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1. Tested commercially available substituted 4,5’-bithiazoles

Table S1. List of compounds tested for their inhibitory activity on human topo Ila

Number | Chemical code Vendor
1 STK163157 VitasM Labs!
2 7872757 ChemBridge?
3 7858097 ChemBridge’
4 7211760312 Otava®
5 STK015148 VitasM Labs!
6 7859208 ChemBridge?
7 5936031 ChemBridge?
8 5934630 ChemBridge?
9 5935030 ChemBridge?
10 5932095 ChemBridge?
11 STK070262 VitasM Labs!
12 5932282 ChemBridge’
13 5935989 ChemBridge?
14 7211760371 Otava®




2. Validation of the docking procedure and molecular docking of
substituted 4,5’-bithiazoles
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Figure S1. Comparison of the docked and x-ray conformation of AMP-PNP in the ATP

human topo Ila binding site using GoldScore scoring function (PDB: 1ZXM). RMSD of 0.9
A between heavy atoms of both poses was obtained.



Table S2. (above) 2D Intermolecular interaction pattern of the AMP-PNP ligand in the ATP

bindings sites of both type II topoisomerases. (bellow) Selected amino acid pairs, important

for ATP binding, that are equal/similar or different in the ATP binding sites of human topo

[Io and DNA gyrase.
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Amino acids, important for binding, that are Amino acids, important for binding, that are
equal/similar in both binding sites different in both binding sites
Human topo Ila DNA Gyrase Human topo Ila DNA Gyrase
Asnl20 Asp73 Ser148 Glyl01
Asn91 Asn46 Seri49 ,Gly102
Lys378 Lys337 Asni50 Lys103
GIn376 GIn335 Prol26* Argl36*

*residue pair Prol126(htlla)/Argl36(DNA Gyrase) is listed since ARG136 plays a role in binding of 4,5’-bithiazole compound 13

to the DNA Gyrase ATP binding site.




Figure S2. Docking binding mode of compound 13 in the DNA gyrase ATP binding site
generated using gyrase crystal structure with the bound AMP-PNP substrate (PDB: 1EI1).

Figure S3. Proposed docking binding modes of active substituted 4,5’-bithiazole 9 in the
human topo Ila. ATP binding site (PDB: 1ZXM).



3. Comparison of the bacterial DNA gyrase vs. human topoisomerase
IIo inhibition activities for compounds selected by both virtual

screenings

Table S3. Comparison of the human topo Ila and bacterial DNA Gyrase inhibition vales for
compounds that were selected in this screening assays as well as also by our previous virtual

screening campaign on bacterial DNA Gyrase [ref 39].

Compound ICs0 [pM] ICso [pM]
bacterial DNA gyrase | human topo Ila
5 8.2 70.1
6 67 37.7
8 5.5 119.7
12 30.0 192.9
13 1.1 123.0




4. Molecular dynamics simulation and dynophore calculations

Table S4. Assigned atom types and partial atomic charges of compound 1 using CHARMM
General Force Filed (CGenFF).

H29

H3o~ N28\c26¢N2< Haz
c24—C31—H33
~
s27 H34 H21 F14
G | | F15
22"'\ c11 c1s
~ ~
/CZ\N3 c10 Nc12  Fe
A \l:4 <|:|9 c|:17
7H ~ =
s5 Ne cfs N\
| | H20
H23 H19

Name Type q Name | Type q

C1 CG2R57 | -0,121 | C18 | CG2R61 | -0,115
C2 CG2R57 | 0,277 | HI19 HGR61 | 0,155
N3 NG2R50 | -0,638 | H20 HGR61 | 0,250
C4 CG2RS53 | 0,341 | H21 HGR61 | 0,250
SS SG2R50 | 0,015 | H22 HGR61 | 0,115
Cé CG2R51 | -0,239 | H23 | HGPAM1 | 0,376
H7 HGRS2 | 0,210 | C24 CG2R51 | 0,276
N8 NG311 | -0,310 1 N25 | NG2R50 | -0,624
C9 CG2R61 | -0,034| C26 | CG2R53 | 0,280

C10 CG2R61 | -0,115 | S27 SG2R50 | 0,020

C11 CG2R61 | -0,196 | N28 NG321 |-0,574

C12 CG2R61 | -0,432 | H29 | HGPAM2 | 0,334

C13 CG302 | 0,803 | H30 | HGPAM2 | 0,334
F14 FGA3 |-0,159| C31 CG331 | -0,195
F15 FGA3 |-0,159 ] H32 HGA3 0,090
F16 FGA3 |-0,159| H33 HGA3 0,090

C17 CG2R61 | -0,196 | H34 HGA3 0,090




4.1 Measured time-dependant distances between selected protein atoms and
Compound 1
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Figure S4. Measured time-dependant distances between selected protein atoms and
compound 1 during the MD simulation.



5. Results of the human topo Ila and human topo IIp decatenation assay

Table SS: Results of the decatenation assay catalysed by human topo Ilo for compounds 1

and 9 and positive control etoposide. Results are represented as % of decatenated kDNA.

% Decatenated % Decatenated % Decatenated
Compound Assay 1 Assay 2 Average
Concentration (uM) Concentration (uM) Concentration (uM)
39 (315125 |[500 (3.9 [31.5 (125 | 500 |39 |31.5 125 | 500

Etoposide | 100 | 91 216 |15 |100 | 96.7 |44 |72 |100 | 939 328 |44

1 100 | 724 |0 0 91 894 |0 0 9551809 |0 0

9 9871994 1895134 19921979 |86.7 313|989 ]98.7]88.1]|32.7

Table S6: Results of the decatenation assay catalysed by human topo IIf for compounds 1

and 9 and positive control etoposide). Results are represented as % of decatenated kDNA.

