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AN EFFICIENT, THREE-COMPONENT SYNTHESIS AND MOLECUL AR
STRUCTURE OF DERIVATIVES OF 2-AMINO-3-R-6-ETHYL-4,6 -
DIHYDROPYRANOI[3,2-C][2,1]BENZOTHIAZINE-5,5-DIOXIDE SPIROCOMBINED
WITH A 2-OXINDOLE NUCLEUS
Leonid A. ShemchuR, Dmitry A. Lega® Ruslan Gr. RedkifiValentine P. ChernykhQleg V.
Shishkin,” Svetlana V. Shishkifla
®National University of Pharmacy, Pushkinska Str. 53, Kharkiv, 61001, Ukraine
PSTC Institute for Single Crystals, National Academy of Sciences of Ukraine, Lenin Ave. 60,
Kharkiv, 61001, Ukraine
Abstract — Spiro[(2-amino-3-R-6-ethyl-4,6-dihydropyrano[3;R2,1]benzothiazine-5,5-
dioxide)-4,3'-(1'-R'-5'-R"-indolin-2'-one)] compaods were synthesized based on the three-
component interaction of benzo[c][2,1]thiazin-4-Bj2-dioxide with corresponding isatins and
appropriate methylene active nitriles in the presenf a base as a catalyst. The molecular
structures of the target compounds were proveduahygby the X-ray diffraction analysis
method.
Keywords: benzo[c][2,1]thiazine, 2-oxindolesnethylene active nitriles, spirocyclic
compounds, 4,6-dihydropyrano[3,2-c][2,1]benzotmazb,5-dioxide, X-ray diffraction
analysis.

1. Introduction

Currently, synthetic organic chemistry provides me# with new and effective
heterocyclic compounds for treating a variety ofedises. In this regard, derivatives of
benzothiazinone S,S-dioxide occupy a special plsioee they are very perspective compounds
to create new drugs. This is associated with tfeity wide range of biological activities.
Sedative, anticonvulsant, hypnotic, hypoglycemiasofe relaxant, anti-arrhythmic hypotensive
and other activities are the most typical for them.

Among ten possible structural isomers of benzoth@e S,S-dioxidé?
benzo[c][2,1]thiazin-4-on 2,2-dioxide attracted aitention, due to insufficient studies of the
biological activity spectra for different derivagis of this benzothiazinone and insufficient
studies of its chemical properties.

Derivatives of 3,4-dihydro-2,1-benzothiazine-2,2»xdde are characterized by such
biological activities as IL-8 receptor antagoniselective inhibition of focal adhesion kindse,

antiviral (reverse transcriptase inhibitory actasf); anticancet and antibacterial activitie’s.
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Also, they demonstrate potent biological activitesch as lipoxygenase inhibition and are
applied as agents for heart disedSe©n the other hand, being structural isomers, the
benzolc][2,1]thiazine-4(3)-on 2,2-dioxide core is bioisosteric to the ber#d],2]thiazine one.
It serves as a base for such drugs as piroxicam®jchm® and meloxicam® (Fig. 1), which
one to efficient analgesic and anti-inflammatorertg'* Some of these compounds showed

anti-bacterial activity?
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Figure 1. Initial benzo|c][2,1]thiazin-4-on 2,2-dioxide and bioisoatebiologically
active benzothiazine derivatives

Benzo[c][2,1]thiazine-4(A)-on 2,2-dioxide represents the methylene activeaCid. Its
structure is an analogue of a cyclic methyleneactiy3-dicarbonyl compound, which makes it a
very convenient and promising intermediate for dind) new heterocyclic systems based on it.
Although this compound, unlike its carbonyl analegexists entirely in the 4-oxo fortir** it
exhibits a number of specific properties that avée characteristic for carbonyl compounds. In
particular, it is not reduced in 4-hydroxy derivas by the direct route and does not form
enamines with secondary amines. The carbonyl gofupe given heterocycle is distinguished
by a high propensity for enolization in when ofraducing alkyl or acyl groups into position
3.1 This property opens up great opportunities for siethesis of condensed heterocyclic
systems usin@H,CO-group in this compound in particular using multikgponent reactions.

Multicomponent reactions of enol-nucloephilic corapds, carbonyl compounds and the
appropriate active nitriles have recently attractbd interest of the synthetic community,
because the formation of diverse condensation ptedcan be expected depending on the
specific conditions and structure of the buildingdiks. This interaction is the direct route for
construction of the 2-amino-#pyrane coré’ The mechanism of this coupling is based on a
domino Knoevenagel/Michael cyclization sequenceavbet carbonyl compounds, appropriate
nitriles and carbonyl CH-acidi. There are no data about these interactions for
benzolc][2,1]thiazine-4(3H)-on 2,2-dioxide. No infieation is available about the synthesis of
the condensed heterocyclic systems including beiji2ol]thiazine-4(81)-on 2,2-dioxide and
the 4H-pyranic ring as well.

