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Cyclothiomethylation of sulfamide using paraformaldehyde
or bis(dimethylamino)methane, hydrogen sulfide or its
sodium salts catalyzed by rare-earth salts affords
1,4,2,6-dithiadiazinane 1,1-dioxide. The heterocycle was
found to exhibit a pronounced cytotoxic effect against
suspension tumor cell lines (Jurkat, HL60, K562, and U937).
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Previously,1-® we have reported on new promising cytotoxic
N-, S- and O-heterocyclic compounds obtained by cyclo-
thiomethylation and cycloaminomethylation reactions of
carboxylic and sulfonic acid amides.*~" In this communication,
we have studied the reaction between sulfamide,
paraformaldehyde [or its chemical equivalent bis(dimethyl-
amino)methane] and hydrogen sulfide (or NaHS, Na,S-9H,0) in
the presence of catalysts based on salts and complexes of s- and
d-elements.

The high interest in sulfamide derivatives is due to their
wide applicability as antimicrobial, antioxidant agents,?
carbonic anhydrase inhibitors,®1! drugs for the treatment of
stomach ulcers,'? SHT-1A receptor antagonists,'® and drugs for
the treatment of asthma and chronic obstructive pulmonary
disease.*

On the example of cyclocondensation of sulfamide with
paraformaldehyde and hydrogen sulfide (Scheme 1), the effect
of catalyst nature based on alkali (Na, K, Rb, Cs)® and transition
(Ni, Cu, Fe, Sm, Yb) metals on the total yield of 1,4,2,6-dithiadi-
azinane 1,1-dioxide 1 was studied under the following conditions:
sulfamide/(CH,0),/H,S/catalyst =1:2.5:1:0.1, EtOH as the
solvent, 70°C, 4h. Among the tested catalysts, salts
SmCl;-6 H,0, Sm (NO3)5-6 H,0, and YbF; were found to be the
most efficient, which allowed us to obtain the target product 1 in
65, 59, and 68% yields, respectively. Without a catalyst, the
cyclothiomethylation of sulfamide did not occur.
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Scheme 1 Reagentsand conditions: i, (CH,0),, H,S, NaHS or Na,S-9H,0,
catalyst SmCl;-6H,0 or Sm(NO;);:6H,0 or YbF; EtOH, 70°C, 4h;
ii, CH,(NMe,),, H,S, SmCl3-6 H,0 (catalyst), EtOH, 70 °C, 4 h.
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The replacement of gaseous hydrogen sulfide with more
convenient for handling NaHS or Na,S:9H,O [sulfamide/
(CH,0),/R,S/catalyst =1:2.5:1:0.1] provided product 1 in
23 and 65% yields, respectively. The replacement of
paraformaldehyde by chemically equivalent bis(dimethylamino)-
methane (10 mol% SmCl;-6 H,0) brought about heterocycle 1
in less than 10% yield.

As for the most probable mechanism of cyclothiomethylation
of sulfamide with formaldehyde and Na,S-9H,0, intermediate
species HOCH,SNa may first be formed in situ, which then
under the action of rare-earth salts (‘hard’ Lewis acids) leads to
the formation of the desired 1,4,2,6-dithiadiazinane 1,1-dioxide
1 (see Online Supplementary Materials, Scheme S1).1® The total
chemical result of the process is obviously the formation of
formaldehyde thio amino acetal. The identification of heterocycle
1 and intermediate HOCH,SNa was carried out using 1D (*H,
13C) and 2D (COSY, HSQC, HMBC) NMR experiments and
mass spectrometry.

The resulted 1,4,2,6-dithiadiazinane 1,1-dioxide 1 and its
precursor sulfamide have been investigated for their cytotoxic
activity against the Jurkat, K562, U937 and HL60 tumor cell
lines (Table 1). We have found that compound 1 exhibited
cytotoxic activity which varied within 0.78-1.74 uM. In turn, the
starting sulfamide is one order of magnitude less cytotoxic.

The study of the induction of apoptosis caused by the
treatment of human T-lymphoblastic leukemia cells with
1,4,2,6-dithiadiazinane 1,1-dioxide 1 using flow cytometry has

Table 1 In vitro cytotoxicity (ICsq, pM) of 1,4,2,6-dithiadiazinane
1,1-dioxide 1 against different cell lines (Jurkat, K562, U937, and HL60) in
comparison with sulfamide.

1Cso/UM
Compound Cell lines
Jurkat K562 U937 HL60
1 1.34+0.12 0.98+0.09 0.94+0.08 0.78+0.07
Sulfamide 24.58+1.96 16.87+1.51 14.73+1.29 10.37+£1.18
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Figure 1 Plots of cytofluorometric analysis of the apoptosis-inducing activity of 1,4,2,6-dithiadiazinane 1,1-dioxide 1 on the Jurkat tumor cells: (a) 0.5 uMm,
(b) 1.5 uM, (c) control experiment. The incubation time of compound 1 with tumor cells was 24 h.
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Figure 2 Cell cycle phases of the Jurkat cells after treatment with
compound 1 at a concentration equal to 1Cs, during the 24 h incubation:
() 1.5 uMm concentration, (b) control experiment.

shown that the death of tumor cells occurs in accordance with the
apoptotic pathway, i.e., through the sequential passing of cells
through the phases of early and late apoptosis (Figure 1).

The histograms of cell cycle phases in the Jurkat cells on
exposure to compound 1 at a concentration equal to the ICsg
show a pronounced rise in the hypodiploid cell population
(sub-G1 phase) as compared to the control, which is an additional
confirmation of the apoptotic pathway of cell death; the increase
of the S-phase and the degradation of the G2 phase indicate a
disruption of protein and DNA synthesis, which in turn
significantly reduces the division of tumor cells (Figure 2).

In conclusion, the cyclothiomethylation of sulfamide with
paraformaldehyde or bis(dimethylamino)methane, hydrogen
sulfide or sodium (hydro)sulfide in the presence of catalysts
based on f-elements is an efficient pathway to obtain
1,4,2,6-dithiadiazinane 1,1-dioxide. This compound reveals
pronounced cytotoxic properties against suspension tumor cell
lines (Jurkat, HL60, K562, and U937) in comparison with the
cytotoxic effect of the starting sulfamide.

This study was carried out under the research plans
of the IPC RAS on the subjects, State Registration
nos. FMRS-2022-0079 and FMRS-2022-0074 (2022-2024), as
well as with financial support from of the Russian Ministry of
Education and Science (Federal target program no. 2021-0291-
FP5-0001). The study of the structure of compounds 1 and 2 (see
Online Supplementary Materials) were performed with the use
of equipment from Collective Usage Centre ‘Agidel’ of Ufa
Research Center of Russian Academy of Sciences at the Institute
of Petrochemistry and Catalysis.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2022.03.008.
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