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The article presents a method for synthesizing sulfonyl-derived indoles by rearranging
the corresponding N-arylhydrazones through boiling in acetic acid saturated with dry
hydrogen chloride and the addition of anhydrous zinc chloride. The ADMET resource
was used to predict the pharmacokinetic indicators of absorption, distribution, metabolism,
and excretion of the synthesized compounds. The study compared the predicted activity
of synthesized compounds to that of active drugs containing an indole fragment,
specifically indole-3-carbinol and diindolylmethane. The results indicate that the
introduction of a sulfonyl group has a positive effect on the pharmacokinetic indicators
of the synthesized compounds, which are comparable to those of the active drugs.
Sulphonyl-derived indoles have the potential for oral administration due to their good
indicators of intestinal absorption (0.009–0.097). Additionally, there is no negative effect
on the central nervous system as indicated by their indicators of penetration through the
blood-brain barrier (0.003–0.008). Furthermore, the compounds did not exhibit inhibition
of cytochrome P450 (CYP) enzymes. Rats are potential candidates for further in vivo
studies due to their low rates of mutagenicity, carcinogenicity, and acute toxicity.
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Introduction
Indole is an important heterocycle [1] found in

natural compounds such as tryptophan [2]. Indole
derivatives demonstrate a wide range of biological
activities, including antiviral [3], anti-inflammatory
and analgesic [4,5], anticancer [6], antioxidant [7],
anti-HIV [8], and others. Therefore, obtaining new
compounds and studying their pharmacological profile
is a relevant task.

Previously, we developed methods for activating
C-H bonds without the use of catalysts [9,10] during
our study of electrophilic rearrangements of
oxazaheterocycles [11,12] and their biological activity
[13]. Specifically, we developed a method for
synthesizing functionalized N-aryl hydrazones from
cyclohexanone-2-carboxamide [14] and obtaining
indole derivatives based on them.

The aim of this study was to synthesize indole
derivatives with sulfamide groups and evaluate their

biological activity profile using in silico prediction.
Experimental
Unless otherwise stated, all reagents of analytical

grade were purchased from commercial suppliers and
used without any further purification. IR spectra were
recorded on a PerkinElmer Spectrum One instrument
in KBr pellets. The 1H NMR spectra were obtained
by using a Bruker Avance II 400 spectrometer in
DMSO-d6 and CDCl3 using residual solvent peak as
a reference. The mass spectra were recorded by means
of a MX1321 instrument with direct injection of the
sample at an ionization chamber temperature of 2000C
and with 70 eV ionizing electrons. Mass spectra FAB
were recorded on a VG7070 instrument in fast atom
bombardment mode. Desorption of atoms from a
solution in m-nitrobenzyl alcohol was accomplished
with a beam of argon atoms at 8 keV energy. Elemental
analysis was performed by means of a
LECO CHN-900 instrument. The reactions and the
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purity of the obtained compounds were monitored by
TLC on Merck Silicagel 60 F-254 plates with 10:1
CHCl3–i-PrOH as eluent. Melting points were carried
out using an Electrothermal 9100.

Synthesis of arylhydrazones (general method)
First, a mixture of 5 ml of water and 6 ml of

concentrated hydrochloric acid was prepared. Then,
0.01 mol of the corresponding amine was dissolved
in the mixture. Next, 0.69 g (0.01 mol) of dry sodium
nitrite was added to the mixture with intensive stirring
and cooling. In a separate container, a solution of
1.41 g (0.01 mol) of cyclohexanone-2-carboxamide
in 20 ml of acetic acid was prepared. This solution
was then added to the mixture of diazonium salts
under stirring and cooled with ice. The reaction mixture
was stirred for 15 minutes and then neutralized with
a 15% NaOH solution to achieve a neutral medium.
The resulting precipitate was filtered.

