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Synthesis of 1,2-benzoxathiine 2,2-dioxide derivatives
using aliphatic aldehydes and assessment of their
antimicrobial activity

Nowadays the problem of the antimicrobial resistance promotes the search of new chemical core-structures
with the antimicrobial properties.

Aim. To study the interaction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide with active methylene nitriles and
aliphatic aldehydes and assess the antimicrobial activity of the compounds obtained.

Results and discussion. 1,2-Benzoxathiin-4(3H)-one 2,2-dioxide as a structural analog of 1,3-dicarbonyl
compounds was used in the three-component interaction with aliphatic aldehydes and active methylene nitriles.
In the case of malononitrile the target compounds were formed. When using ethyl cyanoacetate the only isolated
product was triethylammonium salt that could be also obtained by the two-component reaction of 1,2-benzoxathi-
in-4(3H)-one 2,2-dioxide with aliphatic aldehydes. The study of the antimicrobial properties showed the higher
activity of the compounds studied than in the reference drugs, especially against gram-positive strains.

Experimental part. The series of 2-amino-4-alkyl-4,6-dihydropyrano[3,2-c][2,1]benzoxathiin-3-carbonitrile
5,5-dioxides and triethylammonium 3-[1-(4-hydroxy-2,2-dioxido-1,2-benzoxathiin-3-yl)alkyl]-1,2-benzoxathiin-4-olate
2,2-dioxides was synthesized. The antimicrobial activity of the compounds obtained was determined by the agar
“‘well” diffusion method.

Conclusions. It has been shown that 1,2-benzoxathiin-4(3H)-one 2,2-dioxide as a structural analog of
1H-2,1-benzothiazin-4-one 2,2-dioxide can be used in similar three- and two-component reactions, but its re-
activity is less due to the replacement of the 1-N-R-group with an O-atom. The novel compounds obtained ex-
ceeded the antimicrobial activity of the reference drugs, and were more active against gram-positive bacteria in
contrast to isosteric derivatives of 1H-2,1-benzothiazin-4-one 2,2-dioxide that were active against gram-negative
strains and fungi.

Key words: 1,2-benzoxathiin-4(3H)-one 2,2-dioxide; 2-amino-4H-pyran; three-component interaction; am-
monium salt; antimicrobial activity

I. B. Npuropie, . O. Jlera, B. M. YepHux, T. 1. Oconoa4eHko, J1. A. LLlemuyk

CuHTe3 noxigHux 1,2-6eH3okcarTiiH 2,2-aiokcnay 3 BUKOPUCTAHHAM anichaTu4HuxX

anbAaeripiB Ta A4OCNIAKEHHA TX aHTUMIKPOOHOT aKTUBHOCTI

Ha cyyacHomy eTani npobnema aHTUMIKPOOHOT pE3UCTEHTHOCTI CMPUSIE MOLLYKY HOBUX MOJEKYNSIPHUX CTPYK-
TYp 3 @aHTUMIKPOBHNMY BNACTUBOCTAMMU.

MeToro gaHoi poboTtun 6yno gocnigutn B3aemogito 1,2-6eH3okcartiiH-4(3H)-oH 2,2-giokenay 3 MeTuneHak-
TUBHUMW HiTpUnamu Ta anipaTMyHUMK anbaerigamv Ta aHTUMIKPOOHi BNacTUBOCTI CUHTE30BaHMX CMOIyK.

Pe3ynbraty Ta ix o6roBopeHHA. 1,2-beH3okcaTiiH-4(3H)-0H 2,2-giokcna sk CTPYKTYpHUIA aHanor 1,3-gu-
KapOOHiNbHMX cnonyk 6yno BUKOPUCTaAHO B TPUKOMMOHEHTHI B3aeMOZii 3 anidpatmyHummn ansgerigamm ta me-
TUMNEHaKTUBHMMU HITpUnamu. Y BUNagKy ManoHOAWHITPUITY YTBOPIOBaNucs Uinbosi NoXiaHi. Mpu BUKOpUCTaHHI
eTurnuiaHoaueTaTty eanHUM i30MbOBaHMM NPOAyKTOM Byna TpueTunamoHieBa Cinb, OAepXXaHHS SKOI MOXINBeE
TakoX y BUMaAKy ABOKOMMOHEHTHOT B3aeMogii. BUBYEHHST aHTUMIKPOOHMX BNAacTUBOCTEN NOKa3ano BULLY aKTUB-
HICTb, HiXX Yy NpenaparTiB NOpPiBHSAHHSA, 0COBNMMBO MNPOTU FPaMMO3UTUBHUX LUTAMIB MiKPOOPraHi3MmiB.

