1 _ NEW BENZOTHI AZI NONE DERI VATI VES AND THEI R USE AS ANTI BACTERI AL AGENTS
Description The present invention relates to novel benzothiazin derivatives
and their use as antibacterial agents in infectious di seases of mammal s
(humans and ani mal s) caused by bacteria, especially diseases |ike
tuberculosis (TB) and | eprosy caused by nyco bacteria. Thiazinone, their
derivatives and their use as antibacterial agents, especially against
nycobacterla &F%@ | ai d open for public in AR 24 25 67 A, AU 37 04 400 A,
CA 13 22 55%F POBEAGIING BBATBTIYRY ANHERR IEAS RO CTER R A RIS
threadful worl dw de increase in tuberculosis infections with nycobacteria
whi ch devel oped resi stance agai nst the avail able therapeutics (B. R Bl oom
J.L. Murray, tuberculosis: conentary on a reenergent killer. Science 257,
1992, 1055-1064). Extrenely dangerous is the devel opment of nultidrug
resi stant ( ﬁggacterla These are nycobacteria, resistant at | east
agai nst two active tubercul osis drugs, isoniazid and
rifanpicin, but also against streptomycin, pyranzinamd and ethanmbutol. The
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prphady S o MR S R R e

al i phati c ragifeefiomaiwvith #»8 ablzmterzaewﬂmch develppednresiRBanogeagainst ¢éhbe esent

s o ene . (RIS (b Mbgind, g1 Tyt = e,

li near or brmmmntarymmta ceemergant kallengSeiencen3d, rﬂe‘%ﬂa’eré gr
- 3-1na £ Iéhgqu ﬁ%% th@edé\veaspmaﬁ @pﬁﬁﬂltlraﬁugmmms(mmme

formula (1) the group consistin
2-(4-R5-4 Ren’qycfaéactiﬁrm 11pese Qr%nwf&l@qu?m gg%i@t@ legstagainst two of

- benzot hi azi iy st active tubercu1051s drugs, 1son1a21d and rifampicin, but also

- d
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benzot hi azi n"“#
2-[(2R) - 2- neabxyut-lomﬂcﬁ)QQdeaﬂssZmalbw 5] dec- 8-y1] - 8- R1- 6- R2- 1, 3-

benzot hi azi n- 4- one
For the treatment of such diseases, like (TB) or leprosy there is an

urgent need for new drugs with new mechanisms of actions, especially
to overcome drug resistance and to overcome the known dramatic side
effects of the available drugs.

Object of the invention

The present invention aims at the generation of new compounds with
activity against mycobacteria as potential new tuberculosis drugs to
overcome problems concerning resistance and drug intolerance.



2- [(25) 2-nmet hyl-1, 4-di oxa- 8- azasp|r0[4 5] dec-8-y1]-8-R1-6-R2-1, 3-
benzot hi azi n- 4- one,
2-(2,3-dinethyl-1, 4-di oxa- 8-azaspi ro[4 B] dec-8-y1)-8-Rl-6-R2-1, 3-
benzot hi azi n- 4-one, 2-(1, 5-di oxa-9-azaspiro[5.5]undec-9-y1)-
8-12. 1- 6- R2- 1, 3- benzot hi azi n-4- one, wherein R, R2, R5 and R6 have the
above neani ngs, The present invention is even nore particularly concerned
with at |eg > ‘ ‘ fromthe group consisting of
2-(1, 4- di oR3 VA O 4. 51 1)-6, 8-dinitro-1, 3-benzot hi azi n-4- one,
2-(2-nmethyl -1, 4- di oxa- 8 azasp|r0[4 5] dec-8-yl)-6, 8- d|n|tro 1,3 .
bﬁgﬁ gf)["hfi; ‘ZIlﬂlélalzﬂTraszoe@ﬁ 198 BYPeovi Bt Bfipotndy bF the §oﬂhﬁlatf o- 1,3
7-met hyl- 2- (2-net hyl-1, 4- di oxa- 8- azaspi ro[ 4. 5] dec-8-y1)-6, 8-di nitrol, 3-benz
ot hi azi n- 4- one, 2-(2-nethy|-1,4-dioxa-8-azaspiro[4.5]dec-8-y1)-8-nitro-6-
(trifluoronethyl)-1, 3-benzothiazin 4 one,
2-(2,3-di nethyl-1, 4-di oxa- 8-azaspi ro[ 4. 5] dec- 8- nﬂé 8-nitro-6-
(trifluoronethyl)-1, 3-benzot hi azi n- 4- one, o
2- (1, 5-di oxa-9- azasp|r0[5 5]unde$ 9-y1) - 8- piNr|o- 6- &%lfluoronethyl) 1, 3-
benzot hi azi n- 4- one,
2- (1, 5-di oxa-9-azaspiro[ 5
benzot hi azi ne- 6-carbonitri
2-(2-met hyl -1, 4-di oxa- 8- azasp
benzot hi azi ne- 6- car boni tr phe;
8-am no-2-(2-nmethyl -1, 4-d oxa- 8 azaspi r o[ 4. 5] dec- 8-y1) - 4- oxo- 1, 3-
benzot hi azi ne-6-carbonitrile ang4 O
8- am no- 2- (2-net hyl - 1, 4- di oxa- 8- azaspi ro[ 4. 5] dec- 8-y1) - 6-
(trifluoronethyl)-1,3-benzo-thiazin-4-one. For thglpynthesis of the ainmed
conmpounds we devel oped our original nethod of 1, 3-benzothiazin-4-one
synthesis with usage of dithiocarbamate derivatives as internedi ate (nethod
A). The classical nmethod of 1, 3-benzothi azi n-4-one synthesis wi th usage of
t hi ocyanat eraadaﬂtsth@nmﬂ;od B) is usable too. Both are presented in the
schene belom1 Hhk?O 0- R6 CS2, NaOH3) / HN1O HOR5/HOR6i  NaCOH

