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1,2-Benzoxathiin-4(3H)-one 2,2-dioxide —

an underinvestigated building block with a high
synthetic and pharmacological potential:
synthesis, chemical properties,

biological activity

Aim. To analyze the available literature data on the methods of synthesis, chemical transformations and
the biological activity of derivatives containing a sultone core — 1,2-benzoxathiin-4(3H)-one 2,2-dioxide — and to
show the possibilities of their further use in the construction of new molecular systems with attractive pharma-
cological properties.

Results and discussion. The most widespread method for the synthesis of 1,2-benzoxathiin-4(3H)-one
2,2-dioxides is the cyclization of salicylic acid derivatives. The known chemical transformations of 1,2-benzoxathiin-
4(3H)-one 2,2-dioxides deal with all reaction centers of the heterocyclic fragment of the condensed system
— C=0 and CH, groups, SO,~-O bond, CH,CO fragment as a whole. It should be noted that the oxathiine nu-
cleus is prone to undergo recyclizations. The use of 1,2-benzoxathiin-4(3H)-one 2,2-dioxides in multicomponent
transformations still remains hardly explored. The “abnormal” course of some classical transformations involving
1,2-benzoxathiine 2,2-dioxides is also noteworthy. The study of the pharmacological properties of 1,2-benzox-
athiin-4(3H)-one 2,2-dioxide derivatives is scarce and mainly based on their structural similarity to the coumarin
core, which led to the study of anticoagulant, antimicrobial and antitumor properties for the sultone derivatives.

Conclusions. The analysis has shown a limited number of studies in each aspect — approaches to the syn-
thesis of 1,2-benzoxathiin-4(3H)-one 2,2-dioxides, their chemical transformations and the study of their phar-
macological activity. In addition to a small number of publications on this heterocyclic system, there have been
almost no sultone studies in the last 20 years. Taking this into account 1,2-benzoxathiin-4(3H)-one 2,2-dioxide
and its derivatives deserve close attention as objects of research for experimental chemistry and pharmacology.
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HauioHanbHul chapmauyesmuyHull yHisepcumem MiHicmepcmea oxopoHu 300poe’s YkpaiHu, YkpaiHa

1,2-BeH3okcartiiH-4(3H)-0oH 2,2-aiokcup — manogocnigxeHun 6inanHr-6nok

i3 BACOKMM CUHTETUYHMUM Ta (papMaKonoriYHMM nNoTeHLuianom:

CUHTEe3, XiMiYHi BnacTUBOCTI, 6ionoriyHa akTUBHIiCTb

Merta. lMpoaHanisyBaTi HasiBHi NiTepaTypHi AaHi WOAO METOAIB CUHTE3Y, XiMIYHMX NepeTBOpeHb Ta Gionoriy-
HOI aKTMBHOCTI NOXiAHUX, SKi MICTSTb Y CBOEMY CKNafi a4po cynstoHy — 1,2-6eH3okcariii-4(3H)-0H 2,2-giokenay
Ta nokasatu MOXIMBOCTI iX NoAanbLLOro BUKOPUCTAHHS Yy NoOyA0Bi HOBUX MOMEKYNSIPHUX CUCTEM 3 NpuBabnu-
BUMU (papMaKosoriYHMMM BNaCcTUBOCTSIMU.

Pe3ynkrati Ta ix 06roBopeHHs. HanbinbLu nonynspHn MeTod Ansa cuHTesy sapa 1,2-6eHsokcariin-4(3H)-oH
2,2-giokenaiB — UMKmisadis noxigHMx caniumnoBoi KUCnoTu. Bigomi ximivHi nepetBopeHHs 1,2-6eH3okcartiiH-4(3H)-
OH 2,2-piokcunais 3adinatoTb YCi peakUiiHi LeHTpW reTepoLmnKivyHOro doparmeHTa KoHgeHcoBaHoi cuctemm — C=0 Ta
CH, rpynu, SO,-0 3B’azok Ta CH,CO doparmeHT y Liniomy. BapTo 3a3HaqmTy, L0 OKCaTiiHOBE AAPO CXWUIbHE [0
peumknizauinHux nepeTBopeHb. BukopuctanHs 1,2-6enHsokcartiin-4(3H)-oH 2,2-giokcnais y 6araToKOMMOHEHTHUX
NnepeTBOPEHHSAX AOCi 3anMLIaeTbCa Make He AOCHiMKeHNM. Takox 3BepTae Ha cebe yBary «aHoManbHUi» nepe-
Oir Aesiknx KnacuyHMX NepeTBopeHb 3a yyacTio 1,2-6eH3okcarTiiH 2,2-giokeunais. JocnigkeHHs hapMakonoriyHnx
BractuBocTen noxigHux 1,2-6eHsokcatiiH-4(3H)-0H 2,2-giokcmay HOCUTb OOUHWMYHWIA XapakTep Ta 6a3yeTbes
Ha X CTPYKTYPHIll CXOXOCTi 3 AAPOM KyMapyHy, L0 3yMOBUIO BUBYEHHSI aHTUKOArynAHTHUX, MPOTUMIKPOOHMX Ta
NPOTUNYXITMHHMX BNACTUBOCTEN ANSi NOXIQHUX LbOro CYIbTOHY.

BucHoBku. [poBeaeHuin aHania 3acBigunB 0bMeXxeHy KinbKiCTb AOCNIIKEHb LWOA0 KOXHOro acnekTy — nia-
xopfiB Ao cuHTesy 1,2-6eH3okcariiH-4(3H)-0H 2,2-nioKcnaiB, BUBYEHHS X XiMIYHMX NEPETBOPEHb Ta hapMaKoso-
riYHOT akTMBHOCTI. OKpiM HE3HAYHOI KiNbKOCTI NyonikaLil, Ae BUCBITIEHO OCOBNMBOCTI L€l reTepOoLMKITIYHOI CrcC-
Temu, ocTtaHHi 20 pokiB Maimke Hemae pobiT 3 4ocnifKeHb CynbTOHY. 3 ornagy Ha ue, 1,2-6eHsokcartiiH-4(3H)-oH
2,2-niokeua Ta MOro noxigHi 3acnyroBytoTb Ha NUIMbHY yBary sik 06’eKTU AOCNIOXKEHHS ANs eKCrnepuMeHTanbHol
Ximii Ta pbapmakonorii.

Knrovoei crioea: cynbTOH; OKCaTiiH; reTepoumKnisauis; MeTUNEHaKTUBHI KETOHK; BionoriyHa akTUBHICTb
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Fig. 1. The general structure and peculiarities of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1)

Nowadays, organic chemistry deals with an incre-
dible number of molecular platforms, and it is extre-
mely difficult to find a relatively simple organic com-
pound, which is underinvestigated with respect to its
chemical and/or biological properties. Nevertheless,
1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1) appeared
to be one of such ‘dark places’ in organic chemistry
(Fig. 1). To date, chemical databases provide only about
20 works concerning benzoxathiinone 1. Moreover,
issues of the biological activity and multicomponent
interactions for it have been hardly studied until now.
Such a state of affairs is strange as compound 1 com-
prises two attractive structural moieties. The first one
is a B-keto sulfone fragment that allows a molecule
to be a versatile synthetic intermediate used for the pre-
paration of diverse classes of organic compounds [1].
The second one is a sultone fragment, which is re-
sponsible for many kinds of pharmacological activi-
ties mainly concerned with their toxicological, skin
sensitization, antiviral, carbonic anhydrase inhibitory
properties, etc. [2-4]. Furthermore, in recent decades
sultones have become valuable scaffolds widely used
as building blocks in the field of medicinal chemistry
and were described in several reviews [5, 6].

