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Introduction

Aim. To investigate potential antimicrobial activity of 1,3-benzoxazines derivatives. Methods.
Synthesis, antimicrobial screening, antimicrobial and antifungal activity testing in vitro. Results.
For antimicrobial screening, we chose the compounds that differed from the investigated ones by
30 %. Five compounds were selected and their antimicrobial activity against five bacterium and
two fungus strains was studied by the methods of microbial growth inhibition assay. The percent-
age of growth inhibition of an individual sample is calculated considering a negative control
(media only) and a positive control (bacterial / fungal media without inhibitors). The results obtained
showed that compounds 2-[5-(4-nitrophenyl)-1H-pyrazol-3-yl]phenol and 6,8-diisopropylspiro[ 1,3-
benzoxazine-2,1’-cyclohexan]-4(3H)-one in concentration of 32 pg/ml have the highest activity
against Acinetobacter baumannii - 43 % and 27 %, respectively. The compound, 6,8-diisopropyl-
2-methyl-2-(4-nitrophenyl)-2,3-dihydro-4H-1,3-benzoxazine-4-one showed the fungicidal activ-
ity against the Candida albicans strain. Conclusion. The derivatives of 1,3-benzoxazines exhibit
a moderate antimicrobial activity, which allows the recommendation to continue the search for
effective antimicrobials among the chemical compounds of this group, in particular, through the
targeted synthesis of new compounds with predicted antimicrobial properties.
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Today, the problem of finding new effective classes of chemical compounds, from the point
medicines remains topical, despite the fact that of view of obtaining new biologically active
branded medicines of various pharmacological substances on their basis, is the derivatives of
groups are widely represented in the modern benzoxazines. Professional journals quite often
pharmaceutical market. One of the promising publish new information about the possibilities
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of pharmacological application of the deriva-
tives of compounds of this class. Benzoxazines
are reported to be used as th potent progester-
one receptor agonists, DNA-binding antitumor
agents, human leukocyte elastase (HLE) and
ClIr serine protease inhibitors, as well as the
fungicidal, anti-inflammatory and anticonvul-
sant drugs [1]. The derivatives of 1,4-ben-
zoxazine exhibit the inhibitory activity in cell
proliferation, which impedes the endothelial
cell migration, and inhibition of angiogenesis
in the chorioallantoic membrane assay [2].
Among the derivatives of 1,2-dihydroben-
zoxazines, some promising compounds with
biological activity have also been identified
[3-5]. In particular, the study of 6-aryl-1,2-
dihydro-4H-3,1-benzoxazine and 6-aryl-1,2-
dihydro-4H-3,1-benzoxazine-2-thione has led
to the development of potent and selective
nonsteroidal progesterone-receptor agonists.
Acridines with 1,2-dihydrobenzoxazines have
demonstrated the cytotoxic activity against
some lines of human cancer. The benzoxazine
fragments are often found in natural com-
pounds. For example, four alkaloids with an-
timicrobial action have been allocated from
the sea sponge Jaspis splendans. One of them
contains a substituent of the benzoxazine
type [6]. High practical significance has
prompted us to investigate the antimicrobial
activity of 1,3-benzoxazines derivatives.

Materials and Methods

Methodology for the research] of the
antibacterial activity

All bacteria were cultured in Cation-Adjusted
Mueller-Hinton Broth (CAMHB) at 37 °C
overnight. Each sample was diluted 40 times
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in a fresh medium and then, incubated at 37 °C
for 1.5-3 hours. The samples of the mean loga-
rithmic phase were diluted (4.5-5 x 10> CFU/
ml, measured by 600 nm (OD600)). Then, the
compounds containing the plates were added
to each well, yielding a cell density of 5 x 103
CFU/ml and a total volume of 50 ul. All plates
were coated and incubated at 37 °C for
18 hours without shaking.

Inhibition of growth of all bacteria was
determined measuring absorbance at 600 nm
(OD600), using a Tecan M1000 Pro mono-
chromator plate reader. The percentage of
growth inhibition was calculated for each well,
using the negative control (media only) and
positive control (bacteria without inhibitors)
on the same plate as reference.

Methodology of research of the antifun-
gal activity

The fungi strain was cultivated for 3 days on
YPD at 30 °C. A suspension of yeast from
1 x 10 to 5 x 10 CFU / ml (as defined by
OD530) was prepared from five colonies. The
suspension was then diluted and added to
each well of the plates containing the com-
pound, which gave the final density of fungi
cells suspension of 2.5 x 103 CFU / ml and a
total volume of 50 pl. All plates were coated
and incubated at 35 °C for 36 hours without
shaking.