nO R6H20 Na-S . 0-R6 Na p
wherein R" and R” are 1ndependen‘dy from each other NO», CN,

trifluoromethyl, halogen, CONR'R®, COOR’, CHO, SOoNR'R® or
OCFj3;

undc 9-g41)- q\-lnltroq oxo-1, 3-

A.5]dhf-8-y1)-8-nitro-4-oxo-1 3-

R® and R* are independently from each other H or a methyl group;

R’ and R® are independently from each other a linear or branched
aliphatic radical having 1-8 chain members, or R® and R® together
represent a bivalent radical -(CR”2)y- wherein m is 1-4, or R’ and R®
together represent the bivalent radical:

R, R® and R’ are independently H or a linear or branched aliphatic
radical having 1-7 chain members, or phenyl.



HN), (0-R6 0-R6 0 A6 Surprisingly the conpounds of the invention exhibit
strong anti bacterial activity, especially against nycobacteria with m ninal
i nhibitory concentrations (MC) in theyrange of 0,23pg/ nml->I Cptg/ml for
fast grow ng nycobacteria, of 0,195-1,56 itg/nl for A tuberculosis,
including multiresistant strains determ ned by the classical nethod and of
0,030ptg/nL for Al tuberculosis H37Rv determ ned by the Al amar Bl ue net hod.
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el bt vi P rbPTeRaBE AP dimbl e KPR ABERBRLY ShiuRid pE e oy o
si de ef f ecffermukan) isekeictsd frtme the gpoum densistingeofi nventi on are non- nut ageni ¢
at Sng/nml in the SOg chromptest. The conpounds of the invention are in
vivo t her agelf-Re 4R/ -piperidin byl h8-nitno-dridbraspmsthy b st-bensettdazins ect i on
superior cguopséed to the main antituberculosis drug isoniazid used as a
positive control. 100% of m ce survived. Al'l control animals died until day
33. The compeyith-0f(4-RE-4-Rfepipepilin Eisper8 alitno- t Srbaunsthivrid-4oaganpl e 1 in
t he enbodi nents), isS non toxic after per os adm nistration of doses ranging
up to 2000 éraihikdo-Bagd-Ried Rivpipuritinab-yipBLniered i3 dehyothiaziak4-cne, t he first
and 24 next comi ng hours after introducing. 1Durizng 7 days of investigations
t he conpoud(R4dlidxadi-azasmieoghaldpes8iyl)-eRertaR “st, 3tlermothisziad-or of the
mce, it di ghot affect notor and reflex activity, active and cal mcycl es,
gr oom ng, 554 consunption, there were no cases of animl death. LD50 for
conpound 259i8). _Rh QfRtgeRrtnventi on are useful
for the tr zafzmgn et%ﬁgglmd{)dé%%;gagéﬁsﬁ?@ﬁ%gegﬁ9§t %e1$ qu%ogé%[]eri al

i nfections, epﬁo{iﬂ%ﬁs #H¥:in ani mal s. Accordingly, the invention concerns

phar maceut i.c ositian onprd si ng.a Gompou the fgp al. The

i nvention |2éM%%lﬁn%ﬂﬁ(’%%a%%%m[%ﬁgﬁcfrgﬂﬁ&ﬁuﬁaﬂ 'ni;’]%'r use in a
met hod f or beheothiaziré+wuneyf bacterial infections in mammls. Preferred
conpounds of the fornula I for use in such nethod are tlhosezspeci fically
| i sted aboe[(2Bh&-ommthylid db-didxat8eazaspire]# Sridae-S-FHr-8R abeR g3~ use by
preparing §dibiligz Rk ion or suspension in pharmaceutically acceptable
agueous, organi ¢ or aqueouds-organi ¢ medi um for topical or parenteral

admi ni strati 3bdinﬁéth§ll§1?4u&iéxaa‘81§ a@d?rr:]-s't-gl)r-arm%uk&mnj ection, or

for intranﬁ) ¥ etagljc tion; or are prepare bl et, capsule or aqueous
suspensi on XCHZAIHAEM-E %Nt i onal excipients for oral administration or as

supposi toriyum The cofpounds be, usgd i n ,0m 0 1 - 00 no/ kg
body wei gh@-ﬁ,§rf@0&£%zg§pmf5§ﬁ]qr}ﬂqca '3{1)5' tﬂ?gﬁﬁgégééﬁ%n%&gmlﬂ%ﬂt al part
serve to ildngstrate the invention but should not be construed as a
limtation thereof The structures of the conpounds of the invention were
est abl i shedvhgreim&esRof RSyamdhBShavetlie ebevemeaningsal ysi s, and by nucl ear
magneti c resonance and/or nass spectra, as well as by X-ray anal ysis.

