ISSN 0027-1314, Moscow University Chemistry Bulletin, 2019, Vol. 74, No. 5, pp. 236—240. © Allerton Press, Inc., 2019.
Russian Text © The Author(s), 2019, published in Vestnik Moskovskogo Universiteta, Seriya 2: Khimiya, 2019, No. 5, pp. 313—318.

Synthesis and Antimicrobial Activity
of N-(Indolyltrifluoroacetamides
I. S. Stepanenko?, S. A. Yamashkin® *, A. 1. Kot’kin®, and M. A. Yurovskaya“

4Q0garev Mordovia State University, Saransk, Russia
b Evseviev Mordovian State Pedagogical Institute, Saransk, Russia
¢Department of Organic Chemistry, Moscow State University, Moscow, Russia
*e-mail: yamashk @yandex.ru
Received November 11, 2018; revised February 12, 2019; accepted February 14, 2019

Abstract—A method for the synthesis of the corresponding trifluoroacetamides based on 2,3-dimethyl-,
1,2,3-trimethyl-7-aminoindoles and ethyl ester of trifluoroacetic acid is developed. The compounds
obtained are screened for antimicrobial activity using the standard strains of the Staphylococcus aureus 29213,
Escherichia coli 25922, Pseudomonas aeruginosa 27853, Streptococcus pyogenes 1238, and Klebsiella pneumonia
9172; and the antimicrobial activity comparable to dioksidin, a widely used antimicrobial drug, is demon-
strated.
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Substituted aminoindoles with an amino group in
the benzene ring are well known as starting com-
pounds for the production of indolyl amides, indo-
lylene amino ketones, pyrroloindoles, and pyrrolo-
quinolones [1, 2]. Many of these compounds have a
different biological activity [3—5]. Indolyl amides,
pyrroloquinolones based on substituted 4,7-aminoin-
doles and trifluoroacetoacetic ester have a high level of
antimicrobial activity [6, 7]. In this regard, it was
interesting to study the reaction of 2,3-dimethyl- and
1,2,3-trimethyl-7-aminoindoles (1, 2) with trifluoro-

acetic acid ethyl ester in order to develop a method for
the synthesis of the corresponding indolyl trifluoro-
cetamides and their antimicrobial activity.

We found that heating aminoindoles 1 and 2 with
an excess of trifluoroacetic acid ethyl ester in benzene
in the presence of a catalytic amount of glacial acetic
acid made it possible to produce compounds, which,
according to the mass spectral studies (UV, 'H NMR),
have structures 3 and 4 shown in Scheme 1.

CH3 (||) CH3 CH3
‘ F3C—-C—0C,H;s | - |

N CH3 Benzene, Tt ITI CH3 N CH3

| |

NH, R catalytic amounts CH;COOH (glacial) F3C\C/NH R F:C._ N R
i ¢
¢} OH
a b
1,2 1,3 R=H;

3(57%), 4 (65%)
2,4 R = CH;

Scheme 1.

According to the data of the quantum chemical cal-
culations of the charges in the atomic charge units
(a.c.u.) carried out by the density functional method
(DFT) using the B3LYP hybrid functional and the 6—

31G basis set on the nitrogen atoms of the amino
group in aminoindoles 1 and 2 (—0.797 a.c.u. for com-
pound 1 and —0.799 a.c.u. for compound 2), their
behavior in the trifluoroacetylation reaction was
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expected to be the same. However, the formation of
amide 4 is more difficult than compound 3 under the
same conditions, which results in a longer reaction
time (20—30 and 40—50 h for compounds 3 and 4,
respectively). This is probably due to the spatial diffi-
culties created by the N-methyl group of the indole
pyrrole ring. The chromatographic control of the reac-
tion revealed two forms of compounds 3 and 4: car-
bonyl (a) and enolic (b) with different R; values.

