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The synthesis of the substituted 4-alkyl/arylsulfonyl-5-amino-3-
alkylthiopyrazoles as promising pharmaceutical agents with the
antifungal action

One of the promising directions for development of antifungal agents is the synthesis of new chemical compounds
that can be used as active pharmaceutical ingredients to produce highly effective drugs for the treatment of fungal
infestations.

Aim. To create the combinatorial library of 4-alkyl/arylsulfonyl-5-amino-3-alkylthiopyrazoles derivatives for the to-
tal antimicrobial screening to search for new substances with the antifungal activity, and study their spectral properties.

Materials and methods. The methods of organic synthesis, instrumental methods of organic compound analysis
were used.

Results and discussion. The design of the library of small molecules based on the core structure of 5-aminopira-
zole has been developed. The useful and effective synthetic scheme for preparing N'-subsituted 4-alkyl/arylsulfonyl-5-amino-
3-alkylthiopyrazoles and their acylation products has been proposed and approved. This approach consists of cycliza-
tion of substituted alkyl/arylsulfoacetonitriles under the action of hydrazine hydrate with further alkylation and acylation
of 5-aminopyrazoles obtained. The total yield of the target products is 50-85 %. The structure of all compounds synthe-
sized has been confirmed using elemental analysis, '"H NMR- and chromato-mass spectrometric methods.

Conclusions. The design and the synthetic scheme for obtaining 4-alkyl/arylsulfonyl-5-amino-3-alkiltiopirazoles
and products of their chemical modification have been proposed. The compounds synthesized are of certain interest
as potential pharmaceutical agents and can be used to develop new antifungal agents.
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M. B. TkaueHko, O. B. TkaueHko, K. FO. HetbocoBa, O. B. bopucos, I. O. XXypasenb

CuHTe3 3amiweHux 4-ankin/apuncynbgoHin-5-amiHo-3-ankintionipasonis
SAIK NOTEHUINHUX (hapMaLeBTUYHUX areHTiB NPoTUrpubkoBoi Aii

OfgHVM 3 nepcrneKkTMBHMX HanpsmkiB Tepanii rpbkoBuX iHPEKLI € CUHTE3 HOBMUX XiIMIYHMX CMONYK, SKi MOXYTb
OyTV BMKOPUCTaHI B AKOCTi aKTUBHNX hapMaLEeBTUYHUX iHTPEdiEHTIB Y BUPOOHULITBI BUCOKOEMEKTUBHUX NiKIB AN TiKy-
BaHHS rpMOKOBUX iHBASIN.

MeTta po6oTu. 3anponoHyBaTn An3anH KOMGiHAaTOpHOI GibnioTekn noxigHwx 4-ankin/apuncynbgoHin-5-amiHo-3-
ankintionipa3onis Anst TOTanbHOrO aHTUMIKPOOHOIO CKPUHIHIY 3 METOH MOLLYKY HOBUX PEYOBUH 3 MPOTUIPUOKOBOIO
aKTMBHICTIO, PO3POOUTU METOAMN CUHTE3Y HOBMX CMOJYK, BUBYUTU iX CMEKTParnbHi XapakTePUCTUKMN.

MaTepianu Ta meToaun. BukopuctoByBanmcsa MeToam OpraHiyHOro CMHTE3y, iIHCTPyMeHTarnbHi MeToAn aHanisy op-
raHiYHUX Cronyk.

Pe3ynbraTtyh Ta ix o6roBopeHHs. Po3pobneHo an3anH 6ibniotekn Manux MorneKyrn Ha OCHOBi 6a30BOi CTPYKTypu
5-amiHonipasony. 3anponoHoBaHo i anpoboBaHo 3py4Hy Ta e(PEKTUBHY CUHTETUYHY CXeMy ofepxkaHHsA N'-3amilleHnx
4-ankin/apuncynbdoHin-5-amiHo-3-ankinTionipasonis Ta NPOAYKTIB iX auunoBaHHA. [JaHui nigxig nonsrae B umknisa-
uii 3amiweHunx ankin/apuncynbdOoHinaueToHITPUMIB Nia Ai€to rigpasuH-rigpaTy 3 noganblumMM pO3LLUNPEHHSM XiMiYHOTO
Pi3HOMAITTH CTPYKTYpP 3a paxyHOK peakLii ankinysaHHsA Ta auunioBaHHA. 3aranbHuUn BUXif LiNbOBUX MPOAYKTIB CKa-
nae 50-88 %. CTpykTypa BCix CMHTE30BaHUX CNONyK NiATBEPAXEHa AaHUMU eneMeHTHoro aHanisy, 'H AMP- ta
LC/MS-meTogiB.