EkcnepumeHTanbHa YactuHa. byno cuHTe3oBaHo psg 2-amiHo-4-ankin-4,6-gvrigponipaHo[3,2-c][2,1]6eH3okcaTiiH-
3-kap6oHiTpun 5,5-giokengis Ta 3-[1-(4-rigpokcmn-2,2-giokenao-1,2-6eH3okcartiiH-3-in)ankin]-1,2-6eH3okcatiin-4-
onar 2,2-giokcugis. [Ana ogepaHux cnonyk 0yno npoBefeHO BU3HAYEHHST aHTUMIKPOOHOI aKTMBHOCTI METOL0M
aundpysii B arap.

BucHoBku. 1,2-bensokcariin-4(3H)-oH 2,2-giokena sk CTpykTypHUM aHanor 1H-2,1-6eH3oTia3nH-4-oH 2,2-ai-
okcuay OyB BUKOPUCTAHUN Y TpU- Ta ABOKOMMOHEHTHUX peakLisix, ane Moro peakuiiHa 3aaTHIiCTb BUSIBMACh
MEHLLIOK 3a paxyHokK 3amiHu 1-N-R-rpynu Ha atom KucHio. OpepikaHi Cnomnyku 3a aHTUMIKPOOHOK aKTUBHICTHO
nepeBULLMNN NpenapaTy NOPIBHAHHA Ta BUSBUMUCH BinbLU akTUBHUMU LLOAO rPamMmno3nTUBHUX LUTaMiB MiKpoop-
raHiamiB Ha BiAMiHY Bif i30cTepHuX noxigHux 1H-2,1-6eH30Tia3nH-4-0H 2,2-iokcuay, aHTMMiKpOOHi BMAcTUBOCTI
AKX Bynv NoB’A3aHi 3 iHribyYM BMIIMBOM Ha rpaMHeraTuBHi LWTaMu Ta rpudmu.

Knrodoei cnosa: 1,2-6eH3okcariiH-4(3H)-0H 2,2-giokeuna; 2-amiHo-4H-nipaH; TPMKOMMOHEHTHA B3aemMogis;
TPMETMNaMOHIeBa Ciflb; aHTUMIKPOOHA aKTUBHICTb

I. B. lpuropus, O. A. Jlera, B. I. YepHbix, T. . OconogueHko, J1. A. LLlemuyk
CuHTe3 Npon3BoAHbIX 1,2-6eH30KCaTUMH 2,2-AUOKCHAa C UCNOSIb30BaHMEM anugaTniecknx
anbAaernaoB U OLeHKa UX aHTUMUKPOOGHOM aKkTUBHOCTU

Ha coBpemeHHOM 3Tane npobnema aHTUMUKPOBHON Pe3UCTEHTHOCTU CMOCOBCTBYET MOUCKY HOBbIX MOMEKY-
NSIPHBIX CTPYKTYP C @aHTUMUKPOOHBIMU CBONCTBaMMU.
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Lenbto faHHOM paboTbl 66110 N3y4nTh B3aumopencTeue 1,2-6eHsokcatnmH-4(3H)-oH 2,2-anokcnaa ¢ me-
TUMNEHAKTUBHLIMU HATPUIIAMUN 1 anudaTtnyeckumMm anbaerngamm n OLeHNTb aHTUMUKPOOHYH aKTUBHOCTb MOy~
YEHHbIX COeANHEHUI.

PesynbTraTbl n ux obcyxaeHue. 1,2-beH3okcatnnH-4(3H)-0H 2,2-0MOKCUA Kak CTPYKTYPHbIA aHanor
1,3-OMKapBOHNIBHBIX COEAUHEHMI ObIT UCMONb30BaH B TPEXKOMMOHEHTHOM B3aUMOAENCTBUM C anndaTnyeckm-
MU anbAervaaMmu U METUNEHaKTUBHBIMWU HUTpunamu. B cnyvyae manoHognHuTpuna obpas3oBbiBanuch Lienesble
npousBogHble. Mpu ncnonb3oBaHuM aTUNUMaHaLeTaTa eanHCTBEHHbIM U30NMPOBaHHBLIM NMPOAYKTOM Obina Tpu-
3TUNaMMOHMEBAs COMb, NOMyYEHUEe KOTOPOW BO3MOXHO Takke B Crlyvae ABYXKOMMOHEHTHOIO B3aUMOAENCTBUS.
M3yyeHre aHTUMUKPOGHbIX CBOMCTB Nokasano 6ornee BbICOKYH akTUBHOCTb, YeM Y NpenapaToB CPpaBHEHUSI, 0CO-
6EHHO B OTHOLLEHWNW rPaMMoONOXUTENbHbIX LLITaMMOB.

