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Domino-reactions of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide,
hetarenecarbaldehydes and active methylene nitriles in the
construction of new 2-amino-4H-pyrans and the study of their
antimicrobial properties

Multicomponent domino reactions are an effective modern approach in the synthesis of different types of
organic compounds, including biologically active pyrans.

Aim. To study the three-component interaction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide with different he-
tarenecarbaldehydes and active methylene nitriles in order to synthesize new 2-amino-4H-pyran derivatives, as
well as the antimicrobial activity of the compounds obtained.

Results and discussion. 2-Amino-4-heteryl-4,6-dihydropyrano[3,2-c][2,1]benzoxathiin-3-carbonitrile 5,5-di-
oxides were obtained by stepwise and multicomponent reactions of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide with
hetarenecarbaldehydes and malononitrile. For the same interaction with ethyl cyanoacetate the reaction se-
lectivity decreased and not only target ethyl 2-amino-4H-pyran-3-carboxylates were obtained, but also triethyl-
ammonium salts of bis(1,2-benzoxathiin-2,2-dioxo-4-ol-3-yl)(heteryl)methane. The latter were also purposefully
synthesized by the two-component reaction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide with hetarenecarbalde-
hydes in the presence of triethylamine. The compounds obtained revealed a higher antimicrobial activity against
gram-positive bacteria and fungi compared to the reference drugs.

Experimental part. 3-Amino-4-heteryl-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)heteryl]-1,2-benzoxathiin-4-olate 2,2-dioxides
were synthesized. The antimicrobial activity of the compounds synthesized was studied by the agar diffusion method.

Conclusions. It has been proven that the multicomponent format for the three-component interaction
of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide with hetarenecarbaldehydes and active methylene nitriles is more
favorable and convenient than the stepwise approach to obtain new derivatives of 2-amino-4H-pyrans. Triethylammonium
3-[(4-hydroxy-2,2-dioxido-2,1-benzoxathiin-3-yl)heteryl]-2,1-benzoxathiin-5-olate 2,2-dioxides have been also
synthesized. The antimicrobial properties of the compounds obtained are higher than in the reference drugs,
especially against gram-positive bacteria and fungi.

Key words: 1,2-benzoxathiin-4(3H)-one 2,2-dioxide; domino reactions; 2-amino-4H-pyran; triethylammo-
nium salt; antimicrobial activity
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DowmiHo-peakuii 1,2-6eH30kcaTnH-4(3H)-0H 2,2-aiokcnay, retapeHkap6anbaerinis

Ta aKTUBHUX METUIEHOBUX HiTPUNIB y NobyaoBi HOBUX 2-amiHO-4H-nipaHiB i BUBYEHHA

iX aHTUMIKPOOHUX BNacTMBOCTEN

OpHWM i3 epeKTUBHUX CyYacHUX NiAXo4iB 4O CUHTE3Y OpraHiYHMX CrorykK, B TOMY Yncni 6ionoriyHo akTUBHMX
nipaHie, € 6araToKOMMNOHEHTHiI AOMIHO-peakLii.

MeToto faHoi po6oTu 6yno gocnianTu TPMKOMMOHEHTHY B3aemogito 1,2-6eH3okcariiH-4(3H)-0oH 2,2-aiokeu-
Oy 3 reTepouMKniYHMMN anbierigamm ta MeTUNeHakTUBHUMU HITpUnammn Ans CUHTesy noxigaHux 2-amiHo-4H-
nipaHy Ta BU3Ha4YMTV aHTUMIKPOOHY aKTMBHICTb OfepXaHWX CMomnyk.

Pesynkratu Ta ix o6roBopeHHs. 2-AmiHo-4-retepun-4,6-gurigponipaHo[3,2-c][2,1]6eH3okcaTtiiH-3-kapOoHiTpun
5,5-piokcnam 6ynu ogepxaHi LWAsSiXoM CTyniHYaTux Ta 6araTokoMMOHEHTHUX peakuin 1,2-6eH3okcaTiiH-4(3H)-oH
2,2-giokcnay 3 reTepoUMKITiMHUMW anbaerigaMmy i ManoHoauHITpunoMm. Mpu BUKOPUCTaHHI SIK METUITEHAKTUBHO-
ro HiTpuny etunuiaHoauetaty 6ynu ofepkaHi He nuLle LinboBi eTun 2-amiHo-4H-nipaH-3-kapbokcunaTu, ane
TaKoX TpueTunamoHiesi coni 6ic(1,2-6eH3okcaTiiH-2,2-aiokco-4-on-3-in)(retepun)meTtany. OcTtaHHi Takox Oynu
LinecnpsMoBaHO CUHTE30BaHi LUNAXOM OBOKOMMOHEHTHOI peakuii 1,2-6eH3okcarTiiH-4(3H)-oH-2,2-giokcnay 3 re-
TEPOLMKNIYHMMM anbaerinaMmm B NnpucyTHOCTI TpueTunaminy. OfepikaHi cnonyku nokasanu GinbLy BUCOKY aHTU-
MiKpOGHY aKTMBHICTb OO rpamno3nTMBHUX B6akTepii i rpubis, HiXX NpenapaT NOPIBHAHHSA.