(E)-6-(2-(Aminosulfonyl)phenyl)hydrazono)-6-
carbamoylhexanoic acid (1)

Yield 52%, yellow powder, mp 225–2270C
(DMF). 1H NMR spectrum (400 MHz, DMSO-d6),
δ, ppm (J, Hz): 11.93 (1Í, s, CO2H);
9.90 (1Í, s, NH); 7.65 (2Í, d, 3J=8.7, 3,5-Ar);
7.49 (2Í, d, 3J=8.7, 2,6-Ar); 7.48 (1Í, s, ÑÎNH2);
6.95 (1Í, s, ÑÎNH2); 7.07 (2Í, s, SO2NH2);
2.58–2.62 (2Í, m, 5-ÑÍ2); 2.21–2.24 (2Í, m,
2-ÑÍ2), 1.53–1.56 (2Í, m, 4-ÑÍ2), 1.39–1.43 (2Í,
m, 3-ÑÍ2). Mas spectrum (EI), m/z (Irel, %):
442 [Ì]+ (66). Found, %: C 45.55; H 5.41; N 16.48.
C13H18N4O5S. Calculated, %: C 45.61; H 5.30;
N 16.36.

( Z ) - 6 - ( { 2 - [ ( 1 , 3 - T h i a z o l - 2 -
y l am i n o ) s u l f o n y l ] p h e n y l } h y d r a z o n o ) - 6 -
carbamoylhexanoic acid (2)

Yield 33%, light-yellow powder, mp 213–2150C
(DMF). IR spectrum (KBr pellets, ν, cm–1):
3454 (OH); 3316 (NH); 1661 (C=O). 1H NMR
spectrum (400 MHz, DMSO-d6), δ, ppm (J, Hz):
9.95 (1Í, s, NH); 7.61 (2Í, d, 3J=8.7, 3,5-Ar);
7.49 (1Í, s, ÑÎNH2); 7.45 (2Í, d, 3J=8.7, 2,6-Ar);
7.20 ( 1Í, d, 3J=8.7, ÑÍ); 7.00 (1Í, s, ÑÎNH2);
6.75 (1Í, d, 3J=8.7, ÑÍ); 2.55–2.59 (2Í, m,
5-ÑÍ2); 2.19–2.23 (2Í, m, 2-ÑÍ2); 1.50–1.53 (2Í,
m, 4-ÑÍ2); 1.37–1.39 (2Í, m, 3-ÑÍ2). Mas spectrum
(FAB), m/z (Irel, %): 426 [Ì+Í]+ (100). Found, %:
C 45.25; H 4.58; N 16.38. C16H19N5O5S2. Calculated,
%: C 45.17; H 4.50; N 16.46.

(Z)-6-[(2-{[(2,6-Dimethoxypyrimidin-4-
y l ) am i n o ] s u l f o n y l } p h e n y l ) h y d r a z o n o ] - 6 -
carbamoylhexanoic acid (3)

Yield 39%, yellow powder, mp 220–2220C
(DMF). IR spectrum (KBr pellets, ν, cm–1):
3474 (OH); 3233 (NH); 1681 (C=O). 1H NMR

spectrum (400 MHz, DMSO-d6), δ, ppm (J, Hz):
11.78 (1Í, br s, CO2H); 10.07 (1Í, s, NH);
7.74 (2Í, d, 3J=8.7, 3,5-Ar); 7.55 (1Í, s, ÑÎNH2);
7.52 (2Í, d, 3J=8.7, 2,6-Ar); 7.05 (1Í, s, ÑÎNH2);
5.94 (1Í, s, ÑH-Py); 3.77 (6Í, s, 2ÎÑÍ3); 2.56–
2.60 (2Í, m, 5-ÑÍ2); 2.19–2.23 (2Í, m, 2-ÑÍ2),
1.50–1.53 (2Í, m, 4-ÑÍ2), 1.36–1.39 (2Í, m,
3-ÑÍ2). Mas spectrum (FAB), m/z (Irel, %):
481 [Ì+Í]+ (100). Found, %: C 47.61; H 5.13;
N 17.33. C19H24N6O7S. Calculated, %: C 47.49;
H 5.03; N 17.49.

