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1. Methodology and results of biotesting

Materials and methods. 

Media and components of culture media: medium DMEM 5648, antibiotics (penicillin, 

streptomycin, amphotericin B), fetal bovine serum (FBS), trypsin - EDTA (0,25% trypsin – 

0,02% EDTA) (Sigma), dimethyl sulfoxide (DMSO). 

Cell lines. Hela (cervical cancer, human), glioma С6 (rat) from the collection of the 

Republican Research and Practical Center for Epidemiology and Microbiology, Belarus. 

Study of the antitumor effect of compounds. Cells were seeded into wells of 96-well plates 

(Corning) in DMEM supplemented with 10% FBS and antibiotics (penicillin, streptomycin, 

amphotericin B). A day later, the test compounds were added to the wells. In the control, a 

solvent was added (dimethyl sulfoxide at a final concentration of 0,1%). Cultivated for 48 h at  

37 °C and 5% CO2. Then, cell samples were analyzed using the MTT assay with 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (МТТ - thiazolyl blue tetrazolium 

bromide, Glentham Life Sciences).  

Medicines. 

11a, 12e, 15a, 15c – 0,5 mM stock solutions in 1% DMSO were prepared (first 

substances were diluted in DMSO, then brought to the required volume with isotonic sodium 

chloride solution). Further dilutions were made with 1% DMSO. Solutions were added to the 

wells of the plate with growing cells in a volume ratio 1 (11a, 12e, 15a и 15c) : 9 (medium with 

cells). 

Carboplatin (Cp) is an alkylating drug, a platinum derivative. Forms cross-links between 

adjacent guanine pairs in DNA. 

Doxorubicin (Dx) is an anthracycline antibiotic with antitumor action. Intercalates into 

DNA, disrupts DNA synthesis, and also causes other metabolic disorders in cells. 

Cyclophosphamide (Ca) is an alkylating agent that alkylates DNA and proteins. 

Fluorouracil (Fu) is an antimetabolite, an antagonist of pyrimidines (uracil). Disturbs 

DNA synthesis, suppresses RNA synthesis. 

Ribomustine (Rm) (active component – bendamustine hydrochloride) is an alkylating 

drug that disrupts the structure and synthesis of DNA. 

Results. 

Substances 11a, 12e, 15a and 15c at a concentration of 200 µM suppressed the growth of 

C6 glioma cells (Fig. S1), substances 11a, 12e – the growth of Hela cells (Fig. S2). Carboplatin 

at a concentration of 10–40 µМ had a dose-dependent inhibitory effect on the growth of tumor 
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cells. The combined use of compound 11a with carboplatin led to an enhancing of inhibitory 

effect. A similar but less pronounced effect was observed when carboplatin was combined with 

the compound 12e; the same trend was observed when 12e acted on Hela cells. Co-

administration of carboplatin with compound 15a provided some additional effect only at 

carboplatin concentrations of 20 and 40 µМ, Fig. S2. Co-administration of carboplatin with 

compound 15c resulted in a weak tendency to increase the effect compared to compound 15c. 

 

  
(a) (b) 

Fig. S1. Effect of carboplatin at a concentrations of 10–40 µМ and substances 11a, 12e (a) and 15a, 15c (b) at a 

concentration of 200 µМ on the growth of C6 glioma cells; *р < 0,05 when compared with control; **р < 0,05 when 

compared with the effect of carboplatin; ***р < 0,05 when compared with the effect of a heterocyclic compound 

(Mann-Whitney test) 

 

  
(а) (b) 

Fig. S2. Effect of carboplatin at a concentrations of 10–40 µМ and substances 11a, 12e (а) and 15a, 15c (b) at a 

concentration of 200 µМ on the growth of Hela cells; *р < 0,05 when compared with control; **р < 0,05 when 

compared with the effect of carboplatin; ***р < 0,05 when compared with the effect of a heterocyclic compound 

(Mann-Whitney test) 
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Carboplatin at low doses (5 and 0,5 µM) didn’t affect the growth of C6 glioma and Hela 

cells. At low doses of carboplatin (5 and 0,5 µМ) substances 11a, 12e, 15a and 15c showed their 

own inhibitory effect against C6 glioma cells, but no additional effect was detected. There was a 

weak tendency to enhance the effect of 5 µM carboplatin when combined with 15a on C6 glioma 

cells (Fig. S3а) and a tendency to enhance the effect of 5 µМ carboplatin when combined with 

12e, 15a, 15c on Hela cells (Fig. S3b). In this and the next experiment, compounds 11a, 12e, 15a 

and 15c inhibited the growth of C6 glioma cells more significantly than in the previous 

experiment. This could be because of some variation in the onset of the exponential phase of cell 

growth from experiment to experiment. It can be assumed that conducting the experiment in the 

most rapid growth phase contributes to a better expression of the effect of growth-inhibiting 

drugs. 

