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Spiro[benzo[e]pyrano[3,2-c][1,2]oxathiin-4,3’-indolil]-
3-carbonitrile 5,5-dioxides: synthesis and the biological
activity study

The development of medicines with several pharmacological activities, including the analgesic, anti-inflam-
matory and antimicrobial properties, is one of the challenging tasks of modern medicinal chemistry.

Aim. To expand the range of novel spiro-condensed derivatives of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide,
and study the biological activity of the substances obtained.

Results and discussions. The target compounds were synthesized as a result of the interaction of 1,2-benzo-
xathiin-4(3H)-one 2,2-dioxide, malononitrile and isatins. When using ethyl cyanoacetate the interaction appeared
to be much more complicated and requires further research. The study of the biological activity has revealed
the compounds with the analgesic properties and the antimicrobial effect against gram-positive strains.

Experimental part. Two new 2-amino-2’-oxospiro[4H-pyrano[3,2-c][1,2]benzoxathiine-4,3’-indoline]-3-car-
bonitrile 5,5-dioxides were synthesized by the three-component reaction based on 1,2-benzoxathiin-4(3H)-one
2,2-dioxide. The anti-inflammatory activity was studied on the model of the carrageenan induced paw edema,
and the analgesic activity was assessed on the model of the local inflammatory hyperalgesia. The study of the antimi-
crobial activity of the compounds obtained was performed by the agar well diffusion method.

Conclusions. New spiro[benzo[e]pyrano[3,2-c][1,2]oxathiin-4,3-indolil]-3-carbonitrile 5,5-dioxides have been
synthesized. The compounds obtained have revealed high levels of the analgesic properties and the antimicro-
bial activity. The latter exceeds the activity of the reference drugs, and has appeared to be higher against gram-
positive bacteria.

Key words: 1,2-benzoxathiin-4(3H)-one 2,2-dioxide; isatins; spiro compounds; analgesic activity; anti-
inflammatory activity; antimicrobial activity

I. B. Mpuropis, A. O. Jlera, I. A. 3ynaHeup, C. K. LLle6eko, C. M. 3imiH, I. J1. CtapuikoBa,
7. A. Wemuyk

HauioHanbHul thapmayesmuyHull yHieepcumem, YkpaiHa
Cnipo[6eH30[e]nipaHo[3,2-c][1,2]okcaTiiH-4,3’-iHgon]-3-kapOoHiTpun 5,5-agiokcuau:
CUHTEe3 i BUBYEHHA GionoriyHoi akTMBHOCTI

Po3pobka nikapcbkux 3acobis, L0 BONoAiTb AeKinbkoma Buaammn goapmakonoriyHoi akTUBHOCTI, BKITHOYato-
4n 3HeboMBanbHy, NpoTu3dananbHy Ta aHTUMIKPOOHY, € OAHUM 3 BaXNMBUX 3aBAaHb Cy4acHOi MEeANYHOI XiMii.

MeTa. Po3wumpnti psig HOBUX CMiPOKOHAEHCOBaHMX noxigHux 1,2-6eH3okcartiiH-4(3H)-oH 2,2-giokenay i oo-
cnignTun GionoriyHy akTUBHICTb OfepXKaHNX PEYOBUH.

Pe3ynbraTtu Ta ix 06roBopeHHs. LinboBsi cnonyku Oynu cMHTe30BaHi B pesynbrarti B3aemogii 1,2-6eH3okcariiH-
4(3H)-oH 2,2-piokcuay, ManoHOAVHITPUITY Ta i3aTWHIB. Y BUNaaKy BUKOPUCTaHHS eTuILiaHoaueTaTty sk MeTUneHak-
TMBHOIO HITPUNy B3aemMopgis BusiBunacsa Habarato cknagHiwoto i notpebye noganblumx gocnigkeHb. BuByeHHs
©ionoriyHoi aKTMBHOCTI BUSIBUITIO CMOMYKM 3 aHaNbreTU4YHMMM BracTUBOCTAMM Ta aHTUMIKPOOHOK Aieto npoTu
rPamMno3nTUBHUX LUTaMIB.