ExkcnepumeHTanbHa 4yactuHa. bynu ogepxaHi 3-amiHo-4-retepun-4,6-aurigponipaHo[3,2-c][2,1]6eH3okcaTiiH-
3-kapboHiTpun-5,5-giokcnan Ta TpueTnnamonin 3-[1-(4-rigpokcu-2,2-giokengo-1,2-6eHsokcartiiH-3-in)retepun]-
1,2-6eH3okcarTiiH-4-onat 2,2-giokenan. AHTUMIKPOOHY aKTMBHICTb CUHTE30BaHMX CMOMyK BUBYaNyM MeTo4oM Au-
dysii B arap.

BucHoBku. B xoai gocnimkeHHst Gyna nokasaHa nepesara 6araToKOMMNOHEHTHOTO Miaxody Ansi CUHTE3Y HOBUX
noxigHux 2-amiHo-4H-nipaHy wnsxom B3aemogii 1,2-6eH3okcariiH-4(3H)-oH 2,2-giokcmay 3 reTepoLmKiiYHUMm
anbgerigamMmv Ta METUNEHaKTUBHUMM HiTpunamu. TpuetnnamoHin 3-[(4-rigpokcu-2,2-giokenao-2,1-6eHsokcaTii-
3-in)retepun]-2,1-6eH3okcartiiH-5-onat 2,2-giokemam 6ynu oaep)kaHi JBOKOMMNOHEHTHOI B3aemogieto 1,2-6eH3okcarTiit-
4(3H)-oH 2,2-piokcmay 3 reTepouUmMKNiYHUMK anbaerigamn. AHTUMIKpOOHa akTUBHICTb OTPUMaHMX CMOMyK BULLE,
HiXX y MpenaparTiB NOpPiBHAHHSA, 0COBMMBO LWOAO rPaMno3nTMBHMX HGakTepin i rpubis.

Knroyoei croea: 1,2-6eH3okcartiiH-4(3H)-oH 2,2-njokena; [JOMIHO-peakLii; 2-amiHo-4H-nipaH; TprueTunamoHiesa
CiNnb; aHTUMIKPOOHa aKTUBHICTb
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JomuHo-peakuumn 1,2-6eH3okcaTuH-4(3H)-0H 2,2-guokcuaa, retapeHkapbanbgerngoB
M aKTUBHbIX METUITIEHOBbIX HATPUJIOB B NOCTPOEHUU HOBbIX 2-aMUHO-4H-NupaHoB
M U3yYyeHne X aHTUMUKPOOHbLIX CBONCTB

MHOroKOMMNOHEHTHbIE JOMUHO-PeaKLMn NpeacTaBnsoT cobon ahdeKTUBHBIN COBPEMEHHbIN Noaxoa B CUH-
Te3e pas3nuyHbIX OPraHNYeCcKUX CoeauHeHNI, BKNYas 6Monormyeckn akTMBHbIE MUPaHBbI.

Llenbto gaHHom paboTbl GbINO N3y4nUTb TPEXKOMMNOHEHTHOe B3aumogencTteue 1,2-6eH3okcatumnH-4(3H)-oH
2,2-guokcuaa ¢ pasnuyHbIMU reTePOLMKITMYECKMMU anbaeruaamm n METUNIEHAKTUBHBIMU HUTPUNAMK NS CUH-
Tesa Mpov3BOAHbIX 2-aMUHO-4H-nnpaHa, a Takke uccrnenoBaTb aHTUMUKPOOHY akTUBHOCTb MOMYYEHHbIX CO-
€ANHEHWN.

Pesynbsratbl U ux obeyxaeHue. 2-AMmHo-4-retepun-4,6-gurmaponupaHo[3,2-c][2, 1]6eH3okcaTnmH-3-kapboHUTpKN
5,5-gmokcmabl nonyyanu nyTeM CTyneH4YaTbiX U MHOFOKOMMOHEHTHbIX peakuun 1,2-6eH3okcatumH-4(3H)-oH
2,2-guokcnaa ¢ reTepouUmKnMyYecknMmn anbgerngamm u ManoHognuHUTpunoM. MNMpu ncnonb3oBaHnn B kKavecTse
METUIEHAKTUBHOIO HUTpUIa STUNuMaHoaleTaTa n3bupaTenbHOCTb peakumMm cHuxXanack, U Obinu nomnyyeHsb
He TONMbKO UeneBble 3T 2-aMUHO-4 H-nnpaH-3-kapbokcunarbl, HO Takke TPUITUIIaMMOHUEBbLIE comnun 6uc(1,2-
OeH3okcaTunH-2,2-anokco-4-on-3-un)(rerepun)metana. NocnegHune Takke ObiNK LieneHanpaBneHHO CUHTE3N-
poBaHbl MyTeM ABYXKOMMOHEHTHON peakunun 1,2-6eH3okcaTnH-4(3H)-oH-2,2-anokcnaa ¢ reTepoLuKnmMyYeckumn
anbgerngaMuv B NpucyTCTBUM TpuaTunamuHa. NonyyeHHble coeguHeHns nokasanu 6onee BbICOKYI NMPOTMBO-
MUKPOOHYI0 aKTUBHOCTb B OTHOLLEHUU FPaMnonoXnTenbHbIX 6akTepuin 1 rpubos, Yem npenapaTtbl CPaBHEHWS.

OkcnepyMeHTanbHas YacTb. bbinu nonyyexbl 3-amvHo-4-retepun-4,6-aurnaponvpaHo[3,2-c][2,1]6eH3okcaTnmH-
3-kapboHUTpUN-5,5-guokenapl 1 TpUaTUNaMMoHuin 3-[1-(4-rmapokcun-2,2-guokenao-1,2-6eH3okcaTumnH-3-un)retepun]-
1,2-6eH30okcaTunH-4-onar 2,2-agnokcuabl. AHTUMUKPOGHYIO aKTUBHOCTb CUHTE3MPOBAHHbLIX COEANHEHWUIA U3yYyarnu
mMeTogom auddysun B arap.

