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Chemistry. There are two main methods for obtaining nucleoside analogues. The first method is based on the modification of natural nucleosides [1]. The second
method is based on condensation of heterocyclic bases with activated nucleoside derivatives with a formation of N-glycosidic bond [2]. To date, convenient and
efficient methods for the synthesis of ribonucleosides have been developed, based on trimethylsilyl derivatives of heterocyclic bases and fully acylated
ribofuranose in the presence of Lewis acids [3-4].

Glycosyl-donors 1 DL-2 DL were prepared starting from commercially available carbohydrates according to the procedure [5]. O-Benzoylated derivatives of
D-ribothymidine 4D, 6-methyl-B-D-ribofuranosyluracil 4’D, L-uridine 3L, L-ribothymidine 4L were synthesized according to the procedure, elaborated by
Vorbruggen and-co-workers [3-4], starting from corresponding heterocyclic bases and 1-O-acetyl-2,3,5-tri-O-benzoyl-D(L) pentafuranoses in the presence of
hexamethyldisilazane (HMDS) or N,O-bis-trimethylsilylacetamide (BSA) and trimethylsilyl triflate (TMSOTf) or SnCl,. O-Benzoyl stereoisomers of 5'C-methyl-
nucleosides 5R-7R and 5S-7S derivative were synthesized according to the procedure, elaborated by Reist and collegues [6], starting from corresponding

heterocyclic bases and 1-O-acetyl-2,3,5-tri-O-benzoyl-D(L) pentafuranoses in the presence of hexamethyldisilazane (HMDS) or N,O-bis-trimethylsilylacetamide



(BSA) and trimethylsilyl triflate (TMSOTf) or SnCl,. 2',3',5'-Tri-O-benzoyluridine 3D was synthesized starting from uridine by its direct O-benzoylation with benzoyl
cyanide in the presence of triethylamine at ambient temperature in 70% yield according to the procedure elaborated by Prasad and co-workers (Scheme 1).

The stereoselectivity of the reaction is determined by the 2-O-benzoyl group involved in the formation of the benzoyloxonium ion, thereby directing the
reaction to the formation of B-nucleosides, in which the heterocyclic base is in the trans position with respect to the 2-O-benzoyl group. The configuration of N-
glycosidic bond in pyrimidine pentafuranosyl nucleosides is confirmed by the presence in *H-NMR spectra of H-1’ signal as a doublet with Ji.> ~ 4 Hz at 6.0-6.3 ppm.
Pyrine analogues are characterized by H-1" signal as a singlet. "H-NMR spectra of L-isomers did not have notable differences with corresponding spectra of D-
isomers. The presence of methyl group in 5'C-Methyl derivatives was evidenced by the presence of characteristic proton resonance signal as doublet in high-field

region in *H-NMR (8 ~ 1.4 ppm) and characteristic carbon resonance signal at & ~ 16 ppm in >C-NMR (see the NMR spectra below).
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Scheme 1. Synthesis of lipophilic nucleoside derivatives starting from D- and L-pentafuranoses.
Reagents and conditions: (i) Ura or Thy or Cyt or N®-BzAde, BSA, TMSOTf, DCE, A 52-60%; (ii) B=Ura: 4M NHs/MeOH, 3 days, 90%; (iii) BZCN/Et3N, dioxane, 40 min,
r.t., 70%.

Example 1. Synthesis of 1-[2,3,5-Tri-O-benzoyl-B-D-ribofuranose-1-yl]uracil (3D) by O-benzoylation of uridine.

To a solution of uridine (1g, 4.7 mmol, 1 eq) in dry dioxane (40 mL), benzoyl cyanide (BzCN) (2.03 g, 15.51 mmol) and triethylamine (2.2 ml, 15.51 mmol) were
added in one portionand the reaction mixture was stirred at ambient temperature for 40 min to full dissolving of BzCN. The reaction mixture was then treated
with 15 mL of MeOH. The resulting solution was left to stay for 30 min at ambient temperature and then evaporated in vacuum. The residue was co-evaporated
with CH,Cl,(10 mL). The product was crystallized from CH,Cl, (3 mL). The precipitate was filtered, washed with mixture CH,Cl, (3x2 mL) and dried in vacuum
desiccator over P,0s to yield1.84 g (70%) of white crystals. M.p. 153°C. R;= 0.45 (CH,Cl,/EtOH- 99/1, v/v).