 

  
(а) (b) 

Fig. S3. Effect of carboplatin at a concentrations of 5 and 0,5 µМ and substances 11a, 12e, 15a and 15c at a 

concentration of 200 µМ on the growth of C6 glioma (a) and Hela (b) cells; *р < 0,05 when compared with control; 

**р < 0,05 when compared with the effect of a heterocyclic compound; ***р < 0,05 when compared with the effect 

of carboplatin (Mann-Whitney test) 

 

Compounds 11a, 12e, 15a and 15c at a dose of 100 µM with carboplatin at a 

concentration of 40 µM tended to show a weak additional effect against C6 glioma cells (Fig. 

S4а).  For Hela cells, a similar effect was observed when using 11a or 12e (Fig. S4b). 
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(а) (b) 

Fig. S4. Effect of carboplatin at a concentration of 40 µМ and substances 11a, 12e, 15a and 15c at a concentration 

of 100 µМ on the growth of C6 glioma (a) and Hela (b) cells; *р < 0,05 when compared with control; **р < 0,05 

when compared with the effect of a heterocyclic compound; ***р < 0,05 when compared with the effect of 

carboplatin (Mann-Whitney test) 

 

An experiment with ribomustine was conducted taking it in a small dose of 5 and 0,5 µМ. 

At such doses it had almost no effect on cell growth. The combined use of 5 µМ ribomustine 

with 11a, 12e, 15a and 15c didn’t lead to a significant change in the effect compared to the effect 

of heterocyclic compounds, and when using 0,5 µМ ribomustine together with 12e, 15a and 15c, 

a tendency to enhance the effect was observed (Fig. S5). We have already noted a similar 

phenomenon of increasing synergistic effect with decreasing dose.1  

 

  
(a) (b) 

Fig. S5. Effect of ribomustine at a concentrations of 5 and 0,5 µМ and substances 11a, 12e, 15a and 15c at a 

concentration of 200 µМ on the growth of C6 glioma (a) and Hela (b) cells; *р < 0,05 when compared with control; 

**р < 0,05 when compared with the effect of a heterocyclic compound; ***р < 0,05 when compared with the effect 

of ribomustine (Mann-Whitney test) 

 

An experiment was conducted on C6 glioma cells using other chemotherapy drugs: 

doxorubicin, cyclophosphamide and fluorouracil. Compound 11a had a strong inhibitory effect; 
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against this background, no enhancement of the effect of chemotherapy drugs was detected 

(compared to 11a). Derivatives 12e and 15a enhanced the effect of doxorubicin, 

cyclophosphamide and fluorouracil (Fig. S6a, b), and 15c caused a weak tendency to increase the 

effect (with doxorubicin and uracil) or had no effect (with cyclophosphamide) (Fig. S6b). 

 

  

(a) (b) 
Fig. S6. The effect of combined use of doxorubicin, cyclophosphamide and fluorouracil and compounds 11a, 12e (a) 

and 15a, 15c (b) at a concentration of 200 µМ on the growth of C6 glioma cells; *р < 0,05 when compared with 

control; ** р < 0,05 when compared with the effect of a chemotherapy drug; *** р < 0,05 when compared with the 

effect of a heterocyclic compound (Mann-Whitney test) 

 

Conclusion 

1. Compounds 11a, 12e, 15a, 15c can have an inhibitory effect on the growth of tumor cells. 

The most active one is 11a, the least active is 15c. 

2. The combined use of compounds 11a, 12e, 15a with chemotherapy drugs leads to an 

increased inhibitory effect on tumor cells compared to the action of the drugs alone. Compound 

15c weakly enhances or doesn’t enhance the effects of drugs. 

3. The effects of 11a, 12e, 15a, 15c are similar for C6 glioma and Hela cells. 

4. Experiments with ribomustine revealed an effect of increasing the synergistic effect of 

compounds 12e, 15a, 15c with a decrease in the dose of the chemotherapy drug. 
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2. X-Ray diffraction analysis 

 

X-ray diffraction experiments were carried out on an automatic four-circle area-detector 

diffractometer Bruker KAPPA APEX II (MoKα radiation).2 The unit cell constants were refined 

over the whole data set.3 The experimental intensities were corrected for absorption using the 

