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ABSTRACT
A series of new N'-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)-8-phenyl-H-pyrazol-1-
yl)amidine derivatives have been synthesized and evaluatedvitro by MTT assays for their
antiproliferative activity against cell lines ofloa cancer HCT-116, cervical cancer HelLa and breast
cancer MCF-7. The studied compounds display sekdrttivity mainly against HCT-116 and Hela
cells. Thus, five compounds show selective cytatoeffect against HCT-116 (k= 3-10uM) and
HelLa (1Gy = 7 uM). Importantly, the noticed values of §for four compounds are almost 4-fold lower
for HeLa than non-malignant HaCaT ceNéore-in-depth biological research revealed thattthatment
of HCT-116 and HelLa with active compound resultethcreased numbers of cells in sub-G1 phase in a
time dependent manner, while non-active derivatd@es not influence cell cycle. Metabolic
stability assays using liver microsomes and NADPidvjle important information on compounds
susceptibility to phase 1 biotransformation reattio
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1. Introduction

Neoplasms become a leading cause of morbidity aorthiity worldwide which affect
all of humankind. Indeed, when presented as a esiagtity, cancer mortality accounts 8.2
million cases and outranks deaths from every othajor cause of death, as estimated in
2012. Although cancer disease affects both sexesfaster-rising rates for women are
particularly serious and worrying. Among all cantygres, cancers of breast, lung, colorectum
and cervix uteri belong to the most common causesamcer death in women [1].
Unfortunately, most anticancer drugs are still geinsufficient, especially for late-stage
patients, and display severe side effects. Thaschmg for new agents with cytotoxic effect
toward cancer cells is one of the most importaealves of modern drug discovery.

Heterocycles play an important role in anti-caraerg design, due to their structural
and chemical diversity. These structural motifs farend in approximately two-thirds of the
anticancer drugs approved by the FDA between 20002815 [2]. Among them, pyrazole
ring is found in ruxolitinib, crizotinib, ibrutiniband axitinib [2], as presented in Fig. 1.
Ruxolitinib is the first FDA approved therapy fdret treatment of myelofibrosis and inhibits
JAK1/2 [3-5]. Crizotinib acts as an ALK (anaplastienphoma kinase) and ROS1 (c-ros
oncogene 1) inhibitor and is used in the treatnoé#lLK-positive non-small cell lung cancer
[6-7]. Ibrutinib is approved to treat B cell canedike mantle cell lymphoma, chronic
lymphocytic leukemia, and Waldenstrom's macrogloigmhia, a form of non-Hodgkin's
lymphoma. This drug binds permanently to Brutopfsgine kinase (BTK) [8-9]. Axitinib is
an inhibitor of multiple receptor tyrosine kinasesluding vascular endothelial growth factor
receptors (VEGFR-1, -2, and -3) [10]. It got ap@ioto treat advanced renal cell carcinoma
after failure of prior systemic therapy [11-13].

Aside from above-mentioned drugs, a few compounills pyrazole ring are under
clinical trials (Fig 1). Taselib (GDC 0032) is atpot and selective inhibitor of Class | PIBK
8, andy isoforms [14] which has been studied in differstetges of clinical trials for breast
cancer [15-22], non-small cell lung cancer [17]n4todgkin's lymphoma [20], solid tumors
[20, 22] lymphomas [22], multiple myeloma [22], asthge IV squamous cell lung cancer
[23, 24]. ODM-201 is a novel androgen receptor (AddYagonist that blocks AR nuclear
translocation [25]. It is tested under Phase 3ddirtrials for the treatment of prostate cancer
[26, 27] and early Phase 1 for breast cancer [R8hulti-CDK inhibitor for CDK1, 2, 4, 6
and 9 AT7519 (CDKI AT7519, AT7519M) [29] is studie@dPhase 1 in treating patients with
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solid tumors [30, 31] or refractory non-Hodgkirnysphoma [31], or in Phase 2 in of chronic
lymphocytic leukemia [32] and relapsed mantle tgliphoma [33].

Our previous research for 2-mercaptobenzenesulfmieaderivatives (MBSA, Fig.1)
revealed that compounds containing pyrazole risgldy significant anticancer activity [34].
Furthermore, recent studies showed that MBSA skhffoa valuable fragment in discovery
of potential drugs against women most frequent @anf85-40]. These results prompted us
to design novel agents with the general structlitgpe | (Fig.1) and to study their impact on
a growth of human cancer cells lines belonginghtee¢ most frequent cancers in woman:

breast, colon and cervix uteri.
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renal, prostate, breast, and leukemia (Glsg in the range 2.30-9.47 uM [34]

Figure 1. Selected anticancer compounds with pyrazole ring.

2. Results and discussion

2.1. Chemistry

The synthesis of novelN'-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)-8-(
phenyl-H-pyrazol-1-yl)amidine 37-60 has been presented at Scheme 1. The starting
substrates, 1-amino-2-(2-alkylthio-4-chloro-5-méiteynzenesulfonyl)guanidined<12 and
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2-(2-alkylthiobenzenesulfonyl)-3-(phenylprop-2-yiagdneamino)guanidines 13-36  were
obtained as previously described [37,39,41,42]. praducts37-60 were synthesizedia
Cul-mediated electrophilic cyclizations a@js-alkynic hydrazones, the structural fragment of
compoundsl3-36. It should be stressed, that this step did natlregth desired derivatives
but led to copper complexes with pyrazole moietytlier treatment of the obtained purple
coordination complexes with 20% 4-methylbenzenesitdfacid (PTSA) in acetonitrile gave

the final compound37-60.

R1
Cl S
:@[ H Compd R! R?
Me S’NYNH 1,13, 37 Ph H
N 1,14, 38 Ph Me
© Onn NH
112 2 2,15, 39 2-MeCeHg H
2,16, 40 2-MeCgH4 Me
3,17, 41 3-MeCgH, H
a 3,18, 42 3-MeCgH, Me
4,19,43 4-MeCeHy H
» 4,20, 44 4-MeCgHgy Me
5,21,45 2-CF3CeH4 H
cl S R2 5, 22,46 2-CF3CeHa Me
H 6, 23,47 3-CF3CeHa H
N_ _N_ = 6, 24,48 3-CF3CeHa Me
Me O’/S\\O\\r N A 7, 25,49 4-CF3CeHa H
NH, 7, 26, 50 4-CF4CeHg Me
13-36 8, 27, 51 2-CICqH4 H
8, 28, 52 2-ClICeHg4 Me
9, 29, 53 3-CICgH4 H
b, ¢ 9, 30, 54 3-CICqH4 Me
10, 31, 55 4-CICeHy H
10, 32, 56 4-CICqH, Me

R1
[ R2 11, 33, 57 H
CID[S N 11, 34, 58 Me
/
_N N/
Me O//S\\OY 12, 35, 59 °';C[O> H
NH, 12, 36, 60 o Me

37-60

Scheme 1Reagents and conditiorey: phenylpropiolaldehyde diethyl acetal (1 eq.) gghenylbut-3-yn-2-one
(1 eq.), PTSA (0.1 eq.), EtOH, reflux, 2-200h,Cul, EEN, MeCN, 82 °C, 1-4 h;) 20% PTSA/MeCN, 1 h.

The structures of final compoun8%-60 were confirmed with spectroscopic methods
IR and*H NMR as well as HRMS spectrometry and elementalyeses.

The X-ray crystallography was undertaken to studghlihe structure of Cu-pyrazole
complex and detailed tautomeric structure on regmagive compounds — the transition
complex Cud46, 57, and58. The obtained molecular structures are presemteigs. 2—-4
respectively. The report and details on data cotiecstructure solution, refinement geometry
parameters, and hydrogen bonding details for allcgires are given in Supplementary
Material (Appendix C and Tables 1S-5S).
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Figure 2. Molecular structure of the C46 complex, only heteroatoms are labelled, displacerm#ipsoids
drawn at 50% probability level. Selected bond leegind angles (A, °): Cul—N2 1.901 (4), Cul—N6 7.91
(4), Cul—N8 1.973 (4), Cul—N4 1.993 (4), S1—N1 4.59), S2—N5 1.593(4), C1—N1 1.329(6), C1—N2
1.286(6), C1—N3 1.433(6); N2-Cul-N6 164.54 (18)-NBul—N4 167.41 (15).