Using isatins in this reaction as the carbonyl congmt allows construction of the

spiro[4H-pyran-oxindole] cor€ in a one-pot synthesis. For example, a three-comemtareaction
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of isatins, ethylcyanoacetate or malononitrile, 8rtethylpyrazol-5-one in the presence of base
catalyst§® or under ultrasound irradiatih,or in the presence of NaHGQ@nder grindind?
leads to the spiro[pyrano[2@pyrazolo-2-oxindoles] with good yields. The same@ple was
used by us in the preparation and study of theiqusly reported 4-hydroxy-2-quinolones
annelated by a spiro[indole-3,4'-pyran] rfrig.

In this aspect, N-ethylH-2,1-benzothiazin-43)-on-2,2-dioxide is new synthon for the
one-step three-component synthesis of condens¢ehsys 2-amino-6-ethyl-3-R-4-R'-4-R"-4,6-
dihydropyrano(3,2:][2,1]benzothiazine 5,5-dioxide.

This article is devoted to a new spirocyclic systefrspiro[(2-amino-3-R-6-ethyl-4,6-
dihydropyrano([3,2-c][2,1]benzothiazine-5,5-dioxideB'-(2'-oxindole)]. Experiments carried
out by us have shown that exchange of the 4-hydmxyarin or 4-hydroxy-2-oxo-1,2-
dihydroquinoline for heteroanalog, in particular;ebhyl-1H-2,1-benzothiazin-4(3H)-on-2,2-
dioxide 4, does not have any kind of effect on the courseéhefreaction and thus, it gives
spiro[(2-amino-3-R-6-ethyl-4,6-dihydropyrano[3,4&;]L]benzothiazine-5,5-dioxide)-4,3'-(2'-
oxindole)]10-11

2. Results and discussion

The synthesis of the initial N-ethyHt2,1-benzothiazin-4(3)-on-2,2-dioxide4 was
described in the literatufd,and included esters of anthranilic acilss initial compounds
(Scheme 1). Different authors used different cood# for the synthesis of compouBdsuch as
THF(dioxane)-triethylamine, methylenechloride/pymig, pyridine, etc. We found that using the
DMF/N-methylmorpholine system in this reaction alfopure compoun@ to be obtained with
excellent yields in a short time. Moreover, all brg'?* used only NaH in DMF for
heterocyclization of alkylated compouBdWe also found that replacement of NaH wBnOK
increases the yield of compoudd obtaining it in analytically pure form, which diabt need
further purification.
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Scheme 1Synthesis oN-ethyl-1H-2,1-benzothiazin-43)-on-2,2-dioxide4

The synthesis of target compound®a-e and 11a-e was carried out according to

transformations presented on Scheme 2.
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A three-component one-pot reaction of equimolarngtias of benzothiazinond,
malonodinitrile and the appropriate isatibe-ein the presence of triethanolamine under reflux
for 30 min in ethanol, gave to derivatives of 2-amB-R-6-ethyl-4,6-dihydropyrano[3,2-
c][2,1]benzothiazine-5,5-dioxid®0a-e spiricombined with a 2-oxindole core with the diglof
64-83% (Scheme 2, Table 1).

Using ethylcyanoacetate in the three-component exxsation as the methyleneactive
nitrile increases the time of interaction to ab®ut. The yields of target compountlsa-ewere
46-63% (Scheme 2, Table 1).

It was possible to carry out a two-step synthes$itamet compound40a-eandlla-e
using the corresponding Knoevenagel condensatiodugts, namely 2-oxoindolinilidené&a-e
and9a-g in accordance with the mechanism of the reactgymthesis of compounda-e and
9a-e was carried out pursuant to a procedure preseantedr previous work? Interaction of
benzothiazinoné with 3-cyanomethylidene-2-oxindolé&=a-e and 9a-e proceeded by reflux in
ethanol in the presence of a base. In the casengpaundsBa-e heating continued for 1 h; as a
result, compound&Oa-ewere formed with the yields of 53-77%. For 2-oxdmhnilidenes9a-¢
the duration of heating was 3-4 h, and the yielidgget compounds were 40-52% (Scheme 2,
Table 1).

