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Abstract: Nowadays there are various antifungal agents. These included many substances, including derivatives
of dithiocarbamates. The article aims to synthesize new derivatives of dithiocarbamate and study their
antifungal activity. To analyze and identify synthesized substances and determine their structural formulas, the
following spectral methods were used: IR (Shimadzu 8400 FTIR), 1H NMR (Bruker 500 MHz UltraShield) in
DMSO-d6 (internal standard - tetramethylsilane), Mass spectroscopy (Agilent 1100 Series LC / MSD Trap VL &
SL). Elemental analysis (C, H va N) was performed using a Perkin Elmer analyzer. The biological activity of
synthesized derivatives of dithiocarbamates was explored and 100ug/ml dilution of compound J2 (2-((4-
morpholinophenyl)amino)-2-oxoethyl 4-benzylpiperazine-1-carbodithioate) showed identical effect against
Candida albicans, Candida crusei, Candida parapsilosis as fluconazole. Compound A4  (2-((4-(4-
methylpiperazin-1-yl)phenyl)amino)-2-oxoethyl-4-methylpiperazine-1-carbodithioate) showed the same activity

against Candida parapsilosis and Candida glabrata as a standard drug.
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Introduction

Today there are many diseases caused by
microorganisms. Some of these diseases are
caused by the spread of pathogenic fungal
infections. There are approximately 1.5 million
different species of fungi on Earth, but just 300 of
them are known to make people sick. Fungal
diseases are often caused by fungi that are
common in the environment [1].

A series of  N-mono- and N, N-
disubstituted dithiocarbamates were investigated
as inhibitors of three b-carbonic anhydrases (CAs,
EC 4.2.1.1) from fungal pathogens Cryptococcus
neoformans, Candida albicans and Candida
glabrata, that is, Can2, CaNce103 and CgNcel03,
respectively. The new class of b-CA inhibitors
may have potential for developing antifungal
agents with a diverse mechanism of effect as
compared to clinically used drugs for which drug
resistance was reported [2].

Brug resistance for establishing

antifungals, such as azole derivatives (fluconazole
and ketoconazole), is a driving force in global
mortality due to fungal infection. Identification of
new molecular entities structurally unrelated to
the above may represent a valid strategy to
overcome resistance to currently available drugs.
In an effort to develop highly potent antifungal
agents, we report herein a series of 27 compounds
of dithiocarbamate and rhodanine molecules
containing pyridine moiety and their antifungal
activity. Among synthesized compounds, several
analogues showed potent antifungal activity [3].
A new series of Schiff bases of 4-(4-
aminophenyl)-morpholine were synthesized and
described by IR, 1H-NMR, 13C-NMR, mass
spectral and elemental analyses. The compounds
were screened for antibacterial (Staphylococcus
aureus (ATCC 9144), Staphylococcus
epidermidis (ATCC 155), Bacillus cereus (ATCC
11778), Micrococcus luteus (ATCC 4678),
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Escherichia coli (ATCC 25922)), antifungal (MTCCB 741), Streptomyces epidermidis
(Candida albicans (ATCC 2091) and Aspergillus (MTCCB1824) and Escherichia coli

niger (ATCC 9029)) activities [4-7].

Antibacterial activity was tested against
Staphylococcus  aureus  (MTCCB 737),
Pseudomonas  aeruginosa (MTCCB  741),
Streptomyces epidermidis (MTCCB1824) and
Escherichia coli (MTCCB1652), as well as
antifungal activity against Aspergillus fumigatus
nigra Aspergillus.

A series of substituted piperazine
derivatives were synthesized and tested for
antimicrobial activity. Also, the antibacterial
activity was tested against Staphylococcus aureus
(MTCCB 737), Pseudomonas aeruginosa

(MTCCB1652), and antifungal activity against
Aspergillus fumigatus, Aspergillus flavus and
Aspergillus niger. All synthesized compounds
showed significant activity against bacterial
strains but were found to be less active against
tested fungi. In vitro toxicity tests revealed that
some compounds showed lesser toxicity against
human erythrocytes [5].