Besides, benzoxathiinone 1 may gain the additio-
nal value due to its isosteric relationships. At the begin-
ning of the XX™ century the concept of isosterism be-
came especially relevant in medical chemistry:. It still
remains a powerful tool for the purposeful search of
new biologically active substances [7, 8]. The isosteric

replacement changes one or more characteristics of
the molecule: size, shape, hydrophobicity, solubility,
pKa, reactivity. Such changes make it possible to in-
crease the selectivity of the compound, reduce its side
effects and toxicity, improve pharmacokinetic charac-
teristics and increase the metabolic stability. From
this point of view, 1,2-benzoxathiin-4(3H)-one 2,2-di-
oxide (1) core can be considered as isostere, first of all,
to such a well-known pharmacophore as 4-hydroxy-
coumarin A (Fig. 2). Among the derivatives of the lat-
ter there are anticoagulants of the indirect action, vi-
tamin K inhibitors - warfarin, dicoumarol and others [9].
Secondly, the structural analog of this compound is
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide B, which
derivatives have shown high efficacy in the treatment
of pain and inflammation, and even greater activity
compared to such known NSAIDs as Piroxicam® and
Meloxicam® [10, 11].

This review focuses on developments in chemistry
and pharmacology of 1,2-benzoxathiin-4(3H)-one 2,2-
dioxide (1) derivatives, including our achievements
in this field. We hope the review will encourage, guide
and intensify further research in the topic of sultone
1, resulting in a breakthrough in the search for new
medicines.

Results and discussion

Alot of methods have been developed for the pre-
paration of sultones. The classical approach to their
synthesis is the intramolecular cyclization of aromatic
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Fig. 2 Isosteric relationships of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1) with 4-hydroxycoumarin A

and 1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide B
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Scheme 1. Synthesis of sultone 1 based on 2-hydroxy-a-sulfamoylacetophenone (3)

hydroxysulfonic acids under the action of the concentra-
ted sulfuric acid, phosphorus pentachloride or phos-
phorus oxychloride [12]. Other methods involve the intra-
molecular Diels-Alder reaction of vinyl sulfonates [13],
sulfonate metathesis reactions [14, 15], the cycliza-
tion reactions of sulfonates using organometallic ca-
talysts containing copper, palladium, rhodium, ruthe-
nium, etc. [12, 16, 17]. According to these methods
sultons with different cycle sizes, mono- and polycyc-
lic, saturated, unsaturated and condensed with aro-
matic systems can be synthesized.

Regarding the approaches to the synthesis of sul-
tone 1 some works describe the methods where it was
not the targeted one or turned out to be an unexpec-
ted product of another interaction studied. An examp-
le of such transformations is the acidic hydrolysis of
2-hydroxy-a-sulfamoylacetophenone (3) presented
by the authors Uno et al. [18]. In the process of the ca-
talytic hydrogenation of 3-sulfamoylmethyl-1,2-ben-
zisoxazole (2) two products were obtained: 2-hydr-
oxy-a-sulfamoylacetophenone (3) and its imine 4.
While studying the chemical properties of the hydro-
genated products the authors tried to hydrolyze the com-
pound 3. In the case of using 5% solution of hydro-
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Scheme 2. Application of o-hydroxy-a-bromoacetophenone (5)
in the synthesis of sultone 1

S
HSO3
POCI;

Me O M o)
R © N
SOCl, R" H,0, >
R"  4-fold exc. SO AcOH
Me CH Me o~
6 7
R'=R"=H
R'=H', R"=Me
R'=Me, R"=Me

2
3

chloric acid an unexpected cyclic product was ob-
tained - 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1)
with the yield of 98% (Scheme 1).

A purposeful synthesis of this heterocyclic system
was first described by King et al. [19] (Scheme 2).
[t was based on the interaction of o-hydroxy-a-bromo-
acetophenone (5) with hydrosulfites in the presence
of phosphorus oxychloride.

The method proposed by W. Berbiery et al. [20]
was similar by its logic. Authors reported the synthe-
sis of a group of stable, crystalline 1,2-benzoxathian-
4-one S-oxides 7, which could be easily obtained by
refluxing the corresponding hydroxy ketones with four
parts of SOCL, for 1 h. The latter were oxidized by H,O,
to give the target benzoxathiinones 1. Another cycli-
zing agent used in the reaction with propiophenone
8 was chlorosulfonic acid [21]. A drawback of the ap-
proach is the formation of a mixture of the benzo-
xathiinone 1 and its 4-Cl analog 9, which, however,
can be easily separated (Scheme 3).

The papers [22, 23] presented a two-step synthe-
sis of compound 1 by the cyclization of salicylic al-
dehyde methanesulfonates 10 followed by the oxi-
dation of the product 11 formed. However, the total
yield of sultone 1 in these approaches was low, only
about 30% (Scheme 4). Compounds 10 can be easily
obtained from the substituted salicylic aldehydes
by their interaction with methanesulfonyl chloride
(Et,N, DCM, r.t.). It is worth commenting another way
for modification of hydroxylated derivatives 11 into
1,2-benzoxathiine 2,2-dioxides 12 using POCI, /pyri-
dine mixture [24]. The latter gained great attention
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Scheme 3. Heterocyclizations of o-hydroxyphenylketones with thionyl chloride and chlorosulfonic acid in the synthesis of sultone 1

6



ISSN 2518-1548 (Online)

XKypHan opraHiyHoi Ta dpapmaueBTu4Hoi Ximii. — 2021. — T. 19, Bun. 2 (74)

ISSN 2308-8303 (Print)

X
R o KOH/P

NaOMe/MeOH
0SO,Me or NaOMe/Me

10

) ) 11 R_:
= O/SOZ

12

R A N
i ATV oy p b
I = o SO, or K>Cr,O7/EL,O R 7

OH

ACzO/HC|O4 1
O/SOZ

1" 1

POCl3, Py, r.t.

—2 D e 42

Scheme 4. Application of salicylic aldehyde methanesulfonates 10 in the synthesis of sultone 1

as a selective carbonic anhdydrase (CA) IX and XII in-
hibitors and can be successfully applied to the treat-
ment of some cancer types [25-27].

Schwender et al. in 1978 patented a new way to
the synthesis of 1,2-benzoxathiin-4(3H)-one 2,2-di-
oxide derivatives [28] (Scheme 5). According to it,
methylsulfonates 14 were obtained by the interaction
of the substituted methyl esters of salicylic acid 13
with methanesulfonyl chloride in the presence of a
base. Further heterocyclization of the latter was car-
ried out by its heating in DMF with sodium hydride
leading to the formation of the target products 1 with
a total yield of 59-76%.

This approach has gained popularity and has been
applied with a variety of conditions in other synthe-
tic investigations [29-31]. For example, authors [29]
performed the heterocyclization of methanesulfona-
te 14 by the action of sodium hydride when cooling
and modifying the conditions of the product isolation.
Arava et al. [30] used sodium hydride in DMSO for
cyclization (the yield of compounds 1 ranged from
47 to 76%). The reaction proceeded well with bromo-,
chloro-, methoxy- and methyl-substituted derivatives 14;
in the presence of the NO,-group the target deriva-
tives 1 could not be obtained. The use of potassium
tert-butoxide or 1,8-diazabicyclo[5.4.0]Jundec-7-ene
(DBU) in THF for the phenyl ester 16 cyclization al-
lowed to obtain 1,2-benzoxathiin-4(3H)one 2,2-di-
oxide (1) with the yield of 70% [31] (Scheme 6).