Enbodi ments Starting materials Chem cal s and sol vents were purchased from
Lancaster Synthesis (Lancashire, England) or fromAl drich (Sigma-Aldrich
Conpany, StTH@E/iéés;enV%vé{Moﬂﬁé eveénafiord pabceluflyheshcerned holth @denst onal

purificatiaon. | ti

t t d dj to the BP d
Bnd are. uncis SunBRURRRBI et HENRRe capub SRRt Ghalyses are | ndi cated

only by th | S _O h | P2y Sallit it hin 0.3% of
the t hoor ord-bLi-iawaet-deaSp PP N80T o bfifld Mok tishaBiiBatlib e

determ ned ome,h a Varian Unity Plus 400 (USA). Shifts for '"I-1 NWR are
reported in ppmdownfield fromTM (5). Mass spectra were obtained using a
Fi nni gan SSQ 700 (USA) instrunment with direct inject. Reactions and purity
of conpounds were controlled by TLC with usage Silicagel 60 F254 al um nium
sheets (Merck Co, Gernany). Exanple 1

2- (1, 4-di oxa- 8-azaspiro[ 4. 5] dec-8-y1)-8-nitro-6-(trifluoronethyl)-1, 3-
benzot hi azi n- 4-one, (conpound 1) Method A To a stirred 50 nL sol ution of
25% aqueous anmoni a was added drop-wi se a solution of 5 g of
2-chloro-3-nitro-5-trifluoronethyl benzoyl chloride (D.E Wl ch, R R Baron,

B. A Burton, J. Med. Chem 12; 2; 1969; 299-303) in acetonitrile (10 nlL) at
-20C. 10 min later, 50 mM of ethyl acetate was added. The organi c phase was
separated, washed twice in water, dried over Na2SO4, treated by activated
carbon, filtered and concentrated in vacum The crude product was purified
by crystallization fromethanol. The yield of 2-chloro-3-nitro-5-
(trifluoronethyl)benzam de was 92% np 195-197C (net hanol). Anal. Cal cd.

for CBH4C1F3N203: C, 35.78; H, 1.50; N, 10.43 Found:C, 36.01; H, 1.53; N,
10. 39



0.5 g of 2,2-chloro-3-nitro-5-(trifluoronethyl)benzam de was dissolved in a
25 m of ethanol. The reaction mxture was treated wwth of 0.5 g of

1, 4- di oxa- 8- azaspi ro[ 4. 5] decane- 8-carbodithi oic acid sodiumsalt dihydrate
(Z. G, R Li, T. Cheng, Synth. Commun., 29, 18, 1999, 3191 - 3196) and
stored for 18 h at roomtenperature. It _wps then poured into 50 m of
cooled water and the resulting yellow precipitate was filtered off Pure
final product was obtained after recrystallization tw ce from et hanol .

2- (Am nocar bgnyl)-6-njtro-4-(trjfluoronet ) phenyl-1, 4- .

di oxa- 8- azang(&O%T@th}’ijiég'ﬁiéo’Sa‘cgaa%ﬁﬂlf ' cr&-yl)-ge8-disitrov,3r yst al 1 i ne
solid. Yiel dh@nAdthhidzinP-ohd3- 140C. Anal. Calcd. for C , H 2N402S2: C, 42.57;
H 3.57; N, 9.31; S, 14.21 Found:C, 42.61; H, 3.67; N, 9.22; S, 14.30 0.4 g
of 2-(4,4-diethoxypiperidin-1-yl)-6,8-dinitro-1,3-benzothiazin-4-one,

2- (am nocar bonyl)-6-nitro-4-(trifluoronethyl)phenyl -1, 4-di oxa8-azaspiro[ 4.5
] decane- 8- ca¥ smdiltli 4R emetisyldi slsdiomemt Si- avamp2io 415 |dbc 8-ydn6|§-ditierg-eact i on

m xture was {nmre i of 2 g of Na2HPO4 x 12H20 and refluxed for 6 h.
It was then %,ggpéﬁg%ﬁ#éé%lpg{l%e; | ow precipitate was filtered off and washed

by 30 m net ' e 4.} N r_gii%g%q a¢ A oa _decrystallization
tw ce from eﬁﬁgq(ll)ﬁe.t ﬁ@- ﬁ,f%ﬁﬂ%ka ?xa- arzdé[@SSS]gé thg Eﬁ?gﬂﬁﬁ% 6

dec-8-y1) - 8- rﬁﬁwem@t yhr Lig-beBzethigzin-4-onssnzot hi azi n- 4-one is |ight
yel l ow crystal Lije.solid -Yield 0. 479 %. 1-212C Rf, ((hexane-acet one;
2/1) - 0.35 %ébrélghqlﬁhglﬂ)4'31%%§@§mﬁ6ﬁ%908818§)-§nm®-157 (two 1H, two
s, 2CH), 3. 8@rifBidrobtethgl)s], NbEH2ERRAZE) 4-ché)2 (4H, broad s, OCH2CGH20) ppm
Anal . Calcd. for C161-114F3N305S:C, 46.04; H, 3.38;, N, 10.07; S, 7.68
Found: C, 45.24],Hdi@x&9-argspifo [695]L&detrg@lm-hﬁdo-lﬁ-(tﬁihlwdﬂﬁ@tﬂlﬁ}ﬂ)%li,31
detail was t%@ﬁpﬁg_ﬂgg@ri bed in J. Inrich, P. Kristian, Coll.” Czech.