(E)-6-[(2-{[(5-Ethyl-1,3,4-thiadiazol-2-yl)-
a m i n o ] s u l f o n y l } p h e n y l ) h y d r a z o n o ] - 6 -
carbamoylhexanoic acid (4)

Yield 62%, orange powder, mp 210–2120C
(DMF). IR spectrum (KBr pellets, ν, cm–1):
3461 (OH); 3279 (NH); 1643 (C=O). 1H NMR
spectrum (400 MHz, DMSO-d6), δ, ppm (J, Hz):
13.84 (1Í, s, SO2NH); 10.01 (1Í, s, NH);
7.62 (2Í, d, 3J=8.7, 3,5-Ar); 7.53 (1Í, s, ÑÎNH2);
7.50 (2Í, d, 3J=8.7, 2,6-Ar); 7.04 (1Í, s, ÑÎNH2);
2.81–2.82 (2Í, m, ÑÍ2ÑÍ3); 2.58–2.61 (2Í, m,
5-ÑÍ2); 2.21–2.24 (2Í, m, 2-ÑÍ2); 1.51–1.55 (2Í,
m, 4-ÑÍ2); 1.39–1.41 (2Í, m, 3-ÑÍ2); 1.19–
1.23 (3Í, t, ÑÍ2ÑÍ3). Mas spectrum (FAB),
m/z (Irel, %): 455 [Ì+Í]+ (100). Found, %: C 44.85;
H 4.76; N 18.56. C17H22N6O5S2. Calculated, %:
C 44.92; H 4.88; N 18.49.

(6Z)-6-({2-[(Acetylamino)sulfonyl]phenyl}hydrazono)-
6-carbamoylhexanoic acid (5)

Yield 39%, white powder, mp 225–2270C
(DMF). IR spectrum (KBr pellets, ν, cm–1):
3481 (OH); 3107 (NH2); 3290 (NH); 1677 (C=O).
1H NMR spectrum (400 MHz, DMSO-d6), δ, ppm
(J, Hz): 11.8 (1Í, br s, CO2H); 10.1 (1Í, s, NH);
7.62 (2Í, d, 3J=8.7, 3,5-Ar); 7.6 (1Í, s, ÑÎNH2);
7.54 (2Í, d, 3J=8.7, 2,6-Ar); 7.09 (1Í, s, ÑÎNH2);
2.54–2.56 (2Í, m, 5-ÑÍ2); 2.2 (3Í, ñ, ÑÍ3); 2.18–
2.20 (2Í, m, 2-ÑÍ2); 1.51–1.55 (2Í, m, 4-ÑÍ2);
1.35–1.37 (2Í, m, 3-ÑÍ2). Mas spectrum (EI),
m/z (Irel, %): 384 [Ì]+ (47). Found, %: C 46.74;
H 5.39; N 14.43. C15H20N4O6S. Calculated, %:
C 46.87; H 5.24; N 14.57.

Synthesis indoles (general methods)
In a 100 ml flask, mix 0.01 mol of arylhydrazone,

0.02 mol of ZnCl2, and 30 ml of AcOH saturated
with gaseous HCl (5.5 g of HCl / 100 ml of AcOH).
Boil the reaction mixture in a reflux flask for 1–2
hours, then pour it onto ice and neutralize it with a
2 N K2CO3 solution to pH 5. Filter the precipitate
and purify it by crystallization.

