol at 0 °C under nitrogen atmosphere. When the addition was
complete, the cooling bath was removed, and the mixture was stirred at overnight at room
temperature. The solvent was evaporated under reduced pressure obtaining an oily residue that
was suspended in 100 mL of water and extracted with chloroform (4 x 150 mL). The combined
organic extracts were dried with anhydrous Na,SO, and evaporated under reduced pressure to
obtain 4 as a yellow/orange oil (2.46 g, 100%).

'H-NMR (400 MHz, CDCl3) 6 (ppm) = 1.58 (br's, 4H), 1.64 (quint, 4H, J = 7.0 Hz), 2.62 (t, 4H, J = 6.7),
2.87 (s, 6H), 3.37 (t, 4H, J=7.3 Hz), 7.17 (d, 1H, J = 7.6), 7.51 (dd, 1H, J; = 8.6 J, = 7.6 Hz), 7.55 (dd,
1H, J;=8.6 J,=7.6 Hz), 8.15 (dd, 1H, J;=7.3 J,= 1.3 Hz), 8.27 (d, 1H, J = 8.8 Hz), 8.52 (d, 1H, /= 8.3
Hz).

Synthesis of N,N-bis(3-(2-ethoxy-3,4-dioxocyclobut-1-en-1-yl)Jaminopropyl)-5-
(dimethylamino)naphthalene-1-sulfonamide (6)

Over a period of 3 h a solution of 1,2-diethoxy-3,4-dioxocyclobut-1-ene (5) (1.26 g, 7.42 mmol) in
tetrahydrofuran (60 mL) was added to a stirred solution of 4 (1.23 g, 3.37 mmol) in tetrahydrofuran
(200 mL) under nitrogen atmosphere. The mixture was stirred at room temperature for 72 h, then
the solvent was evaporated under reduced pressure affording a yellow/orange oil. The crude
product was purified by chromatography (silica, ethyl acetate/hexane 8:2) to obtain the 6 as a
yellow/orange oil (1.2 g, 58%).

1H-NMR (400 MHz, CDCl3) & (ppm) = 1.42 (t, 6H, J = 6.9 Hz), 1.83-2.01 (m, 4H), 2.88 (s, 6H), 3.31-3.74
(m, 8H), 4.73 (q, 4H, J = 7.0 Hz), 7.19 (d, 1H, J = 7.6 Hz), 7.43 (br s, 2H), 7.48-7.62 (m, 2H), 8.06 (d,
1H,J=7.1),8.24 (t, 1H,J= 9.1 Hz), 8.54 (d, 1H, J = 7.8 Hz).



Synthesis of 6,19-bis(5-(dimethylamino)naphthalen-1-yl-sulphonyl)-12,13,25,26-tetraoxo-
2,6,10,15,19,23-hexaazatricyclo[22.2.0.0(11,14)]hexaicosa-1(24),11(14)-diene (L1)

Over a period of 6 h a solution of 4 (0.18 g, 0.490 mmol) in ethanol (100 mL) was added dropwise to
a stirred solution of 6 (0.30 g, 0.490 mmol) in ethanol (100 mL). The reaction mixture was stirred at
room temperature for 72 h. The yellow precipitate that formed was filtered, washed with ethanol
and re-crystallized from hot DMF affording pure L1 as pale-yellow solid (0.227 g, 64%).