Figure 3. Molecular structure 057, showing heteroatom numbering scheme. Displacerlépsoids drawn at

50% probability level.
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Figure 4. Molecular structure d#8, showing heteroatom numbering scheme. Displacegigpgoids drawn at
50% probability level. Both symmetry independentecales shown.

2.2. Cytotoxic activity

Compounds87-60 have been studieth vitro for their cytotoxic activity in MTT

assays involving three human cancer cell lines: MCgbreast cancer), HCT-116 (colon

cancer) and HelLa (cervical cancer). As it was pregein Table 1, cytotoxic evaluations

were expressed as d€values inuM. Among tested cell lines, HCT-116 and HelLa fodod

be the most susceptible to the tested derivativieke WICF-7 displayed slightly reduced

susceptibility.

Table 1.1Cg, values for compound3/-60

1 2 ICsq [pM]
Compd R R HCT-116  Hela MCF-7 HaCaT
37 Ph H 1240.5 5+0,1 20+1 18+1
38 Ph Me 1040.5 5+0,1 1540,3 1040.1
39 2-MeGH, H 1640,3 17405 23+0,5 18+0.2
40 2-MeGH, Me 42+1 16043 80+2 -
41 3-MeGH, H 6.5+0,1 8+0.5 47+1 1040.1
42 3-MeGH, Me 34+1 15545 10545 ;
43 4-MeGH, H 14+1 17+1 21+1 20+0.5
a4 4-MeGH, Me 28+1 6242 89+4 30+1
45 2-CRCeHa H 1640.5 20+0,3 21+0,2 20+0.2
46 2-CRCeHs Me 25+0.5 21544 101+3 -
47 3-CRCeH, H 14+0.1 1940.5 1740.5 18+1
48 3-CRCeHq Me 19+0.2 08+1 4142 40+1
49 4-CF,CeHa H 14+0.3 17+1 25+1 19+1
50 4-CF,CeHa Me 7+0.1 1940.5 16+0.2 18+1
51 2-CIC4H, H 18+1 19+0,2 24+0,3 20+0.2
52 2-CICH, Me 17043 270416 13547 -
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53 3-CICsH, H 7+0,1 10+0,3 88+2 10+0.3

54 3-CICsH, Me 18+0,2 8+0,5 25+1 18+1
55 4-CICgH,4 H 7+0.1 3+0.03 751 12+0.2
56 4-CICgH,4 Me 7+0.1 3+0.03 1081 11+0.2
57 1-naphthyl H 7+0.03 3+0.03 58+1 11+0.1
58 1-naphthyl Me 7+0.1 3+0.03 170+3 12+0.1
Cl 0
59 > H 32+0.3 16015 105+4 105+4
(6}
Cl 0
60 J@[ N Me 10043 18045 1457
(6}
Cisplatin 3.8+£0.2 22101 3.0£0.1

Regarding cytotoxicity against HCT-116, high adyiwvas noticed for 7 compounds
(41, 50, 53 and55-58) with ICsp around 7uM. Slightly weaker growth inhibition, with @M
< ICs0 < 20 uM, was observed for derivative3/-39, 43, 45, 47-49, 51 and 54. The
remaining compounds, with the exception of inactb2 and 60, displayed moderate
cytotoxicity with 1Gso values in the range of 25-421.

The strongest inhibition of growth of HelLa cell dirwas observed for compounds
55-58 (ICso = 3 uM), although five other derivative81-38, 41 and53-54) displayed good
activity with 1G5 < 10 uM. Moderate cytotoxic effects, with kgaround 2QuM, were found
for compounds9, 43, 45, 47 and49-51. The remaining derivatives were found to be inecti
against Hela cells.

A slightly weaker activity was observed against MCFells. The noticeable ¢
value around 1M was noticed for compound38, 47 and 50. The moderate cytotoxic
effect, defined by Igy in the range of 20—4iM, was found for derivative38, 39, 41, 43, 45,
48, 49, 51 and 54. The other compounds did not inhibit the growth MCF-7 cells
significantly.

Based on the results of MTT assays, the activityaafew series of derivatives is
dependent on the relation between the structur& ahd R groups. In general, compounds
37-38 with R' = Ph displayed significant inhibition of the grdwof all tested cell lines,
regardless of Rgroup. In turn, the activity of compoun@8-41, substituted with methyl in
benzene ring of B was strongly related to?Rype. It was noticed that derivatives with R
H were significantly more potent compared to thash R? = Me. It is also worthwhile to
mention that in this series, compoudtl (R' = 3-MeGH., R? = H) displayed remarkable
selectivity towards HCT-116 and HelLa cells, withsdG 8 uM and 1Gy = 6.5 uM,
respectively (IGy = 47 uM for MCF-7). The quite similar RR? relationships were observed

for compoundst5-48 containing trifluoromethyl abrtho andmetaposition in R structure.

7
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However, the relation between' Rnd R structures was not significant for the activity of
compoundgl7-48 against HCT-116.

In series51-58 with chlorine atom as substituent irf, Rnly derivatives51-52 with
R! = 2-CIGH. displayed a similar Rrelated activity. Compoun81 (R* = H) inhibited the
growth of all tested cell lines whil2 was inactive. In turn, the’Ralteration for compounds
53 and54 (R! = 3-CIGH,) resulted in similar activity against HeLa lin€{$ = 10uM and 8
uM for 53 and 54, respectively). Interestingly, substitution wittf R Me in 54 led to
increased growth inhibition of MCF-7 cells g€= 88 uM and 25uM for 53 and 54,
respectively). Regarding the incorporation of cimeratom afpara position in R structure,
either compoun®5 or 56 greatly affected the growth of HCT-116 and HeLHscavith ICsg
for both 55 and 56 at the level of 7uM and 3 uM against HCT-116 and Hela,
correspondingly. The same results were noticeddanpound7-58 with R' = 1-naphthyl.
Importantly, neither of compoun@&-58 was active against MCF-7 cells.

Analysis of the obtained results indicated thatrehes interesting Rdependent
selectivity against HCT-116. The data for compous@ss6 showed that an incorporation of
methyl or trifluoromethyl in Rand B = Me led to noticeable selectivity toward HCT-116
(see compdiQ, 42, 44, 46, 48 and50 in Table 1; on average, 46values for HCT-116 were
2.2-8.6-fold higher than both HeLa and MCF-7). Tinehad was not observed for compounds
with chlorine atom in R structure, whatever Rype (compd51-56). A slightly different
observation was noticed for compoun8i8-60, modified by R = 6-chlorobenza]1,3-
dioxol-5-yl moiety. In contrast to most derivatiyashibition of HCT-116 cells growth, with
ICso = 32 uM, was observed foB9 which contains R= H; neither HeLa nor MCF-7 cells
display important sensitivity. Derivativ&0, in turn, did not affect the cells growth of tekte
lines.

For the compounds with the strongest cytotoxiciywell as derivatives with selective
activity, an investigation of cytotoxic effect agsi non-carcinogenic cell line HaCaT was
done. Promising selectivity toward HelLa cells haeen observed for six derivativeg and
54-58(Table 1,Figure 5). The activity against HeLa cells waseaist 2.25-fold§4) higher
when compared with HaCaT cell line. The best seliégthas been noticed for compounds
55-58 with almost 4-fold lower Ig against HelLa than observed in HaCaT cells (Table 1,
Figure 5). The inhibition of HCT-116 growth withlaw impact on HaCaT growing was
observed for compound® and59. The 1G, values were 2.6 or 3.28-fold lower for HCT-116
than for HaCaT cells fas0 and59, respectively.
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Figure 5. Selectivity of compdA) 37 and54-58 against HelLa, anB) 50, 59 against HCT-116 as compared to
HaCaT cells.