EkcnepumeHTanbHa 4yactuHa. [lea HOBMX 2-amiHO-2’-okcocnipo[4H-nipaHo[3,2-c][1,2]6eH30kcarTiiH-4,3’-
iHooniH]-3-kap6oHiTpun 5,5-giokcmam 6ynu cMHTE30BaHi 3a [ONOMOro TPUKOMMOHEHTHOI peakuii Ha OCHOBI
1,2-6eHsokcariiH-4(3H)-oH 2,2-giokenay. [NpoTusanansHy akTUBHICTb BUBYanNu Ha MoAeni KapareHiHOBOro Habpsiky,
aHanbreTM4Hy akTUBHICTb OLiHIOBany Ha MoAeri MiCLIeBOi 3ananbHoi rinepanresii. Bynu npoBeaeHi AOCNIMKEHHS
aHTMMIKPOBHOI aKTUBHOCTI OTpPMMaHKX cnomnyk MeTogom amdysii B arap.

BucHoBku. CnHTesoBaHo HOBI criipo[6eH3o[e]nipaHo[3,2-c][1,2]okcarTiiH-4,3 -iHgon]-3-kap6oHiTpun 5,5-giokemaw.
OTprMaHi Cnonyku BUSIBUIN BUCOKMI PiBEHb aHaNbreTM4YHOi Ta aHTMMIKpOOHOT akTBHOCTI. OCTaHHSA NnepeBuLLYye
aKTUBHICTb pedepeHc-npenaparis i BusiBunacs 6inblu eekTMBHOI NPOTM rpaMno3nTUBHUX BaKTepil.

Knrovoei cnoea: 1,2-6eH3okcartiiH-4(3H)-0H 2,2-giokena; i3aTnHW; CNipOKOHAEHCOBaHI CMONyKu;
aHanbreTM4yHa akTMBHICTb; NpoTU3ananbHa akTUBHICTb; aHTUMIKPOOHa aKTUBHICTb

I. B. Mpuropus, [. A. Ilera, U. A. 3ynaHeun, C. K. LLle6eko, C. M. 3umuH, U. J1. CtapumkoBa,
7. A. Wemuyk

HauuoHanbHbIlU hapMmauesmudeckull yHugepcumem
Cnupo[6eH30[e]nupaHo[3,2-c][1,2]okcaTnnH-4,3’-uHgon]-3-kapooHnUTpUn 5,5-auokcuabi:
CUHTE3 U U3yYyeHne 6Monornyeckom akTUBHOCTH

Pa3p360TKa JNIeKapCTBEHHbIX CpeAcCTB C HECKOJIbKUMW BUOaAMU d)apmaKonoqueCKoﬁ aKTUBHOCTW, BKIltoYasd

aHanbreTMyeckne, NPOTMBOBOCNANMUTENbHbBIE N aHTUMUKPOOHbLIE CBOMCTBA, SABNSAETCA OOHOM U3 BaXKHbIX 3adad
COBPEMEHHOW MEANLNHCKON XUMUN.
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Llenb. PaclwumpuTb psg HOBbIX CMIMPOKOHAEHCUPOBaHHbIX NMPon3BoaHbIX 1,2-6eH3okcaTumnH-4(3H)-oH 2,2-au-
oKcuaa v n3yunTb BUOMOrMYECKY0 aKTUBHOCTb MOSYYEHHbIX BELLECTB.

PesynbraTthl 1 ux obcyxaeHue. Lienesble coegnHeHns Obinn CMHTE3MPOBaHbI B pe3ynbraTe B3aumMoaen-
ctBus 1,2-6eH3okcatunH-4(3H)-oH 2,2-anokcuaa, ManoHOAMHUTPUIA U n3aTnHoB. B cnyyvae mucnonb3oBaHus
aTUnuMaHoaleTaTa B Ka4eCTBe METUIEHAKTUBHOIO HATpUIa B3aMMOAENCTBME OKa3anoch 3HauMTenbHO Gonee
CNOXHbIM U HYXXAaeTcs B AarnbHenweM ndyveHunn. ViccnegosaHne 61Monormyeckon akTMBHOCTU BbISIBUINO Coeau-
HEHWS C aHarbrETUYECKVIMI CBOMCTBaMM U @aHTVMMKPOOHBIM AEACTBMEM B OTHOLLIEHWW FPAMIONOKUTENBHBIX LUITaMMOB.