BbiBogbl. B xofe nccnenoBaHns Gbina nokaszaHa npeanovTUTENbHOCTb MHOTOKOMIOHEHTHOrO hopmara ans
MOMyYeHNsi HOBbIX MPOM3BOAHBIX 2-aMUHO-4H-npaHa nyTem TPEXKOMMOHEHTHOTO B3anMoaencTams 1,2-6eH3okcatnmH-
4(3H)-oH 2,2-anokcmaa ¢ reTepPoLMKIMYECKUMMN anbaervaaMu 1 METUIEHAKTUBHBIMU HATpUaMun. TpuaTnaMmMoHui
3-[(4-rvapokcun-2,2-guokenao-2,1-6eH3okcatumH-3-un)retepun]-2, 1-6eH3okcatnmH-5-onat 2,2-anokcuabl 6binm
CUHTE3MpPOBaHbI ABYXKOMMOHEHTHOW peakumnen 1,2-6eH3okcaTumnH-4(3H)-oH 2,2-Anokcnaa n reTepoLmKinyecknx
anbaerngoB. AHTUMUKPOOHas aKTUBHOCTb MOMYYEHHbIX COeAMHEHWI BhILLE, YEM Y NpenapaToB CPaBHEHUS, OCO-
6EHHO B OTHOLLEHWNM rPaMMnoNOXNUTENbHbIX BakTepun 1 rpnbos..
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When planning the synthesis of any organic com-
pound it is important to determine all possible syn-
thetic paths. After choosing a clearly defined path-
way among this set the paramount attention is paid
to the number of stages and the final yield of the
product. Considering that organic reactions always
occur with less than 100 % yield the synthesis be-
comes more valuable if it contains fewer stages with
a high yield at each of them. Even such acceptable
organic yield as 75 % at the 5-th stage gives the total
yield of approximately 24 %, for 50 % yield it turns
out to be about 3 % [1].

The first way to solve this synthetic problem is to
increase the yield of each stage. However, this path
is not always successful [2].

The second route relies on utilization of cascade
transformations that are known as domino-reactions
representing a one-pot process with construction of
two or more bonds in one step in order to obtain a
complex compound without isolation of intermedi-
ates. Domino reactions can take place as the one-com-
ponent, two-component or multicomponent proces-
ses by the number of starting compounds. This ap-
proach turned out to be very effective, so it is not surp-
rising that domino interactions gained popularity
among synthetic chemists. Moreover, sometimes do-
mino reactions lead to formation of the unexpected
reaction products, so they are considered as an instru-

4

ment for new types of the synthesis of organic com-
pounds [3].

To date a huge variety of domino-reactions has been
studied, and it gives the possibility to construct dif-
ferent types of organic compounds, including hetero-
cyclic frames. One of such heterocyclic systems are
pyrans, a well-known group with many biologically ac-
tive representatives, including antimicrobial [4] and
antitumor [5] agents. Therefore, one-pot multicom-
ponent reactions in the case of the pyran synthesis
can be considered as a useful tool for creating new
bioactive substances.

In our previous work 1H-2,1-benzothiazin-4-one
2,2-dioxide I (X=N-R), active methylene nitriles Il and
hetarenecarbaldehydes III were used to synthesize
new pyran-annulated derivatives V [6]. As a continua-
tion of this research we decided to replace the benzo-
thiazinone core with its oxygen analog - 1,2-benzo-
xathiin-4(3H)-one 2,2-dioxide I (X=0). Such three-
component interactions represent a domino Knoeve-
nagel/Michael/hetero-Thorpe-Ziegler cyclization sequen-
ce, which leads to formation of 2-amino-4H-pyrans V
(Scheme 1). It is possible to perform the correspon-
ding two-step synthesis utilizing the Knoevenagel con-
densation products - o,3-unsaturated nitriles VI. Ho-
wever, such approach seems to be inconvenient be-
cause many of these intermediates have toxic and
lachrymatory properties [7, 8].
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Scheme 1. Two possible ways for the synthesis of 2-amino-4H-pyrans

Therefore, our investigation was started with the
three-component interaction of 1,2-benzoxathiin-4
(3H)-one 2,2-dioxide 1, malononitrile 2 as active me-
thylene nitrile and representatives of aldehydes with
different hetarene core type 3a-h (Scheme 2). The re-
action proceeded smoothly in the presence of the ca-
talytic amount of triethylamine in ethanol without hea-
ting. The target 2-amino-4H-pyran-3-carbonitriles 4
were obtained in all cases, except aldehydes 3e and 3h.
N-Methylpyrrol-2-carbaldehyde 3e gave hetarylide-
ne 5e. Considering the reduced reactivity of the doub-
le bond in Knoevenagel product 5e towards Michael
addition due to the impact of the pyrrole electron-
rich heterocyclic system triethylamine was replaced
with much more basic 1,8-diazabicyclo(5.4.0)undec-
7-ene (DBU) in order to increase nucleophilic proper-
ties of 3-C in 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 1,
and the reaction was additionally carried out under
reflux for 7-10 h. But all attempts were unsuccessful,
and the only product recovered after the reaction was
initial o,B-unsaturated nitrile 5e. As for indol-3-car-
baldehyde 3h the reaction product was triethylam-
monium 3-[(4-hydroxy-2,2-dioxido-2,1-benzoxathi-
in-3-yl)(3-indolyl)methyl]-2,1-benzoxathiin-5-olate
2,2-dioxide 6h.
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The two-step approach towards 2-amino-4H-py-
rans with the preliminary obtaining of o,3-unsatura-
ted nitriles 5a-h was also performed (Scheme 2, Path B).
It was found that this reaction pathway resulted in the
lower yields of target compounds compared to those
obtained by three-component reactions. Thereby, the
multicomponent format for the 2-amino-4H-pyrans
synthesis is more favorable. It is also worth noting
that the two-step format in the case of 3e and 3h also
gave no target products 4e and 4h and resulted in
the starting hetarylidenes. Considering such result the
triethylammonium salt for indol-3-carbaldehyde 3h
in the three-component reaction was probably formed
due to the direct interaction of 1,2-benzoxathiin-4
(3H)-one 2,2-dioxide 1 and aldehyde 3h.

