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Scheme S1. Synthesis of (A) ortho-Py and para-Py, (B) ortho-PyNaph, (C) PEG-tweezer.
Reagents and conditions: i) Mg, THF, reflux, 1h ; ii) NiCl2(dppp), THF, rt, overnight (overall yield: 2870%) ; iii) Pd(PPh3)4, aq. Na2CO3, ethanol/toluene, 75°C, overnight; yield: 67%; iv) Pd(PPh3)4, aq.
Na2CO3, ethanol/toluene, 75°C, overnight; yield: 38% ; v) POBr3, anhydrous MeOH; yield: 74% ; vi)
Pd(PPh3)4, aq. Na2CO3, methanol/toluene, 75°C, overnight; yield: 37% ; vii) Pd(PPh3)4, aq. Na2CO3,
methanol/toluene, 75°C, overnight; yield: 74% ; viii) LiOH, THF then HCl, quantitative ; ix) DCC,
NHS, CH2Cl2 then PEG-NH2, grafting efficiency 50%.
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Experimental section
Materials. All solvents were obtained from ACP Chemicals, (Montreal, QC, Canada).
Tetrahydrofuran (THF), dichloromethane and toluene were dried prior to use on a Pure Solve System
PS-400-6 (Innovative Technologies Inc., Newburyport, MA). Branched PEG-amino functionalized
(Sunbright GL2-200PA, 20K) was purchased from NOF America Corportation (White Plains, NY). All
chemicals were purchased from Sigma Aldrich (Milwaukee, WI) and used without further purification.
Reactions were monitored by thin-layer chromatography using precoated silica gel DC-PET-plates (0.2
mm, 60 Å) purchased from Sigma-Aldrich. Column chromatography was performed over Ultra Pure
Flash Silica Gel (40-63 µm, 60 Å) purchased from Silicycle (QC, Canada).
Methods. 400 W Microwave Biotage Initiator was used for one step of synthesis (Biotage, Uppsala,
Sweden). Melting points of solids were measured on a MEL-TEMP II device (Laboratory Devices Inc,
Placerville, CA). 1H NMR and
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C NMR spectra were recorded on AV300, ARX400 or AV400

spectrometer (Bruker Biospsin, Karlsruhe, Germany) and data were processed using XWINNMR
(Bruker Biospin, Karlsruhe, Germany) or Mestrec (freeware). 2D NOESY experiments were performed
at room temperature, with a mixing time of τm = 1 ms, using standard pulse sequences. Elemental
analyses were carried out on a EA1108 device (Fisons Instruments SPA, Beverly, MA). X-Ray single
crystal determination was carried out on a Smart 2000 diffractometer at 150°K (Bruker AXS, Karlsruhe,
Germany). HRMS and LC-MS analyses were performed on a LC-MSD TOF (Agilent Technologies,
Santa Clara, CA). Fluorescence studies were carried out on an Aminco Bowman Series 2 luminescence
spectrometer (Spectronic Instruments Inc., Rochester, NY).
Synthesis.
2,6-Bis-(2’-methoxyphenyl)-pyridine (ortho-Py). The synthesis was achieved through a KumadaCorriu-Tamao coupling according to a protocol described by Parmentier et al.1 A solution of (2methoxyphenyl) magnesium bromide was prepared by the dropwise addition of 2-bromoanisole (1.7
mL, 14 mmol) to a refluxing suspension of magnesium turnings (0.34 g, 14 mmol) in dry THF (8 mL).
After 1 h reflux, the suspension was added dropwise to a mixture of 2,6-dibromopyridine (1.5 g, 6.3
mmol) and 1,3-bis(diphenylphosphino)propane nickel chloride (II) (NiCl2(dppp)) (0.17 g, 0.32 mmol) in
dry THF (15 mL). The mixture was then stirred overnight at room temperature before quenching with
water. The aqueous layer was then extracted with diethyl ether, dried over Na2CO3 and evaporated under
vacuum. The crude product was purified by column chromatography on silica gel (8:2 hexane/ethyl
acetate, Rf = 0.4) to get ortho-Py as a white solid (1.28 g, 70%). mp = 112 °C. 1H NMR (300 MHz;
CDCl3) δ (ppm) 3.88 (s, 6H, CH3), 7.01 (d, J = 8.2 Hz, 2H, Hm1), 7.08 (td, J1 = 7.5 Hz, J2 = 1.0 Hz,
2H, Hm2), 7.36 (td, J1 = 8.3 Hz, J2 = 1.8 Hz, 2H, Hp), 7.76 (m, 3H, H3py, H4py), 7.92 (dd, J1 = 7.4 Hz,
3