In contrast to the UV spectra of the starting com-
pounds 1 and 2 containing two absorption maxima
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(227,275, and 232, 285 nm for amines 1 and 2, respec-
tively), three absorption bands appeared in the UV
spectra of compounds 3 and 4 in ethanol with A, values
of 212, 230, 298 nm for amide 3 and 212, (shoulder),
232, 290 nm for amide 4. The appearance of an addi-
tional band or shoulder (212 nm) is explained by the
presence of an amide group in the molecule, while the
shift of the maximum of the m—mn transitions to the
long-wavelength region is due to the elongation of the
conjugation chain in the amide molecule.
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Table 1. MIC values (L/mL for compounds 3 and 4 and dioxidine for test strains of microorganisms

Test strain of the studied

Compound, MIC (u/mL)

microorganism 3 4 Dioxidine [11]
S. aureus 29213 31.3 62.3 125.0—1000.0
S. pyogenes 1238 31.3 31.3 —
E. coli 25922 125.0 125.0 8.0—250.0
P. aeruginosa 27853 125.0 125.0 125.0—1000.0
K. pneumoniae 9172 More than 250 125.0 8.0—250.0

The structure of compounds 3 and 4 was also con-
firmed by the data of the "H NMR spectra. A signifi-
cant difference in the '"H NMR spectra in the DMSO-d6
of the obtained amides 3, 4 and aminoindoles 1, 2
consisted in the absence of a signal from the protons of
the NH, group in the 4.75 or 4.67 ppm region and in
the presence of the N—H hydrogen atom signal with a
chemical shift of 10.91 ppm (for 3a), 11.31 ppm (for 4a),
as well as the proton of the O—H group with a chemi-
cal shift of 7.36 ppm (for 4b). The signals of the hydro-
gen atoms of the 2,3-CH; group appeared in the spec-
tra as two strong-field singlets and the protons of the
ABC system of the benzene ring were characterized by
two doublets and a triplet. In the '"H NMR spectra,
singlet signals 'H (for 3) and 1-CH3 (for 4) were also
present.

The '"H NMR spectral analysis revealed that a form
a of compound 3 existed in the DMSO-d6 solution,
and a mixture of tautomers b and a was found for the
structure of compound 4 (in a 3 : 1 ratio, according to
the integrated intensity of the characteristic proton
signals). The presence of the methyl group at the pyr-
role nitrogen atom contributed to an increase in the
stability of the enolic form b of compound 4.

Additional information on the structure of amides 3
and 4 was obtained by mass spectral analysis. Studied
compounds were stable under electron ionization con-
ditions that was illustrated by the presence of peaks of
molecular ions with the maximum intensity. Indolyl-
amides 3 and 4 under the conditions of the registration
of mass spectra were in two tautomeric forms, car-
bonyl (a) and enolic (b). Initially, the molecular ions
F,, F, of each of these forms either eliminated the
hydrogen atom or the methyl radical turning into ions
F¢, F;, Fs, and Fq (Scheme 2) as is typical for polyme-
thylindoles [§—10].

The third direction of molecular ion decomposi-
tion was the formation of F; and F, fragment ions due
to the cleavage of the F;CCO radical from the carbonyl
(a) amide form. The formation of the trifluoroacetyl
fragment was also confirmed by the presence of signals
of ions with m/z equal to 69 and 28 in the spectrum
corresponding to the final products of the F;CCO
decay. Further transformation of the products of the
elimination of H and CHj, i.e., the Fg, F;, Fs, and Fy
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ions, occurred in two directions with the formation of
fragments of either F,,, F,;, Fj5, Fy4, or F},, and Fs.
Fragmentary ions Fy,, F,, F;;, and F,, are formed
from Fg, F, Fs, and Fy ions in form a as a result of the
removal of the trifluoromethane molecule; and frag-
mentary ions F,,, F;5 are formed from F; and F; in
form b due to the loss of a water molecule.

A significant difference in the mass-spectral
decomposition of amides 3 and 4 was the absence of
fragment ions resulting from F; and F, as a result of the
splitting off of the water molecule. This confirmed that
the formation of H,O in the case of amide 3 involves
the OH group and the hydrogen atom bound to the
nitrogen atom of the pyrrole fragment of the enolic
form b.

Another difference in the behavior of amides 3 and
4 under the electron ionization conditions was found:
an intense (24.52%) signal of the F5 fragment ion
(m/z = 214) was observed in the mass spectrum of
compound 4, the formation of which was presumably
due to the elimination of the [H;C—N=C—CH;]" radi-
cal. Such fragmentation of the pyrrole ring of the poly-
methylated indole system had not been previously
described.