The purpose of our work is to take into the
consideration of the main directions of research in
the creation of new active, antifungal substances -
drugs of the future - including derivatives of
dithiocarbamates.

Materials and methods

The substances cited were used as starting
materials for synthesis of A4, A5, J1 and J2
compounds: N-methyl piperazine aniline (Great
Britain Maybridge), 4-methyl piperazine, 4-ethyl
piperazine, carbon disulfide, chloroacetyl chloride
(Sigma Aldrich), sodium hydroxide, ethanol, 4-
morpholinoaniline  (Great  Britain  Acros
organics), 4-methyl 4-benzyl piperazine and 4-
benzyl piperazine, tetrahydrofuran (THF) as
solvent and triethylamine (TEA) as catalyst.

To identify and analyze synthesized
compounds and their structural formulas, spectral
research methods were used: IR (Shimadzu 8400
FTIR), IH NMR (Bruker 500MHz UltraShield) in
DMSO-d6 (internal standart - tetramethylsilane)
Mass Spectroscopy (Agilent 1100 Series LC /
MSD Trap VL & SL). Elemental analysis (C, H
vo N) was performed using Perkin Elmer
analyzer.

Results and discussion

Synthesis of new  derivatives  of
dithiocarbamates with morpholine moiety was
performed in three steps: acetylation of 4-
morpholineaniline with chloroacetyl chloride,
synthesys of  4-methyl 4-piperazine-1-
dithiocarbamate =~ and  4-benzylpiperazine-1-
dithiocarbamate sodium, final

synthesis is reaction of acetylated 4-
morpholineaniline with the synthesized 4-methyl
4-piperazine-1-dithiocarbamate and 4-
benzylpiperazine-1-dithiocarbamate sodium salts
through obtaining basic substances (Scheme 1).
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Scheme 1. Final step of the synthesis of dithiocarbamate dervatives (J1 and J2 compounds).

Synthesis of new derivatives of
dithiocarbamates with piperazine moiety was
performed in three steps: acetylation of N-
methylpiperazineaniline with chloroacetyl
chloride, synthesys of 4-methylpiperazine-1-
dithiocarbamate and 4  ethylpiperazine-1-
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dithiocarbamate salts. Final synthesis was the
reaction of acetylated 4-piperazineaniline with the
synthesized 4-methylpiperazine-1-
dithiocarbamate and 4  ethylpiperazine-1-
dithiocarbamate salts by the obtaining of basic
substances (Scheme 2).
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R=R;=CHgs- substance A4 ; R=R;=C,Hs- substance A5
Scheme 2. Final step of the synthesis of dithiocarbamate derivatives (A4 and A5)

Substance J1:
2-((4-morpholinophenyl)amino)-2-oxoethyl-4-
(4-methylbenzyl)piperazine-1-carbodithioate:
Chemical formula: CzsH32N4O,S,. Yield: 79 %.
Melting point 145.5°C. IR (KBr Vmax cm™): 3292
(N-H), 2852-2767 (Aliphatic C-H), 1666.5
(C=0), 1514-1473 (C=N vo C=C), 813 (l,4-
disubstituted benzene cycle). *H NMR (500 MHz,
DMSO-dg): o 2,3-4.63 (24H, m, Aliphatic
protons), 6.89 (2H, d, Aromatic protons, J=9.04
Hz), 7.14 (2H, d, Aromatic protons, J=7.88 Hz),
7.20 (2H, d, Aromatic protons, J=7.92 Hz), 7.43
(2H, d, Aromatic protons, J=9.03 Hz), 10,04 (H,
s, NH). MS(ES): M+1:422. Element analysis:
Calculated (%); C, 56.97; H, 7.41; N, 16.61.
Found (%); C, 56.78; H, 7.32; N, 16.54.