4-(2-Carbomoyl-5-(aminosulfonyl)-1H-indol-
3-yl)butanoic acid (6)

Yield (52%), light yellow powder, mp 260–
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2620C (DMF). 1H NMR spectrum (400 MHz,
DMSO-d6), δ, ppm (J, Hz): 12.16 (1H, s, CO2H);
11.68 (1Í, s, NH); 8.13 (1Í, d, 4J=2, 4-Í Ar);
7.60 (1Í, br s) and 7.52 (1Í, br s, ÑÎNH2);
7.66 (1Í, dd, 4J=2, 3J=8.8, 6-Í Ar); 7.52 (d, 3J=8.8,
7-Í Ar); 7.17 (2H, s, SO2NH2); 3.05 (2Í, t, 3J=7.3,
ÑÍ2); 2.26 (2Í, t, 3J=7.3, ÑÍ2); 1.75–1.83 (2Í, m,
ÑÍ2). Mas spectrum (FAB), m/z (Irel, %):
326 [Ì+H]+ (26). Found, %: C 47.80; H 4.56;
N 12.81. C13H15N3O5S. Calculated, %: C 47.99;
H 4.65; N 12.92.

4 - { 2 -Ca r b omo y l - 5 - [ ( 1 , 3 - t h i a z o l - 2 -
ylamino)sulfonyl]-1H-indol-3-yl)}butanoic acid (7)

Yield (43%), yellow powder, mp 220–2220C
(ÌåÎÍ). 1H NMR spectrum (400 MHz,
DMSO-d6), δ, ppm (J, Hz): 12.02 (1H, s, CO2H);
11.65 (1Í, s, NH); 8.10 (1Í, d, 4J=2, 4-Í Ar);
7.62 (1Í, br s) and 7.52 (1Í, br s, ÑÎNH2);
7.60 (1Í, dd, 4J=2, 3J=8.8, 6-Í Ar); 7.54 (1Í, d,
3J=8.8, 6-Í Ar); 7.50 (1Í, d, 3J=6.1, thiazol);
7.21 (1Í, d, 3J=6.1, thiazol); 3.06 (2Í, m, ÑÍ2);
2.26 (2Í, m, ÑÍ2); 1.80 (2Í, m, ÑÍ2); Mas spectrum
(FAB), m/z (Irel, %): 409 [Ì+Í]+ (80). Found, %:
C 47.16; H 3.83; N 13.60. C16H16N4O5S2. Calculated,
%: C 47.05; H 3.95; N 13.72.

4-[2-Carbamoyl-5-(2,6-dimethoxypyridin-4-yl)-
1H-indol-3-yl]butanoic acid (8)

Yield (38%), yellow powder, mp 253–2550C
(DMF). 1H NMR spectrum (400 MHr, CDCl3), δ,
ppm (J, Hz): 8.13 (1Í, d, 4J=2, 4-Í Ar);
7.60 (1Í, br s) and 7.48 (1Í, br s, ÑÎNH2);
7.57 (1Í, dd, 4J=2, 3J=8.8, 6-Í Ar);
7.49 (1Í, d, 3J=8.8, 6-Í Ar); 6.25 (1Í, s, CÍ Py);
3.94 (3H, s, CH3); 3.89 (3H, s, CH3);
3.06 (2Í, m, ÑÍ2); 2.25 (2Í, m, ÑÍ2);
1.79 (2Í, m, ÑÍ2); Mas spectrum (FAB),
m/z (Irel, %): 464 [Ì+Í]+ (90). Found, %: C 49.13;
H 4.73; N 15.01. C16H16N4O5S2. Calculated, %:
C 49.24; H 4.57; N 15.11.

4-(2-Carbomoyl-5-{[(5-ethyl-1,3,4-thiadiazol-
2-yl)amino]sulfonyl}-1H-indol-3-yl)butanoic acid (9)

Yield (52%), light-yellow powder, mp 242–
2450C (DMF). 1H NMR spectrum (400 MHz,
DMSO-d6), δ, ppm (J, Hz): 11.82 (1H, s, CO2H);
11.60 (1Í, s, NH); 8.14 (1Í, s, 4-Í Ar);
7.62 (1Í, br s) and 7.42 (1Í, br s, ÑÎNH2);
7.59 (1Í, d, 3J=8.8, 6-Í Ar); 7.50 (1Í, d, 3J=8.8,
6-Í Ar); 3.08 (2Í, t, 3J=7.3, ÑÍ2);
2.79 (2Í, q, 3J=7.3, ÑÍ2ÑÍ3); 2.23–2.28 (2Í, m,
ÑÍ2); 1.78–1.86 (2Í, m, ÑÍ2);
1.21 (3Í, t, 3J=7.3, ÑÍ3). Mass spectrum (FAB),
m/z (Irel, %): 438 [Ì+Í]+ (100). Found, %: C 46.55;
H 4.49; N 16.18. C17H19N5O5S2. Calculated, %:
C 46.67; H 4.38; N 16.01.