Compoundsl0 a-eand 11 a-ewere obtained in the form of stable, refractonipef
colourless powders, which, if necessary, were statlyzed from a ethanol/DMF mixture (1:1).
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EtOH N(CH,CH,0H), =0
N(CH,CH,OH), N~ \\O l\‘l o)
) R
4 8 a-e
Method A Method B
o NC
NCCH,COEt R ./ ~COOEt
7 EtOH
EtOH N(CH,CH,0H), /S;O *
N(CH,CH,OH), )N N ‘ o

4 9a-e

Scheme 2.

Table 1.Yields for the compoundkOa-eandlla-esynthesized by two methods

Compound R' R" Yield, %




Method A Method B

10a H H 83 77
10b Me H 70 61
10c Bn H 65 53
10d Allyl H 81 73

10e H Br 64 56
1lla H H 63 52
11b Me H 55 49
11c Bn H 58 41
11d Allyl H 57 52

1le H Br 46 40

Using cyanoacetamid® as methyleneactive nitrile in the three-comporreattion, we
did not obtain the expected 3-carbamide derivativesthe case of N-methylisatiBb, 3-
ethoxycarbonyl derivativellb was a product of the reaction, which can be expthiby
alcoholysis of the amide group.

The infrared spectrum of the compounds featureorpben bands of valence and
deformation oscillations of amino, cyano groups¥0a-eor amino, carbethoxy groups fbta-

e.

The 'H NMR spectra ofl0a-e and 11a-e compounds feature a characteristic set of
signals: an extended high-intensity singlet of dh@mino group of the pyran ring at 7.6-7.7
ppm for 3-cyano derivative$0a-eand at 7.8-8.1 ppm for 3-ethoxycarbonyl derivasive
1la-e The corresponding non-alkylated compourids1la,e,(R'= H) also feature a
proton singlet from the NH group of the 2-oxindalag in a higher field at 10.45-10.85
ppm. A triplet can be observed in all of the compds at 0.9-1.1 ppm and at 0.6-0.7 ppm
for 11ccorresponding to the methyl group of the N-ethyhdtion. Protons from the NH
group of the 2-oxindole rings as well as of Wr@mino group of the pyran ring can be
easily exchanged in the presence g©bin DMSO-Ly solution.

The *C NMR spectra also confirmed the structures of siathesized compounds.
Furthermore, full assignment of th&€ NMR data confirmed structurd®,11a-e where the key
signals av175—-178 ppm was assigned to the 2-oxindolic carbongugr até57 ppm forlO0a-e
and at359 ppm forlla-ewas assigned to the quaternary sprbor’’?° The signal a6118 ppm
was assigned to the nitrile carbon in the pyrag for compoundd.0a-eand the signal a&i167
ppm was assigned to the carbonyl carbon of the geteip for compound$la-e Full spectral

data for all new compounds are presented in Sedtion
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The structures of the compounti8c and11ehave been confirmed by X-ray diffraction
study (Fig. 2)

10d 11f
Figure 2. Molecular structure of the compounti3candlleaccording to the X-ray diffraction

study.

The moleculed0candllediffer from each other by substituents at the G18,and N1
atoms and details of molecular and crystal strestias consequence. The benzothiazine ring
adopts a twist-boat conformation in both moleciithe puckering parametéfsare S = 0.649
=51.8,¥ =27.2 for10cand S = 0.66Q = 50.9, ¥ = 21.3 for 116. However, the S1 and C9
atoms deviate from the mean plane of the remaiaioms of the ring in opposite directions with
respect to the indolone fragment. In the case déoute 10c both atoms are shifted toward the
benzene ring of indolone (deviations are -0.89 Al a8.30 A for the S1 and C9 atoms,
respectively) while both atoms in molecul#e deviate in the opposite direction by 0.90 A and
0.26 A, respectively. Such a difference in confdiora of the benzothiazine ring results in
appearance of steric repulsion between atoms afulienyl group and bicyclic fragment in the
molecule10c in contrast to the moleculkle (the shortened intramolecular contacts 0O3...C3
2.96 and S1...C4 3.44 A as compared with van der $Vemdii surfi’ 3.00 A and 3.55 A,
respectively). This leads to slightly non-plananfoomation of the five-membered heterocycle
of bicyclic fragment in10c (deviation of the C1 atom from the mean planehef temaining
atoms of the ring is 0.11 A), some bending of tleydlic fragment (the angle between the -N-
C(=0)-C- planar fragment and aromatic ring is 1Jl.8~Ad deviation from the orthogonal
orientation of the spiro-joined fragments to eatheo (the angle between mean planes of the
dihydroindolone fragment and pyran ring is 84.1A)contrast tolO¢ the bicyclic fragment in
11eis planar within 0.03 A, and the angle betweenktiogclic fragment and planar within 0.01
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A pyran ring is 92.0°. It can be noted that theapyring in10cis slightly non-planar and adopts
a flattened boat conformation (the puckering patamseare S = 0.2%) = 69.6, ¥ = 0.¢°) with
the deviations of the O2 and C2 atoms by 0.10 Aagd A, respectively.