'H NMR (400 MHz, DMSO-dg/0.5% water) & (ppm) = 1.65 (brs, 8H), 2.83 (s, 12H), 3.26 (t, 8H, /= 8.3
Hz), 3.36 (br s, 8H), 7.24 (d, 2H, J = 7.6 Hz), 7.56-7.66 (m, 4H), 8.09 (d, 2H, J = 7.1 Hz), 8.17 (d, 2H, J
= 8.8 Hz), 8.48 (d, 2H, /= 8.6 Hz). ). 3C NMR (100 MHz, DMSO-d/0.5% water 6 (ppm) = 182.9, 168.1,
151.9,135.2,130.4,129.8,129.7,129.3,128.6, 124.1, 119.2, 115.7, 45.5, 44.5, 41.3, 30.2. Elemental
analysis for C44H5,NgOsS,: caled € 59.71, H 5.92, N 12.66 S 7.24; found C 59.6, H 6.0, N 12.5, S 7.4.
(ESI): m/z calcd. for C44Hs5;NgOgS,: 884.33; found: 885.2 [M+H]*.
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Figure S1. 'H NMR spectrum of L1 in DMSO-ds/0.5% water solution at 298 K.
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Figure S2. 13C NMR spectrum of L1 in DMSO-ds/0.5% water solution at 298 K.

Synthesis of 6-(5-(dimethylamino)naphthalen-1-yl-sulphonyl)-12,13,21,21-tetraoxo-2,6,10,15,19-
pentaazatricyclo[18.2.0.0(11,14)]doicosa-1(20),11(14)-diene (L2)

A solution of 1,3-propylendiamine (7) (4 mg, 0.490 mmol) in ethanol (100 mL) was added dropwise
to a stirred solution of 6 (0.30 g, 0.490 mmol) in ethanol (100 mL). The reaction mixture was stirred
at room temperature for 72 h. The yellow precipitate that formed was filtered, washed with ethanol
and re-crystallized from hot DMF affording pure L2 as pale-yellow solid (0.228 g, 78%).

IH-NMR (400 MHz, DMSO-d4/0.5% water): 6 (ppm)= 1.64 (brs, 4H), 1.85 (brs, 2H), 2.85 (s, 6H), 3.28
(t, 4H, J = 7.3 Hz), 3.35-3.46 (m, 4H), 3.47-3.73 (brs, 4H), 7.28 (d, 1H, J = 7.3 Hz), 7.63 (dd, 1H, J; =
8.5HzJ,=7.7 Hz), 7.66 (dd, 1H, J; = 8.5 Hz J, = 7.5 Hz), 8.14 (d, 1H, J = 7.1 Hz), 8.21 (d, 1H, /= 8.8
Hz), 8.52 ppm (d, 1H, J = 8.3 Hz). 3C NMR (100 MHz, DMSO-d,/0.5% water) & (ppm) = 183.2, 168.3,
152.0, 130.6, 129.8, 129.7, 128.7, 124.2, 119.2, 115.7, 45.5, 44.3, 40.8, 31.2, 30.5 ppm. Elemental
analysis for CygH34NgOgS: calcd C 58.57, H 5.76, N 14.13 S 5.39; found C 58.5, H 5.8, N 14.0, S 5.3.
(ESI): m/z calcd. for Cy9H34N06S: 594.23; found: 595.2 [M+H]*.



LUe TN i e I TS B o I T B o R T RN s n WO N [T}
NO AN T MO WWOM - ®©O T O~ <
MW N0 000NN 0T o @
Qoo ) 2] ™~

—1.850
—1.644

/
£
)
<
\

JL,JLKJL_,IILJK _/\j\ \L__, 1"‘» u__j \h\x_)/\%/\\—_.—

T T T T T T T T T T T T T T T T T |
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

Figure S3. 'H NMR spectrum of L2 in DMSO-ds/0.5% water solution at 298 K.
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Figure S4. 13C NMR spectrum of L2 in DMSO-ds/0.5% water solution at 298 K.



Synthesis of N,N-bis(3-(benzylamino)-3,4-dioxocyclobut-1-en-1-yl)amino)propyl)-5-
(dimethylamino)naphthalene-1-sulfonamide (L3)

A solution of benzylamine (8) (91.0 mg, 0.84 mmol) in ethanol (50 mL) was added dropwise to a
stirred solution of 6 (0.260 g, 0.42 mmol) in ethanol (50 mL). The reaction mixture was stirred for 96
h. The precipitate that formed was filtered, washed with ethanol, and re-crystallized from hot DMF
affording pure L3 as pearly-white solid (0.291 g, 93%).