, 2,

Chem Comun 68- 3282; D. Koscik,P. Kristian,J. Gonda, E

Dandar ova, .5-GESE49- : 48.,11983:.. 3317- 3328; D. Koscik, P.
Kristian, o LS ac; o f.gls%re@%%g%@dmﬁftrigﬁ giéﬁé?’ 3427- 3432: T.
H. Cronin, Hi?enzogf 13zIngsbsearognirilgs 3522247, Yield of 2-(1,4-

di oxa- 8-aza-spiLro[4. 5] dec-8-y1)-8-nitrqo-6-trif]uoromethyl)-1, 3-benzo-

t hi azi n- 4- or%??@%ﬁ&ﬁwﬂ%’é){aﬁmmﬁoi4iﬂéﬁ?iébé(ﬁ)‘gynlﬁiéér@&'do%i cal data
to the compdwrkathnziesiczearbonitriehod A. Exanple 2

2-(2-methyl-1, 4-di oxa- 8-azaspi ro[ 4. 5] dec-8-y1)-8-nitro-6-(trifluoronethyl)-
1, 3- benzot hi&a'rmn@-b-r(é,-n‘(ed:h)yrbd);mdi@))a-Beh;taBpim;Htﬁ]ﬁdepl:&l%?)iw’-éx@fl,gxarrpl e 1.
Li ght yell O%%Hn@ﬂzﬂéf%‘fﬁﬂoqﬁ }(li e 54% np 192- 3C. (hexane- acet one;
2/1) - 0.30. Z (M)~ ?f (DVBO-d6) 3 8.81 and 8.77 (two 1H,
two s, 2CH), 4.24 (1H m CH, 4.11 (1H m CH), 4.06 (4H, broad s,

N(CH2) 2),  3.81%m{ihb24(2- ety 3 ] 804 broad d, O(CH2) 2)
25 (aH . eparor2 @ty BLAloRy SPards ol R 555 S e N

é: %3; (gH 791@%@5@&@@@3?{35;-bfﬁ,lz%.t%@,zlfN, -9Ng7: 5, 7.51 Exanple 3

2- (1, 4-di oxa- 8-azaspiro [4.5]dec-8-yl1)-6, 8-dinitro-1, 3-benzot hi azi n-4- one,

(compound g 1O synthesis of the aimed compounds we developed our original
method of 1,3-benzothiazin-4-one synthesis with usage of
dithiocarbamate derivatives as intermediate (method A). The classical
method of 1,3-benzothiazin-4-one synthesis with usage of thiocyanate
salts (method B) is usable too. Both are presented in the scheme below.



Fol l owi ng the procedure of Exanple 1 with usage of 2-hydroxy-3,5-
di nitrobenzoic acid as starting material. Light yellow crystaline solid.
Yield 43% np 271-3C (EtOH/ DW).. Rf (hexane-acetone; 2/1) - 0.25. M5 rniz
394 (M. 1H NWR (DMSO-d6) 6 9.15 and 9.12 (two 1H, two s, 2CH), 3.86 (8H,
broad s, N(CH2CH2)2C), 2.97 (4H, broad s, OCH2CH20) PPm Anal. Calcd. for
C351- 114N407S: C, 45.68; H, 3.58; N, 14.21; S, 8.13 Found: C, 45.34; H,
3.56; N, 14.30; S, 7.98 Exanple 4
2- (2-nethyl - 1, 4- di oxa- 8-azaspiro[ 4. 5] cl ecyl) -6, 8-dinitro-1, 3-
benzot hi azi n- 4- (corrpound 4) Fo ng—Rhe (gr ocedur e og Ex e d-wgst h
usage of 2-h 3 [oRSHORbENZ O Q1 d as L, hat . 'l ow

i ) BH P 3 (EtOH/DNE@ Rf (hex - ageat ong;
2/1) - 0.50. MS iz 408 (M). 111 NVR {D¥CRu6) 8 9.08 MaaSo. 11 WoOTIR®
tw s, 2CH), 4.23 (1H m CH), 4.10 (1H m CH), 4.06 (4H, brRashTs
N(CH2)2), 3,43 (1H, t, CH), 3.27 (1H, s, CH), 1.80 (4H, broad d, C(CH2)2),
1.20 (3H, d, CH3) ppm Anagh. Calcd. for C16HI6N4AO7S, C, 47.06; H, 3.95; N,
13.72; S, 7.85 Found: C, 44.87; H 3.91; N, 13.57; 7. 83 Exanpl e
2-(2,3-dinethyl- 1,4-dig N Hadpiro §4,8) dec-8: Ini t ro- 6-
(trifluoronethyl)-1,3 -hé¢ th|a2|n—4—o1're—(-c'o ) Follow ng the
procedure of Exanpl e ] (s of )
2- hydr oxy-3-nitro5-t Rf1 uo Henzoic acid§ ijhg material . Light
yellow crystalline solid. Yield 5&%/
(hexane-acetone; 2/1) - 0.55. M5 . 1H NMR (DIVBOdG) 8 8.82
and 837 (two 1H, two s, 2fHK), 3.86 100\AOMR) R)Q 3, 45-3. 53 (2H,
m 2CH), 2.41 (4H, broad g CH2) 27 1.13-1. 17 (6 m 2CH3) PPm Anal.
Cal cd. for Cl 8H18F3N305S-C 5
48.66; H 4.12; N 9.32
2-(4, 4- dlethoxyplperﬁ
(conpound 6) Fol | ow