R; = 0.45 (CH,Cl,/EtOH- 99/1, v/v). "H-NMR (300 MHz, DMSO-dg): 11.49 (d, *J = 2.1 Hz, 1H, NH®), 8.04 (dd, 2H, */ = 8.5 Hz, *J = 1.4 Hz, 0-Bz), 7.93-7.85 (m, 4H, 0-B2),
7.83 (d, 1H, *Jes = 8.1 Hz, H-6 Ura), 7.68 — 7.60 (m, 3H, p-Bz), 7.52 (dd, 2H, *J = 8.5 Hz, *J = 6.9 Hz, m-Bz), 7.49-7.41 (m, 4H, m-Bz), 6.16 (d, J;.» = 3.6 Hz, 1H, H-1'),
5.97-5.88 (m, 2H, H-2, H-3"), 5.67 (dd, “Js.¢= 8.1 Hz, *J = 2.1 Hz, 1H, H-5 Ura), 4.74 (ddd, Jy.3= 6.2 Hz, Jy 55 = 3.6 Hz, Ju 5 = 5.5 Hz, 1H, H-4'), 4.72 (dd, 1H, Js.4 = 3.6
Hz, Jsa 5 = - 11.8 Hz, H-5'b), 4.64 (1H, Jsp,4 = 5.5 Hz, Js,5a = -11.8 Hz, H-5'b). *C-NMR (75 MHz, DMSO-d¢): 165.44 (C=0), 164.60 (C=0), 164.57 (C=0), 163.04 (C-4),
150.27 (C-2), 142.20 (C-6), 133.88, 133.78, 133.48, 129.27 (Bz), 129.18 (Bz), 128.69 (Bz), 128.53 (Bz), 128.43 (Bz), 102.24 (C-5), 89.55 (C-1'), 78.74 (C-4"), 73.16 (C-
2'), 70.49 (C-3'), 63.62 (C-5').

Example 2. Synthesis of 1-[2,3,5-Tri-O-benzoyl-B-L-ribofuranose-1-yl]uracil (3L) by N-glycosylation of uracil.

A mixture of uracil (54 mg, 0.48 mmol) and N,O-bis(trimethylsilyl)acetamide (BSA, 0.176 mL, 0.72 mmol) was refluxed for 40 min until the formation of transparent
solution. 1-0O-acetyl-2,3,5-tri-O-benzoyl-B-L-ribofuranose (120 mg, 0.24 mmol) and triflate (TMSOTf, 0.65 mL, 0.35 mmol) were successively added to the solution.
The resulting mixture was refluxed at 60°C for 3 hrs. and was then cooled to ambient temperature and neutralized with 10% aqueous sodium bicarbonate (20 mL).
The product was extracted with methylene chloride (2x20 mL), the combined organic layers were separated, washed with distilled water (2x20 mL), dried over
anhydrous sodium sulfate, filtered by gravity filtration and evaporated in vacuum to dryness. The residue was applied on chromatographic column with silica-gel
(12 mL) for purification in system methylene chloride/ethanol - 99.4/0.6 (v/v). The fractions, containing the product, were collected and evaporated in vacuum to
dryness. The residue was dried on a vacuum oil pump for 1.5 h. Yield 66 mg (49%) as white foam. R = 0.52 (CH,Cl,/EtOH - 99.4/0.6, v/v). "H-NMR is identical to 3D.

1-[2,3,5-Tri-O-benzoyl-B-D-ribofuranose-1-ylJthymine (4D).

The procedure is analogous to the preparation of 3L starting from thymine (75 mg, 0.6 mmol) and 1-O-acetyl-2,3,5-tri-O-benzoyl-B-L-ribofuranose (200 mg, 0.4
mmol). Yield 278 mg (82%) as foam. R;=0.55 (CH,Cl,/EtOH = 99/1, v/v). "H-NMR (300 MHz, DMSO-de): 11.46 (s, >NH), 8.03 (dd, 2H, */ = 8.5 Hz, *J = 1.4 Hz, 0-Bz),
7.91 (dd, 2H, */ = 8.5 Hz, *J = 1.4 Hz, 0-Bz), 7.87 (dd, 1H, */ = 8.5 Hz, *J = 1.4 Hz, 0-Bz), 7.71-7.60 (m, 4H, p-Bz+H-6 Thy), 7.52 (dd, 2H, *J = 7.6 Hz, *J = 8.5 Hz, m-Bz),
7.49-7.40 (m, 4H, m-Bz), 6.20 (d, Jy » = 4.2 Hz, 1H, H-1'), 5.96-5.87 (m, 2H, H-2’, H-3'), 4.78-4.73 (m, 1H, H-4’, overlapping withH-5'a), 4.73 (dd, 1H, Js,4 = 3.5 Hz,
Jsasn = - 12.5 Hz, H-5), 4.63 (1H, Jspx = 5.8 Hz, Jsp 55 = -12.5 Hz, H-5'b), 1.68 (s, 3H, Me). *C-NMR (75 MHz, DMSO-dj): 165.44 (C=0), 164.61 (C=0), 164.55 (C=0),
163.62 (C-4), 150.34 (C-2), 137.03 (C-6), 133.89, 133.79, 133.54, 129.28, 129.18, 129.06, 128.75, 128.68, 128.55, 128.35 (Bz), 110.08 (C-5), 88.38 (C-1’), 78.73 (C-
4'), 73.02 (C-2'), 70.56 (C-3'), 63.64 (C-5'), 11.83 (Me).