1H-NMR (400 MHz, DMSO-ds/0.5% water) & (ppm) = 1.72 (quint, 4H, J = 7.3 Hz, H9), 2.83 (s, 6H, H1),
3.32 (brs, 4H, H10), 3.44 (br's, 4H, H8), 4.72 (s, 4H, H13), 7.19-7.25 (m, 1H, H2), 7.25-7.41 (m, 10H,
H14+H15+H16), 7.49 (t, 1H, J = 8.0 Hz, H5), 7.55 (t, 1H, J = 8.1 Hz, H3), 7.75 (br s, 2H, H12), 8.00-8.06
(m, 1H, H6), 8.15 (d, 1H, J = 8.6 Hz, H4), 8.40-8.46 (m, 1H, H7). 3C NMR (100 MHz, DMSO-ds/0.5%
water) 6 (ppm) = 183.0, 168.2, 167.9, 151.9, 139.5, 135.3, 130.3, 129.8, 129.7, 129.1, 128.6, 128.0,
127.9, 123.9, 119.1, 115.7, 47.2, 45.5, 44.9, 41.3, 30.3. Elemental analysis for C4oH4,NgO¢S: calcd C
65.38, H5.76, N 11.44 S 4.36; found C 65.3, H 5.8, N 11.3, S 4.3. (ESI): m/z calcd. for C40H42N606S:
734.29; found: 735.2 [M+H]".
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Figure S6. 13C NMR spectrum of L3 in DMSO-ds/0.5% water solution at 298 K.

Synthesis of 3-((1H-indol-7-yl)amino)-4-ethoxycyclobut-3-ene-1,2-dione (10)

The procedure found in the literature was modified to prepare this compound. To a stirred solution
of 3,4-diethoxycyclobut-3-ene-1,2-dione (200 mg, 1.18 mmol) and zinc trifluoromethanesulfonate
(10 mol %) in dry ethanol (10 mL) at room temperature the 7-aminoindole (140 mg, 1.06 mmol) was
added. Reaction progress was monitored by TLC chromatography (SiO,, 1:1 hexane:ethyl acetate).
Once completed, the solvent was removed under reduced pressure and the crude was purified by
column chromatography (SiO,, 3:2 hexane: ethyl acetate). The fractions containing the desired
product were combined and the solvent evaporated, collecting it as crude brown solid (227 mg, 0.9
mmol). Yield: 0.25 g, 84%. 'H NMR (600 MHz, DMSO-d,, 298K) 6 (ppm): 11.07 (s, 1H, NH), 10.57 (s,
1H, NH), 7.47 (d, J = 7.7 Hz, 1H, ArH), 7.44 (t, J = 2.3 Hz, 1H, ArH), 7.12 (s, 1H, ArH), 7.05 (t, J = 7.7
Hz, 1H, ArH), 6.55 (t, J = 2.1 Hz, 1H, ArH), 4.74 (q, J = 7.1 Hz, 2H, CH), 1.39 (t, J = 7.3 Hz, 3H, CH), 13C
NMR (151 MHz, DMSO-d,, 298K) 6 (ppm): 184.6, 178.7, 171.0, 129.8, 129.4, 126.23, 122.7, 119.4,
118.2,114.9,102.3,69.7, 16.0. Elemental analysis % calc. for C4H,,N,03 (% found): C: 65.62 (65.21),
H: 4.72 (4.79), N: 10.93 (10.87), O: 18.73 (19.13).
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Figure S7. *H-NMR spectrum of 10 in DMSO-ds.
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Synthesis of N,N-bis(3-((2-((1H-indol-6-yl)amino)-3,4-dioxocyclobut-1-en-1-yl)amino)propyl)-5-
(dimethylamino)naphthalene-1-sulfonamide (L4)

