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Some peculiarities of the three-component interaction of 1-ethyl-1H-2, 1-benzothiazin-4(3H)-one 2,2-dioxide with
active methylene nitriles and heterylcarbaldehydes have been described in this article. It has been found that if
malononitrile is used, the products of the three-component reaction are 2-amino-4-heteryl-3-cyano-6-ethyl-4,6-
dihydropyrano[3,2-c][2,1]benzothiazine 5,5-dioxides irrespective of the heteryl fragment nature in the initial alde-
hyde. When using ethyl cyanoacetate (as the active methylene nitrile) in the three-component interaction instead
malononitrile the reaction lost its selectivity. In this case, depending on the heterylcarbaldehyde, three different
types of products were obtained, namely 2-amino-3-alkoxycarbonyl-4-heteryl-4H-pyranes (for pyridine-3-, pyri-
dine-4-carbaldehydes and furan-2-carbaldehyde), thriethylammonium salt of bis(1-ethyl-1H-2,1-benzothiazin-2,2-
dioxo-4-ol-3-yl)(2-thienyl)methane (for thiophen-2-carbaldehyde) or ethyl 2-cyano-3-(1H-indol-3-yl)acrylate (for
indol-3-carbaldehyde). Formation of a stable triethylammonium salts was considered as the process competitive
with formation of 2-amino-4H-pyranes. It has allowed to propose the modified mechanism of 2-amino-4H-pyranes
formation. This mechanism includes the stage of forming triethylammonium salts of bis-adducts. According to
this mechanism 2-amino-3-ethoxycarbonyl-4-(2-thienyl)-4H-pyrane without any impurity of bis-adduct could be
selectively obtained using the three-component interaction. Triethylammonium salts of bis-adducts were obtai-
ned by direct interaction of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with heterylcarbaldehydes in the
presence of equimolar amounts of triethylamine. It has been shown that the three-component interaction of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with active methylene nitriles and heterylcarbaldehydes is a more
effective tool in order to obtain condensed 2-amino-4-heteryl-4H-pyranes compared to the stepwise approach.

BUBYEHHST TPUKOMITOHEHTHOI B3AeMOAIl ETUM-1H-2,1-BEH30TIA3UH-4(3H)-OH 2,2-4I0KCHAay 3
METUIIEHAKTUBHUMW HITPUITTAMU TA FTETEPUTTKAPBAJIbAEQAMUA

A.A.Jleza, B.l1.YepHux, JI.A.LLlem4yyk

Knroyoei cnoea: 2,1-6eHsomia3uH 2,2-0iokcud; eemepurnkapbanbdeziou; MemuneHakmugHi Himpunu, 4H-nipaHu;
MpPUKOMIIOHeHMHa 83aemodis; mpuemursiaMoHiesi cori

OnucaHi desiki ocobnusocmi mpukomnoHeHmHoi 83aemo0dii emurn-1H-2, 1-6eH3omia3uH-4(3H)-oH 2,2-diokcudy 3
MemurieHakmugHUMU Himpurnamu ma eemepurnkapbansdezidamu. BcmarosneHo, wo y sunadky 8UKOPUCMaHHS
MarnoHoOuHImpusny Mpodykmamu mpuKOMIOHeHMHOI 83aemodii 6ynu 2-amiHo-4-eemepur-3-yiaHo-6-emur-4,6-
OueidponipaHo[3,2-c][2,1]6eH30mia3uH 5,5-0iokcudu He3anexHo 8id npupodu eemepuribHO20 hpazcMeHmy y 8u-
XxioHomy anb0eeidi. [pu sukopucmaHHi 8 MPUKOMIMOHEHMHIU 83aEMO0ii 3amMicmb MarnoHOOUHIMpPUITy emusyiaHo-
auemamy (8 sKocmi MeEMUIeHaKmMuU8HO20 HIMpUIly) peakuis 8mpadyae C80k cernekKmusHicmb. Y uboMy eunaoky
8 3anexHocmi 8id npupodu eemepursnkapbansie2idy 6yrno ompumMaHo mpu munu npodykmis, a came 2-aMiHo-
3-emokcukapboHin-4-ecemepun-4H-nipaHu (0ns nipuduH-3-, nipuduH-4-kapbansdezidie ma ¢hypaH-2-kapbarsib-
Oeeidy), mpuemunamoHiesa cinb bic(1-emurn-1H-2,1-6eH3omia3uH-2,2-0iokco-4-or-3-in)(2-mieHin)memary (0ns
miogpeH-2-kapbanbdeecidy) abo emun-2-uiaHo-3-(1H-iH0on-3-in)akpunam (0ns iHOon-3-kapbanbdeeidy). Ymeo-
PEeHHST mpuemuriaMoHiegux cornell cumempuyHuUx bic-adykmie 3 sukopucmaHHsaM 2emepurkapbansiezidie crio-
cmepizarnocsi Hamu eriepuie i tio2o po3asisiHymo sK KOHKYpeHmMHUL 00 ymeopeHHs 2-amiHo-4H-ripaHie npouec. Lle dos-
80/1UJ10 3arnporoHysamu MoougbikosaHull MexaHi3m chopmyeaHHs1 2-amiHo-4H-nipaHris, skuli eknodae cmadito ym-
80peHHSI mpuemurnamoHiesux comnel bic-adykmig. [pyHmMyHYUCh Ha 3arporoHO8aHOMY MeXaHi3Mi, MU 3Moaru
cenekmusHo odepxamu 2-aMiHo-3-emokcukapboHin-4-(2-mieHin)-4H-nipaH 6e3 domiwok bic-adykmy, UuKopuc-
mosyo4u mpUKOMIoHeHmMHy e3aemodito. Hamu 3arnpornoHosaHo crocib odepxxaHHs mpuemuriaMoHiegux conel
bic-adykmig ripsiMoro e3aemodieto 1-emur-1H-2,1-6eH3omia3uH-4(3H)-oH 2,2-0iokcudy 3 cemepurikapbanbieai-
damu 8 nMpucymHocmi eK8iMonapHUX Kinbkocmel mpuemurnamiHy. bymno nokasaHo, w0 mpukoMnoHeHmHa e3ae-
moOQisi emun-1H-2,1-6eH3omia3uH-4(3H)-oH 2,2-0iokcudy 3 MemuneHakmusHUMU Himpuiamu ma 2emepuskapb-
anbOeeidamu € Binbw echeKmu8HUM IHCMPYMEHMOM CUHME3y KOHOeHCOBaHUX 2-amiHO-4-2emepun-4H-nipaHie
Y MOPIiBHSAHHI 3 mocmaditiHUM ridxodom.
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U3YYEHUE TPEXKOMITOHEHTHOIO B3AMMOLEUCTBUS 1-9TUJ-1H-2,1-BEH30TUA3UH-4(3H)-OH
2,2-INOKCUOA C METUJIIEHAKTUBHBIMW HUTPUITAMW U TETEPUJTKAPBAJIbQErMQAMU