Substance J2:
2-((4-morpholinophenyl)amino)-2-oxoethyl-4-
benzylpiperazine-1-carbodithioate:  Chemical

formula: Cy4H30N4O,S;,. Yield: 82 %. Melting
point 148°C. IR (KBr vmax cm™): 3292 (N-H),
2852-2767 (Aliphatic C-H), 1666.5 (C=0), 1514-
1474 (C=N vo C=C), 814 (1,4-disubstituted
benzene cycle). *H NMR (500 MHz, DMSO-ds):
0 2,26-4.37 (24H, m, Aliphatic protons), 6.89
(2H, d, Aromatic protons, J=9.02 Hz), 7.15 (2H,
d, Aromatic protons, J=7.88 Hz), 7.21 (2H, d,
Aromatic protons, J=7.90 Hz), 7.43 (2H, d,
Aromatic protons, J=9.07 Hz), 10,04 (H, s, NH).
MS(ES): M+1:471. Element analysis: Calculated
(%); C, 61.25; H, 6.42; N, 11.90. Found (%); C,
61.06; H, 6.35; N, 11.79.

Substance A4:

2-((4-(4-methylpiperazin-1-yl)phenyl)amino)-2-
oxoethyl-4-methylpiperazine-1-carbodithioate:
Chemical formula: Ci9H29NsOS,. Yield: 81 %.
Melting point 196 °C. IR (KBr vmax Cm'l): 3254
(N-H), 2918-2848 (Aliphatic C-H), 1657 (C=0),
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1514-1415 (C=N va C=C), 820 (1,4-disubstituted
benzene cycle). *H NMR (500 MHz, DMSO-de):
0 2,23-4.21 (24H, m, Aliphatic protons), 6.88
(2H, d, Aromatic protons, J=8.99 Hz), 7.41 (2H,
d, Aromatic protons, J=8.99 Hz), 10,03 (H, s,
NH). MS(ES): M+1:408. Element analysis:
calculated (%); C, 55.99; H, 7.17; N, 17.18.
Found (%); C, 54.83; H, 7.02; N, 17.04.
Substance A5:
2-((4-(4-methylpiperazin-1-yl)phenyl)amino)-2-
oxoethyl-4-ethylpiperazine-1-carbodithioate:
Chemical formula: CyH3:NsOS,. Yield: 84 %.
Melting point 184°C. IR (KBr vmax cm): 3264
(N-H), 2974-2933 (Aliphatic C-H), 1658 (C=0),
1508-1429 (C=N va C=C), 825 (1,4-disubstituted
benzene cycle). *H NMR (500 MHz, DMSO-ds):
0 2,29-4.21 (24H, m, Aliphatic protons), 6.88
(2H, d, Aromatic protons, J=9.05 Hz), 7.42 (2H,
d, Aromatic protons, J=9.02 Hz), 10,03 (H, s,
NH). MS(ES): M+1:422. Element analysis:
Calculated (%); C, 56.97; H, 7.41; N, 16.61.
Found (%); C, 56.78; H, 7.32; N, 16.54.

Biological activity screening
Anticandidal assay

It should be noted that synthesized
products were tested for their in vitro growth
inhibitory activity against human pathogenic,

such as Candida albicans, Candida crusei,
Candida parapsilosis and Candida glabrata.
Fluconazole was used as a positive control factor.
Anticandidal activity test was performed
according to CLSI reference M27-A3 broth
microdilution method [8]. Compounds were
dissolved in DMSO. Further dilutions of the
compounds and standard drug in test medium
were prepared in the required quantities of 1600,
800, 400, 200, 100, 50, 25, 12.5, 6.25, 3.125 and
1.5625 pg/mL concentrations with Mueller-
Hinton broth and Sabouroud dextrose broth. In
order to ensure that the solvent percent had no
effect on yeast growth, a control test was also
performed in calculated broth supplemented with
only DMSO in the same dilutions used in our
experiments and found inactive in culture
medium. MICs; and MIC parameters of
synthesized compounds were calculated (Table
1.). Also, inhibition of new derivatives against
Candida species was illustrated (Diagrams 1 and
2). Compound J2 showed the same effect against
Candida albicans, Candida crusei, Candida
parapsilosis as fluconazole. Compound A4
revealed the same effect against Candida
parapsilosis and Candida glabrata as standard
drug.

