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1. Experimental Procedures

All reagents were used as purchased apart from 1,2-dichloroethane which was distilled and
stored in fridge under 3 A molecular sieves. K2CO3 was dried at 120 °C overnight to make sure
it was anhydrous. NMR spectra were measure with Bruker Avance II1 500 MHz NMR
spectrometer. Accurate MS spectra were measured with Agilent 6560 LC-IMMS-TOF mass
spectrometer.

Spectroscopy measurements were done in room temperature with Hellma 110-QS-absoption
cuvettes or 111-QS-fluoresence cuvettes with 10 mm light path. pH was kept at constant 7.6 in
TE buffer and nucleic acid solutions. Calf thymus (ct) DNA was purchased from Sigma-
Aldrich and stored in fridge. Ethanol was chosen as an organic solvent to investigate the
absorption coefficient to ensure stable dye concentration by choosing a solvent with higher
boiling point than previously used DCM.! Ethanol is also used to extract the SYBR Green |
from DNA after imaging is completed.? Absorption spectra were measured with Perkin Elmer
650 UV-vis spectrometer. Varian Cary Eclipse fluorescence spectrometer was used to collect
emission and excitation data. Dry DMSO was used to prepare stock solutions of the dyes in
19.6 mM concentration. Viral RNA was extracted as previously described.!

2. Synthesis Procedures

2.1. General synthesis procedure for the quinolines

Synthesis was performed based on procedure reported by Ying.® 4-methylcarbostyril (6, 1.0 g,
6.3 mmol), copper powder (7, 2.3 g, 36.5 mmol), anhydrous K>COs (8, 0.88 g, 6.3 mmol) and
substituted 4-iodobenzene (9-11)* were mixed in oven dried flask equipped with reflux
condenser and sealed with CaClz-tube. Dry DMF (15 ml) was added, and mixture was stirred
vigorously to dissolve all compounds. Resulting mixture was heated to 160 °C on an oil bath
and stirred overnight. In the morning, mixture was allowed to cool to room temperature and
filtered through a pad of Hyflo Super gel. Solvent was evaporated resulting to a black oil. Water
and ethyl acetate were introduced to the oil. Mixture was filtered again through a pad of Hyflo
Super gel to remove formed solid. After filtering, organic layer was washed with water and
brine and dried with Na2SOs. Solvent was evaporated and resulting solid was dissolved again
in a mixture of 1:4 hexane and ethyl acetate and purified with flash column chromatography
using the Hex/EtOAc mixture as eluent.

*Used compounds are listed below for each individual synthesis.

1-(4-(dimethylamino)phenyl)-4-methylquinolin-2(1H)-one (12)



General synthesis route was used to synthesize compound 12 with 4-bromo-N,N-
dimethylaniline (9, 1.88 g, 9.4 mmol). Because starting material had bromine instead of iodine,
mixture was heated two days at 160 °C instead of one. Compound was collected as brown solid.
Product was used in the next step without further purifications. Yield with small impurities
512.8 mg (1.84 mmol, 28.8 %).

Expected accurate mass [M+Na]" m/z 301.1311, observed m/z 301.1311.
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Fig. S1. Synthesis route for quinoline 12.
1-(4-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methylquinolin-2(1H)-one (17)

Tosylation of triethylene glycol monomethyl ether (PEG) was performed as described by
Nguyen et al.* PEG (13, 1.724 ml, 10.0 mmol) was dissolved in pyridine (1.724 ml) at 0 °C. p-
toluenesulfonyl chloride (14, 2.2878 g, 12.0 mmol) was dissolved in 3.6 ml of pyridine and
added to the reaction mixture. Resulting pale yellow solution was stirred at 0 °C for four hours.
After mixing, ice and 25 ml of 6 N HCI was added to the thick orange solution. DCM was
introduced to the mixture and the water phase was extracted three times with more DCM.
Organic phases were combined and finally washed with 2 N HCI. Resulting organic phase was
dried with Na2SO4 overnight. Solution was filtered and solvent was evaporated. Product 15 was
collected as a pale yellow oil. Yield 3.101 g (9.7 mmol, 97 %) Tosylated PEG (15) was used
as such without further purification steps.
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Fig. S2. Tosylation of PEG 13.