7. 46 Exarrple 6
L) -AN@GS di nitro-1, 3-benz NG Fh-4-one,

g the pr sage as starting

mat eri al 2- hydroxy-3,5-dinifbenzoic acid. Yeldz S @bh’gne solid.
Yield 32% np 179-181C (H_-&¥ . Rf (hexane-acetonej 2/1) 230. M mz
424 (M). 11-1 N ) 6 9.08 and 9.11(two1, t s,
3.60-3. 67 (4H, 2) 2/ 11-2.08 (4H, m O(CH2)P) nd O57%( t wo
2H, q, 20CH2), 1. HO—rR6 CH3), PPm Anal. Calcd for E p0IN1402S: C
48.11; H, 4.75; N, 13.20; S, 56F ?ZIC4812HNB'7'§N —F§§767
Exanple 7 2-(7,12-di oxa- 3-azas [5 .6] dodec-3-yl)- 6 8- di
nitro-1, 3-benzot hi azi R4- one, (corrp 89IR‘?) R /L

S N s N

i H,O/EtOH O<grs
2
! R CONH, Oxre

Surprisingly the compounds of the invention exhibit strong antibacterial
activity, especially against mycobacteria with minimal inhibitory
concentrations (MIC) in the range of 0,23pg/ml->10ug/ml for fast
growing mycobacteria, of 0,195-1,56 ug/ml for M. tuberculosis,
including multiresistant strains determined by the classical method and
of 0,030ug/ml for M. tuberculosis H37Rv determined by the Alamar
Blue method. Surprisingly the compounds of the invention demonstrate
a high level of selectivity for mycobacteria only which reduces the
potential for adverse side effects dramatically.

The compounds of the invention are non-mutagenic at Smg/ml in the
SOS chromotest.



Foll owi ng the procedure of Exanple 1 with usage as starting material 2-
hydr oxy- 3, 5-di ni trobenzoic acid. Yellow crystalline solid. Yield 51% np
193-195C (i -PrOH/ DVF). Rl (hexane-acetone; 2/1) - 0.45. MS niz 422 (M).
11-1 NWR (DVSO-c16) 6 8.97 and 9.16 (two 1H, two s, 2CH), 3.57-3.74 (8H m
4CH2), 1.93-2.35 (8H, m 4CE12)1Vm - 1% - Anal. Calcd. for Cl 7E118MN07S:
C, 48.34; H 4.30; N, 13.26; S, 7.56 Found:C, 48.21; H, 4.43; N, 13.30; S,
7.66 Exanple 8 2-(1, 4-dioxa-8-azaspiro [4.5]

dec-8-yl)-7-net hyl-6, 8-di ni.tyo-1, 3- .benzot hi azi n- 4- one, . (conmpound, 8)
Fol | ovmyn)g thﬂ% r%é@ﬂ%%g%f)flt&ﬁﬁﬁ}’ﬁntiow%fﬁ insdye therapeaticelly #i e inthe-

g{dj OXy- ‘21 07”91fn2 *ﬂm‘ﬂnOC é)’@P@%z‘/)f teberudosis ai@llféctldﬂs![u@‘drﬁ)rﬂ’@drﬁbbtétﬁ te thdm%ﬁg el48 .
% cul acet on
(. T R AEEBEGeS it iohiaslf UEET a8 3 ReS P Cailtoals 00 Chts®) 20).

2.97 (4H, broavived. GCH2OMO)], arinT8ls(died wmtilQ3) 3PPm ppm Anal . Calcd. for
C16H1I6N407S: C, 47.06; H 3.95; N, 13.72; S, 7.85 Found:C, 47.12; H, 4.01;

N, 13.69; S, Theeonfxeund ofgheinyentiodi(expediabyaspnpoupd.ifj 2 = example 1 .
t (0] 0 a
Ctirren boll E‘%é’gﬁi@*ﬂ“gfﬁtsm b4 @5 r%‘?’fe??é Q%b%dﬁéﬁ?%‘féﬁﬁﬁ R
was added byfaiging lﬁbrtlol R904mE gSVgaS(Q rﬁﬁmpoun ovesl well en recéabymn
Vet o added. LS L coner i odor, < S a Rl Sad%%a?d&%‘iﬁ P
oar of ol Ty il aoo TVRSHEACE. (P ORaaHRG 2ndie Mols CBubrChAREE i had
tvm;jce i n watggnerd! stade candrbebﬂwa&@éfogttheahgm ?Vdﬁthbvaf%@t easteeund tdfley ed
t ude roauc WwWas urLtl e
2? ys'f grflegaifcgﬁqFX’oﬁxﬁggn%ngT%% C&g%f %ﬁoﬂyﬁ‘?mg‘ﬂ?& dhgEs 4 was

71% Fol | owiwgra he qases efianemal dEadnﬂLB501for\ccnhpoun%2 > 2002217k g.
( Et OH DWVF) . 13 - Rf (hexane-acetone; 2/1) - 0.50. Moz 374 (M).
NVR ( DVBO- dé) higs, gthyes Camp@BITETS of vide1 veniots are meefuls fan the Hreasment ef

CNJI( g‘;i?;éégg)tgbérc?ﬁaf ‘1ﬁ'feo@fdiﬁﬁn§ c,) Qrﬁs‘;ggé?&%ﬁg%p‘gg%%ﬁ (ig 1h1§5)181an'§| argi 84

N, 14.89:S, 184 §np|e 10

Accordingly, the invention concerns pharmaceutical composmons
comprising a compound of the formula I.