JKcnepuMeHTanbHas YacTb. [1Ba HOBbIX 2-aMyHO-2’-okcocnupo[4H-nnpaHo[3,2-c][1,2]6eH3okcaTtunH-4,3’-
WHAOMWH]-3-kapboHnTpun 5,5-anokeuaa ObiNn CUHTE3MPOBAaHbLI C MOMOLLIbIO TPEXKOMMNOHEHTHON peakumnm Ha
ocHoBe 1,2-6eH3okcaTumnH-4(3H)-oH 2,2-anokcmaa. MNpoTruBoBoCnanuTenbHy akTUBHOCTb U3yYanu Ha Mogenu
KapareHVH-MHAYLMPOBAHHOMO OTeKa, a aHamnbreTM4ecKyto akTMBHOCTb OLIEHMBANM Ha MOAENMW NTOKaribHOWM BOC-
nanuTensHoOW runepanre3un. beino npoBeaeHo nccnegoBaHne aHTUMUKPOOHOM aKTUBHOCTM MOMYYEHHbIX coeam-
HeHu meTogom anddysun B arap.

BbiBopgbl. CnHTE3MpoBaHbl HoBblE cnnpo[6eH3o[e]nupaHo[3,2-c][1,2]okcaTtumH-4,3’-uHaonun]-3-kap6oHnuTpumn
5,5-guokcmnapl. [NonyyeHHble coeanHeHVs NPOSIBUNM aHanbreTmyeckme CBOMCTBa U aHTUMUKPOOHYHO aKTUBHOCTb,
KOTOpasi MpeBbILIAET akTMBHOCTb NpenapaToB CPaBHEHWS U OKa3anacb Bbille B OTHOLUEHWW FPaMMoNnoX1Terb-

ISSN 2518-1548 (Online)

HbIX GakTepuii.

Knroueenie cnoea: 1,2-6eH3okcatunH-4(3H)-oH 2,2-AMOKCUA; U3aTWHbI; CNIMPOKOHAEHCUPOBaHHbIE
COeQMHEHNS; aHanbreTnyeckasi akTMBHOCTb; MPOTMBOBOCNANUTENbHAasA akTMBHOCTb; aHTUMUKPOOHas

aKTUBHOCTb

To date the search of novel medicines with the anti-
inflammatory and analgesic properties still remains
one of the challenging tasks in medicinal chemistry
[1, 2]. The reason is that pain belongs to the most
unpleasant feelings among other symptoms. It can be
an independent problem, for example, in the case
of migraine, or it can accompany injuries and sur-
gical interventions, or can be one of the symptoms
of the musculoskeletal system chronic diseases [3].
However, in all cases, pain becomes a source of suf-
fering and significantly disturbs the natural rhythm
of life. It is important to note that chronic pain, re-
gardless of the cause for its occurrence, is a threat
to the patient’s life since it causes such pathological
conditions as depression, anxiety, sleep and immune
disorders, constant tension of the cardiovascular system.
Therefore, attempts to “endure” pain, as well as the re-
commendation “to learn how to live with pain”, seems
to be vicious and harmful [4].

In current therapeutic practice three groups of
analgesics are used most widely. The first of them,
essentially, consists of only one drug — acetaminophen
(paracetamol, “simple analgesic”). The second type
is represented by a very large group of non-steroidal
anti-inflammatory drugs (NSAIDs): aceclofenac, di-

bioisosteric
replacement of
N with O

clofenac, ibuprofen, ketorolac, lornoxicam, meloxicam,
metamizol, naproxen, nimesulide, piroxicam, tenoxi-
cam, phenylbutazone, flurbiprofen, celecoxib, etori-
coxib, etc. The third group is opioid analgesics that
mostly belong to prescription drugs [5]. Unquestio-
nably, this does not exhaust the entire arsenal of pain-
killers. There are specific drugs that are used to treat
certain types of chronic pain. Furthermore, medici-
nes with several pharmacological activities, including
the analgesic one, are being also developed.

In our previous studies spiro-condensed deriva-
tives of 1H-2,1-benzothiazin 2,2-dioxide A (Fig. 1) were
proven to be a novel and promising class of com-
pounds for treating disorders accompanied by inflam-
mation and pain [6]. The antifungal activity was also
revealed for compounds from this group. In con-
tinuation of these studies we paid our attention to
1,2-benzoxathiin 2,2-dioxide B derivatives as isoster-
ic to the abovementioned compounds A.