A.A.Jleza, B.l1.YepHbix, J1.A.LLlemuyk

Knroueenle cnoea: 2,1-6eH3omua3suH 2,2-0uokcud; eemepurnkapbanboeaudbl; MemuseHaKmueHbIe HUMPUIbI;
4H-nupaxbl; mpexkoMnoHeHMHoe g3aumodelicmaue; mpusmuiamMMOHUESbIe COMuU

OnucaHbl HeKoMopbie 0CO6EHHOCMU MPEXKOMIOHEHMHO20 83aumodelcmeus 1-amurn-1H-2,1-6eH3omua3suH-
4(3H)-0H 2,2-0uokcuda c MemunieHaKmugHbIMU HUMpUIamu U eemepurikapbansoeaudamu. YcmaHo8/1eHo, 4mo
8 CJlyyae UcCronb308aHUsi MarioHOOUHUMpUIIa npodykmamu mMpexKoMIOHEHMHO20 83aumodelicmaus bbinu 2-
amMuHo-4-2emepur-3-yuaHo-6-amun-4,6-dueudponupaHo[3, 2-c][2, 1]6eHsomua3uH 5,5-0uokcudbi He3agucumMo om
rpupoObl 2emepuribHO20 hpaeMeHma 8 UCX0OHoM anb0eaude. [1pu ucronb308aHUU 8 MPEXKOMITOHEHMHOM 83auUMOo-
delicmeuu e8Mecmo MasloHOOUHUMpUIa amunyuaHoauyemama (8 kayecmee MemusieHaKkmueHo20 HUmpusa) pe-
aKyusi mepsiem €80k cefiekmusHocmb. B amom criyqae 8 3agucumocmu om npupodsbl eemepurikapbanbOeauda
6bIru Mony4YeHbl mpu murna npodyKmos, a UMEHHO 2-aMUHO-3-ankoKcukapboHur-4-eemepun-4H-nupaxsi (0ns
nupuduH-3-, nupuduH-4-kapbanbdeaudos u pypaH-2-kapbans0eauda), mpusmunamMmmoHuesas cosnb buc(1-smur-
1H-2,1-6eH30mua3uH-2, 2-0uokco-4-on-3-un)(2-mueHun)MemaHa (0n1s muogeH-2-kapbanbdeauda) unu smursi-
2-yuaHo-3-(1H-uHdon-3-un)akpunam (0nsg uHOon-3-kapbansdezuda). ObpazosaHue mpuamunaMMOHUE8bIX CO-
el cummempuyHbix 6uc-addykmoe paccMampueariocb Kak KOHKYPeHMHbIU obpa3osaHuro 2-amuHo-4H-nupa-
HO8 rpouyecc. 3mo ro3eonuso Mpednoxums MOOUUUUPOBaHHbIU MexaHUu3M ¢hopMuposaHusi 2-aMuHo-4H-ru-
paHo8, KomophbIl 8KMo4Yaem cmaduto 0bpasosaHuUsi mpuamuiaMMOHUesbIx cornel buc-addykmos. B coomeem-
cmeuu ¢ OaHHbIM MEXaHU3MOM Mbl CMO2/1U CE/TEKMUBHO MOoy4uUmb 2-aMUHO-3-9moKcukapboHur-4-(2-mueHurn)-
4H-nupaH 6e3 kakou-nubo npumecu buc-addykma, Ucronb3ys MPexKoOMInoHeHmMHoe 83aumodeticmaue. Tpuamuri-
amMmMoHuesble conu buc-a00ykmos Obinu nomyyYeHbl npsamMbIM g3aumodeticmauem 1-amur-1H-2, 1-6eH3omua3uH-
4(3H)-oH 2,2-0uokcuda ¢ eemepurnikapbanb0ezcudamu 8 npuUCYmMcmeuu 3K8UMOJISIPHbIX KOIU4ecme mpusmurl-
amuHa. bbino nokasaHo, Ymo mpexkomrnoHeHmHoe g3aumodeticmsue 1-amun-1H-2,1-6eH3omua3uH-4(3H)-oH
2,2-0uokcuda ¢ MemureHakmueHbIMU HUmMpuiamu u eemepurskapbanbdesudamu sierisemcsi boree aghgpekmus-
HbIM UHCMPYMEHMOM CUHMe3a KOHOeHCUPOBaHHbIX 2-aMUHO-4-eemepurn-4H-nupaHos rno cpasHeHuUro ¢ nocma-
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OUlHbIM 10OX000M.

Currently, a variety of new compounds are con-
tinuously synthesized due to design of novel biologi-
cally active substances. In this regard, derivatives of
benzothiazinone §,S-dioxide occupy a special place
since they are very promising compounds for creating
new drugs. This is associated with their fairly wide
range of biological activities. Recently the literature
data indicate the increased interest towards such deri-
vatives; in particular by the research groups of phar-
maceutical companies [1, 2, 3].

[tis possible that there are 10 structural isomers
of benzothiazinone S,S-dioxides [4]. Among them we
focused on 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxi-
des (Fig. 1) because of the insufficient studies of their
chemical properties. They have not been studied in
multicomponent reactions, and therefore, they are a
new synthon for such interactions.

[tis well known that most of sulfonamides are bio-
logically useful compounds [5, 6, 7, 8]. Specifically, the
cyclic sulfonamides (sultams) are important thera-
peutic and chiral agents [9]. This group includes de-
rivatives of 2,1-benzothiazine (benzosultams), the im-
portant class of heterocyclic compounds, due to the
fact that derivatives of this heterocyclic system pos-
sess the versatile range of biological activities. For
example, derivatives of 3,4-dihydro-2,1-benzothiazi-

O

.80
N 2

R

Fig. 1. The general formula for 1-R-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxides.

ne 2,2-dioxide have proven their effectiveness against
heart diseases as the inhibitors of lipogenase (Fig. 2) [10].

Some 1H-2,1-benzothiazine 2,2-dioxide derivati-
ves have been recently reported to have biological ac-
tivities such as IL-8 receptor antagonists, 5-HT recep-
tor antagonists [11], factor Xa inhibitory [12], the anti-
viral activity (reverse transcriptase inhibitors) [13]
and the antibacterial activity [14] (Fig. 3) although the
reports on the biological relevance of the corresponding
4-oxo derivatives (Fig. 1) as a core structure are rare.

The relevance of studying 1H-2,1-benzothiazin-
4(3H)-one 2,2-dioxides is also caused by their bioiso-
steric relationship to 2,3-dihydro-4H-1,2-benzothia-
zin-4-one 1,1-dioxide, which is the base of commer-
cially successful nonsteroidal anti-inflammatory drugs
(NSAIDs), such as Piroxicam®, Droxicam®, Meloxicam®
and its heteroanologues - Tenoxicam® and Lornoxi-
cam®. It has been shown that some 3-carbamoyl deri-
vatives of 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide
exhibit much higher analgesic activity than Piroxicam®
and Meloxicam® [15].

Therefore, chemical transformations of 1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide core is a promising route
to search new pharmacologically useful compounds.