4-[5-[(Acetylamino)sulfonyl]-2-(aminocarbonyl)-
1H-indol-3-yl]butanoic acid (10)

Yield (40%), yellow powder, mp 214–2160C
(ÌåÎÍ). 1H NMR spectrum (400 MHz,
DMSO-d6), δ, ppm (J, Hz): 8.10 (1Í, d, 4J=2,
4-Í Ar); 7.55 (1Í, br s) and 7.41 (1Í, br s, ÑÎNH2);
7.50 (1Í, dd, 4J=2, 3J=8.8, 6-Í Ar); 7.39 (1Í,
d, 3J=8.8, 6-Í Ar); 3.06 (2Í, m, ÑÍ2); 2.31 (3H, s,
CH3); 2.24 (2Í, m, ÑÍ2); 1.78 (2Í, m, ÑÍ2);
Mas spectrum (FAB), m/z (I rel, %):
368 [Ì+Í]+ (80). Found, %: C 49.16; H 4.83;
N 11.58. C15H17N3O6S. Calculated, %: C 49.04;
H 4.66; N 11.44.

Results and discussion
Polyfunctional N-arylhydrazones with sulfamide 

groups were obtained by reacting cyclohexanone- 
2-carboxamide with diazonium salts in a mixture of 
hydrochloric and acetic acid (Scheme 1). The reaction 
on the C-sp3 hybridized carbon atom was facilitated 
by the enol form of cyclohexanone-2-carboxamide 
in DMSO, without the need for catalysts. The structure 
of synthesized compounds 1–5 was determined using 
IR and 1H NMR spectroscopy, as well as mass 
spectrometry.

Indole derivatives containing sulfamide groups
6–10 were synthesized from arylhydrazones 1–5 using
the Fischer reaction (Scheme 2). The arylhydrazones
were boiled in glacial acetic acid saturated with HCl
and an excess of dry zinc chloride was added for 1–
1.5 hours. The structures of compounds were
determined using 1H NMR spectroscopy and mass
spectrometry.

The ADMETlab 2.0 software resource [15] was
used to evaluate the potential of indole derivatives,
specifically compounds 6–10, for biological targets
and predict their profile of metabolism, excretion,
and toxicity. The predicted values of compounds 6–
10 (Table 1) were compared to the predicted
pharmacokinetic parameters of active drugs, indole-
3-carbinol 11 and diindolylmethane 12 (Fig. 1). Indole
3 carbinol alters estrogen metabolism in the liver,
blocks tumor cell growth and receptor activity, and
increases liver enzyme activity responsible for toxin
removal. Additionally, it acts as a strong antioxidant
against papilloma oncovirus. Diindolylmethane
promotes the formation of estrogen metabolites,
supporting the health of mammary gland, intrauterine,
and cervical tissues.

For further research, an ideal candidate should
fall within the yellow region and outside the pink
region. The studied compounds with TPSA (topological
polar surface) and Log D (solubility in lipids at
physiological pH 7.4) parameters that are slightly
outside the defined norm are also worth considering.
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Fig. 1. Structures of indole-3-carbinol 11 and

diindolylmethane 12

Table 2 presents the analysis of predicted 
pharmacokinetic parameters. It is widely recognized 
that for oral administration, a potential drug must 
exhibit good intestinal absorption (HIA) and 
penetration through the colon adenocarcinoma 
(Caco-2) cell lines. All studied sulfo-derivatives of 
indole 6–10 demonstrate excellent HIA and average 
Caco-2 values. Compounds 6–10 exhibit superior

blood-brain barrier (BBB) penetration rates compared
to compounds 11–12, making them promising
candidates for further research on CNS drugs.

