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IN VITRO ANTIMICROBIAL ACTIVITY EVALUATION OF
2-AMINO-3-R-6-ETHYL-4,6-DIHYDROPYRANO[3,2-c]
[2,1] BENZOTHIAZINE 5,5-DIOXIDES WITH 4-ARYL
SUBSTITUENT AND SPIROFUSED WITH
2-OXOINDOLINE CORE

Currently, antibiotic resistance is becoming a tremendous threat in treatment of bacterial and fungal infections.
Therefore, a topical question is the search of new classes of antimicrobial drugs. The present article is devoted
to the study of antimicrobial activity of 2-amino-3-R-6-ethyl-4,6-dihydropyrano[3,2-c][2,1]benzothiazine 5,5-dioxide
derivatives comprising 4-aryl substituent and spirocondensed with 2-oxindole core. Such choice is caused by a high
level of antimicrobial activity of some 2-amino-4-aryl-4H-pyran and 2-oxindole derivatives as was reported previ-
ously. Microbiological screening of 4-aryl-4H-pyrans showed the high antifungal activity for some derivatives, among
which 2-amino-3-cyano-4-(4-dimethylaminophenyl)-6-ethyl-4,6-dihydropyrano([3,2-c][2,1]benzothiazine-5,5-dioxide
had the lowest value of MIC. Spirocondensed derivatives of 2-oxindole displayed a higher antimicrobial influence as
compared to 4-aryl substituted products. Compounds, that possess moderate antimicrobial activity against B. subtilis
and P. aeruginosa as well as antifungal activity against C. albicans, were found among spiro-compounds. The lead
compound appeared to be spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyrano[3,2-c][2,1]benzothiazine-5,5-dioxide)-
4,3’-(1-methyl-indolin-2’-one)], which was effective against B. subtilis, P. aeruginosa and C. albicans. The results of

microbiological screening are discussed from a perspective of «structure - antimicrobial activity» relationships.
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INTRODUCTION

For the past 70 years, antimicrobial drugs have been
successfully used to treat bacterial and infectious dise-
ases. Over time, however, many infectious organisms have
adapted to the drugs designed to kill them. Antimicro-
bial resistance makes it harder to eliminate infections from
the body as existing drugs become less effective. As a re-
sult, some infectious diseases are now more difficult to
treat than they were just a few decades ago. As more mic-
robes become resistant to antimicrobials, the protective
value of these medicines is reduced. Due to the high cost
of innovative antimicrobial drug development, the flow
of new antimicrobials runs low.

According to the Centers for Disease Control and Pre-
vention (CDC) (April 2011), antibiotic resistance in the
United States costs an estimated $ 20 billion a year in
excess health care costs and more than 8 million additi-
onal days that people spend in the hospital [8]. These
Centers estimate that antibiotic resistant organisms cause
about 2 million infections and 23.000 deaths occur every
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year in this country [28]. The global burden is stagge-
ring - each year, over 25.000 deaths in the European Union,
38.000 deaths in Thailand, and 58.000 deaths in India
are attributable to antibiotic resistant infections [23].

Fluconazole-resistant Candida and multidrug-resis-
tant Pseudomonas aeruginosa are among the most spread
antibiotic resistance threats. For example, an estimated
51.000 healthcare-associated Pseudomonas aeruginosa
infections occur in the United States each year. More than
6,000 (or 13 %) of these are multidrug-resistant, with
roughly 400 deaths per year attributed to these infec-
tions [7].

Enhancing the role of yeasts in emergence of hospi-
tal infections led to the introduction in clinical practice
of various antifungal drugs and their wide usage. This
became the reason of appearance of antifungal drug re-
sistance infections.

One of the ways to address this growing problem is
search and development of new effective antimicrobial
compounds among which 2-amino-4H-pyranes (A) and
their hetero-fused derivatives (B) (Fig. 1) are one of the
promising classes.
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Fig. 1. The general structure of 2-amino-4H-pyranes
and their condensed derivatives

4H-Pyranes and 4H-pyran-annulated heterocyclic com-
pounds are well distributed in naturally occurring sour-
ces and also possess a broad spectrum of significant bio-
logical activities such as anticancer [32], cytotoxic [25],
anti-HIV [11], anti-inflammatory [21], antihyperglycemic
and antidyslipidemic [17]. Moreover, functionalized 4H-
pyran derivatives have played increasing roles in synthe-
tic approaches to promising compounds in the field of
medicinal industry [10]. Recently, a series of synthetic
2-amino-4H-pyrans have been evaluated to possess po-
tent anticancer [16], and antirheumatic [29] properties.
Furthermore, antibacterial, antifungal, antiprotozoal and
antiviral activities were also determined for a large num-
ber of 4H-pyran derivatives. This fact allows us to con-
sider 4H-pyranes as very promising compounds for de-
velopment of new antimicrobial chemotherapy drugs ba-
sed on them. Nonannulated 2-amino-4H-pyranes as well
as 2-amino-4H-pyranes condensed with carbo- and hete-
rocycles (e.g. 5,6,7,8-tetrahydro-4H-chromenes, 4H-ben-
zo[h]chromenes, 4H-pyrano|3,2-c|pyridines, 2,4-dioxo-
2,3,4,8-tetrahydro-1H-pyrano[3,2-d|pyrimidines) are among
derivatives possessing high level of antimicrobial activity.
Selected examples of these heterocycles are presented
on Fig. 2.