1H-2,1-Benzothiazin-4(3H)-one 2,2-dioxide is an
analogue of cyclic 1,3-dicarbonyl compounds (Fig. 4).

R3

Rz Ry=H, Bn
R, = H, Piperazinyl
R3 = H, Alkoxy, Hydroxy

Fig. 2. The general formula for derivatives of 2,1-benzothiazine
2,2-dioxide — inhibitors of lipogenase.
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Fig. 3. Some examples of biologically active 1H-2,1-benzothiazine 2,2-dioxides.
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Fig. 4. 1H-2,1-Benzothiazin-4(3H)-one 2,2-dioxide is an analogue of
cyclic 1,3-dicarbonyl compounds.
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Scheme 1. Two approaches toward 2-amino-3-R’-4-R"-4H-pyranes.

[t also contains the active methylene group. This pro-
vides great opportunities for construction new con-
densed heterocyclic systems on its base.

In contrast to the latter, 1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide is characterized by special struc-
tural and reactivity features. In spite of the expected
properties of ketones, 1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide can not be reduced to the alcohol either
by catalytic reduction (hydrogenation in various sol-
vents using platinum or nickel catalysts at various tem-
peratures and pressures) or chemical means (boro-
hydride, lithium aluminum hydride, or sodium and
alcohol). It also fails to form oximes and semicarba-
zones, and it does not form enamines in reactions with
the secondary amines [4, 16].

1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide, which
is unsubstituted in position 3, exists mainly in the keto
8

form. By contrast, its carbonyl analogue - quinolin-
2,4(1H,3H)-dione - exists almost solely in the enol
form [16]. However, the carbonyl group of 1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide is characterized by
a high propensity for enolization introducing alkyl or
acyl groups into position 3. This fact was used to con-
struct a fused heterocyclic system on its base [17, 18].
We used this property in order to synthesize a new he-
terocyclic system of 2-amino-3-R-6-ethyl-4,6-dihydro-
pyrano[3,2-c][2,1]benzothiazine 5,5-dioxide spirocon-
densed with the 2-oxindole core. The target compounds
were obtained using the three-component interaction
of 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide with isa-
tins and active methylene nitriles [19]. This article was
the first one dedicated to the multicomponent reac-
tions of 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide.

According to the literature such three-component
interaction of 1,3-dicarbonyl compounds with alde-
hydes and active methylene nitriles leads to formation
of the corresponding 2-amino-3-R"-4-R"-4H-pyranes
(Scheme 1). The mechanism of this coupling is based
on a domino Knoevenagel /Michael/hetero-Thorpe-
Ziegler cyclization sequence followed by enamine-
amine tautomerism [20]. It is possible to carry out a
two-step synthesis of 2-amino-3-R"-4-R"-4H-pyranes
using the corresponding Knoevenagel condensation
products - o,B-unsaturated nitriles. This approach has
its disadvantages since the intermediate unsaturated
nitriles in most cases are toxic and lachrymatory agents
[21, 22] (Scheme 1).

Therefore, in continuation of our research the tree-
component interaction of 1-ethyl-1H-2,1-benzothia-
zin-4(3H)-one 2,2-dioxide with heterylcarbaldehydes
and active methylene nitriles was studied in order to
synthesize fused 2-amino-4H-pyranes.
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Scheme 2. The formation of target 2-amino-3-cyano-4H-pyranes (4a-e).

Results and Discussion

The representatives of electron-rich (thiophen-2-
carbaldehyde, furfural and indol-3-carbaldehyde) and
electron-deficient heterocycles (2-, 3-, 4-pyridincarb-
aldehydes) were used as heterylcarbaldehydes.

The first stage of our studies was dedicated to the
use of malononitrile as an active methylene nitrile in
the three-component one-pot interaction.

As the result of the experiments conducted it has
been found that the three-component reaction of 1-
ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
with heterylcarbaldehydes (2a-e) and malononitrile
(3) leads to formation of the target 2-amino-3-cyano-
4H-pyranes (4a-e) (Scheme 2, Method A) in high or
excellent yields in all cases, except pyridine-2-carbal-
dehyde (Table 1).

As the result of high reactivity of pyridine-3-carb-
aldehyde (4a) and pyridine-4-carbaldehyde (4b) the
interaction in these cases proceeded in ethanol at the
room temperature for 10 min with almost quantita-
tive yields of the target products (4a,b) (Table 1, Me-
thod A). In general, such interactions need a base as
a catalyst of the reaction. When pyridinecarbaldehy-
des (4a,b) are used, it is not necessary to use the ba-
se, and it can be explained by autocatalytic effect of
the pyridine ring.

Table 1

S Yield, %

§ < fa')

o Heteryl Conditions 3 3

§ £ | £

()

Y = | =

4a 3-pyridyl EtOH, rt, 10 min 98 81

4b 4-pyridyl EtOH, rt, 10 min 95 74
. EtOH, Et;N (cat.),

4c 2-thienyl reflux, 2 h 83 72
) EtOH, Et;N (cat.),

4d 2-furyl 50°C, 10 h 63 36
. EtOH, Et;N (cat.),

4e 3-indolyl reflux. 13 h 53 41

NHy .
1 1

[V CN | X |
1 1

1 a | b N 1

XY “Het NG o
1 N 1

N/SOQ ! !
L | e[ |
CH3 | Het= S |

4a-e : :
1 1

1 1

| |
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A gradual decrease in the yields of the target py-
ranes (4) and a gradual increase of the reaction time
was observed in the case of thiophene-2-carbaldehy-
de (2c), furan-2-carbaldehyde (2d) and indol-3-carb-
aldehyde (2e). This can happen because of the influ-
ence of the electron-rich heterocyclic system on the
activity of the aldehyde group. In this case, the inter-
action was carried out in refluxed ethanol for 2-13 h
in the presence of the catalytic amounts of triethyl-
amine (Table 1, Method A). When the reaction mix-
tures were refluxed for less time than required, the
reaction was not completed and the target 2-amino-
4H-pyranes (4c-e) were contaminated with the inter-
mediate 2-cyano-3-heterylacrylonitriles. The use of
the equimolar amounts of triethylamine did not lead
to increase of the interaction efficiency and decrease
of the reaction time.

According to Scheme 1 the stepwise approach to-
wards 2-amino-4H-pyranes (4a-e) with the prelimi-
nary obtaining of 2-cyano-3-heterylacrylonitriles (5a-e)
was also performed (Scheme 2, Method B). It was fo-
und that this route resulted in the lower yields of 2-
amino-4H-pyranes (4a-e) compared to those obtai-
ned by MCRs (Table 1, Method B). The summarized re-
sults confirm the preferred applicability of the multi-
component format for the synthesis of 2-amino-4H-
pyranes (4a-e).

The products (4a-e) precipitated from the reac-
tion mixture were recrystallized from ethanol.

