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Domino-type Knoevenagel-Michael-hetero-Thorpe-Ziegler and Knoevenagel-hetero-Diels-Alder interactions using
1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide and aliphatic aldehydes as initial compounds have been
studied. These reactions have led to 2-amino-3-cyano-4H-pyran and 2H-3,4-dihydropyran derivatives, respec-
tively. It has been shown that the three-component one-pot interaction of 1-ethyl-1H-2,1-benzothiazin-4(3H)-
one 2,2-dioxide with saturated aliphatic aldehydes and malononitrile proceeds under rather mild conditions and
results in formation of 2-amino-6-ethyl-4-alkyl-4,6-dihydropyrano[3,2-c][2, 1]benzothiazin-3-carbonitrile 5,5-dioxides
with moderate and high yields. At the same time, the yields of target products decrease with the increase of
the length of the aliphatic aldehyde carbon chain. In this regard, the use of citronellal allowed us to obtain the
product of the three-component interaction with a low yield. To date, there is no information in the literature
about the possible application of aliphatic dialdehydes in such three-component interactions. It has been found
that the use of glutaric aldehyde results in the synthesis of a new class of bis-derivatives of 2-amino-4H-pyran,
in which two fragments are linked by the polymethylene bridge. The use of a,B-unsaturated aldehydes in the
three-component interaction with 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide and malononitrile was ac-
companied by decrease in the process efficiency compared to saturated aliphatic aldehydes. The target fused
2-amino-3-cyano-4H-pyran was obtained only when a-methylcinnamic aldehyde was used in the reaction.
A two-component interaction of 1-ethyl-1H-2, 1-benzothiazin-4(3H)-one 2,2-dioxide with citronellal has been also
studied. It has been shown that this reaction is stereospecific. It proceeds through domino Knoevenagel-hetero-
Diels-Alder sequence resulting in a new heterocyclic system — 2,2a,3,4,5,6,6a,8-octahydroisochromeno[4,3-c]
[2,1]benzothiazine 7,7-dioxide. The study of the antimicrobial activity of the compounds synthesized has allowed
finding compounds with a moderate activity against P. aeruginosa i C. albicans.

BUKOPUCTAHHA ATTIOATUYHNX AJTbAEAOIB Y CUHTE3I HOBUX 1H-2,1-6EH30TIA3UH-4-OH 2,2-[]JIOKCUAIB,
KOHOEHCOBAHMX 3 MIPAHOBUM 5IQPOM 3A [JOIMOMOI OO [JOMIHO-B3AEMOLIA. AHTUMIKPOBHA
AKTUBHICTb CUHTE3OBAHUX CIIOJTYK
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Knrovoei cnoea: 2,1-6eH3omiasuHy 2,2-0iokcud; anighamuydHi anb0e2iou; MaroHOOUHIMpUIT; nipaH, OOMiHO-pe-
aKuii; aHmumikpobHa akmueHicmb

BusyueHi domiHo-83aemodii KHboseHazens-Mixaensi-eemepo-Topna-Lliznepa ma KHbogeHazensi-ecemepo-Linsbca-
AnbOepa 3a yyacmio 1-emus-1H-2, 1-6eH3omiasuH-4(3H)-oHy 2,2-0iokcudy ma anighamuyHux ansdeeidis, wo npu-
8005imb 00 YMBOPEHHSI 8i0NM08iOHO MoXiOHUX 2-aMiHo-3-uiaHo-4H-nipaHy ma 2H-3,4-0uzioponipaHy. [loka3aHo,
wWo mpukomMnoHeHmMHa odOHocmadiliHa 83aemodis 1-emun-1H-2,1-6eH3omia3uH-4(3H)-oHy 2,2-diokcudy 3 Ha-
cu4yeHUMU anichamuyHumu anbdezidamu i MaroHOOUHIMpuUiom repebicae y Oyxe M’sKUX yMosax i npusodums
00 ymeopeHHsi 2-amiHo-6-emuri-4-ankin-4,6-0ueioponipaHo[3, 2-c][2, 1]6eH3omia3uH-3-kapboHimpun 5,5-0iokcudie 3
8UCOKUMU ma roMipHUMU suxolamu. ¥ mol xe 4ac 36inbueHHs1 O08XUHU 8yarieyeg80oe0 faHyroea anichamuy-
Hoeo anbdezidy npusodumes 00 3MEeHWEHHST 8UX00y Uinbosux npodykmis. Tak, npu 8UKOPUCMaHHI UUMmMpOoHe-
nanto npodykm mpuKoMrnoHeHmMHOI 83aemo0ii edanocsi o0epxKamu MifbKu 3 He8UCOKUM 8UX000M. AnicbamuyHi
Oianbdeeidu He bynu paHiwe sukopucmaHi y 0aHux 83aemModisix; nokazaHo, W0 8UKOPUCMAaHHS 2/1ymapo8o20
anb0eeidy 0o3gonisie ompumamu Hosul Knac bic-rnoxioHux 2-amiHo-4H-nipaHy, 8 sikomy ¢hpaemeHmu 3’e€0HaHi
ronimemurneHoguM MicmkoMm. BukopucmarHs a,3-HeHacuyeHux anbdeeidie y MPUKOMIOHEHMHIU 83aEMo-
0ii 3 1-emun-1H-2,1-6eH3omia3uH-4(3H)-oHy 2,2-0iokcudom i MaroHOOUHIMPUIIOM Cyrnpo8o0Xye8asniocsi 3MeH-
WEeHHAM egheKmugHOCMI rnpouecy 8 ropieHsIHHI 3 Hacu4eHUMU anichamuyHumu anbiezidamu. Llinbosul npo-
Oykm 83aemo0ii KoHOeHcosaHul 2-amiHo-3-uiaHo-4H-nipaH 6ys ompumaHul minbKu y 8unadKy 3acmocy8aHHS
a-MemursikopuyHo2o anb0ezidy. BusueHa 83aemodis mix 1-emur-1H-2,1-6eH3omia3uH-4(3H)-oHy 2,2-0iokcudom
i yumpoHenarneM; nokasaHo, Wo maka peakuis nepebicae 8UHSAIMKOBO SIK cmepeocneyugiyHa OOMiIHO-83aEMO-
0isi KHboseHazens-eemepo-Linbca-Anbdepa i npusodumpe A0 ymeOopeHHsT HOB80I eemepOoUUKITiYHOI cucmemu —
2,2a,3,4,5,6,6a,8-okmaziopoizoxpomeHo[4,3-c][2,1]6eH30mia3uH 7,7-0iokcudy. Bue4yeHHs aHmMumikpobHOI aK-
mueHoCmi CUHMe308aHUX CrosyK 00380/1UITO 8USBUMU MOXIOHI, WO MPOSSASMb MOMIPHY akmueHicmbs npomu
P. aeruginosa i C. albicans.
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UCIOJIb30OBAHUNE AJTMOATUYECKNX AJIbOEr4OB B CUHTE3E HOBbIX 1H-2,1-BEH30TUA3UH-4-OH
2,2-[JMOKCUOOB, KOHOEHCUPOBAHHbIX C MUPAHOBbLIM 5i4POM C MOMOLLYbIO JOMUHO-PEAKLIUA.
AHTUMUKPOBHASI AKTUBHOCTb CUHTE3UPOBAHHbIX COEAQUHEHUNA
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Knroveenle cnoesa: 2,1-6eH3omua3suH 2,2-0uokcud; anughamuyeckue anb0eaudbl; MaroHOOUHUMPUIT, MupaH;