1-[2,3,5-Tri-O-benzoyl-B-D-ribofuranose-1-yl|thymine (4L).

The procedure is analogous to the preparation of 3L starting from thymine (75 mg, 0.6 mmol) and 1-O-acetyl-2,3,5-tri-O-benzoyl-B-L-ribofuranose (200 mg, 0.4
mmol). Yield 14 mg (50%) as foam. R; = 0.12 (CH,Cl,/EtOH = 99.4/0.6, v/v). *H-NMR is identical to 4D.
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Fig.S1. *H-NMR-spectrum (300 MHz) of 2°,3”,5’-tri-O-benzoyl-D-uridine (3D) in DMSO-d6 at 298 K.
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Fig.S2. **C-NMR-spectrum (75 MHz) 2°,3°,5°-tri-O-benzoyl-D-uridine (3D) in DMSO-d6 at 298 K.
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Fig.S4. *C-NMR-spectrum (75 MHz) of L-2’,3",5'-tri-O-benzoyluridine (3L) in DMSO-dg at 298 K
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Fig.S15. *H-NMR-spectrum (300 MHz) of 1-O-methyl-2,3,5-tri-O-benzoyl-a-D-arabinofuranose (1D) in DMSO-d6 at 298 K.
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Fig. S28. Superposition of 2D-2L, 3D-3L, 4D-4'D
and inhibitor XZ578 in a crystalline complex with
Tdpl (PDB ID: 6n19).




Fig. $29. Molecular docking models for allosteric Tdp1 inhibitors (ribbon model)

D-nucleoside 3D

L-nucleoside 3L




Fig. $30. Molecular docking models for competitive Tdp1 inhibitors (ribbon model)

5'R-nucleoside 7R

5'S-nucleoside 7S




Fig. S31. Molecular docking models for Tdp1 inhibitors 4D and 4L (electrostatic interactions)
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Fig. $32. 2D ligand interactions for Tdp1 inhibitors 4D and 4L
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Fig. $33. 2D ligand interactions for
Tdp1 inhibitor 7R in complex with
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Table S1. Binding energy (docking_score) and binding propensity (glide emodel) evaluation for 24 optimal positions of conformers of 3D/3L in complex with Tdp1-
DNA (sorting by docking score).

glide- docking glide glide- docking
dock_XP_complexDNA_473 score emodel dock_XP_complexDNA_567 score glide emodel
3D -5,996 -60,547 3L -6,161 -62,135
3D -5,888 -57,226 3L -5,805 -74,622
3D -5,735 -61,825 3L -5,719 -65,002
3D -5,608 -60,695 3L -5,706 -61,796
3D -5,456 -59,199 3L -5,683 -62,620
3D -5,355 -53,776 3L -5,530 -60,325
3D -5,289 -57,218 3L -5,482 -59,488
3D -5,260 -53,919 3L -5,278 -63,713
3D -5,255 -56,348 3L -5,274 -58,799
3D -5,244 -54,557 3L -5,256 -65,591
3D -5,241 57,772 3L -5,181 57,752
3D -5,235 -58,413 3L -5,152 -68,020
3D -5,233 -61,334 3L -5,149 -63,238
3D -5,176 -59,070 3L -5,122 -62,060
3D -5,168 -57,578 3L -5,080 -71,471
3D -5,152 -55,796 3L -5,060 -59,432
3D -5,022 -55,698 3L -5,046 -70,511
3D -5,016 -63,838 3L -4,973 -60,246
3D -4,994 -63,699 3L -4,962 -70,644
3D -4,983 -52,912 3L -4,904 -58,414
3D -4,876 -53,366 3L -4,840 -61,720
3D -4,735 -60,328 3L -4,737 -57,612
3D -4,707 -56,847 3L -4,732 -60,310
3D -4,557 -52,519 3L -4,651 -57,560




Table S2. Binding energy evaluation for 24 optimal positions of conformers of 4D/4L in complex with Tdp1-DNA (sorting by docking score).