Pegylation of 4-iodophenol was done according to the procedure published by Nguyen et al.*
4-iodophenol (10, 2.2 g, 10.0 mmol) was dissolved in 70 ml of acetonitrile. Formed light pink
solution was heated to 80 °C on an oil bath. To the hot mixture, K.CO3 (8, 1.6 g, 12.0 mmol)
was added. Resulting cloudy mixture was stirred vigorously before adding the tosylated PEG
(15, 3.1 g, 9.7 mmol). Resulting mixture was refluxed overnight under N2-atmosphere. In the



morning white solution was allowed to cool to room temperature after which solvent was
evaporated under reduced pressure. Water and DCM were introduced to the residue. Aquatic
phase was extracted three times with DCM. Organic phases were combined and washed three
times with NaOH-solution (pH 12). Organic layer was dried with Na>SOs after which the
solvent was evaporated. Desired product was collected as pale yellow oil. Yield 3.18 g (8.7
mmol, 86.8 %). Pegylated 4-iodophenol was used as such in the next step without further
purification.
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Fig. S3. Pegylation of 4-iodophenol 10.

Pegylated quinolinone was synthesized accordingly to the general method. Pegylated 4-
iodophenol from previous step was used as substituted 4-iodobenzene (16, 3.18 g, 8.7 mmol).
Column was not needed to purify the compound. After washing with water and drying organic
phase, solvent was evaporated, and product was isolated by filtering the residue through cotton.
Product 17 was collected as brown oil. Resulted product was used in the next step without
further purifications. Yield with small impurities 1.3505 g (3.4 mmol, 54.0 %)

Expected accurate mass [M+H]" m/z 398.1962, observed m/z 398.1967.
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Fig. S4. Synthesis of quinoline 17.

1-(4-methoxyphenyl)-4-methylquinolin-2(1H)-one, (18)

Compound 18 was synthesized according to the general procedure. 4-iodoanisole (11, 2.18 g,
9.3 mmol) was used as substituted 4-iodobenzene. Product was collected as red solid.
Intermediate was used in the next step without further purifications. Yield with small impurities
374.6 mg (1.41 mmol, 22.4 %)

Expected accurate mass [M+H]" m/z 266.1176, observed m/z 266.1182.
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Fig. S5. Synthesis route of quinoline 18.

2.2. General method for the dye synthesis

Previously synthesized quinoline* (12, 17 or 18, 0.438 mmol) was dissolved in distilled 1,2-
DCE in N2 atmosphere. To the stirred solution, POCls was added (19, 123 pul, 1.31 mmol).
Resulting mixture was heated to 70 °C on an oil bath and mixed overnight. On the morning,
solvent was evaporated and resulting oil (20, 21 or 22) was dissolved again in dry DCM.
Oxazolium (23, 0.1399 g, 0.438 mmol) was prepared as described previously! and added to the
stirred solution under N2 atmosphere. Resulting mixture was stirred at room temperature for
four hours. After that, solvent was evaporated and resulting oil was purified with flash column
chromatography using 10 % MeOH/DCM as eluent. Eluent was evaporated from the fractions
containing product. Resulting oil was dissolved in acetonitrile and excess HNMez (5 ml) was
added to stirred solution. Resulting mixture was stirred overnight. Water and DCM was added
to the solution and aquatic phase was extracted three times with DCM. Organic phases were
combined, dried with Na,SO4 and finally solvent was evaporated. Product was collected from
flash column chromatography using 10 % MeOH/DCM as eluent.

*Synthesis reported above for compounds 12, 17 and 18.

2-((2-(dimethylamino)-1-(4-(dimethylamino)phenyl)quinolin-4-ylidene)methyl)-3-
methylbenzoxazol-3-ium, (1), OXN-NMe>

Quinoline 12 (0.438 mmol, 0.122 g) was used to synthesize OxN-NMe; 1 according to the
general method. Product was collected as orange oil. Yield 35.6 mg (0.075 mmol, 12.9 %).

Expected accurate mass [M]* m/z 437.2336, observed 437.2337.