3. Conclusion

In conclusion, we have demonstrated that the ailgispiro-joined heterocyclic system
containing the spiro[(4,6-dihydropyrano[3,2-c][h&hzothiazine-5,5-dioxide)-4,3'-(indolin-2'-
one)] core10-11 was synthesized based on the domino Knoevenagdlédiccyclization
sequence between benzo[c][2,1]thiazin-4-on-2,2{id®X with corresponding isatins and
appropriate methylene active nitriles in the presemf an organic base as a catalyst.
Experiments carried out by us have shown that NHdtH-2,1-benzothiazin-4(3H)-on-2,2-
dioxide 4 is a proper analogue of cyclic methyleneactive-dicarbonyl compounds in this
reaction. The isolated yields in this one-pot ptotowere moderate to high (46-83%) and
provided the desired target compounds with a higinityp after a simple filtration or
recrystallization from an ethanol/DMF mixture (1:1)

4. Experimental section
4.1. General
Starting isatins and methylenactive nitriles webtamed from commercial sources and

used without further purification. Dry solvents weprepared in accordance with standard
methods. Melting points were obtained on a Gallemnkanelting point apparatus, Model MFB-
595 in open capillary tubedH NMR spectra were recorded on a Varian WXR-40® (RMHz)
spectrometer in DMSOgdusing TMS as an internal standard (chemical shiftparts per
million). **C NMR spectra were recorded on a Bruker Avanc®@ MIHz, the references at the
signal of the solvent 39.5 ppm for DMS@-dR spectra were taken on a Perkin—Elmer 298
spectrophotometer in KBr pellets. Elemental anaysere carried out using Carlo Erba CHNS-
O EA 1108 analyzer. Mass spectra were taken orriaiva200L DIP (El, 70 eV).
4.2. X-ray diffraction study

The crystals of10c (CygH2oN4O4S) are monoclinic. At 100 K a = 13.9801(5), b =
18.7160(7), ¢ = 9.4293(3) B, = 99.037(4), V = 2436.6(2) A Mr = 510.56, Z = 4, space group
P2/c, dac= 1.392 glcm, p(MoKa) = 0.177 mri, F(000) = 1,064. Intensities of 24,624
reflections (7,111 independent;,R= 0.052) were measured on the Xcalibur-3 diffreretter
(graphite monochromated Mg@kadiation, CCD detectoi-scaning, Bmax = 60°).

The crystals ofl1e(C,3H20N306BrS) are triclinic. At 293 K a = 9.7567(5), b = 2376(5), ¢
= 12.0580(6) A,a = 99.984(4)°,p = 94.389(4)°,y = 112.110(4)°, V = 1191.6(1) AMr =
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546.39, Z = 2, space grouplPda= 1.523 g/cm, p(MoKa) = 1.857 mnt, F(000) = 556.
Intensities of 11080 reflections (6931 independBpt,= 0.022) were measured on the«Xcalibur-
3» diffractometer (graphite monochromated Mo&diation, CCD detectoty-scaning, Pmax =
60°).

The structures were solved by the direct methodgusihe SHELXTL packag® The
restrictions on the bond lengths in the disorddéragments for thd1lewere applied (CSpCsp’
1.54 A). The absorption correction was performeshgishe multi-scan method & = 0.708,
Tmax = 0.913). Position of the hydrogen atoms were tetdrom electron density difference
maps and refined by “riding” model withiddd= nUgq of the carrier atom (n = 1.5 for methyl and
hydroxyl groups and for water molecule and n =féardther hydrogen atoms) in the case of the
structurelle The hydrogen atoms of the molecdlec and the hydrogen atoms bie taking
part in the formation of the hydrogen bonds areneef in isotropic approximation. Full-matrix
least-squares refinement of the structures agdifsh anisotropic approximation for non-
hydrogen atoms using 709000, 6877 (16 reflections was converged to: wR 0.111 (R =
0.049 for 5188 reflections with FafF), S = 1.038) for structur&Oc and wR = 0.197 (R =
0.070 for 4381 reflections with FafF), S = 1.051) for structurdle The final atomic
coordinates, and crystallographic data for molexiifx and11ehave been deposited to with the
Cambridge Crystallographic Data Centre, 12 UnioradRoCB2 1EZ, UK (fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk) and ardaia on request quoting the deposition
numbers CCDC (1002460 féOcand CCDC 1002461 fdrle.