2.3. Cell Cycle Analysis
To assess whether new derivatives influence tHeygele, HCT-116 and HelLa cells
were treated with 50M 58 for 24 h, 48 h, and 72 (Figure 6). In order to check if non-active

compounds have any impact on the cell cycle, tipeement with60 was made at the same

conditions.
Hela + 58 Hela + 60 HCT 116 + 58 HCT 116 + 60
£
£control | X control ;;control ;;_,control
4 ‘ ¥ i 3
i ‘ E ‘
5 3 ﬁ |
l 10° 07 10°
J24h ‘ £24h 12an s24h
| L b 1
i iy &
H {
] ¥ # # ]
S | |
o ———— o S
v 0 10° 10
0l .
© ;48 h “ ,48h a8 h ‘ 48 h ,
H 3§ ig 48
H o H |
E i & f l
- I o3 5 ik T
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% i % 8 |
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Figure 6. HCT-116 and HelLa cell cycle induction wisi8 and60 after 24 h, 48 h, and 72 h.
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The results of this analysis (Figure 7) show thgniicant increase in the cell
distribution in the sub-G1 phase in a time-depehdesmnner in the&8-treated group (HCT-
116 from 3.86 + 2.32% (control) to 42.99% + 11.82%eLa from 7.49 + 3.43% (control)
to 51.4% + 8.58%), by contrast with controlGf¥treated group.
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Figure 7. Sub-G1 phase of cell cycle in HeLa and HCT-116rafeatment with compoun&s8 (white bars) and
60 (black bars). Cells were incubated with compourats24 — 72 h, respectively. Cell populations da& a
expressed as the mean + SD of at least three indepeexperiments. * p<0.05; ** p<0.01

As it is shown on Figure 5, the impact5 and60on HeLa and HCT-116 cells differ
in terms of DNA fragmentation. Between cells trelatdgth compoundb8 and compoun@0

one can clearly see that the number of sub-G1 peflsilation is measurably high.

2.4. Metabolic stability

The results of compound incubations in the preseatepooled human liver
microsomes and NADPH are presented in Table 2. boétastability is presented in form of
a microsomal half-life value, which enables easgnparison of compounds structures and
their susceptibility to phase 1 biotransformatieaations (which is a result of incubation in
the presence of human liver microsomes and NADPH).

Table 2. Experimental {, values along with corresponding SD.

Average t,
Compd R R? 9¢ bz

) SD [min]
[min](n=2)
37 Ph H 4.63 1.10
38 Ph Me 5.63 0.06

10
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39 2-MeGH, H 4.81 0.52

40 2-MeGH,4 Me 9.23 2.93
41 3-MeGH,4 H 13.89 2.18
42 3-MeGH, Me 12.82 3.55
43 4-MeGeH, H 7.80 4.26
44 4-MeGH, Me 10.57 2.39
45 2-CRCeH, H 9.02 0.76
46 2-CRCeH4 Me 18.38 0.93
47 3-CRCeH,4 H 5.18 0,27
48 3-CRCgH,4 Me 10.13 0.26
49 4-CRCgH,4 H 10.57 2.39
50 4-CRCgH,4 Me 14.43 1.32
51 2-CICH, H 13.53 0.91
52 2-CICH, Me 9.75 0.64
53 3-CIGH, H 18.54 0.42
54 3-CICGH, Me 12.27 2.02
55 4-CICsH, H 20.37 1.73
56 4-CICGH, Me 14.41 0.25
57 1-naphthyl H 16.09 1.03
58 1-naphthyl Me 15.36 2.01
Cl 0
59 > H 14.44 2.11

(6]
Cl o)

60 j@[ ) Me 11.86 0.38
(0]

SD - standard deviation

Studied compounds represent a very diverse groupnwh comes to metabolic
stability analysis. Microsomal half-life values ggnfrom less than 5 minutes to 20 minutes.
That allows to perform a visual analysis of relasbips between structure of studied
compounds and their metabolic stability. Metabstihility of compounds with R= Ph @7,
38), 2-MeGH4 (39, 40), 4-MeGH, (43, 44), 2-CRCeH4 (45, 46), 3-CRCeH4 (47, 48), and 4-
CR:CeH (49, 50) moieties enhances with methyl group ih@®sition. Such conclusion, due to
high standard deviation, can also be assumed atssiviatives with R= 3-MeGH4 moiety
(41, 42), even though mean half-time says otherwise. Hogracompounds the methyl group
in R? position actually decreased metabolic stabilitye Teast stable compound possesses R
=Ph group, smallest of all presented moieties. Hehcan be assumed that size of moiety in
R! position has an impact on metabolic stability (tigger the moiety, the higher the
metabolic stability).

11
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Among studied derivatives, the most stablB5gt., = 20.37 min) (R= 4-CIGH., R
= H), and the most susceptible to biotransformais®¥ (t1, = 4.63 min) (R = Ph, B = H).
Compounds with highest stabilitp%-58) can be characterized by higher metabolic stabilit
values (1 > 15 min), but also a very good activity towardsld and HCT-116 cell lines.
Compound#ll, 49-51, 54, and56 represent a group with semi-high metabolic stigbialues
(ty2 = 10-15 min). From this group, compour#®-51 and54 are active towards all three
tested cell lines, which, compared with their metabstability values makes them worthy
candidates for further studies. CompouB@s39, 43, 45, and47 are very active towards all 3
cancer cell lines, yet their metabolic stabilitylues are the smallest of all studied set of
compounds (> < 10 min). Considering the fact, that compound wigh metabolic stability
can often cause adverse drug reactions (the lonlger drug stays unchanged by
biotransformation in organism, the bigger such ceancompounds from the semi-stable
group are not only active, but might also be tHestao use when considering adverse drug

reactions occurrence chance.

3. Conclusions

We have developed methods for the preparation obveln series
of N'-(2-alkylthio-4-chloro-5-methylbenzenesulfonyl)-8-phenyl-H-pyrazol-1-yl)amidine
derivatives. The crystallographic analysis revedleat during pyrazole synthesisa Cul-
mediated electrophilic cyclizations the final corapds are in the anionic form, deprotonated
at NH, groups, and create a “salt like” complex with cepatom.

The obtained compounds were evaluated vitro by MTT assay for their
antiproliferative activity against three cancerl d¢eles: colon HCT-116, cervical HeLa and
breast MCF-7. We have found that novel derivatasesstrong growth inhibitors of HCT-116
and Hela. Especially, the strongest effects wergenked for compounds5-56 (R = 4-
CICsH,) and57-58 (R* = 1-naphthyl) with IG values 7uM and 3uM, against HCT-116 and
Hela, respectively. What important, the observed.adgrowth inhibition for compounds
55-58 was almost 4-fold stronger than observed for naoieagenic HaCaT. Furthermore,
rather short metabolic stability of novel compoumaizkes them good candidates for further
studies considering adverse drug reactions ococerenance.

Structure-activity relationship indicated that séilee cytotoxic effect against cancer
cell lines depend on a kind and place of group’ineRidue with different Rdependency. For
compounds with R= Me, the bulky groups placed attho or metain R of 40 (R! = 2-
MeCsHa), 42, (R = 3-MeGH.), 46 (R* = 2-CRCgH,), and48 (R' = 3-CRCgH.) resulted in
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significant selectivity against HCT-116 cells. Ingoration of R = 2-CIGH,4 in compound
52, in turn, led to no inhibitory effect on the grdwaf tested cell lines, whilsubstitution by
R! = 3-CIGH, in 54 resulted in a high activity against HelLa cells andlightly lower
cytotoxicity against HCT-116 and MCF-7 cells. Thaivdty of para-substituted compounds
is related to a steric and electronic effect ofug®in R. The bulky and high-electronegative
trifluoromethyl group 49-50) is responsible for high overall cytotoxicity, gt moiety (R)
(43-44) results in a slight decrease in cytotoxicity asllvas R-dependent selectivity, and
chlorine atom %5-56) leads to great and selective inhibition of HCTeldnd HelLa cells
growth.

The treatment of HCT-116 and HelLa with compo6G8desulted in increased numbers
of cells in sub-G1 phase, as was shown by DNA fty@ometric analysis. Prolongation of

incubation time for 24 h, 48 h, and 72 h resultedsignificant increase in DNA damage.
4. Experimental protocols
4.1. Synthesis

Melting points were determined with a Boethiusaypgus. Infrared (IR) spectroscopy
was carried out on Thermo Mattson Satellite FTIRcsmphotometerH and **C nuclear
magnetic resonance (NMR) spectra were recorded amma¥V Gemini 200 apparatus at 200
MHz (*H NMR) or on a Varian Unity 500 Plus apparatus @ 51Hz ¢(H NMR) and 125
MHz (**C NMR). The chemical shifts are expressed in ppets million (ppm) relative to
TMS as an internal standard. The elemental analyses performed using PerkinElmer 2400
Series Il CHN Elemental Analyzer. The results forHCand N were in agreement with the
theoretical values within £0.4% range.