% Decatenated % Decatenated % Decatenated
Compound Assay 1 Assay 2 Average
Concentration (uM) Concentration (uM) Concentration (uM)

3.9 315 | 125 | 500 | 3.9 315 | 125 | 500 | 3.9 31.5 | 125 | 500

Etoposide | 100.0 | 94.0 | 24.6 | 15.0 | 100.0 | 92.8 | 23.1 | 14.4 | 100.0 | 93.4 | 239 | 14.7

1 873 | 786 |0 0 955 | 797 |0 0 913 1792 |0 0
9 87.0 |80.1 {305 |17.5 | 756 | 733 | 21.7 |53 81.3 |76.77 |26.1 | 114
Human topo Ile Etoposide Compound 1 Compound 9
+ 3.9 31.5 125 500 3.9 315 125 500 3.9 31.5 125 500 [pM]
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Figure S5: (A) Results of the second run of the decatenation assay of human topo Ila for
compounds 1, 9 and etoposide. The assay was performed at 4 different concentrations (3.9,
31.5, 125 and 500 uM) of compound 1 and 9 and reference compound etoposide. (B) Results

of the second run of the decatenation assay of human topo IIf for compounds 1, 9 and



etoposide. The assay was performed at 4 different concentrations (3.9, 31.5, 125 and 500 uM)

of compound 1, 9 and reference compound etoposide.

Human topo lla Etoposide Compound 10
- + 39 31.5 125 500 39 31.5 125 500

kDNA
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Decatenated
mini circles

Figure S6. Results of the first run of the human topo Ila decatenation assay for compound 10
and etoposide. The assay was performed at 4 different concentrations (3.9, 31.5, 125 and 500
uM) of compound 10 and reference compound etoposide. Compound 10 inhibited 64%
decatenation at concentration 500 uM and 26% at 125 pM. Experiment was performed in

duplicates (second run is not shown).
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6. Results of the human topo Ila cleavage assay

Human topo lle  DMSO Etoposide Compound 1 Compound 9
ae 1% 3.9 31.9 125 500 3.9 319 125 500 3.9 31.5 125 500 [pM]

Nicked plasmid

Linear plasmid

Covalently closed
plasmid

Figure S7. Results of the second run of the topoisomerase Ila cleavage assay. The assay was
performed at 4 different concentrations (3.9, 31.5, 125 and 500 uM) of compound 1 and 9 and
reference compound etoposide. Linear band was measured as a % of the total DNA, with

100% representing the amount of DNA in track 1 (DNA alone).

Table S7. % of linear DNA, determined in the cleavage assay for compounds 1 and 9 and

etoposide at four concentrations (500, 125, 31.5 and 3.9 uM).

Compound % Linear | % Linear | % Linear Average
DNA alone 0 0 0
DNA + topo 11 55.5 4.08 4.81
DNA + topo I1 + DMSO | 7.45 8.77 8.11
Etoposide 39uM | 22.76 11.88 17.32
Etoposide 315 M | 33.00 36.26 34.63
Etoposide 125 pM | 45.35 36.91 41.13
Etoposide 500 uM | 43.03 48.40 45.71
Compound 1 3.9 pM 8.05 5.57 6.81
Compound 1 31.5 pM 6.32 7.77 7.04
Compound 1 125 pyM 3.02 2.85 2.94
Compound 1 500 pM 2.45 2.98 2.72
Compound 9 3.9 yM 5.49 7.03 6.26
Compound 9 31.5 pM 7.77 6.75 7.26
Compound 9 125 pM 4.84 4.60 4.72
Compound 9 500 pM 2.95 2.25 2.60
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7. Results of the human topo Ila ATPase activity
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Figure S8. Results of the ATPase assay (second run) of compound 1. It inhibited 85% of

ATPase activity at 125 puM. The reaction was performed at three concentrations (3.9, 31.5 and
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Figure S9. Results of the ATPase assay for etoposide (two runs). Results of the ATPase assay

for the second run of compound 1. The reaction was performed at four concentrations (3.9,

31.5, 125 and 500 uM). Etoposide inhibited 70% (first run) or 63% (second run) of ATPase

activity at 125 uM.
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Table S8. Results of the ATPase assay given as % activity which were calculated as follows:
The spectrophotometer produces an output as change in OD340 with time. After 40 or 60
minutes the blank reading (no enzyme) was subtracted from the readings for each compound
and divided by the positive reading (no inhibitor, 100% activity) minus the blank to give the
percentage ATPase activity for each compound. There were solubility problems with
compound 1 at 500 uM (erratic readings). 2 negative controls and 5 positive controls were run

along with a 10 uM etoposide control.