Moreover, pyranoquinoline derivatives are also known
to possess various pharmacological and biological acti-
vities such as antimalarial [5], antiseptic [26], antihyper-
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tensive [15], antiviral effect and act as H,-antihistamines [6].
Several quinolone derivatives have been reported as anti-
microbial agents in the treatment of many infections [20].
Recently series of ethyl 2-amino-4-aryl-5-oxo-5,6-dihyd-
ro-4H-pyrano[3,2-c]quinoline-3-carboxylates (Fig. 3) were
screened to have antibacterial activity against Gram po-
sitive and Gram negative bacteria [9, 22]. The results in-
dicated that these compounds are highly effective against
bacterial growth.

Lately, we have synthesized a series of 2-amino-6-
ethyl-4,6-dihydropyrano(3,2-c][2,1]benzothiazine 5,5-di-
oxides [19, 27]. The latter are isosteric compounds to the
abovementioned 4H-pyrano[3,2-c]quinolines and can be
considered as promising antimicrobial agents (Scheme 1).

2-Amino-4-aryl-4H-pyranes (I) and 2-amino-4H-py-
ranes spiro-condensed with 2-oxindole core (II) are the
objects of study of their antimicrobial activity (Fig. 4).

Evaluated compounds (Fig. 4) comprise 2,1-benzo-
thiazine and 2-amino-4H-pyran cores. The derivatives of
the former are also known to be biologically active com-
pounds, but data about their antimicrobial properties are
poor. So, this study allows to expand information related
to the such kind of bioactivity of condensed 2,1-benzo-
thiazines.

Variability of the compounds I and II structure on
the position 3 of the 4H-pyrane ring as well as various
nature of 4-aryl substituent or spiro-combined 2-oxoin-
doline core allowed us to determine the “structure - anti-
microbial activity” relationships for evaluated compounds.

In this article we have tested in vitro antibacterial
activity of 2-amino-6-ethyl-4,6-dihydropyrano|[3,2-c][2,1]
benzothiazine 5,5-dioxides I and II against Gram positi-
ve (S. aureus ATCC 6538 and B. subtilis ATCC 6633) and
Gram negative (E. coli ATCC 8739 and P, aeruginosa ATCC
9027) bacterial strains and also antifungal activity against
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T. cruzi [14]

HsC._O _NH,

H3C._ O CN

O

CHj

E. coli [20] K. pneumoniae
S. typhi

P. aeruginosa [25]

Fig. 2. Representatives of antimicrobial synthetic 2-amino-4H-pyranes and their the most preferable targets
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the fungal strain of C. albicans (ATCC 10231) via the doub-
le serial dilution method in liquid growth medium [1].
Stock solutions of the tested compounds with 500, 250,
125,62.50,31.25 and 15.62 ug/mL concentrations were
prepared using dimethylsulfoxide (DMSO) as solvent. Sin-
ce DMSO possesses a moderate antimicrobial activity [2],
it was used as reference antimicrobial drug. Inoculums
of the bacterial and fungal cultures were also prepared
and added to the test tubes with solutions of evaluated
compounds and with reference drug. The test-tubes were
incubated for 24 h at 37 °C (for bacterial strains) or for
48 h at 25 °C (for fungal strain) and carefully observed
for the presence of turbidity. The minimum concentra-
tion at which no growth was observed was taken as the
minimum inhibitory concentration (MIC) value. The com-
parison of the MICs (ug/mL) of evaluated compounds and
reference drug against tested strains are presented in the
corresponding tables below.
NH,

o\ COzEt

N Ar

I\Il [0}

R

Fig. 3. The general structure of pyrano[3,2-c]quinolones
as promising antibacterial

Three-component condensation of 1-ethyl-1H-2,1-
benzothiazin-4(3H)-one 2,2-dioxide 1 with active methy-
lene nitriles 2 (malononitrile and ethyl cyanoacetate) and
benzaldehydes 3a-g, which led to the evaluated deriva-
tives I, was described previously in our work [19] (Scheme 2).