J2 = 1.8 Hz, 2H, Ho). 13C NMR (75 MHz; CDCl3) δ (ppm) 56.48 (CH3), 112.19 (Cm1), 121.89 (Cm2),
123.95 (C3py), 130.39 (C-C), 130.51 (Cp), 132.34 (Co), 136.02 (C4py), 156.24 (C-C), 157.92 (C-O).
HRMS Calc. for C19H18NO2 : 292.12593; Found 292.13335; δ = 0.61 ppm. Anal. Calc. for C19H17NO2:
C, 78.33; H, 5.88; N, 4.81; Found: C, 77.88; H, 5.87; N, 4.79.
2,6-Bis-(4’-methoxyphenyl)-pyridine (para-Py). A solution of (4-methoxyphenyl) magnesium
bromide was prepared by dropwise addition of 4-bromoanisole (1.7 mL, 14 mmol) to a refluxing
suspension of magnesium turnings (0.34 g, 14 mmol) in dry THF (8 mL). After 1 h reflux, the
suspension was added dropwise to a mixture of 2,6-dibromopyridine (1.5 g, 6.3 mmol) and 1,3bis(diphenylphosphino)propane nickel chloride (II) (NiCl2(dppp)) (0.17 g, 0.32 mmol) in dry THF (15
mL). The mixture was then stirred overnight at room temperature before quenching with water. The
aqueous layer was then extracted with diethyl ether, dried over Na2CO3 and evaporated under vacuum.
The crude product was purified by column chromatography on silica gel (9:1 hexane/ethyl acetate, Rf =
0.25) to get para-Py as a white solid (0.5 g, 28%). mp = 182 °C. 1H NMR (300 MHz; CDCl3) δ (ppm)
3.88 (s, 6H, OCH3), 7.01 (dt, J1 = 8.7 Hz, J2 = 2.5 Hz, 4H, Hm), 7.57 (d, J = 7.7 Hz, 2H, H3py), 7.74 (t,
J = 7.7 Hz, 1H, H4py), 8.11 (dt, J1 = 8.8 Hz, J2 = 2.5 Hz, 4H, Ho). 13C NMR (75 MHz; CDCl3) δ (ppm)
55.79 (CH3), 114.43 (Cm), 117.58 (C3py), 128.69 (Co), 132.72 (C-C), 137.71 (C4py), 156.73 (C-C),
160.84 (C-O). HRMS Calc. for C19H18NO2 : 292.13320; Found 292.13422; δ = 3.47 ppm. Anal. Calc.
for C19H17NO2: C, 78.33; H, 5.88; N, 4.81; Found: C, 77.92; H, 5.81; N, 4.86.
2,6-Bis-(5-bromo-2-methoxyphenyl)-pyridine (1). A solution of 5-bromo-2-methoxyphenyl boronic
acid (1.53 g, 6.65 mmol) in absolute ethanol (3 mL) was degassed and added to a stirred mixture of 2,6dibromopyridine (0.75 g, 3.17 mmol) and tetrakis(triphenylphosphine) palladium(0) (11 mg, 0.01 mmol)
in previously degassed toluene (8 mL) and aqueous sodium carbonate (2 M, 3 mL) at room temperature
under argon. The biphasic mixture was vigorously stirred and heated to 75°C overnight. The product
was extracted into diethyl ether, and the combined ethereal extracts were washed with brine and dried
over Na2CO3. The solvent was removed under vacuum and the residue was purified by column
chromatography on silica gel (90:5:5 hexane/ethyl acetate/dichloromethane, Rf = 0.2) to get 1 as a white
solid (0.96 g, 67%). Recrystallization in dichloromethane afforded square crystals. mp = 118 °C. 1H
NMR (300 MHz; CDCl3) δ (ppm) 3.86 (s, 6H, OCH3), 6.88 (d, J = 8.8 Hz, 2H, Hm), 7.46 (dd, J1 = 8.8
Hz, J2 = 2.5 Hz, 2H, Hp), 7.74 (m, 3H, H4py, H3py), 7.99 (d, J = 2.5 Hz, 2H, Ho). 13C NMR (75 MHz;
CDCl3) δ (ppm) 56.75 (CH3), 114.01 (Cm), 114.40 (C-Br), 124.40 (C3py), 131.90 (C-C), 133.19 (Cp),
134.76 (Co), 136.38 (C4py), 155.00 (C-C), 157.03 (C-O). HRMS Calc. for C19H15Br2NO2 : 446.94695;
Found 446.95413; δ = 0.23 ppm (LC-MS 100% purity). Anal. Calc. for C19H15Br2NO2: C, 50.81; H,
3.37; N, 3.12; Found: C, 50.57; H, 3.01; N, 3.12.
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2,6-Bis-(2-methoxy-5-(naphthalen-1-yl)-phenyl)-pyridine (ortho-PyNaph). A solution of 1naphthylboronic acid (0.24 g, 1.37 mmol) in absolute ethanol (1 mL) was degassed and added to a
stirred mixture of 2,6-bis(5-bromo-2-methoxyphenyl)pyridine (1) (0.28 g, 0.62 mmol) and
tetrakis(triphenylphosphine) palladium(0) (2 mg, 2×10-3 mmol) in previously degassed toluene (2 mL)
and aqueous sodium carbonate (2 M, 1 mL) at room temperature under argon. The biphasic mixture was
vigorously stirred and heated to 80°C overnight under argon. The product was extracted into ethyl
acetate, and the combined organic extracts were washed with brine and dried over Na2CO3. The solvent
was removed under vacuum and the residue was purified by column chromatography on silica gel (95:5
hexane/ethyl acetate, Rf = 0.2) and recrystallized in hexane/dichloromethane to yield 128 mg of white
needle crystals (38%). mp = 186 °C. 1H NMR (300 MHz; CDCl3) δ (ppm) 3.92 (s, 6H, OCH3), 7.10 (d,
J = 8.4 Hz, 2H, Hm), 7.13 (ddd, J1 = 8.4 Hz, J2 = 6.8 Hz, J3 = 1.2 Hz, 2H, Hn6), 7.33 (ddd, J1 = 8.0 Hz,
J2 = 6.8 Hz, J3 = 1.0 Hz, 2H, Hn5), 7.41 (dd, J1 = 7.0 Hz, J2 = 1.7 Hz, 2H, Hn2), 7.44 (dd, J1 = 8.0 Hz, J2
= 1.5 Hz, 2H, Hp), 7.47 (dd, J1 = 8.5 Hz, J2 = 2.5 Hz, 2H, Hn1), 7.77 (t, J = 6.6 Hz, 1H, H4py), 7.80 (d,
J = 7.7 Hz, 2H, Hn3), 7.82 (d, J = 8.0 Hz, 2H, Hn4), 7.87 (dd, J1 = 6.8 Hz, J2 = 1.6 Hz, 2H, H3py), 7.98
(d, J = 8.5 Hz, 2H, Hn7), 7.98 (d, J = 2.3 Hz, 2H, Ho).
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C NMR (75 MHz; CDCl3) δ (ppm) 56.65

