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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 N1-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, 1H 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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П. В. Ткаченко, О. В. Ткаченко, К. Ю. Нетьосова, О. В. Борисов, І. О. Журавель
Синтез заміщених 4-алкіл/арилсульфоніл-5-аміно-3-алкілтіопіразолів 
як потенційних фармацевтичних агентів протигрибкової дії 
Одним з перспективних напрямків терапії грибкових інфекцій є синтез нових хімічних сполук, які можуть 

бути використані в якості активних фармацевтичних інгредієнтів у виробництві високоефективних ліків для ліку-
вання грибкових інвазій.

Мета роботи. Запропонувати дизайн комбінаторної бібліотеки похідних 4-алкіл/арилсульфоніл-5-аміно-3-
алкілтіопіразолів для тотального антимікробного скринінгу з метою пошуку нових речовин з протигрибковою 
активністю, розробити методи синтезу нових сполук, вивчити їх спектральні характеристики.

Матеріали та методи. Використовувалися методи органічного синтезу, інструментальні методи аналізу ор-
ганічних сполук.

Результати та їх обговорення. Розроблено дизайн бібліотеки малих молекул на основі базової структури 
5-амінопіразолу. Запропоновано і апробовано зручну та ефективну синтетичну схему одержання N1-заміщених 
4-алкіл/арилсульфоніл-5-аміно-3-алкілтіопіразолів та продуктів їх ацилювання. Даний підхід полягає в цикліза-
ції заміщених алкіл/арилсульфонілацетонітрилів під дією гідразин-гідрату з подальшим розширенням хімічного 
різномаїття структур за рахунок реакцій алкілування та ацилювання. Загальний вихід цільових продуктів скла-
дає 50-88 %. Структура всіх синтезованих сполук підтверджена даними елементного аналізу, 1H ЯМР- та 
LC/MS-методів.

Висновки. Запропоновано дизайн та синтетичну схему одержання нових похідних 4-алкіл/арилсульфоніл-
5-аміно-3-алкілтіопіразолів та продуктів їх хімічної модифікації. Синтезовані сполуки становлять певний інтерес 
як потенційні фармацевтичні агенти і можуть бути використані в розробці нових протигрибкових засобів.

Ключові слова: піразол; комбінаторна бібліотека; синтез; фармацевтичний агент
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Синтез замещенных 4-алкил/арилсульфонил-5-амино-3-алкилтио пиразолов как 
потенциальных фармацевтических агентов противогрибкового действия 
Одним из перспективных направлений терапии грибковых инфекций является синтез новых химических 

соединений, которые могут быть использованы в качестве активных фармацевтических ингредиентов в произ-
водстве высокоэффективных лекарств для лечения грибковых инвазий.

Цель работы. Предложить дизайн комбинаторной библиотеки производных 4-алкил/арилсульфонил-5-
амино-3-алкилтиопиразолов для тотального антимикробного скрининга с целью поиска новых веществ с противо-
грибковой активностью, разработать методы синтеза новых соединений, изучить их спектральные характеристики.
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Материалы и методы. Использовались методы органического синтеза, инструментальные методы анали-
за органических соединений.

Результаты и их обсуждение. Разработан дизайн библиотеки малых молекул на основе базовой струк-
туры 5-аминопиразола. Предложена и апробирована удобная и эффективная синтетическая схема получения 
N1-замещенных 4-алкил/арилсульфонил-5-амино-3-алкилтиопиразолов и продуктов их ацилирования. Данный 
подход состоит в циклизации замещенных алкил/арилсульфонилацетонитрилов под действием гидразин-гидра-
та с последующим расширением химического разнообразия веществ за счет реакций алкилирования и аци-
лирования. Общий выход целевых продуктов составил 50-88 %. Структура всех синтезированных соединений 
подтверждена данными элементного анализа, 1H ЯМР- и LC/MS-методов.

Выводы. Предложен дизайн и синтетическая схема получения новых производных 4-алкил/арилсульфонил-
5-амино-3-алкилтиопиразолов и продуктов их химической модификации. Синтезированные соединения пред-
ставляют определенный интерес в качестве потенциальных фармацевтических агентов и могут быть исполь-
зованы для разработки новых противогрибковых средств.