The detected values of MIC for tested compounds
IAa-Bd are presented on the Tab. 1. From the activity
report (Tab. 1) it was notified that, most of the compo-
unds had no activity or showed slight antimicrobial ac-
tivity against the bacterial and fungal strains. Furthermo-
re, it was interesting, that compounds containing NO,-
group are almost inactive against used strains. Moreover,
the DMSO solutions of examined derivatives (e.g. IAa, IAe,
IBb, IBc) revealed the higher MIC values against bacte-
rial strains compared to the reference DMSO. This could
be due to either the protective action f the compounds I
toward bacterial cells by the modifying of cell wall cons-
tituents or more strong interaction of compounds I with
molecules of DMSO which prevents the destructive acti-
on of DMSO on the biomolecules of microorganisms’ cell.
At the same time about half of the tested compounds ex-
hibited moderate or high antifungal activity which was
much higher compared to their antibacterial influence.
The most active derivatives are IAd, IAg, IBa at that for
IBa the activity increases significantly when passing from
3-cyano to 3-ethoxycarbonyl derivative. Introducing of
the more lipophilic anthracene residue in the molecule

X = CN, CO,Et

R=H, CH,

Evaluated compounds

Scheme 1. [sosteric relations of pyrano[3,2-c][2,1]benzothiazine 5,5-dioxides with 4H-pyrano[3,2-c]quinolones
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Scheme 2. Synthesis of tested compounds 1
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Table 1
MIC VALUES FOR COMPOUNDS I
NH,
(O R
Ar MIC (ug/mL)
Compounds N/SOZ
kCH3
R Ar S. aureus E. coli B. subtilis P, aeruginosa C. albicans
(ATCC 6538) | (ATCC8739) | (ATCC6633) | (ATCC9027) | (ATCC 10231)
1Aa CN C,H; 500 500 500 500 500
IAb CN 2-MeO-C,H, 250 125 125 125 125
IAc CN 4-NO,-C,H, 250 125 125 125 500
1Ad CN 4-Me,N-CH, 125 125 125 125 31.25
IAe CN 4-Cl-C,H, 500 500 500 500 500
IAf CN 4-MeO-C(H, 250 125 250 250 125
IAg CN 9-Anthracenyl 250 250 125 125 62.5
IBa CO,Et C,H: 250 250 125 125 62.5
IBb CO,Et 2-MeO-CH, 250 500 250 500 500
IBc CO,Et 4-NO,-CH, 500 500 500 125 125
IBd CO,Et 4-MeO-C(H, 250 125 125 125 125
DMSO* - - 275 137.5 137.5 275 550

Note: * - Concentration for DMSO was calculated based on its density value 1.1 mg/mL.

1 2A,B
R4 =CN (2A), CO,Et (2B)

4a-h

EtOH,
Triethanolamine

Scheme 3. Synthesis of tested compounds 11

also led to the increase of the antifungal activity. At the
same time compound IAd showed the highest anti-Can-
dida influence. Most probably, the reason for this is the
presence of basic 4-dimethylamino group in structure of
IAd, since it is known that the optimum of pH for C. albi-
cans growth lies in the range of pH = 5.1-6.9 [31].
Another class of examined compounds II included
2-amino-3-R-6-ethyl-4,6-dihydropyrano|3,2-c][2,1]ben-
zothiazine 5,5-dioxide core spirocombined with 2-oxin-
dole nucleus (Fig. 4). Previously we described the syn-
thesis of such compounds via the three-component one-
pot interaction of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide 1 with active methylene nitriles 2A,B and isa-
tins [27]. In the present work we expand the series of
spiro-derivatives II due to the application of formerly unu-
tilized N- and 5-substituted isatins 4f-h under the previ-
ously reported conditions. Physical properties, 'H NMR-
spectral data, elemental analysis data of new spiro-compo-
unds II are presented in Experimental part (Scheme 3).

Compounds II (Fig. 4) represent spiro-2-oxindole de-
rivatives, which have also drawn tremendous interest of
researchers in the area of medicinal chemistry worldwi-
de because they have been reported to possess various
types of bioactivity among which anti-HIV [4], antituber-
cular [30], antimalarial [33] are the common. Combina-
tion of both 2-amino-4H-pyran and spiro-2-oxindole phar-
macophores in one structure could lead to displaying of
high bioactivity level including antimicrobial activity.