Our attempts to use pyridine-2-carbaldehyde in
such three-component interaction (Scheme 2, Method A)
under conditions common for pyridinecarbaldehydes
(2a,b) (EtOH, rt, 10 min) led to isolation of an uni-
dentified black coal-like product. Variation of the sol-
vents used, thermal conditions, the reaction time, as
well as the presence or absence of a catalyst did not
give any positive results.

The next stage of our studies was the use of ethyl
cyanoacetate (6) as the active methylene nitrile in this
three-component interaction. However, the initial expe-
riments showed the significant decrease of the reac-
tion selectivity (Scheme 3, Method A).
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Scheme 3. The usage of ethyl cyanoacetate (6) as the active methylene nitrile in this three-component interaction.

1+9c

Scheme 4. A presumable mechanism for formation of the salt (8c).

The target 2-amino-4H-pyranes (7) were obtained
only for pyridine-3-carbaldehyde (2a) and pyridine-
4-carbaldehyde (2b), and also for furan-2-carbalde-
hyde (2d).

Due to the lower reactivity of ethyl cyanoacetate
compared to malononitrile the three-component inter-
action (Scheme 3, Method A) involving pyridinecarb-
aldehydes (2a,b) needed the catalytic amounts of
triethylamine as the base and heating. The interac-
tion in these cases was carried out in refluxing ethanol
for 7 h. If methanol was used as a solvent, the interac-
tion was accompanied by the transesterification and
the products obtained were the corresponding methyl
esters - 2-amino-3-methoxycarbonyl-4H-pyranes (7aa
and 7bb) (Scheme 3, Method A).

To obtain 2-amino-4H-pyrane (7d) in the case of
furan-2-carbaldehyde (2d) it was necessary to reflux
the reaction mixture in ethanol for 10 h and use equi-
molar amounts of 4-dimethylaminopyridine, as a cata-
lystinstead triethylamine (in the case of triethylamine any
product of the three-component reaction was notisolated).

10

For indole-3-carbaldehyde (2e) the reaction was
completed on formation of ethyl 3-(3-indolyl)-2-cy-
anoacrylate (9e) (Scheme 2, Method A). In spite of our
attempts to prolong the reaction time (up to 24 h) we
failed to obtain 2-amino-4H-pyranes. This can be expla-
ined by the low activity of (9e) in the Michael addi-
tion reaction towards 1-ethyl-1H-2,1-benzothiazin-
4(3H)-one 2,2-dioxide (1).

When thiophene-2-carbaldehyde (2c¢) was used,
the three-component reaction led to formation of the
unexpected bis-adduct - the thriethylammonium salt
of bis(1-ethyl-1H-2,1-benzothiazin-2,2-dioxo-4-o0l-3-yl)
(2-thienyl)methane (8c) (Scheme 2, Method A). To
avoid formation of this salt and obtain 2-amino-4H-
pyrane (7¢) we tried to use stepwise approach (Scheme 3,
Method B). However, contrary to our expectations,
this stepwise format resulted in formation of bis-ad-
duct (8c) too. In order to explain this result, we have
to assume that Michael adduct (10c) initially formed
(Scheme 4) does not undergo the intramolecular he-
tero-Thorpe-Ziegler cyclization. It eliminates the mo-
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Table 2

Yields of products of three-component reactions
with ethyl cyanoacetate (Scheme 3)

Yield
v of 7, %
° = o | Yield
< | Heteryl Conditions S < | of 8%
2 2| 2 %
< z | =
= =
- EtOH, Et;N (cat.),
2a | 3-pyridyl reflux, 7 h 47 | 35 -
o EtOH, Et;N (cat.), 3
2b | 4-pyridyl reflux, 7h 52 | 28
EtOH, Eng (cat.), 374%
1 equiv of (6), - - KKK
reflux, 8 h (497%%)
EtOH, Et;N (cat.),
2c | 2-thienyl 3 equiv of (6), 20%% | — 271%*
reflux, 8 h
EtOH, Et;N (cat.),
7 equiv of (6), 43 - -
reflux, 8 h
EtOH, DMAP,
2d | 2-furyl reflux, 10 h 41 21 -

* — For the three-component reaction with thiophen-2-carbaldehyde;
** — Confirmed by *H NMR spectra of the precipitate isolated without
purification as the intensity ratio of proton in position 4 of the
4H-pyran ring and the methyne moiety proton of a bis-derivative.
Yields of compound (8) were calculated based on 2.0 eqg. of
compound (1); *** — For the stepwise synthesis use (9c)

(Scheme 3, Method B).

lecule of ethyl cyanoacetate (6) and forms enone (11c).
The last one acting as a Michael acceptor reacts with
another molecule of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide (1) with formation of dienol (12).
Intermediate (12) possesses the increased OH-acidic
properties due to the electron-withdrawing effect of
SO,-groups. Moreover, in product (8c) formation of
the intramolecular hydrogen bond, which stabilizes
the structure of enolate anion, is possible. As the re-
sult, intermediate (12) reacts with triethylamine gi-
ving triethylammonium salt (8c). We have not found
any literature data about formation of such bis-ad-
ducts salts that are similar to (8c). At the same time
there are many examples of symmetrical bis-adducts
as dienols, which can be easily obtained by the inter-
action of different 1,3-dicarbonyl compounds with al-
dehydes under the base catalysis [23, 24].

Enone (11c) is the key intermediate in the mecha-
nism (Scheme 4) since it can be transformed either
into bis-adduct (8c) or into the target 2-amino-4H-
pyrane (7c) (through formation of Michael adduct (10c)).
These processes are competitive and each can prevail
under certain conditions. According to the literature
data about reversibility of enone (11c) formation we
tried to direct the transformation of enone (11c) to-
wards 2-amino-4H-pyran (7c¢) using an excess of ethyl

Table 3

Yields for the compounds (8a-e) synthesized by
direct interaction of (1) with (2)

©
= 3
8 Heteryl Conditions ko)
€ 2
o >
o
8a 3-pyridyl EtOH, Et;N, rt 47
. EtOH, Et.N,
8b 4-pyridyl 70°C, 2 h 52
8c 2-thienyl EtOH, Et;N, rt 73
8d 2-furyl EtOH, Et;N, rt 54
. EtOH, Et;N,
8e 3-indolyl 70°C. 12 h 35

cyanoacetate (6). When 3.0 equiv of (6) was used, the
isolated mixture contained the target 2-amino-4H-
pyrane (7c¢) and bis-adduct (8c) in the molar ratio of
1:0.4 (based on the 'H NMR spectroscopy data). Ap-
plication of 7.0 equiv of (6) allowed to obtain com-
pound (7c) in the yield of 53% without any impurity
of bis-adduct (8c).

As in the case of malononitrile (3), the use of py-
ridine-2-carbaldehyde in the three-component reac-
tion with (1) and (6) led to isolation of an unidenti-
fied black coal-like product.