SADABS program.4 The structure was solved by the intrinsic phasing method (SHELXT5) and 

refined by the full-matrix least squares method (SHELXL-2018/36) on F2 for all data in the 

anisotropic approximation for all non-hydrogen atoms. The H atoms of CH, CH2, and CH3 

groups were introduced at geometrically calculated positions with Uiso(H) = 1.2Ueq(C) for CH, 

and CH2 groups and Uiso(H) = 1.5Ueq(C) for CH3 ones. The H atoms of NH2 group in 9b were 

introduced at geometrically calculated positions with Uiso(H) = 1.2Ueq(N), in 11a and 12d the H 

atoms of NH2 group were refined with Uiso(H) = 1.2Ueq(N). The structure 11a contains, 

contains, presumably, a half of the disordered dichloromethane molecule per formula unit. The 

contribution of the disordered solvent was removed using the SQUEEZE procedure in the 

PLATON program package.7  

The main crystallographic data and characteristics of X-ray diffraction experiment are 

given in Table S1. The atomic coordinates have been deposited with the Cambridge 

Crystallographic Data Centre, depositions CCDC 2333536−2333538. 

 
Table S1. Crystal data and structure refinement. 

Identification code  9b  11a 12d 

CCDC deposition number 2333536 2333537 2333538 

Empirical formula  C17H18Cl2N2O4S  C13.5H10Cl3N3O2S  C21H19N3O3  

Formula weight  417.29  384.65  361.39  

Temperature/K  100(2)  100(2)  100(2)  

Crystal system  monoclinic  monoclinic  monoclinic  

Space group  C2/c  P2/c  C2/c  

a/Å  27.927(3)  11.7288(10)  26.3449(18)  

b/Å  8.1910(10)  8.8967(8)  8.6497(6)  

c/Å  20.626(4)  16.6618(14)  16.8120(11)  

α/°  90  90  90  

β/°  129.048(3)  107.973(4)  104.961(3)  

γ/°  90  90  90  

Volume/Å3  3664.3(9)  1653.8(3)  3701.2(4)  

Z  8  4  8  

ρcalcg/cm3  1.513  1.545  1.297  

μ/mm-1  0.494  0.690  0.089  
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F(000)  1728.0  780.0  1520.0  

Crystal size/mm3  0.5 × 0.06 × 0.03  0.36 × 0.2 × 0.06  0.18 × 0.16 × 0.08  

Radiation  MoKα (λ = 0.71073)  MoKα (λ = 0.71073)  MoKα (λ = 0.71073)  

2Θ range for data 

collection/°  
7.516 to 59.998  6.886 to 59.998  8.674 to 59.994  

Index ranges  
-39 ≤ h ≤ 38, -9 ≤ k ≤ 11,  

-28 ≤ l ≤ 28  

-16 ≤ h ≤ 16, -12 ≤ k ≤ 12,  

-20 ≤ l ≤ 23  

-36 ≤ h ≤ 36, -12 ≤ k ≤ 12,  

-23 ≤ l ≤ 23  

Reflections collected  40315  28436  35141  

Independent reflections  

5334  

[Rint = 0.1694, Rsigma = 

0.1371]  

4824 

 [Rint = 0.0892, Rsigma = 

0.0749]  

5379  

[Rint = 0.0828, Rsigma = 

0.0720]  

Data/restraints/parameters  5334/0/235  4824/0/196  5379/0/252  

Goodness-of-fit on F2  1.001  1.021  1.025  

Final R indexes [I>=2σ 

(I)]  

R1 = 0.0564, wR2 = 

0.0988  

R1 = 0.0464, wR2 = 

0.0981  

R1 = 0.0619, wR2 = 

0.1446  

Final R indexes [all data]  
R1 = 0.1469, wR2 = 

0.1260  

R1 = 0.0845, wR2 = 

0.1118  

R1 = 0.1230, wR2 = 

0.1767  

Largest diff. peak/hole / e 

Å-3  
0.41/-0.47  0.43/-0.36  0.58/-0.27  
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Figure S7. H-Bonding in 9b. 

 

Table S2. Hydrogen bonds for 9b. 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

N1 H1A O3 0.88 2.07 2.691(3) 127 

N1 H1B N12* 0.88 2.15 3.008(4) 164 
*1-X,1-Y,1-Z 
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Figure S8. H-Bonding in 11a. 

 

Table S3. Hydrogen bonds for 11a. 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

N1 H1A N2* 0.82(2) 2.18(2) 2.991(3) 172(2) 

N1 H1B O2** 0.87(2) 2.06(2) 2.911(2) 167(2) 
*-X,2-Y,1-Z; **+X,1-Y,1/2+Z 
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Figure S9. H-Bonding in 12d. 

 

Table S4. Hydrogen bonds for 11d. 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

N2 H2A N3* 0.85(2) 2.21(3) 3.054(3) 169(2) 

N2 H2B O5** 0.91(3) 1.99(3) 2.868(2) 162(2) 
*1-X,-Y,-Z; **+X,1-Y,-1/2+Z 
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4. Copy of the NMR spectra and the data of mass-spectrometry 
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