OKcnepumeHTanbHas YacTb. bbin cuHTE3MpoBaH psaa 2-amuHo-4-anknn-4,6-gurngponunpanol3,2-c][2,1]
6eH3okcatumH-3-kapboHuTpun 5,5-gnokenaos n 3-[1-(4-rugpoken-2 2-guokenao-1,2-6eH3okcaTnmH-3-un)ankun]-
1,2-6eH30KkcaTUnH-4-0NnaT 2,2-anokcuaoB. s nonyyYeHHbIX COeAMHEHNI ObINo NPOBEAEHO onpeaeneHne aHTu-
MUKPOBOHOW akTMBHOCTM MeToaoM Anddysnm B arap.

BeiBoabl. 1,2-BeH3okcaTnmH-4(3H)-0H 2,2-Aunokena Kak CTpyKTypHbIv aHanor 1H-2,1-6eH30TnasnH-4-oH
2,2-anokcnaa 6bin MCnonb3oBaH B TPEX- U ABYXKOMMOHEHTHbIX peaKLmMsX, HO ero peakLMoHHas CrocoOHOCTb
oKkasanacb MeHblUe 3a cyeT 3ameHbl 1-N-R-rpynnbl Ha aTtom kncnopopga. lNMonyveHHble coeauHeHnst Mo aHTu-
MUKPOOHOW aKTUBHOCTY MPEBLICUMY NpenapaTbl CPaBHEHWUST U NPOSIBUNM aKTUBHOCTb B OTHOLLEHMMW FpamMmnosno-
XUTENbHbIX GakTepuii B OTNNYME OT U30CTEPHbIX NPOU3BOAHLIX 1H-2,1-6eH30Tna3nH-4-0H 2,2-Anokcuaa, aHTu-
MUKPOOHbIE CBOMCTBA KOTOPbIX ObINM CBSI3aHbl C MHIMOUPYOLWUM BIIUSIHMEM Ha rpaMoTpuLaTenbHble LTaMMbl
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1 rpubsbi.

Knroueenlie cnoea: 1,2-6eH3okcatnmH-4(3H)-0H 2,2-anokens; 2-aMnHo-4H-nnpaH; TPEXKOMIMOHEHTHOE B3anMO-
OencTBue; TPUSTUITaMMOHNEBASA COMb; aHTUMUKPOOHAsA akTMBHOCTb

The results of the studies in different countries all
over the world indicate the growth of the antimicro-
bial resistance (AR) and, particularly the multiple drug
resistance in numerous microorganisms that are the
main cause of growth of different infectious sickness
rate [1, 2, 3]. The obvious consequences of this pro-
cess include an increase in morbidity and mortality,
prolongation of the disease time and a greater risk
of complications [4]. AR becomes also the cause for
the greater economic burden for the population due
to decrease in their labor productivity and increase of
the costs for diagnosis and treatment of such disease
type [5]. Altogether the impact of AR on the health
and economic system can be estimated as extremely
negative. Therefore, the synthesis of new efficient bio-
logically active compounds with the promising anti-
microbial properties still remains one of the topical
issues in development of new drugs [6]. The World
Health Organization is also encouraging works in this
direction. According to this the Global Strategy on
Containment of Antimicrobial Resistance (2001) [7]
was worked out. It contains a complete list of recom-
mendations for AR combating. In particular, the stra-
tegy to promote the creation of new drugs and vac-
cines with the necessary properties was proposed,

especially with novel chemical core-structures, which
were not earlier utilized as antimicrobial substances.

In our previous works we used 1H-2,1-benzo-
thiazin-4-one 2,2-dioxide as a core-structure to ob-
tain its new pyran-annulated derivatives, as well as
novel ammonium salts and consequently to assess their
antimicrobial activity [8, 9]. These studies allowed
us to find the substances with a moderate activity
against P. aeruginosa and C. albicans. In this regard,
aiming to obtain new effective antimicrobial agents
we continued our investigations in this field by mo-
difying of the abovementioned core-structure via iso-
steric replacement of the 1-N-R group with an O-atom,
resulting in 1,2-benzoxathiin-4(3H)-one 2,2-dioxide
(Fig.).

This idea has marked the beginning of new rese-
arch of our scientific group dedicated to revealing the
synthetic and pharmacological potential of 1,2-benzo-
xathiin-4(3H)-one 2,2-dioxide. It is also targeted on
determination of the general regularities on the struc-
ture-bioactivity relationships in series of SO,-contai-
ning heterocycles and subsequently on purposeful
construction of drugs with a desired activity.