To a solution of 3-((1H-indol-7-yl)Jamino)-4-ethoxycyclobut-3-ene-1,2-dione (0.1828 g, 0.7133
mmol) in 30 mL of ethanol, in the presence of Zn(OTf), (20 mol%), heated up to 60 °C. N,N-bis(3-
aminopropyl)-5-(dimethylamino)naphthalene-1-sulfonamide (0.1280 g, 0.3512 mmol). A pale
yellow precipitate formed immediately after the addition. The suspension was stirred for 24h. The
precipitate was isolated through filtration and the product (0.175 g, 63.3%) was used without
further purification. M.p. (209 °C with decomposition). 'H-NMR (600 MHz, DMSO-ds/0.5% water) &
=10.93 (s, 2H), 9.50 (s, 2H), 8.44 (d, J = 12 Hz, 2H), 8.17 (d, J = 12 Hz, 2H), 8.05 (d, J = 12 Hz, 1H), 7.58
(m, 2H), 7.38 (s, 2H), 7.33 (d, J = 12 Hz, 2H), 7.25 (s, 2H), 7.23 (s, 2H), 6.94 (m, 4H), 6.47 (s, 2H), 3.55
(s, 4H), 3.36 (s, 4H), 2.81 (s, 6H), 2.08 (s, 12H). 13C NMR (151 MHz, DMSO-d,/0.5% water) & = 206.9,
182.0, 151.9, 135.4, 130.3, 129.8, 129.7, 128.9, 128.6, 126.2, 124.0, 123.5, 119.8, 119.2, 117.0,
115.7, 102.4, 45.5, 45.2, 41.7, 31.2. Elemental analysis % calc. for C4,H4oNgOgS (% found): C: 64.27
(64.21), H: 5.14 (5.19), N: 14.28 (14.30), O: 12.23 (12.26), S: 4.08 (4.11). (ESI'): m/z: exp: 783.3 [M-
H]- calc: 879 [M-H + DMSO+H,0]
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Synthesis of tert-butyl N,N-bis(3-(2-ethoxy-3,4-dioxocyclobut-1-en-1-yl)aminopropyl)carbamate
(12)

Over a period of 3 h a solution of 1,2-diethoxy-3,4-dioxocyclobut-1-ene (5) (4.45 g, 26.2 mmol) in
tetrahydrofuran (50 mL) was added to a stirred solution of 11 (2.75 g, 11.9 mmol) in tetrahydrofuran
(60 mL) under nitrogen atmosphere. The mixture was stirred at room temperature for 96 h, then
the solvent was evaporated under reduced pressure affording a yellow oil. The crude product was
triturated with ethyl ether and filtered to obtain 12 as a pale yellow wax (5.1 g, 89%).

IH-NMR (400 MHz, CDCl5) & (ppm)=1.41-1.50 (m, 13H), 1.85 (t, 6H, /= 6.9 Hz), 3.33 (br s, 4H), 3.47
(brs, 2H), 3.63 (brs, 2H), 4.74 (q, 4H, J = 7.0 Hz), 7.55 (br s, 1H).

Synthesis of 6,19-bis(tert-butyloxycarbonyl)-12,13,25,26-tetraoxo-2,6,10,15,19,23-
hexaazatricyclo[22.2.0.0(11,14)]hexaicosa-1(24),11(14)-diene (13)

Over a period of 6 h a solution of 11 (0.19 g, 0.83 mmol) in ethanol (100 mL) was added dropwise to
a stirred solution of 12 (0.40 g, 0.83 mmol) in ethanol (100 mL). The reaction mixture was stirred at
room temperature for 72 h. The pale yellow precipitate that formed was filtered, washed with
ethanol affording pure 13 as pale-yellow solid (0.34 g, 66%).