We also attempted to obtain the triethylammonium
salts of bis-adducts by direct interaction of 1-ethyl-
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) with
heterylcarbaldehydes (2). This interaction may pro-
ceed through formation of highly reactive enone (11)
(Table 3). The last one, as a Michael acceptor, reacts
in the presence of triethylamine with the second mo-
lecule of (1) resulting in formation of salts (8). The
reaction, in general, is carried out by the interaction
of compounds (1) and (2) (the molar ratio - 2:1) in
ethanol in the presence of equimolar amounts of tri-
ethylamine. When aldehydes (2b,e) were used, the
reaction was carried out under conditions of heating
(without heating the reaction was not complete as
it was confirmed by 'H NMR-spectra). It allowed to

11
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enolic OH

10

Fig. 5. The '"H NMR-spectrum of (8b).

obtain the corresponding triethylammonium salts
(8a-e) (Table 3).

If aldehyde (2b) was used in this reaction, triethyl-
ammonium salt (8b) was obtained. In the 'H NMR
spectrum of (8b) (Fig. 5) protons corresponding to two
enolic OH-groups, two bridged methyne CH-groups
and the triethylammonium cation can be observed.
According to this spectrum the molar ratio of the eno-
late anion and the triethylammonium cation is 2:1.
Conducting the reaction in the presence of more than
equimolar amounts of triethylamine led to the same
result.

In accordance with these data we suggested that
compound (8b) represents a peculiar double salt, in
which triethylammonium and pyridinium cations are
present. This is more interesting due to the less ba-
sic properties of the pyridine ring compared to tri-
ethylamine. Such “dimeric” structure can be stable
due to the presence of hydrogen bonds, but it is re-
quired the additional study to determine the structure
of (8b). The yields of the compounds (8a-e) synthe-
sized are presented in Table 3.

The structures of all compounds synthesized were
confirmed by the data of *"H NMR spectroscopy and
elemental analysis. 'H NMR-spectra of compounds (4)
are characterized by the presence of the narrow high-
intensity singlet in position 4 of the 4H-pyran ring in
the range of 4.78-5.06 ppm, as well as the singlet of the
2-amino group, which can be observed in the range of
7.23-7.47 ppm. In 'H NMR-spectra of compounds (7)
the singlet in position 4 of the 4H-pyran ring can be
found in the region of 4.83-5.17 ppm, the signal of the
2-amino group is situated in the range of 7.80-7.90 ppm.
The 'H NMR-spectra of bis-adducts (8) are characte-
rized by the presence of the singlet of the benzothia-
zine OH-group at 17.13-17.49 ppm and the CH-group
bridge at 5.62-5.91 ppm. The signals of the triethyl-
ammonium NH-group and pyridinium of the NH-group
(for 8b) are not found in the 'H NMR-spectra pro-
bably due to the fast deutero exchange.

12

BN

9

triethylammonium
N-CH2-CHs

bridged CH

3.993.924.044.023.944.05 1.79 11.928.74

7 6 5 4 3 2 1 (o]
Chemical Shift (ppm)

Experimental Part

The starting aldehydes (2a-f) and active methylene
nitriles were obtained from commercial sources and
purified before using; aldehydes (2a-d,f) were distilled
under reduced pressure, aldehyde (2e) was recrys-
tallized from methanol. The starting 1-ethyl-1H-2,1-
benzothiazin-4(3H)-one 2,2-dioxide was obtained ac-
cording to the procedure previously described. Aryli-
denes (5a-e) and (9a-d) were prepared via Knoeve-
nagel condensation of the corresponding heterylcarb-
aldehydes (2a-e) and active methylene nitriles (3)
or (6) in the presence of a base as was reported [25].
Melting points were determined on a Gallenkamp mel-
ting point apparatus, MFB-595 model, in open capil-
lary tubes. 'H NMR-spectra were recorded on a Bruker
AMX 500 spectrometer 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 general procedure for the synthesis of 2-amino-
4-(pyridyl)-3-cyano-6-ethyl-4,6-dihydropyrano[3,2-c]
[2,1]benzothiazine 5,5-dioxides (4a,b).

Method A. The three-component one-pot procedure.
Mix the solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide (1) (0.225 g, 0.001 Mol), malononitrile (3)
(0.066 g, 0.001 Mol) and the corresponding pyridine-
carbaldehydes (2a,b) (0.001 Mol) in ethanol (5-10 mL)
for 10 min at the room temperature. A precipitate is
formed in a few minutes after the beginning of mixing.
Filter the resulting precipitates of (4a,b), wash with
ethanol, then dry on air and recrystallize from ethanol.

Method B. The synthesis using intermediate acrylo-
nitriles (5a,b). Mix the solution of 1-ethyl-1H-2,1-ben-
zothiazin-4(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol)
and acrylonitriles (5a,b) (0.001 Mol) in ethanol (5-10 mL)
for 10 min. The resulting reaction mixtures are treated
as mentioned in Method A.

The yields for the compounds (4a,b) synthesized
are presented in Table 1.
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2-Amino-4-(3-pyridyl)-3-cyano-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4a).
A white powder. M. p. - 248-250°C (decomp.) (from
EtOH). Anal. Calcd for C;,H,(N,0,S: C, 59.99; H, 4.24;
N, 14.73; S, 8.43. Found: C, 60.38; H, 4.02; N, 14.35;
S, 8.34. 'H NMR (500 MHz, DMSO-d,): § (ppm) 8.49
(d,J=1.92Hz 1H),8.45(d,/=3.41Hz 1H),7.93 (d,
J=7.67 Hz, 1 H), 7.60-7.72 (m, 2 H), 7.54 (d,/ = 8.31
Hz,1H),7.29-7.48 (m,4 H),4.79 (s,1 H),3.87 (q,/=6.96
Hz, 2 H), 1.01 (t,/ = 7.03 Hz, 3 H).

2-Amino-4-(4-pyridyl)-3-cyano-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4b).
A white powder. M. p. - 223-225°C (decomp.) (from
EtOH). Anal. Calcd for C;;H,(N,0,S: C, 59.99; H, 4.24;
N, 14.73; S, 8.43. Found: C, 60.13; H, 4.57; N, 14.61; S,
8.55.'H NMR (500 MHz, DMSO-d,): § (ppm) 8.53 (d,
J=5.76 Hz, 2 H), 7.94 (d, ] = 7.68 Hz, 1 H), 7.61-7.69
(t,J=7.53Hz,1H),7.55(d,J=8.23 Hz, 1 H), 7.47 (s,
2H),7.39(t,J=7.55Hz 1H),7.32 (d,/=5.49 Hz, 2 H),
4.78 (s,1H),3.87(q,/=6.86 Hz,2H), 1.03 (t,/=7.00
Hz, 3 H).

The general procedure for the synthesis of 2-
amino-4-heteryl-3-cyano-6-ethyl-4,6-dihydropy-
rano[3,2-c][2,1]benzothiazine 5,5-dioxides (4c-e).

Method A. The three-component one-pot procedure.
To the solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide (1) (0.225 g, 0.001 Mol), malononitrile (3)
(0.066 g, 0.001 Mol) and the corresponding heteryl-
carbaldehyde (2c-e) (0.001 Mol) in ethanol (5-10 mL)
add the catalytic amount of triethylamine. Reflux the
mixture obtainted for the time specified in Table 1.
After heating cool the mixture to the room tempera-
ture. Filter the resulting precipitates of (4c-e), wash
with ethanol, then dry on air and recrystallize from
ethanol.