Rate ATPase activity (umol/min)
Run 1 Run 2
No htII #1 0.26 No htll #2 0.21
htII only #1 3.35 htII only #2 3.12
htll only #3 3.33 htll only #4 3.14
htII onliy #5 3.19 + novobiocin 10pM 0.14
Average No htll 0.24 Average htll only 3.22
Percentage ATPase activity of Percentage ATPase activity of
compounds compounds
Concentration (WM) Run 1 Concentration (uM) Run 2
Compound 3.9 31.5 125 500 3.9 315 125 500
Etoposide 52.71 36.43 30.23 0 51.94 37.21 37.21 4.65
Compound 1 92.25 96.12 24 .81 65.12 88.37 94.57 16.28 36.43
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8. Human topoisomerase II ATPase assays at different concentration of
the ATP — Competitive ATPase assay

The spectrophotometer produces an output as change in OD340 with time (data not shown).
The data from the runs after the addition of the ATP were plotted after adjusting the starting
0OD340 to zero. Lines are fitted to these by linear regression and the rates (OD change/min)
calculated. The rates for each ATP and inhibitor concentration were then calculated as pM
ATP hydrolysed/min using an extinction coefficient of 6.22 M cm™ and a path length of 0.5
cm. The rates were then plotted against the ATP concentration and curves fitted to the data
using the hyperbolic equation y=(ax/(b+x) where y = rate, x = [ATP], a = Vmax and b=Km.

Using the equation y=y0+(ax/(b+x)) it was possible to solve it and obtain values.

Table S9: The table shows the rates (UM /min) at different compound and ATP
concentrations after subtraction of the background rate and calculated Km (mM ATP) and

Vmax (UM ATP/min) values. They were calculated from equation y = (ax /(b+x) where y =
rate, x = [ATP], a = Vmax.

Rates for controls without enzyme in the presence of 2 mM ATP (pumol/min)

100 pM 75 uM 50 uM 31 M 3.9 uM 0 pM
1.125 0.515 0.354 0.354 0.257 0.386
Rates (umol/min) at different ATP concentrations (mM) after subtraction of background

[Cp 1] uM 2 1 0.75 0.5 0.25 0.1 0.075 0.05 0.025

100 0.772 10.354 1 0.289 | 0.418 |0.064 | 0.032 | 0.000 | 0.032 | 0.064

75 0.740 ]0.354 | 0.386 | 0.322 |0.225 - -0.096 | 0.032 | 0.096

0.064
50 1.222 10.772 1 0.707 | 0.450 |0.193]0.032 | 0.129 |0.096 | 0.000
31 1.286 | 1.061 | 0.868 | 0.707 |0.450 | 0.161 | 0.096 | - -0.129
0.032
3.9 2.444 |1.897 | 1.801 | 1.479 |1.158 10450 | 0.354 | 0.257 | 0.064
0 2.990 |2.605(2.508 | 1.994 |1.350|0.707 | 0.482 | 0.322 | 0.129
Calculated Km (mM ATP) and Vmax (uM ATP/min) values
[Cp 1] pM 100 75 50 31 3.9 0

Km 6.14 3.35 2.5 0.88 0.49 0.41
Vmax 3.07 1.94 2.77 1.9 2.97 3.72
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9. Cytotoxicity on MCF-7 and HepG2 cell lines using MTS assay

Table S10. Determined cytotoxicity of the substituted 4,5'-bithiazoles represented by ECso

values and value ranges on HepG2 and MCF-7 cancer cell lines (24h vs. 72h).

Compound ECso [uM] ECso [uM] ECso [uM] ECso [uM]
MCF-7 (24h) MCF-7 (72h) HepG2 (24h) HepG2 (72h)

1 65.0 (58.1-70.9) | 59.5(58.1-59.3) | 72.8 (64.2-86.1) | 46.8 (47.1-49.3)
7 12.3 (10.4-14.9) 6.6 (4.6-7.6) 45.6 (32.8-53.7) | 32.3(29.7-37.2)
9 15.0 (11.2-16.2) 13.8 (9.7-15.9) 73.5 (59.6-80.8) | 23.5(17.1-32.1)
10 16.4 (14.6-17.0) 4.5 (3.4-5.9) 34.7 (31.5-38.9) 14.6 (12.7-19.5)
14 32.3 (28.2-34.3) 7.5 (5.2-6.7) 47.7(31.7-60.4) | 28.2(20.5-29.9)

Etoposide | 320.2 (226.9-358.9) | 12.6 (10.1-15.9) | 196.2 (169.4-201.5) | 25.8 (15.1-35.3)
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10. Investigation of the effect of 4,5’-bithiazoles on the cell cycle and cell

proliferation
A ulf)
“] p}'l - 100_
2 [ 50 uM = 90-
© 50 pM .
[J PC50 pM ; 80- T
e E 704 —I— *kk
g 200 ~
S S 80 T
O =
= 504
l o 40-
200 = | B‘?. 30_
| ,. 20
J =2 \\ 107
A L T S . 0- '
0 10uM 50pM  PC
Vio-blueA

Figure S10. A) Representative histograms for non-labelled cells, vehicle control (0),
compound 1 at 10 uM and 50 uM and etoposide at 50 uM for cell cycle analysis. (B) Percent
of proliferative cells after 24h treatment to compound 1 at 50 uM and 10 uM determined with
the Ki67 antibody (** p <0.01 and *** p <0.001).

Table S11. Results of cell cycle analysis for compound 1. Experiments were performed in 3
independent measurements and SD values were calculated. Significant differences between
the vehicle control (0) and treated cells (compound 1) as well as PC (etoposide; 50 uM) were
calculated using ANOVA (* p <0.05, ** p<0.01 and *** p <0.001).