The growth inhibition of C. albicans was
determined measuring absorbance at 530 nm
(OD530). The growth inhibition of C. neofor-
mans was determined measuring the difference
in absorbance between 600 and 570 nm
(OD600-570), after the addition of resazurin
(0.001 % final concentration) and incubation
at 35 °C for additional 2 hours. The absorbance
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was measured using Biotek Synergy HTX
Microplate Reader. The percentage of growth
inhibition was calculated for each well, using
negative control (media only) and positive
control (fungi without inhibitors) on one plate.
The percentage [of] growth inhibition of an
individual sample is calculated based on neg-
ative controls (media only) and positive con-
trols (bacterial / fungal media without inhibi-
tors). The negative inhibition values indicate
that the growth rate (or OD600) is higher com-
pared to the negative control (bacteria / fungi
only set to 0 % inhibition). The growth rate
for all bacteria and fungi has a variation of —
+ 10 %, which is within the reported normal
distribution of bacterial / fungal growth.

Results and Discussion

The methods of synthesis of geminal 1,3-ben-
zoxazines derivatives had been developed in
the previous studies authors. The Derivatives
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+
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R CONH, R

NO,
NH,NH,*H,0
#
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of 1,3-benzoxazines (1-4) have been obtained
through the interaction of substituted salicy-
lamides with ketones in benzene in the pres-
ence of p-TsOH removing water with a Dean-
Stark trap (Scheme 1) [11, 12].

The 2-[5-(4-Nitrophenyl)-1H-pyrazol-3-yl]
phenol (5) (Scheme 2) was obtained in the
reaction of 2-(4-nitrophenyl)-4H-chromen-4-
imine with hydrazine hydrate [12].

In cooperation with the Institute of
Molecular Biology and Genetics of the
National Academy of Sciences of Ukraine, we
sampled the synthesized compounds. These
compounds were compared with the com-
pounds whose antimicrobial activity had al-
ready been investigated (CHEMBL [13] and
DrugBank [14] databases.) For antimicrobial
screening, we chose the compounds that dif-
fered from the investigated ones by 30 %. Five
compounds were selected and their antimicro-
bial activity against five bacterium and two

R
R2

(0]

I~ R=i-Pr, RI=R2=(CH,),; 2 - R=H,
NEY RISCH;, R2=4-NO,-CgHy; 3~ R=i-Pr,

R1=CHj;, R2=Ph; 4 — R=1i-Pr, R1=

3 CHs, R2= 4-NO,-CH,;
Scheme 1. Synthesis of 1,3-benzox-

1-4 azines derivatives

Scheme 2. Synthesis of
2-[5-(4-Nitrophenyl)-1H-pyrazol-3-
yl]phenol 5
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Table 1. Microbial strains and cell lines.

Abbreviation Name Description Strain Organsim Type
Sa Staphylococcus aureus MRSA ATCC 43300 Bacteria G+ve
Ec Escherichia coli FDA control ATCC 25922 Bacteria G-ve
Kp Klebsiella pneumoniae MDR ATCC 700603 | Bacteria G-ve
Ab Acinetobacter baumannii Type strain ATCC 19606 Bacteria G-ve
Pa Pseudomonas aeruginosa Type strain ATCC 27853 Bacteria G-ve
Ca Candida albicans CLSI reference ATCC 90028 Fungi Yeast
Cn Cryptococcus neoformans var. grubii | H99 - Type strain ATCC 208821 |Fungi Yeast

fungus strains was studied by the microbial
growth inhibition assay.
The data on the tested strains of microor-

ganisms are given in Table 1.

The screening is performed as two replica

(n = 2), with both replicas on different assay

plates, but from single plating and performed

in a single screening experiment (microbial

Table 2. The percentage of growth inhibition of whole cells by

synthesized compounds

Compound Strain
P (Sa) | (E¢) | (Kp) | (Pa) | (4b) | (Ca) | (Cn)
0.
8.0 2.3 55 39 (2681 9.1 | -9.1
NH
1 o
O
H >—No2
©;(NH 76 | -40 | 1.8 | 13 | 85 | 113 -53
2 (0]
0.
\‘\© 162 3.7 | 58 | 09 | 3.0 | 5.6 |-11.6
NH
3 0o
O
\‘\©\ 751 03|22 |-28]| 64 [338]-3.6
NH
4 o NO,
H
N\\N OH
No 164 | 50 | 34 | 53 430 81 |-574
5

incubation). Each individual
value is reported in the Tables
(see 2 and 3).

During the analysis of the
results obtained, it was found
that among the synthesized
compounds the most active
with respect to Acinetobacter
baumannii were the com-
pounds (5) and (1) (Table 2
and Figure 1).

The repeated experiment
confirmed the activity of
compounds numbered (5) and
(1) with regard to the
Acinetobacter baumannii
strain, as well as the activity
of compound (4) in relation
to the Candida albicans fun-
gus (Table 3 and Figure 2).