IH NMR (500 MHz, MeOD) 5 8.44 (dt, J = 8.3, 1.7 Hz, 1H), 7.74 (d, J = 1.5 Hz, 1H), 7.62 —
7.57 (M, 2H), 7.52 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H), 7.41 (d, J = 1.0 Hz, 1H), 7.39 (s, 1H), 7.34
—7.29 (m, 2H), 7.25 (s, 1H), 7.23 (s, 1H), 6.97 (s, 1H), 6.96 (s, 1H), 5.89 (s, 1H), 3.74 (s,
3H), 3.09 (s, 6H), 2.95 (s, 6H).

13C NMR (126 MHz, MeOD) & 161.36, 158.43, 151.02, 149.15, 146.44, 141.18, 131.64,
129.71, 126.31, 125.45, 124.91, 124.54, 123.14, 121.08, 118.31, 112.37, 109.83, 109.00,
101.28, 70.03, 41.91, 39.09, 29.00.
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Fig. S6. Synthesis route for dye OXN-NMe; 1.

2-((2-(dimethylamino)-1-(4-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)quinolin-4-
ylidene)methyl)-3-methylbenzoxazol-3-ium, (2), OXN-PEG

Pegylated quinoline 17 (0.438 mmol, 175 pl) was used in this synthesis, otherwise following
the general method. Product was collected as orange oil. Yield 33.5 mg (0.057 mmol, 17.2 %)

Expected accurate mass [M]* m/z 556.2806, observed 556.2809.

IH NMR (500 MHz, MeOD) 5 8.47 (dd, J = 8.4, 1.5 Hz, 1H), 7.76 (s, 1H), 7.63 — 7.59 (m,
2H), 7.54 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H), 7.43 (s, 1H), 7.42 (s, 1H), 7.41 (d, J = 3.7 Hz, 2H),
7.31(ddd, J = 8.5, 5.1, 3.7 Hz, 1H), 7.28 (d, J = 1.1 Hz, 1H), 7.27 (d, J = 2.6 Hz, 1H), 7.25
(d, J = 2.1 Hz, 1H), 5.94 (s, 1H), 4.29 — 4.26 (m, 2H), 3.93 — 3.90 (m, 2H), 3.77 (s, 3H), 3.76
—3.73 (m, 2H), 3.70 — 3.67 (M, 2H), 3.67 — 3.65 (m, 2H), 3.57 — 3.54 (m, 2H), 3.36 (s, 3H),
2.94 (s, 6H).



13C NMR (126 MHz, MeOD) § 163.10, 161.36, 160.02, 151.14, 148.01, 142.29, 133.35,
133.20, 132.78, 132.19, 127.09, 126.60, 126.22, 124.87, 122.68, 119.67, 117.39, 111.46,
110.70, 102.73, 73.14, 72.02, 71.96, 71.77, 71.57, 70.86, 69.39, 59.25, 43.44, 30.63.
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Fig. S7. Synthesis route for dye OXN-PEG 2.

2-((2-(dimethylamino)-1-(4-methoxyphenyl)quinolin-4-ylidene)methyl)-3-methylbenzoxazol-
3-ium, (3), OXN-OMe

General method was followed to synthesize OxN-OMe 3 using quinoline 18 (0.483 mmol,
0.1161 g). Product was collected as orange oil. Yield 24.0 mg (0.052 mmol, 11.9 %).

Expected accurate mass [M]" m/z 424.2020, observed 424.2027.



IH NMR (500 MHz, CD2Cl2) § 8.50 — 8.43 (m, 1H), 7.70 (s, 1H), 7.60 — 7.53 (m, 2H), 7.53
—7.50 (m, 1H), 7.44 — 7.40 (m, 1H), 7.34 — 7.33 (m, 1H), 7.32 (d, J = 4.3 Hz, 1H), 7.31 (s,
1H), 7.30 (s, 1H), 7.24 — 7.22 (m, 1H), 7.20 — 7.15 (m, 2H), 5.90 (s, 1H), 3.93 (s, 3H), 3.82
(s, 3H), 2.92 (s, 6H).