Compound 0 1 (10 pM) 1 (50 pM) PC
Gl 46.7+4.6 56.5+ 6.4 60.6 = 7.0% 33.1 +2.4*
S 25.9+33 17.5 4 1. 1%%* 11.8 + 4.5%% 44,0 + 1.5%%%
G2 25.4+49 248445 262425 229+35

>Gl1, G2< 2+1.1 12+1.0 1.4+0.6 0
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11. NMR, HR-MS, elemental analysis and HPLC purity of active
compounds

1) The HR-MS analysis were performed at the Centre for Mass spectroscopy, Josef
Stefan Institute, Ljubljana.

2) The 1H-NMR spectra were supplied by vendors.

3) Elemental analysis was performed at the National Institute of Chemistry, Ljubljana
using Perkin-Elmer C, H, N, S analyser.

4) HPLC purity measurements were performed at National Institute of Chemistry
Slovenia
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Compound 3
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Compound 4
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449.0497 3.8 13.5 666.0 5.4 €13 H13 Ni2
449.0522 -1.8 9.5 667.8 203 €9 H13 Ni2
449.0509 4 4.5 668.0 7.4 CB H17 N8
449.0536 -4.9 14.5 668.1 7.5 €10 HY N6
445.0496 4.0 -0.5 668.7 8.1 €7 H21 N4
449.0496 4.0 o5 671.3 10.7 C5 H9 NiB
449.0529 =33 5.5 671.4 10.8 €2 H13 N1B
449.0516 -0.4 0.5 672.2 11.6 C H17 N4
N
A
S o
Ci7HigNe0sS; 448547 95
7211760312| 139086
Mo "
o WMl
S o o ©
< I s s
e e e e e ML e ey s s s e R T
T 7.5 7.0 6.5 6.0
S < < alls S P
B BB e LA B o e B L e A B R A S A
z 1.0 10.0 9.0 8.0 0 0 3.0 2.0 1.0
File name: 139086.fid Operator: B SF: 400.4493 MHz NSC: 0 PW: 7.00 usec, RG: 20 Sl: 32768
Date: 31-Oct-2013 Solvent: DMSO-d6 + CCl4 SW: 8000 Hz TE: 293K AQ: 1.50 sec. RD: 0.00 sec
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Compound 5

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE min = -1.5, max = 50.0 MY)‘ .
Element prediction: Off s ? g
Number of isotope peaks used for i-FIT = 3 N ETe
SAN oy
Monoisotopic Mass, Even Electron lons "
1070 formula(e) evaluated with 12 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-100 H:0-100 N:0-20 0:0-20 S 2-3
Kaja Bergant 17-Dec-2018
STK015148 28 (1.145) Cm (28:33) 1: TOF MS ES+
1.13e+006
100 368.0
Y
3690
3710
325232125503 3342 3362 33503401 34113433 3478 3520 3530 39503570 .00 ‘367-0 [ 37303768 3792 3630 3840 3850 013013 392 3055
i ¥ bl T T VIV W X T T T T 2 T
325.0 3300 335.0 340.0 3450 350.0 355.0 360.0 3650 3700 375.0 380.0 385.0 390.0 3950
Minimum: SRS
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
368.0313 [368.0310 0.3 0.8 9.5 T Ci3 Hl14 N5 02 33
TEETUZIE T 5 1.5 T Ciz Hi8 N 06 83
368.0316 =0.3 -0.8 18.5 ik €21 H10 N3 82
368.0321 -0.8 2.2 0.5 3 €8 H18 N 011 52
368.0335 2.2 -6.0 5.8 7 C9 H14 N5 07 S2
368.0283 3.0 8.2 10.5 -2 c9 10 Ni1 83
368.0348 3.5 -9.5 6.5 = Cl0 HI10O N9 O3 S2
368.0321 -0.8 =2.2 i1.5 .4 C6 H6 N15 O 82
368.0308 0.5 1.4 6.5 ! €5 H10 NI1 05 82
368.0294 1.9 5.2 1.5 C4 H14 N7 09 82
368.0342 =29 7.9 1.5 €2 Hla N1l 05 83
368.0281 3.2 8.7 7.5 C Hé6 N17 03 82
MHL00239 [ Sgeconco ]
M
//< 4 Q
T :<s W
<o
H o
C13H13N50283 | 367.47 ‘
T T
7877 76 75 74 73 72|71 70 69 68 67 66 65 64
ppm)
| J g L | = k J \k )
5 ﬁ P
: E : N N 3 N 11—
TR0 T 02 T e 90 L ea 78 72 el 60 54 ) a2 36 30 24 18 12 06 00
(ppm)
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Compound 6