The invention relates furthermore to a compound of the formula I for
use in a method for the treatment of bacterial infections in mammals.
Preferred compounds of the formula I for use in such method are those
specifically listed above.

The compounds of the invention are formulated for use by preparing a
dilute solution or suspension in pharmaceutically acceptable aqueous,
organic or aqueous-organic medium for topical or parenteral
administration by intravenous, subcutaneous or intramuscular injection,
or for intranasal application; or are prepared in tablet, capsule or
aqueous suspension form with conventional excipients for oral
administration or as suppositorium.

The compounds can be used in dosages from 0,001 — 1000 mg/kg body
weight.



2-(2-nmethyl-1,4-di oxa-8-azaspiro [4.5] dec-8-yl)-8-nitro-4-oxo-1, 3-

benzot hi azi ne-6-carbonitrile, (conmpound 10) Follow ng the procedure of
Exanple 9. Yellow crystalline solid. Yield 34% np 251-253C (EtOH DW). Rf
(hexane-acetone; 2/1) - 0.40. Ms nmz 388 (M). '"H NWR (DVsO-d6) 8 8.73 and
8.61 (two 1H, two s, 2CH), 4.23 (1H, m _ , 4.11 (1H m CH), 4.07 (4H,
broad s, N(CH2)2), 3,51 (1H, t, CH, 3.27 (1H, s, CH, 1.81 (4H, broad d,
C(CH2)2), 1.22 (3H, d, CH3) PPm Pla Anal. Calcd. for Cl71-116N405S: C,
52.57; H 4.15; N, 14.43; S, 8.26 Found:C, 52.42; H, 4.08; N, 14.50; 5,

8. 27 Exanpl elhe examples-whishafallewdsphesibsspuadtexpesimjertahpartcetveto- 1, 3-

benzot hi azi n b t c 1 rqc

Bxarpl o o VoI L ate, 14 afiFRioAtPIEIRIA ngbope RUDEILE R BEFITEIR
(hexane-acet&’ﬁ’é B/1) -0.15. - 14 - M5 mz 388 (W 'H NVR (DVBO-d5) 6
8.74 and 8.61 (two 1H, two s, 2CH), 3.29-3.65 (6H, m 3CH2), 2.38 (4H,

broad s 8 2CH ) P Anal . .Cal cd. for

Cl 7E116N40?gﬁ£e %‘2‘1 re%’fzfﬁisco OEH fpglle SOBRNtER HHere csiablished by 11:
N, 14.59; me&dbS & apnpthesi® anaeel@mmai’y@rna)?sﬂsh%ndnbyl ﬁtﬁaeaﬁhhbg_ﬁ@tﬁé’
activity o i ORp t_nmycobacteria

anti bacteri a]iteg %ﬁg‘?gﬂgﬂ&o&aﬁﬁgsgéﬁ%b%% é“a@gsxrﬁ'f ¥¥1&ri um smegmat i s
SG 987, M aureum SB66, M vaccae | MET 1010670 and M fortuitum B were tested

by determn &1@ tgi mal inhibitory concentrations (MC) by the mcro
broth d|Iut| n Mieller-H nton broth (Difco) according to the

NCCLS gui delines [National Commttee for dinical Laboratory Standards:
Met hods for dilution antimcrobial susceptibility tests for bacteria that
grow aerobically; 5th Ed.; Villangtartifdl mattpRyi@ved standard Document

M7- A5. NCCLS, (2000)] Activity against Mtubercul osis H37Rv was tested by

the foll ow f LNt d n h trations
(MO and" mooomCRs e, 48 @iﬂ& G tffﬁ%‘%gﬁ‘fé@“ LAhERkr TSDGALS
i nocul at ed Casnirg, Mﬁga - eftl d@@h 1gpia-érldpichd@empang, St t ur es
grown were lJ§@@hs oUB epai@ averen ugRen r [ 10
m cr obi al | s # qg%éqtjhmg are gjr]]lgﬂlhg‘r%g{ u ﬂﬁﬂﬂ “cﬂiéf moﬁ]af(
Shkol ni kova H}Eaé 1¢; Eorh%l“pggpeg?tﬁe%ﬁd@é@g H’@é]nﬁ%?@r dp ¢bepB nds
under st udy protedure @ddoate udcodzcogl (Elestes therned WE0 BAGBY, tlfrargaq gays of
i ncubati on m.wer.e cetrlf or 15mn
at 3000 RPM%X% aﬁ?‘?é&ﬁ?e%%gﬁsﬂ?&é g’f@%téie%eé“@e%‘i‘ L%ﬁ%epended
ino0,8m ofwghmr-h % o thetheanetical valuashéCsilegersi 660ﬂa§tal ¢
prepare smeapecHbFeREBtdnhiAbaDRE PV dh Uity PheELBH QU@AB‘Pémfﬂ%r
'H NMR are reported in ppm downfield from TMS (0). Mass spectra
were obtained using a Finnigan SSQ-700 (USA) instrument with direct
inject. Reactions and purity of compounds were controlled by TLC with
usage Silicagel 60 F,s, aluminium sheets (Merck Co, Germany).