BucHoBkK. 3anponoHOBaHO An3aiH Ta CUHTETUYHY CXEMY OAEepPXKaHHS HOBUX NOXiAHMX 4-ankin/apuncynbgoHin-
5-amiHo-3-ankinTionipasonis Ta NpoayKTiB ix XiMiyHOI Mogudikauii. CMHTE30BaHi CNonyky CTaHOBNSTL MEBHUI iHTEpeC
SK NOTEHLiVHI hapmaueBTUYHI areHTy | MOXyTb ByTu BUKOpUCTaHi B po3pobLii HOBUX NPOTUIPMOKOBKX 3acobiB.

Knrovoei cnoea: nipason; kombiHamopHa 6ibniomeka; cuHme3s; chapmauyesmuyHuUl aceHm

M. B. TkaueHko, E. B. TkaueHko, K. FO. HeTécoBa, A. B. bopucos, U. A. XXypasenb

Cu1HTe3 3aMelleHHbIX 4-aJ1KVIJ1/apVI.I16yJ1bd)OHMﬂ-5-aMMHO-3-aJ1KVII1TVIOI1lea3OJ10B KakK
noTeHUuuanbHbIX d.)apMal.leBTVI‘-leCKVIX areHToB npOTVIBOFpVIGKOBOI’O OenucrTeus

OQHUM 13 NepcrnekTUBHbLIX HaNpaBneHun Tepanuy rpubKoBbIX MHAEKLUMI ABNSAETCA CUHTE3 HOBbIX XMMUYECKUX
COEONHEHWI, KOTOPbIE MOTYT ObITb MCMONb30BaHbI B KAYE€CTBE aKTMBHbLIX (hapMaLeBTUYECKNX UHIPEONEHTOB B NPOU3-
BOACTBE BbICOKO3(EKTUBHBIX NEKAPCTB AN fIeYeHUs IPUOKOBbIX UHBA3WIA.

Llenb pa6otbl. [MpegnoxuTb ansanH KOMOUHATOPHOW OMONMMOTEKN NMPOU3BOAHBIX 4-ankun/apuncynb@oHnn-5-
aMUWHO-3-anKUnTMonMpasosioB A1 TOTanbHOI0 aHTUMUKPOBHOIO CKPUHMHIA C LIeNbH NMOoMCcKa HOBbIX BELLECTB C MPOTMBO-
rPMBKOBON aKTUBHOCTLIO, pa3paboTaTb METOAbI CUHTE3a HOBbIX COEAMHEHUN, U3YYUTb UX CMIEKTParbHbIE XapaKTEPUCTUKM.
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MaTtepuanbl u meToabl. Vicnonb3oBanncb MeETOAbl OPraHNYEeCKOro CMHTEe3a, MHCTPpYMEHTanbHble MeTOAbl aHann-

3a OpraHN4YecKUx coeguHEeHUN.

Pe3synbraTthl 1 nx obcyxpaeHune. PaspaboTtaH av3ariH 6MbnmoTekn marnbix Mofekyn Ha ocHoBe 6a30BOI CTPyK-
Typbl 5-amuHonupasona. MNMpeanoxeHa n anpobupoBaHa ygobHas n apdekTnBHas CUHTETUYECKaA CXeMa Nony4eHus
N'-3ameLLeHHbIX 4-ankun/apuncynbgoHUN-5-aMMHO-3-ankunTMonupasonos 1 NPOAYKTOB UX auMnMpoBaHus. JaHHbI
NoAX0f COCTOUT B LIMKMM3aLMN 3aMeLLeHHbIX ankun/apuncynbOoHUNaLeTOHUTPUIOB Nof AeUCTBUEM MMAPasnH-rinapa-
Ta C MocfenyLmMM paclupeHneM XMMUYecKoro pasHoobpasns BeLLEeCTB 3a CYET peakuMin ankunmpoBaHusa n aum-
nvposaHusA. ObLwMi BbIXOA LieneBbiX NpoaykTos coctasun 50-88 %. CTpykTypa BCeX CMHTE3MPOBAHHbBIX COeANHEHNI
noaTBepKAeHa AaHHbIMY dremeHTHoro aHanusa, 'H AMP- n LC/MS-meTonoB.