The detected values of MIC for tested compounds
IIAa-Bh are presented in the Tab. 2. Microbiological inves-
tigations revealed that spiro-derivatives II, in general, pos-
sess a higher level of antimicrobial effect compared to
4-aryl-4H-pyranes I. In its turn, within the group of spi-
ro-compounds, 3-cyano derivatives IIA turned out to be
slightly more effective than 3-ethoxycarbonyl derivatives
IIB. Among malononitrile derived products IIA we obser-
ved the next regularity: the bulkier substituent attached
to the 2-oxindole nitrogen, the less activity exhibits a com-

[27]
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Table 2
MIC VALUES FOR COMPOUNDS II
MIC (ug/mL)
Compounds
R R R S. aureus E. coli B. subtilis P. aeruginosa C. albicans
! 2 3 (ATCC 6538) | (ATCC8739) | (ATCC6633) | (ATCC9027) | (ATCC10231)

I1Aa CN H H 250 125 125 62.5 62.5
IIAb CN | CH,=CH-CH, H 250 250 500 500 500
IIAc CN H Br 125 125 125 62.5 62.5
I1Ad CN C¢H;-CH, H 250 250 250 500 500
I1Ae CN CH, H 125 125 62.5 62.5 62.5
IIAf CN C,H, H 250 125 125 125 62.5
II1Ag CN EtOOC-CH, H 250 125 250 125 125
1IBa CO,Et H H 250 250 500 125 125
IIBb CO,Et | CH,=CH-CH, H 500 500 500 250 250
1IBc CO,Et H Br 125 125 125 125 62.5
IIBd CO,Et C¢H;-CH, H 250 500 250 125 125
IIBe CO,Et CH, H 250 125 125 125 62.5
I1Bf CO,Et C,H, H 250 125 125 250 500
1IBg CO,Et | EtOOC-CH, H 250 250 125 125 62.5
1IBh CO,Et H CH, 250 125 125 250 125

DMSO* - - - 275 137.5 137.5 275 550
Note: * - Concentration for DMSO was calculated based on its density value 1.1 mg/mL.

pound. Indeed, the most active compounds contain NH, EXPERIMENTAL PART

N-methyl and N-ethyl groups in 2-oxindole ring, while
allyl, benzyl and ethoxycarbonylmethyl substituents lin-
ked to the nitrogen significant decrease the antimicro-
bial activity. At the same time replacement hydrogen atom
in position 5 of 2-oxindole ring with bromine atom has
not any noticeable influence on the antimicrobial activi-
ty. Among spiro-derivatives II, in contrast to the 4-aryl-
4H-pyrans I, we found compounds that showed a high
level of antibacterial effect against B. subtilis (IIAe) and
P. aeruginosa (11Aa, IIAc, I1Ae). These results are of in-
terest to discover a new class of compounds for treat-
ment of multidrug-resistant P aeruginosa strains. Howe-
ver, as for the 4-aryl-4H-pyrans I, the most prevalent kind
of activity for tested derivatives II was antifungal effect.
Compounds IAa, IIAc, 11Ae, 11Af, IIBc, I1IBe, IIBg displa-
yed the lowest values of MIC (Tab. 2). It was also interes-
ting that replacing of 3-cyano group in IIAf by the etho-
xycarbonyl group (IIBf) led to the complete loss of an-
tifungal activity. To summarize, compound IIAe is the
most prospective for further study and chemical modi-
fication since it possesses antimicrobial activity against
Gram positive (B. subtilis) and Gram negative (P, aeru-
ginosa) bacterial strains and also antifungal activity aga-
inst C. albicans.

Chemical Part

Starting benzaldehydes, active methylene nitriles and
isatins were obtained from commercial suppliers and used
without further purification. Starting 1-ethyl-1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide was obtained according
to the previously described procedure [28]. Synthesis of
compounds IAa-Bd, IIAa-Ae,Ba-Be as well as their phy-
sical and spectral data were described in our previous
works [21, 28]. Synthetic procedure for the synthesis of
new spiro-derivatives IIAf,Ag,Bf-Bh is presented in this
section. The new compounds are characterized by mel-
ting points (obtained on a Gallenkamp melting point ap-
paratus, Model MFB-595 in open capillary tubes), 'H NMR-
spectroscopic data (recorded on a Varian WXR-400 spectro-
meter in DMSO-d, using TMS as an internal standard, che-
mical shifts in parts per million) and elemental analysis
data (carried out using Carlo Erba CHNS-O EA 1108 analyzer).

The 'H NMR-spectra of new spiro-compounds IIAf,
Ag Bf-Bh feature a characteristic high-intensity singlet of
the ai-amino group of the pyran ring. For 3-cyano deriva-
tives IIAf-Ag it can be found at 7.54-7.63 ppm while for
3-ethoxycarbonyl derivatives IIBf-Bh it shifts downfield
and can be observed at 8.03-8.13 ppm, which is probab-
ly connected with intramolecular hydrogen bond forma-
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tion between NH, protons and carbonyl oxygen of ester
fragment. The corresponding N-non-alkylated compound
IIBh also features a proton singlet from the NH-group of
the 2-oxindole ring in a downfield at 10.33 ppm. Protons
of the NH-group of the 2-oxindole ring as well as of the
a-amino group of the pyran ring can be easily exchanged
in the presence of CD,0D in DMSO-d, solution. It was also
interesting that the CH, protons of 3-ester group of py-
rane moiety in IIBg are strongly unequal and appeared
in 'H NMR-spectrum as two multiplets (see spectral data
for IIBg).