A similar approach to 1,2-benzoxathiin-4(3H)-
one 2,2-dioxide derivatives was used in the study

COoMe
R1,2,3_(i[ 2 Meso,0l _
|
= Et3N, Etzo
OH or EtsN, Py
13
R':23 =Br, Ph

COZMG
R1.23-L I
0OSO,Me

of Peixoto et al [32]. The synthetic route to benzo-
xathiinone 1 is shown in Scheme 7. The authors used
2-methylresorcinol (17) as a starting material, which
allowed obtaining 1 substituted in the benzene nu-
cleus. After introduction of the aldehyde group into
the 2-methylresorcinol molecule and its conversion
into an ester, one of the hydroxyl groups was regio-
selectively protected with tetrahydropyran (THP).
The free hydroxyl group reacted with methanesul-
fonyl chloride, and the resulting derivative 21 was
cyclized by the action of sodium hydride in DMF.
The tetrahydropyran protection was easily removed
in the acidic medium to give 7-hydroxy-8-methyl-1,2-
benzoxathiin-4(3H)-one 2,2-dioxide (1).

According to the synthetic routes described above
mostly 1,2-benzoxathiin-4(3H)-one 2,2-dioxide deri-
vatives unsubstituted in position 3 of the sultone ring
were obtained. Although the cyclization of acetophe-
nones 6 and 8 is the way of introducing a substituent
in position 3 of the oxathiine moiety, it is still unclear
why various alkanesulfonyl chlorides are not used
in the approach involving alkyl salicylates as starting
reagents (Scheme 7).

Approaches to the synthesis of the benzoxathi-
inone heterocyclic system functionalized in posi-
tion 3 are also described in the literature. These
synthetic pathways were studied in detail by Lowe
et al. As a starting material in a number of studies
3-chromonsulfonic acid chloride (25), which was ob-
tained from the corresponding acid 23, was used [33]
(Scheme 8).
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Scheme 5. The two-step synthesis of sultone 1 based on methyl salicylates 13
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Scheme 6. The two-step synthesis of sultone 1 based on phenyl salicylate (15)
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Scheme 7. 2-Methylresorcinol (17) in the synthesis of sultone 1

THPO

The same authors found that the interaction of
compound 25 with methylamine in ethanol at room
temperature resulted in the formation of an unexpec-
ted enaminoketone - a derivative of benzoxathiino-
ne 26 [33] (Scheme 9). The course of the transfor-
mation 25—26 was explained by the authors as an
ANRORC mechanism accompanied by the opening of
the pyran cycle as the result of the nucleophilic addi-
tion of methylamine (intermediate 27) and the sub-
sequent ring closure with the sultone nucleus formation.

0
Ej\)j/SOSH
“Z>o0

_NaOH _
TEtOH

MeOH, r.t.

HO oS0z

Me

As it was shown in the latter study [34], the fusion
of compound 25 with ammonium acetate led to the
N-unsubstituted enaminone 28 apparently formed by
the same ANRORC way (Scheme 9). Enaminoketone
26 exhibits properties typical for enamines and can
be hydrolyzed to aldehyde 29. The latter exists in the
form of at least 2 tautomers 29A and 29B as it was
confirmed by 'H NMR spectroscopy data.

As a continuation of these studies Lowe et al. used
the synthetic equivalent of sulfonyl chloride 25 - a phenyl

_PCls__
T180°C

Scheme 8. The preparation of 3-chromonsulfonic acid chloride (25) — a starting compound in the synthesis of 3-substituted sultones 1
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Scheme 9. The recyclization of 3-chromonsulfonic acid chloride (25) with methylamine and ammonia
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Scheme 10. The recyclization of 3-chromonsulfonic acid phenyl ester (30) with amines

ester 30, and studied its interaction with a series of
primary and secondary amines [35] (Scheme 10).
The reaction proceeded with the formation of enamino-
ketones 33 by the addition-elimination mechanism
similar to the case of sulfonyl chloride 25. Also, simi-
larly to sulfonyl chloride 25, the fusion of phenyl
ester 30 with ammonium acetate resulted in com-
pound 28 [36].

In order to obtain enaminoketones with the struc-
ture similar to 33, another way was proposed. It con-
sisted in the interaction of aromatic enaminones 34
with chlorosulfonic acid [37]. The result of this in-
teraction was influenced by the temperature mode
applied to it. Thus, at room temperature sulfochlo-
rination was proceeding on the benzene ring giving
derivative 35 (Scheme 11). When the mixture was
heated to 150°C, two equivalents of chlorosulfonic
acid were involved in the reaction so that one of them
reacted with the benzene fragment, and another brid-
ged OH and enaminone substituents of the benzene
ring producing 1,2-benzoxathiin-4(3H)-one 2,2-dioxi-
des 36. The reaction of compound 36 (R! = H) with am-
monia gave the corresponding sulfonamide 37, while
chloro-substituted derivative 36 (R! = Cl) was sur-
prisingly inert in this reaction, and the formation of
the sulfonamide was not observed.

Along with the results of Lowe, W. Berbiery [20] and
R. Meyer [21] the synthesis of 3-substituted deriva-
tives of 1,2-benzoxathine 2,2-dioxide is also presented

o
A NMe Hososcl
Me . |
R1 OH R'=H, CI
34 .
150 °C

Me
CIOZSWN/\
R' o 502 Me

in a number of studies carried out by Ghandi et al.
Their paper [38] provide an easy-performed one-pot
interaction of the substituted 2-hydroxybenzaldehy-
des 38 with the 4-substituted 2-phenylethenesulfo-
nyl chlorides 39 in DMF in the presence of DBU that
led to the formation of benzylbenzo[e][1,2]oxathiin-
4(3H)-one 2,2-dioxides 41 (Scheme 12). Scientists also
managed to isolate the intermediates - 2-formylphe-
nyl-2-phenylethnesulfonates 40 and to investigate
the effect of the solvent on the cyclization process.
In the case of DBU and DMF the above-mentioned sul-
tons were formed. The replacement of DMF with me-
thanol gave 3-(methoxyphenylmethyl)benzo[e][1,2]-
oxathiine 2,2-dioxides 42. The authors suggested that
the formation of 41 and 42 proceeded via the DBU-ca-
talyzed O-sulfonylation/intramolecular Baylis-
Hillman/1,3-H shift or dehydration tandem se-
quences, respectively.

Based on the experimental data and the results
previously published the authors proposed the me-
chanisms for the DBU-catalyzed intramolecular Baylis-
Hillman reaction described. It is illustrated in Scheme 13.
For 41, the in situ generated 40 undergoes the nu-
cleophilic addition of DBU giving the zwitter-ion A.
The subsequent nucleophilic addition of A to the al-
dehyde group affords the intermediate B. The gene-
rated hydroxy-derivative C in the next step is trans-
formed into the final ketone 41 by the DBU-catalyzed
1,3-H shift. For 42, the in situ generated methoxide

(0]

| ~Me
rt. CIO2S 7 N
> Me
R! OH

35

(0]

Me
NH3 conc.

—_—

o)
H2NOZSWN:
R'=H 0/302

37
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36

Scheme 11. The synthesis of sultone 37 involving heterocyclization of aromatic enaminones 34
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Scheme 12. The synthesis of sultone 41 based on DBU-catalyzed O-sulfonylation/intramolecular Baylis—Hillman/1,3-H shift

tandem sequence

anion promotes the intramolecular Baylis-Hillman
reaction, affording intermediates E and F. The latter
is easily transformed into 42 through losing a hydro-

xide-anion.