(CH3), 112.13 (Cm), 124.07 (C3py), 126.19 (Cn1), 126.46 (Cn5), 126.68 (Cn6), 127.00 (Cn7), 127.82
(Cn2), 128.09 (Cn3), 128.89 (Cn4), 130.10 (C-C), 131.05 (Cp), 132.55 (C-C), 134.03 (Co), 134.16 (CC), 134.62 (C-C), 136.16 (C4py), 156.13 (C-C), 157.32 (C-O). HRMS Calc. for C39H30NO2: 544.22710;
Found 544.22714, δ = 0.06 ppm (LC-MS purity 100%). Anal. Calc. for C39H29NO2: C, 86.16; H, 5.38;
N, 2.58; Found: C, 86.66; H, 5.10; N, 2.61.
2,6-Dibromoisonicotonic acid methyl ester (2) Phosphorous oxybromide (19.6 g, 68 mmol) and
citrazinic acid (3.4 g, 22 mmol) were ground together and heated to 180 ºC under an argon atmosphere
for 90 min. The mixture was then cooled to 0 ºC and quenched with anhydrous MeOH (10 mL). After
dilution with saturated aqueous K2CO3, the solution was extracted with dichloromethane. The organic
layer was washed with brine, dried on Na2SO4, filtered and evaporated. The crude was purified on a
silica gel column (1:1 hexane/dichloromethane, Rf = 0.3) to yield a white solid (4.8 g, 74%). mp = 78
ºC. 1H NMR (400 MHz, CDCl3) δ (ppm) 3.95 (s, 3H), 8.01 (s, 2H). 13C NMR (75 MHz, CDCl3) δ (ppm)
54.22 (CH3), 127.58 (CH), 142.31 (C-Br), 142.40 (C-CO), 163.85 (C=O). HRMS Calc. for C7H6Br2NO2
: 293.87598, found: 293.87573, δ = -0.85 ppm. Anal. Calc. for C7H5Br2NO2: C, 28.52; H, 1.71; N, 4.75;
Found: C, 28.34; H, 1.13; N, 4.70.
2,6-Bis-(5-bromo-2-methoxyphenyl)-isonicotinic acid methyl ester (3). A solution of 5-bromo-2methoxyphenylboronic acid (0.329 g, 1.42 mmol) in a mixture of absolute ethanol (1 mL) and dry
toluene (1 mL) was degassed and added to a stirred mixture of 2,6-dibromo-isonicotonic acid methyl
ester (2) (0.20 g, 0.68 mmol) and tetrakis(triphenylphosphine)palladium(0) (2 mg, 2×10-3 mmol) in
5