4.3. Procedure for the synthesis of N-ethyl-benzd[@,1]thiazin-4-on 2,2-dioxide. Starting
methylanthranilate (13 mL, 0.1 mol) was added tom&ture of DMF (25 mL) and
N-methylmorpholine (0.1 mol, 11 mL). After that rhahsulphonylchloride (0.1 mol, 7.7 mL)
was added to the solution dropwise, while cooling teaction mixture with ice. The resulting
suspension was mixed using a magnetical stirrerlfbomin at room temperature, then the
temperature was gradually increased to 50-60°Ctla@duspension was mixed for 1.5 h. Next,
was added water (100 mL) to the resulting suspendibe resulting precipitate was filtered off,
washed with water and dried in air, giving pureduct2 (m.p. 80-88C) in a yield of 80-85%.
Product2 (0.1 mol, 22.9 g) was dissolved in DMF (80 mL) grudassium carbonate (0.205 mol,
29 g) was added to this solution. The resultingpsaosion was stirred for 30 min and
ethylbromide (0.128 mol, 9.6 mL) was added dropwidgs mixture was stirred at 8D for 8-

10 h, cooled down and poured on to water. The pnbtaprecipitate was filtered off and dried in
air. Recrystallisation fromPrOH gave pure produ8t(m.p. 58-66C) in a yield of 77-80%. To a
magnetically stirred suspension of potasstem-butoxide (90 mmol) in dry DMF (15 mL), a
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solution of methyl 2-ethylmethylsulfonylamidoben#®ad (60 mmol) in dry DMF (25 mL) was
added at room temperature, and then the suspemsisnstirred for 4 hours at €. When
mixing was completed, diluted hydrochloric acid waded to the resulting suspension. The
precipitate was filtered off, washed with water aingbd. As a result, analytically pure proddct
was obtained (m.p. 84-86) in a yield of 85-90%.

4.4. General procedure for the synthesis of spirdifamino-3-R-6-ethyl-4,6-
dihydropyrano[3,2-c][2,1]benzothiazine-5,5-dioxide},3'-(1'-R'-5'-R"-indolin-2'-one)]

(10a-e, 11a-e).

Method A. Three-component one-pot proceddm@.a solution of the respective isatiba—e
(0.001 mol) in ethanol (5.0 mL), triethanolaminel® mL, 0.001 mol) and malonodinitri
(0.066 g, 0.001 mol) or cyanoacetic acid ethyl regté).11 mL, 0.001 mol) were added. After
that the N-ethyl-H-2,1-benzothiazin-8H)-one-2,2-dioxidet (0,23 g, 0.001 mol) was added to
the resulting solution. When compoufidvas used, the reaction mixture was heated urdil th
precipitate of compoundsla—ewas observed (usually about 30 min). When compaunes
used, the resulting reaction mixture was reflux@dZ h and cooled down to room temperature.
After cooling, the mixture was allowed to form thpgecipitate of 11a—e The resulting
precipitates of compound)a—eandl1lla-ewere filtered, washed with ethanol and then dried.
When necessary, the precipitates were recrystdlfizen an ethanol and DMF mixture.

Method B. Synthesis using 3-cyanomethyliden-2-ok@sdA solution of 3-cyanomethyliden-2-
oxindoles8a—e or 9a—e (0.001 mol), compound (0.225 g, 0.001 mol), and triethanolamine
(0.13 mL, 0.001 mol) was refluxed in ethanol (1Q). When8a—e was used, the reaction
mixture was refluxed for 1 h and in the case oftlsgsis with9a—e nitriles — for 3-4 h. The
resulting precipitates df0a—eandlla-ewere treated as mentionednethod A

The yields for the synthesized compoudf@a—eandlla-eare presented in Table 1.

4.4.1. Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyano[3,2-c][2,1] benzothiazine-5,5-
dioxide)-4,3'-(indolin-2'-one)] (10a).