OOMUHO-peaKyuu; aHmMuMuKpobHas akmugHOCMb

U3y4yeHbl domuHo-83aumodelicmeusi KHeseHazens-Muxaansi-eemepo-Topna-L{ueznepa u KHeseHazesnsi-eemepo-
HAunbca-Anbdepa ¢ yyacmuem 1-asmun-2,1-6eH3omua3suH-4(3H)-oH 2,2-Ouokcuda u anughamuyeckux arsib-
Oeaudos, MpueodsAWUX COOMBEMCMBEHHO K 06pa308aHurd MPOU3BOOHbIX 2-aMUHO-3-yuaHo-4H-nupaHa u
2H-3,4-0uzudponupaHa. MokaszaHO, Ymo MpexXKoMNoHeHmMHoe oOHocmaduliHoe esaumodelicmeue 1-amuiri-
2,1-6eH3omuasuH-4(3H)-oH 2,2-0uokcuda ¢ HacbiUWeHHbIMU anugpamuyeckumu anb0esudamu U Marso-
HOOUHUMPUIOM fpomeKaem 8 O4YeHb MS2KUX yCroeusix U rnpugsodum K obpa3osaHur 2-aMuHO-6-asmusi-4-
ankun-4,6-0ueudponupaHol3,2-c][2, 1]6eH3omua3uH-3-kapboHumpun 5,5-0uUoKcudo8 ¢ 8bICOKUMU U YMEPEHHBIMU
8bixodamu. B mo xe epemsi yeenudeHue OnuHbl yarepoOHoU uenu anugamudeckux anb0eaudos npusodum K
YMeHbUWEHUIO 8bIx00a ueresbix npodykmos. Tak, rpu ucronb308aHUU YUUMPOHesiiasns rnpodyKm mpexKOMIOHEHMHO20
83aumodelicmeusi y0anock rosy4umb MOJIbKO C HE8bICOKUM 8bixodoM. Anuchamuyeckue Ouanb0eauldbl He bbinu
paHee ucrosnb308aHbl 8 0aHHbIX 83aUMOOeliCMBUSsIX; MOKa3aHo, YImo MpUMeHeHUe 2/Tymapoeo2o anb0eauda npusooum
K HOBOMY Krniaccy 6uc-rnpou3sodHbIX 2-aMuHo-4H-nupaHa, 8 KOMopom ppacMeHmbl COEOUHEHbI NMOoNUMemusieHo-
8bIM MOCMUKOM. Vcrionb3o08aHue a,3-HeHachbiUeHHbIX arnb0eaudos 8 MPexKoMNOHEeHMHOM 83aumodelicmauu ¢
1-amun-2, 1-6eH3omua3uH-4(3H)-oH 2,2-0uokcudom u MarroHOOUHUMPUIIOM COMPOBOXOanoch YMeHbWEHUEM 3¢b-
hekmusHocmu rpoyecca fno cpasHeHUIo C HacblUeHHbIMU anugamuyeckumu anb0eaudamu. Llenesoli npodykm
83aumodelicmeusi KOHOEHCUPOBaHHbIU 2-aMuHo-3-yuaHo-4H-nupaH 6kl nomyYeH mMosbKo 8 criydae rnpumMeHe-
HUST a-MemursikopuyHoz20 anbdeauda. M3ydeHo esaumodelicmaue mexdy 1-amun-2,1-6eH3omuasuH-4(3H)-oH
2,2-0uokcudom U yumpoHerianem; rnokasaHo, Ymo 0aHHasi peakyusi npomeKaem UCK/I0YUMErIbHO Kak cmepeo-
crieyuguyHoe domuHo-g83aumodeticmsue KHeseHazens-ezemepo-Aunsca-Ansdepa u npusodum K o6pa3osaHuro
HoeoUl eemepoyuknuveckol cucmembl — 2,2a,3,4,5,6,6a,8-okmazudpousoxpomeHof4,3-cj[2,1]6eH3omuasuH 7,7-0u-
oKkcuda. M3ydyeHue aHmMUMUKpOoBOHOU akmu8HOCMU CUHMEe3UpO8aHHbIX COeOUHeHUU Mo0380/1Un0 0bHapyxumb
rpou3800HbIe, NPOSBIIAWUE YMEPEHHY akmusHocmb npomus P. aeruginosa u C. albicans.