Therefore, the present article describes the syn-
thesis of new 2-amino-4-alkyl-4H-pyran-3-carbonit-
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Fig. The isosteric relationships of 1H-2,1-benzothiazin-4-one 2,2-dioxide and 1,2-benzoxathiin-4(3H)-one 2,2-dioxide
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Scheme 1. The synthesis of the starting 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 4

riles and triethylammonium 3-[1-(4-hydroxy-2,2-di-
oxido-1,2-benzoxathiin-3-yl)alkyl]-1,2-benzoxathiin-
4-olate 2,2-dioxides based on 1,2-benzoxathiin-4(3H)-one
2,2-dioxide.

The starting 1,2-benzoxathiin-4(3H)-one 2,2-di-
oxide 4 was synthesized according to Scheme 1. At
the first stage methyl salicylate 1 reacted with metha-
nesulfonyl chloride 2 yielding methanesulfonate 3.
The latter was next cyclized under the action of so-
dium hydride in DMF solution at 0 °C producing sul-
tone 4 [10, 11].

[t is well known that 2-amino-4H-pyrans can be
easily obtained via three-component domino-type inter-
action of 1,3-dicarbonyl compounds with aldehydes
and active methylene nitriles using a wide range of
bases as a catalyst [12]. Since 1,2-benzoxathiin-4(3H)-one
2,2-dioxide 4 can be considered as a structural analog
of 1,3-dicarbonyl compounds, according to the task
set it was introduced into the three-component inter-
action with aliphatic aldehydes 5 and malononitrile 6
(Scheme 2) which resulted in formation of the target
2-amino-4-alkyl-4,6-dihydropyrano[3,2-c][2,1]ben-
zoxathiin-3-carbonitrile 5,5-dioxides 7 as precipita-
tes that did not require further purification. The reac-
tion readily proceeded when using equimolar quan-
tities of the initial reagents in ethanol in the presence
of the catalytic amount of triethylamine to promote
the interaction. As it was additionally determined, this
three-component reaction did not require heating and
proceeded smoothly under the room temperature. It
isin a full agreement with the previously regularities
found [8]. Performing the reaction under reflux af-
fected neither the product obtained nor the yield.

The yields of 2-amino-4H-pyrans 7 (Tab. 1) in the
range from formaldehyde to butyraldehyde were ave-

CN
X —_ >
dloz * AKTTO [T TEoH EGN
o CN Ot o
6

4 5a-h

X -

= /\/\/\
o} o~ ~o

5i, 0.5 equiv

Alk

rage. However, in the case of valeric aldehyde the yield
of 7e turned out to be poor - only approximately 10 %.
The solvent replacement of ethanol to methanol gave
its increase up to 45 %, which might be due to lower
solubility of the product. It is interesting that the fu-
sed derivative 7h was obtained for a-methylcinnamal-
dehyde, whereas despite of our efforts, involvement
of cinnamaldehyde often used in the 2-amino-4H-py-
rans synthesis [13] was not successful. Presumably,
the a-methylgroup in this case may act as a steric hind-
rance and avoids formation of undesirable by-products.

In the three-component reaction glutaraldehyde
5i as a bifunctional representative was also introdu-
ced. This gives a chance to obtain two types of 2-ami-
no-4H-pyrans depending on the number of aldehyde
equivalents applying in the reaction, namely 2-ami-
no-4H-pyran with a free aldehyde group and the cor-
responding bis-derivative of 2-amino-4H-pyran. Thus,
using glutaraldehyde in the amount of 1 equiv in the
three-component interaction did not result in the de-
sired reaction product. At the same time, application
of 0.5 equiv of 5i led to isolation of bis-2-amino-4H-
pyran 7i, but unfortunately, in an extremely poor yield
(Scheme 2).

In continuation of the current study we then ap-
plied other possible representative of active methylene
nitrile - ethyl cyanoacetate 8 - in the three-compo-
nent interaction with a view to introduce the ester
group in position 3 of the 2-amino-4H-pyran ring.
Nevertheless our efforts appeared to be unsuccess-
ful since any desired ethyl 2-amino-4H-pyran-3-car-
boxylate was not isolated during these attempts. At
the same time, the corresponding triethylammonium
salt of bis-1,2-benzoxathiin-4(3H)-one 2,2-dioxide
derivative 9g was isolated in 6% yield as the single

NH,

O\CN

EtOH, EtN, r.t.