previously degassed toluene (1 mL) and aqueous sodium carbonate (2 M, 1 mL) at room temperature
under argon. The biphasic mixture was vigorously stirred and heated to 70 °C overnight. The product
was extracted into ethyl acetate, and the combined organic extracts were washed with brine and dried
over Na2SO4. The solvent was removed under vacuum and the residue was purified by column
chromatography on silica gel (95:5 hexane/ethyl acetate) to get (3) as a white solid (0.126 g, 37%). mp =
163 °C. 1H NMR (300 MHz; CDCl3) δ (ppm) 3.90 (s, 6H, OCH3), 4.01 (s, 3H, COOCH3), 6.92 (d, J =
9.0 Hz, 2H, Hm), 7.50 (dd, J1 = 9.0 Hz, J2 = 2.7 Hz, 2H, Hp), 8.02 (dd, J1 = 2.7 Hz, J2 = 1.2 Hz, 2H,
Ho), 8.31 (s, 2H, H3py). 13C NMR (75 MHz; CDCl3) δ (ppm) 53.51 (COOCH3), 56.78 (OCH3), 114.06
(Cm), 114.35 (C-Br), 123.64 (C3py), 131.15 (C-C), 133.66 (Cp), 134.69 (Co), 155.93 (C4py), 157.15
(C-C). HRMS Calc. for C21H18Br2NO4: 505.95971; Found 505.96057; δ = 1.71 ppm; for
C21H17Br2NO4Na: 527.94165; Found 527.94243; δ = 1.46 ppm. Anal. Calc. for C21H17Br2NO4: C,
49.73; H, 3.38; N, 2.76; Found: C, 50.60; H, 3.47; N, 2.41.
Methyl-2,6-bis-(2-methoxy-5-(naphthalen-1-yl)-phenyl)-isonicotinate (4). A solution of naphthyl
boronic acid (0.365 g, 2.13 mmol) in a mixture of absolute ethanol (1 mL) and dry toluene (1 mL) was
degassed and added to a stirred mixture of 2,6-bis(5-bromo-2-methoxyphenyl)isonicotinic acid methyl
ester (3) (0.49 g, 0.97 mmol) and tetrakis(triphenylphosphine) palladium(0) (3.0 mg, 3×10-3 mmol) in
previously degassed toluene (1 mL) and aqueous sodium carbonate (2 M, 1 mL) at room temperature
under argon. The reaction mixture was heated in a microwave device (1 bar, 90°C) and progress was
monitored by HPLC. The conversion was complete after 3.5 h. After cooling and addition of water, the
organic layer was decanted and concentrated. The residue was purified by column chromatography on
silica gel (8:2 hexane/ethyl acetate, Rf = 0.2) to yield (4) as a white solid (0.433 g, 74%). mp = 174 °C.
1