Method B. The synthesis using intermediate acrylo-
nitriles (5c-e). To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol)
and the corresponding acrylonitrile (5c-e) (0.001 Mol)
in ethanol (5-10 mL) add the catalytic amount of tri-
ethylamine. Reflux the mixture obtained for the time
specified in Table 1. The resulting mixtures are trea-
ted as mentioned in Method A.

The yields for the compounds (4c-e) synthesized
are presented in Table 1.

2-Amino-4-(2-thienyl)-3-cyano-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4c).
A light yellow powder. M. p. - 241-243°C (decomp.)
(from EtOH). Anal. Calcd for C;;H,;N,0,S,: C, 56.09;
H,3.92;N,10.90; S, 16.64. Found: C, 56.13; H, 4.37; N,
10.61; S, 16.55. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
7.94 (d,J=7.94 Hz, 1 H), 7.31-7.74 (m, 6 H), 7.03 (d,
J=3.05Hz,1H), 6.89-6.98 (m, 1 H), 5.06 (s, 1 H),3.92
(q,/=6.72 Hz, 2 H), 1.05 (t,]/ = 6.87 Hz, 3 H).

2-Amino-4-(2-furyl)-3-cyano-6-ethyl-4,6-dihyd-
ropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4d).
A light brown powder. M. p. - 215-217°C (decomp.)

(from EtOH). Anal. Calcd for C,;H,N;0,S: C, 58.53; H,
4.09; N, 11.38; §,8.68. Found: C, 58.34; H,4.01; N, 11.87;
S,8.27.'HNMR (500 MHz, DMSO0-d,): § (ppm) 7.90 (dd,
J=8.09,1.37Hz, 1 H), 7.64 (td,J=7.70,1.50 Hz, 1 H),
7.51-7.57 (m, 2 H), 7.35-7.43 (m, 3 H), 6.36 (dd, J = 3.20,
1.98 Hz, 1 H), 6.28 (m, ] = 3.70 Hz, 1 H), 4.82 (s, 1 H),
3.90 (q,/=7.02 Hz, 2 H), 1.01 (t,/ = 7.02 Hz, 3 H).
2-Amino-4-(3-indolyl)-3-cyano-6-ethyl-4,6-dihyd-
ropyrano[3,2-c][2,1] benzothiazine 5,5-dioxide (4€).
A yellow crystalline powder. M. p. - 212-215°C (de-
comp.) (from EtOH). Anal. Calcd for C,,H,4,N,O,S: C,
63.14; H, 4.34; N, 13.39; S, 7.66. Found: C, 63.52; H,
4.12;N,13.75; S,7.37.'H NMR (500 MHz, DMSO-d,):
6 (ppm) 11.02 (br. s, 1 H), 8.00 (d, /= 7.96 Hz, 1 H),
7.63 (t,J = 7.33 Hz, 1 H), 7.51 (d, ] = 7.96 Hz, 1 H),
7.29-7.44 (m, 4 H), 7.23 (br. s., 2 H), 7.06 (t,] = 7.14
Hz, 1 H), 6.93 (t,/ = 7.14 Hz, 1 H), 4.95 (s, 1 H), 3.87
(q,/=6.90 Hz, 2 H), 0.99 (t,] = 6.59 Hz, 5 H).

Procedures for the synthesis of 2-amino-4-he-
teryl-3-ethoxycarbonyl-6-ethyl-4,6-dihydropy-
rano|3,2-c][2,1]benzothiazine 5,5-dioxides (7a-d).
Compounds (7a-d) were obtained in conditions given
below. The yields for the compounds (7a-d) synthe-
sized are presented in Table 2.

The general procedure for the synthesis of 2-
amino-3-ethoxycarbonyl-4-pyridyl-6-ethyl-4,6-di-
hydropyrano[3,2-c][2,1] benzothiazine 5,5-dioxi-
des (7a,b).

Method A. The three-component one-pot procedure.
To the solution of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one
2,2-dioxide (1) (0.225 g, 0.001 Mol), ethyl cyanoace-
tate (6) (0.11 mL, 0.001 Mol) and pyridylcarbaldehy-
des (2a,b) (0.001 Mol) in ethanol (5 mL) add the cata-
lytic amount of triethylamine. Reflux the mixture for
7 h and cool to the room temperature. Filter the pre-
cipitates of (7a,b) formed, wash with cold ethanol, dry
on air and recrystallize from ethanol.

Method B. The synthesis using ethyl 2-cyanoacry-
lates (9a,b). To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol)
and heterylidenes (9a,b) (0.001 Mol) in ethanol (5 mL)
add the catalytic amount of triethylamine. Reflux the
solution for 7 h. The resulting reaction mixtures are
treated as mentioned in Method A.

2-Amino-4-(3-pyridyl)-3-ethoxycarbonyl-6-
ethyl-4,6-dihydropyrano[3,2-c][2,1] benzothiazine
5,5-dioxide (7a). A white powder. M. p. - 179-181°C
(decomp.) (from EtOH). Anal. Calcd for C,,H,,N,0.S:
C,59.00; H, 4.95; N, 9.83; S, 7.50. Found: C, 58.75; H,
5.22; N, 9.54; S, 7.19. '"H NMR (500 MHz, DMSO-d,):
6 (ppm) 8.43 (d,J=1.96 Hz, 1 H), 8.35 (dd, ] =4.77,
1.34 Hz, 1 H), 8.03 (dd, J = 7.95, 1.34 Hz, 1 H), 7.87
(s, 2 H), 7.60-7.66 (m, 1 H), 7.51-7.58 (m, 2 H), 7.39
(t,J=7.58 Hz, 1 H), 7.26 (dd, ] = 7.95, 4.77 Hz, 1 H),
4.84 (s, 1 H), 3.93-4.00 (m, 2 H), 3.87 (q, /= 7.01
Hz, 2 H), 1.06 (t,/ = 7.09 Hz, 3 H), 0.96 (t, ] = 6.97
Hz, 3 H).
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2-Amino-4-(4-pyridyl)-3-ethoxycarbonyl-6-
ethyl-4,6-dihydropyrano[3,2-c][2,1] benzothiazine
5,5-dioxide (7b). Red crystalls. M. p. - 168-170°C (de-
comp.) (from EtOH). Anal. Calcd for C,;H,,;N,;0.S: C,
59.00; H, 4.95; N, 9.83; S, 7.50. Found: C, 58.51; H,
5.38; N, 9.73; S, 7.39. 'H NMR (500 MHz, DMSO-d,):
6 (ppm) 8.42-8.46 (m, 2 H), 8.03 (dd, J = 8.07, 1.22
Hz, 1 H), 7.90 (s, 2 H), 7.60-7.67 (m, 1 H), 7.54 (d,
J=8.31Hz 1H),7.39 (t, ] =7.70 Hz, 1 H), 7.18-7.22
(m, 2 H), 4.83 (s, 1 H), 3.93-4.02 (m, 2 H), 3.87 (q,
J=7.01Hz, 2 H), 1.08 (t, /] = 7.09 Hz, 3 H), 0.98 (t,
J=6.97 Hz, 3 H).