2-Amino-4-heteryl-4,6-dihydropyrano(3,2-c][2,1]
benzoxathiin-3-carbonitrile 5,5-dioxides 4a-d, 4f,g were
obtained with moderate to high yields (Scheme 2).
Different thermal conditions were also applied for these
reactions. Heating for 1 to 3 h under reflux gave no
appreciable growth to the yield.

At the next stage of our research ethyl cyanoace-
tate 7 was used instead malononitrile in the three-
component interaction studied (Scheme 3) in order
to obtain the corresponding ethyl 2-amino-4H-pyran-

1 o ®
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Scheme 2. The synthesis of 2-amino-4H-pyran-3-carbonitriles
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Scheme 3. Utilization of ethyl cyanoacetate 7 in the three-component interaction with 1,2-benzoxathiin-4(3H)-on 2,2-dioxide 1 and

hetarencarbaldehydes 3

3-carboxylates. According to the previous research
data [6] the common conditions for similar reactions
include reflux for 7 h in the presence of the catalytic
amount of triethylamine. However, in this case the
reaction selectivity significantly decreased and three
types of products were obtained: the target 2-amino-
3-ethoxycarbonyl-4H-pyrans 8a and 8f, «,[3-unsatu-
rated nitriles 10d and 10g and triethylammonium salts
of bis(1,2-benzoxathiine-2,2-dioxo-4-ol-3-yl) (heteryl)
methane 6c and 6h. The interaction with 4-pyridine-
carbaldehyde 3b led to isolation of an unidentified
product. Any product was not isolated for N-methyl-
pyrrol-2-carbaldehyde 3e.

Formation of triethylammonium salts 6¢ and 6h
can be explained by two possible reaction pathways.
The first one presumes that Michael adduct A initial-
ly formed does not undergo the intramolecular hetero-
Thorpe-Ziegler cyclization, but eliminates the mole-
cule of ethyl cyanoacetate with formation of enone B.
The latter as a Michael acceptor reacted with another
molecule of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 1
with formation of the bis-adduct isolated as a triethyl-
ammonium salt. The second route supposed the di-
rect interaction of 1,2-benzoxathiin-4(3H)-one 2,2-
dioxide 1 with hetarencarbaldehydes 3.

Considering this probable reaction pathways we
performed the same interaction for thiophen-2-car-
baldehyde 3¢ with the 3-fold and 7-fold excess of ethyl
cyanoacetate 7 in order to shift the equilibrium to-
wards 2-amino-4H-pyran 8c and to avoid salt 6c¢ for-
mation. However, according to 'H NMR the mixture
of the corresponding o,3-unsaturated nitrile and tri-
ethylammonium salt was obtained. Furthermore, ap-
plication of the two-step approach as an interaction of
1,2-benzoxathiin-4(3H)-one 2,2-dioxide 1 and Knoe-
venagel products for aldehydes 3¢ and 3h also re-
sulted in forming triethylammonium salts 6¢ and 6h.

6

These results proved the proposed mechanism of
retro-Michael cleavage for the two-component reac-
tion described and gave the opportunity to consider
the similar mechanism for the three-component reac-
tion along with a direct interaction of 1,2-benzoxa-
thiin-4(3H)-one 2,2-dioxide 1 with hetarencarbalde-
hydes 3.

[t is interesting that the triethylammonium salt
similar to 6¢ was obtained in the previous studies of
1H-2,1-benzothiazin-4-one 2,2-dioxide in the same
reaction [6]. Considering the assumption that forma-
tion of salt 6¢ proceeds through enone B we tried to
obtain the similar triethylammonium salts of bis-
adducts by a direct interaction of 1,2-benzoxathiin-
4(3H)-one 2,2-dioxide 1 with hetarenecarbaldehydes 3
(Scheme 4). The reaction was performed in the mo-
lar ratio of compounds 1 and 3 2:1 in propan-2-ol
in the presence of the equimolar amount of triethyl-
amine.