Continuing the previous studies Ghandi et al. pro-
posed a strategy for the one-pot synthesis of biolo-

gically interesting pentacyclic condensed 1,2-benzo-
xathiine 2,2-dioxide derivatives. It consisted in the in-
teraction of the substituted 2-hydroxybenzaldehy-

des 38, 2-phenylethylene sulfonyl chloride (39) and

4-hydroxycoumarins 43 or 4-hydroxyquinoline (44)
in the presence of ethylenediamine-N,N’-diacetic

R2
i
oL g
_So
o) 2
40 ® o
DBU DBU + MeOH === DBUH + MeO
° o o~ !
Ar 0~ )Ar ¥ 0~ )Ar (OH Ar |
® H, ® H H o !
| DBU DBU o OMe OMe i
SO _s=0 -DBU ! SO e 5
e 03y H 0 >2 07> :
B ¥ E aw F :
OH Ar OH Ar i r 5
e T OMe :
DBU = o —— || :
- — S P S0, !
O/SOZ 1,3-shift S0, " -HO 0 :
} 2 e
(o D e
(0] Ar E
—_— E
o-SO2
4 |

Scheme 13. The mechanisms of products 41 and 42 formation
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EDDA,
reflux 4-20 h

K>CO3, H,O

rt.,2h
=

SO,CI
39

44

EDDA,
reflux 4-20 h

acid (EDDA) [39] (Scheme 14). The interaction pre-
sumably proceeded through the O-sulfonylation/Knoe-
venagel condensation/hetero-Diels-Alder reaction cas-
cade and resulted in derivatives 45-48. It should be
noted that the interaction at the stage of the hetero-
Diels-Alder reaction was non-regioselective with the par-
ticipation of oxygens of the heterodiene system in
the positions 2 and 4.

The reactivity of 1,2-benzoxathiin-4(3H)-one 2,2-
dioxide (1) is connected with the presence of a carbo-
nyl group, an activated methylene group and an en-
docyclic S-0 bond in its structure. It is worth noting that
the direct introduction of substituents in the benzene
ring of 1,2-benzoxathiin-4(3H)-one 2,2-dioxides has
notbeen found in the literature. As it was shown above,
the corresponding substituted starting compounds
were used for the synthesis of the benzene-substi-
tuted derivatives.

The carbonyl group of 1,2-benzoxathiin-4(3H)-one
2,2-dioxide (1) exhibits the chemical properties of ke-
tones, but currently there are only a few studies in this
area. Arava et al. [30] showed the possibility of converting 1

NHOH-HCI o S
T AONa - U

49

minor product
12-19%

major product
49-86%

major product
48-67%

Scheme 14. The one-pot synthesis of the pentacyclic condensed 1,2-benzoxathiine 2,2-dioxide derivatives 45—48

minor product
15-23%

to oximes 49. The latter under the action of alkoxi-
des undergo recyclization with the formation of 1,2-
benzisoxazole-3-methanesulfonates 50, which are im-
portant intermediates for the preparation of an anti-
convulsant zonisamide (Scheme 15).

Another example of the 1,2-benzoxathiin-4(3H)-
one 2,2-dioxide carbonyl group modification is the pre-
paration of enamines. The authors [28] found condi-
tions for the interaction of compound 1 with piperi-
dine (51), which led to the formation of 4-(1-piperi-
dinyl)benzoxathiine 2,2-dioxide (52) with the yield
of 76% (Scheme 16). Considering the fact that in me-
dicinal chemistry sultons are known because of their
anti-inflammatory effects [40] the authors of the cur-
rent work studied and revealed the anti-inflamma-
tory properties of 52, which reduced carrageenan
edema when administered intraperitoneally to rats
(100 mg/kg).

According to the literature data, the vast majority
of chemical transformations known for 1,2-benz-
oxathiin-4(3H)-one 2,2-dioxide (1) occurs with the par-
ticipation of a methylene group, which increased

NOH SO3Na
AN
O,SOQ e = 0
50

R = 5-Br, 5-Cl, 3,5-diClI, 3,5-diBr, 3-OMe, 4-OMe, 5-OMe, 4-Me

Scheme 15. The recyclization of sultones 1 giving 1,2-benzisoxazole-3-methanesulfonates 50

11



ISSN 2308-8303 (Print)

Journal of Organic and Pharmaceutical Chemistry. — 2021. — Vol. 19, Iss. 2 (74)

ISSN 2518-1548 (Online)

()

0 N
+ —_—
O/SOZ N benzene O’SOZ
H
1 51 52

Scheme 16. The preparation of enamines based on sultone 1

reactivity is due to the presence of the neighboring
C=0 and SO,-fragments. Mobility of the CH, moiety
hydrogens results in the keto-enol tautomerism of sul-
tone 1, which can be easily observed in its 'H NMR spect-
rum (Fig. 3). Therefore, 1,2-benzoxathiin-4(3H)-one
2,2-dioxide (1) can be used for synthetic purposes
as an enolnucleophile.

Using this property Schwender et al. proposed
an approach to the functionalization of compound 1
in position 3, which consisted in its interaction with
substituted isocyanates in DMF in the presence of
sodium hydride with the formation of amides 53
(Scheme 17) [28].

In the study on the development of medicines -
coumarin antibiotics, inhibitors of bacterial DNA gy-
rase Peixoto et al. [32] proposed to perform a bioiso-
steric substitution, namely to replace the coumarin
carbonyl group with more polar SO,, expecting that
this would increase the ability of the compound to
inhibit the enzyme. In addition, the high polarity of
the sulfone moiety was to provide better water solu-
bility of the compounds synthesized. For this purpose,
glycosides with noviose sugar 54 and 55 (Scheme 18)
were synthesized; they were further functionalized
by the active methylene group of 1,2-benzoxathiin-
4(3H)-one 2,2-dioxide nucleus.

Compound 54 was obtained by the coupling of 1
with the activated noviose carbonate under BF,-Et,0
conditions. Derivative 55 was prepared by Mitsunobu’s
coupling between pyrrole-containing noviose and sul-
tone 1 (Scheme 18).

0]

SO .S
o S0z 0502

1A

(0] OH O
.R
O O
S0, NaH/DMF ,
o 2 P4 OSOZ
1 53

Scheme 17. The interaction of sultone 1 with isocyanates

Modification of the position 3 of 54 was perfor-
med by its interaction with 3-chlorophenylisocyanate
in the presence of DMAP affording the corresponding
anilide 56 (Scheme 19), which was further subjected
to the lithium perchlorate catalysed opening of the no-
viosyl carbonate portion with O-propargylhydroxy-
lamine to provide a mixture of regioisomeric 3'- and
2'-N-propargyloxycarbamates 57 and 58 in the ra-
tio 4:1, respectively. The mixture was then used in
in vitro experiments without separation. The intro-
duction of an acetyl group in 3-position of sultone 55
by the acetic anhydride was accompanied by the ace-
tylation of 2'-OH of noviose. The hydrolysis of the
2'-acetate fragment with KOMe in MeOH gave 1,2-benzo-
oxathiin 2,2-dioxide 59.

Antibacterial properties were studied for the tar-
get derivatives 57/58 and 59. According to in vitro
studies, compound 59 had twice the ability to inhibit
DNA gyrase compared to a similar compound con-
taining the C=0 group instead of the SO, fragment,
and mixture 57/58 had the same in vitro inhibitory
potency towards DNA gyrase as the aminocoumarin
antibiotic novobiocin produced by the actinomycete
Streptomyces niveus. However, the sultone derivatives
were completely devoid of the antibacterial activity
as their high polarity had a negative effect on the mo-
lecule ability to penetrate cell lipophilic membranes
and thus on its antibacterial activity [32].