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0 N
Element prediction: Off & S ’
Number of isotope peaks used for i-FIT = 3 2 I
i
Monoisotopic Mass, Even Electron lons _— o
524 formula(e) evaluated with 6 results within limits (all results (up to 1000) for each mass) H
Elements Used:
C:0-100 H:0-100 N:0-20 O:0-40 S:2-2
Kaja Bergant
7859208 21 (0.868) Cm (20:21-4:8) 1: TOF MS ES-
8.48e+003
100- 34‘7'0
1 |
%
348.0
1520 4480 206.8 265.1 3072 | 37f'°
Ot Irm‘m—rwwrrrrrrrrrrm{lﬁ S0 LAY LaR) Rans cannd ety naits MREAL AL ML) tadaa bt Lia) T AR Adat 2 b nansn et . miz
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370
Minimum: =5,
Maximum: 10.0 10.0 0.0
Mass Calc. Mass mDa PPM DBE I=FIT i-FIT (Norm) Formula
347.0272 [347.0273 -0.1 -0.3 11.5 185 0.0 Cl4 H1l1 N4 03 S2 |
347.0259 153 37 6.5 16.2 3.8 C13 H15 07 82
347.0246 2.6 7.5 12.5 18.1 5.6 Cl10 H7 N0 O S2
347.0304 -3.2 -9.2 3.5 253 10.6 C3 H11 N10 06 S2
347.0291 -1.9 -5.5 ~1.5 23.6 L2 C2 H15 N6 010 82
347.0291 -1.9 -5.5 9.5 24.5 121 H3 N20 82
50411623 DMSO-DEICCLA=211 Dsh
B
=y
3,
HO
/L\
HO HH 5 El
0 7859208 248 4047 E CrgHigMg D35y
el T
¥ L. 'S
"Iﬁ T‘T 7‘6 715 ] ."3 -"2 7‘1 T S‘ﬂ G‘E
(pors;
o - -
PN | .
12’ L 1|}.5 ﬁlﬂ i) 100 U’ﬁ bl 8‘5 U‘ "5 7’0 ﬁ]ﬁ ETC' 55 5‘0 3’5 E"] 2“ 20 \]é lI’ ']‘é j
ot
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Compound 7

Elemental Composition Report \n/g\rz Page 1
Single Mass Analysis o wf
Tolerance = 10.0 PPM / DBE: min=-1.5 max =50.0 2
Element prediction: Off . J\
Number of isotope peaks used for I-FIT = 3 w = (=]
=T
Monoisotopic Mass, Even Electron lons
524 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass)
Elements Used
C:0-100 H:0-100 N:0-20 0:0-20 S:2-2
Kaja Bergant 25-Oct-2018
5938031 26 (1.072) Cm (25:26-2:20) 1: TOF MS ES+
1.51e+006
3471
mu—‘
|
|
!
% i
1348.1
] | 3501
B 10 1210 1390 e1e 1850 1991 2159 2322 251926352843 2000 3051 Y] 3691 3771 40714135 4310 as3taess
60 a0 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm) Formula
347.0630 [347.063% T 10.5 553.6 0.3 oz
3970623 2.0 5.5 560.7 1.5 sz
347.0610 5.8 11.8 563.4 10 52
347.0596 9.8 6.5 564.4 v 04 82
347.0641 -3.2 3.5 570.2 10.9 s2
N
ot MG T HN
) g : R
K
)
. BrH
o =

] 636031

23



Compound 8

Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

650 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 O:0-40 S:2-2

Kaja Bergant

Page 1

Ifni’%i o
/Sﬂ\ﬁ/g)kou

5934630 34 (1.385) Cm (33:35-6:15) 1: TOF MS ES-
3.51e+004
100 373.0
%_
2461 257.1 374.0
197.0 i o
103.0 161.0 206.8 | | [ 269229803072 3310 3470 127803050
L s S A AN IS AN AR SN AR AR RALR A LA RSE RS AR RARR |\m\1 &l A LAY RAANA AR LA RAARE BRI 117
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Minimum: %15
Maximum: 10.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE =TT i-FIT (Norm) Formula
373.0420 [373.0429 =09 -2.4 12.5 20:9 02 Clé H13 N4 03 s2|
373.0416 0.4 1 T+ 5 22.7 L9 €15 HIT 07 82
373.0402 1.8 4.8 13.5 24 .4 = Cl2 H9 N1O ©O 82
373.0389 Sl 8.3 8.5 25.6 4.8 €11 H13 N6 ©O5 82
373.0448 =2 B =75 =0, 5 29.1 B.3 C4 H17 N6 010 S2
373.0447 =2 =Tl 10,8 29.6 8.9 C2 H5 N20 S2
373.0434 -1.4 =3.8 5.5 30.3 9. 6 C H9 N16 04 82
373.0421 =0% =03 0:..5 31.0 28.3 H13 N12 08 852
b14-69

™ H,C- N HN
X \7/ o
0 \
S
o
N

/4\ o

D 934830 [ 455.3600 C16H158MNL038,
l\‘<r —"/’/
- o
=t O
= =
8.0 79 78 77 7.6
(ppm) \
\‘m’/ Cr
2 g
bl =
< <
&
T T T T T T T T T T T T T T
206 2.4 22
(ppm)
A Al JJ
A\l A
=
5 s 2 a 3 g
2 =| | < % - " S
= | | = = S =
—| | = 6 — =5 s
-ttt
9.0 8.5 8.0 7.5 7.0 5 53 5 45 4.0 3 25 2 5 1.0 5 0.0
(ppm)