Until recently the common approach for construc-
tion of an organic compound was consistent forma-
tion of an individual bond using a “step-by-step” for-
mat. Unlike this, “domino-reactions” represent one-
pot processes allowing to construct two or more bonds
in a one step and to obtain a complex compound wi-
thout isolation of intermediates. So, it is not surpri-
sing that such type of reactions becomes more popu-
lar among the synthetic community. The main advan-
tages of a domino reaction are a bond-forming effi-
ciency - formation of a number of bonds in one se-
quence, the structure economy, increase in the struc-
tural complexity, and their suitability for general ap-
plication [1]. Domino-reactions have been success-
fully applied for the synthesis of a skeleton of many
natural compounds in one step based on more sim-
ple precursors, e.g. progesterone [2], daphnilactone
A [3], sophoradiol [4], some alkaloids etc. [5].

CH3 CH3
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Hyc ™ SN CHa HO
O
(6]
(6] OH O.
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Laccaridione A — antiprolifirative [12]

0
CO,CH,

A OH
MO

HO CO2CH3

Rubioncolin B — anticancer [15]

Fig. 1. Some of the natural and synthetic bioactive pyrans.
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Ophioglonin — antihepatitis B virus [13]

Anti-rheumatic [16]

Pyrans are ubiquitous in many important natural-
ly occurring and synthetically available compounds;
they have shown a wide range of biological and phar-
macological activities that include anticancer [6], cyto-
toxic [7], anti-HIV [8], anti-inflammatory [9], antima-
larial [10], antimicrobial [11] and others. Some of the
natural and synthetic bioactive pyrans exhibiting a
diverse kind of pharmaceutical properties are pre-
sented in Fig. 1.

In our previous works we reported on the syn-
thesis of 2-amino-4H-pyrans via the three-component
interaction of 1H-2,1-benzothiazin-4(3H)-one 2,2-di-
oxide with active methylene nitriles and carbonyl com-
pounds (isatins [17], arylcarbaldehydes [18], heteryl-
carbaldehydes [19]) proceeding as a domino Knoevena-
gel/Michael/hetero-Thorpe-Ziegler sequence (Scheme 1).

Such straightforward domino approach turned out
to be a powerful method for the synthesis of new

Et0,C.__CO,Et

Br CN

0" NH,

Ophioglonin — antihepatitis B virus [14]

Cordypyridone D — antimalarial [10]
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Scheme 1. The mechanism of 2-amino-4H-pyrans formation via the three-component format.
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4,6-dihydropyrano[3,2-c][2,1]benzothiazine 5,5-dioxi-
des in a single operation using simple experimental
procedures. In its turn, in recent years derivatives of
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide have be-
come important due to their reported biological ac-
tivities such as a potent antibacterial effect [20] and
their bioisosteric relationships with 2,3-dihydro-4H-
1,2-benzothiazin-4-one 1,1-dioxide core, which is a
structural motif of the well-known analgesic and an-
ti-inflammatory drugs (Piroxicam®, Droxicam® and
Meloxicam®) [21]. The incorporation of two structu-
ral features (2,1-benzothiazine and 4H-pyran) into
the interesting motif may also have some significan-
ce to the design of new therapeutic agents.
Encouraged by our previous successful efforts for
obtaining the 4,6-dihydropyrano[3,2-c][2,1]benzothia-
zine 5,5-dioxide heterocyclic system and aimed to de-
monstrate the efficiency and generality of the three-
component domino approach for their synthesis, here
we report the use of aliphatic aldehydes in the synthe-
sis of 2-amino-4-alkyl-3-cyano-4H-pyrans fused with
the 1H-2,1-benzothiazine 2,2-dioxide core. This study
becomes important since such reactions involving ali-
phatic aldehydes have been studied poorly and rarely
occurred in the literature [22-24]. The one-pot mul-
ticomponent format is a cornerstone for the inter-
action because of inability to apply a stepwise app-
roach [25] in this case. Such limitation is caused by
the reported instability and easy cyclodimerization
of intermediate Knoevenagel products - alkylidene-

malononitriles with formation of 2-aminoisophtha-
lonitrile (Scheme 2A) [26]. We also failed in our at-
tempts to obtain another potentional Knoevenagel in-
termediate in the synthesis of the target fused 2-amino-
4H-pyrans (Scheme 2).

Therefore, previously we aimed to find out the most
suitable reaction conditions for a model three-com-
ponent interaction of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide (1) with malononitrile (2) and
propionaldehyde (3c) (Tab. 1). In general, such three-
component interactions of enolnucleophiles with ac-
tive methylene nitriles and aldehydes are easily con-
ducted when heating in ethanol with basic catalysts
(among which triethylamine, piperidine and morpho-
line are the most common) and result in formation of
2-amino-4H-pyrans in good to excellent yields. The
model reaction was carried out for 1 h using diffe-
rent solvents, as well as the temperature modes in the
presence or in the absence of triethylamine as a cata-
lyst. As one can see (Tab. 1), the reaction proceeded
in different conditions and, interestingly enough, that
product 4c was also formed in the catalyst-free ap-
proach. At the same time the best result was achieved
using ethanol as a solvent with the catalytic amount
of Et;N at room temperature. Therefore, the following
reaction conditions were used as common in our ex-
periments.

To demonstrate the general applicability of the
above-mentioned conditions we introduced other ali-
phatic aldehydes into the reaction studied. As it was
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Table 1

Optimization steps for the model interaction

NH,
CN

o [
@ + CN + H:«xC/\7o — = o
N,so2 CN 1h N’SOZ
1 kCHg 2 3c 4c kCHa
Yield of
Solvent Et;N Temp. mode 4c, %
. not
ethanol equimolar reflux isolated
lyti
ethanol catalytic reflux 60
amount
ethanol catalytic room 75
amount temperature
ethanol none reflux 31
acetonitrile | equimolar room not
temperature isolated
ethanol catalytic 35-40°C 73
amount
ethanol none room traces
temperature

found, the three-component interaction of 1-ethyl-1H-
2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) with ma-
lononitrile (2) and aldehydes 3b-g led to the desired
2-amino-3-cyano-4-alkyl-4 H-pyrans with moderate
to high yields (Scheme 3) when aldehydes with nor-
mal or branched saturated carbon chain were used.
Application of formaldehyde 3a in this interaction al-
lowed us to obtain 4-unsubstituted 4H-pyran deriva-
tive 4a with the yield of 83%. Itis also known from the
literature that only terephthalic aldehyde was used
as representative of dialdehydes in the synthesis of
2-amino-4H-pyrans while other classes of dialdehy-
des were not applied in the interaction studied. In this
regard, glutaric aldehyde (3h) as a new representative
of dialdehydes was used in the current study. When
it was used (0.5 equiv) in the reaction with 1-ethyl-