glide- docking glide glide- docking
dock_XP_complexDNA_566 score emodel dock_XP_complexDNA_568 score glide emodel
1)) -5,109 -62,013 aL -5,927 63,121
4D -4,949 -58,522 4L -5,895 -65,212
4D -4,927 -66,784 aL -5,867 -64,146
4D -4,925 -69,370 aL -5,814 -63,213
4D -4,902 -67,312 4L -5,612 -62,863
4D -4,893 -62,919 aL -5,608 -63,382
4D -4,893 -62,757 4L -5,588 -52,675
4D -4,891 -66,559 aL -5,546 -52,486
4D -4,890 -66,738 4L -5,453 -65,554
4D -4,886 -67,374 4L -5,400 -64,936
4D -4,871 -67,028 4L -5,278 -72,999
4D -4,856 -70,922 4L -5,239 -61,890
4D -4,848 -62,674 a -5,221 -64,404
4D -4,803 -67,241 4L -5,215 -70,683
4D -4,704 -56,469 4L -5,203 -57,247
4D -4,657 -61,535 4L -5,196 -59,617
4D -4,654 -56,733 4L -5,172 -58,749
4D -4,653 -68,088 4L -5,136 -61,498
4D -4,615 -61,300 4L -5,127 -66,866
4D -4,376 -65,019 4L -5,067 -64,909
4D -4,375 -61,845 4L -5,066 -61,398
4D -4,094 -62,952 4L -5,045 -63,013
4D -3,968 -65,835 4L -5,037 -60,443
4D -3,341 -56,740 4L -4,974 -61,710




Table S3. Binding energy evaluation for 24 optimal positions of conformers of 7R/7S in complex with apo-form of Tdp1 (sorting by docking score).

docking glide docking glide
glide-dock_XP_6mj9_strl5 score emodel glide-dock_XP_6mj9_str604 score emodel
7R -2,843 -81,669 7S -5,002 -83,946
7R -2,649 -83,942 75 -4,450 -74,563
7R -2,360 -80,977 75 -4,213 -79,799
7R -2,257 -86,203 75 -4,193 -72,589
7R -2,205 -82,141 75 -3,541 -70,527
7R -1,815 -84,406 75 -3,240 -70,172
7R -1,716 -89,722 75 -3,169 -76,743
7R -1,510 -80,861 75 -3,123 -70,285
7R -1,311 -79,576 75 -2,962 -83,496
7R -1,233 -82,787 75 -2,903 -83,395
7R -1,213 -82,738 75 -2,749 -84,779
7R -1,055 -86,647 75 -2,601 -81,931
7R -1,000 -82,320 75 -2,311 -106,485
7R -0,972 -76,528 75 -2,253 -85,450
7R -0,946 -81,438 75 -1,915 -100,871
7R -0,811 -80,904 75 -1,666 -82,790
7R -0,760 -86,234 75 -1,556 -85,636
7R -0,695 -76,946 75 -1,431 -74,006
7R -0,667 -90,880 75 -1,412 -88,241
7R -0,665 -85,433 75 -1,251 -79,883
7R -0,648 -81,549 75 -1,115 -75,677
7R -0,624 -81,042 75 -1,049 -83,387
7R -0,623 -86,850 75 -1,023 -93,129
7R -0,586 -84,029 75 -1,021 -82,110




Table S4. Binding energy evaluation for 24 optimal positions of conformers of 7R in complex with Tdp1-DNA (sorting by docking score).

lide-
ﬁock_XP_compIexDNA_IS docking score glide emodel
7R -8,547 -79,079
7R -7,915 -75,840
7R -7,620 -81,147
7R -7,503 -77,661
7R -7,370 -74,606
7R -7,308 -70,915
7R -7,177 -80,157
7R -6,980 -81,454
7R -6,733 -70,615
7R -6,704 -83,243
7R -6,592 -80,873
7R -6,506 -73,331
7R -6,270 -80,484
7R -6,233 -82,584
7R -6,187 -77,861
7R -6,118 -75,451
7R -6,026 -80,643
7R -5,956 -71,321
7R -5,932 -78,085
7R -5,867 -83,397
7R -5,780 -77,141
7R -5,641 -76,862
7R -5,609 -74,698
7R -5,530 -82,715
7R -5,333 -82,603
7R -5,300 -84,674
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Fig. S36. The type of inhibition of compound 3D. A. Curves of the fluorescence intensity
dependence of the intensity on the substrate concentration (S) in the presence of different
concentrations of the inhibitor. B. Vmax and Km values at different inhibitor concentrations. C.
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Fig. S40. Anisotropy of biosensor fluorescence in the presence and absence of Tdpl.