The screened indolylamides 3 and 4 were found to
have antimicrobial activity. The research results in the
form of the values of the minimum inhibitory concen-
trations (MICs) are shown in Table 1.

As shown in Table 1, the MICs of compound 3 for
the studied gram-positive strains S. aureus 29213 and
S. pyogenes 1238 was 31.3 ug/mL. Amide 3 was also
effective against gram-negative strains. The growth of
E. coli 25922 and P. aeruginosa 27853 was inhibited in
the presence of 125 pg/mL of compound 3, while for
the K. pneumoniae the 9172 MIC value was more than
250 ug/mL. Compound 4 had the greatest antimicro-
bial activity against gram-positive test strains as amide 3
and the growth of S. pyogenes1238 was inhibited in the
presence of 31.3 ug/mL in the Mueller—Hinton broth
(MHB). However, for S. aureus 29213, the MIC value
of the studied compound 4 was slightly higher and
amounted to 62.3 ug/mL. Compound 4 demonstrated
a similar activity against gram-negative strains. For
E. coli 25922 and P. aeruginosa 27853, its MIC value
was 125 pg/mL, but in contrast to amide 3, compound 4
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at a concentration of 125 pug/mL actively suppressed
the growth of the K. pneumoniae 9172 strain. The
detected antimicrobial activity of the studied com-
pounds is not only inferior but exceeds the similar activity
of the reference drug, dioxidine, which is able to suppress
the growth of gram-positive strains of the Staphylococcus
genera (in the range of 125 to 1000 pg/mL) and Strepto-
coccus (in the range of 64 to 1000 pg/mL). In terms of
the antimicrobial activity against gram-negative test
strains, the compounds studied are also not inferior to
the reference drug (Table 1).

EXPERIMENTAL

NMR 1H spectra were recorded using a Joel INM -
ECX400 multi-core nuclear magnetic resonance spec-
trometer (400 MHz) in DMSO-d6. Electronic spectra
were obtained using LEKI SS2109UV instrument in
ethanol. Mass spectra were recorded on a Finnigan
MAT INCOS-50 mass spectrometer with direct sam-
ple injection into an ion source with an ionization
energy of 70 eV. Elemental analysis was performed using
a Vario MICRO cube elemental analyzer. Amines and
amides are designated according to the rules of the
ACD/LABS ITUPAC Name Generator software.
Structural formulas of the compounds were drawn in
the ISIS Draw 2.4 software. To calculate the effective
charges on the nitrogen atoms (in a.c.u.) in amines 1
and 2, the density functional method with the B3LYP
hybrid functional [12] and the 6-31G basis set [13] was
used, the calculations were carried out using the Orca
software package [14].

The reaction products were purified by the method
of column chromatography. Aluminum oxide was
used as a sorbent (neutral, I and II according to the
Brockmann activity). The control of the reactions, the
purity of the compounds obtained, and the determina-
tion of R; were carried out using TLC on Silufol UV-
254 plates (the system was indicated specifically for
each compound in the experimental procedure).

N-(2,3-Dimethyl-1H-indol-7-yl)-2,2,2-trifluoro-
acetamide (3). Five mL (42 mmol) of trifluoroacetic
acid ethyl ester and catalytic amount of glacial acetic
acid was added to a solution of 0.32 g (2 mmol) of
7-amino-2,3-dimethylindole (1) in 150 mL of abso-
lute benzene, and the mixture was boiled until the
starting amine disappeared (chromatographic con-
trol). At the end of the reaction (30 h of boiling), ben-
zene, the excess of ether, and traces of acetic acid were
distilled off from the reaction mixture. The solid resi-
due was dissolved in chloroform and passed through a
layer of aluminum oxide. The yield of indolyltrifluo-
roacetamide was 57%, Ty = 119—121°C, and R; =
0.12; (benzene : ethyl acetate 5 : 1) 0.83. The following
information was revealed by mass-spectrometry, %:
C 56.03; H4.19; and M 256. C,H,,F;N,0O. The follow-
ing information was calculated, %: C 56.25; H 4.33;
M 256. UV spectrum (ethanol) A, (log €): 212 (4.47),