1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1) and
malononitrile (2), the interaction resulted in forma-
tion of bis-derivative 4h. In general, for the reactions
described the yields slightly decrease when the car-
bon chain length in the aldehyde molecule increases.
The simple performance and high yields of the re-
actions given above encouraged us to introduce a,3-
unsaturated aliphatic aldehydes in the interaction stu-
died. To the best of our knowledge, only cinnamic al-
dehyde was successfully applied in the synthesis of
2-amino-4H-pyrans using the multicomponent for-
mat [27]. Thus, we had the opportunity to expand the
data about these interactions. As it was found when
o,-unsaturated aldehydes were reacted under the
conditions mentioned above, a significant decrease
in the process efficiency was observed as compared
with saturated aldehydes. The target 2-amino-4H-py-
ran 4i was obtained only in the case of a-methylcin-
namaldehyde (3i) with the yield of 79%, whereas when
cinnamic (3j) and crotonic (3k) aldehydes were used,
we failed in our attempts to obtain the desired deri-
vatives 4 despite of different conditions applied in the
reaction (Scheme 4). This fact may indicate the cru-
cial role of a-substituent in the initial unsaturated al-
dehyde for the synthesis of 2-amino-4H-pyrans based
on 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide (1).
The same decrease in the process efficiency was ob-
served when citronellal ((R)-3,7-dimethyloct-6-enal)
(31) was introduced in the three-component interac-
tion studied (Scheme 5). We succeeded to synthesize
41 in the yield of 23% by heating of the reaction mix-
ture at 30-35°C in BuOH in the presence of the cata-
lyticamount of Et;N for 20 h with the subsequent re-
crystallisation of the crude product from n-hexane.
Another domino-type interaction toward conden-
sed pyrans, which allows to construct 3,4-dihydro-
2H-pyran core, is domino Knoevenagel-hetero-Diels-
Alder reaction. It can be performed as a two-compo-
nent reaction putting together 1,3-dicarbonyl com-
pound I and aldehyde containing the dienophile moiety
II (Scheme 6) [1, 28]. The first stage of such interac-

NH»
0 o CN Cmp R Yield,
0
@ v N LR _ NOR 4a H 83
NS0 CN EtOH, rt N-SO2 4b Me 85
|\ EtsN (cat. amount)
1 Me 2 3a-h 4a-h “Me 4c Et 75
4d n-Pr 73
4e n-Bu 50
R&o - OA(Q\AO 4f i-Pr 73
2 €q 4g i-Bu 59
3h
EtOH, rt 4h 61
EtzN (cat. amount)
Me Me
4h

Scheme 3. The use of aliphatic saturated aldehydes in the three-component reaction.
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3k:R=CHz X=H

Scheme 4. The use of aliphatic a,B-unsaturated aldehydes in the three-component reaction.
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Scheme 5. The use of citronellal in the three-component reaction.

L 0=

Scheme 6. The mechanism of 3,4-dihydro-2H-pyrans formation.

1-oxa-1,3-butadiene
motety

Knoevenagel
condensation

tion is formation of a,-unsaturated carbonyl com-
pound III, which comprises the 1-oxa-1,3-butadiene
moiety as diene and a double bond as dienophile. The
subsequent intramolecular hetero-Diels-Alder inter-
action with an inverse electron demand leads to fu-
sed 3,4-dihydro-2H-pyran IV.

Different carbocyclic and heterocyclic 1,3-dicar-
bonyl compounds (1,3-cyclohexanediones, indandio-
nes, dimethylbarbituric acid), as well as acyclic 1,3-
dicarbonyl compounds (acetylacetone, acetoacetic es-
ter) were introduced in this interaction. [1, 28, 29].
The common aldehydes applied in such interactions
were O-substituted salicylic aldehydes and aliphatic
aldehydes containing a double bond in the side chain.
The domino Knoevenagel-hetero-Diels-Alder reaction
was used for the synthesis of natural products com-
prising the 3,4-dihydro-2H-pyran core, e.g. tetrahyd-
rocannabinol, secologanin, deoxyloganin, strictosidi-
ne, etc. [30]. Selected representatives of naturally oc-
curring bioactive fused 3,4-dihydro-2H-pyrans are
present in Fig. 2.

CHO “30.35°%C. 20 C, 20h

Et;N (cat. amount), Nk
3i:R= C6H5; X= CH3 CH3
4i,79%
NH»
07X CN
_ X =~ "R
.80, X
Nk 2
4k CH
NH»

_BUOH, EGN_

4l; 23%

Dienophife

R4
(0]
x

R2

Hetero-Diels-Alder
reaction

0]

Since 1-ethyl-1H-2,1-benzothiazin-4(3H)-one 2,2-
dioxide (1) was similar to 1,3-dicarbonyl compound,
and (R)-3,7-dimethyloct-6-enal (31) represented al-
dehyde containing the dienophile moiety, their inter-
action was also studied to obtain a new condensed
heterocyclic system combining 3,4-dihydro-2H-pyran
and 1H-2,1-benzothiazine 2,2-dioxide cores. The lite-
rature data indicate that this interaction can lead to
three different products, which are the result of three
different domino reactions (Scheme 7).