Example 1

2-(1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-nitro-6-(trifluoromethy!)-1,3-
benzothiazin-4-one, (compound 1)
Method A.

To a stirred 50 mL solution of 25% aqueous ammonia was added drop-
wise a solution of 5 g of 2-chloro-3-nitro-5-trifluoromethylbenzoyl
chloride (D.E Welch, R R.Baron, B.A.Burton, J. Med. Chem. 12; 2;
1969; 299-303) in acetonitrile (10 mL) at —20°C. 10 min later, 50 ml of
ethyl acetate was added. The organic phase was separated, washed twice
in water, dried over Na,SO,, treated by activated carbon, filtered and



- 15 - remaining sedinment was inoculated in 0,2 m volumes into three tubes
with solid drug free Lowenstei n-Jensen nediumto determ ne m ni nal
bactericidal concentrations (MBC). The results were read after 21-28 days
of cultivation at 37 C. Controls were tubes cultured with test-strains not
treated with the studied agents. M nimal gactericidal concentration of
drugs (MBC) was considered as the drug concentration conpletely inhibiting
the grom h of mnmycobacteria on the solid rr?dl ulm Thg bagtelrl osta’ltol ct effgctn
M C) was characterized by the presence o on y individual nycobacteria i
Ehe )srrear an€oRCaRtragg dé{re‘é&ﬁéﬁnn tife neiade d?r%hl%m\@@sgrlmmﬁod sbyi d

medi a conpar gfstallizAg 0O NS - eﬂ"ﬂﬁldlesul"h ayRare ?ntf%hfwr T§b¢ 5_and
2. - 16- Taple, 1: Anti roblal t|V|§é}) g&f}‘u@ t ormJIaI
det er mi ned b ’f‘ﬂqﬂr%@e ?115( o‘ﬁ% at Pn hpound. M
smegmati s M vaccae Mfortwtuml 12,5 ng/m 3, 12ng/ ml 125n/n1 2 1,56

AR RE R b8/ OcO3EEr4! B s Q0oL 4 0.

Found: C,36.01; H, 1.53; N, 10.39

0.5 g of 2,2-chloro-3-nitro-5-(trifluoromethyl)benzamide was dissolved
in a 25 ml of ethanol. The reaction mixture was treated with of 0.5 g of
1,4-dioxa-8-azaspiro[4.5]decane-8-carbodithioic acid sodium salt
dihydrate (Z. Ge, R. Li, T. Cheng, Synth. Commun., 29, 18, 1999, 3191
- 3196) and stored for 18 h at room temperature. It was then poured into
50 ml of cooled water and the resulting yellow precipitate was filtered
off. Pure final product was obtained after recrystallization twice from
ethanol. 2-(Aminocarbonyl)-6-nitro-4-(trifluoromethyl)phenyl-1,4-
dioxa-8-azaspiro[4.5]decane-8-carbodithioate is light yellow crystalline
solid. Yield 0.47g %. mp 138-140°C.

Anal. Calcd. for C,;H|,N,O,S,: C, 4257, H, 3.57; N, 9.31;
S, 14.21

Found: C, 42.61; H, 3.67; N, 9.22;
S, 14.30

0.4 g of 2-(aminocarbonyl)-6-nitro-4-(trifluoromethyl)phenyl-1,4-dioxa-
8-azaspiro[4.5]decane-8-carbodithioate was dissolved in a 25 ml of
ethanol. The reaction mixture was treated with of 0.32 g of Na,HPO, x
12H,0 and refluxed for 6 h. It was then cooled and ligth yellow
precipitate was filtered off and washed by 30 ml methanol. Pure final
product was obtained after recrystallization twice from ethanol. 2-(1,4-
Dioxa-8-aza-
spiro[4.5]dec-8-yl)-8-nitro-6-trifluoromethyl)-1,3-benzothiazin-4-one is
light yellow crystalline solid. Yield 0.47g %. mp 211-212°C.

R, ((hexane-acetone; 2/1) - 0.35

MS m/z 417 (M").

'H NMR (DMSO-d¢) § 8.83 and 8.77 (two 1H, two s, 2CH), 3.80 (8H,
broad s, N(CH,CH,),C), 2.02 (4H, broad s, OCH,CH,O) ppm.