As the first logical step a wide range of type B
compounds 4a-n was synthesized based on the three-
component interaction of 1,2-benzoxathiin-4(3H)-one
2,2-dioxide, malononitrile and substituted isatins [7].
In the current study the range of 2-amino-4H-pyran-
3-carbonitriles 4 was additionally expanded using

Fig. 1. Isosteric relationships between 1H2,1benzothiazin 2,2dioxide A and 1,2benzoxathiin 2,2dioxide B core
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isatins 30,p (Scheme 1). There was also an attempt
to use isatins 3q-s in the same reaction, but no com-
prehensible results were obtained (because of tarring).
In order to extend the variety of spiro-condensed
derivatives of 1,2-benzoxathiin-4(3H)-one 2,2-dioxi-
de we replaced malononitrile with ethyl cyanoace-
tate 2b. In the case of its use together with other car-
bonyls the complicated results were mostly obtai-
ned [7-9]. This time, carrying out the interaction un-
der the same reaction conditions as for malononit-
rile 2a gave ylidene 5a, and the complex mixtures of
the starting compounds with the ylidenes 5 and the tar-

get products 6 for isatins 3b,c,e (Scheme 2). Previous-
ly, the use of N-ethylisatin allowed us to isolate the tar-
get spiro-derivative 6d in a poor yield 5% [7]. Applica-
tion of other basic catalysts in this research (triethyl-
amine, DBU, sodium acetate) instead of triethanola-
mine led to a slight increase of 6d yield (15%), but it
was contaminated with 1,2-benzoxathiin-4(3H)-one
2,2-dioxide 1. Thereby, the three-component interac-
tion of 1,2-benzoxathiin-4(3H)-one 2,2-dioxide 1, isa-
tins 3 and ethyl cyanoacetate 2b requires further
detailed study. It is worth mentioning that applica-
tion of the two-stage process, namely the synthesis

EtOH
@f% CN R N(CH,CH,OH),
so,” \©\//g: Alh
1 2a 3a-s
Ne R’ % R®
4a H H H 71
a4 | cHcooEt | Ho| Ho | 45
4 | Ayl | H | Ho | 58
4 | B | Ho | H | 65
e | Bh | HO| Ho | 85
I T T R
49 H Me H 95

an | H U |No, | H | ea
4 | Ho | Br | Ho | 88
4 | Ayl | Br | Hoo| 92
x| Bn | Br | Ho | 51
T Me | Br | Ho | o1
am | Me |1 Me | H | 03
an | H Br | Br | 36
40 | CHCONH, | H | Ho | 35
ap | CH,CONHPh | | Ho| Ho | 33
aq | cHoH | H | Ho | -
ar | CH(piperidin-1-yl) | H | Ho [ -
4s | CHye(morpholin-4-yl) | H | Hoo| -

Scheme 1. The interaction of 1,2benzoxathiin4(3H)one 2,2dioxide 1, malononitrile 2a and isatins 3
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Scheme 2. The interaction of 1,2benzoxathiin4(3H)one 2,2dioxide 1, ethyl cyanoacetate 2b and isatins 3

of ylidene 5a and its further reaction with 1,2-ben-
zoxathiin-4(3H)-one 2,2dioxide 1, resulted only in
isolation of the initial compounds (Scheme 2).

According to the isosteric relationships between
benzothiazine and benzoxathiine cores mentioned
the following types of the biological activity was stu-
died: analgesic, anti-inflammatory, antimicrobial.

The results of testing the analgesic and anti-in-
flammatory activities are given in Tab. 1. Compounds
4g, 4i and 4m had an average effect in the applied
model of inflammation and decreased the edema de-
velopment compared to the control group, but their
activity was twice less than for the reference drug
Piroxicam.

The analgesic activity of the compounds studied
appeared to be generally higher, but variable. The abi-
lity to reduce the pain threshold at the level of Piroxi-
cam was found for spiro[(2-amino-3-cyano-4,6-dihydro-
pyrano|3,2-c][2,1]benzoxathiin-5,5-dioxide)-4,3’-
(5-methylindolin-2’-one)] 4g, but with high variability.