Conclusions. According to
the results of in vitro biologi-
cal testing, it has been shown
that the highest activity among
the synthesized compounds
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with respect to Acinetobacter baumannii had
the compounds 2-[5-(4-nitrophenyl)-1H-pyr-
azol-3-yl]phenol (5) and 6,8-diisopro-
pylspiro[ 1,3-benzoxazine-2,1’-cyclohexan]-
4(3H)-one (1), in concentration of 32 pg/ml
(43 % and 27 %, respectively). Compound (4),
6,8-diisopropyl-2-methyl-2-(4-nitrophenyl)-
2,3-dihydro-4H-1,3-benzoxazine-4-one, has
shown the fungicidal activity against the
Candida albicans strain.

OCompound2
BCompound 3

Comp ound4
BCompounds
Fig. 1. Graph of growth
inhibition of whole cells
microorganisms by syn-
thesized compounds
(3aMCHUTH 3aIAThIC
TOYKaMH B TpaduKe)
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Table 3. The percentage of growth inhibition of whole cells by

synthesized compounds

4. Zhang Z, Olland AM, Zhu Y, Co-
hen J, Berrodin T, Chippari S,

Strain

Appavu C, Li S, Wilhem J, Cho-

Compound

(Se) | (E9 | (Kp) | (Pa)

(4b)

pra R, Fensome A, Zhang P, Wro-

(Ca) | (Cn)

11,9 39 | 3.1

16,9

bel J, Unwalla RJ, Lyttle CR,
Winneker RC. Molecular and
pharmacological properties of a
potent and selective novel non-
steroidal progesterone receptor

34

3,8 1,6

4,1

agonist tanaproget. J Biol Chem.
2005;280(31):28468-75.

Charmantray F, Demeunynck M,
Carrez D, Croisy A, Lansiaux A,

10,2 |-13,3 5.

123] 1,4 | 5,8 | -1,8

15,9

Bailly C, Colson P. 4-Hydroxy-
methyl-3-aminoacridine deriva-
tives as a new family of antican-
cer agents. J Med Chem. 2003;
46(6):967-77.

3,6 |-10,6

0,7

6,3

6. Gala F, Dauria MV, De Marino S,
Sepe V, Zollo F, Smith CD,
Keller SN, Zampella A. Jasp-
amide M-P: new tryptophan
modified jaspamide derivatives

26,2

4,1 | 33| 0,7

24,7

from the sponge Jaspis splendans.
Tetrahedron. 2009; 65(1): 51-6.
7. Wang CF, Su YC, Kuo SW,
Huang CF, Sheen YC, Chang FC.

19,1 | -24,1
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JocaigxeHHs: aHTUMIKPOOHOI aKTUBHOCTI
noxiguux 1,3-6eH30kcasuHy

C.I1. 3aropymnsko, C.A. Baperanuenko, O.K. ®apar,
1.B. Mapxkoga, B.1. Mapkos

Mera. [locnimuTe HassBHICTh aHTUMIKPOOHOT aKTHBHOCTI
cepen moximanx 1,3-6en3okcazuHiB. Metoau. CunTes,
aHTUMIKPOOHHI CKPUHIHI, O10XIMIYHE TECTyBaHHsI in Vitro.
PesyabTaru. 115t aHTUMIKPOOHOTO CKPHUHIHTY BHOHpPAIIU-
sl CIIOJTYKH SIKi BIZIPI3HSFOTHCS Bijx mociimkeHnx Ha 30 %.
Byno BimiOpaHo 5 cnomyk i mpoBemeHO AOCTIHKEHHS iX
aHTUMIKPOOHOI aKTUBHOCTI IIPOTH 11’ SITH OaKTepiii Ta ABOX
rpubiB MeToaMH aHajIi3y iHriOyBaHHS pOCTY LIUJIMX KIIi-
TrH. [HTIOyBaHHS POCTY IHOWBITyaTbHOTO 3pa3ka po3pa-
XOBYBABCA Y BIICOTKaX Ha OCHOBI HETraTUBHUX KOHTPOJIB
(JrIe cepesoBHMIL) Ta MO3UTUBHHUX KOHTPOIB (OakTepi-
abHUX / TPHOKOBHX cepeioBuIl Oe3 iHridiTopiB). Y xoxi
aHai3y OTPHMaHUX Pe3yJIbTaTiB Oyj0 BCTAHOBICHO IO
HAMOUTBITYy aKTUBHICTH Cepel CHHTE30BaHMX CIIOIYK IIPO-
SIBAJIM TIO BIJJHOILICHHIO 10 Acinetobacter baumannii cno-
JIyKH - 2-[5-(4-nitpodenin)-1 H-nipazon-3-i|denon ta
6,8-miizompominchipol 1,3-06eH30kcasin-2, 1 ’-IuKIoreKcaH|-
4(3H)-on 43 % T1a 27 % npu KOHIEHTparlil 32 MKI/MIL
OyHrinuaHy akTuBHICTH mWono wramy Candida albicans
MposiBIIIa CcHoOdyKa - 6,8-miizonporin-2-meTuin-2-(4-
HiTpodeHin)-2,3-nurinpo-4H-1,3-0eH30kca3nH-4-0H.