The potential of a drug candidate is determined
by its ability to inhibit or induce cytochrome
P450 (CYP) enzymes. These enzymes play a crucial
role in metabolism and detoxification, so it is essential
to consider the effect of the future drug on CYP450.
Compounds 6–10 did not inhibit P450, indicating
that they will not interfere with drugs that target these
CYP enzymes.

Additionally, compounds 6–10 have a low
clearance value (CL) and a short elimination half-life
(T1/2).

Table 3 presents the predicted toxicity of
compounds 6–10 and drugs 11 and 12. It is important
to note that, among the tested compounds 6–12,
liver damage (DILI) rates are high, except for
compound 11. Conversely, compounds 6–10 show
very good rates of predicted mutagenicity (AMES)
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Fig. 2. Graphic representation of the analysis of the physical and chemical properties of compounds 6–12:

a – 6; b – 7; c – 8; d – 9; e – 10; f – 11; and g – 12

  
a b 

  
c d 

 
e 

  
f g 
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and carcinogenicity (CARC), acute oral toxicity for
rats (Rat Acute Toxicity), and skin sensitivity (Skin
Sensitization). Compounds 11 and 12 are predicted
to have an increased potential for skin damage.
Additionally, compound 11 is predicted to have
overestimated acute oral toxicity in rats.

Conclusions
We presented a successful technique for

synthesizing sulfonyl-derived indoles from
N-arylhydrazones through the Fischer reaction. The

study analyzed the absorption, distribution, metabolism,
and excretion of the synthesized compounds using in
silico prediction methods with the ADME resource.
The addition of a sulfonyl group to the indole ring
had a beneficial impact on the pharmacokinetic
parameters. The synthesized compounds predicted in
this study are recommended as potential candidates
for oral administration due to their low rates of
mutagenicity, carcinogenicity, acute oral toxicity to
rats, and skin damage. Additionally, they comply with

Table 1
Determined physicochemical parameters of compounds 6–12 using ADMETlab 2.0

Table 2
Pharmacokinetic parameters of compounds 6–12

Table 3
Toxicological properties of compounds 6–12
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the rule of five. However, the predicted increased
rates of liver damage suggest that further optimization
of the structure of sulphonyl-derived indoles is
necessary.
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ÑÈÍÒÅÇ ÒÀ IN SILICO ADMET ÏÐÎÃÍÎÇÓÂÀÍÍß
ÍÎÂÈÕ ÑÓËÜÔÎÍ²ËÏÎÕ²ÄÍÈÕ ²ÍÄÎË²Â