[t should be noted that, in general, spiro-deriva-
tives of benzoxathiine 4 displayed the lower level of
the analgesic and anti-inflammatory activities com-
pared to benzothiazine ones mentioned above.

The antimicrobial activity was assessed according
to the international standards [10, 11] by the agar
well diffusion method against the standard test-strains
of gram-positive and gram-negative microorganisms
and fungi. As reference drugs the common represen-
tatives of antibacterial (Synthomycin) and antifungal
(Metronidazole) compounds were used. The results
appeared to be higher than for the reference drugs.
The moderate activity found was higher against gram-
positive bacteria than against gram-negative bacte-
ria and fungi in contrast to the isosteric derivatives of
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide, which anti-
microbial properties were associated predominantly
with the inhibitory effect on gram-negative strains
and fungi. There was no significant distinction for N-
and 5-substituted derivatives at the isatin core. The re-
sults of studying the antimicrobial properties are pre-
sented in Tab. 2.

Spiro[(2-amino-3-cyano-4,6-dihydropyrano
[3,2-c][2,1]benzoxathiin-5,5-dioxide)-4,3’-(N-ethyl-
indoline-2’-one)] 4d seemed to be the most active
antimicrobial agent among the compounds studied.
Thus, the values of the minimum inhibitory concen-
56

tration (32.25 pg/mL) and the minimum bacteri-
cidal concentration (62.5 pg/mL) were additionally
found for it.

Experimental chemical part

The starting isatin and active methylene nitriles
were obtained from commercial sources and used
without further purification. 1,2-Benzoxathiin-4(3H)-one
2,2-dioxide 1 and isatins 3b-s were prepared accor-
ding to the procedures described in [7]. Melting points
were determined on a Gallenkamp melting point ap-
paratus, Model MFB-595 in open capillary tubes. '"H NMR-
spectra were recorded on a Varian WXR-400 spectro-
meter using DMSO-d, as a solvent and TMS as an inter-
nal standard. Elemental analyses were carried out
using a Carlo Erba CHNS-O EA 1108 analyzer.

The general procedure for the synthesis of
2-amino-2’-0xo0-1’-R-spiro[benzo[e]pyrano[3,2-c]-
[1,2]oxathiin-4,3’-indolil]-3-carbonitrile 5,5-dioxi-
des 4o0,p. To the solution of 1,2-benzoxathiin-4(3H)-
one 2,2-dioxide 1 (0.198 g, 0.001 mole), malononit-
rile 2a (0.066 g, 0.001 mole) and the appropriate isatin
30,p (0.001 mole) in ethanol (5-10 mL) add 20 mole%
of triethanolamine. Reflux the mixture for 1 h. Filter
the precipitates of 40,p obtained, wash with ethanol
and then dry in air.

2-(2-Amino-3-cyano-5,5-dioxido-2’-oxospiro-
[benzo[e]pyrano[3,2-c][1,2]oxathiin-4,3’-indolin]-
1’-yl)acetamide 40. A brown crystalline powder.
M. p. 185-187°C (EtOH); Anal. Calcd. for C,,H,,N,O,S, %:
C 56.00, H 3.13, N 12.44. Found, %: C 55.87, H 2.95,
N 12.61.'H NMR (400 MHz, DMSO0-d,), §, ppm: 7.90-7.98
(1H, m, Ar-H), 7.82 (2H, s,NH,), 7.73-7.76 (1H, m, Ar-H),
7.57-7.63 (1H, m, Ar-H), 749-7.56 (1H, m, Ar-H),
7.41-7.48 (1H, m, Ar-H), 7.32-7.40 (2H, m, CONH,),
6.96-7.16 (3H, m, Ar-H), 4.16-4.36 (2H, m, CH,).