H NMR (300 MHz; CDCl3) δ (ppm) 3.96 (s, 6H, OCH3), 4.02 (s, 3H, COOCH3), 7.13 (d, J = 8.4 Hz,

2H, Hm), 7.15 (dd, J1 = 8.5 Hz, J2 = 1.2 Hz, 2H, Hn6), 7.34 (ddd, J1 = 8.3 Hz, J2 = 6.8 Hz, J3 = 1.1 Hz,
2H, Hn5), 7.42 (dd, J1 = 7.0 Hz, J2 = 1.7 Hz, 2H, Hn2), 7.46 (t, J = 7.1 Hz, 2H, Hp), 7.51 (dd, J1 = 8.5
Hz, J2 = 2.3 Hz, 2H, Hn1), 7.81 (d, J = 8.0 Hz, 2H, Hn3), 7.82 (d, J = 8.2 Hz, 2H, Hn4), 7.97 (d, J1 = 8.4
Hz, 2H, Hn7), 8.08 (d, J = 2.3 Hz, 2H, Ho), 8.46 (s, 2H, H3py).
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C NMR (75 MHz; CDCl3) δ (ppm)

53.43 (COOCH3), 56.70 (OCH3), 112.18 (Cm), 123.34 (C3py), 126.18 (Cp), 126.72 (Cn6), 126.90
(Cn7), 127.80 (Cn3), 128.17 (Cn2), 128.89 (Cn4), 129.39 (C-C), 132.51 (Cn1), 132.55 (C-C), 133.97
(Co), 134.20 (C-C), 134.64 (C-C), 137.90 (C-C), 140.46 (C-C), 157.12 (C-C), 157.43 (C-C), 167.40
(C=O). HRMS Calc. for C41H32NO4: 602.23258; Found 602.23415, δ = 2.6 ppm (LC-MS purity 100%).
Anal. Calc. for C41H31NO4: C, 81.84; H, 5.19; N, 2.37; Found: C, 80.53; H, 5.75; N, 2.19.
2,6-Bis-(2-methoxy-5-(naphthalen-1-yl)-phenyl)-isonicotinic acid (5). Methyl-2,6-bis-(2-methoxy5-(naphthalen-1-yl)-phenyl)-isonicotinate (4) (60 mg, 0.1 mmol) was dissolved in THF (0.5 mL) and
LiOH (13 mg, 0.3 mmol) in H2O (0.5 mL) was added. The hydrolysis was followed by HPLC and
6