Ì.Â. Ñìåòàí³í, Ñ.À. Âàðåíè÷åíêî, Î.Ê. Ôàðàò

Ó ñòàòò³ îïèñàíî ìåòîä ñèíòåçó ñóëüôîí³ëïîõ³äíèõ
³íäîë³â ïåðåãðóïóâàííÿì â³äïîâ³äíèõ N-àðèëã³äðàçîí³â ïðè
êèï’ÿò³íí³ â îöòîâ³é êèñëîò³, íàñè÷åí³é ñóõèì õëîðî-
âîäíåì ç äîäàâàííÿì áåçâîäíîãî õëîðèäó öèíêó. Çà äîïî-
ìîãîþ ðåñóðñó ADMET ñïðîãíîçîâàíî ôàðìàêîê³íåòè÷í³
ïîêàçíèêè àáñîðáö³¿, ðîçïîä³ëåííÿ, ìåòàáîë³çìó ³ âèâåäåííÿ
ñèíòåçîâàíèõ ñïîëóê. Ðåçóëüòàòè ïðîãíîçóâàííÿ ñèíòåçî-
âàíèõ ñïîëóê ïîð³âíÿí³ ç ðåçóëüòàòàìè ïðîãíîçóâàííÿ
ä³þ÷èõ ë³êàðñüêèõ ïðåïàðàò³â, ÿê³ ìàþòü ³íäîëüíèé
ôðàãìåíò, ³íäîë-3-êàðá³íîëó ³ ä³³íäîë³ëìåòàíó. Çà ðåçóëü-
òàòàìè ïðîãíîçóâàííÿ âñòàíîâëåíî, ùî ââåäåííÿ ñóëüôî-
í³ëüíî¿ ãðóïè ïîçèòèâíî âïëèâàº íà ôàðìàêîê³íåòè÷í³
ïîêàçíèêè ñèíòåçîâàíèõ ñïîëóê, ÿê³ º ð³âíèìè ïîêàçíè-
êàì ä³þ÷èõ ïðåïàðàò³â. Ãàðí³ ïîêàçíèêè êèøêîâî¿ àáñîðáö³¿
(0.009–0.097) ñóëüôîí³ëïîõ³äíèõ ³íäîë³â ðîáèòü ¿õ ïîòåí-
ö³éíèì êàíäèäàòîì íà ïåðîðàëüíèé ïðèéîì. Ïîêàçíèêè
ïðîíèêíåííÿ ÷åðåç ãåìàòîåíöåôàë³÷íèé áàð’ºð (0.003–
0.008) äîçâîëÿþòü çðîáèòè âèñíîâîê ïðî â³äñóòí³ñòü íåãà-
òèâíîãî âïëèâó íà öåíòðàëüíó íåðâîâó ñèñòåìó. Ñïîëóêè
íå ïðîÿâèëè ñåáå ³íã³á³òîðàìè ôåðìåíò³â öèòîõðîìó
Ð450 (CYP). Íèçüê³ ïîêàçíèêè ìóòàãåííîñò³, êàíöåðîãå-
íîñò³ òà ãîñòðî¿ òîêñè÷íîñò³ äëÿ ùóð³â ðîáèòü ¿õ ïîòåíö³é-
íèìè êàíäèäàòàìè äëÿ ïîäàëüøèõ äîñë³äæåíü in vivo.

Êëþ÷îâ³ ñëîâà: ñóëüôîí³ëïîõ³äí³ ³íäîë³â, ðåàêö³ÿ
Ô³øåðà, N-àðèëã³äðàçîíè, öèêë³çàö³ÿ, ADMETlab 2.0.



178

N.V. Smetanin, S.A. Varenichenko, O.K. Farat

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 3, pp. 171-178
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DERIVATIVES
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The article presents a method for synthesizing sulfonyl-
derived indoles by rearranging the corresponding N-arylhydrazones
through boiling in acetic acid saturated with dry hydrogen chloride
and the addition of anhydrous zinc chloride. The ADMET resource
was used to predict the pharmacokinetic indicators of absorption,
distribution, metabolism, and excretion of the synthesized
compounds. The study compared the predicted activity of
synthesized compounds to that of active drugs containing an
indole fragment, specifically indole-3-carbinol and
diindolylmethane. The results indicate that the introduction of a
sulfonyl group has a positive effect on the pharmacokinetic
indicators of the synthesized compounds, which are comparable
to those of the active drugs. Sulphonyl-derived indoles have the
potential for oral administration due to their good indicators of
intestinal absorption (0.009–0.097). Additionally, there is no
negative effect on the central nervous system as indicated by
their indicators of penetration through the blood-brain barrier
(0.003–0.008). Furthermore, the compounds did not exhibit
inhibition of cytochrome P450 (CYP) enzymes. Rats are potential
candidates for further in vivo studies due to their low rates of
mutagenicity, carcinogenicity, and acute toxicity.

Keywords: sulfonyl derivatives of indoles; Fischer reaction;
N-arylhydrazones; cyclization; ADMETlab 2.0.
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