1H-NMR (400 MHz, DMSO) & (ppm) = 1.37 (s, 9H), 1.72 (br's, 8H), 3.18 (br s, 8H), 3.47 (br s, 8H), 7.43
ppm (brs, 4H). 3C NMR (100 MHz, DMSO) & (ppm) = 186.6, 158.4, 149.2, 78.8, 49.4, 43.3, 31.5, 28.9.
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Synthesis of 12,13,25,26-tetraoxo-2,6,10,15,19,23-hexaazatricyclo[22.2.0.0(11,14)]hexaicosa-
1(24),11(14)-diene bis trifluoroacetate (L5:2CF;COOH)

Compound 13 (0.34g, 0.55 mmol) was dissolved in 5 mL of trifluoroacetic acid cooled at 0°C and
vigorously stirred for 8 h to warm at room temperature. The reaction mixture was added dropwise
to 100 mL of diethyl ether in an ice bath obtaining the trifluoroacetate salt of L5 as white solid that
was filtered and washed with cold diethyl ether. Obtained 0.35 g of L5-2CF;COOH (quantitative
yield)

H-NMR (400 MHz, DMSO-ds/0.5% water) 6 (ppm) = 1.82 (br's, 8H), 2.91 (br's, 8H), 3.61 (br s, 8H),
7.68 (br s, 4H), 8.45 (br s, 4H), 3C NMR (100 MHz, DMSO-d4/0.5% water) & (ppm) = 182.9, 168.4,
45.1, 40.6, 28.1. Elemental analysis for C,4H3,NgOgFs: calcd C 44.59, H 4.99, N 13.00; found C 44.5,
H5.1, N12.9.

8.573
—3.603
1.830

—2.,923

f

| | |
‘fl‘\ ‘\‘ ‘\ I Jlu

\ foA I ‘
SN _J \'“q Ll SN .

T T T T T T T T T T T T T T T T T T T
95 9.0 8.5 80 75 7.0 65 6.0 5.5 5.0 4.5 40 35 30 25 2.0 1.5 1.0 ppm

Figure S10. *H NMR spectrum of L5-:2CF;COOH in DMSO-ds/0.5% water solution at 298 K.
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Figure S11. 13C NMR spectrum of L5:2CF3COOH in DMSO-d4/0.5% water solution at 298 K.
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4. Photophysical characterization
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Figure S12. UV-Vis spectra for the titration in DMSO of L4 (1.1-10° M) in the presence of
increasing amount of a) KETNa (2.0-103M) and b) NPXNa (1.9-:10-3 M).

[
av0- [#:| T

I1(a.u.)

1(a.u.)

0 T T T T T 1 T - = T
400 450 500 550 600 650 700 350 400 450 500 550 600 650
Wavelength (nm) Wavelength (nm)
a) b)

Figure S13. Emission spectra in DMSO of L4 (1.0-10 M) in the presence of increasing amount of a)
KETNa (2.0-103M) and b) NPXNa (1.9-103 M).
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Figure S14. Absorption spectra in CH;CN/DMSO 9/1 solution of naproxen (green line),
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Figure S15. Absorption spectra in CH3;CN/DMSO 9/1 solution of L4 (10 uM) upon addition of
increasing amounts (0 — 5 equiv) of naproxen as its sodium salt.
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Figure S16. Absorption spectra in CH3;CN/DMSO 9/1 solution of L4 (10 uM) upon addition of
increasing amounts (0 — 5 equiv) of benzoate as its sodium salt.
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Figure S17. (a) Fluorescence spectra (Aexc = 350 nm) in CH3CN/DMSO 9/1 solution of L2 (10 uM)

upon addition of increasing amount of ketoprofen; (b) normalized fluorescence intensity of
L2 (Aexc = 350 Nnm; A = 525 nm) upon addition of increasing amount of ketoprofen (red

circles), naproxen (green triangles), and benzoate (black circles) as their sodium salts.
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Figure S18. Fluorescence spectra (Aeyc = 350 nm) in CH3CN/DMSO 9/1 solution of L3 (10 uM)