The structures of all compounds synthesized were
confirmed by 'H NMR-spectroscopy and elemental ana-
lysis. The'H NMR-spectra of compounds 4a-d, 4f, 4g
are characterized by the presence of the narrow high
intensity singlet of a proton in position 4 of the 4H-
pyran ring in the range of 4.85-5.32 ppm, the singlet
of the 2-amino group can be observed in the spect-
ral region of 7.30-7.63 ppm. In '"H NMR-spectra of com-
pounds 8a and 8f the singlet in position 4 of the 4H-
pyran ring is situated at 4.83 ppm and 4.90 ppm, re-
spectively, the signal of the 2-NH, group is shifted to
downfield compared to 4a and 4f. The last fact can be
explained by formation of the intramolecular hydro-
gen bond between NH, and carbonyl oxygen of the ester
fragment. The 'H NMR-spectra of bis-adducts 6a-d,
6g, 6h are characterized by the presence of the sing-
lets of the benzoxathiine OH-group at 16.78-17.53 ppm
and the bridging CH-group at 5.45-5.84 ppm. There
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Scheme 4. The synthesis of triethylammonium salts 6a-e, 6g, 6h

are no signals of the triethylammonium NH-group in
the 'H NMR-spectra probably due to the fast deutero
exchange.

The study of the antimicrobial activity of the com-
pounds synthesized was performed according to the
international standards [9, 10] by the agar diffusion
method against the standard test-strains of gram-po-
sitive and gram-negative bacteria, as well as against
fungi of C. albicans. The results showed a higher anti-
microbial activity compared to the reference drugs
(Table). The moderate activity revealed was higher
in the case of gram-positive strains than for gram-
negative bacteria and fungi. The most active were tri-
ethylammonium salts corresponding to 2-amino-4H-
pyran-3-carbonitriles. Therefore, the synthesis of such
ammonium salts with other amines may be conside-
red as a promising way for further creation of anti-
microbials with the narrow spectrum.

Experimental Chemical Part

Starting aldehydes and active methylene nitriles
were obtained from commercial sources and used wi-
thout further purification. Melting points were deter-
mined on a Gallenkamp melting point apparatus, Mo-
del 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 in-

ternal standard. Elemental analyses were carried out
using a Carlo Erba CHNS-O EA 1108 analyzer.

The general procedure for the synthesis of 2-
amino-4-heteryl-4,6-dihydropyrano[3,2-c][2,1]
benzoxathiin-3-carbonitrile 5,5-dioxides (4a-d, 4f, 4g).

Path A. The three-component one-pot procedure.
To the solution of 1,2-benzoxathiin-4(3H)-one 2,2-di-
oxide 1 (0.198 g, 0.001 Mol), malononitrile 2 (0.066 g,
0.001 Mol) and the corresponding hetarenecarbal-
dehyde 3a-d, 3f, 3g (0.001 Mol) in ethanol (5-10 mL)
add the catalytic amount of triethylamine. Keep the
mixture for 24 h at room temperature. Filter the pre-
cipitates of 4a-d, 4f, 4g obtained, wash with ethanol
and then dry in air.

Path B. The synthesis using intermediate acrylo-
nitriles. Mix the solution of 1,2-benzoxathiin-4(3H)-
one 2,2-dioxide 1 (0.198 g, 0.001 Mol) and the cor-
responding acrylonitrile 6a-d, 6f, 6g (0.001 Mol) in
ethanol (5-10 mL) for 10 min. Keep the resulting re-
action mixtures for 24 h at room temperature. Filter
the precipitates of 4a-d, 4f, 4g obtained, wash with
ethanol and then dry in air.

2-Amino-4-(pyrid-3-yl)-4,6-dihydropyrano
[3,2-c][2,1]benzoxathiin-3-carbonitrile 5,5-dioxi-
de (4a). Alight gray powder. M. p. - 263-265 °C (EtOH);
Anal. Calcd for C,,H,,N,0,S, %: C57.78; H 3.14; N 11.89.
Found, %: C57.73; H3.10; N 11.86; 'H NMR (400 MHz,

Table
The antimicrobial activity of compounds 4a-d, 6-a,c,d
Diameter of the growth inhibition zones (the average for three experiments), mm
No. Gram-positive bacteria Gram-negative bacteria Fungi
S. aureus E. coli B. subtilis P. aeruginosa P. vulgaris C. albicans