BbiBoabl. [MpeanoxeH An3anH 1 CUHTETUYECKAst CXema Nory4eHUs HOBbIX MPOM3BOAHBIX 4-ankun/apuncynsoHnmM-
5-aMnHO-3-anknnTMonnpasonoB 1 NPOAYKTOB NX XMMUYECKon Mmoaudmnkaummn. CUHTE3MPOBaHHbIE COEAUHEHNUS Npea-
CTaBNAOT onpeferieHHbI MHTEpPeC B Ka4ecTBe NoTeHuMarnbHbIX dhapMaLeBTUHECKUX areHToB U MOryT ObiTb UCMOMb-
30BaHbl AN pa3paboTkn HOBbIX NMPOTUBOrPUOKOBBLIX CPEACTB.

Knrouesnbie cnoea: nupasorn,; kombuHamopHas bubnuomeka; cuHme3s; ghapmayesmuyeckull azeHm

The global spread of fungal infections trend tends
to increase [1-6]. This is directly due to the high mo-
bility of the population and because of the increasing
proportion of the elderly people in its structure. It can
be considered as a constant source of infections. Today
more than 400 species of fungi that can cause disease
in humans are known. The spectrum of potential fungal
pathogens continues to expand, but the dominant clini-
cal value remains Candida and Aspergillus spp [3]. The
mortality rate for some forms of Candida infection is
38-75 %, and for invasive aspergillosis this index ex-
ceeds 95 % [3]. It should be noted that the effectiveness
of the existing pharmaceutical market of antifungal drugs
decreases in proportion to the increase in their use due
to the spread of resistant clinical strains and is charac-
teristic of all antimicrobial agents.

One of the promising directions for development of an-
tifungal agents is the synthesis of new chemical compounds
that can be used as active pharmaceutical ingredients to
produce highly effective drugs for the treatment of fungal
infestations. Modern developments in the field of che-
mistry of antifungal agents are new triazoles [7-9], echi-
nocandines [9, 10], imidazoles [10] and pyrazoles [11-16].

Materials and methods

All solvents and reagents were obtained from the
commercial sources. Elemental analysis was performed
on a Euro EA-3000 apparatus. Melting points were ob-
tained on a Buchi B-520 device. The NMR-spectra were
recorded with a Bruker 170 Avance 500 spectrometer
at 500 MHz (DMSO-d6); TMS was used as an internal
standard; chemical shifts were reported in ppm. LC/MS
spectra were recorded with a PE SCIEX API 150EX li-
quid chromatograph equipped with a UV detector (215
and 254 nm) and using the C18 column (100 x 4 mm).
Elution started with water and ended with acetonitrile/
water (95 : 5, v/v); the linear gradient was used at the
flow rate of 0.15 mL/min and the analysis cycle time of
25 min. According to LC/MS data all compounds syn-
thesized have purity > 95 %. The TLC was performed
on aluminum plates covered with silica gel (Merck,
Kiesgel 60 F-254).

The substituted 4-alkyl/arylsulfonyl-5-amino-3-
alkylthiopyrazoles (3) were obtained according to the
methods previously reported [17].

The general procedure for N-alkylation 4-alkyl/
arylsulfonyl-5-amino-3-alkylthiopyrazoles (5). To the mix-
ture of 4-alkyl/arylsulfonyl-5-amino-3-alkylthiopyrazo-
les (1 mmol) and K,CO; (3 mmol) in DMF (10 mL) add
the appropriate halide (1.2 mmol). Stir the reaction mix-
ture at 80 °C for 1 h and then cooled to the room tempe-
rature. Add water (60 mL), filter the precipitate formed,
then crystallize from the mixture of ethanol/DMF (1 : 1).