Commercially unavailable substrates were obtainedoraing to the following
methods described previously: 1-amino-2-(2-alkgithichloro-5-
methylbenzenesulfonyl)guanidine derivativieptl] 2, 3, 5, and8-9 [37], 4, 6, 7, 10, 12 [42],
and 11 [39], and 2-(2-alkylthiobenzenesulfonyl)-3-(phgorgp-2-ynylideneamino)guanidine
derivativesl3-36[37].

4.1.1.Procedures for the preparation of N'-(2-alkylthiecloro-5-methylbenzenesulfonyl)-1-
(5-phenyl-1H-pyrazol-1-yl)amiding7-60
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To a stirred suspension of the appropriate 2-(2ddiobenzenesulfonyl)-3-(3-phenylprop-2-
ynylideneamino)guanidinel8-36) (0.5 mmol) in acetonitrile (4 mL) under argon
atmosphere, Cul (0.25 mmol, 0.095 g) angNHD.4 mmol, 0.056 mL) were added. The
resulting mixture was stirred at 82 °C for 1-4 ldl @ime obtained purple precipitate was
filtered off, dried and treated by 3 mL of 20% FAIS$olution in MeCN. After stirring for 1 h,
the solvent was evaporated, and 5 mL of water wdedito the residue. The obtained white
precipitate was filtered off, and, after dryingystallized from the appropriate solvent to

afford the desired pure product.

4.1.1.1. N'-(2-Benzylthio-4-chloro-5-methylbenzeifesyl)-1-(5-phenyl-1H-pyrazol-1-
yl)amidine 87)

Starting from13 (0.249 g) with stirring for 4 h, the title compali®7 was obtained after
crystallization from MeCN (0.107 g, 43%): m.p. 3125 °C; IR (KBr): 3397, 3226 (NH),
1645 (NH), 1560, 1543, 1494, 1436 (C=C, C=N), 1389 (SQ) cm*; *H NMR (200
MHz, DMSO-dg): & 2.27 (s, 3H, CH), 4.24 (s, 2H, SCH, 6.88 (dJ=1.5 Hz, 1H, H-4
pyrazole), 6.81-7.08 (m, 5H, arom.), 7.18-7.33 %M, arom.), 7.46 (s, 1H, H-3), 7.49 (s,
1H, H-6), 7.92 (dJ = 1.5 Hz, 1H, H-3 pyrazole), 8.17 (s, 1H, NH),®(%, 1H, NH) ppm;
HRMS (ESI-TOF)m/zcalcd for G4H,1CIN4O,S; [M+H*] 497.0867, found 497.0592. Anal.
(C24H21CIN4O,S,) C, H, N.

4.1.1.2. N'-(2-Benzylthio-4-chloro-5-methylbenzeienyl)-1-(3-methyl-5-phenyl-1H-
pyrazol-1-yl)amidine 38)

Starting from14 (0.255 g) with stirring for 1 h, the title compali88 was obtained after
crystallization from-PrOH (0.094 g, 37%): m.p. 12826 °C; IR (KBr): 3445, 3331 (NH),
1637 (NH), 1527, 1449, 1423 (C=C, C=N), 1289, 1(82,) cm™*; *H NMR (200 MHz,
DMSO-dg): 6 2.22 (s, 3H, Ch), 2.27 (s, 3H, Ch), 4.25 (s, 2H, SCH), 6.39 (s, 1H, H-4
pyrazole), 6.77-7.05 (m, 5H, arom.), 7.19-7.29 %M, arom.), 7.43 (s, 1H, H-3), 7.50 (s,
1H, H-6), 8.01 (s, 1H, NH), 8.94 (s, 1H, NH) ppnRMS (ESI-TOF)m/zcalcd for
C25H23CIN4O,S, [M+H ] 511.1024, found 511.1017. Anal. £E,:CIN,0,S,) C, H, N.

4.1.1.3. N'-{4-Chloro-5-methyl-2-[(2-methylpheny8ttmylthio]benzenesulfonyl}-1-(5-phenyl-
1H-pyrazol-1-yl)amidine39)

Starting from15 (0.255 g) with stirring for 2 h, the title compali89 was obtained after
crystallization from MeCN (0.199 g, 78%): m.p. 3337 °C; IR (KBr): 3420, 3316 (NH),
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1656 (NH), 1539, 1494, 1462, 1425 (C=C, C=N), 12882 (SQ) cm*; *H NMR (500

MHz, DMSO-dg): 6 2.23 (s, 3H, Ch), 2.30 (s, 3H, Ch), 4.23 (s, 2H, SCh, 6.57 (s, 1H, H-

4 pyrazole), 6.86 (t, 2H, arom.), 6.99-7.13 (m, @Km.), 7.25 (d) = 6.9 Hz, 1H, arom.),
7.48 (s, 1H, H-3), 7.55 (s, 1H, H-6), 7.91 (s, HH3 pyrazole), 8.10 (s, 1H, NH), 9.09 (s, 1H,
NH) ppm; ; HRMS (ESI-TOFjn/zcalcd for GsH23CIN4O»S, [M+H '] 511.1024, found
511.1027. Anal. (&H23CIN4O.S,) C, H, N.

4.1.1.4. N'-{4-Chloro-5-methyl-2-[(2-methylphemgBthylthio]benzenesulfonyl}-1-(3-methyl-
5-phenyl-1H-pyrazol-1-yl)amidin&()

Starting from16 (0.262 g) with stirring for 2 h, the title compai#0 was obtained after
crystallization from EtOH (0.118 g, 45%): m.p. 1346 °C; IR (KBr): 3460, 3343 (NH),

1638 (NH), 1530, 1446, 1425 (C=C, C=N), 1291, 1(85,) cm’*; *H NMR (500 MHz,
DMSO-tg): 6 2.24 (s, 3H, Ch), 2.29 (s, 3H, Ch), 2.30 (s, 3H, Ch), 4.24 (s, 2H, SC}),

6.40 (s, 1H, H-4 pyrazole), 6.83 (t, 2H, arom.97(d,J = 7.3 Hz, 2H, arom.), 7.02 (t, 1H,
arom.), 7.07-7.15 (m, 3H, arom.), 7.25Jd; 7.4 Hz, 1H, arom.), 7.45 (s, 1H, H-3), 7.56 (s,
1H, H-6), 7.94 (s, 1H, NH), 8.89 (s, 1H, NH) ppnRMS (ESI-TOF)m/zcalcd for
C26H25CIN4O,S, [M+H™] 525.1180, found 525.1182. Anal. 4E,:CIN,0,S,) C, H, N.

4.1.1.5. N'-{4-Chloro-5-methyl-2-[(3-methylphenydttmylthio]benzenesulfonyl}-1-(5-phenyl-
1H-pyrazol-1-yl)amidine4l)

Starting from17 (0.255 g) with stirring for 3 h, the title compaishl was obtained after
crystallization from MeCN (0.145 g, 57%): m.p. ¥192 °C; IR (KBr): 3425, 3321 (NH),

1650 (NH), 1535, 1498, 1463, 1427 (C=C, C=N), 12981 (SQ) cm*; *H NMR (500

MHz, DMSO-t): 6 2.17 (s, 3H, Ch), 2.28 (s, 3H, Ch), 4.20 (s, 2H, SC}), 6.59 (s, 1H, H-

4 pyrazole), 6.83 (t, 2H, arom.), 6.95-7.05 (m, 4kbm.), 7.09-7.11 (m, 3H, arom.), 7.45 (s,
1H, H-3), 7.50 (s, 1H, H-6), 7.92 (s, 1H, H-3 pyol), 8.16 (s, 1H, NH), 9.15 (s, 1H, NH)
ppm; HRMS (ESI-TOF)n/zcalcd for GsH23CIN4O,S, [M+H ] 511.1024, found 511.1025.
Anal. (GsH2:CIN4O,S,) C, H, N.