Metronidazole 14 14 16 0 0 14
Synthomycine 14 17 17 17 17 0

4a 20 18 20 16 17 17

4b 17 16 19 15 15 16

4c 20 19 21 16 16 17

4d 20 19 21 16 17 17

6a 21 19 21 16 16 18

6¢c 20 18 21 16 17 17

6d 21 18 22 16 17 17
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DMSO0-d,): 6 (ppm) 8.58 (s, 1H, Ar); 8.50 (d,/ = 4.58 Hz,
1H, Ar); 7.89 (d,/=7.63 Hz, 1H, Ar); 7.82 (d,/ = 7.93 Hz,
1H, Ar); 7.62-7.75 (m, 1H, Ar); 7.45-7.60 (m, 4H, Ar,
NH,); 7.30-7.43 (m, 1H, Ar); 4.86 (s, 1H, CH).
2-Amino-4-(pyrid-4-yl)-4,6-dihydropyrano
[3,2-c][2,1]benzoxathiin-3-carbonitrile 5,5-dioxi-
de (4b. Alight yellow powder. M. p. - 225-227 °C (EtOH);
Anal. Calcd for C,;H,;N,0,S, %: C57.78; H 3.14; N 11.89.
Found, %: C 57.74; H 3.11; N 11.85; 'H NMR (400 MHz,
DMSO0-d,): 6 (ppm) 8.57 (d,/ = 5.87 Hz, 2H, Ar); 7.90
(d,J=7.83 Hz, 1H, Ar); 7.66-7.75 (t, 1H, Ar); 7.36-7.63
(m, 6H, Ar, NH,); 4.85 (s, 1H, CH).
2-Amino-4-(2-thienyl)-4,6-dihydropyrano
[3,2-c][2,1]benzoxathiin-3-carbonitrile 5,5-dioxi-
de (4c). A light yellow powder. M. p. - 255-258 °C
(EtOH); Anal. Calcd for C,H,,N,0,S,, %: C53.62; H 2.81;
N 7.82. Found, %: C 53.59; H 2.78; N 7.78; 'H NMR
(400 MHz, DMSO-d,): 6 (ppm) 7.86 (d, J = 7.83 Hz,
1H, Ar); 7.64-7.73 (t, 1H, Ar); 7.42-7.58 (m, 5H, Ar,
NH,); 7.07 (d, ] = 2.35 Hz, 1H, Ar); 6.89-6.99 (m, 1H,
Ar); 5.12 (s, 1H, CH).
2-Amino-4-(2-furyl)-4,6-dihydropyrano[3,2-c]
[2,1]benzoxathiin-3-carbonitrile 5,5-dioxide (4d).
A light brown crystalline powder. M. p. - 260-262 °C
(EtOH); Anal. Calcd for C,H,,N,O.S, %: C 56.14; H 2.94;
N 8.18. Found, %: C 56.11; H 2.91; N 8.13; 'H NMR
(400 MHz, DMSO-d,): 6 (ppm) 7.86 (d, J = 7.83 Hz,
1H, Ar); 7.65-7.72 (t, 1H, Ar); 7.43-7.62 (m, 5H, Ar);
6.38 (s, 2H, NH,); 4.92 (s, 1H, CH).
2-Amino-4-(N-phenyl-3-methyl-5-chloropyra-
zolyl)-4,6-dihydropyrano|3,2-c][2,1]benzoxathiin-
3-carbonitrile 5,5-dioxide (4f). A light yellow crys-
talline powder. M. p. - 165-167 °C (EtOH); Anal. Calcd
for C,,H,;CIN,0,S, %: C 56.59; H 3.24; N 12.00. Found, %:
C56.43; H3.17; N 11.87; '"H NMR (400 MHz, DMSO-d,):
S (ppm) 7.86 (d,]/ =7.63 Hz, 1H, Ar); 7.69 (d,] = 7.93 Hz,
1H, Ar); 7.38-7.59 (m, 9H, Ar, NH,); 4.87 (s, 1H, CH);
2.18 (br.s., 3H, CH,).
2-Amino-4-(ethyl-N-phenyl-4-pyrazolyl-3-car-
boxylate)-4,6-dihydropyrano[3,2-c][2,1]benzo-
xathiin-3-carbonitrile 5,5-dioxide (4g). A yellow
crystalline powder. M. p. - 175-178 °C (EtOH); Anal.
Calcd for C,,H,4(N,O.S, %: C 58.77; H 3.70; N 11.42.
Found, %: C 58.62; H3.61; N 11.34; 'H NMR (400 MHz,
DMSO0-d,): 8 (ppm) 8.85 (s, 1H, Ar); 7.81-7.92 (m, 3H,
Ar); 7.64-7.73 (m, 1H, Ar); 7.46-7.59 (m, 4H, Ar, NH,);
7.32-7.43 (m, 3H, Ar); 5.32 (br. s, 1H, CH); 4.27 (q,
J=6.41Hz, 2H, CH,); 1.25 (t,/ = 7.02 Hz, 3H, CH,).
The general procedure for the synthesis of
ethyl 2-amino-4-heteryl-4,6-dihydropyrano[3,2-c]
[2,1]benzoxathiin-3-carboxylate 5,5-dioxides (8a, 8f).
To the solution of 1,2-benzoxathiin-4(3H)-one 2,2-di-
oxide 1 (0.198 g, 0.001 Mol), ethyl cyanoacetate 7
(0.11 mL, 0.001 Mol) and hetarencarbaldehyde 3a
or 3f (0.001 Mol) in ethanol (5 mL) add the catalytic
amount of triethylamine. Reflux the mixture for 7 h
and cool to room temperature. Filter the precipitate

8

of 8a or 8f obtained, wash with cold ethanol, dry in
air and recrystallize from ethanol.

Ethyl 2-amino-4-(pyrid-3-yl)-4,6-dihydropyrano
[3,2-c][2,1]benzoxathiin-3-carboxylate 5,5-dioxi-
de (8a). A yellow powder. M. p. - 200-203 °C (EtOH);
Anal. Calcd for C,,H,(N,0O,S, %: C56.99; H 4.03; N 7.00.
Found, %: C56.95; H3.97; N 6.88; '"H NMR (400 MHz,
DMSO0-d,): 6 (ppm) 8.50 (s, 1H, Ar); 8.38-8.46 (m, 2H,
Ar); 797 (d,J=7.93 Hz, 1H, Ar); 7.93 (br. s, 2H, NH,);
7.65-7.73 (m, 1H, Ar); 7.53-7.58 (m, 1H, Ar); 7.50 (d,
J = 8.24 Hz, 2H, Ar); 4.83 (s, 1H, CH) 3.90-4.00 (m,
2H, CH,); 1.03 (t,/ = 7.17 Hz, 3H, CH,).