The general procedure for preparation of 5-(/V-
acylamino)-derivatives /V'-substituted 4-alkyl/arylsul-
fonyl-5-amino-3-alkylthiopyrazoles (7). Reflux the mix-
ture of N-alkylation 4-alkyl/arylsulfonyl-5-amino-3-al-
kylthiopyrazole (1.5 mmol) and the corresponding chlo-
roanhydride of carboxylic acid (1.7 mmol) in dioxane
(10 mL) for 2 h, then cool the mixture to the room tempe-
rature and dilute with water (10 mL). Filter the precipitate,
wash with water (2 x 5 mL) and methyl alcohol (7 mL).

The general procedure for preparation of 5-(/V,/V-
diacylamino)-derivatives of N'-substituted 4-alkyl/
arylsulfonyl-5-amino-3-alkylthiopyrazoles (9). Reflux the
mixture of N'-alkylation 4-alkyl/arylsulfonyl-5-amino-
3-alkylthiopyrazole (1.5 Mol) and the corresponding
anhydride (1.7 Mol) in dioxane (10 mL) for 2 h, then
cool the mixture to the room temperature and dilute
with water (10 mL). Filter the precipitate and wash with
water (2 X 5 mL).

Results and discussion

Recently, we described the synthesis and the anti-
microbial activity of some 4-arylsulfonylderivatives of
S-aminopyrazoles and proposed some directions of mo-
dification of the pyrazole system for enhancing their ac-
tion [17]. In this paper the synthetic scheme was pro-
posed. It allows generating structures that combine se-
veral fragments characteristic of compounds with the anti-
fungal action. Based on the analysis using the PASS
(Prediction of Activity Spectra for Substances) computer
program [18] 5-aminopirazole with the substituted sul-
fonyl-group in position 4 and with branched radicals in
position 1 was chosen as a basic structure.

Our approach is in application of the useful and ef-
fective synthetic scheme for preparation of N'-subsituted
4-alkyl/arylsulfonyl-5-amino-3-alkylthiopyrazoles star-
ting from substituted sulfoacetonitriles shown in Tab. 1.
The first stage of the reaction is the cyclization of the
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Table 1

Alkylsulfoacetonitriles 1{1-2} and
arylsulfoacetonitriles 1{3-6}

Entry Compound R
1 1{1} Methyl
2 1{2} Ethyl
3 1{3} Phenyl
4 1{4} 4-methylphenyl
5 1{5} 4-chlorophenyl
6 1{6} 4-methoxyphenyl

Table 2
Alkyl halides 2{1-18}

Entry Compound R?and R?
1 2{1} Methyl
2 2{2} Ethyl
3 2{3} n-propyl
4 2{4} i-propy!
5 2{5} Benzyl
6 2{6} 2-methylbenzyl
7 2{7} 3-methylbenzyl
8 2{8} 4-methylbenzyl
9 2{9} 2,4-dimethylbenzyl
10 2{10} 2,5-dimethylbenzyl
11 2{11} 3-methoxybenzyl
12 2{12} 2-fluorobenzyl
13 2{13} 4-fluorobenzyl
14 2{14} 2-chlorobenzyl
15 2{15} 3-chlorobenzyl
16 2{16} 4-chlorobenzyl
17 2{17} 4-bromobenzyl
18 2{18} 4-ethenylbenzyl

corresponding alkyl- 1{7-2} or arylsulfoacetonitriles 1/3-6,
with CS, and alkylhalogenides 2{7-3} (Tab. 2) in dioxa-
ne for introduction of the thioalkyl moiety with the fol-
lowing cyclization under the action of hydrazine hyd-
rate (Scheme). The reaction with hydrazine hydrate was

Table 3
Chloroacetamides 4{1-11}
Entry Compound R
1 4{1} phenyl
2 4{2} 2-ethylphenyl
3 4{3} 2,5-dimethylphenyl
4 4{4} 3,4-dimethylphenyl
5 4{5} 3,5-dimethylphenyl
6 4{6} 4-methoxyphenyl
7 4{7} 2,4-dimethoxyphenyl
8 4{8} 4-chlorophenyl
9 4{9} 4-methoxyphenyl
10 4{10} 2,4-difluorophenyl
11 4{11} 2-fluoro-4-bromophenyl

carried out in propanole-2 in the presence of triethyl-
amine traces while boiling for 3 h and led to target 4-al-
kyl/arylsulfonyl-5-amino-3-alkylthiopyrazoles 3{/-12}
in a good yield of 67-89 % via S,S-diacetales as inter-
mediates. Formation of the pyrazole cycle for compo-
unds 3 was confirmed by the presence of singlet signals
of NH protons at § 11.97...12.00 ppm and signals of the
amino group at 6 5.80...6.17 ppm.