Taking into account the structural similarity of
1,2-benzoxathiin-4(3H)-one 2,2-dioxide and 4-hyd-
roxycoumarin cores the authors of the work [23] aimed

OH

1B
OH OH
2N e
%.S0, U %802
L TT T z Y
3‘40 12'.5 12|.0 11I.5 11‘.0 1(?;.5 1(?:.0 9!5 9.0 8:5 810 7T5 710 615 610 515 510
1 (Ma)

Fig. 3. The "H NMR spectrum of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1) (DMSO-d,, 400 MHz), 5, ppm
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Scheme 18. The synthesis of noviose-comprising derivatives of sultone 1

at the synthesis of coumarin anticoagulant analogs.
This was achieved by the Michael addition of the sub-
stituted benzalacetones 60 to sultone 1 (Scheme 20).
The structure of the products isolated strongly de-
pended on the substituents in the benzene portion

of benzalacetones. In this regard, they can exist in
acyclic form 61 or hemiketal form 63, which is ap-
parently formed through enol form 62. The authors
discussed the stereoselectivity of the Michael addi-
tion as well. Analyzing 'H NMR spectra they observed

Me Me Me, Me OH O
MeO. ‘
_3Cl-CeHaNCO 0 XN cl
DMAP,DCM, rit. . _so,
O : 0
)//O Me
54 o) 56
Me Me @\ T D-NH,- HCI
LiCIO4, CsHsN, rit.
57/58 = 4/1
=
57: R’ )kN,o\// 58: R'= H
H

Z

R2=H 2 _ =

R = )J\N’O\/

H
Me, Me 0 1. Ac,O, DMAP, DCM, rt. Me Me 6 0
] MeOL g 2.KOMe, MeOH, 0°C y '890\@ Me
Me N! 0" "o 0502 Mewd“ -0 0502
\ OH Me \ OH Me
55 59

Scheme 19. The synthesis of promising antibacterial agents comprising 1,2-benzoxathiin-4(3H)-one 2,2-dioxide core
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Scheme 20. The synthesis of coumarin anticoagulant analogs

two sets of signals and made a conclusion about acyc-
lic products that comprised a proton at C-3 in quasi-
equatorial and quasi-axial positions. Ketals 64 can
also be obtained from cyclic Michael adducts 63 by
the ordinary procedure. To study anticoagulant pro-
perties, the compounds obtained were orally adminis-
tered to rats (Table). As a reference drug Warfarin
in the dose of 1.25 mg/kg was taken. Twelve hours
after administration of a single dose (330 mg/kg)
of the compounds under research the prothrombin
level decreased by average 25%. The maximum level

of activity was observed in 24 h. It is worth mentioning
that the dose-activity relationship was not linear (when
the dose was decreased twice, the level of activity drop-
ped dramatically).

Lowe et al. thoroughly studied chemical proper-
ties of 1,2-benzoxathiin-4(3H)-one 2,2-dioxides con-
taining the 3-carbaldehyde moiety or its synthetic
analogs.

Using the methylene group reactivity of the star-
ting sultone 1 they synthesized a building block - 4-hyd-
roxy-1,2-benzoxathiine-3-carbaldehyde 2,2-dioxide (29),

Table
The prothrombin time for warfarin and its SO_-analogs after oral administration to rats
Cmp R R? Dose, mg/kg Prothrombin time
12h 24h 36h 48h

61 H H 350 256+2.0 379+35 >50 173+£1.8

61 H H 175 15.0+£1.0 14.6 £ 0.6 13.9+£0.5 -

61 Cl H 330 444+15 >50 159+0.3 -

61 OMe H 330 240+4.6 208+23 16.6 £ 0.9 -

61 Cl cl 330 447 +39 >50 22.7+73 -

63 Cl NO, 330 18.9+£0.6 304 +£9.1 16.4+0.6 -

63 NO, H 330 43.8+3.7 >50 21.8+10.5 -

63 CN H 315 46.8+4.2 >50 18.6 £ 2.1 -

64 NO, H 330 324+74 19.8 £ 3.1 18.1+26 -
Warfarin - 1.25 437+3.4 >50 41.8+6.6 17.4+0.1
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Scheme 21. The synthesis of 4-hydroxy-1,2-benzoxathiine-3-carbaldehyde 2,2-dioxide (29)
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Scheme 22. The interaction of aldehyde 29 with amines and hydrazines

crucial for their research by the interaction of 1 with
N,N-dimethylformamide diethyl acetal (65) followed
by the alkaline hydrolysis (Scheme 21) [41]. The lat-
ter, as mentioned earlier; is characterized by the exis-
tence of two tautomeric forms 29A and 29B.

Further, the authors [41] used 4-hydroxy-1,2-ben-
zoxathiine-3-carbaldehyde 2,2-dioxide (29) for the syn-
thesis of enamines 67 by its interaction with aniline
or sulfamide, as well as for the preparation of hydra-
zones 68 by its interaction with hydrazine and phenyl-
hydrazine. 1,3-Dielectrophilic nature of the starting
aldehyde 29 allowed hydrazones 68 to be cyclized
to the condensed benzoxathiinopyrazoles 69 upon
the subsequent heating (Scheme 22).

Considering the prospects of 4-hydroxy-1,2-ben-
zoxathiine-3-carbaldehyde 2,2-dioxide (29) for the syn-
thesis of condensed heterocyclic systems Lowe et al.
used this compound in further studies to obtain
1,2-benzoxathiin[4,3-d]pyrimidine 5,5-dioxides 70
(Scheme 23) [42]. To form a pyrimidine ring, [3+3]-
cyclocondensation was performed with amidine ace-
tates (formamidinium acetate and guanidinium ace-
tate) by fusing the starting compounds without the use
of a solvent.

A range of 1,2-benzoxathiin[4,3-d|pyrimidine 5,5-
dioxides 70 was then expanded by an approach in-
volving the ability of chromone-3-sulfonic acid phe-
nyl ester (71) to be recyclized by N-nucleophiles [36].
According to the mechanism proposed by the authors
at the first stage there was 1,4-addition of amidine
to the chromone ring with the subsequent deprotona-

N
R "NH,

AcONa, AcOH

H
N. .
OH NTR R-N—N
4
AN AN
o) @(K 100 o)
o 77? o 2 o 7?
68 69

R=H, Ph

tion, recyclization and formation of a condensed sys-
tem of the sultone and pyrimidine rings 70 (Scheme 24).

The ability of chromone-3-sulfonic acid phenyl
ester (71) to recyclization transformations was also
used by Lowe et al. to obtain a number of 1,2-benzo-
xathiine 2,2-dioxide derivatives condensed with the py-
ridine nucleus. Thus, in the work [43] the interaction
of compound 71 with methyl 3-aminocrotonate (72)
was studied. The reaction was performed by fusing
the starting materials in the presence of sodium ace-
tate. As a result, a mixture of two products was iso-
lated, it was separated by thin layer chromatography,
and the compounds were identified as methyl 2-me-
thyl-1,2-benzoxathiin[4,3-b]pyridine-3-carboxylate
5,5-dioxide (73) and methyl 1,2-benzoxathiin[4,3-b]-
pyridine-2-acetate 5,5-dioxide (74) (Scheme 25).