The reaction conditions studied were AcOH/rt/24h,
AcOH/Et,N(equimolar)/rt/24h and DMF/100°C/15h.
In first two cases only the starting benzothiazinone 1
was recovered after the reaction, whereas when the
initial compounds were heated in DMF at 100°C for
15 h, another product was isolated as a light yellow
crystalline powder. The 'H NMR-spectrum of the lat-
ter did not comprise any signals in the region common
for protons bonded to aliphatic sp?-carbon (Fig. 3),
therefore, the structure 7 was desirable for the pro-
duct isolated (Scheme 7).
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(+)-Calanolide A — anti-HIV [8]

Amarogentln — antileishmanial [7]

Lapachone — anticancer,
anti-inflammatory, antibiotic [9]

OH
} l OH
HO OH
HO

Hyperxanthone — anti-tumor [32]

Arisugacin A — anti-Alzheimer's [31]

)
OCHj3

Leporin A — insecticide,
antibacterial [33]

Fig. 2. Some of the naturally occurring bioactive compounds bearing 3,4-dihydro-2H-pyran annulated scaffolds.
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hetero-Diels-Alder !
HO
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8 CHs

Domino Knoevenagel-ene
carbonyl-ene

Scheme 7.

Two stereogenic centres were introduced into the
molecule of 7 (Fig. 4A) during the course of the two-
component interaction. It is known that the similar
domino Knoevenagel-hetero-Diels-Alder reaction in
the case of aromatic o,3-unsaturated aldehydes, either
exclusively or with high preference, leads to cis-cyclo-
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adducts, whereas in the case of aliphatic aldehydes
the reaction provides trans-products with a high se-
lectivity [1, 30]. Previously, the interaction of 1,3-cyclo-
hexanedione with R-citronellal was reported to form
diastereo pure derivative of benzo[c]chromen-1-one
with the translinkage of the rings A and B (Fig. 4) [34].
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Fig. 3. The '"H NMR-spectrum (solvent — CDCl,) of 7.

Fig. 4.

In this connection, we inspired to determine the con-
figuration of the chiral carbons in this tetracyclic de-
rivative 7.

Based on 1D and 2D (COSY) 'H NMR (solvent -
CDClL,), as well as the literature 'H NMR data for simi-
lar citronellal derived products [34] we postulated
the hydrogen shifts of 7 (Fig. 5).

To confirm the postulated shifts and to determi-
ne the configuration of the chiral carbons in 7 the 'H
NMR NOE experiments were carried out via irradia-
tion of protons, being the characteristic for our task
and located at 0.97, 1.48, 1.59, 2.49, 2.73 ppm. Addi-
tionally, these experiments may also help to distin-
guish two CH,-groups bonded to 2-carbon.

Primarily, the protons with 0.97 and 1.59 ppm
clearly corresponding to 5-CH, group and 5-H, res-
pectively, were studied (Fig. 6, 7). The results indi-
cated that proton 6a with the shift of 2.49 ppm was
below the plane of the cyclohexane ring because of
its response, while proton with 1.59 ppm was irra-
diated, and there was the absence of the response,
while proton with 0.97 ppm was irradiated.

When proton 6a was irradiated at 2.49 ppm (Fig. 8),
there was no any response of protons with 1.48 and

A
a5
1.05-1.20
1.6, 0.%8, 0.01
1.84,1.11, 0,02 1_4’5.".12.001 10 1.14
4,1.24, 0.03 1 .
Fﬂ 144 |142153H  H 1,79-1.88
274, 1.1, 001 H 3
\.) A 5 115,149, 0.01 g H

2.5, 148,001

1.48 248 0

1.3, 251, 0.01 i‘.

I 096, 1.58. 0.0

,,,,,

F1 Chernical Shift (ppm)
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4.06-4.39
CHg4
o 1,27
] 40
128,398,003
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Fig. 5. Two-dimensional '"H NMR (COSY, CDCIl, showed only aliphatic region) and estimated 'H chemical shifts for 7.
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Chemical Shift (ppm)

Chemical Shift (ppm)

Fig. 8. The '"H NMR NOE experiment — 2.49 ppm.

1.44 ppm. This clearly proves the trans-configuration
of protons 6a and 2a and together with abovemen-
tioned experiments indicates that 2-CH, with the shift
of 1.14 ppm is below of the pyran ring, and 2-CH, with
the shift of 1.44 ppm is up of the pyran ring.

Our attempt to confirm the conclusion about con-
figuration of 2a and 6a by irradiation of 2a proton

36

(1.48 ppm) did not succeed. The results of the NOE
experiment in this case were complicated (Fig. 9) due
to associated resonation of 2a (1.48 ppm), 2-CH,
(1.44 ppm) and 5-H (1.57-1.67 ppm) protons under
irradiation impulse. Nevertheless, owing to this expe-
riment we were able to explain the significant diffe-
rence in chemical shifts of 2-(CH,), methyl groups.
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Fig. 11. The confirmed structure of 7.

This is most probably due to the unshielded influence
of the benzene ring toward the equatorial bonded
2-CH, group (the NOE effect of 2-CH, with 13-H).

Finally, the NOE experiment by irradiation of pro-
ton with 2.73 ppm was carried out (Fig. 10). It con-
firmed the results previously obtained and proved at-
tachment of the irradiated proton to 6-H. Thus, this
proton is below the cyclohexane ring. Significant down-
field shifting of this proton can be explained by a short
contact with the oxygen atom of the SO,-group.

Therefore, we can assert that the hetero-Diels-Al-
der interaction studied represents a stereospecific pro-
cess allowing to obtain diastereo pure 2H-3,4-dihydro-
pyran 7 with the trans-linked pyran and cyclohexane
cores in a nearly quantitative yield (Fig. 11). All NOE
experiments are well correlated with the postulated
chemical shifts for hydrogen of 7.

Considering the high antimicrobial activity of py-
ran-annulated compounds previously reported (Fig. 1, 2)
in this work the antibacterial activity of compounds
4a-i,] and 7 against Gram positive (S. aureus ATCC
6538 and B. subtilis ATCC 6633) and Gram negative

(E. coli ATCC 8739 and P, aeruginosa ATCC 9027) bac-
terial strains, as well as the antifungal activity against
the fungal strain of C. albicans (ATCC 10231) were
studied in vitro by the double serial dilution method
in the liquid growth medium [35]. Stock solutions of
the test compounds were prepared using dimethyl-
sulphoxide (DMSO0) as a solvent. Since DMSO posses-
sed a moderate antimicrobial activity [36], it was used
as a reference antimicrobial drug. The minimum con-
centration, at which no growth was observed, was ta-
ken as the minimum inhibitory concentration (MIC)
value. The comparison of the MICs (ug/mL) of the
compounds under research and the reference drug
against the strains tested are presented in Tab. 2.