Compound 9

s =
Elemental Composition Report WZ\\/Z Page 1
=
' . o wf
Single Mass Analysis =
Tolerance = 10.0 PPM / DBE. min =-15 max = 50.0 iz 7(
Element prediction: Off /\\\ o
Number of isotope peaks used for i-FIT = 3 i
Monoisotopic Mass, Even Electron lons E
710 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-100 H:0-100 N:0-20 O:0-20 S:2-2
Kaja Bergant 26-0ct-2018
5935030 40 (1.625) Cm (40-9:24) 1: TOF MS ES+
7.07e+005
100 388.1
] .
89 1
1 3901
02" 7a0sss 11891227 143915701619 1981 29042169 2521 2141 2900304 1 3“51 346,1 373;? 73 se11 #1091 926 4sp 1ag32 4721 g4y s
f Ty T A SR g N DA A A MM ™ 0 ks {RAAA RARAT £ i o T Tr T t
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Minimum:
Maximum 5.0 10.0
Mass calc. Mass mba PEM DEE (Norm) Formula
388.0907 [38B. c17 H18 N5 oz szl
388 .0 €2z H18 N3 82
388. .5 Cl6 H22 N 06 S2
388 4 €13 Hia N11 S2
388.0 3 C6 HIB Nil 05 82
388. 207.4 . €5 H22 N7 09 52
388. 0 409.7 11.8 €2 H14 N17 03 82
388, 410.4 12.5 C H18 N13 07 s2
N,
NN
I o T
S
o
o N
\Q TN -
N B
o 935030 | 468.4023 | C17H1gBMN5025; (’
e
50
(ppru}
—_——
152 248
(o)
A x J J J J e

120 1o 100

40

25



Compound 10

Elemental Composition Report T Page 1
\WZ _Z
Single Mass Analysis o o f
Tolerance = 10.0 PPM / DBE: min =-15, max = 50.0 O
Element prediction: Off v ‘Z
Number of isotope peaks used for i-FIT = 3 Cﬂ/LZ
T
Monoisotopic Mass, Even Electron lons
589 formula(e) evaluated with 6 results within limits (all results (up to 1000) for each mass)
Elements Used
C:0-100 H:0-100 N:0-20 ©O:0-20 S:2-2
Kaja Bergant 26-0ct-2018
5932095 33 (1.348) Cm (32:34-3:21) 1: TOF MS ES+
6.78e+005
100 3611
|
%
362 1
1 363.1
160.2 161.9 2721 3124 3291 3g10 | 3641 3831 3990 451.8
ol 290 BESE34010 12004240 1420 S 17701801 2020 21682209 2801 2638 7721 agnp M2lareq 51 serog 3041 3 ST L) i
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
-1.5
5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
361.0797  361.0780 1.7 4.7 458.7 0.4 06 s2
[[361.0793 0.4 1.1 459 .7 1.3 N4_ Oz
JET-OTEE P & (3 461.7 3.3 H1 N10 s2
361.0825 2.8 -7.8 466.7 8.3 H17 NlO 05 S2
161.0 -0.1 0.3 469.2 10.8 € Hi3 N16 03 Sz
361.0 1 3.3 469.9 11.6 H17 N12 ©7 82
N H
AN N
e \\ 7]/
s
o
N
/4 \ BiH
N s
D 932005 | CygH17BIN4O,S, ‘ 441.3765 F
—
7‘6 7'; 7',-1 7'1 7‘Z 7'1 7‘[‘ hl‘! (v!k 6'7 "
(ppm) r
8 370
(opm)
e eSS R ——
260 250
(ppm)
-
‘ Y B/ S
' 0 s o s 109 o5 50 55 50 75 T o ) ) 50 i I 3 W P 20 L5 10 [
(ppm)
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Compound 11

Elemental Composition Report Page 1
Single Mass Analysis .
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0 SN
Element prediction: Off o s
Number of isotope peaks used for i-FIT = 3 /JN\
S
Monoisotopic Mass, Even Electron lons H
661 formula(e) evaluated with 9 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-100 H:0-100 N:0-20 O:0-40 S:2-2
Kaja Bergant
STKO070262 37 (1.514) Cm (36:38-22:30) 1: TOF MS ES+
5.15e+004
100- 375.1
% 326.2 376.1
199.1 2491
98.0 131.9 141 201.0 531 327.2 377.1
X 3702 |7
o1 1020 N[ 17,2 s 19 L( 2290 Ezsu 2790 3011 31“( sz~ 80
0 ”\H\‘r | ‘H"l‘l |l L/I . ‘. T H H\I\I;”“IH”W \'r“l il i i L, ”,_ﬁ,ﬁh_rr__‘ mfz
100 120 140 160 180 200 220 240 260 300 320 340 360 380 400
Minimum: =5
Maximum: 10.0 10.0 0.0
Mass Cale. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
375.0581 | 375.0586 -0.5 -1.3 135 29.3 0.8 Cl6 H15 N4 03 52|
375.0572 0.9 2.4 6.5 29.7 1.2 C15 H19 07 82
375.0559 20 5,9 12.5 31.0 2.5 Cl2 H11 N10 O 82
375.0545 3.6 9.6 7.5 31.4 2.9 Cll1 H15 N6 05 82
375.0617 -3.6 -9.6 3.5 31.7 3.2 C5 H15 N10 06 52
375.0604 -2.3 -6.1 -1.5 31.9 3.4 C4 H19 N6 010 82
375.0604 -2.3 -6.1 9.5 33,3 4.8 C2 H7 N20 -S2
375.0591 -1.0 =277 4.5 33.8 5.3 C H1l N16 04 S2
375.0577 0.4 12 -0.5 34.3 5.8 H15 N12 08 S2
MHL00318
—
[y
! / —OH
O/\N/i ) s
S —
N::< [
N~ \/_/ (J
f
/
I
b |
Ve Jw | I
* LA
AN o MM,M_JU U L w ]
T T T T T T T T I T T T T T T T T T T
120 1.0 100 9.0 8.0 70 6.0 50 40 30 20 10
PPM
MHL00318 AC-300 SF=300.13 MHz SI=16K, SW=5376.34, PW=2.5 | AQ=1.333, RD=3.00, NS=16 SR=3364 92, TE=318K
IIII.I..II.' Moscow, 26 April 2016 Opr: Stepanov AV, Solv: DMSO+CCl4; Prep: VT-257; |I.IIIIIII