In order to explain the unusual result of forming
two products in this interaction, the authors proposed
several mechanisms for its course. The first path in-
volves the Michael reaction, in which the C-2 atom of
enaminoester 72 attacks the C-2 atom of chromone 71,

R
oH 9 | - HOAc NN
BN g HeN" "NH | X
_—
_SO solvent-free _SO
o 140°C 7o
29 70
R =H, NH,

Scheme 23. The synthesis of 1,2-benzoxathiin[4,3-d]pyrimidine
5,5-dioxides 70
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Scheme 24. The recyclization of chromone-3-sulfonic acid phenyl ester (71) with N-nucleophiles
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Scheme 25. The interaction of phenyl ester 71 with methyl 3-aminocrotonate (72)

forming the zwitter-ion A, which is characterized by
tautomeric equilibrium (Scheme 26). It is followed
by sequential deprotonation (B), dehydration and
cleavage of the phenolate anion to form the reaction
product 73.

As for compound 74 isolated as a result of the in-
teraction studied, the authors proposed two possible
mechanisms of its formation. According to the first

of them the rearrangement occurs in an already clo-
sed pyridine cycle (Scheme 27).

The second probable mechanism involves the nu-
cleophilic attack of C-2 atom of chromone 71 by the
C-4 atom of enaminoester 72 as a result of tauto-
meric transformations of the latter (Scheme 28).

As a result of the abovementioned reaction
(Scheme 25), according to the authors, one could expect

Ph
O o |
\\S/O NH, O ACON
NN C a
| © * MeM OMe  solvent-free
(o) 120°C
71 72 A
Me O
HoN” X" 0OMe
| (e}
T~ —_—
= ©
o - PhO,
SO -
o \ 2 HZO
OPh

Scheme 26. The mechanism of the interaction of phenyl ester 71 with methyl 3-aminocrotonate (72)
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Scheme 27. The mechanism of the interaction of phenyl ester 71 with methyl 3-aminocrotonate (72)

the formation of another product - the structural iso-
mer of the compounds obtained - derivative 75. This pro-
cess is possible under the condition of the nucleophi-
lic attack of the amino group of ester 72 on the chro-
mone ring. However, compound 75 was neither iso-
lated nor identified (Fig. 4).

In the work [44] the authors used enaminoester 76
having one carbon atom more than aminocrotonate
72 in the reaction with chromone 71. As the result, they
isolated a mixture of three compounds containing ano-
ther possible product of similar interactions - deriva-
tive 79. The mixture was managed to be separated
by chromatography on silica gel (Scheme 29).

The authors proposed the mechanism for this inter-
action. For compounds 77 and 78 it was consistent
with the studies presented in [44] (Schemes 26-28).

NH, O
Me™ X “OMe
Ph
0 o 4 ﬂ
Y NH, O
| +

HoC oM
0 2 ©

71 72

OMe

The formation of compound 79, which does not
contain a nitrogen atom in the ring, is explained by
the primary interaction of the amino group of enamino-
ester 76 with the C-2 atom of phenyl chromone-3-sul-
fonate (71) (Scheme 30). In this case, the reaction inter-
mediate A is deprotonated with the opening of the cycle,
the substitution of the phenolate anion and the forma-
tion of the sultone ring (B). Intermediate B undergoes
the hydrolytic cleavage, and the compounds obtained
then interact with each other to form an unstable inter-
mediate C. The O-S bond breaking within C leads to dis-
closure of the sultone cycle and formation of zwitter-ion
D from which a cyclic aldehyde E is produced by the lac-
tone ring closure. Finally, the hydrolysis of the latter leads
to the formation of the final product - 4-ethyl-5H-[1,2]-
oxathiino[5,4-c]chromen-5-one 2,2-dioxide (79).

Scheme 28. The mechanism of the interaction of phenyl ester 71 with methyl 3-aminocrotonate (72)
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75

Fig. 4. Not isolated possible product of the interaction of phenyl
ester 71 with methyl 3-aminocrotonate (72)

The mechanism proposed has been proven by
the fact that enaminone 28 obtained in another way
[36] when interacting with methyl 3-oxopentanoate
also forms product 79. At the same time, one cannot
exclude that enaminone 28 is the product of the in-
teraction of the starting compound 71 with ammo-
nia formed by the in situ hydrolysis of methyl 3-ami-
no-2-pentenoate (76).

Continuing the study of enaminone 28 Lowe et al.
studied the interaction of this compound with {3-ke-
toesters 80-82 in the presence of sodium acetate under

fusion [45] (Scheme 31). It was found that the outcome
of such interactions strongly depended on the -ke-
toester used. Thus, application of 80 led to 1,4-ad-
dition intermediate A which cyclized giving dibenzo
annulated sultone 83. The use of B-ketoester 81 led
to the loss of selectivity. As a result of this interaction,
the formation of three reaction products 84-86 was
observed; they were separated by thin layer chromato-
graphy. For esters 82, the reaction proceeded as 1,2-
addition with the formation of condensed derivati-
ves 87 solely. Compounds 84, 86, 87 were formed in
accordance with mechanisms discussed before, pen-
tasubstituted benzene 85 was the product of com-
pound 81 self-condensation.

In many previous studies chromone and its deri-
vatives were used to synthesize the benzoxathiine nuc-
leus. Therefore, it should be noted that only one work
describes the inverse conversion of benzoxathiine
nucleus to the chromone one [46]. It was achieved by
the interaction of 3-formyl-4-hydroxy-1,2-benzoxathiine

O,
o 9 | S\O
S. _Ph NH, O Pz Me
INe AcONa
— =
©\)j/0 * Me\)\/u\ OMe solvent-free
0 120°C o "0
71 76 77 78 79
Scheme 29. The interaction of phenyl ester 71 with methyl 3-aminopent-2-enoate (76)
o o OHo
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Scheme 30. The mechanism of compound 79 formation
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Scheme 31. The interaction of enaminone 28 with B-ketoesters

2,2-dioxide (29) with hydroxylamine hydrochloride
in pyridine and acetic anhydride and resulted in
2-aminochromon-3-sulfonic acid (88) (Scheme 32).
A stepwise format of the conversion with the pre-
liminary synthesis of oxime 89 and the subsequent
rearrangement under the action of sodium ethoxide
is also possible. The authors believe that the conver-
sion proceeds with the formation of acyclic interme-
diate A. Analyzing 'H NMR spectra the authors make

OH O
| A H_NH,OH*HCI
> o/soz Py,ACzO

NH,0SOzH
EtOH

OH
.SO
0O 2
89

Py, Ac,0
reflux, 2h

1. Na, EtOH
2 HCI

®
H‘N
o
o)

@r
o

AcONa
160°C

@

a conclusion that chromone 88 is a tautomeric com-
pound and exists in 2 tautomeric forms - a predomi-
nating amino-form 88A and a minor imino-form 88B.

Another synthetic application of aldehyde 29 is
the preparation of nitrile 91. It is a two-stage pro-
cess which requires isolation of the corresponding
pyridinium salt 90 (Scheme 32).

The previous transformations (Scheme 32) and
some reactions mentioned before reveal a labile nature

O
O” "NH

©fk[§

Scheme 32. The conversion of benzoxathiine nucleus to the chromone one

19



ISSN 2308-8303 (Print)

Journal of Organic and Pharmaceutical Chemistry. — 2021. — Vol. 19, Iss. 2 (74)

ISSN 2518-1548 (Online)

.

O Me SO,
(0]
N Cl
Cl Me N o
O/SOZ reflux, 1h OH
Cl Cl

Scheme 33. The ring-opening reaction of sultone 92 with pyrrolidine

of the 0-SO, bond, which can break under basic con-
ditions. This property was used by R. Meyer [21] to
obtain acyclic sulfonamide 93 by refluxing sultone 92
in excess of pyrrolidine (Scheme 33).