Beige powder; mp 232-233 (decomp.)ymax (KBr) 3583, 3411, 3371, 3324, 3212, 2198, 1721,
1670, 1598, 1469, 1384, 1320 ¢mH NMR (200 MHz, DMSO-¢): & (ppm) 10.69 (s, 1H), 7.98
(d, J=7.6 Hz, 1H), 7.79 - 7.56 (m, 4H), 7.47 (t7.B=Hz 1H), 7.35-7.20 (m, 2H), 7.01 (t, J=7.3,
1H), 6.87 (d, J=7.6, 1H), 3.86 (br. q, J=7.2 Hz),2H06 (t, J=7.0, 3H3**C NMR (100 MHz,
DMSO-&): 6 (ppm) 176.49, 159.34, 148.00, 142.12, 137.86,7832131.22, 129.63, 124.57,
124.38, 122.21, 120.57, 117.86, 116.79, 112.02,81M%7.26, 56.06, 48.64, 43.96, 18.58,
13.19; EI-MS (m/z) = 420 ([M). Anal. Calcd for GiH1eN4O4S: C, 59.99; H, 3.84; N, 13.33; S,
7.63. Found: C, 60.19; H, 3.79; N, 13.26; S, 7.65.
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4.4.2. Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyano[3,2-c][2,1] benzothiazine-5,5-
dioxide)-4,3'-(1'-methyl-indolin-2'-one)] (10b).
Light gray crystalline powder; mp 224-225 (decomp.)vmax (KBr) 3397, 3318, 3210, 3129,
2204, 1706, 1673, 1609, 1490, 1470, 1417, 1325 ti6; *H NMR (200 MHz, DMSO-g): &
(ppm) 7.96 (d, J=7.63 Hz, 1H), 7.78-7.54 (m, 4HR3#7.31 (m, 3H), 7.19-7.01 (m, 2H), 3.82
(q, J=7.12 Hz, 2H), 3.20 (s, 3H), 0.99 (t, J=7.02 BH); **C NMR (100 MHz, DMSO-g): &
(ppm) 175.39, 159.85, 148.46, 143.95, 138.30, £33130.89, 130.27, 125.78, 124.86, 123.39,
121.03, 118.25, 117.11, 112.33, 109.30, 57.23,04£%.19, 13.65; EI-MS (m/z) = 434 ([N)]
Anal. Calcd for GoH1gN4O4S: C, 60.82; H, 4.18; N, 12.90; S, 7.38. Found6T01; H, 4.25; N,
12.81; S, 7.33.
4.4.3. Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyano[3,2-c][2,1] benzothiazine-5,5-
dioxide)-4,3'-(1'-benzyl-indolin-2'-one)] (10c).
Light brown crystalline powder; mp 230-282 (decomp.)Vmax (KBr) 3595, 3392, 3308, 3197,
2202, 1707, 1667, 1591, 1488, 1466, 1410, 1326; ciH NMR (200 MHz, DMSO-g): 5 (ppm)
7.99 (d, J=7.63 Hz, 1H), 7.78-7.56 (m, 4H), 7.5887(m, 8H), 7.06 (t, J=7.5 Hz, 1H), 6.87 (d,
J=7.63 Hz, 1H), 4.94 (dd, J=34, 16 Hz, 2H), 3.84J&i7.83 Hz, 2H), 1.00 (t, J=6.87 Hz, 3H);
3%C NMR (100 MHz, DMSO-g): & (ppm) 175.76, 160.02, 148.72, 143.16, 138.34, 11%B6.
133.33, 130.87, 130.17, 128.86, 127.65, 125.96,1123 23.49, 121.08, 118.28, 117.29, 112.16,
109.94, 57.03, 44.49, 44.07, 13.68; EI-MS (m/z)18 §M]"). Anal. Calcd for GgH»oN4O4S: C,
65.87; H, 4.34; N, 10.97; S, 6.28. Found: C, 65t934.37; N, 11.01; S, 6.23.
4.4.4. Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyano[3,2-c][2,1] benzothiazine-5,5-
dioxide)-4,3'-(1'-allyl-indolin-2'-one)] (10d).
Beige crystalline powder; mp>2%D; vmax (KBr) 3534, 3457, 3296, 3131, 2203, 1649, 1610,
1487, 1320, 1175, 1148, 1108 ¢m*H NMR (200 MHz, DMSO-¢): & (ppm) 7.97 (d, J=6.71
Hz, 1H), 7.77-7.54 (m, 4H), 7.54-7.27 (m, 3H), 7(§7=7.50 Hz, 1H), 6.98 (d, J=7.63 Hz, 1H),