27
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Compound 12

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0 \n,H N
Element prediction: Off i
Number of isotope peaks used for i-FIT = 3 N OH
1 g
Monoisotopic Mass, Even Electron lons Sy
515 formula(e) evaluated with 7 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-100 H:0-100 N:0-20 0:0-40 S:2-2
Kaja Bergant
5932282 43 (1.754) Cm (43:45-66:81) 1: TOF MS ES-
1.32e+004

100+ 345.0

DA.._

346.1
2651 347.0
0 1269 !
103.0 \{ 1369 152.9 168.0 1909("96'9 246,1 257.1 3552 2985] 30{7‘2311.2 342.% ( 3532 3972
O—trerrrrrprrrrpe frriprreprrreri 'V‘HJ [T T by hr;'V'“|“‘1‘”lVM”I”‘W'“V‘”I" miz

T T T T
100 120 140 160 180 200 220 2}40 260 280 300 320 340 360 380

Minimum: o
Maximum: 10.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
345.,0486 345.0520 =34 ~9.9 1855 24.8 0.3 C20 H13 N2 S2
|345.0480 0.6 5.7 105 26.6 2.0 €15 H13 N4 02 S2 |
345.0467 A 5.5 (- 27.1 2.6 Cl4 H17 06 S2
345.0453 3.3 9.6 208 27.8 3.3 €11 H9 Nio 82
345.0512 =2t -7.5 355 3001 5.6 C4 H13 N1lo 05 82
345.0498 =12 =3.5 i [ 30.4 53 €3 H17 Ne 09 S2
345.0485 0.1 0.3 4.5 31.2 6.7 H9 Nl ©3 82
!
i LN J :
HO. ; H ;
g i
is}
Br i
M "S'
A saaey Grl.3ana g piatoS, -
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Compound 13

Elemental Composition Report Page 1
H

Single Mass Analysis AN

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0 o s 9

Element prediction: Off /)N\ /@*w

Number of isotope peaks used for i-FIT = 3 57N

Monoisotopic Mass, Even Electron lons

724 formula(e) evaluated with 9 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 0:0-40 S:2-2

Kaja Bergant

5935989 33 (1.348) Cm (32:34-11:17) 1: TOF MS ES-
9.44e+003
100- 387.1
%
265.1 388.1
241.1 299.03072 389.1
80.9 206.8 269.2 373.0
P 1610 168.0 A 2 a0 |\ Jhe sl 397.2 4192
0 T LA RAuan nas T ‘ T T ‘I T 1M< ey LJ T T Ranadi ,.L-r:th el miz
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
Minimum: <1.5
Maximum: 10.0 10.0 50.0
Mass Calc. Mass mbDa PPM DBE 1-FIT i-FIT (Norm) Formula
387.0589 387.0626 -3.7 -9.6 16.5 19.7 0.4 C22 H15 N2 O 82
| 387.0586 0.3 0.8 12,5 20.9 1.6 C17 H15 N4 03 s2|
387.0572 T 4.4 75 21.5 2.2 Ci6 H19 07 82
387.0559 3.0 7.8 13.5 22..8 3.5 €13 H1l N10 O 82
387.0617 -2.8 -7.2 4.5 25.6 6.3 C6 H15 N10 06 82
387.0604 -1.5 -3.9 -0.5 25.9 6.6 C5 H19 N6 010 82
387.0604 -1.5 -3.9 10.5 26.5 T €3 H7 N20 82
387.0591 -0.2 -0.5 5.5 26.9 7.6 €2 H1l N16 04 82
387.0577 1.2 3.1 0.5 27.3 8.0 C H15 N12 08 82
5O3R989G1
o oH

D 5930E 35 4701 CrpitysMaD By

29



Compound 14

ey oo v
Elemental Composition Report \H/Z\\/Z Page 1
=
. . Vs
Single Mass Analysis S
Tolerance = 200 PPM / DBE: min=-1.5, max = 50.0 iz
Element prediction: Off i
Number of isotope peaks used for i-FIT = 3 2] %
Monoisotopic Mass, Even Electron lons
455 formula(e) evaluated with 9 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-100 H:0-100 N:0-20 O:0-20 S:2-2
Kaja Bergant 26-Oct-2018
7211760371 36 (1.477) Cm (36:37-8:15) 1: TOF MS ES+
561e+005
100 3311
ol
1332.1
| |334.1
1888710 8959801060 1210 1550 14291450 1710 1834 1929 2230/ 238 490 2804 s041 0L g5 614, ‘3599 so11 P asg
L AR A e T I T Ty T . TrTTerT T T T i
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
Minimum: -1.5
Maximum: 5.0 20.0 50.0
Mass Calc. Mass mDa PPM DBE &#-FIT i-FIT (Norm) Formula
331,0682i 331.0687 -0.5 ] 10.5 561.1 0.2 €15 H15 N4 O 52"
331.0674 0.8 2.4 5.5 562.6 ] H13 05 82
331.0647 355 10.6 6.5 566.0 Sk H15 N6 03 82
L0634 4.8 14.5 1.5 566.7 5.8 €9 H19 N2 07 82
0746 -6.4 =¥%.3 1.5 567.3 6.4 C8 H19 N4 06 82
0620 6.2 18.7 7.5 568.6 7.7 C6 H1l1 N2 O 82
0733 =5.1 15.4 7.5 569.0 8.1 €5 Hll1 Nia sz
0719 =37 -11.2 25 569.4 8.5 C4 H15 N10 04 82
0692 -1.0 =3.0 3.5 $72.% 1l.2 H11 Nise 02 82