The results showed that most of the compounds
tested did not reveal any antimicrobial activity or pos-
sess a slight antimicrobial effect. However, formalde-
hyde, pentanal and isobutyraldehyde derived pro-
ducts showed the antimicrobial activity against the
strains of P. aeruginosa and C. albicans. We have re-
ceived an interesting result for a-methylcinnamic al-
dehyde 4i and citronellal derived products 41, 7. These
compounds have been proven to be promoters of the
microbial growth and can be used as modifiers of the
culture medium to improve its properties.

Experimental Part

Starting aldehydes and active methylene nitriles
were commercially supplied and used without fur-
ther purification. Starting 1-ethyl-1H-2,1-benzothia-
zin-4(3H)-one 2,2-dioxide was obtained according
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Table 2

The data of the antimicrobial activity for compounds
4a-i,l and 7 under research

5 MIC (ug/mL)
€ 59 S | 89 =538
S | B | “B| 4B | 5E|S°¢
< < < S|V
4a 250 125 250 62.5 125
4b 125 125 125 125 125
4c 250 250 125 250 250
4d 250 125 250 250 125
4e 250 125 125 62.5 62.5
4f 250 250 125 125 62.5
49 500 500 500 500 500
4h 250 125 125 250 125
4i growth | growth | growth | growth | growth
4] 500 500 500 growth | growth
7 growth | growth | growth 500 | growth
DMSO* 275 137.5 137.5 275 550

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

to the procedure previously described [17]. Dry DMF
was prepared in accordance with the standard me-
thod. Melting points were determined on a Gallen-
kamp melting pointapparatus, Model MFB-595 in open
capillary tubes. 'H NMR-spectra were recorded on a
Varian Mercury MR-400 instrument using DMSO-d,
(for 4a-i) or CDCI, (for 41, 7) as solvents and TMS as
an internal standard. The *C NMR experiment for 7
was performed using a Varian Mercury MR-400. Ele-
mental analyses were carried out using a Carlo Erba
CHNS-0O EA 1108 analyzer.

The general procedure for the synthesis of 2-
amino-6-ethyl-4-R-4,6-dihydropyrano|3,2-c][2,1]
benzothiazine-3-carbonitrile 5,5-dioxides 4a-i

To the solution of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol), malono-
nitrile 2 (0.066g, 0.001 Mol) and appropriate alipha-
tic aldehyde 3a-g,i (0.001 Mol) or 3h (0.0005 Mol)
in ethanol (5-10 mL) add the catalytic amount of tri-
ethylamine. Allow the mixture to stand at room tem-
perature for 1 h until the precipitate of the target 2-
amino-4H-pyran derivative is gradually formed. Fil-
ter the resulting precipitates 4a-i, wash with cooled
ethanol, then dry in the air and recrystallize from
ethanol.