Ethyl 2-amino-4-(N-phenyl-3-methyl-5-chloro-
pyrazolyl)-4,6-dihydropyrano|[3,2-c][2,1]benzo-
xathiin-3-carboxylate 5,5-dioxide (8f). A brown pow-
der. M. p.>250 °C (EtOH); Anal. Calcd for C,,H,,CIN,O,S, %:
C 56.09; H 3.92; N 8.18. Found, %: C 55.87; H3.17; N
8.05; 'H NMR (400 MHz, DMSO-d,): é (ppm) 7.85-7.98
(m, 3H, Ar); 7.68 (t, ] = 7.32 Hz, 1H, Ar); 7.34-7.60
(m, 7H, Ar, NH,); 4.90 (s, 1H, CH); 3.96-4.11 (m, 2H,
CH,); 2.19 (br. s, 3H, CH,); 1.09 (t,J = 7.02 Hz, 3H, CH,).

The general procedure for the synthesis of tri-
ethylammonium3-[(4-hydroxy-2,2-dioxido-2,1-ben-
zoxathiin-3-yl)heteryl]-2,1-benzoxathiin-5-olat
2,2-dioxides (6a-e, 6g, 6h). To the solution of 1,2-ben-
zoxathiin-4(3H)-one 2,2-dioxide 1 (0.198 g, 0.001 Mol)
and the corresponding hetarenecarbaldehyde 3a-e,
3g, 3h (0.0005 Mol) in propan-2-ol (10 mL) add tri-
ethylamine (0.13 mL, 0.001 Mol). Mix the solution
for 1 h at room temperature. Filter the precipitates
of 6a-e, 6g, 6h obtained, wash with propan-2-ol and
dry in air.

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl) (pyrid-3-yl)methyl]-2,1-ben-
zoxathiin-5-olate 2,2-dioxide (6a). A gray powder.
M. p.-175-177 °C(EtOH); Anal. Calcd for C,gH,,N,0,S,, %:
C 57.32; H5.15; N 4.77. Found, %: C 57.25; H 5.10;
N 4.68; '"H NMR (400 MHz, DMSO-d,): 6 (ppm) 17.24
(brs.,, 1H, OH); 8.43 (s, 1H, Ar); 8.35 (d,/ = 4.58 Hz, 1H,
Ar); 7.81 (d,J=7.02 Hz, 2H, Ar); 7.58 (d, ] = 7.93 Hz,
1H, Ar); 7.49-7.55 (m, 2H), Ar; 7.22-7.38 (m, 6H, Ar);
5.51 (s, 1H, CH); 3.04 (q,/ = 7.22 Hz, 6H, 3CH,); 1.12
(t,/=7.32 Hz, 9H, 3CH,).

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl) (pyrid-4-yl)methyl]-2,1-ben-
zoxathiin-5-olate 2,2-dioxide (6b). A yellow powder.
M. p.-125-127 °C (EtOH); Anal. Calcd for C,gH,,N,0,S,, %0:
C 57.32; H 5.15; N 4.77. Found, %: C 57.28; H 5.11;
N 4.72; 'H NMR (400 MHz, DMSO-d,): 8 (ppm) 17.18
(br:s, 1H, OH); 8.37-8.45 (m, 2H, Ar); 7.82 (d,/ = 7.63 Hz,
2H, Ar); 7.45-7.57 (m, 2H, Ar); 7.29-7.38 (m, 4H, Ar);
7.23 (d,]J=5.19 Hz, 2H, Ar); 5.45 (s, 1H, CH); 3.04 (q,
J=7.32 Hz, 6H, 3CH,); 1.13 (t,/ = 7.17 Hz, 9H, 3CH.,).

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl)(2-thienyl)methyl]-2,1-ben-
zoxathiin-5-olate 2,2-dioxide (6c). A light brown
powder. M. p. - 153-155 °C (EtOH); Anal. Calcd for
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C,,H,,NO,S;, %: C 54.80; H 4.94; N 2.37. Found, %: C
54.77; H4.91; N 2.32; 'H NMR (400 MHz, DMSO-d,):
6 (ppm) 17.53 (s, 1H, OH); 7.84 (d, J = 7.93 Hz, 2H,
Ar); 7.51 (t,] =7.78 Hz, 2H, Ar); 7.25-7.38 (m, 4H, Ar);
7.20 (d,/=5.19 Hz, 1H, Ar); 6.77-6.86 (m, 1H, Ar); 6.74
(br. s., 1H, Ar); 5.63 (s, 1H, CH); 3.03 (q, / = 7.02 Hz,
6H, 3CH,); 1.12 (t,/ = 7.17 Hz, 9H, 3CH,).

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl) (2-furyl)methyl]-2,1-benzo-
xathiin-5-olate 2,2-dioxide (6d). A light brown powder.
M. p.-160-162 °C (EtOH); Anal. Calcd for C,,H,,NO,S,, %:
C 56.33; H 5.08; N 2.43. Found, %: C 56.31; H 5.05;
N 2.41; 'H NMR (400 MHz, DMSO-d,): 6 (ppm) 17.38
(br.s., 1H, OH); 7.84 (d,/ = 7.93 Hz, 2H, Ar); 7.47-7.56
(m, 2H, Ar); 7.41 (s, 1H, Ar); 7.20-7.36 (m, 4H, Ar);
6.27 (br. s., 1H, Ar); 6.06 (br. s, 1H, Ar); 5.45 (s, 1H,
CH); 3.05(q,/=7.32 Hz, 6H, 3CH,); 1.13 (t,/=7.17 Hz,
9H, 3CH,).