For the synthesis of N'-substituted products 5{1-146;
the alkylation reaction was used. The interaction was
carried out by conventional treatment with alkyl halides
2{1-18} and chloroacetamides 4{-11} (Tab. 3) in di-
methylformamide (DMF) in the presence of K,CO, at
80 °C. The yields of the target products were 61-91 %
depending on the nature of the reagent. The absence of
signals of NH protons of 'H NMR-spectra of products
5 indicates the N'-alkylation reaction. And the presence
of cross-coupling between the CH, protons of the acet-
amide fragment (approximately at 4.80 ppm) and the
amino group (approximately at 6.50 ppm) in the NOESY
spectra of target products unambiguously confirms the
direction of the reaction.

Some of 5-aminopyrazoles 5 obtained were conver-
ted in high yields (70-90 %) to the corresponding N-
acylamino derivatives 7{1-54} using chloroanhydrides
of carboxylic acids 6{/-3} (Tab. 4). The use of the ex-

1.CS,, NaOH RO Rl O
(\)\ 2. R2-Hal 2(1-3} //S S—R R3-Hal 2{1-18}, ,/S S—R?
| 3.NH,NH, o} 4¢1-11} 0
RS
VN ——— I\ —_— I\
H,N N H,N -
- \
1{1-6} 3{1-12} R’ 5(1-146}
R4-COCI
6{1-3} (R5-C0),0
8/1-2}
Rl O R' 0O
N 7
s’ s—rR? S| s—Re
o o]
R4 R? CO_ . I‘?3
7{1-54} R 9{1-28}

Scheme. Preparation of substituted 4-alkyl/arylsulfonyl-5-amino-3-alkylthiopyrazoles
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anhydrides 8{1-2}

Table 4
Acid chloroanhydrides 6{1-3} and Acid

Entry Compound R*
1 6{1} Methyl
2 6{2} Ethyl
3 6{3} Propyl

cess anhydride of carboxylic acids 8{7-2} in this inter-
action led to N, N-diacylamino derivatives 9{7-28}. In the
case of monoacylamino derivatives 7 in the '"H NMR-
spectra the signal of NH-proton was observed near
10.20 ...10.30 ppm. In the case of diacylamino derivatives
9 the signal of NH-proton was absent, and signals of pro-
tons of acyl fragments were observed at 0.80 ... 0.85 ppm
and 2.35 ... 2.55 ppm with a double integral intensity.

The structure of all compounds obtained was confirmed
using "H NMR- and chromato-mass spectrometric methods.

For illustration, 8 arbitrary compounds synthesized
according to Scheme are shown in Fig.

One can assume that the compounds synthesized have
a broad potential of the pharmacological activity, espe-
cially as antifungal agents; and development of methods
of the synthesis and the study of pharmacological proper-