Ключевые слова: пиразол; комбинаторная библиотека; синтез; фармацевтический агент

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 МHz (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 × 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 N1-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 K2CO3 (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-(N- 
acylamino)-derivatives N1-substituted 4-alkyl/arylsul- 
fonyl-5-amino-3-alkylthiopyrazoles (7). Reflux the mix- 
ture of N1-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 × 5 mL) and methyl alcohol (7 mL). 

The general procedure for preparation of 5-(N,N- 
diacylamino)-derivatives of N1-substituted 4-alkyl/  
arylsulfonyl-5-amino-3-alkylthiopyrazoles (9). Reflux the  
mixture of N1-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 × 5 mL).

Results and discussion 
Recently, we described the synthesis and the anti-

microbial activity of some 4-arylsulfonylderivatives of 
5-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 N1-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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corresponding alkyl- 1{1-2} or arylsulfoacetonitriles 1{3-6} 
with CS2 and alkylhalogenides 2{1-3} (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 

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{1-12} 
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 δ 11.97…12.00 ppm and signals of the 
amino group at δ 5.80…6.17 ppm.

For the synthesis of N1-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{1-11} (Tab. 3) in di-
methylformamide (DMF) in the presence of K2CO3 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 1H NMR-spectra of products 
5 indicates the N1-alkylation reaction. And the presence 
of cross-coupling between the CH2 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{1-3} (Tab. 4). The use of the ex-

Scheme. Preparation of substituted 4-alkyl/arylsulfonyl-5-amino-3-alkylthiopyrazoles

Table 1
Alkylsulfoacetonitriles 1{1-2} and  

arylsulfoacetonitriles 1{3-6}

Entry Compound R1

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 R2 and R3

1 2{1} Methyl
2 2{2} Ethyl
3 2{3} n-propyl
4 2{4} i-propyl
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

Table 3
Chloroacetamides 4{1-11}

Entry Compound R3

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
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cess anhydride of carboxylic acids 8{1-2} in this inter-
action led to N,N-diacylamino derivatives 9{1-28}. In the 
case of monoacylamino derivatives 7 in the 1H 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 1H 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 ºC; 1H NMR d: 2.43 
(s, 1H, SCH3), 6.09 (s, 2H, NH2), 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 ºC; 1H 
NMR d: 1.12 (t, 3H, CH3), 2.87 (q, 2H, CH2), 6.17 (s, 
2H, NH2), 7.64 (d, 2H, Ar-H), 7.89 (d, 2H, Ar-H), 12.00 
(s, 1H, NH).

N-(3,4-Dimethylphenyl)-(5-amino-4-metylsulfo- 
nyl-3-methylthiopyrazol-1-yl)acetamide 5{36}. Yield –  
74 %. M. p. – 234-36 ºC; 1H NMR d: 2.12 (s, 6H, 2CH3), 
2.33 (s, 3H, SCH3), 3.00 (s, 3H, CH3), 4.74 (s, 2H, CH2), 
6.23 (s, 2H, NH2), 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 ºC; 1H NMR d: 2.27 (s, 3H, 
SCH3), 4.83 (s, 2H, CH2), 6.50 (s, 2H, NH2), 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 ºC; 
1H NMR d: 2.08 (t, 3H, CH3), 2.32 (s, 3H, SCH3), 5.08 

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

anhydrides 8{1-2}

Entry Compound R4

1 6{1} Methyl
2 6{2} Ethyl
3 6{3} Propyl

Fig. Examples of substituted 5-amino-3-alkylthiopyrazoles synthesized 
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(s, 2H, CH2), 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-(N-propionylamino)-4- 
phenylsulfonyl-3-methylthiopyrazole 7{16}. Yield – 
57 %. M. p. – 282 ºC; 1H NMR d: 0.85 (t, 3H, CH3), 2.15 
(t, 3H, CH3), 2.20 (t, 3H, CH3), 2.22 (m, 2H, CH2), 2.44 
(s, 3H, SCH3), 5.12 (s, 2H, CH2), 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-(N,N-dipropionylamino)-4- 
phenylsulfonyl-3-methylthiopyrazole 9{5}. Yield – 55 %.   

M. p. – 219-21 ºC; 1H NMR d: 0.85 (t, 6H, CH3), 2.35 
(m, 4H, 2CH2), 2.45 (s, 3H, SCH3), 5.19 (s, 2H, CH2), 
7.20 (d, 2H, Ar-H), 7.51 (d, 2H, Ar-H), 7.57-7.72 (m, 
5H, Ar-H); m/z: 551 [M+].

СONCLUSIONS 
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. 
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