General procedure for the synthesis of IIAf,Ag,Bf-Bh

To a solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-
one 2,2-dioxide 1 (0.225 g, 0.001 Mol), malononitrile 2A
(0.066 g, 0.001 Mol) toward IIAfAg or ethyl cyanoace-
tate (0.11 mL, 0.001 Mol) toward IIBf-Bh and appropri-
ate isatins 4f-h (0.001 Mol) in ethanol (5-10 mL), trietha-
nolamine (0.14 mL, 0.001 Mol) was added. The mixture
was refluxed during 3 h and cooled to the room tempe-
rature; the resulting precipitates were filtered off, washed
with ethanol and dried on air to afford the pure products
11Af Ag,Bf-Bh.

Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-5,5-dioxide)-4,3"-(1"-ethyl-in-
dolin-2’-one)] lIAf

Yield - 78 %. Colorless prisms. M. p. - 228-230 °C.
Anal. Calcd for C,;H,,N,0,S, %: C 61.59; H 4.49; N 12.49;
S 7.15. Found, %: C 61.32; H 4.73; N 12.28; S 7.44. 'H
NMR-spectrum (400 MHz, DMSO-d,), 5, ppm (J, Hz): 0.99
(3H,t,J=6.87,NCH,CH, indolin-2"-one); 1.16 (3H,t,/ = 6.87,
NCH,CH, benzothiazine); 3.63-3.90 (4H, m, NCH,CH, in-
dolin-2’-one, NCH,CH, benzothiazine); 7.00-7.15 (2H, m,
Ar); 7.28-7.50 (3H, m, Ar); 7.54-7.75 (4H, m, Ar, NH,);
7.96 (1H, d,] = 7.32, H-5, benzothiazine).

Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-5,5-dioxide)-4,3’-(1’-ethoxy-
carbonylmethyl-indolin-2’-one)] IIAg

Yield - 53 %. Light yellow powder. M. p. - 226-228 °C.
Anal. Calcd for C,;H,,N,0,S, %: C 59.28; H 4.38; N 11.06;
S 6.33. Found, %: C 58.97; H 4.52; N 11.27; S 5.98. 'H
NMR-spectrum (400 MHz, DMSO-d,), §, ppm (J, Hz): 0.97
(3H,t,/ = 6.85,0CH,CH,); 1.15 (3H, t,] = 7.09, NCH,CH,);
3.72-3.87 (2H, m, OCH,CH,); 4.11 (2H, g,/ = 6.93, NCH,CH,);
4.46-4.59 (2H, m, NCH,CO0); 7.00-7.12 (2H, m, Ar); 7.29-7.38
(2H, m, Ar); 7.43 (1H, t, ] = 7.46, Ar); 7.54-7.63 (3H, m,
Ar, NH,); 7.64-7.70 (1H, m, Ar); 7.96 (1H, d, /= 8.07, H-5,
benzothiazine).

Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,6-dihyd-
ropyrano[3,2-c][2,1]benzothiazine-5,5-dioxide)-4,3’-(1"-
ethyl-indolin-2’-one)] IIBf

Yield - 57 %. Light grey plates. M. p. - 249-251 °C.
Anal. Calcd for C,H,sN,0,S, %: C 60.59; H 5.08; N 8.48;
S$6.47.Found, %: C60.81; H 5.32; N 8.54; S 6.21.'H NMR-
spectrum (400 MHz, DMSO0-d,), 3, ppm (J, Hz): 0.64 (3H,
t,/=7.17, OCH,CH,); 0.94 (3H, t, J = 7.02, NCH,CH, in-
dolin-2’-one); 1.20 (3H, t,/ = 6.87, NCH,CH, benzothiazi-
ne); 3.55-3.86 (6H, m, OCH,CH,, NCH,CH, indolin-2’-one,

NCH,CH, benzothiazine); 6.86-7.01 (2H, m, Ar); 7.11-7.29
(2H, m, Ar); 7.38-7.48 (1H, m, Ar); 7.51-7.71 (2H, m, Ar);
8.03 (1H, d,J = 8.24, H-5, benzothiazine); 8.10 (2H, s, NH,).

Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,6-dihyd-
ropyrano[3,2-c][2,1]benzothiazine-5,5-dioxide)-4,3"-(1"-
ethoxycarbonylmethyl-indolin-2"-one)| IIBg

Yield - 47%. White needles. M. p. - 187-189 °C. Anal.
Calcd for C,,H,,N;0,S, %: C 58.58; H 4.92; N 7.59; S 5.79.
Found, %: C58.21; H5.17; N 7.78; S 5.41. 'H NMR-spect-
rum (400 MHz, DMSO-d,), 5, ppm (J, Hz): 0.52-0.60 (3H,
m, OCH,CH, pyrane); 0.90-0.98 (3H, m, NCH,CH, indo-
lin-2’-one); 1.18-1.25 (3H, m, NCH,CH, benzothiazine);
3.58-3.69 (1H,m, OCH,CH, pyrane); 3.72-3.84 (2H, m, NCH,CH,
indolin-2"-one); 3.86-3.97 (1H, m, OCH,CH, pyrane); 4.09-4.23
(2H, m, NCH,CH, benzothiazine); 4.38-4.52 (2H, m, NCH,CO
indolin-2’-one); 6.91-6.98 (2H, m, Ar); 7.17 (1H, d,J = 7.58,
Ar); 7.20-7.27 (1H, m, Ar); 7.43 (1H, t,/ = 7.70, Ar); 7.54
(1H,d,J=8.31, Ar); 7.61-7.69 (1H, m, Ar); 7.99-8.05 (1H,
m, H-5 benzothiazine), 8.13 (2H, br. s., NH,).

Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,6-dihyd-
ropyrano(3,2-c][2,1]benzothiazine-5,5-dioxide)-4,3"-(5"-
methyl-indolin-2’-one)] IIBh

Yield - 41%. Light yellow prisms. M. p. > 250 °C. Anal.
Calcd for C,,H,;N;0,S, %: C 59.86; H 4.81; N 8.73; S 6.67.
Found, %: C59.52; H5.11; N 8.94; S 7.01. 'H NMR-spect-
rum (400 MHz, DMSO-d,), 5, ppm (J, Hz): 0.70-0.83 (3H,
m, OCH,CH,); 0.95 (3H, t,J = 6.85, NCH,CH,); 2.15 (3H, s,
5’-CH,); 3.64-3.87 (4H, m, NCH,CH,, OCH,CH,); 6.63 (1H,
d,J=7.83,Ar); 6.86-6.98 (2H, m, Ar); 7.42 (1H,t,/ = 7.58,
Ar); 7.55 (1H,d,J=8.07,Ar); 7.60-7.68 (1H, m, Ar); 7.95-8.10
(3H, m, H-5 benzothiazine, NH,); 10.33 (1H, br. s, NH).

The general technique for the study of the antimic-
robial activity (double serial dilution method in liquid
growth medium).

Into the six test-tubes 1 mL of the broth was added.
After that, 1 mL of examined compound solution in DMSO
in concentration 1000 ug/mL was added into the first
test-tube and the resulted solution was thoroughly mixed.
Thereafter 1 mL of the solution was carried from the first
test-tube into the second. The solution in the second test-
tube was also thoroughly mixed and 1 mL of resulted so-
lution was carried into the third test-tube and so on up
to sixth test-tube. 1 mL of the solution was poured out
from sixth test-tube to be the equal volume in all of the
test-tubes. Thus in test-tubes from the first to the sixth
the concentrations of the examined compounds were 500,
250, 125, 62.5, 31.25, 15.62 ug/mL. The dilutions of DMSO
as the reference drug were prepared in the similar way
without using of the evaluated compounds. Thereby, the
concentrations of DMSO in reference solutions were 550,
275, 137.5, 68.75, 34.38, 17.19 ug/mL (taking into ac-
count the density of DMSO - 1.1 mg/mL).

Inoculums of the bacterial and fungal cultures were
prepared according to optical turbidity standard 0.5 ME
from a daily agar culture. Microbe suspension (microbe
loading 150 x 10° microbes per mL of growth medium)
was transferred into the prepared dilutions of the com-
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pounds and DMSO in growth medium. The test-tubes with
bacterial cultures were kept in thermostat for 24 h at 37 °C
and test-tubes containing C. albicans culture were kept
in thermostat for 48 h at 25 °C and carefully observed
for the presence of turbidity. The minimum concentra-
tion at which no growth was observed was taken as the
MIC value.

CONCLUSIONS

1. The microbiological screening allowed to determine
two the most active compounds - 2-amino-3-cyano-
4-(4-dimethylaminophenyl)-6-ethyl-4,6-dihydro-
pyrano|3,2-c][2,1]benzothiazine-5,5-dioxide as repre-
sentative of 2-amino-4-aryl-4H-pyrans and spiro[(2-
amino-3-cyano-6-ethyl-4,6-dihydropyrano(3,2-c]
[2,1]benzothiazine-5,5-dioxide)-4,3’-(1’-methyl-
indolin-2’-one)] as representative of spiro-derivatives.