2-(2-Amino-3-cyano-5,5-dioxido-2’-oxospiro-
[benzo[e]pyrano[3,2-c][1,2]oxathiin-4,3’-indo-
lin]-1’-yl)-N-phenylacetamide (4p). A brown crys-
talline powder. M. p. 238-240°C (EtOH); Anal. Calcd.
for C,,H,4N,O,S, %: C 61.59, H 3.45, N 10.64. Found, %:
C61.35,H3.27,N10.51."H NMR (400 MHz, DMSO-d,),
S, ppm: 10.14 (1H, s, NH); 7.93-7.98 (1H, m,
Ar-H); 7.80 (2H, s, NH,); 7.71-7.77 (1H, m, Ar-H);
7.51-7.63 (4H, m, Ar-H); 7.44-7.49 (1H, m, Ar-H);
7.27-7.33 (2H, m, Ar-H); 7.01-7.14 (3H, m, Ar-H);
4.46-4.65 (2H, m, CH,).
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Table 1
The results of the study of the anti-inflammatory and analgesic activities of compounds 4
Compound Dose | The average percentage | Anti-inflammatory | Reducing the pain | Analgesic
P (mg/kg) of edema, %* activity, %* threshold, %* activity, %*
24 54.27 £ 3.93** 3.3+2.2% 306 +9.0 46.8+13.3
24 35.81 £ 1.65%** 24.0 £ 3.5%* 23.5+5.8* 534+£115
2.8 36.25 £ 4.45%* 24.6 + 8.6** 383+ 5.1** 27.7 £ 7.5%*
2.5 42.02 = 7.52%* 235+115 26.1 £ 6.5*% 48.2+13.0
33 51.61+6.7** 8.0 £ 3.1%** 293117 46.8+21.0
) 2 23.81+2.73" 494+538 22.7 £3.3* 55.0+6.6
O”S\\O Me
Piroxicam
Control - 47.1+3.2 - 50.4 +3.1 -

Notes: * — the deviation is valid for the control (p < 0.05); ** — the deviation is valid for Piroxicam (p < 0.05).

Experimental biological part

The study of the anti-inflammatory and analgesic
activities was performed in albino adult male and fe-
male rats weighing 150-180 g. The animals were ran-
domly divided into seven groups of equal number
(control, 5 experimental and comparison groups).
The use of Piroxicam (Chervona Zirka, Ukraine) as

the reference drug was due to its isosteric relation-
ships with the core of 1,2-benzoxathiine 2,2-dioxide.
The anti-inflammatory activity was studied on the mo-
del of the carrageenan induced paw edema, and the anal-
gesic activity was evaluated on the model of the lo-
cal inflammatory hyperalgesia. Pathology in both ca-
ses was reproduced by the intraplantar injection of
0.1 mL of 1% solution of y-carrageenan (Sigma, USA)
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Table 2

The antimicrobial activity of spiro[benzo[e]pyrano[3,2-c][1,2]oxatiamine-4,3"-indolyl] 5,5-dioxides

Diameter of the growth inhibition zones (average for three experiments), mm
Compound Gram-positive bacteria Gram-negative bacteria Fungi
S. aureus E. coli B. subtilis P.aeruginosa P.vulgaris C. albicans
Metronidazole 14 14 16 0 0 14
Synthomycin 14 17 17 17 17 0
| 22 19 22 17 16 18
o}
- CH:COOEt

21 19 22 16 16 17

21 19 23 16 17 18

22 20 23 17 17 18

22 19 22 16 17 18

21 20 22 15 16 18

into the right hind limb of rats [12, 13]. The test com-
pounds and the reference drug were introduced oral-
ly as fine aqueous suspensions stabilized with Tween-80
one hour prior to the y-carrageenan injection. The scre-
ening dose for Piroxicam was 2 mg/kg, the test com-
pounds were introduced in the doses that were equi-
molar to the reference drug. The control group recei-
ved an equivalent amount of Tween-80 water solution.
58

The initial and final values of the paw edema vo-
lume were measured by the water displacement me-
thod using a digital plethysmometer (IITC Life Science,
USA). The final values of the paw edema volume were
received 3 h after the phlogogen agent injection.

The initial values of the pain threshold were mea-
sured using an Ugo Basile 37215 analgesimeter [14, 15],
and the final values of the pain threshold were ob-
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tained on the inflamed paw 2 h after administration
of the test substances.

The anti-inflammatory activity (%) was expres-
sed as percentage of edema inhibition in the animals
treated with the test compound and Piroxicam com-
pared to the control rats. The anti-inflammatory ac-
tivity was calculated by the formula:

AVe- AV, oo
AV o

c

AlA =

where: AIA - is the anti-inflammatory activity, %;
AV, - is the average percentage of edema in the cont-
rol group, %; AV, - is the average percentage of edema
in the experimental group (comparison group), %.