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl) (2-N-methylpyrryl)methyl]-
2,1-benzoxathiin-5-olate 2,2-dioxide (6e). A yel-
low powder. M. p. - 150-152 °C (EtOH); Anal. Calcd
for C,gH;,N,0,S,, %: C57.13; H 5.48; N 4.76. Found, %:
C57.05; H5.39; N 4.68; 'H NMR (400 MHz, DMSO-d,):
6 (ppm). 17.27 (br. s, 1 H, OH); 7.86 (d, / = 7.02 Hz,
2H, Ar); 7.45-7.52 (m, 2H, Ar); 7.32 (t,] = 7.63 Hz,
2H, Ar); 7.26 (d, ] = 7.93 Hz, 2H, Ar); 6.47 (br. s., 1H,
Ar); 5.96 (br. s, 1H, Ar); 5.75 (t,J = 3.05 Hz, 1H, Ar);
5.41 (s, 1H, CH); 3.43 (s, 3H, CH,); 3.02 (q,/ = 7.32 Hz,
6H, 3CH,); 1.10 (t,/ = 7.32 Hz, 9H, 3CH,).

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl) (ethyl N-phenyl-4-pyrazolyl-
3-carboxylate)methyl]-2,1-benzoxathiin-5-olate 2,2-
dioxide (6g). A light brown powder. M. p. - 128-130 °C
(EtOH); Anal. Calcd for C,.H,,N,0,,S,, %: C 58.08; H 5.15;
N 5.81. Found, %: C 57.97; H 5.04; N 5.69; 'H NMR
(400 MHz, DMSO-d,): 6 (ppm). 16.78-17.15 (m, 1H,
OH); 8.20 (s, 1H, Ar); 7.83 (d,/ = 6.71 Hz, 2H, Ar); 7.70 (d,
J=7.63 Hz, 2H, Ar); 7.42-7.51 (m, 4H, Ar); 7.23-7.36
(m, 5H, Ar); 5.84 (s, 1H, CH); 4.18 (q,/ = 7.02 Hz,2H,
CH,); 3.03 (q,/ = 7.12 Hz, 6H, 3CH,); 1.06-1.19 (m,
12H, 4CH,).

Triethylammonium 3-[(4-hydroxy-2,2-dioxido-
2,1-benzoxathiin-3-yl)(3-indolyl)methyl]-2,1-
benzoxathiin-5-olate 2,2-dioxide (6h). A yellow
powder. M. p. - 135-137 °C (EtOH); Anal. Calcd for
C,,H;,N,0,S,, %: C 59.60; H 5.16; N 4.48. Found, %:
C 59.44; H 5.06; N 4.32; '"H NMR (400 MHz, DMSO-d,):
6 (ppm). 17.47 (br.s.,, 1H, OH); 10.71 (br.s.,, 1H, NH);
7.81 (d,J=7.63 Hz, 2H, Ar); 7.59 (d,] = 7.93 Hz, 1H,
Ar); 7.43-7.52 (m, 2H, Ar); 7.24-7.33 (m, 5H, Ar); 7.03
(s,1H,Ar); 6.94 (t,/J=7.32Hz, 1H, Ar); 6.81 (t,/=7.48 Hz,
1H, Ar); 5.70 (s, 1H, CH); 3.01 (q,/ = 7.32 Hz, 6H, 3CH,);
1.10 (t,/ =7.17 Hz, 9H, 3CH,).

Experimental Microbiological Part

According to the WHO recommendations [9] the
following test-strains were used: Staphylococcus aure-
us ATCC 25923, Escherichia coli ATCC 25922, Pseudomo-
nas aeruginosa ATCC 27853, Bacillus subtilis ATCC 6633,
Proteus vulgaris ATCC 4636, Candida albicans ATCC
653/885. The inoculum suspension was prepared
using a Densi-La-Meter apparatus (made by PLIVA-
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-
sions” (Kyiv) concerning innovations in the healthcare
system. The inoculum density was 107 cells in 1 mL
of the medium, and it was determined by comparing
with McFarland standard [11]. The 18 to 24-hour old
cultures of the microorganisms were used for the test.
For the antimicrobial evaluation the Mueller-Hinton
agar was used, for Candida albicans Strain the Sabou-
raud agar was taken. The compounds were introdu-
ced into agar by the diffusion method [9]. The anti-
bacterial activity was assessed by measuring zones of
inhibition of the corresponding microorganism and
was compared with those for the reference antimicro-
bial drugs.

Conclusions

1. The three-component interaction of 1,2-ben-
zoxathiin-4(3H)-one 2,2-dioxide with different heta-
renecarbaldehydes and active methylene nitriles have
been studied and described.

2. The utilization of malononitrile led to forma-
tion of 2-amino-4H-pyran-3-carbonitriles in modera-
te and high yields. It has been proven that the multi-
component format for this interaction is more favo-
rable than the stepwise approach. When using ethyl
cyanoacetate three different types of products depen-
ding on the initial hetarenecarbaldehyde were obtai-
ned, namely the expected ethyl 2-amino-4H-pyran-
3-carboxylates, the triethylammonium salts of bis-ad-
duct or ethyl 2-cyanoacrylates.

3. The synthesis of the triethylammonium salts
was performed by the two-component interaction of
1,2-benzoxathiin-4(3H)-one 2,2-dioxide with hetarene-
carbaldehydes in the presence of triethylamine.

4. The study of the antimicrobial properties of
the compounds synthesized was performed and re-
vealed a higher activity than in the reference drugs,
especially against gram-positive bacteria and fungi.
The most active compounds, which may be used in fur-
ther biological studies, are triethylammonium salts
6a and 6d.
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