5a Alk = H; 5b Alk = Me; 5¢c Alk = Et; 5d Alk = n-Pr; 5e Alk = n-Bu; 5f Alk = i-Pr; 5g Alk = i-Bu; 5h Alk = Ph/\/

Scheme 2. The synthesis of 2-amino-4H-pyran-3-carbonitriles 7a-i

Me
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Scheme 3. Two possible ways towards triethylammonium salt 9g

product when isobutyric aldehyde was applied in the
three-component interaction (Scheme 3). Taking into
account the known mechanism of 2-amino-4H-pyran
formation [14] and the regularities previously found
[8] this fact can be explained by two ways depicted
in Scheme 3. The first way implies the direct inter-
action of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 4
with aldehyde 5g with formation of a highly reactive
intermediate A. Then this intermediate reacts not with
ethyl cyanoacetate 8, but with the second molecule
of 4 forming a symmetrical bis-derivative isolated in
the form of triethylammonium salt 9g. Besides this,
we can assume the second way involving the yield is
primary Knoevenagel condensation between ester 8
and aldehyde 5g resulted in intermediate B. The sub-
sequent Michael addition of the latter to 1,2-benzo-
xathiin-4(3H)-one 2,2-dioxide 4 gives adduct C, which
looses the molecule of ester 8 and is converted into
enone A. Thereafter, enone A reacts as described above
giving salt 9g. In our opinion, both of these routes
are equiprobable.

Triethylammonium salts similar to 9 are new de-
rivatives of 1,2-benzoxathiine 2,2-dioxide. In this re-
gard, we set the task of the purposeful obtaining of
salts 9 based on the two-component approach descri-
bed previously on the example of 1H-2,1-benzothia-
zin-4(3H)-one 2,2-dioxide [15]. According to this pro-
cedure the target salts 9 were obtained by the inter-
action of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 4
with aliphatic aldehydes in the molar ratio of 2:1 in
the presence of the equimolar amount of triethyl-
amine in i-PrOH for 1 hour (Scheme 4).

The data for the compounds obtained are presen-
ted in Tab. 1 and 2. The 'H NMR data are given in Tab. 3.

The study of the antimicrobial properties of the
compounds obtained was performed according to the
international standards, 16] by the agar “well” dif-
fusion method against the standard test-strains of

OH O EtaNH
SOQ Et3N
802 0,S.

gram-positive and gram-negative bacteria and fungi.
The results revealed the higher antimicrobial activity
than those of the reference drugs. The activity against
the gram-positive strains was a little higher than mo-
derate compared to gram-negative bacteria and fungi.
The most active were samples with propyl, isopro-
pyl and butyl substituents in position 4 of the pyran
core, the activity increased along with the prolonga-
tion of the chain. Furthermore, triethylammonium salts
corresponding to 2-amino-4H-pyran-3-carbonitriles
showed higher antimicrobial properties. Thereby, uti-
lization of long-chain aliphatic aldehydes along with
the synthesis of the corresponding triethylammonium
salts may be considered as a promising way for fur-
ther construction of the narrow spectrum antibiotics.

For similar derivatives of 1H-2,1-benzothiazin-
4(3H)-one 2,2-dioxide the moderate activity against
P, aeruginosa and C. albicans was revealed [8]. Thus, the
isosteric replacement of the 1-N-R-group to O-atom
caused alteration of the antimicrobial activity.

The results of studying the antimicrobial proper-
ties are presented in Tab. 4.

Experimental Part

Chemistry

The starting aldehydes and active methylene nitri-
les were obtained from commercial sources and used
without further purification. Melting points were de-
termined on a Gallenkamp melting point apparatus,
Model MFB-595 in open capillary tubes. The 'H NMR-
spectra were recorded on a Varian WXR-400 spectro-
meter using DMSO-d, as a solvent and TMS as an
internal standard. Elemental analyses were carried
out using a Carlo Erba CHNS-O EA 1108 analyzer.

The procedure for the synthesis of 1,2-benzo-
xathiin-4(3H)-one 2,2-dioxide 4. To the ethereal so-
lution (200 mL) of methylsalicylate 1 (25.8 mL, 0.2 mol)
and triethylamine (31 mL, 0.22 mol) add methane-

o ®
o) OH Ak O EtNH
A, 1 hour X =z
Ol o o 222 LT T
o502 i-PrOH, Et3N 0-502 0284
4 5¢,d,f,g 9c,d,f,g

Scheme 4. The synthesis of triethylammonium salts 9c,d.f,g
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Table 1

Melting points, elemental analysis and yields for 2-amino-4-alkyl-4,6-dihydropyrano(3,2-c][2,1]benzoxathiin-
3-carbonitrile 5,5-dioxides (7a-i)