The presence of the SO,CH,CO fragment in the mo-
lecule of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1)
provides opportunities for the synthesis of the condensed
heterocyclic systems based on it, but by now this syn-
thetic direction is underinvestigated. The authors [41]
used the interaction of the starting sultone 1 with 2-
aminobenzaldehyde in acetic acid. As a result, a new
condensed tetracyclic system - 3,4-dihydro-1,2-ben-
zoxathiin[4,3-b]quinoline-6,6-dioxide (94) was obtai-
ned (Scheme 34).

Another work [29] used the SO,CH,CO fragment
for the synthesis of new heterosteroidic systems.
A key intermediate for this purpose - 4-oxo-3,4-di-
hydro-2H-thiopyrano[3,2-c][1,2]benzooxathiin 5,5-
dioxide (95) was obtained by the annelation of the thio-
pyrane nucleus to 1 either by a direct interaction of
the latter with 3-mercaptopropionic acid or by the step-
by-step approach with the preliminary synthesis of
98 (Scheme 35). It is worth noting that these reac-
tions were not selective and gave rise to a mixture of
products, which authors managed to separate.

The newly formed CH,CO fragment in 95 gave great
opportunities to the authors to build various hetero-
cyclic moieties - pyrazole, isoxazole, pyrrole, thiazole
(Scheme 36).

A set of works [47-53] were aimed at studying
the multicomponent interaction of 1,2-benzoxathiin-
4(3H)-one 2,2-dioxide (1), active methylene nitriles
and carbonyl compounds in order to synthesize a new

1~~~ COOH

p-TSA

N \I
l =
SOZ ACOH/HZO O O/SOZ

94

Scheme 34. The interaction of sultone 1 with 2-aminobenzaldehyde

condensed heterocyclic system of 2-amino-3-R!-4-R>?-
4,6-dihydropyrano[3,2-c][2,1]benzoxathiine 5,5-dioxi-
de (Fig. 5). These studies were the first and by now
are the only investigations dedicated to the applica-
tion of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1) in
multicomponent processes. Considering the target
dihydropyrano[3,2-c][2,1]benzoxathiine 5,5-dioxides
as those containing 2 promising pharmacophore units
the authors also focused on determining the biologi-
cal activity of the compounds synthesized.

The authors [47, 50-53] determined that the in-
teraction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide
(1) with aldehydes 110 and malononitrile (111) gave
a number of 2-amino-4-R-4H-pyrano[3,2-c][1,2]ben-
zoxathiine-3-carbonitrile 5,5-dioxides 112 in mode-
rate to high yields (Scheme 37). The interaction re-
quired a base as a catalyst, which was triethylamine
in most cases. It was also found that in cases of ali-
phatic and alicyclic aldehydes heating was redundant
and might lead to fail in isolation or significant de-
crease in yields of the final products. The two-step ap-
proach towards the target 2-amino-4H-pyran-3-car-
bonitriles 112 with the use of a-cyanoacrylonitriles
113 is also possible as shown on examples of hetero-
aromatic aldehydes 99. However, this stepwise for-
mat has no advantages comparing to the one-pot pro-
cess as itleads to lower yields and requires more time
to be completed.

[t should be also mentioned that a successful out-
come of the reaction of the synthesis of 2-amino-4H-
pyran-3-carbonitriles 112 is limited by an aldehyde
used. Thus, compounds 112 were not managed to be
obtained in cases of electron-rich (hetero)aromatic

COOH
95 + 96 + (SCH,CH,COOH
oS 9o1oo°c (SCH,CH, )2

99

Scheme 35. The use of the SO,CH,CO fragment in sultone 1 for the synthesis of sulfur-containing condensed systems
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Scheme 36. The modification ways of compound 95

aldehydes (4-dimethylaminobenzaldehyde, N-methyl-
pyrrol-2- and indol-3-carbaldehydes) or benzaldehy-
des with bulky substituents (9-anthracencarbalde-
hyde). The only products isolated were o.-cyanoacrylo-
nitriles 113.

Taking into account the ease of forming 2-ami-
no-4H-pyran-3-carbonitriles 112 in further studies
the authors applied ethyl cyanoacetate (114) instead
of malononitrile in order to expand a number of the target
condensed 2-amino-4-aryl-4H-pyrans (Scheme 38) [47].
However, in this case the loss of the reaction selec-
tivity was observed. The analysis of the reaction mix-
ture by the 'H NMR method evidenced the simulta-
neous formation of the target ethyl 2-amino-4-aryl-

Fig. 5. 2-Amino-3-R'-4-R?-4,6-dihydropyrano[3,2-c][2,1]-
benzoxathiine 5,5-dioxides — compounds containing 2 promising
pharmacophore units

10
Ry N KOH S N
: 7 2.A020 4

o

4H-pyran-3-carboxylates 115, triethylammonium
salts 116 and ethyl a-cyano-B-arylacrylates 117
(Scheme 38). These triethylammonium salts were iso-
lated for the first time in the study on similar interac-
tions involving N-ethyl-1H-2,1-benzothiazin-4(3H)-
one 2,2-dioxide (nitrogen-containing analogue of com-
pound 1) [54, 55]. Thus, it can be assumed that this
chemical behavior is a common property of cyclic
S0,-containing enolnucleophiles having a fragment
of XSO,CH, CO.

A number of approaches was used by the authors
in order to synthesize the target compounds 115 se-
lectively, namely the use of the ethyl cyanoacetate excess
(its effectiveness was revealed earlier [55]), different
heating modes, the variation of catalysts, as well
as the two-component approach [47]. All of them were
not successful, but the experiments carried out al-
lowed researchers to propose a possible mechanism
of the three-component interaction (Scheme 39).

According to it Michael adduct A, which is a recog-
nized intermediate in these interactions, can be fur-
ther transformed by two ways (Scheme 39). The first
way is the desired heterocyclization (hetero-Thorpe-
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4-Cl-CgHy, 4-NO,-CgHy, 3-Cl-CgHy, 4-F-CgHy, 3-F-CgHg,

4-HO-CgHy, 3-HO-CgHy, 4-CF3-CgHy, 4-CH3S-CgHy, 4-NC-CgHy,

4-HO,C-CgHy, pyridin-3-yl, pyridin-4-yl, thienyl-2, furyl-2,
1-phenyl-3-methyl-5-chloropyrazol-4-yl, 1-phenyl-3-ethoxycarbonylpyrazol-4-yI
cyclopropyl, cyclopentyl, cyclohexyl, Me, Et, n-Pr, n-Bu, i-Pr, i-Bu, 1-phenylprop-1-en-2-yl

Scheme 37. The three-component interaction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1) with aromatic aldehydes 110

and malononitrile (111)

Ziegler reaction) and the enamine-imine tautomerism
to form product 115. The second one is the retro-Micha-
el reaction with the elimination of ethyl cyanoaceta-
te (114) and the formation of enone B, which reacts
with the second molecule of benzothiinone 1 forming
ammonium salts 116. Apparently, the transformation
of salt 116 into ethyl 2-amino-4H-pyran-3-carboxy-
lates 115 is also possible by means of the reverse
reactions.

The mechanism proposed is supported by a set
of experiments performed in the work [47], in which
the authors study the possibility of interconversions
between derivatives 115,116 and 112 (Scheme 40).
The mutual transformations of derivatives 115 and
116 prove reversibility of the key stages of the reac-
tion mechanism (Scheme 39). Moreover, the results
obtained allowed explaining the facts that the 2-amino-
4H-pyran-3-carbonitriles 112 were formed as single
products in the three-component interaction, whereas

rCN
0 CO,Et
@ 114 A, 4 hours
+ EtOH, Et3N
Ar P =
0,802 41\
1 (@) H
110

the application of ethyl cyanoacetate (114) resulted
in the isolation of the products mixture.