5.93-5.75 (m, 1H), 5.34 (d, J=17.09 Hz, 1H), 5.86 J=10.68 Hz, 1H), 4.34 (q, J=14.5, 2H),
3.82 (g, J=7.3 Hz, 2H), 0.99 (t, J=6.87 Hz, 3tHC NMR (100 MHz, DMSO-g): & (ppm)
175.23, 159.90, 148.63, 143.06, 138.32, 133.31,8631.30.85, 130.14, 125.87, 124.85, 123.38,
120.99, 118.21, 117.22, 112.17, 109.95, 57.37,0481%2.41, 42.68, 13.67; EI-MS (m/z) = 460
(IM]7). Anal. Calcd for G4H20N4O4S: C, 62.60; H, 4.38; N, 12.17; S, 6.96. Found6Z.56; H,
4.42; N, 12.23; S, 6.91.
4.4.5. Spiro[(2-amino-3-cyano-6-ethyl-4,6-dihydropyano[3,2-c][2,1] benzothiazine-5,5-
dioxide)-4,3'-(5'-bromo-indolin-2'-one)] (10e).
Light gray crystalline powder; mp>2%0; v ma (KBr) 3421, 3285, 3194, 2204, 1740, 1710,
1667, 1591, 1471, 1411, 1328, 1206, 1178'cfiH NMR (200 MHz, DMSO-g): & (ppm) 10.85
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(s, 1H), 7.94 (d, J=7.63 Hz, 1H), 7.79-7.34 (m, ,7/61833 (d, J=8.55 Hz, 1H), 3.85 (q, J=7.02 Hz,
2H), 1.00 (t, J=6.80, 3H)**C NMR (100 MHz, DMSO-g): 8 (ppm) 176.61, 159.84, 148.70,
141.91, 138.24, 133.99, 133.28, 128.95, 124.86,082118.29, 117.22, 114.22, 112.29, 111.62,
56.97, 44.42, 13.62; EI-MS (m/z) = 499 ([WM] Anal. Calcd for GiH1sBrN4O,4S: C, 50.51; H,
3.03; N, 11.22; S, 6.42. Found: C, 50.47; H, 3N811.25; S, 6.46.
4.4.6. Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,@ihydropyrano[3,2-c][2,1]
benzothiazine-5,5-dioxide)-4,3'-(indolin-2'-one)]| X1a).
Green-gray crystalline powder; mp>280 vmax (KBr) 3349, 3249, 2987, 1716, 1687, 1646,
1533, 1325, 1278, 1175, 1150, 1104 5ntH NMR (200 MHz, DMSO-g): & (ppm) 10.45 (br.
S., 1H), 8.13-7.93 (m, 3H), 7.67-7.35 (m, 3H), #72@3 (m, 2H), 6.86 (d, J=7.32, 1H), 6.74 (d,
J=7.63 Hz, 1H), 3.89-3.59 (m, 4H), 0.95 (t, J=68H), 0.74 (t, J=7.17 Hz, 3H}*C NMR (100
MHz, DMSO-&): 6 (ppm) 178.17, 167.38, 159.66, 147.09, 144.10, 4&38134.31, 132.81,
128.85, 125.11, 124.68, 121.63, 120.94, 118.66,5P15109.33, 76.22, 59.46, 49.16, 44.59,
13.56; EI-MS (m/z) = 467 ([M). Anal. Calcd for GsH21N30S: C, 59.09; H, 4.53; N, 8.99; S,
6.86. Found: C, 59.03; H, 4.48; N, 9.06; S, 6.93.
4.4.7. Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,@ihydropyrano[3,2-c][2,1]
benzothiazine-5,5-dioxide)-4,3'-(1'-methyl-indolin2'-one)] (11b).
Light green crystalline powder; mp 230-282(decomp.)vmax (KBr) 3325, 2933, 1689, 1608,
1528, 1468, 1322, 1279, 1176, 1102'crmtH NMR (200 MHz, DMSO-g):  (ppm) 8.20-7.98
(m, 3H), 7.71-7.49 (m, 2H), 7.43 (t, J=7.50, 1HR6/ (t, J=7.70 Hz, 1H), 7.15 (d, J=7.50 Hz,
1H), 7.04-6.87 (m, 2H), 3.90-3.59 (m, 4H), 3.143H), 0.95 (t, J=6.87 Hz, 3H), 0.68 (t, J=7.17
Hz, 3H); **C NMR (100 MHz, DMSO-¢): 5 (ppm) 176.53, 167.23, 159.75, 147.13, 145.18,
138.43, 133.44, 132.93, 129.13, 125.13, 124.87,442220.95, 118.57, 115.40, 108.17, 75.78,