Aldehyde 3a is used as 40% aqueous solution
(0.075 g of the solution contains 0.001 Mol of alde-
hyde), and aldehyde 3i is used as 50% aqueous so-
lution (0.11 g of the solution contains 0.0005 Mol of
aldehyde).
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2-Amino-6-ethyl-4,6-dihydropyrano[3,2-c][2,1]
benzothiazine-3-carbonitrile 5,5-dioxide (4a). Yield -
0.25 g (83%), a light yellow fine crystalline powder.
M. p.-231-233°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 5, ppm (J, Hz): 1.18 (3H, t,/ = 7.02, NCH,CH,);
3.28 (2H, s, CH pyran); 3.98 (2H, q,/ = 7.02, NCH,CH,);
7.23 (2H,s,NH,); 7.33 (1H,t,/=7.63,H-9); 7.49 - 7.55
(1H, m, H-7); 7.58-7.65 (1H, m, H-8); 7.81 (1H, d,
J =7.32, H-10). Found, %: C 55.58; H 4.67; N 14.02;
S 10.81. C,,H,5N,0,S. Calculated, %: C 55.43; H 4.32;
N 13.85; S 10.57.
2-Amino-6-ethyl-4-methyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-dioxi-
de (4b). Yield - 0.27 g (85%), white needles. M. p. -
205-207°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 5, ppm (/, Hz): 1.15 (3H, t,/ = 7.02, NCH,CH.,);
1.36 (3H,d,/=6.71, CHCH,); 3.53 (1H, g,/ = 6.61, CH
pyran); 3.98 (2H, g,/ = 7.02, NCH,CH,); 7.21 (2H, br.s,,
NH,); 7.31-7.37 (1H, m, H-9); 7.51-7.56 (1H, m, H-7);
7.59-7.64 (1H, m, H-8); 7.83 (1H, dd, J = 8.09, 1.37,
H-10). Found, %: C 57.03; H 5.07; N 13.41; S 10.33.
C,sHN;0,S. Calculated, %: C 56.77; H 4.76; N 13.24;
S, 10.10.
2-Amino-4,6-diethyl-4,6-dihydropyrano[3,2-c]
[2,1]benzothiazine-3-carbonitrile 5,5-dioxide (4c).
Yield - 0.25 g (75%), colourless prisms. M. p. - 193-195°C
(EtOH). 'H NMR-spectrum (400 MHz, DMSO-d,), 9,
ppm (J, Hz): 0.80 (3H, t,] = 7.4, CHCH,CH,); 1.15 (3H,
t,/ = 7.0, NCH,CH,); 1.59-1.82 (2H, m, CHCH,CH,);
3.62 (1H, t,J = 3.9, CH pyran); 3.99 (2H, q,J = 7.0,
NCH,CH,); 7.24 (2H,s,NH,); 7.33 (1H,t,/ = 7.6, H-9);
7.53 (1H,d,J=8.3,H-7); 7.58-7.65 (1H, m, H-8); 7.83
(1H,d,J = 7.9, H-10). Found, %: C 57.73; H 4.95; N
12.89; S 9.35. C,,H,,N,0.S. Calculated, %: C 57.99; H
5.17; N 12.68; S 9.68.
2-Amino-6-ethyl-4-propyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-dioxi-
de (4d). Yield - 0.25 g (73%), colourless prisms.
M. p.-190-192°C (EtOH).'H NMR-spectrum (400 MHz,
DMSO0-d,), 6, ppm (J,Hz): 0.84 (3H,t,/=7.21, CH,CH,CH,);
1.15 (3H,t,/=6.97, NCH,CH,); 1.28 (2H, sxt, ] = 7.5,
CH,CH,CH,); 1.56-1.75 (2H, m, CH,CH,CH,); 3.59 (1H,
t,/=4.16, CH pyran); 3.99 (2H, q,/ = 6.68, NCH,CH,);
7.24(2H,br.s, NH,); 7.33 (1H,t,/ = 7.58, H-9); 7.50-7.57
(1H, m, H-7); 7.58-7.66 (1H, m, H-8); 7.83 (1H, d,
J=7.83,H-10). Found, %: C 59.32; H5.81; N 12.38; S
9.03. C,;H,4,N,0,S. Calculated, %: C 59.11; H 5.54; N
12.17; S, 9.28.
2-Amino-6-ethyl-4-butyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-dioxi-
de (4e). Yield - 0.18 g (50%), colourless prisms.
M. p.-178-180°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 8, ppm (J, Hz): 0.80 (3H,t,/=6.71, CH,CH,
CH,CH,); 1.14 (3H, t, / = 7.02, NCH,CH,); 1.18-1.33
(4H, m, CH,CH,CH,CH,); 1.57-1.78 (2H, m, CH,CH,CH,
CH,); 3.60 (1H, t, ] = 4.43, CH pyran); 3.99 (2H, q,
J=7.02,NCH,CH,); 7.24 (2H,s,NH,) 7.33 (1H,t,/ = 7.63,
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H-9); 7.50-7.57 (1H, m, H-7); 7.58-7.65 (1H, m, H-8);
7.83 (1H, dd, J=7.93, 1.22, H-10). Found, %: C 59.97;
H5.72; N 11.40; S9.07. C,H,,N,0.S. Calculated, %: C
60.15; H 5.89; N 11.69; S, 8.92.
2-amino-6-ethyl-4-(propan-2-yl)-4,6-dihydro-
pyrano[3,2-c][2,1]benzothiazine-3-carbonitrile 5,5-
dioxide (4f). Yield - 0.25 g (73%), colourless prisms.
M. p.-213-215°C (EtOH). 'H NMR-spectrum (400 MHz,
DMSO0-d,), 5, ppm (/, Hz): 0.72 (3H, d,]/ = 6.59, CH(CH,),);
1.01 (3H, d, J = 6.86, CH(CH,),); 1.15 (3H,t,/ = 7.00,
NCH,CH,); 2.11 (1H, dtd, ] = 13.52, 6.70, 6.70, 2.74,
CH(CH,),); 3.46 (1H,d,J = 2.47, CH pyran); 4.01 (2H,
q,J = 7.14, NCH,CH,); 7.29-7.39 (3H, m, NH,, H-9);
7.52-7.59 (1H, m, H-7); 7.59-7.67 (1H, m, H-8); 7.86
(1H, d, J = 7.68, H-10). Found, %: C 59.11; H 5.54; N
12.17; S 9.28. C;,H,,N,0.S. Calculated, %: C 59.43; H
5.77; N 11.81; S, 9.03.
2-Amino-6-ethyl-4-(2-methylpropyl)-4,6-di-
hydropyrano[3,2-c][2,1]benzothiazine-3-carbo-
nitrile 5,5-dioxide (4g). Yield - 0.10 g (59%), colour-
less prisms. M. p. - 172-174°C (EtOH). 'H NMR-spect-
rum (400 MHz, DMSO-d,), 5, ppm (/, Hz): 0.83 (3H, d,
J=6.85,CH,CH(CH,),); 0.92 (3H, d,/ = 6.60, CH,CH(CH,),);
1.16 (3H, t, J = 7.09, NCH,CH,); 1.46-1.61 (2H, m,
CH,CH(CH,),); 1.80-1.92 (1H, m, CH,CH(CH,),); 3.51
(1H,dd,J=7.95,4.03, CH pyran); 3.99 (2H, q,/ = 6.93,
NCH,CH,); 7.29 (2H,s,NH,); 7.33 (1H,t,/ = 7.70, H-9);
7.50-7.55 (1H, m, H-7); 7.58-7.65 (1H, m, H-8); 7.86
(1H, dd, J = 7.95, 1.34, H-10). Found, %: C 60.03; H
5.98; N 11.45; S 8.63. C;4H,,N,0,S. Calculated, %: C
60.15; H 5.89; N 11.69; S, 8.92.
1,3-bis(2-amino-6-ethyl-4,6-dihydropyrano
[3,2-c][2,1]benzothiazine-3-carbonitrile-4-yl 5,5-
dioxide)propan (4h). Yield - 0.21 g (61%), a light
yellow powder. M. p. > 250°C (EtOH). *H NMR-spect-
rum (400 MHz, DMSO-d,), 9, ppm (/, Hz): 1.13 (6H, t,
J=6.59, 2xNCH,CH,); 1.30-1.42 (2H, m, CH,CH,CH,);
1.58-1.70 (2H, m, CH,CH,CH,) 1.72-1.83 (2H, m, CH,
CH,CH,); 3.57 (2H, t,] = 4.10, 2xCH pyran); 3.94 (4H,
q,/ = 7.14, 2xNCH,CH,); 7.21 (4H, s, 2xNH,); 7.33
(2H,t,J = 7.55,H-9, H-9"); 7.52 (2H, d, ] = 8.51, H-7,
H-7); 7.59-7.65 (2H, m, H-8, H-8'); 7.81 (2H, d, ] = 7.96,
H-10, H-10’). Found, %: C 57.72; H 4.39; N 13.25; S
10.14. C,,H,;,N,O.S,. Calculated, %: C 57.57; H 4.68;
N 12.99; S,9.92.
2-Amino-6-ethyl-4-(1-phenylprop-1-en-2-yl)-4,6-
dihydropyrano([3,2-c][2,1]benzothiazine-3-carbo-
nitrile 5,5-dioxide (4i). Yield - 0.33 g (79%), white
needles. M. p. - 198-200°C (EtOH). '"H NMR-spect-
rum (400 MHz, DMSO-d,), 9, ppm (J, Hz): 1.15 (3H,
t,J=6.86, NCH,CH,); 1.74 (3H, s, =C-CH,); 3.92-4.01
(2H, m, NCH,CH,); 4.26 (1H, s, CH pyran); 6.50 (1H,
s, =CH-C,H.); 7.17-7.39 (8H, m, H-9, NH,, C,H.); 7.53
(1H, d, J = 8.23, H-7); 7.59-7.66 (1H, m, H-8); 7.87