upon addition of increasing amount of ketoprofen.
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Figure S19. Fluorescence spectra (A¢yc = 350 nm) in CH;CN/DMSO 9/1 solution of L3 (10 uM)

upon addition of increasing amount of naproxen.
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Figure S20. Fluorescence spectra (Aexe = 350 nm) in CH3CN/DMSO 9/1 solution of L3 (10 uM)

upon addition of increasing amount of benzoate.
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Figure S21. Normalized fluorescence intensity (Aexc = 350 Nm; A = 525 nm) of L3 (10 uM)
upon addition of increasing amount of ketoprofen (red circles), naproxen (green triangles),

and benzoate (black circles).
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Figure S22. Fluorescence spectra (Aexc = 350 nm) in CH3CN/DMSO 9/1 solution of L4 (10 uM)

upon addition of increasing amount of ketoprofen.
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Figure S23. Fluorescence spectra (Aeyc = 350 nm) in CH;CN/DMSO 9/1 solution of L4 (10 uM)

upon addition of increasing amount of naproxen.
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Figure S24. Fluorescence spectra (Aeyc = 350 nm) in CH3CN/DMSO 9/1 solution of L4 (10 uM)

upon addition of increasing amount of benzoate.
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Figure S25. Normalized fluorescence intensity (Aexc = 350 Nm; Aem = 525 nm) of L4 (10 uM)
upon addition of increasing amount of ketoprofen (red circles), naproxen (green triangles),

and benzoate (black circles).

22



—=l
084 ——L1+0.5eq TMAOH
—L1+1.0eq TMAOH
—L1+1.5eq TMAOH
—L1+20eq TMAOH
——L1+ 10.0 eq TMACH

0,54

0.4 /f
2 0,34
<
024
0,14
0,0 T T T T T 1
250 275 300 325 350 375 400
Wavelength (nm)
— L1
500 ——L1+0.5eq TMACH
—— L1+ 1.0 eq TMACH
—L1+1.5eq TMACH
sl ——L1+2.0eq TMACH
——L1+10.0 eq TMACH
T a0
=
P
2 200
]
=
100
0=

T T T T T
450 500 550 800 850
Wavelength (nm)

A) B)

Figure S26. Absorption and fluorescence spectra (Aeyxc = 350 nm) in CH3CN/DMSO 9/1 solution
of L1 (10 uM) upon addition of increasing amount of TMAOH.
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4. 1H-NMR titration studies
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Figure S27. Stack-plot of the *H NMR titration of L1 (5.0-10~3 M) with NaBzO (0.075 M) in DMSO-
ds/0.5% water.
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Figure S28. Stack-plot of the *H NMR titration of L1 (5.0-10-3 M) with NaKET (0.075 M) in DMSO-

de/0.5% water
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Figure S29. Stack-plot of the *H NMR titration of L2 (5.0-10-3 M) with NaBzO (0.075 M) in DMSO-

de/0.5% water.
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Figure S30. Stack-plot of the 'H NMR titration of L2 (5.0-10-3 M) with NaKET (0.075 M) in DMSO
ds/0.5% water.

26



T
|11
LI

I
mm
1
[T

.l

- IIHII\

|H|”

AIIHII\

1l

Il

||H|I\

HH

T
L.0

g

il

L T H} }
|

QAR T T

0

LA A
Ll H\H R

1
I8l | 'IIH\II il Il "‘
i 01 11 T
|0 AR
IH'IIHH il
I
LT 'I Il H .
B0 et
il g

I
i

(AL } IH LN | U L !
il \IIHH H
\

il

- — it &1 Nt 1 1T ¢

HWWHNWHMW?WHM"

(I M AT

i
1

¥

1k “n !
| 1
| !\ i
011 W
| !\I Hll Il
\ LN \H
o
|

|

::IIIHIH
NI IH| i
I uH i

|1II|H||H i
i
HI ‘H\

H i Il
uu |

(B)