Elemental analysis, %
No. Alk M.p.°C | Molecular formula, M. m. %IS Yield, %
C H N
7a H 258-260 C13@%N§?45 % 3 29 % 35
7b Me 241-243 C”;g%'_\lzzg = % % % 36
7c Et 217-219 C“‘;'df;g ° % 2’% % 8
7d | nPr 208-209 CisfhaM 2 1 a3 550 75
7e n-Bu 222-224 C163Ha1§"\'32$ © % % % 45
7f i-Pr 201-203 C”;']‘g'_“;? © % P % 46
79 i-Bu 205-207 Cw;';g’_\l;;) = % % Z'% 39
7h Ph/\Mj 230-233 C21§§3N;§)45 % ﬁ % 46
7i | (CH), | 257259 CarbaliOe>: 9 238 oa 6

sulfonyl chloride 2 (15.4 mL, 0.22 mol). Stir the reac-
tion mixture for 18 h when cooling. Then wash it with
the saturated solution of sodium carbonate (50 mL)
and water (100 mL). Evaporate the ethereal layer af-
ter drying with sodium sulfate to give a light yellow
solid; the yield is 39.0 g (85 %). M. p. - 45-50 °C.
Dissolve methansulfonate 3 (39.0 g, 0.17 mol)
in dry DMF (100 mL), and cool the solution to 0 °C.
Then add it to the cooled suspension of sodium hyd-
ride (19.55 g, 0.51 mol) in dry DMF (100 mL) and
mix for 1 h at 0-5 °C. Pour the reaction mixture into
ice, acidify with diluted HCI to pH 3-4, filter the white

precipitate obtained and recrystallize from ethanol;
the yield is 22.0 g (67 %). M. p. - 80-85 °C.

The general procedure for the synthesis of 2-
amino-4-alkyl-4,6-dihydropyrano[3,2-c][2,1]benzo-
xathiin-3-carbonitrile 5,5-dioxides (7a-h). To the
solution of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 4
(0.198 g, 0.001 mol), malononitrile 6 (0.066 g, 0.001
mol) and the appropriate aliphatic aldehyde 5a-h
(0.001 mol) in ethanol (5-10 mL) add the catalytic
amount of triethylamine. Allow the mixture to stand for
24 h at the room temperature. Filter the resulting pre-
cipitates of 7a-h, wash with ethanol and then dry on air.

Table 2

Melting points, elemental analysis and yields for triethylammonium 3-[(4-hydroxy-2,2-dioxido-2,1-
benzoxathiin-3-yl)alkyl]-2,1-benzoxathiin-5-olat 2,2-dioxides (5¢,d,f,g)

Analysis, %
o calc e
No. Alk M. p., °C Molecular formula, M. m. exp Yield, %
C H N

] C,.H,,NO,S, 55.81 575 2,57

¢ Et 151-153 537.65 55.85 5.81 261 37
] ] C,.H,NO,S, 56,57 6.01 251

od n-Pr 130-132 551.67 56.61 6.03 2.54 4
] ] C,.H,NO,S, 56.58 6.01 249

of =Pr 188-190 551.67 56.61 6.03 254 69
] ] C,H..NO,S, 57.31 6.21 245

%9 HBu 153-155 565.70 57.33 6.24 248 45
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Table 3

The 'H NMR spectral data (6, ppm; J, Hz) of the compounds obtained

7a

7.78 (d,J=7.93 Ty, TH, Ar); 7.60-7.70 (m, 1H, Ar); 7.46-7.57 (m, 2H, Ar); 7.35 (br. s, 2H, NH,); 3.33 (s, 2H, CH,

pyran)

7b 7.77-7.82 (m, 1H, Ar); 7.61-7.73 (m, TH, Ar); 7.45-7.55 (m, 2H, Ar); 7.32 (s, 2H, NH,); 3.59 (3.59 (q, / = 6.70 Hz,
1H, CH pyran); 1.37 (d, J = 6.26 Hz, 3H, CH,)

7c 7.76-7.91 (m, 1H, Ar); 7.62-7.72 (m, TH, Ar); 7.44-7.56 (m, 2H, Ar); 7.37 (br. s, 2H, NH,); 3.69 (t, J = 3.91 Hz, 1H,

CH pyran); 1.69 (dt, J = 7.43, 3.72 Hz, 2H, CH,CH,); 0.83 (t, J = 7.43 Hz, 3H, CH,CH,)

3H, CH,CH,CH,)

7.79(d,J=7.83 Hz, 1H, An); 7.61-7.71 (m, TH, Ar); 7.44-7.55 (m, 2H, Ar); 7.36 (br. s., 2H, NH,); 3.64
7d  |J=4.11Hz, 1H, CH pyran); 1.57-1.72 (m, 2H, CH,CH,CH.); 1.20-1.37 (m, 2H, CH,CH,CH.); 0.86 (t, J = 1.00 Hz,

CH,CH,CH,CH,)

7.79 (d, J = 7.83 Hz, 1H, Ar); 7.61-7.70 (m, TH, Ar); 7.46-7.55 (m, 2H, Ar); 7.36 (br. 5., 2H, NH,); 3.66 (t,
7e  |J=1.00Hz, TH, CH pyran); 1.66 (m, 2H, CH,CH,CH,CH,); 1.25 (m, 4H, CH,CH,CH,CH.); 0.81 (t, J = 1.00 Hz, 3H,