2. The most prevalent kind of antimicrobial activity for
studied compounds appeared to be antifungal effect.

3. Onthe whole, the spiro-derivatives possess a higher
level of antimicrobial effect as compared to 4-aryl-
4H-pyrans.

4. For 3-cyano-4-aryl-4H-pyrans increase of antimic-
robial activity was observed due to introducing of
more lipophilic anthracene residue as well as presen-
ce of basic group fixed to 4-aryl residue.

5. Some “structure - activity” relationships were estab-
lished for malononitrile derived spiro-derivatives:

¢ the bulkier substituent attached to the 2-oxindole
nitrogen, the less activity exhibits a compound;

¢ introducing of a substituent in 5 position of 2-oxin-
dole ring did not change the activity significantly.
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JOCJIIXKEHHA IN VITRO AHTUMIKPOBHOI AKTUBHOCTI 2-AMIHO-3-R-6-ETWUJI-4,6-

JUTIIPOIIPAHOI3,2-cl[2,11BEH30TIA3MH 5,5-A10KCU/IB, 1[0 MICTATh 4-APUJIbHUA 3AMICHUK

TA CIIIPOKOHZEHCOBAHI 3 AAPOM 2-OKCIHA0J1Y
Ha TenepimHiii yac aHTUGIOTUKOPE3UCTEHTHICTh CTAE BEJUKOIO MPOG6JIEMOIO0 IIPH JIiKyBaHHI 6aKTe-
pia/bHUX Ta rpUOKOBUX iHQeKIiH, TOMy aKTya/lbHUM NUTAHHSAM € NOLIYK HOBUX KJIACiB aHTUMIKPO6-
HUX 3ac06iB. [laHa cTaTTs NpUCBSAYeHa BUBYEHHIO aHTUMIKPOGHOI aKTUBHOCTI MOXiJHUX 2-aMiHO-
3-R-6-eTun-4,6-purigponipano|3,2-c][2,1]6eH30Tia3uH 5,5-Aiokcuay, siki MicTaTh 4-apuIbHUMN 3aMic-
HUK Ta CIIIPOKOH/IEHCOBaHI 3 1/IpoM 2-0KciHzaoay. laHuil BUGip 06yMOBJIEHUH JAHUMHU 11[O0 BUCO-
KO aHTUMIKpOGHOI aKTUBHOCTI JlesIKUX MOXiAHUX 2-aMiHO-4-apu-4H-nipaHy Ta 2-0KCiHZ0.Y, 10
MicTATbCA B JiTepaTypi. Mikpo6iosioriuHuii ckpuHiHT 4-apusi-4H-nipaHiB BUSIBUB Y JesIKUX MOXiJ-
HUX BUCOKY IPOTUTPUOKOBY aKTUBHICTb, cepeji IKUX 2-aMiHO-3-11iaH0-4-(4-AuMeTuaaMiHOoeHiT)-
6-eTu-4,6-aurigponipano|3,2-c][2,1]6eH30Tia3uny 5,5-Aiokcu MaB HaliMeHle 3HayeHHs MIK. Io-
PiBHSIHO 3 4-apUJIbHUMU NOXiAHUMU CHIPOKOH/IeHCOBaHI MOoXiZiHi 2-0KCiH01y BUSIBUJIU BULLMNA aHTHU-
Mikpo6HuUi edekT. Cepe HUX 3HAN/IeH] CIIOYKH, 1110 BUSIBUJIM IOMipHY aHTUMIKPOOHY aKTHUBHICTh
npoTH B. subtilis Ta P. aeruginosa, a Tako> NPOTUTPUOKOBY aKTUBHIcTb npoTH C. albicans. Cepen npo-
TeCTOBAaHUX MOXiJHUX CII0JIYKOI-J1i/lepoM BUsIBUBCA cripo[(2-amiHo-3-11iaH0-6-eTU-4,6-4UTiApo-
nipaHo(3,2-c][2,1]6eH30Tia3uny 5,5-giokcun)-4,3’-(1'-MeTun-iHL0/1iH-2'-0H)], 110 6yB ePpeKTUBHUM
npotu B. subtilis, P. aeruginosa ta C. albicans. PesynbTaTu Mikpo6i0J1I0TiYHOI'0 CKPUHIHTY 06T0BOpeHi
3 TOYKH 30pYy 3aJIeXKHOCTI «CTPYKTypa — aHTUMiKpOOHA aKTUBHICTb».
Kimo4oBi cioBa: 2,1-6eH30Tia3uHy 2,2-1i0KCHU/L; aHTUMIKpPOOHA aKTUBHICTb; GeH3asb/eriay; i3aTuHY;
MeTUWJIEeHaKTUBHI HiTpu/u; 4H-niipaHy; cCipoCcnoyKy; TPUKOMIIOHEHTHA B3aEMOJif