Table 1. MICspand MIC parameters of synthesized compounds.

Minimum Results of

Compound Fungi species inhibitory minimum

P gt sp concentration inhibitory

50 (MICsp) concentration

2-((4-morpholinophenyl)amino)-2-oxoethyl- | Candida albicans 49.6 pg/ml 100 pg/ml

4-benzylpiperazine-1-carbodithioate (J2) Candida crusei 36.8 pg/ml 100 pg/ml

Candida parapsilosis 37.57 ng/ml 100 pg/ml

Candida glabrata 78.09 pg/ml 200 pg/ml

2-((4-morpholinophenyl)amino)-2-oxoethyl- | Candida albicans 78.78 pg/ml 200 pg/ml
4-(4-methylbenzyl)piperazine-1- - .

carbodithioate (J1) Candida crusei 77.15 pg/ml 200 pg/ml

Candida parapsilosis | 74.08 uq/ml 200 pg/ml

Candida glabrata 77.16 pg/ml 200 pg/ml

2-((4-(4-methylpiperazin-1- Candida albicans 76.71 pg/ml 200 pg/ml
yl)phenyl)amino)-2-oxoethyl 4- - -

methylpiperazine-1-carbodithioate (A4) Candida crusei 7558 pg/ml 200 pg/ml
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Candida parapsilosis 34.85 ug/ml 100 pg/ml
Candida glabrata 37.48 ug/ml 100 pg/ml
2-((4-(4-methylpiperazin-1- Candida albicans 71.24 pg/ml 200 pg/ml
yl)phenyl)amino)-2-oxoethyl 4- - -
ethylpiperazine-1-carbodithioate (A5) Candida crusei 76.93 pq/ml 200 pg/ml
Candida parapsilosis 35.44 ng/ml 100 pg/ml
Candida glabrata 78.57 ng/ml
g Ha/m 200 pg/ml

Inhibition %

15625 3,125 625 125 25 50 100 200 400 800 1600

) Dilutions png/ml i
Against C.crusei - Azainst Cparapsilosis Against C_glabrata

= Az ainst C.albicans

Diagram 1. Inhibition of Candida species by the compound 2-((4-morpholinophenyl) amino)-2-
oxoethyl 4-benzylpiperazine-1-carbodithioate (J2)

120

Inhibition %
\

“,f
15625 3,125 6,25 12,5 25 50 100 200 400 800 1600
Dilutions pg/ml

s A G AINST C.alDICANS s Against C.crusei Against Coparapsilosis Against C.glabrata

Diagram 2. Inhibition of Candida species by the compound 2-((4-(4-methylpiperazin-1-yl)
phenyl) amino)-2-oxoethyl 4-methylpiperazine-1-carbodithioate (A4)
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Conclusion

New  derivatives of  piperazine-1-
dithiocarbamate with morpholineaniline (J1 and
J2) and with N-methyl piperazineaniline (A4 and
A5) were synthesized and their structures
identified. The biological activity of synthesized

derivatives of dithiocarbamates were examined,
MICso and MIC parameters of synthesized
compounds were calculated and reveal antifungal
activity of the compounds J2 and A4.
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YENI DITIOKARBAMAT TOROMOLORININ SINTEZI VO BIOLOJI FOALLIGI
C.Y. Siikiirov

Azarbaycan Tibb Universiteti, aczagiliq kimyasi kafedrast
AZ 1022, Baki, S.Vurgun kii¢., 167, e-mail: china.86@mail.ru