ties of these compounds are important directions of phar-
maceutical and medical chemistry.
5-Amino-4-phenylsulfonyl-3-methylthiopyra-
zole 3{3}. Yield — 87 %. M. p. — 188 °C; 'HNMR &: 2.43
(s, 1H, SCH,), 6.09 (s, 2H, NH,), 7.56 (m, 3H, Ar-H),
7.89 (d, 2H, Ar-H), 11.97 (br. s, 1H, NH).
5-Amino-4-(4’-chlorophenylsulfonyl)-3-ethylthio-
pyrazole 3{8}. Yield — 92 %. M. p. — 212-13 °C; 'H
NMR 6: 1.12 (t, 3H, CH,), 2.87 (q, 2H, CH,), 6.17 (s,
2H, NH,), 7.64 (d, 2H, Ar-H), 7.89 (d, 2H, Ar-H), 12.00
(s, IH, NH).
N-(3,4-Dimethylphenyl)-(5-amino-4-metylsulfo-
nyl-3-methylthiopyrazol-1-yl)acetamide 5/36}. Yield —
74 %. M. p.—234-36 °C; '"HNMR 6: 2.12 (s, 6H, 2CHy,),
2.33 (s, 3H, SCH,), 3.00 (s, 3H, CH,), 4.74 (s, 2H, CH,),
6.23 (s,2H,NH,), 7.03 (d, 1H, Ar-H), 7.22 (d, 1H, Ar-H),
7.31 (s, 1H, Ar-H), 10.10 (s, 1H, NH); m/z: 369 [M"].
N-(2-Fluoro-4-bromophenyl)-(5-amino-4-phenyl-
sulfonyl-3-methylthiopyrazol-1-yl)acetamide 5/63.
Yield — 66 %. M. p.—261-62 °C; 'HNMR &: 2.27 (s, 3H,
SCH,), 4.83 (s, 2H, CH,), 6.50 (s, 2H, NH,), 7.36 (dd,
1H, Ar-H), 7.61 (s+m, 4H, Ar-H), 7.93 (m, 3H, Ar-H),
10.15 (s, 1H, NH).
1-Benzyl-5-(N-acetylamino)-4-phenylsulfonyl-3-
methylthiopyrazole 7/2}. Yield— 71 %. M. p. —253-55 °C;
'H NMR &: 2.08 (t, 3H, CH,), 2.32 (s, 3H, SCH,), 5.08

cl HC 0
8. s—cH
v 3
o —
0
s’ s—cH 0 H,N" S N
o s .S s—
/A o CH o
N o\ 3 N
HN . N
’ H N SN H,C NH
3
303 38 536
cl
H,C
0 0
O,,S S—CH, S sj o
7,
]\ © 7\ CH, S S—CH,
N N

N
0 Oﬁ) H
jou Cr O tj
Br F 563 H.C CH, 591}

/
/S/ S_CH3

7{16}

z//o
HC. 80 s—cH,
10
0Ny / N
N
O%
s Br

Fig. Examples of substituted 5-amino-3-alkylthiopyrazoles synthesized

—

(@)

95}
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(s, 2H, CH,), 7.19 (d, 2H, Ar-H), 7.29 (s, 1H, Ar-H),
7.32 (d, 2H, Ar-H), 7.58 (m, 3H, Ar-H), 7.90 (d, 2H,
Ar-H), 10.25 (s, 1H, NH); m/z: 402 [M*].
1-(2,4-Dimetylbenzyl)-5-(/V-propionylamino)-4-
phenylsulfonyl-3-methylthiopyrazole 7/16/. Yield —
57 %. M. p.—282 °C; '"HNMR a: 0.85 (t, 3H, CH,), 2.15
(t,3H, CH,), 2.20 (t, 3H, CH,), 2.22 (m, 2H, CH,), 2.44
(s, 3H, SCH,), 5.12 (s, 2H, CH,), 6.84 (s, 1H, Ar-H),
7.04 (s,2H, Ar-H), 7.57 (d, 2H, Ar-H), 7.74 (m, 3H, Ar-H),
10.20 (s, 1H, NH); m/z: 444 [M'].
1-(4-Bromobenzyl)-5-(/V, N-dipropionylamino)-4-
phenylsulfonyl-3-methylthiopyrazole 9/5. Yield — 55 %.

M. p. —219-21 °C; '"H NMR &: 0.85 (t, 6H, CH,), 2.35
(m, 4H, 2CH,), 2.45 (s, 3H, SCH,), 5.19 (s, 2H, CH,),
7.20 (d, 2H, Ar-H), 7.51 (d, 2H, Ar-H), 7.57-7.72 (m,
SH, Ar-H); m/z: 551 [M"].

CONCLUSIONS

The method of the synthesis of series of new substi-
tuted 5-amino-3-alkylthiopyrazoles has been developed.
They are of great interest for further biological screening
in order to find substances with the properties associa-
ted with the action on fungal cells among them.

Conflict of Interests: authors have no conflict of
interests to declare.
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