YAK 542.057:604.4:615.33:547.8

[.A. Jlera, H. U. ®uaumMoHoBa, E. M. [lukas, B. II. YepHsix, JI. A. lllemuyk

WUCCJIEAOBAHME IN VITRO AHTUMUKPOBHOM AKTUBHOCTH 2-AMUHO-3-R-6-3TUI-4,6-

JUTHAAPONMPAHO[3,2-C1[2,11BEH30TUA3HH 5,5-IMOKCUA0B, COAEPXKAILIUX 4-APUIBHBIN

3AMECTUTEJIb U CIIMPOKOHAEHCUPOBAHHBIX C AIPOM 2-OKCHUH/0JIA
Ha cero/iHsi aHTUOUOTHUKOPE3UCTEHTHOCTb CTAHOBUTCS 60JIBIION MPO6IeMON P JIeYEHUH HAKTe-
pHAIBHBIX U TPUOKOBBIX MHPEKINH, IO3TOMY aKTyaIbHBIM BOIIPOCOM SIBJISIETCS TOMCK HOBBIX KJIAC-
COB aHTUMMKPOOHBIX CpeAicTB. JlaHHast CTaThs MOCBsALIeHA U3YYeHNI0 aHTUMUKPOOGHON aKTUBHOCTH
MPOU3BOAHBIX 2-aMUHO-3-R-6-3TU-4,6-qurnaponvpano|3,2-c][2,1]6eH30THa3uH 5,5-AM0KCH/Ia, CO-
JlepKalliux 4-apUIbHbIM 3aMeCTUTEJIb U CIIUPOKOH/J€HCHPOBAHHBIX C AJpOM 2-OKCUH/0J1a. Tako# Bbl-
60p 06yC/I0BJIEH JAHHBIMU 110 BBICOKOH aHTUMHUKPOOHOHM aKTHUBHOCTH HEKOTOPBIX IPOU3BO/HBIX 2-
aMUHO-4-apui-4H-niMpaHa u 2-0KCHUH/10J1a, KOTOpbIE COAEPXKATCs B IUTEpPaType. MUKpoGHoIorudec-
KUH CKPUHUHT 4-apui-4H-MpaHoB MoKa3aJ /i HEKOTOPBIX IPOU3BOJHBIX BEICOKYIO IPOTHBOIPHG-
KOBYI0 aKTHUBHOCTb, CPe/IX KOTOPBIX 2-aMHUHO-3-1{HaHO-4-(4-AuMeTHIaMUHObEHNT)-6-3TUI-4,6-A1-
ruaponrpano[3,2-c][2,1]6eH30THa3uH 5,5-JuoKcu ] MMes1 HanMeHblee 3HadyeHre MUK. Cnupokon-
JleHCHpPOBaHHble IPONU3BO/IHbIE 2-0KCHH/10/1a TPOSIBUJIM 60Jiee BbICOKUH aHTUMUKPOOHBIN 3¢ deKT
CPaBHUTEJIBHO C 4-apUJIbHBIMU NPOU3BOAHBIMU 2-aMUHO-4H-ntupana. Cpeiu HUX HalleHbI coeiu-
HEeHMUs, KOTOphle M0Ka3aiu yMepeHHYI0 aHTUMHUKPOGHYI0 aKkTUBHOCTb NPOTUB B. subtilis v P. aeru-
ginosa, a Tak»e NPOTHBOIPUOKOBYI0 aKTUBHOCTb OTHOCUTeJbHO C. albicans. Cpey NpoTeCTUPOBAH-
HBIX COE/JUHEHUH BellleCTBOM-JIUAEPOM OKa3asics CUpo[(2-aMUHO-3-11UaHO-6-3THII-4,6-AUTUAPO-
nupano|3,2-c][2,1]6eH30THasuHa 5,5-quokcun)-4,3’-(1’-MeTUI-UHA0MUH-2"-0H) |, KOTOPBIA 6bLI 3¢-
dekTHBEH OTHOCUTENbHO B. subtilis, P. aeruginosa v C. albicans. Pe3ysbTaTbl MUKPOGHOJIOTUY€ECKOTO
CKPHUHUHTIA 006CY>K/IeHbl C TOUKH 3peHHs 3aBUCUMOCTH «CTPYKTYpPa — aHTUMUKPOOHAst aKTUBHOCTbY.
KnroueBsble cinoBa: 2,1-6eH30THa3MHA 2,2-JUOKCH/I; aHTUMUKPOGHAsi aKTUBHOCTD; G€H3a/Ib/lerH/Ibl;
M3aTUHBI; METUJIeHAaKTUBHbIe HUTPUJIbL; 4H-NIUPaHbl; CIUPOCOeJUHEHUS; TDEXKOMIIOHEHTHOE B3a-
UMO/JIeHiCTBUE
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