MOSCOW UNIVERSITY CHEMISTRY BULLETIN  Vol. 74

239

231 (4.37), and 298 (3.95) nm; 'H NMR spectrum
(DMSO0-dy): 2.12 (3H, ¢, 3-CHj,), 2.30 (3H, ¢, 3-CH,;),
6.92 (1H, t, J =7.8 Hz, H-5), 7.00 (1H, d, /=7.8 Hz,
H-6),7.27 (1H,d, J=7.8 Hz, H-4), 10.57 (1H, ¢, H-1),
and 10.91 (1H, ¢, H—N) ppm. Mass spectrum m/z (%
of J..): 256 (100), 255 (34.13), 241 (10.61), 237
(15.82), 223 (10.81), 185 (5.61), 159 (7.71), 69 (7.11),
28 (7.41), and 18 (17.22).

N-(1,2,3-Trimethyl- 1 H-indol-7-yl)-2,2,2-trifluo-
roacetamide (4). Compound 4 was obtained similarly
from 0.35 g (2 mmol) of 7-amino-1,2,3-trimethylin-
dole (2); however, the reaction mixture was heated for
50 h to complete the reaction. The obtained amide was
purified on a column with aluminum oxide in the sys-
tem chloroform: petroleum ether =5 : 1. The yield was
65%, T, = 126—128°C, and R; = 0.21; 0.87 (ben-
zene: ethyl acetate = 5 : 1). The following information
was revealed by mass-spectrometry, %: C 57.32; H 4.70;
M 270. C;3H;F;N,0. The following information was
calculated, %: C 57.48, H 4.85; and M 270. UV spec-
trum (ethanol) A, (log €): 212 (4.40), 232 (4.73), 290
(4.15) nm, "H NMR spectrum (DMSO-d,) tautomeric
form a: 2.18 (3H, c, 3-CH,), 2.30 (3H, c, 3-CH,), 3.69
(3H, ¢, 1-CH;), 6.88 (1H, d, J = 8.0 Hz, H-6),
6.99 (1H,t,/J=8.0 Hz, H-5), 7.42 (1H, d, /= 8.0 Hz,
H-4), 11.35 (1H, C, H—N) ppm; tautomeric form b:
2.18 (3H, ¢, 3-CH,;), 2.31 (3H, ¢, 2-CH,), 3.94 (3H,
¢, 1-CH;), 6.99 (1H, t, /= 8.0 Hz, H-5), 7.17 (1H, d,
J=28.0Hz, H-6),7.36 (1H, ¢, H-—0),7.42(1H,d, /=
8.0 Hz, H-4) ppm. The ratio between the tautomeric
form a and tautomeric form b, according to the inte-
grated intensity of the characteristic proton signals in
the 'H NMR spectrum, was 1 : 3. Mass spectrum m/z
(% of J,,): 270 (100), 269 (18.62), 255 (16.52), 239
(6.71), 214 (24.52), 201 (8.00), 199 (15.02), 185 (6.51),
184 (10.31), 183 (8.81), 173 (43.74), 69 (10.51), and 28
(10.71).

Antibacterial activity of N-(2,3-dimethyl-1H-indol-
7-yl) and N-(1,2,3-trimethyl-1H-indole-7-yl)-2,2,2-
trifluoroacetamides (3, 4). For microbiological exper-
iments, the studied compounds were used in the form
of a solution. Dimexide was used as a solvent for pre-
paring solutions for external use (OAO Marbio-
pharm). Five museum strains Staphylococcus aureus
ATCC 29213, Escherichia coli ATCC 25922, Pseudo-
monas aeruginosa ATCC 27853, Streptococcus pyogenes
ATC 1238, and Klebsiella pneumoniae ATCC 9172
were used as test microorganisms for the determina-
tion of the antimicrobial activity of compounds 3 and 4.
The strains used in the work were obtained from the
collection of the Museum of Living Cultures FSBI
SCEEMP of the Ministry of Health of the Russian
Federation. The antimicrobial activity of amides 3 and
4 was determined by the serial dilution method in the
Mueller—Hinton broth (tube macro method) (accord-
ing to MUK 4.2.1980-04) [15]. An antimicrobial drug
dioxidine (a derivative of di-/N-hydroxyquinoxaline)
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with a high level of chemotherapeutic activity, which is
widely used in medical practice, was used as the refer-
ence drug.
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