4.1.1.6. N'-{4-Chloro-5-methyl-2-[(3-methylphemgBthylthio]benzenesulfonyl}-1-(3-methyl-
5-phenyl-1H-pyrazol-1-yl)amidine )

Starting from18 (0.262 g) with stirring for 1 h, the title compal#?2 was obtained after
crystallization from MeCN (0.118 g, 45%): m.p. 3336 °C; IR (KBr): 3392 (NH), 1656

(NH), 1566, 1534, 1461, 1430 (C=C, C=N), 1291, 1(39,) cm*; *H NMR (500 MHz,
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DMSO-tg): 6 2.24 (s, 3H, Ch), 2.29 (s, 3H, Ch), 2.30 (s, 3H, Ch), 4.24 (s, 2H, SC}),

6.40 (s, 1H, H-4 pyrazole), 6.83 (t, 2H, arom.97(d,J = 7.3 Hz, 2H, arom.), 7.02 (t, 1H,
arom.), 7.07-7.15 (m, 3H, arom.), 7.25Jd&; 6.9 Hz, 1H, arom.), 7.45 (s, 1H, H-3), 7.56 (s,
1H, H-6), 7.94 (s, 1H, NH), 8.89 (s, 1H, NH) ppnRMS (ESI-TOF)m/zcalcd for
C26H25CIN4O,S, [M+H ] 525.1180, found 525.1178. Anal. 4E,:CIN,0,S,) C, H, N.

4.1.1.7. N'-{4-Chloro-5-methyl-2-[(4-methylphenydttmylthio]benzenesulfonyl}-1-(5-phenyl-
1H-pyrazol-1-yl)amidine43)

Starting from19 (0.255 g) with stirring for 2 h, the title compail#3 was obtained after
crystallization from EtOH (0.067 g, 25%): m.p. 1281 °C; IR (KBr): 3425, 3321 (NH),

1650 (NH), 1535, 1498, 1463, 1427 (C=C, C=N), 12981 (SQ) cm*; *H NMR (200

MHz, DMSO-t): 6 2.18 (s, 3H, Ch), 2.28 (s, 3H, Chk), 4.21 (s, 2H, SC}), 6.59 (dJ=0.6
Hz, 1H, H-4 pyrazole), 6.82-7.09 (m, 7H, arom.}L97(d,J = 7.9 Hz, 2H, arom.), 7.45 (s,
1H, H-3), 7.51 (s, 1H, H-6), 7.93 (d= 0.6 Hz ,1H, H-3 pyrazole), 8.16 (s, 1H, NH),®(%,
1H, NH) ppm; HRMS (ESI-TORN/zcalcd for GsH23CIN4O,S, [M+H™] 511.1024, found
511.1002. Anal. (gH23CIN4O,S;) C, H, N.

4.1.1.8. N'-{4-Chloro-5-methyl-2-[(4-methylphemygBthylthio]benzenesulfonyl}-1-(3-methyl-
5-phenyl-1H-pyrazol-1-yl)amidinel4)

Starting from20 (0.262 g) with stirring for 2.5 h, the title compual 44 was obtained after
crystallization from MeCN (0.157 g, 60%): m.p. 3369 °C; IR (KBr): 3464, 3345 (NH),

1636 (NH), 1526, 1449 (C=C, C=N), 1285, 1128 £6n*; *H NMR (200 MHz, DMSO-

ds): 6 2.19 (s, 3H, Ch), 2.28 (s, 3H, Ch), 2.31 (s, 3H, Ch), 4.22 (s, 2H, SC}), 6.42 (s,

1H, H-4 pyrazole), 6.79-7.02 (m, 7H, arom.), 7.d2(= 7.9 Hz, 2H, arom.), 7.42 (s, 1H, H-
3), 7.52 (s, 1H, H-6), 7.99 (s, 1H, NH), 8.93 (4, NH) ppm; HRMS (ESI-TOFn/zcalcd

for CogH25CIN4O,S, [M+H*] 525.1180, found 525.1166. Anal. 48,5CIN40,S,) C, H, N.

4.1.1.9. N'-{4-Chloro-5-methyl-2-[(2-trifluorometiphenyl)methylthio]benzenesulfonyl}-1-
(5-phenyl-1H-pyrazol-1-yl)amiding)

Starting from21 (0.283 g) with stirring for 3 h, the title compail#5 was obtained after
crystallization from EtOH (0.082 g, 29%): m.p. ¥146 °C; IR (KBr): 3432, 3350 (NH),
1651 (NH), 1530, 1506, 1447, 1422 (C=C, C=N), 13285 (SQ) cm’; *H NMR (500
MHz, DMSO-dg): 6 2.27 (s, 3H, Ch), 4.32 (s, 2H, SC}), 6.42 (s, 1H, H-4 pyrazole), 6.87
(t, 2H, arom.), 7.02-7.06 (m, 3H, arom.), 7.401¢4, H-3), 7.47-7.50 (m, 2H, H-6, arom.),
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7.55 (m, 2H, arom.), 7.70 (d= 7.4 Hz, 1H, arom.), 7.91 (s, 1H, H-3 pyrazo&)1 (s, 1H,
NH), 8.90 (s, 1H, NH) ppm; HRMS (ESI-TOR)/zcalcd for GsHogCIFaN4O-S, [M+H ]
565.0741, found 565.0737. Ana|.2€ﬁ20F30|N4OZSz) C, H, N.

4.1.1.10. N'-{4-Chloro-5-methyl-2-[(2-trifluorometiphenyl)methylthio]benzenesulfonyl}-1-
(3-methyl-5-phenyl-1H-pyrazol-1-yl)amidinggj

Starting from22 (0.290 g) with stirring for 1.5 h, the title compal 46 was obtained after
crystallization from MeCN (0.115 g, 40%): m.p. 3363 °C; IR (KBr): 3466, 3354 (NH),
1652 (NH), 1583, 1569, 1528, 1446 (C=C, C=N), 131%84 (SQ) cm*; *H NMR (500

MHz, DMSO-dg): 6 2.28 (s, 3H, Ch), 2.29 (s, 3H, Ch), 4.35 (s, 2H, SCh, 6.41 (s, 1H, H-
4 pyrazole), 6.88 (t, 2H, arom.), 7.01-7.05 (m, @km.), 7.41 (s, 1H, H-3), 7.46-7.49 (m,
2H, H-6, arom.), 7.56 (m, 2H, arom.), 7.70Jd&; 7.3 Hz, 1H, arom), 7.98 (s, 1H, NH), 8.90
(s, 1H, NH) ppm; HRMS (ESI-TORj/zcalcd for GgH2,CIF3N4O,.S,; [M+H "] 579.0898,
found 579.0892. Anal. (fgH22FsCIN4O,S,) C, H, N.

4.1.1.11. N'-{4-Chloro-5-methyl-2-[(3-trifluorometiphenyl)methylthio]benzenesulfonyl}-1-
(5-phenyl-1H-pyrazol-1-yl)amidin& )

Starting from23 (0.283 g) with stirring for 1 h, the title compai#h7 was obtained after
crystallization from MeCN (0.088 g, 31%): m.p. 1224 °C; IR (KBr): 3432, 3404 (NH),
1655 (NH), 1532, 1464, 1446, 1427 (C=C, C=N), 133®6 (SQ) cm*; *H NMR (200

MHz, DMSO-t): 6 2.29 (s, 3H, Ch), 4.40 (s, 2H, SC}), 6.60 (dJ= 1.7 Hz, 1H, H-4
pyrazole), 6.79-7.06 (m, 5H, arom.), 7.40-7.73 gk, arom.), 7.94 (d] = 1.6 Hz, 1H, H-3
pyrazole), 8.22 (s, 1H, NH), 9.19 (s, 1H, NH) pg#RMS (ESI-TOF)m/zcalcd for
CasH20CIFsN40,S; [M+H '] 565.0741, found 565.0737. Anal. £8,0FsCIN40.S;) C, H, N.