(1H, d, J = 7.68, H-10). Found, %: C 65.71; H 5.18; N
10.29; S 7.52. C,,H,,N,0.S. Calculated, %: C 65.85; H
5.05; N 10.02; S 7.64.

The procedure for the synthesis of 2-amino-
6-ethyl-4-[(2R)-2,6-dimethylhept-5-en-1-yl]-4,6-
dihydropyrano[3,2-c][2,1]benzothiazine-3-car-
bonitrile 5,5-dioxide (41)

To the solution of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol), malono-
nitrile 2 (0.066 g, 0.001 Mol) and citronellal ((R)-3,7-
dimethyloct-6-enal) 31 (0.154 g, 0.001 Mol) in n-bu-
tanol (10 mL) add the catalytic amount of triethyl-
amine. Heat the mixture at 30-35°C for 20 h. Dilute
the resulting mixture with 50 mL of n-hexane, and
wash the oily product formed with 30 mL of n-hexane.
The white solid precipitate of 4j is formed under in-
tensive friction of the oily product in n-hexane. Rec-
rystallize the precipitate from n-hexane, then filter,
wash with n-hexane and dry in the air to yield the
pure product 41.

Yield - 0.10 g (23%), a white powder. M. p. -
137-139°C. 'H NMR-spectrum (400 MHz, CDCL,), 9,
ppm (J, Hz): 0.87-1.12 (3H, m); 1.13-1.46 (5H, m);
1.47-1.79 (8H, m); 1.81-2.03 (3H, m); 3.70-3.81 (1H,
m, CH pyran); 3.97-4.13 (2H, m, NCH,CH,); 4.71 (1H,
s, NH,)*; 4.98-5.17 (1H, m, HC=C(CH,),); 7.17-7.28
(2H, m, Ar); 7.47-7.57 (1H, m, Ar); 7.72 (1H, d, ] = 6.60,
H-10). Found, %: C 64.61; H 6.84; N 9.83; S 7.50.
C,;H,4N,0,S. Calculated, %: C 65.01; H 7.12; N 9.55;
S7.22.

The procedure for the synthesis of (2aR, 5R,
6aR)-8-ethyl-2,2,5-trimethyl-2,2a,3,4,5,6,6a,8-
octahydroisochromeno[4,3-c][2,1]benzothia-
zine 7,7-dioxide (7)

Heat the solution of 1-ethyl-1H-2,1-benzothiazin-4
(3H)-one 2,2-dioxide 1 (0.225 g, 0.001 Mol) and citro-
nellal ((R)-3,7-dimethyloct-6-enal) 31 (0.154 g, 0.001 Mol)
in DMF at 100°C for 15 h and dilute with water. To the
resulting oily dark precipitate add methanol (10 mL),
and boil the mixture until dissolution of the precipi-
tate. Allow to stand the solution obtained at room tem-
perature. Filter the crystalline precipitate formed,
wash with methanol and dry in the air.

Yield - 0.35 g (97%), a light yellow crystalline pow-
der. M. p. - 133-135°C (MeOH). *H NMR-spectrum
(400 MHz, CDCL,), §, ppm (/, Hz): 0.97 (3H, d, ] = 6.60,
CHCH,); 1.05-1.20 (6H, m, C(CH,),, H-3, H-4, H-6); 1.27
(3H,t,J = 6.95, NCH,CH,); 1.42-1.53 (4H, m, C(CH,),,
H-2a); 1.57-1.67 (1H, m, H-5); 1.79-1.88 (2H, m, H-3,
H-4); 2.49 (1H,td,J = 11.07, 2.81, H-6a); 2.73 (1H, d,
J=12.72, H-6); 3.89-4.06 (2H, m, NCH,CH,); 7.11-7.20
(2H, m, H-9, H-11); 7.36-7.43 (1H, m, H-10); 7.76 (1H,
d,J =7.83, H-12). 3C NMR-spectrum (100 MHz, CDCL,):
o (ppm) 13.92,19.73, 22.25, 27.24, 32.29, 34.65, 34.95,

*When CDCl, was used instead of DMSO-d, in *H NMR experiments involving 4l, the signal of 2-NH, group shifts upfield significantly.
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38.69, 42.05, 47.37, 80.16, 114.02, 117.92, 121.21,
122.89,124.76,130.34, 137.50, 149.76.

The general method for the study of the anti-
microbial activity (double serial dilution method in
the liquid growth medium)

Into the six test-tubes add 1 mL of the broth. Af-
ter that add 1mL of the compound studied in DMSO
solution in the concentration of 1000 pug/mL into the
first test-tube and mix thoroughly the solution obtai-
ned. Transfer 1 mL of the solution from the first test-
tube into the second one. Thoroughly mix the solu-
tion in the second test-tube, transfer 1 mL of the re-
sulting solution into the third test-tube and so on up
to the sixth test-tube. Pour 1 mL of the solution from
the sixth test-tube to have the equal volume in all of
the test-tubes. Thus, the concentrations of the com-
pounds studied are 500, 250, 125, 62.5, 31.25, 15.62
ug/mL in the test-tubes from the first to the sixth one.
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