The analgesic activity was evaluated by the change
of the pain threshold checked on the inflamed paw
in the rats received the test compound and the refe-
rence drug compared to the animals from the con-
trol group. The analgesic activity was calculated by
the formula:

_ APT.- APT,
~ APT,

AA - 100 %,

where: AA - is the analgesic activity, %; APT. - is the ave-
rage percentage of the pain threshold decrease in
the control group, %; APT, - is the average percentage
of the pain threshold decrease in the experimental
group (comparison group), %.

The results of biological tests were also proces-
sed by the method of variation statistics using Stu-
dent’s t-criterion and Mann-Whitney U Test, and such
programs as STATISTICA 7.0, Stat-Plus 2009 and MS
Excel 2007 [16-18]. The current study was carried
out in full compliance with the Directive 86/609/EU
of the European Parliament and of the Council of
24 November 1986 on protection of animals used
for scientific purposes [19, 20].

Experimental microbiological part

According to the WHO recommendations [10],
the following test-strains were used: Staphylo-
coccus aureus ATCC 25923, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Bacil-
lus subtilis ATCC 6633, Proteus vulgaris ATCC 4636,
Candida albicans ATCC 653/885. The inoculum sus-
pension was prepared using a Densi-La-Meter ap-
paratus (made by PLIVA-Lachema, Czech Republic;
the wavelength of 540 nm).

The suspension was prepared according to the ma-
nual for the device and the information sheet No 163-2006
“Standardization for preparation of microbial sus-
pensions” (Kyiv) about innovations in the healthcare
system. The inoculum density was 107 cells in 1 mL
of the medium, and it was determined by compar-

ing to McFarland standard [21]. The 18 to 24-hour
old cultures of the microorganisms were employed
for the test. For the antimicrobial evaluation the
Mueller-Hinton agar was used, for Candida albicans
strain the Sabouraud agar was taken. The compounds
were introduced into agar by the “well” method [10].
The antibacterial activity was evaluated by measur-
ing zones of inhibition of the corresponding microor-
ganism and was compared to those for the reference
antimicrobial drugs.

The bacteriostatic and bactericidal activity of new
compounds was determined in accordance with the re-
quirements of the State Pharmacopoeia of Ukraine
(ed. 1) by the double serial dilution method in the li-
quid growth medium. Testing was made in the volu-
me of 1 mL of each dilution of substances with the fi-
nal concentration of the microorganism under study
about 5x10° CFU/mL. After incubation for a day or
48-72 hours for Candida spp. the cuvettes were seen
in bright light to determine the presence of the micro-
organism growth. The minimum inhibitory concentra-
tion (MIC) was set at the lowest concentration of
the test substance, which suppressed the apparent
growth of the culture. To determine the minimum bac-
tericidal concentration (MBC), dosage seeds were fed
on a solid nutrient medium (Muller-Hillton agar) of
the culture fluid from all the tubes, in which no growth
of the microorganism was observed. The lowest con-
centration, which caused the death of at least 90% of
bacteria, was taken as the MBC. The additional cont-
rol was performed for the culture in the medium without
the substances studied, in the solvent; the purity of
the suspension with the microorganism (by seeding
on the non-selective media) and the sterility of the me-
dium were controlled.

Conclusions

1. The use of malononitrile in the three-compo-
nent interaction with 1,2-benzoxathiin-4(3H)-one
2,2-dioxide and isatins has led to the formation of
the target amino-2’-oxospiro[4H-pyrano[3,2-c][1,2]
benzoxathiine-4,3’-indoline]-3-carbonitrile 5,5-di-
oxides. The replacement of malononitrile with ethyl
cyanoacetate in the reaction has resulted in mix-
tures of the target and starting compounds.

2. The analgesic activity of the spiro-derivatives
synthesized has appeared to be generally higher than
the anti-inflammatory one.

3. The current study implies that 1,2-benzox-
athiin 2,2-dioxide pyran-annulated derivatives are
lower active than those constructed on the basis of
1H-2,1-benzothiazin-4(3H)-one 2,2-dioxide.

4. The compounds synthesized have appeared to
be unpromising antimicrobial agents.
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