4.1.1.12. N'-{4-Chloro-5-methyl-2-[(3-trifluorontetiphenyl)methylthio]benzenesulfonyl}-1-
(3-methyl-5-phenyl-1H-pyrazol-1-yl)amidinggj

Starting from24 (0.290 g) with stirring for 2 h, the title compail#8 was obtained after
crystallization from MeCN (0.103 g, 35%): m.p. 1488 °C; IR (KBr): 3442, 3353 (NH),
1638 (NH), 1560, 1533, 1479, 1436 (C=C, C=N), 12dR9 (SQ) cm*; *H NMR (500

MHz, DMSO-dg): 6 2.26 (s, 3H, Ch), 2.28 (s, 3H, Ch), 4.38 (s, 2H, SCh, 6.39 (s, 1H, H-
4 pyrazole), 6.77 (t, 2H, arom.), 6.84 {ds 7.3 Hz, 2H, arom.), 7.00 (t, 1H, arom.), 7.38 (t
1H, arom.), 7.42 (s, 1H, H-3), 7.51-7.54 (m, 2H6Harom.), 7.60 (d] = 7.9 Hz, 1H, arom.),
7.70 (s, 1H, arom.), 8.04 (s, 1H, NH), 8.96 (s, MH) ppm.**C NMR (125 MHz, DMSO-
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de): 6 14.1, 19.5, 35.8, 113.1, 124.6, 124.7, 126.2,3,2R7.5, 128.0, 128.6, 128.8, 130.1,
131.1,131.4, 133.2, 133.7, 135.4, 137.9, 138.8,9.346.6, 151.2, 152.0 ppm; HRMS (ESI-
TOF) m/zcalcd for GgH2,CIF3N40,S, [M+H ] 579.0898, found 579.0908. Anal.
(CaeH22F3CINLO,S,) C, H, N.

4.1.1.13. N'-{4-Chloro-5-methyl-2-[(4-trifluoromatiphenyl)methylthio]benzenesulfonyl}-1-
(5-phenyl-1H-pyrazol-1-yl)amiding9)

Starting from25 (0.283 g) with stirring for 1.5 h, the title compal49 was obtained after
crystallization from MeCN (0.082 g, 29%): m.p. 3203 °C; IR (KBr): 3392 (NH), 1658

(NH), 1567, 1540, 1462, 1431 (C=C, C=N), 1326, 1(80,) cm*; *H NMR (200 MHz,
DMSO-dg): 6 2.27 (s, 3H, Ch), 4.37 (s, 2H, SC}), 6.56 (s, 1H, H-4 pyrazole), 6.81-6.84
(m, 2H, arom.), 6.87-6.88 (m, 2H, arom.), 7.03H, arom.), 7.45 (s, 1H, H-3), 7.52 -7.55
(m, 5H, arom., H-6), 7.93 (s, 1H, H-3 pyrazoleR®(s, 1H, NH), 9.20 (s, 1H, NH) ppm;
HRMS (ESI-TOF)m/zcalcd for GsH,oCIFsN40,S, [M+H '] 565.0741, found 565.0737. Anal.
(CasH20F3CINLO,S,) C, H, N.

4.1.1.14. N'-{4-Chloro-5-methyl-2-[(4-trifluorometiphenyl)methylthio]benzenesulfonyl}-1-
(3-methyl-5-phenyl-1H-pyrazol-1-yl)amiding0j

Starting from26 (0.290 g) with stirring for 1 h, the title compalB0 was obtained after
crystallization from MeCN (0.049 g, 17%): m.p. 3358 °C; IR (KBr): 3450, 3348 (NH),
1651 (NH), 1540, 1509, 1449, 1429 (C=C, C=N), 132386 (SQ) cm*; *H NMR (500

MHz, DMSO-g): 6 2.27 (s, 3H, Ch), 2.29 (s, 3H, Ch), 4.38 (s, 2H, SC}, 6.38 (s, 1H, H-
4 pyrazole), 6.78-6.84 (m, 4H, arom.), 7.02 (t, akbm.), 7.42 (s, 1H, H-3), 7.50-7.54 (m,
4H, arom.), 7.56 (s, 1H, H-6), 8.03 (s, 1H, NHR®(s, 1H, NH) ppm; HRMS (ESI-TOF)
m/zcalcd for GeH22CIF3N40,S, [M+H™] 579.0898, found 579.0901. Anal.
(Ca6H22F3CINLOLS,) C, H, N.

4.1.1.15. N'-{4-Chloro-2-[(2-chlorophenyl)methylfi5-methylbenzenesulfonyl}-1-(5-
phenyl-1H-pyrazol-1-yl)amidiné{)

Starting from27 (0.266 g) with stirring for 4 h, the title compalBl was obtained after
crystallization from EtOH (0.105 g, 39%): m.p. 3303 °C; IR (KBr): 3417 (NH), 1655

(NH), 1541, 1462, 1425 (C=C, C=N), 1289, 1133 £5*; *H NMR (500 MHz, DMSO-
ds): 6 2.29 (s, 3H, Ch), 4.34 (s, 2H, SC}), 6.56 (s, 1H, H-4 pyrazole), 6.80 (t, 2H, argm.)
6.96 (d,J=7.3 Hz, 2H, arom.), 7.01 (t, 1H, arom.), 7.2@57(m, 2H, arom.), 7.35 (4,= 7.3
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Hz, 1H, arom.), 7.44-7.46 (m, 2H, arom., H-3), 47(§, 1H, H-6), 7.91 (s, 1H, H-3 pyrazole),
8.11 (s, 1H, NH), 9.09 (s, 1H, NH) ppm; HRMS (ESDH) m/zcalcd for G4H20CloN4O.S,
[M+H™] 531.0477, found 531.0428. Anal. 412,Cl2N40.S;) C, H, N.

4.1.1.16. N'-{4-Chloro-2-[(2-chlorophenyl)methytih5-methylbenzenesulfonyl}-1-(3-
methyl-5-phenyl-1H-pyrazol-1-yl)amiding&2j

Starting from28 (0.273 g) with stirring for 2 h, the title compalb2 was obtained after
crystallization from MeCN (0.128 g, 47%): m.p. 3388 °C; IR (KBr): 3463, 3349 (NH),
1638 (NH), 1558, 1521, 1472, 1446 (C=C, C=N), 12484 (SQ) cm*; *H NMR (500

MHz, DMSO-dg): 6 2.29 (s, 6H, 2xCBh), 4.35 (s, 2H, SC}H), 6.38 (s, 1H, H-4 pyrazole), 6.78
(t, 2H, arom.), 6,93 (d] = 7.3 Hz, 2H, arom.), 6.99 (t, 1H, arom.), 7.2@67(m, 2H, arom.),
7.35 (d,J=7.3 Hz, 1H, arom.), 7.44-7.46 (m, 2H, arom3}7.54 (s, 1H, H-6), 7.96 (s,
1H, NH), 8.89 (s, 1H, NH) ppm; HRMS (ESI-TOR)zcalcd for GsH2,CIoN40.S, [M+H]
545.0634, found 545.0612. Anal.48,,Cl,N,0,S;) C, H, N.

4.1.1.17. N'-{4-Chloro-2-[(3-chlorophenyl)methylfi5-methylbenzenesulfonyl}-1-(5-
phenyl-1H-pyrazol-1-yl)amidinég)

Starting from29 (0.266 g) with stirring for 3 h, the title compalb3 was obtained after
crystallization from MeCN (0.113 g, 42%): m.p. 3227 °C; IR (KBr): 3417 (NH), 1655
(NH), 1541, 1462, 1425 (C=C, C=N), 1289, 1133 £5*; 'H NMR (500 MHz, DMSO-
ds): 6 2.28 (s, 3H, Ch), 4.27 (s, 2H, SC}), 6.59 (s, 1H, H-4 pyrazole), 6.85 (t, 2H, argm.)
6.96 (d,J=7.3 Hz, 2H, arom.), 7.04 (t, 1H, arom.), 7.1287(m, 3H, arom.), 7.40 (s, 1H,
arom.), 7.46 (s, 1H, H-3), 7.49 (s, 1H, H-6), 7(811H, H-3 pyrazole), 8.19 (s, 1H, NH),
9.17 (s, 1H, NH) ppm; HRMS (ESI-TOR)/zcalcd for G4H2oCloN40,S, [M+H '] 531.0477,
found 531.0454. Anal. (£H20CIoN40.S;) C, H, N.