‘\
f
H!
al
I
|

il
f\
|

7 |

|
!

i
|
|

i )
111 N

W

H H
Il
i I\ '1’1

&
HI\M

N

—

HH
HI\( "\
H”M
HM
1]y
H"

T
6.5 6

Figure S31. Stack-plot of the 'H NMR titration of L3 (5.0-10~3 M) with NaBzO 0.075M) in DMSO-
de/0.5% water solution(A); zoom of the aromatic region (B).
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Figure S32. Stack-plot of the *H NMR titration of L3 (0.005 M) with NaKET (0.075 M) in DMSO-
ds/0.5% water solution(A); zoom of the aromatic region (B).
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Figure $33. 'H NMR titration of L4 (0.005 M) with NaKET (0.075 M) in DMSO-dg/0.5% water
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Figure S34. 'H NMR titration of L4 (0.005 M) with NaBzO (0.075 M) in DMSO-d,/0.5% water
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Figure $S35. 'H NMR titration of L4 (0.001 M) with NaBzO (0.075 M) in CD3CN-d5/DMSO-dg
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Figure $36. 'H NMR titration of L4 (0.001 M) with NaKeto (0.075 M) in CD3;CN-d5/DMSO-dg
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Figure S37. 'H NMR titration of L1 (0.005 M) with TBAOH(0.075 M) in DMSO-d,/0.5% water
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Figure $S38. 'H NMR titration of L4 (5.0-10-3 M) with TBAOH (0.075 M) in DMSO-d/0.5% water.

Table S1. Association constant for the formation of the 1:2 host-guest adducts (in DMSO-
ds/0.5% water) and for the 1:1 host-guest adducts (in CD3CN-d3/DMSO-d;) of L4 following
the downfield shift of the signals attributed to the indole NHs and the squaramide NHs
adjacent to the alkyl chain. All the errors are <12%.

Kass /(mol/L)™

Anion species

KETNa BzONa TBABzO

DMSO-dg/0.5% water

Stoichiometry 1:2

>10% >10% >104

CD3CN-d3/DMSO-d 9:1 v/v

Stoichiometry 1:1

4000 1250 1111/
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Figure $S39. 'H NMR titration of L4 (0.005 M) with TBABzO (0.075 M) in DMSO-d/0.5% water

33



5. Theoretical calculations

Figure S40. Benzoate (BzO; left) and ketoprofenate (KET; right) anions at the DFT-optimized
geometries (carbon, grey; oxygen, red; hydrogen, white).

Figure S41. Compounds L2 and L4 at the DFT-optimized geometries (carbon, grey; oxygen, red;
hydrogen, white; nitrogen, blue; sulfur, yellow).
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Figure S42. UV-Vis spectrum (250-500 nm) simulated for L2 based on TD-DFT calculations. In the
insets, the Kohn-Sham molecular orbitals (KS-MO) involved in the main monoelectronic

transitions contributing to the GS—ES #1 and GS - ES #27 are represented.
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Figure S43. UV-Vis spectrum (250-500 nm) simulated for L4 based on TD-DFT calculations. In the
inset, the Kohn-Sham molecular orbitals (KS-MO) involved in the main monoelectronic transition
contributing to the GS—ES #11 are reported.
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and KET™ (c, d) and by L4 (e—j) with BzO™ (e—g) and KET~ (h—j). Hydrogen atoms were omitted for
clarity. Only the HB interactions with N---O distances shorter than 3.1 A are depicted as dashed
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In order to verify the binding ability of L4 to form 2:1 anion:receptor adducts, four different conformations
of the L4-2BzO- adduct (entries a-d in Table S2) were optimized, differing for the number and type of HB
interactions, and involving or the squaramide N-H groups in both pendants, or all the squaramide and the
indole N—H HB donors, or different combinations of the two coordination modes. As expected, the most
stable conformation was achieved when all the available N-H groups interact with the carboxylate terminal
group of the anion (entry c in Table S2 and Figure S45). Notably, all conformations display very similar
electronic absorption features in the UV-Vis region (Imax = 327-334 nm, £ = 45-103—55-10° M~ cm™1). Based
on these findings, the adduct L4-2KET- was also optimized by hypothesising a coordination mode analogous
to the most stable identified for L4-2BzO-, and subsequently investigated at TD-DFT level (entry e in Table
S2). Summarily, L4 was proved to be able to simultaneously interact with either two BzO" or two KET- anions,
as experimentally found based on *H-NMR spectroscopy. The interaction energy per anion is in both cases of
about 45 kcal mol?, i.e. about 30% lower than that calculated for 1:1 adducts discussed in the main
manuscript (Table 2) as a consequence of the lower number of HBs established by the receptor with each
anionic unit.