Based on the data obtained it was assumed that
the formation of relatively unstable salts 116 during
the reaction (Scheme 39) might shift the equilibrium
towards the formation of the target 2-amino-4H-py-
rans 115. To test this hypothesis, sodium acetate was
used as a basic catalyst in the two-component inter-
action, assuming that the corresponding sodium salt
116 formed under the reaction conditions would be
less stable as compared to the triethylammonium salts.
The use of this catalyst allowed to isolate pure ethyl
2-amino-4-phenyl-4H-pyran-3-carboxylate 115a
(Scheme 41). A rather unexpected result was occasio-
nally obtained during the measurement of the 'H NMR
spectra of 115a. This fact refers to the stability of
ethyl 2-amino-4H-pyran-3-carboxylate 115a obtained.
'H NMR spectra of 115a recorded 24 h and 48 h af-
ter its dissolution in DMSO-d, showed the presence

17

OH Ar

X =

S0, 05S.

)

o @ :
O Et;NH :
o :

Scheme 38. The three-component interaction of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1) with aromatic aldehydes 110

and ethyl cyanoacetate (114)
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Scheme 39. The mechanism of the three-component interaction

of a high percentage of the initial benzoxathiinone 1
and ethyl a-cyano-B-phenylacrylate (117) increasing
over time (Fig. 6). Apparently, DMSO induces the retro-
Michael cleavage of 115a, most probably as a result
of its weak basic properties.

The use of hetarene-, cycloalkanecarbaldehydes
and aliphatic aldehydes in the reaction with benzo-
xathiinone 1 and ethyl cyanoacetate (114) was also
equivocal. In case of hetarenecarbaldehydes three dif-
ferent product types were isolated again depending
on the aldehyde used [52]; propanal and butanal were
the only aliphatic aldehydes for which ethyl 2-amino-
4H-pyran-3-carboxylates were obtained [50]; cyclo-
alkanecarbaldehydes gave no the target pyranes 115 [51]
(Scheme 42).

Additionally, expedient two-component approaches
were worked out for the synthesis of salts 116 and
Hantzsch dihydropyridines 118 [47]. These routes
are based on the interaction of benzoxathiinone 1 with
benzaldehydes 110 in different reaction conditions
(Scheme 43). It is interesting that dihydropyridine
118 (Ar = Ph) is also the product of the interaction
between benzoxathiinone 1 and benzylidene 117.

Apparently, ammonium salt 116 initially formed un-
der the reaction conditions loses 2 molecules of wa-
ter and cyclizes into 1,4-dihydropyridine 118.

Considering isosteric relationships of the benz-
oxathiine 1 core with other pharmacophores (Fig. 2),
2-amino-4H-pyranes and ammonium salts presented
in Schemes 37-43 were screened for the in vitro an-
timicrobial activity. The effect of the compounds on
the blood coagulation system was also studied.

The antimicrobial activity of the compounds tested
was moderate and more pronounced against gram-
positive bacteria than gram-negative ones and fungi
[49-52].

Studies of the effect of the compounds synthesi-
zed on the blood coagulation system were performed
in vitro by the Burker method (Fig. 7) [53]. The re-
sults obtained turned out to be ambiguous. Thus, stu-
dies showed that compounds 112f,g in the concen-
tration of 1 mg/mL significantly increased the blood
clotting time, indicating their anticoagulant proper-
ties. It should be mentioned that the anticoagulant
effect was not dose-dependent as the same compo-
unds in the concentration of 3 mg/mL showed a less

NH; NH,
CN 1M1 O ® 114 COyEt
(O (Ar=CgHs) OH Ar O Et3NH (Ar=CgHs) o™
( | A A T A = T = Ar
s O,SOZ \_ﬁ(_/ O,SOz Ozs\o \_/ O,SOZ

1 116
(Ar=2-MeO-CgH,)

112

1 115
(Ar=2-MeO-CgHy)

Scheme 40. The mutual transformations of 2-amino-4H-pyrans 112, 115 and triethylammonium salts 116

(0]

Ph CN

1 110a 114

A, 4 hours

—_——
@0; o)\H * &)zEt EtOH, NaOAc

NH,

07X CO,Et

N
SO,

Ph
o
115a

Scheme 41. The synthesis of ethyl 2-amino-4-phenyl-4H-pyran-3-carboxylate 115a
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Fig. 6. The retro-Michael cleavage of ethyl 2-amino-4-phenyl-4H-pyran-3-carboxylate 115a in DMSO-dj solution [47]

pronounced anticoagulant effect. Hemostatic substan-
ces were also found among the compounds tested;
they significantly reduced the blood clotting time com-
pared to the control.

A series of new spiro-condensed 2-amino-4H-py-
rans were synthesized by the three-component inter-
action of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide (1),
malononitrile (111), and cyclic carbonyls 119, 120
in moderate to high yields (Scheme 44) [48]. When
ethyl cyanoacetate (114) was used, the target ethyl

2-amino-4H-pyran-3-carboxylate was obtained only
for N-ethylisatin. Variations in catalysts, solvents and
heating modes did not affect the efficiency of this in-
teraction.

The spiro-derivatives synthesized were studied for
the anti-inflammatory and analgesic activities [49].
According to the results obtained the compounds were
much more promising analgesic agents than anti-in-
flammatory ones. The level of anti-inflammatory acti-
vity was significantly lower than for Piroxicam (Fig. 8),

NH;
Triethylammonium salts: )COOEt 0 X COOEt
 isolated were formed | o NC : !
, either as the result of 1 R = Cycloalkyl . 114 R=Alkyl AN Alk
' (1+110) interaction or | O\ ! SO !
: by the mechanismon ! YR o~ 2Alk _ Et nPr!
| Scheme39 | : 0% 119 15 o
1
R = Hetaryl

o NH,

! COOEt © © :

i AN i

| 0 Het OEtNH N |

S Het Het\%\COOEt :

! .SO S0, O,S. ‘

: 072 0772 %70 H :

; 115 17 :

Het = pyridyl-3, Het = 2-thienyl, 3-indolyl Het = 2-furyl, '

1-Ph-3-Me-5-Cl-pyrazol-4-yI

1-Ph-3-CO,Et-pyrazol-4-yl

Scheme 42. The use of hetarene-, cycloalkanecarbaldehydes and aliphatic aldehydes in the reaction with benzoxathiinone 1

and ethyl cyanoacetate (114)
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Fig. 7. The anticoagulant properties of 2-amino-4H-pyran-3-carbonitriles 112
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Fig. 8. The anti-inflammatory and analgesic activity of 2-amino-4H-pyran-3-carbonitriles 121

whereas the analgesic activity of the test substances
was about the activity of the reference drug.

Conclusions

The analysis has shown a limited number of studies
in each aspect - approaches to the synthesis of 1,2-ben-
zoxathiin-4(3H)-one 2,2-dioxides, their chemical trans-
formations and the study of their pharmacological

activity. In addition to a small number of publications
on this heterocyclic system, there have been almost no
sultone studies in the last 20 years. Taking this into
account 1,2-benzoxathiin-4(3H)-one 2,2-dioxide and
its derivatives deserve close attention as objects of re-
search for experimental chemistry and pharmacology.

Conflict of interests: the authors have no conflict
of interests to declare.
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