59.39, 44.58, 26.92, 13.60; EI-MS (m/z) = 481 (MJAnal. Calcd for GsH»3aN306S: C, 59.87;
H, 4.81; N, 8.73; S, 6.65. Found: C, 59.82; H, 41868.77; S, 6.53.
4.4.8. Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,@ihydropyrano[3,2-c][2,1]
benzothiazine-5,5-dioxide)-4,3'-(1'-benzyl-indolin2'-one)] (11c).
Yellow-green crystalline powder; mp 226-228(decomp.)ymax (KBr) 3366, 3258, 1688, 1608,
1529, 1487, 1328, 1283, 1171, 1106 tntH NMR (200 MHz, DMSO-g): 5 (ppm) 7.96-7.67
(m, 3H), 7.40-6.79 (m, 10H), 6.68-6.49 (m, 2H),34(5, 2H), 3.61-3.30 (m, 4H), 0.65 (t, J=7.02
Hz, 3H), 0.04 (t, J=7.02 Hz, 3H}*C NMR (100 MHz, DMSO-¢): & (ppm) 176.95, 167.18,
159.86, 147.34, 144.84, 138.47, 137.03, 133.66,963428.89, 128.70, 127.79, 125.21, 124.77,
124.56, 122.52, 121.02, 118.61, 115.10, 108.8347/%9.09, 44.69, 13.78, 13.59; EI-MS (m/z)
= 557 ([M]). Anal. Calcd for GoH2/N306S: C, 64.62; H, 4.88; N, 7.54; S, 5.75. Found: C,
64.48; H, 4.97; N, 7.42; S, 5.86.
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4.4.9. Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4,@lhydropyrano[3,2-c][2,1]
benzothiazine-5,5-dioxide)-4,3'-(1'-allyl-indolin-2-one)] (11d).
Gray powder; mp 225-226 (decomp.)vmax (KBr) 3354, 3197, 2976, 1693, 1644, 1613, 1532,
1341, 1282, 1171, 1103 ¢m*H NMR (200 MHz, DMSO-g): & (ppm) 8.11 (s, 2H), 8.04 (d,
J=7.90, 1H), 7.73-7.50 (m, 2H), 7.43 (t, J=7.30 H4), 7.31-7.10 (m, 2H), 7.01-6.82 (m, 2H),
5.99-5.73 (m, 1H), 5.51 (d, J=17.50 Hz, 1H), 5.@3¥10.07 Hz, 1H), 4.52-4.08 (m, 2H), 3.87 -
3.53 (m, 4H), 0.94 (t, J=7.00 Hz, 3H), 0.64 (t, D27Hz, 3H):**C NMR (100 MHz, DMSO-g):
d (ppm) 176.31, 167.17, 159.79, 147.29, 144.58,4888.33.54, 132.85, 128.93, 125.18, 124.60,
122.41, 120.93, 118.40, 115.20, 108.80, 75.98,469U8.62, 44.59, 43.33, 14.05, 13.59; EI-MS
(m/z) = 507 ([M]). Anal. Calcd for GgH2sN2OeS: C, 61.53; H, 4.96; N, 8.28; S, 6.32. Found: C,
61.65; H, 5.07; N, 8.36; S, 6.15.
4.4.10. Spiro[(2-amino-3-ethoxycarbonyl-6-ethyl-4:@8lihydropyrano[3,2-c][2,1]
benzothiazine-5,5-dioxide)-4,3'-(5'-bromo-indolin-2one)] (11e).
Light broun crystalline powder; mp>2%D; viax (KBr) 3322, 2981, 1715, 1698, 1645, 1531,
1473, 1326, 1281, 1171, 1103 ¢mH NMR (200 MHz, DMSO-g): & (ppm) 10.61 (s, 1H), 8.11
(s, 2H), 8.02 (d, J=7.63 Hz, 1H), 7.73-7.51 (m, ZH¥3 (t, J=7.20, 1H), 7.37-7.26 (m, 2H), 6.71
(d, J=7.94 Hz, 1H), 3.94-3.65 (m, 4H), 0.96 (t, D27Hz, 3H), 0.78 (t, J=7.32 Hz, 3H)C
NMR (100 MHz, DMSO-g): 5 (ppm) 177.86, 167.18, 159.78, 147.40, 143.50,4188136.70,
132.94, 131.63, 127.66. 124.91, 124.71, 120.94,611814.79, 113.15, 111.27, 75.60, 59.61,
49.28, 44.61, 13.53; EI-MS (m/z) = 546 ([\] Anal. Calcd for GsHo0BrNsOgS: C, 50.56; H,
3.69; N, 7.69; S, 5.87; Found: C, 50.70; H, 3.547181; S, 5.75.
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