completed after 2.5 h. THF was evaporated under an argon flux and a few drops of aqueous 1N HCl
were slowly added. The precipitate was collected and purified on preparative HPLC (Zorbax C18,
gradient from 70% MeOH/TFA 30% H2O/TFA to 100% MeOH/TFA in 10 min). (5) was collected as a
yellow TFA salt (105 mg, quantitative). mp = 218 °C. 1H NMR (300 MHz; CDCl3) δ (ppm) 3.94 (s, 6H,
OCH3), 7.12 (d, J = 8.4 Hz, 2H, Hm), 7.45 (t, J1 = 7.1 Hz, 2H, Hp), 7.50 (dd, J1 = 8.5 Hz, J2 = 2.0 Hz,
2H, Hn1), 7.80 (d, J = 7.7 Hz, 2H, Hn3), 7.83 (d, J = 8.2 Hz, 2H, Hn4), 7.93 (d, J = 8.8 Hz, 2H, Hn6),
8.01 (d, J = 2.0 Hz, 2H, Ho), 8.33 (ddd, J1 = 7.8 Hz, J2 = 6.6 Hz, J3 = 0.98 Hz, 2H, Hn5), 8.40 (dd, J1 =
7.0 Hz, J2 = 1.1 Hz, 2H, Hn2), 8.42 (s, 2H, H3py). 13C NMR (75 MHz; CDCl3) δ (ppm) 55.70 (OCH3),
111.31 (Cm), 123.08 (C3py), 125.25 (Cp), 126.57 (Cn5), 125.84 (Cn6, Cn7), 126.88 (Cn3), 127.32 (Cn4),
128.00 (Cn2), 131.54 (Cn1), 132.02 (C-C), 132.86 (Co), 133.34 (C-C), 133.65 (C-C), 139.28 (C-C),
155.68 (C-C), 156.43 (C-C). HRMS Calc. for C40H30NO4: 588.21693; Found 588.2186, δ = 2.8 ppm.
Anal. Calc. for C40H29NO4:C2HF3O2 (TFA salt): C, 70.09; H, 4.48; N, 1.95; Found: C, 70.71; H, 4.13;
N, 2.15.
PEG-tweezer. A solution of 2,6-bis-(2-methoxy-5-(naphthalen-1-yl)-phenyl)-isonicotinic acid (5) (15
mg, 0.02 mmol), N-hydroxysuccinimide (4.6 mg, 0,04 mmol) and N,N-dicyclohexylcarbodiimide (8.3
mg, 0.04 mmol) in dry dichloromethane (1 mL) was stirred overnight in the dark under argon. The
solution was filtered and anhydrous amino-functionalized PEG (400 mg, 0.02 mmol) was added to the
reaction mixture, as well as freshly distilled triethylamine (1 mL). After 24 h stirring at room
temperature, the reaction mixture was dialysed against THF (MW cut-off 3500) for 24 h. PEG-tweezer
was recovered as a white solid (281 mg, 70 % yield). Grafting efficiency of 50% was determined by the
mean of two different methods: 60% as assessed by UV (λmax= 242 nm, in THF, calibration curve with
(4)) and 40% by 1H NMR (ratio of the intensities of 8.17 ppm peak (H3py signal) over 5.52 ppm peak
(CH-PEG signal)). mp = 60 °C. 1H NMR (300 MHz; CDCl3) δ (ppm) 3.35 (s, 6H, PEG-OCH3), 3.61 (m,
PEG-CH2O), 3.94 (s, 6H, OCH3), 5.52 (m, 1H, PEG-CH), 7.11 (m, 4H, Hm, Hn6), 7.31 (t, J = 7.0 Hz,
2H, Hn5), 7.38-7.48 (m, 6H, Hp, Hn1, Hn2), 7.78 (d, J = 7.3 Hz, 2H, Hn3), 7.81 (d, J = 8.5 Hz, 2H, Hn4),
7.91 (d, J = 8.5 Hz, 2H, Hn7), 8.04 (d, J = 16.5 Hz, 2H, Ho), 8.17 (s, 2H, H3py), 9.07 (s, 1H, NH).
X-Ray crystallography. Single crystals (size 0.13 x 0.05 x 0.02 mm) of 2,6-bis(2-methoxy-5(naphthalen-1-yl)phenyl)pyridine (ortho-PyNaph) [C39H29NO2] were obtained from a 95:5 hexane/ethyl
acetate mixture. The cell was monoclinic with a space group of C2/c. Cell dimensions: a = 22.375(2) Å,
α = 90°, b = 8.3133(10) Å, β = 101.635(5)°, c = 30.838(3) Å, γ = 90°, V = 5618.4(11) Å3 and Z = 8 (FW
= 543.63 and d = 1.285 g/cm-3, absorption coefficient 0.613 mm-1). Data were collected from θ = 2.93
°C to θ = 68.30 °C for a total of 41952 reflections of which 5038 were unique (Rint = 0.05 Å).
Absorption was corrected by semi-empirical method from equivalents method, transmission min =
0.7086 and max = 0.9878. Full-matrix least squares on F2 was used as a refinement method with 5038
7