CisfiaNeOS, (330433 95
7211760371 | 139145
N e
3 38 8
& pud
HHHH‘HH“HHHH“HHHHH.H‘HH‘HHHHHHH‘HH“H
H 7.8 76
“llal| |o <
3 E 2IIE H 3
ARt L e e L U L L L A U I PR I A
a 12.0 11.0 10.0
File name: 139145.fid \ Operator: B } SF:400.4494 MHz \ NSC: 0 PW: 9.00 usec, RG: 18 Sl: 32768
Date: 25-Mar-2016 ‘ Solvent: dmso ‘ SW: 10000 Hz ‘ TE: 294 K AQ: 1.50 sec, RD: 0.00 sec
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Etoposide

Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2663 formula(e) evaluated with 29 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-100 H:0-100 N:0-20 O:0-40

Kaja Bergant

Etoposide KI 31 (1.274) Cm (26:31-4:16) 1: TOF MS ES-
4.99e+003
10 587.2
%
588.2
589.2
D=y ety = T B ] T TR S\ el S S i T | R T miz
587.00 587.50 588.00 588.50 589.00 589.50
Minimum: =115
Maximum: 100 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
587.1750 | 587.1765 Sl =26 14.5 9.2 Q53 C29. H31 013|
5871738 1.2 2.0 15:5 1l.4 255 C25 H27 Né 011
587.1751 =01 =2 20.5 11.6 2.7 C26 H23 N10 07
587.1778 -2.8 -4.8 19.5 118 2.9 C30 H27 N4 09
587.1724 2.6 4.4 10.5 12.6 Sl C24 H31 N2 015
587.1765 i =26 2555 312:7 3wl C27 H19 N14 03
587.1738 3.2 2.0 26.5 14.1 5 C23 H15 N20 O
587.1791 -4.1 =70 24.5 14.2 L] C31 H23 N8 05
587.1724 2.6 4.4 =R 14.4 5.5 Cc22 H19 Nl6 ©05
587.1711 3.9 66 16.5 15,2 6.4 C21 H23 N12 09
587.1706 4.4 b 23.5 15,5 6.7 C36 H27 0©8
587.1718 3. 5.3 28.5 15.6 6.8 C37 H23 N4 04
587,1733 L 2.9 33.5 15,7 () C38 H19 N8
5871805 -5.5 -9.4 29,5 16.2 FheiEy €32 Hi9 Ni2 O
587.1760 =110 =187, 32.5 16,2 7.3 C42 H23 N2 02
587.1783 =33 =5.,6 T 16.4 7.8 Cl7 H35 N2 020
587.1756 -0.6 =14 2.5 16.5 ) Cl3 H31 N8 018
587.1698 5.2 8.9 11.5 16.5 Tl C20 H27 N8 013
587.1770 =2.0 -3.4 37 A= 16:.5 7.8 Cl4a H27 N12 014
587.1692 5.8 9.9 29.5 16.6 7.8 C33 H19 Ni0o 02
587.1797 -4 -8.0 6.5 16.7 7.8 Cl8 H31 N6 016
587.1783 =353 =56 12.5 16.9 8.0 Cl5 H23 N1& 010
587.1796 -4.6 -7.8 17,5 17,3 8.4 Cl6 H19 N20 06
587.1743 0.7 152 8.5 18.5 9.6 Cl0 H23 N18 012
587.1729 2.1 3.6 3.5 I el I 10.2 C9 H27 N14 O01l6
587.1800 =550 =8.5 365 19.4 10.5 C47 H23
587.1716 3.4 5@ =15 19.8 1089 C8 H31 NI0 020
587.1703 4.7 8.0 4.5 22.0 LSl C5 H23 N20 014
587.1802 =52 =85 =35 221 13.2 C3 H27 N18 017
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Table S12. Elemental analysis data of active compounds 1, 9 and 10.

Compound | Molecular formula Calculated Found
C | H|N C | H|N S
1 Ci4H11N4S2F3 472 (3.1 | 157 18.0459[32 |152|17.6
9 Ci7H1sBrNsO2S2 X [ 39.8 | 4.5 | 13.7 [ 125412 4.7 | 13.8 | 12.0
2.5 H20
10 CicH17BrN4O2S2 X | 374149 | 109 [ 12.5]389 |5.0 | 11.2 | 12.5
4 H20

Table S13. HPLC purity data for active compounds 1, 7, 10 and 14.

Compound 1 Compound 7 Compound 10 | Compound 14
Area (1%) (0.001 mg/mL) 66680342.00 149750383.00 59760385.00 281812961.00
Area TOTAL (100%) (1 mg/mL) | 7084848214.00 4745097290.00 |4193933896.00 | 6488929607.00
Area max (100%) (1 mg/mL) 6705645216.00 4663958201.00 | 4028846164.00 |6101844241.00
Area (impurities 100%; TOTAL) |379202998.00 81139089.00 165087732.00 387085366.00
Purity [%] 94.31 99.46 97.24 98.63
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