The synthesis of 2-amino-3-ethoxycarbonyl-4-
(2-thienyl)-6-ethyl-4,6-dihydropyrano[3,2-c][2,1]
benzothiazine 5,5-dioxide (7c). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.225 g, 0.001 Mol), ethyl cyanoacetate (6) (0.77 mL,
0.007 Mol) and thiophen-2-carbaldehyde 2¢ (0.94 mL,
0.001 Mol) in ethanol (5 mL) add the catalytic amount
of triethylamine. . Reflux the mixture for 8 h, cool to
the room temperature. Filter the precipitate 7¢ formed,
wash with cold ethanol, dry on air and recrystallize
from ethanol.

Light yellow crystalls. M. p. - 185-187°C (decomp.)
(from EtOH). Anal. Calcd for C, H,,N,0.S,: C, 55.54;
H, 4.66; N, 6.48; S, 14.83. Found: C, 55.81; H, 4.93; N,
6.82; S,15.04. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
8.02 (d,J =793 Hz, 1 H), 7.82 (br. s, 2 H), 7.59-7.67
(m,1H),7.55(d,J=8.24Hz, 1 H),7.37 (t,] = 7.63 Hz,
1H),7.21-7.27 (m, 1 H), 6.82-6.88 (m, 2 H), 5.17 (s, 1 H),
4.02-4.11 (m, 2 H), 3.94 (q,/ = 6.82 Hz, 2 H), 1.16 (t,
J=6.90 Hz, 3 H), 1.04 (t,/ = 7.00 Hz, 3 H).

The synthesis of 2-amino-3-ethoxycarbonyl-4-
(2-furyl)-6-ethyl-4,6-dihydropyrano|[3,2-c][2,1]
benzothiazine 5,5-dioxide (7d). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.225 g, 0.001 Mol), ethyl cyanoacetate (6) (0.11 mL,
0.001 Mol) and furan-2-carbaldehyde 2d (0.83 mL,
0.001 Mol) in ethanol (5 mL) add the catalytic amount
of triethylamine. Reflux the mixture for 10 h, cool to
the room temperature. Filter the precipitate of 7c for-
med, wash with cold ethanol, dry on air and recrys-
tallize from ethanol.

Colourless crystalls. M. p. - 169-171°C (decomp.)
(from EtOH). Anal. Calcd for C,,H,,N,0,S: C, 57.68;
H, 4.84; N, 6.73; S, 7.70. Found: C, 57.94; H, 4.50; N,
6.31; S, 7.83. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
7.99 (d, J=8.07 Hz, 1 H), 7.80 (br. s., 2 H), 7.63 (t,
J=7.30Hz, 1H),7.54 (d,]=8.31Hz, 1 H), 7.32-7.44
(m, 2 H), 6.29 (br.s,, 1 H), 6.12 (br.s,, 1 H),4.97 (s, 1 H),
4.00-4.10 (m, 2 H), 3.92 (d, /] = 6.85 Hz, 2 H), 1.14 (¢,
J=6.97 Hz, 3 H),0.98 (t,] = 6.72 Hz, 3 H).

Procedures for the synthesis of triethylammo-
nium 3-[(4-hydroxy-1-ethyl-2,2-dioxido-1H-2,1-
benzothiazin-3-yl)(heteryl)methyl]-1-ethyl-
1H-2,1-benzothiazin-5-olat 2,2-dioxides (8a-e).
These products were obtained using the procedures

14

described below. The yields for compounds (8a-e)
synthesized are presented in Table 3.

The synthesis of triethylammonium 3-[(4-hy-
droxy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-
3-yl)(3-piridyl)methyl]-1-ethyl-1H-2,1-benzo
thiazin-5-olat 2,2-dioxide (8a). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.450 g, 0.002 Mol), piridin-3-carbaldehyde (2a)
(0.094 mL, 0.001 Mol) in ethanol (10 mL) add tri-
ethylamine (0.14 mL, 0.001 Mol). Stir the solution at
the room temperature. In about 1 h a white precipi-
tate of (8a) is formed, filter it, wash with ethanol, dry
on air and recrystallize from ethanol.

A white powder. M. p. - 168-170°C (decomp.) (from
EtOH). Anal. Calcd for C;,H,,N,0,S,: C, 59.98; H, 6.29;
N, 8.74; S, 10.01. Found: C, 59.71; H, 6.52; N, 9.12; S,
10.19. 'H NMR (500 MHz, DMSO-d,): 6 (ppm) 17.19
(s,1H),8.38(d,J=0.73 Hz, 1 H), 8.24-8.29 (m, 1 H),
7.83-7.88 (m, 2 H), 7.54 (d,J = 8.07 Hz, 1 H), 7.40-7.46
(m, 2 H),7.29 (d,/ =8.31 Hz, 2 H), 7.20 (dd, J = 7.95,
4.77 Hz, 1 H), 7.12 (t, ] = 7.58 Hz, 2 H), 5.73 (s, 1 H),
3.95(q,/=7.09 Hz, 4 H), 2.98-3.08 (m, 6 H), 1.19 (t,
J=6.97 Hz, 6 H), 1.11 (td, /] = 7.28, 1.34 Hz, 9 H).

The synthesis of triethylammonium 3-[(4-hyd-
roxy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-
3-yl)(pirid-4-yl)methyl]-1-ethyl-1H-2,1-benzo-
thiazin-5-olat 2,2-dioxide (8b). To the solution of
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1)
(0.450 g, 0.002 Mol), piridin-4-carbaldehyde (2a)
(0.094 mL, 0.001 Mol) in ethanol (10 mL) add trie-
thylamine (0.14 mL, 0.001 Mol). Reflux the mixture
for 2h, cool to the room temperature and dilute with
water. Then the precipitate of (8b) is formed under
intensive stirring. Filter it, wash with water, dry on
air and recrystallize from aqueous ethanol.

Alightrose powder. M. p. - 170-172°C (decomp.)
(from EtOH). Anal. Calcd for C;gH,N,0,,S,: C, 59.01;
H, 5.55; N, 8.31; S, 10.87. Found: C, 59.37; H, 5.31; N,
8.78; S,10.52.'H NMR (500 MHz, DMSO-d,): § (ppm)
17.13 (s, 2 H), 8.31-8.38 (m, 4 H), 7.85 (dd, J = 7.95,
1.59 Hz, 4 H), 7.39-7.47 (m, 4 H), 7.30 (d,/ = 8.31 Hz,
4H),7.18 (d,J=4.89 Hz,4 H), 7.12 (t,] = 7.58 Hz, 4 H),
5.66 (s, 2 H),3.95(qd,J=7.05, 2.32 Hz, 8 H), 3.02 (q,
J=7.34 Hz, 6 H), 1.20 (t,/ = 6.97 Hz, 12 H), 1.11 (t,
J=7.21Hz, 9 H).