13C NMR (126 MHz, CDCl) § 161.91, 161.03, 158.76, 150.17, 146.93, 141.21, 132.75,
132.18, 131.22, 131.07, 128.72, 126.41, 126.07, 125.67, 124.19, 121.71, 118.86, 116.17,
110.82, 109.89, 101.94, 71.78, 56.38, 43.46, 31.20.
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Fig. S8. Synthesis route for dye OxN-OMe 3.

3. NMR Spectra
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Fig. S9. OxN-NMe: (1) *H NMR spectra in MeOD.
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Fig. S10. °C NMR spectra of OxN-NMe: (1) in MeOD.
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Fig. S12. OXN-PEG (2) *3C NMR spectra in MeOD.
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4. X-ray Diffraction

Suitable single crystals for X-ray diffraction analysis were obtained via slow evaporation of
DCM / CH3CN mixture (1:1 for 1) or p-xylene / CH3:CN (1:1 for 3) at rt. Single-crystal X-ray
data were collected at 120 K by a Rigaku XtaLAB Synergy-R diffractometer equipped with a
HyPix-Arc100 detector and an Oxford Cryostream 800 cooling system using mirror-
monochromated Cu-K, radiation (A = 1.54184 A). Data collection and reduction for all
complexes were performed with the program CrysAlisPro® and analytical face-index
absorption correction method was applied.> The structure was solved with intrinsic phasing
method (SHELXT)® and refined by full-matrix least-squares based on F? using SHELXL-2019.’
Anisotropic displacement parameters (ADPs) were introduced for all non-hydrogen atoms. The
hydrogen atoms were placed in idealized positions and included as riding, except H atoms of
water molecules were found from the electron density maps. Isotropic displacement parameters
for all H atoms were constrained to multiples of the equivalent displacement parameters of
their parent atoms with Uiso(H) = 1.2 Ueq (C) or Uiso(H) = 1.5 Ueq (O). In structure 1-3H.0
antibumping restraints® (DFIX —1.4, s = 0.02) were applied for the H-O—H angles in water
molecules to prevent H atoms to end up in too close distances from each other. The O-H
distances were also restrained to be more equal (DFIX 0.84, s = 0.01). In
3:0.325CH3CN-0.5H,0 the bond distances of CH3CN molecule were made structurally
reasonable by hard restraints (DFIX 1.46 and 1.16, s = 0.001). The X-ray single crystal data
and experimental details as well as CCDC numbers are given below.

Crystal data for 1-2.9H,0: CCDC-2294210, C27.8H342N39039Cl1.1, M = 524.38 gmol %, orange
prisms, 0.10 x 0.10 x 0.05 mm, triclinic, space group P—1 (No. 2), a = 7.76690(10), b =
12.9440(2), ¢ = 14.03810(10) A, a = 79.6140(10), 5 = 83.1530(10), y = 73.8620(10) °, V =
1329.92(3) A%, Z = 2, Dearc = 1.309 gcm 3, F(000) = 556, pt = 1.691 mm, Omax = 74.997°,
106454 reflections, 5470 independent and 5053 with | > 24(1), Rint = 0.0316, 370 parameters,
9 restraints, GooF = 1.041, Ry = 0.0412 and wR2 = 0.1145 [I > 24(l)], R1 = 0.0438 and WR> =
0.1163 (all data), largest diff. peak and hole 0.387 / —0.365 eA~3.

Crystal data for 3:0.325CH3CN-0.5H,0: CCDC-2294211, Css3Hs595N66505Cl16los, M =
1001.19 gmol, orange needles, 0.39 x 0.04 x 0.03 mm, monoclinic, space group P21/n (No.
14), a = 9.21834(4), b = 21.85441(10), ¢ = 24.63787(9) A, 5 = 94.2872(3) °, V = 4949.69(4)
A% Z = 4, Deac = 1.344 gem3, F(000) = 2091, p = 3.390 mm, fmax = 79.060°, 201293
reflections, 10470 independent and 10072 with |1 > 26(1), Rint = 0.0415, 673 parameters, 2
restraints, GooF = 1.090, R1 = 0.0567 and wR2 = 0.1417 [l > 24(1)], R1 = 0.0582 and wR> =
0.1426 (all data), largest diff. peak and hole 0.863 / —0.780 eA~3.
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Fig. S15. Crystal structure of 1-3H,0 (ellipsoid probability 50%). The disorder originated
from 10% impurity of compound 25 in the crystal is removed for clarity.