Table S2. Total electronic energies (E, Hartree), maximum absorption wavelength (A.,, NM)? and
relevant molar extinction coefficient (g, 103 M~1.cm™),? adduct stabilization energies (AE, kcal-mol?)
per anion unit in the adducts a—e between the receptor L2 and the anions BzO~ (a—d; see Figure
S45) and KET (e) optimized at DFT level.

Entry Adduct E Ama? € AE
a L4-BzO~ -3749.3375 334 45 34.73
b -3749.3643 328 52 43.14
c -3749.3699 332 47 44.90
d -3749.3590 327 55 41.48
e L4-KET~ -4594.5972 334 44 45.96

2 hmax @and € value obtained from the convolution of the electronic excitations assuming a half-band width of 0.333 eV. °* A,.., = 249 and 304 nm for
L2 and L4, respectively.
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Figure S45. Schematic representation of the interaction modes of the squaramide pendants of
receptor L4 with carboxylate groups of the BzO- anions optimized at DFT level (Table S2).
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6. Note on the effect of the counter cation:

To evaluate the possible interference of the counter cation in the host-guest interaction between the
receptors and the target anions tested, we performed fluorescence measurements of L1 and L2 by adding a
competitive salt (i.e. NaBF, and NaOTf) in the presence and the absence of sodium ketoprofen. As shown in
Figures S46a-d, the presence of NaBF, and NaOTf does not affect the host-guest interaction occurred
between the receptor and the sodium ketoprofen. Indeed, in both cases for L1 and L2, the addition of the
KET (10 equivs) caused the partial quenching of the receptor (red line), whereas the addition of the
competitive salt (green line) does not cause significant changes in the fluorescence spectrum of the free
receptor (black line). Furthermore, the addition of the competitive salt to a solution of the receptor in the
presence of sodium ketoprofen does not cause any significant change in the spectrum (yellow line).
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Figure S46. Effect of NaBF,a) and c) and NaOTf b) and d) on the fluorescence spectra of L1 and L2 and their
adducts with KETNa in CH;CN/DMSO (9:1 v/v).

The behaviour observed demonstrated that the sodium cation does not affect the fluorescence response of
the two systems. To further support these findings, we also conducted fluorescence measurements in the
presence of TBABF,, and the behaviour was identical to that observed with NaBF, (Figure S47).
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Figure S47. Fluorescence spectra of L1 and L2 in the presence of 10 equivs of TBABF, in CH;CN/DMSO (9:1
v/v).

In the case of L4, the changes in UV-Vis and fluorescence are identical in the presence of TBABzO and
NaBzO (Figure S48).
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Figure S48. Excitation (yellow, blue, and pink lines), and emission (black, red, and green lines) spectra of L4
in the presence of 5 and 10 equivs of TBABzO in CH3;CN/DMSO (9:1 v/v).

Furthermore, we conducted 'H-NMR titrations in DMSO d¢/0.5% water in the presence of TBABzO (Figure
$39). The calculated association constant is comparable to that calculated in the presence of BzONa (see
Table S1), confirming that the influence of the counter cation is negligible.
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