Hal-hazirda bir ¢ox miixtalif gobalak aleyhina vasitalar vardir. Bunlarin arasinda ditiokarbamatlar
toramalori da var. Bu isin magsadi yeni ditiokarbamat toramalarinin sintezi va antifunqal faalliginin
oyranilmoasidir. Sintez olunmus maddalarin tadqiqi va strukturlarinin miiayyanlagdirmak iiciin asagidaki
spektral metodlardan istifads edilmisdir: DMSO-06-da IR (Shimadzu 8400 FTIR), 1H NMR (Bruker
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500 MHz UltraShield) (daxili standart - tetrametilsilan), Mass spektroskopiya (Agilent 1100 Series LC)
/ MSD Trap VL & SL). Element analizi (C, H va N) Perkin Elmer analizatoru vasitasi ilo aparilmisdur.
Sintez olunmus ditiokarbamat toromoalorinin bioloji faalligi tadqiq edilmis, J2 birlasmoasinin 100 mkq /
ml konsentrasiyada durulasmada Candida albicans, Candida crusei, Candida parapsilosis stamlarina
qarst flukonazol ilo miiqayisada eyni faallig niimayis etdirmigdir. A4 maddasi, standart niimuna ilo
(fliikonazol) miiqayisada Candida parapsilozu vo Candida glabrata  stamlarina eyni faalligi
gostormigdir.

Agar sozlor: ditiokarbamatlar toromalari, antifungal faallig

CHHTE3 H BUHOJIOTHYECKAA AKTHBHOCTH HOBBIX IIPOU3BO/IHbIX
JAUTHOKAPBKAMATOB

Y.A. Ilykiopos

A3zepbatioxcanckuti meOuyuHckull ynusepcumem, kagheopa hapmayesmuueckori xumuu
AZ 1022, baxy, yn. C.Bypeyua, 167, e-mail: china.86@mail.ru

B nacmoswee epems cywecmeyem MHOJNCECMBO PA3IUUHBIX NPOMUBOCPUOKOBLIX CPeOCm8, cpeou
KOMOPbIX eCmb U NPou3so0Hble oumuoxkapoamamos. Llenvio 0annoll pabomvl A615€mcst CUHMe3 HOBbIX
NPOU3BOOHLIX OUMUOKAPOAMAMOE U U3YUeHUe UX NPOMuU8ocpudKo8ol akmueHocmu. [{is anaiuza u
udeHmuurayuy  CUHME3UPOBAHHBIX  BeWeCms U  OnpedeleHuss UxX CMpPYKMYpHoIX — (opmyn
UCNONB306ANUCH Credyiouue cnekmpanbvhvie memoowl: UK (Shimadzu 8400 FTIR), 1H AMP (Bruker
500 MHz UltraShield) ¢ JIMCO-d6 (snympennuii cmanoapm - mempamemuicuiatn), Macc-
cnexkmpockonust (Agilent 1100 Series LC / MSD Trap VL & SL). Dnemenmuorii ananuz (C, H u N)
nposoounu ¢ Ucnoavosavuem anaiuzamopa Perkin-Elmer. Bvinta ucciredoseana oOuonocuyeckas
AKMUBHOCTb  CUHME3UPOBAHHBIX NPOU3BOOHLIX Oumuokapbamamos u coeournenue J2 (2 - ((4-
Moponunopenun) amuno) -2-oxkcosmun 4-bensunnunepazun-1l-kapbooumuoam) npu KOHYESHMPAyUU
100 mxe / mn nokazano maxyio sce axkmusnocms ¢ omuoutenuu Candida albicans, Candida crusei,
Candida parapsilosis, umo u ¢gaykonaszon. Coeounenue A4 (2 - ((4-(4-memunnunepazun-1-un) enun)
aMuHo) -2-okcosmun 4-memuanunepasun-l-xapbooumuoam) npossuio aAKMuUEHOCMb 6 OMHOWEHUU
Candida parapsilosis u Candida glabrata, umo u cmanoapmmuoe ekapcmeennoe cpeocmao.

Knrouesvle cnosa: npomusozpubdkosvie cpedcmaa, npouzeoo0Hvle OUMUOKaApOaAMamos
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