Current level: 0.155

Fig. S16. The residual electron density map around dye 1. The anomalous residual electron
density was treated as positionally disordered chloride anion (90:10) and three water
molecules (one of the with 0.9 occupancy). The 10% chloride anion and 90% water molecule
occupy nearly the same position of the unit cell. The charge of the mono-cationic 1 is thus -
balanced with two chloride anion positions with 90% and 10% occupancy.
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Fig. S17. Crystal structure of 3-0.325CH3CN-0.5H20 (ellipsoid probability 50%), showing
one molecule of 3 and water. Another cation and other constituents (0.6 CI~, 0.4 I" and 0.65
CH3CN) of the asymmetric unit are removed for clarity.

Current level: 0.22
'

Fig. S18. The residual electron density map around two molecules of dye 3 in the asymmetric
unit. The anomalous residual electron density was treated as positionally disordered chloride
and iodide anions (1.6:0.4), one water and 0.65 acetonitrile molecules. The residual densities
close to the disordered acetonitrile molecule are too high to be chloride anions, and they are

thus modelled as disordered iodide anions. The iodide anion results in from one of the

S17



starting compounds. The charge of the two mono-cationic 3 is thus balanced with 1.6 chloride
and 0.4 iodide anions.

5. Computational Studies

5.1 General

The geometry calculations for OxN-NMe:z (1), OXxN-OMe (3) and PyrON® were done at the
MO06-2X/def2-TZVP level of theory® and the SPARTAN20 program®® with acetonitrile
(dielectric = 37.50) as a solvent using conductor like polarizable continuum model (C-
PCM).™12 The initial models were built using SPARTAN20 and optimized at MM-level before
the DFT calculations. The optimized structures with relevant geometrical parameter are given
in Fig. S17.

Fig. S19. The DFT optimized structures of OXN-NMez, OxN-OMe and PyrON?*? with
selected torsion angles H-bond (C...H) distances.

5.2 The Cartesian Coordinates

OxN-NMe; (1)
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Fig. S20. Absorbance of dyes 1-3 in EtOH in varying dye concentrations.
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Fig. S21. Absorbance of dyes 1-3 in TE buffer in varying dye concentrations.
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Fig. S22. Absorbance of dyes 1-3 in 100 uM ctDNA solution in varying dye concentrations.
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7. Fluorescence Spectra
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Fig. S23. Emission and excitation of dyes 1-3 in 100 uM ctDNA solution and free dye in TE

buffer. Dyes were registered and excited at the unique maxima marked for each dye in their

respective plots.
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Fig. S24. Emssion of dyes 1-3 in excess ctDNA solution in varying dye concentrations and

emission maximas plotted against dye concentrations.
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Fig. S25. Titration experiment of dyes 1-3 in 0.52 UM ctDNA solution. OXN-NMe; (1) was

excited at 470 nm, OxN-PEG (2) at 463 nm and OXxN-OMe (3) at 464 nm, respectively.
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Fig. S26. Processing of data from Fig. S21 and Fig. S23 gave Scatchard plots presenting the

ratio of bound and free dye (V/L) as a function of dye molecules bound with the ctDNA (V).

Presented lines are the results from fitting McGhee VVon Hippel equation of non-cooperative

DNA binding.*3
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Fig, S27. Fluorescence titrations of dyes 1-3 and fluorescein for quantum yield

measurements. All samples were excited at 450 nm.
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Fig. S28. Quantum yield determination for dyes 1-3 derived from plots Fig. S20. and Fig.
S25. Dyes 1-3 were measured in 100puM ctDNA solution and fluorescein standard in 0.1 M
NaOH solution. All samples were excited at 450 nm. Measured emission (Fig. S25.) was
integrated and plotted against absorbance (Fig. S20.) at 450 nm for each dye, respectively.
These slopes were then used to calculate quantum yields based on the known quantum yield

of fluorescein.
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