4.1.1.18. N'-{4-Chloro-2-[(3-chlorophenyl)methytih5-methylbenzenesulfonyl}-1-(3-
methyl-5-phenyl-1H-pyrazol-1-yl)amiding4j

Starting from30 (0.273 g) with stirring for 4 h, the title compals4 was obtained after
crystallization from MeCN (0.096 g, 35%): m.p. 1081 °C; IR (KBr): 3463, 3349 (NH),
1638 (NH), 1558, 1521, 1472, 1446 (C=C, C=N), 129184 (SQ) cm*; *H NMR (500

MHz, DMSO-dg): 6 2.27 (s, 3H, Ch), 2.29 (s, 3H, Ch), 4.29 (s, 2H, SC}), 6.40 (s, 1H, H-4
pyrazole), 6.81 (t, 2H, arom.), 6,91 (s 7.3 Hz, 2H, arom.), 7.02 (t, 1H, arom.), 7.2@5/.
(m, 2H, arom.), 7.28 (d} = 7.3 Hz, 1H, arom.), 7.39 (s, 1H, arom.), 7431H, H-3), 7.51
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(s, 1H, H-6), 8.03 (s, 1H, NH), 8.96 (s, 1H, NHNppHRMS (ESI-TOF)m/zcalcd for
025H22C|2N40252 [M+H+] 545.0634, found 545.0606. Ana|.2@22C|2N402SZ) C, H, N.

4.1.1.19. N'-{4-Chloro-2-[(4-chlorophenyl)methylfi5-methylbenzenesulfonyl}-1-(5-
phenyl-1H-pyrazol-1-yl)amidiné5)

Starting from31 (0.266 g) with stirring for 2 h, the title compalB5 was obtained after
crystallization from MeCN (0.089 g, 33%): m.p. 1450 °C; IR (KBr): 3446, 3331 (NH),
1648 (NH), 1534, 1491, 1461, 1427 (C=C, C=N), 12487 (SQ) cm*; *H NMR (500
MHz, DMSO-dg): 6 2.28 (s, 3H, Ch), 4.26 (s, 2H, SC}), 6.59 (s, 1H, H-4 pyrazole), 6.87
(t, 2H, arom.), 6.95 (d] = 7.3 Hz, 2H, arom.), 7.05 (t, 1H, arom.), 7.23Xd 8.3 Hz, 2H,
arom.), 7.31 (dJ = 8.3 Hz, 2H, arom.), 7.46 (s, 1H, H-3), 7.501(d, H-6), 7.93 (s, 1H, H-3
pyrazole), 8.18 (s, 1H, NH), 9.17 (s, 1H, NH) pp#fiRMS (ESI-TOF)m/zcalcd for
C24H20C1oN4O,S, [M+H™] 531.0477, found 531.0454. Anal. £8,0CloN40,S,) C, H, N.

4.1.1.20. N'-{4-Chloro-2-[(4-chlorophenyl)methytih5-methylbenzenesulfonyl}-1-(3-
methyl-5-phenyl-1H-pyrazol-1-yl)amidingg]

Starting from32 (0.273 g) with stirring for 1 h, the title compal6 was obtained after
crystallization from MeCN (0.109 g, 40%): m.p. 3388 °C; IR (KBr): 3457, 3343 (NH),
1648 (NH), 1532, 1508, 1491, 1446, 1422 (C=C, CAI2R4, 1135 (S cm™; *H NMR
(500 MHz, DMSO#k): 6 2.27 (s, 3H, Ch), 2.30 (s, 3H, Ch), 4.27 (s, 2H, SC}), 6.41 (s,
1H, H-4 pyrazole), 6.83 (t, 2H, arom.), 6,91J4d; 7.8 Hz, 2H, arom.), 7.03 (t, 1H, arom.),
7.22 (d,J=8.3 Hz, 2H, arom.), 7.32 (d= 8.3 Hz, 2H, arom.), 7.43 (s, 1H, H-3), 7.521(4,
H-6), 8.01 (s, 1H, NH), 8.97 (s, 1H, NH) ppm; HRNESI-TOF)m/zcalcd for
CasH25CloN4O,S, [M+H™] 545.0634, found 545.0613. Anal. £8,,CloN40,S,) C, H, N.

4.1.1.21. N'-[4-Chloro-5-methyl-2-(naphthalene-iagthylthio)benzenesulfonyl]-1-(5-
phenyl-1H-pyrazol-1-yl)amidiné{)

Starting from33 (0.274 g) with stirring for 2 h, the title compal7 was obtained after
crystallization from EtOH (0.148 g, 54%): m.p. 1358 °C; IR (KBr): 3404, 3309 (NH),

1646 (NH), 1539, 1462, 1427 (C=C, C=N), 1288, 1(29,) cm’*; *H NMR (500 MHz,
DMSO-dg): 6 2.29 (s, 3H, Ch), 4.73 (s, 2H, SC}), 6.53 (s, 1H, H-4 pyrazole), 6.74 (t, 2H,
arom.), 6.83 (dJ = 7.4 Hz, 2H, arom.), 6.97 (t, 1H, arom.), 7.3&37(m, 3H, arom.), 7.46 (s,
1H, H-3), 7.55 (dJ = 7.3 Hz, 1H, arom.), 7.67 (s, 1H, H-6), 7.80J¢;, 8.3 Hz, 1H, arom.),
7.83-7.85 (m, 1H, arom.), 7.88 (s, 1H, H-3 pyraz08.10 (s, 1H, NH), 8.15 (d,= 8.8 Hz,

20


http://mostwiedzy.pl

1H, arom.), 9.03 (s, 1H, NH) ppm; HRMS (ESI-TOR)zcalcd for GgH23CIN4O.S, [M+H]
547.1024, found 545.1030. Anal. 48,3CIN4,O,S;) C, H, N.

4.1.1.22. N'-[4-Chloro-5-methyl-2-(naphthaleneiingthylthio)benzenesulfonyl]-1-(3-
methyl-5-phenyl-1H-pyrazol-1-yl)amidingg]

Starting from34 (0.281 g) with stirring for 3.5 h, the title compal 58 was obtained after
crystallization from EtOH (0.152 g, 54%): m.p. 1325 °C; IR (KBr): 3424, 3318 (NH),

1643 (NH), 1533, 1507, 1446, 1424 (C=C, C=N), 12882 (SQ) cm*; *H NMR (500

MHz, DMSO-d): 6 2.29 (s, 6H, 2xCH), 4.75 (s, 2H, SC}), 6.32 (s, 1H, H-4 pyrazole), 6.69
(t, 2H, arom.), 6,75 (d] = 7.8 Hz, 2H, arom.), 6.95 (t, 1H, arom.), 7.324/(m, 4H, arom.
H-3), 7.55 (dJ = 6.9 Hz, 1H, arom.), 7.70 (s, 1H, H-6), 7.79Jd, 8.3 Hz, 1H, arom.), 7.82
(d,J=7.3 Hz, 1H, arom.), 7.92 (s, 1H, NH), 8.14J¢& 7.8 Hz, 1H, arom.), 8.79 (s, 1H, NH)
ppm; HRMS (ESI-TOF)m/zcalcd for GgH2sCIN4O,S, [M+H*] 561.1180, found 561.1187.
Anal. (GgH25CIN4OLS,) C, H, N.

4.1.1.23. N'-{4-Chloro-2-[(6-chlorobenzo[d][1,3]dimI-5-yl)methylthio]-5-
methylbenzenesulfonyl}-1-(5-phenyl-1H-pyrazol-&yiidine £9)

Starting from35 (0.288 g) with stirring for 1 h, the title compalB9 was obtained after
crystallization from MeCN (0.157 g, 54%): m.p. 3492 °C; IR (KBr): 3402, 3307, 3278
(NH), 1654 (NH), 1556, 1542, 1502, 1477, 1464, 1427C, C=N), 1286, 1135 (SPcmi’;
'H NMR (200 MHz, DMSO#dk): 6 2.31 (s, 3H, Ch), 4.25 (s, 2H, SCh), 5.98 (s, 2H,
OCH,0), 6.58 (dJ = 1.7 Hz, 1H, H-4 pyrazole), 6.78-6.87 (m, 2H,marp 6.94-7.08 (m,
5H, arom.)7.47 (s, 1H, H-3), 7.57 (s, 1H, H-6),07(8,J = 1.7 Hz, 1H, H-3 pyrazole), 8.10
(s, 1H, NH), 9.07 (s, 1H, NH) ppm; HRMS (ESI-TQR)zcalcd for GsH20CI2N4O4S,
[M+H™] 575.0376, found 575.0379. Anal. £8,:Cl2N40.,S;) C, H, N.