The synthesis of triethylammonium 3-[(4-hy-
droxy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-
3-yl)(thien-2-yl)methyl]-1-ethyl-1H-2,1-benzo-
thiazin-5-olat 2,2-dioxide (8c).

Method A. To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol),
ethyl cyanoacetate (6) (0.11 mL, 0.001 Mol) and thio-
phen-2-carbaldehyde (2c) (0.094 mL, 0.001 Mol) in
ethanol (10 mL) add the catalytic amount of triethyl-
amine. Reflux the mixture for 8 h, cool to the room
temperature. Filter the precipitate of (8c), wash with
cold ethanol, dry on air and recrystallize from ethanol.
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Method B. To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.225 g, 0.001 Mol)
and ethyl 2-cyano-3-(thiophen-2-yl)acrylate (9¢) (0.207 g,
0.001 Mol) in ethanol (10 mL) add the catalytic amount
of triethylamine. Reflux the mixture for 8 h, cool to
the room temperature and keep at this temperature
until the precipitate of (8c) is formed, wash with cold
ethanol, dry on air and recrystallize from ethanol.

Method C. To the solution of 1-ethyl-1H-2,1-benzo-
thiazin-4(3H)-one 2,2-dioxide (1) (0.450 g, 0.002 Mol),
thiophen-2-carbaldehyde (2c) (0.094 mL, 0.001 Mol)
in ethanol (10 mL) add triethylamine (0.14 mL, 0.001 Mol).
Allow the solution to stand overnight at the room tem-
perature. When the light yellow crystalline precipi-
tate of (8c) is formed; filter it, wash with ethanol, dry
on air and recrystallize from ethanol.

Light yellow crystalls. M. p. - 158-160°C (decomp.)
(from EtOH). Anal. Calcd for C,,H;;N,0,S,: C, 57.65;
H, 6.09; N, 6.51; S, 14.89. Found: C, 57.91; H, 5.73; N,
6.84; S, 14.55. 'H NMR (500 MHz, DMSO-d,): 6 (ppm)
17.49 (s,1H),7.88 (dd,/=7.93,1.53 Hz, 2 H), 7.38-7.45
(m,2H),7.28(d,J=7.93 Hz, 2 H), 7.08-7.16 (m, 3 H),
6.74 (dd, / = 5.04, 3.51 Hz, 1 H), 6.63-6.68 (m, 1 H),
5.82 (s, 1 H), 3.86-3.98 (m, 4 H), 3.02 (q,/ = 7.32 Hz,
6 H),1.18 (t,/=7.02 Hz, 6 H), 1.11 (t,/ = 7.32 Hz, 9 H).

The synthesis of triethylammonium 3-[(4-hydro-
xy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-3-yl)
(fur-2-yl)methyl]-1-ethyl-1H-2,1-benzothiazin-5-
olat 2,2-dioxide (8d). To the solution of 1-ethyl-1H-
2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) (0.450 g,
0.002 Mol), furan-2-carbaldehyde (2d) (0.083 mL,
0.001 Mol) in ethanol (10 mL) add triethylamine (0.14 mL,
0.001 Mol). Stir the solution at the room temperature
for 7 h and cool to 0°C. Filter the light yellow crystalline
precipitate of (8d) formed, wash with ethanol, dry on
air and recrystallize from ethanol.

Light yellow crystalls. M. p. - 142-144°C (decomp.)
(from EtOH). Anal. Calcd for C;;H;,N,0,S,: C, 59.12;
H, 6.24; N, 6.67; S, 10.18. Found: C, 59.41; H, 6.37; N,
6.88; S,10.53.'H NMR (500 MHz, DMSO-d,): § (ppm)
17.34(s,1H),7.87 (dd,/=7.87,1.21 Hz, 2 H), 7.38-7.44
(m, 2 H),7.25-7.31 (m, 3 H), 7.13 (t,] = 7.42 Hz, 2 H),
6.20 (dd, J = 2.88, 1.97 Hz, 1 H), 5.94-5.98 (m, 1 H),
5.62 (s, 1 H), 3.82-3.92 (m, 4 H), 3.03 (q,/ = 7.27 Hz,
6 H),1.13 (q,/=7.17 Hz, 15 H).
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The synthesis of triethylammonium 3-[(4-hydro-
xy-1-ethyl-2,2-dioxido-1H-2,1-benzothiazin-3-yl)
(indol-3-yl)methyl]-1-ethyl-1H-2,1-benzothiazin-
5-olat 2,2-dioxide (8e). To the solution of 1-ethyl-
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0.002 Mol), indol-3-carbaldehyde (2€) (0.145 g, 0.001 Mol)
in ethanol (10 mL) add triethylamine (0.14 mL, 0.001 Mol).
Reflux the mixture for 12 h, cool to the room tempe-
rature and dilute with water. Filter the precipitate of
(8e) formed, wash with water, dry on air and recrys-
tallize from aqueous ethanol.

A yellow powder. M. p. - 105-107°C (decomp.)
(from EtOH). Anal. Calcd for C;;H,,N,O,S,: C, 61.92;
H, 6.24; N, 8.25; S, 9.45. Found: C, 61.74; H, 6.41; N,
8.57; S,9.35.'H NMR (500 MHz, DMSO-d,): 6 (ppm)
17.48 (s,1H),10.51 (s,1 H), 7.86 (d,/=7.93 Hz, 2 H),
7.55-7.59 (m, 1 H), 7.34-7.40 (m, 2 H), 7.17-7.26 (m,
3H),7.07(t,/J=7.63Hz 2H),7.01(d,/J=1.22Hz, 1 H),
6.88 (t,/=7.63Hz,1H),6.71 (t,J]=7.48 Hz, 1 H), 5.91
(s, 1 H),3.90-4.00 (m, 4 H), 2.92 (q,/=7.12 Hz, 6 H),
1.19 (t,/ = 7.02 Hz, 6 H), 1.08 (t,/ = 7.32 Hz, 9 H).

Conclusions

Some peculiarities of the three-component inter-
action of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-
dioxide with malononitrile and different heterylcar-
baldehydes have been studied and described.

In the case of malononitrile the three-component
condensation provides exclusively formation of 2-
amino-3-cyano-4H-pyranes in high yields. When
ethyl cyanoacetate is used, the interaction results in
formation of three different products depending on
the heteryl fragment in the initial aldehyde, namely
the expected 2-amino-3-ethoxycarbonyl-4H-pyranes,
the triethylammonium salt of bis-adducts or ethyl
2-cyanoacrylates.

The modified mechanism for the synthesis of 2-
amino-4H-pyranes has been proposed. It has allowed
to synthesize selectively 2-aminopyranes and avoid
formation of the triethylammonium salt of bis-adducts.

A purposeful synthesis of the triethylammonium
salt of bis-adducts has been performed by the interac-
tion of 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-di-
oxide with heterylcarbaldehydes in the presence of
triethylamine.
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