data, 381 parameters, no constraint (goodness on fit F2 = 1.087). Final R indices (I > 2 sigma (I)) were
R1 = 0.0539 and wR2 = 0.1180. R indices on all data were R1 = 0.0784 and wR2 = 0.1302, maximal
residual electron density is -0.197 e.Å-3.
Fluorescence assays. The binding affinity of quinizarin and mitoxantrone (MTX) was assessed by
fluorescence spectroscopy at acidic and near neutral pHs. Quinizarin fluorescence carried out in acetatephosphate buffer (10 mM, pH 7.4 or 4.5) with a quinizarin concentration of 5 µM and PEG-tweezer
concentrations varying from 0 to 47 µM (corresponding to 0 to 15 µM, so 0 to 3 eq of tweezers units).
Mitoxantrone interaction with PEG-tweezer was studied through changes in the tweezer’s fluorescence
intensity in acetate-phosphate buffer (10 mM, pH 7.4 or 4.5), with a PEG-tweezer concentration of 8.3
µM (corresponding to 5 µM of tweezers units) and MTX concentrations varying from 0 to 15 µM. Each
solution was sonicated for 15 min before mixing and the probe emission spectrum was recorded at λexc =
490 nm and λexc = 305 nm (bandpass = 4 nm) for quinizarin and tweezer, respectively. In the case of
MTX and the molecular ortho-PyNaph, the latter was first dissolved in THF due to its poor water
solubility and the fluorescence experiments were carried out in acetate-phosphate buffer (10 mM, pH 4
or 8, 1% THF in buffer) with a typical ortho-PyNaph concentration of 1.8 µM and MTX concentrations
varying from 0 to 6.3 µM. The tweezer-MTX mixture was equilibrated for 1 h and the tweezer emission
spectrum was recorded at λexc = 280 nm (bandpass = 4 nm, 25 ± 0.1°C).

8

Figure S1. (A) Representation of the conformational change of ortho-Py upon protonation of the
pyridine ring. (B) Representation of the conformation of para-Py before and after protonation of the
pyridine ring. (C) 400 MHz 1H NMR experimental chemical shifts of ortho-Py (10.9 mM, black
symbols) and para-Py (10.9 mM, white symbols) upon addition of TFA in 1:1 CDCl3/CD3OD.
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Figure S2. Comparative NOESY spectra of the neutral (a) and protonated (b) ortho-Py triads. The red
circles highlight the NOE signals supporting conformational changes. Grey dotted lines are represented
to help the eye follow the correlations related to H3py. The spatial vicinity between H3py and CH3,
which was detected in the initial ortho-Py conformation, disappeared at the end of the titration and was
replaced with a correlation between H3py and Ho.
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Scheme S2. Estimate of the pKa of ortho-Py by 1H NMR titration; comparison with pyridine and 2aminopyridine in 1:1 CDCl3/CD3OD and water. Given the poor water solubility of the tweezer, the
titration was carried out in 1:1 CDCl3/CD3OD and the pKa value extrapolated for an aqueous medium by
using 2 reference pyridine derivatives with pKas encompassing that of ortho-Py. The pKa value was
estimated at ~6.3; it fell between that of pyridine (5.1) and 2-aminopyridine (6.9). a ∆pKa = 4.3 ± 0.1,
measured by 1H NMR titration of 2-aminopyridine by pyridinium trifluoroacetate in 1:1 CDCl3/CD3OD.
b

∆pKa = 3.0 ± 0.05, measured by 1H NMR titration of ortho-Py by pyridinium trifluoroacetate in 1:1