4.1.1.24. N'-{4-Chloro-2-[(6-chlorobenzo[d][1,3]dkol-5-yl)methylthio]-5-
methylbenzenesulfonyl}-1-(3-methyl-5-phenyl-1H-pgtd -yl)amidine §0)

Starting from36 (0.295 g) with stirring for 1.5 h, the title compwal 60 was obtained after
crystallization from MeCN (0.065 g, 22%): m.p. 3381 °C; IR (KBr): 3442, 3332 (NH),
1642 (NH), 1569, 1534, 1504, 1475, 1449, 1431 (G=€N), 1286, 1134 (SHPcm*; *H
NMR (200 MHz, DMSOsdg): 8 2.29 (s, 6H, 2xCk), 4.26 (s, 2H, SC}), 5.97 (s, 2H,
OCH;0), 6.40 (s, 1H, H-4 pyrazole), 6.76-6.83 (m, 2idna.), 6.94-7.06 (m, 5H, arom.),
7.44 (s, 1H, H-3), 7.58 (s, 1H, H-6), 7.96 (s, NH), 8.88 (s, 1H, NH) ppm; HRMS (ESI-
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TOF) m/zcaled for GeH25ClaN404S, [M+H'] 589.0532, found 589.0536. Anal.
(C26H2:ClaN4OsSy) C, H, N.

4.2. X-ray Structure Determination

Diffraction intensity data were collected on an BPRT dual-beam diffractometer
(STOE&Cie GmbH, Darmstadt, Germany) at 120,0(2) KhwMo- Ko, radiation of a
microfocus x-ray source (GeniX 3D Mo High Flux, B9, 1.0 mA,x = 0.71073 A Xenocs,
Sassenage, France). The crystal was thermostateditimgen stream at 120K using
CryoStream-800 device (Oxford CryoSystem, UK) dgrithe entire experiment. Data
collection and data reduction were controlled byAdéa 1.75 program [43]. An absorption
correction was performed on the integrated refbastiby a combination of frame scaling,
reflection scaling and a spherical absorption atiwa. Outliers have been rejected according
to Blessing’s method [44]. Numerical absorption reotion was performed after the
optimization of the crystal-shape description byrdiedorf's method [45].

The structures were solved using direct method$ WHELXS-13 program and
refined by SHELXL-2014 [46] program run under caohtof WinGx [47]. All C-H type
hydrogen atoms were attached at their geometrieaibected positions and refined as riding
on heavier atoms with the usual constraints. The IN«drogen atoms in Cd6 complex were
found in the differential Fourier electron densmap and were refined without constraints.
For57 N-H bond lengths were constrained to 0.88 A bpgSHELX AFIX 93 instruction.

4.3.Cell Culture and Cell Viability Assay
All chemicals, if not stated otherwise, were obt¢girfrom Sigma-Aldrich (St. Louis,

MO, USA). The MCF-7 and Hela cell lines were pusdt from Cell Lines Services
(Eppelheim, Germany), the HCT-116 cell line wascpased from ATCC (ATCC-No: CCL-
247). Cells were cultured in Dulbecco’s modifiedgieés medium (DMEM) supplemented
with 10% fetal bovine serum, 2 mM glutamine, 10Qts/mL penicillin, and 100ug/mL
streptomycin. Cultures were maintained in a huradifitmosphere with 5% G@t 37 °C in
an incubator (HeraCell, Heraeus, Langenselboldm@ey).

Cell viability was determined using the MTT (3-(4dbnethylthiazol-2-yl)-2,5-
diphenyl-tetrazoliumbromide) assay. Stock solutiohthe studied compounds were prepared
in 100% DMSO. Working solutions were prepared blutdig the stock solutions with
DMEM medium, the final concentration of DMSO didtnexceed 0.5% in the treated

samples. Cells were seeded in 96-well plates a&naity of 5 x 18cells/well and treated for
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72 h with the examined compounds in the conceontratinge 1-10QM (1, 10, 25, 50 and
100 uM). Following treatment, MTT (0.5 mg/mL) was add&dthe medium and cells were
further incubated for 2 h at 37 °C. Cells were tysath DMSO and the absorbance of the
formazan solution was measured at 550 nm with te pieader (1420 multilabel counter,
Victor, Jigesheim, Germany). The optical densityhef formazan solution was measured at
550 nm with a plate reader (Victor 1420 multilabelinter). The experiment was performed

in triplicate. Values are expressed as the meaD #f&t least three independent experiments.

4.4. Cell Cycle Analysis

To determine presence of DNA fragmentation (subpBase of cell cycle), Hela and
HCT 116 cells (1x1%) were seeded in 1 ml of medium on 24 well platiéeA24 h medium
was replaced with fresh one. Then, cells were ackédr 24, 48 and 72 h with compoubd
or 60 in the concentration of 5QM for the indicated times. After treatment cellsreve
collected, washed with PBS and fixed in ice-coldo/6thanol for 24 h. Then, cells were
resuspended in 1 ml of PBS containing RNase A (Inthyy and DAPI (2,5ug/mL) and
incubated for 20 min at room temperature. Sampleseevanalyzed with a flow cytometer
(LSRII, Beckton Dickinson).

4.5. Metabolic Stability

Stock solutions of studied compounds were prepatezbncentration of 100 mM in
DMSO, then thinned down do 100 uM using phosphatéeh Incubation mixes consisted of
5 uM of studied compound, 100 uM of NADPH in phasghbuffer and 1 mg/ml of pooled
human liver microsomes (HLM) (Sigma-Aldrich, St. Uis, MO, USA) in potassium
phosphate buffer (0.1 M, pH 7.4). Incubations weaeried out in 96-well plates at 37 °C.
Incubation mixtures (excluding compound solutiongrev subjected to 5 minute pre-
incubation, and started by addition of 20 ul of paond stock solution. After 0, 5, 10, 15,
and 30 minute®5 ul samples of incubation reaction were added toetiigal volume of ice-
cold acetonitrile containing M of internal standar@which was one of the formerly studied
amidines, JBS 134). Control incubations were pearéat without NADPH to assess possible
chemical instability. All samples were immediateBntrifuged (10 min, 7500 g) and resulted

supernatant was directly subjected to LC-MS anslysi
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LC-MS analysis was performed on an Agilent 1260esyscoupled to SingleQuad
6120 mass spectrometer (Agilent Technologies, S&taa, CA, USA). Poroshell C18
EC120 column (3.0 x 100 mm, 2ufn, Agilent Technologies, Santa Clara, CA, USA) was
used in reversed-phase mode with gradient elutamtirsg with 60% of phase A (0.1% formic
acid in deionised water) and 40% of phase B (0.b#nic acid in acetonitrile). Gradient
elution program was: 0.00-10.00 min - 40%-100% 6,01 min-11.00 min - 100%-40% B,
11.00-15.00 min - 40%B. Total analysis time wagriib at 40°C, flow rate was 1.0 mL/min
and the injection volume was|B.. The mass spectrometer was equipped with elgutags
ionization source and ionization mode was positMass analyzer was set individually to
each derivative to detect pseudomolecular ions [(J+MSD parameters of the ESI source
were as follows: nebulizer pressure 35 psig)(Mrying gas 12 L/min (B, drying gas
temperature 350 °C, capillary voltage 3.0 kV, fragtor voltage 150 V.
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A\ MOST

New series of 2-mercaptobenzenesulfonamides have been synthesized.
HCT-116 and Hela cell lines were the most susceptible for tested compounds.
Four compounds display 4-fold higher activity against HelLa than HaCaT cells.

Active compounds cause DNA fragmentation in HCT-116 and Hela cells.
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