0.77 (d,J=7.04 Hz, 3H, CH(CH,),)

7.81(d, J=7.83 Hz, 1H, Ar); 7.66 (d, J = 8.22 Hz, TH, Ar); 7.49-7.57 (m, 2H, Ar); 7.45 (s, 2H, NH,); 3.50 (d,
7f J=2.74Hz, TH, CH pyran); 2.04 (d, J = 2.35 Hz, TH, CH(CH,),); 1.01 (d, J = 7.04 Hz, 3H, CH(CH,),);

7.81(d,J=7.83 Hz, 1H, Ar); 7.59-7.72 (m, H, Ar); 7.46-7.55 (m, 2H, Ar); 7.39 (s, 2H, NH,); 3.55 (t,
79 |J=5.87 Hz, 1H, CH pyran); 1.87 (m, TH, CH,CH(CH,),); 1.56 (t, J = 6.26 Hz, 2H, CH,CH(CH.),);
0.91 (d, J = 6.26 Hz, 3H, CH,CH(CH,),); 0.85 (d, J = 6.65 Hz, 3H, CH,CH(CH,),)

7h

7.82(d,J=7.43 Hz, TH, Ar); 7.64-7.72 (m, 1H, Ar); 7.43-7.57 (m, 4H, Ar, NH,); 7.30-7.37 (m, 2H, Ar);
7.21-7.29 (m, 3H, Ar);6.55 (s, TH, CH); 4.32 (s, 1H, CH pyran); 1.76 (s, 3H, CH;)

7t 1159-1.74 (m, 6H, (CH,).)

7.59-7.72 (m, 4H, Ar); 7.40-7.48 (m, 4H, Ar); 7.30-7.35 (m, 4H, NH,, NH,); 3.62 (t, J = 1.00 Hz, 2H, CH, CH);

17.61 (br. s., 1H, OH); 7.86 (d, J = 7.63 Hz, 2H, Ar); 7.41-7.52 (m, 2H, Ar); 7.26-7.34 (m, 2H, Ar); 7.22 (d, J =
9c  |8.24Hz, 2H, An); 4.00 (t, J = 8.24 Hz, 1H, CH); 3.02 (q, J = 7.12 Hz, 6H, N(CH,CH,),); 2.17 (quin, J = 7.48 Hz, 2H,
CH,CH.,); 1.12 (t, J = 7.32 Hz, 9H, N(CH,CH,),); 0.83 (t, J = 7.17 Hz, 3H, CH,CH,)

aod
CH,CH,CH,)

17.60 (br. s, TH, OH); 7.85 (d, J = 7.63 Hz, 2H, Ar); 7.39-7.50 (m, 2H, Ar); 7.26-7.35 (m, 2H, Ar); 7.21 (d, J =
7.93 Hz, 2H, Ar); 4.12 (t, J = 7.93 Hz, 1H, CH); 3.04 (q, J = 7.32 Hz, 6H, N(CH,CH,),); 2.13 (q, J = 7.83 Hz, 2H,
CH,CH,CH,); 1.19-1.30 (m, 2H, CH,CH,CH,); 1.13 (t, J = 7.32 Hz, 9H, N(CH,CH,),); 0.83 (t, J = 7.32 Hz, 3H,

17.67 (s, TH, OH); 7.84 (d, J = 7.63 Hz, 2H, Ar); 7.40-7.51 (m, 2H, Ar); 7.29 (t, J = 7.17 Hz, 2H, Ar); 7.21
9f |(d,J=7.93Hz, 2H, Ar);3.63 (d, /= 10.99 Hz, 1H, CH); 3.05 (q, J = 7.32 Hz, 7H, CH(CH,), N(CH,CH.),); 1.13
(t,J = 7.32 Hz, 9H, N(CH,CH,),); 0.89 (d, J = 6.41 Hz, 6H, CH(CH.),)

0.85 (d, J = 6.41 Hz, 6H, CH,CH(CH,),)

17.54 (br. s., 1H, OH); 7.86 (d, J = 7.32 Hz, 2H, Ar); 7.42-7.49 (m, 2H, Ar); 7.30 (t, J = 7.63 Hz, 2H, Ar);
° 7.21(d, ) =8.24 Hz, 2H, Ar); 4.23 (t, J = 7.93 Hz, TH, CH); 3.03 (q, J = 7.12 Hz, 6H, N(CH,CH.),);
9 204 (t,J=7.32 Hz, 2H, CH,CH(CH,),); 1.39-1.49 (m, TH, CH,CH(CH,),); 1.12 (t, J = 7.17 Hz, 9H, N(CH,CH,),);

The procedure for the synthesis of 1,3-bis(2-
amino-4,6-dihydropyrano[3,2-c][2,1]benzoxa-
thiine-3-carbonitrile-4-yl 5,5-dioxide)propan (7i).
To the solution of 1,2-benzoxathiin-4(3H)-one 2,2-di-
oxide 4 (0.198 g, 0.001 mol), malononitrile 6 (0.066 g,
0.001 mol) and 50 % solution of glutaraldehyde 5i
(0.100 g, 0.0005 mol) in ethanol (5-10 mL) add the
catalytic amount of triethylamine. Allow the mixture
to stand for 24 h at the room temperature. Filter the
resulting precipitate of 7i, wash with ethanol and
then dry on air.