CDCl3/CD3OD. c According to ref 2. d ∆pKa = 1.2 estimated by linear extrapolation.
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A

B

C

D

Figure S3: X-ray structure of ortho-PyNaph (grey: carbon, white: hydrogen, blue: nitrogen, red:
oxygen): front (A) and side (B) views of the molecular structure; (C) crystal packing and molecular selfassembly in the solid state; (D) zoomed view of the central part of (C), highlighting the absence of selfdimerization of the ortho-PyNaph molecular tweezer.
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Figure S4. Representation of the conformational change in ortho-PyNaph upon protonation of the
pyridine ring (A). 400 MHz

1

H NMR chemical shifts of ortho-PyNaph (5.9 mM), for the

methoxyphenyl-pyridine-methoxyphenyl unit protons (B) and naphthalene protons (C), upon addition of
TFA in 1:1 CDCl3/CD3OD.
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Figure S5. NOESY spectrum of ortho-PyNaph in CDCl3. The red circle highlights the NOE signal
supporting the spatial proximity between H3py and OCH3. The fine grey dotted lines are here to help the
eye follow the correlations between H3py and CH3 in the U-shape conformation.

Figure S6. Chemical structures of the two investigated substrates.
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Fluorescence studies of mitoxantrone. Binding of MTX to the molecular (Fig. S7) and
macromolecular (Fig. S8) tweezers

Figure S7. Spectral changes in the fluorescence of the naphthalene unit of the molecular ortho-PyNaph
receptor (1.8 µM in buffer in the presence of 1% THF) at (A) pH = 8 and (B) pH = 4 (λexc = 280 nm)
upon the addition of MTX (0 to 3.5 eq).
Note: At basic pH (pH 8; naphthalene tweezer shown to exist in a U-shape), increasing amounts of
MTX induced quenching of the naphthalene fluorescence. At acidic pH (pH 4; tweezer shown to exist in
a W-shape) the absence of changes in fluorescence of the naphthalene units tends to indicate that the
MTX substrate does not interact with the tweezer receptor.
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Figure S8. Fluorescence spectral changes of the macromolecular PEG-tweezer receptor in buffer (5
µM, λexc = 290 nm) at (A) pH = 7.4 and (B) pH = 4 upon the addition of MTX (0 to 3 eq).
Note: Comparing the naphthalene fluorescence in the molecular receptor (Fig. S7) and in the
macromolecular receptor (Fig. S8) deserves some comments: (i) the emission wavelength moves to
higher values (λem from 350 and 400 nm in tweezer, λem from 350 nm to 500 nm in PEG-tweezer) and
(ii) the resolved spectrum of molecular tweezer is transformed into a broad, largely unresolved spectrum
in the macromolecular tweezer, which is suggestive of excimer formation. Emission at higher
wavelength may be related to excimer formation, which would suggest (partial) aggregation of the
naphthalene units in buffer in the absence of THF. Such naphthalene excimers have been observed
before3, and correlate with the loss of resolved spectrum. In addition, dilution experiments support this
interpretation (data available but not shown): diluting the PEG-tweezer from 10 to 2 µM led to the
decrease in maximum emission wavelength from 430 nm to 390 nm. It is therefore likely that, in
aqueous solutions, the naphthalene-based macromolecule self-aggregates to a certain extent. This being
said, it is remarkable that, upon addition of MTX at pH 7.4 (Fig. S8 A), (i) fluorescence quenching is
observed (suggesting naphthalene-MTX interaction), and, most importantly, (ii) the emission maximum
decreases and the component of fluorescence around 350 nm gets more weight. This may be a sign that
the MTX disrupts the aggregates as it becomes bound to the naphthalene groups. This competitive
binding of the MTX molecule with the tweezer unit is not surprising because the electronic properties
between the MTX and naphthalene partners are more complementary than the two naphthalene units
(the electro-deficient MTX would interact better with the electron-rich naphthalene, than the
naphthalenes among themselves). At pH 4.0, the disruptive behaviour of MTX is not as strong.4
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