Bucnosku. [ToximHi 1,3-0¢H30KCa3MHIB POSBISIOTH O~
MipHY aHTUMIKPOOHY aKTHBHICTb, 110 JI03BOJISIE PEKOMEH-
JTyBaTH MPOIOBKCHHS MOITYKY e(h)eKTUBHUAX MPOTUMIKPOO-
HHUX 3aCO0IB Cepe/l JaHOTr0 KJIACY CIONYK, Y TOMY YHCII 1
3aB/SIKU IJIECHIPSIMOBAHOMY CHHTE3y HOBHX CHOJIYK 3
MIPOTHO30BAaHUMH MPOTUMIKPOOHUMU BIIACTUBOCTSIMH.

Kaw4dyoBi caosa: moxigai 1,3-OeH30Kca3uHiB,
1 H-mripazon-3-in-(heHon, aHTUMIKpOOHWMIT CKPUHIHT:

HccnenoBanne aHTHMUKPOOHOI aKTHBHOCTH
Npou3BOAHBIX 1,3-0eH30KCaA3UHOB

C. I1. 3aropynbko, C. A. Bapennuenko, O. K. ®@apar,
H. B. Mapkosa, B. 1. Mapkos

Hens. Mcenenopars HamMuue aHTHMUKPOOHOM aKTUBHOCTH
cpeau MPOU3BOAHBIX 1,3-O¢H30KCa3uHOB. MeTombl.
CuHTe3, aHTUMHUKPOOHBII CKPUHUHT, OMOXMMUYECKOoe Te-
cTapoBaHue in vitro. Pesyabrarbl. s aHTHMHUKPOOHOTO
CKPUHHHTa OTOMPAITN COSANHEHHSI, KOTOPBIE OTIIMYAIOTCS
ot n3y4eHHbIX Ha 30 %. B0 oToOpano 5 coennHenuii u
MIPOBEICHO MCCIIEIOBAaHNE UX aHTUMHKPOOHOH aKTHBHOCTH
MIPOTHB ISITH OAaKTEepHil ¥ IBYX rPHOOB METO/IAaMH aHAITU3a
MHTUOMPOBAHUS POCTa LENbIX KJIeToK. VIHrnbuposaHue
PpOCTa MHAMBUIYaJILHOTO 00pa3iia pacCCUUTHIBACTCS B IIPO-
LIEHTax Ha OCHOBAaHMH OTPHUIIATEIBHBIX KOHTPOIIEH (Tomb-
KO CpeJia) 1 MOJIOKHUTEIBHBIX KOHTPOJIEH (OaKkTeprabHOM
/ TprOKOBOM cpebl Oe3 MHrnouTOpoB). B Xone anammsza
TIOJTYEeHHBIX PE3yJIBTaToB OYJI0 YCTaHOBIIEHO YTO HAHOOJIb-
LIYI0 aKTUBHOCTh CPEIl CHHTE3UPOBAHHBIX COCIMHEHUM
TIPOSIBUJIN TI0 OTHOIIEHUIO K Acinetobacter baumannii
coeounenus - 2-[5-(4-aurpodennn)- | H-mpa3omn-3-wi|
¢enon n 6,8-muisonpormicnupo| 1,3-6er3okcazun-2, 1’ -1u-
kiorekcat |-4(3H)-ou 43 % u 27 % npu KoHIeHTparmu 32
MKI/Mi1. DyHIUIUIHYIO aKTUBHOCTH IPOTUB IITaMMa
Candida albicans nposiBUI0 COSAMHEHUE - 6,8-TUU30ITPO-
ni-2-mMeTi-2-(4-aurpodennn)-2,3-auruapo-4H-1,3-
6en3okcasua-4-oH. BeiBoasbl. IIpomsBomnsie 1,3-0eH30K-
Ca3MHOB NIPOSBUII YMEPEHHYIO aHTUMHKPOOHYIO aKTHB-
HOCTb, YTO MO3BOJISIET PEKOMEH/I0BATh IPOIOIDKEHHE TT0-
ncka 3(PEKTUBHBIX POTHBOMHUKPOOHBIX CPEICTB CPEIH
JIAaHHOT'O KJIacca COEIMHEHHH, B TOM YHCIe U Onaronaps
LIeJICHAITPABIICHHOMY CUHTE3Y HOBBIX COCIMHEHHH C TIPO-
THO3MPOBAaHBIMU IIPOTUBOMUKPOOHBIMI CBOWCTBAMHU.
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