The general procedure for the synthesis of tri-
ethylammonium 3-[(4-hydroxy-2,2-dioxido-2,1-
benzoxathiin-3-yl)alkyl]-2,1-benzoxathiin-
5-olat 2,2-dioxides (9c¢,d,f,g). To the solution of
1,2-benzoxathiin-4(3H)-one 2,2-dioxide 4 (0.198 g,
0.001 mol) and the appropriate aliphatic aldehyde

38

3c,d,f,g (0.0005 mol) in propan-2-ol (10 mL) add
triethylamine (0.13 mL, 0.001 mol). Mix the solution
for 1 h under reflux. After cooling filter the resulting
precipitates of 9¢,d,f,g, wash with propan-2-ol and
dry on air.

Microbiology

According to the WHO recommendations the fol-
lowing test-strains were used: Staphylococcus aure-
us ATCC 25923, Escherichia coli ATCC 25922, Pseudo-
monas aeruginosa ATCC 27853, Bacillus subtilis ATCC
6633, Proteus vulgaris ATCC 4636, Candida albicans
ATCC 653/885. The inoculum suspension was prepa-
red using a Densi-La-Meter apparatus (made by PLI-
VA-Lachema, Czech Republic; 540-nm wavelength).

The suspension was prepared according to the ma
nual for the device and the information sheet No. 163-2006
“Standardization for preparation of microbial suspen-
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The antimicrobial activity of compounds 7b-7h, 9¢c-9g

Table4 test. For the antimicrobial evaluation the Mueller-
Hinton agar was used, for Candida albicans strain the

Sabouraud agar was taken. The compounds were intro-

Diameter of the growth inhibition zones duced into agar by the “wells” method. The antibac-
(the average for three experiments), mm terial activity was assessed by measuring the inhibi-
Gram-positive | Gram-negative Funa tion zones of the corresponding microorganism and
bacteria bacteria 9 was compared to those for the reference antimicro-
No. S bial drugs.
3 5 = é § § Conclusions
1oz ] % |8
“ o 3 o N 1. The series of 2-amino-4-alkyl-4,6-dihydropyrano
o [3,2-c][2,1]benzoxathiin-3-carbonitrile 5,5-dioxides
Metronidazole| 14 | 14 | 16 0 14 has been synthesized based on the three-component in-
Synthomycine | 14 | 17 | 17 17 17 0 teraction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide
7b 13 | 13 | 15 |growth| growth | 16 with malononitrile and aliphatic aldehydes.
7 17 116 1 18 14 14 15 2. Using ethyl cyanoacetate in the same interac-
tion did not lead to the desired ethyl 2-amino-4H-py-
7d 21|19 |22 15 16 1> ran-3-carboxylates and in the case of isobutyric alde-
7e 21 119 123 | 16 15 16 hyde resulted in formation of triethylammonium salt.
7f 18 | 18 | 20 17 16 17 It is explained by two equiprobable reaction pathways.
79 181 16 | 18 18 18 17 3. By means of the two-component approach ba-
7h 16 1 17 [ 19 17 16 16 sed on the interaction of 1,2-benzoxathiin-4(3H)-one
oc 20 119 [ 21 17 17 18 2,2-dioxide :fmd aliphatic aldehydes the s:erles of tri-
ethylammonium 3-[1-(4-hydroxy-2,2-dioxido-1,2-ben-
9 18|18 | 21 16 7 18 zoxathiin-3-yl)alkyl]-1,2-benzoxathiin-4-olate 2,2-di-
of 21 20 22| 17 18 17 oxides has been synthesized.
9g 19 | 19 | 22 18 18 18 4. The assessment of the antimicrobial properties

of the compounds obtained has revealed the higher

sions” (Kyiv) concerning innovations in the health-
care system. The inoculum density was 107 cells in
1 ml of the medium, and it was determined by com-
paring with McFarland standard. The 18 to 24-hour
old culture of the microorganism was used for the

activity than those of the reference drugs, especially
against the gram-positive strains, and the activity against
gram-negative bacteria and fungi is slightly less.
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