6,25ng/ ml 0, 078ng/ m. 0, 078ng/ mL. 6 >10 AWM 0,04 jig/nl 0,08 pig/ml 7 0,78
pig/nml 0,003 jig/mL 0,003 ptg/nl 8 0,4 jig/mlL 0,025 jig/m 0,025 jig/nl 9
0,05ptg/nl 3,12 ng/mM 25 nWrL 10 25 ng/m 3,12 ng/m 12,5 ng/m 11 0, 05
jig/m 6,25 ng/m 25 ng/nm  Table 2: Antim crobial activity of conpounds of
the formula | agai nst Mycobacterium tubemgcul osis H37Rv and clinical
| sol ates 6341 and 6374 as determ ned by mninmal inhibitory concentrations
(MC and mninml bactericidal concentrations (MBC)

Anal. Calcd. for C,(H,,F;N,0,S: C, 46.04; H, 3.38; N, 10.07;

S, 7.68
Found: C, 4594; H, 3.37, N, 10.09;

S, 7.76

Method B. The procedure in detail was the same as described in
J. Imrich, P. Kristian, Coll. Czech. Chem. Commun., 47, 1982, 3268-
3282; D. Koscik, P. Kristian, J. Gonda, E. Dandarova,

~ Coll. Czech. Chem. Commun., 48, 1983, 3315-3328; D. Koscik,
P. Kristian, O. Forgac, Coll. Czech. Chem. Commun., 48, 1983, 3427-
3432; T. H. Cronin, H. —J .E. Hess, Pat. US 3522247. Yield of 2-(1,4-
dioxa-8-aza-spiro[4.5]dec-8-yl)-8-nitro-6-trifluoromethyl)-1,3-benzo-
thiazin-4-one is 0.21%. The compound is identical by spectroscopical
data to the compound synthesized by method A.

Example 2

2-(2-methyl-1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-nitro-6-(trifluoro-
methyl)-1,3-benzothiazin-4-one, (compound 2)

Following the procedure of Example 1. Light yellow crystalline solid.
Yield 54%. mp 192-3°C.

R, (hexane-acetone; 2/1) - 0.30.

MS m/z 431 (M").

'H NMR (DMSO-dg) 8 8.81 and 8.77 (two 1H, two s, 2CH), 4.24 (1H,
m, CH), 4.11 (1H, m, CH), 4.06 (4H, broad s, N(CH,),), 3,47 (1H, t,
CH), 3.27 (1H, s, CH), 1.80 (4H, broad d, C(CH,),), 1.23 (3H, d, CH,)

ppm. :
Anal. Calcd. for C,;H,(N;0O,S: C,47.33;H,3.74; N, 9.74; S, 7.43
Found: C,47.36; H, 3.80; N, 9.87: S, 7.51

Example 3

2-(1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-6,8-dinitro-1,3-benzothiazin-4-
one, (compound 4)



Strain Conpound MBC (ug/m) MC (ptg/nmL) MBC (ug/nL) nean M C (pg/ nL) mean
H37Rv 10 0,58 0,39 0,71 0,45 6341 0,78 0,58 6374 0,78 0,39

-10 -

Following the procedure of Example 1 with usage of 2-hydroxy-3,5-
dinitrobenzoic acid as starting material. Light yellow crystaline solid.
Yield 43%. mp 271-3°C (EtOH/DMF)..

R, (hexane-acetone; 2/1) - 0.25.

MS m/z 394 (M").

'H NMR (DMSO-d¢) 8 9.15 and 9.12 (two 1H, two s, 2CH), 3.86 (8H,
broad s, N(CH,CH,),C), 2.97 (4H, broad s, OCH,CH,0) ppm. ‘

Anal. Calcd. for C;;H,,N,O.S: C, 45.68; H, 3.58; N, 14.21; S, 8.13
Found: C,45.34; H, 3.56; N, 14.30; S, 7.98

Example 4
2-(2-methyl-1,4-dioxa-8-azaspiro[4.5]decyl)-6,8-dinitro-1,3-
benzothiazin-4-one, (compound 4)

Following the procedure of Example 1 with usage of 2-hydroxy-3,5-
dinitrobenzoic acid as starting material. Yellow crystalline solid. Yield
57%. mp 139-142°C (EtOH/DMF).

R, (hexane-acetone; 2/1) - 0.50.

MS m/z 408 (M").

'H NMR (DMSO-d;) 8 9.08 and 9.11 (two 1H, two s, 2CH), 4.23 (1H,
m, CH), 4.10 (1H, m, CH), 4.06 (4H, broad s, N(CH,),), 3,43 (1H, t,
CH), 3.27 (1H, s, CH), 1.80 (4H, broad d, C(CH,),), 1.20 (3H, d, CH,)
ppm.

Anal. Calcd. for C,(H;,N,O-S: C, 47.06; H, 3.95; N, 13.72; S, 7.85
Found: C,46.87;H,3.91; N, 13.57; S, 7.83

Example 5
2-(2,3-dimethyl-1,4-dioxa-8-azaspiro[4.5]dec-8-yl1)-8-nitro-6-
(trifluoromethyl)-1,3-benzothiazin-4-one, (compound 5)

Following the procedure of Example 1 with usage of 2-hydroxy-3-nitro-
5-trifluoromethylbenzoic acid as starting material. Light yellow
crystalline solid. Yield 58%. mp 205-207°C (EtOH/DMF).

R, (hexane-acetone; 2/1) - 0.55.

MS m/z 44522 (M").



H37Rv 9 0,29 0,195 0,75 0,52 6341 1,17 0,78 6374 0,78 0,58 H37Ry 2
0,58 0,39 0,45 0,29 6341 0,39 0, 29

-11 -

'"H NMR (DMSO-d,) & 8.82 and 8.77 (two 1H, two s, 2CH), 3.86 (4H,
broad ¢, N(CH,),), 3,45-3.53 (2H, m, 2CH), 2.41 (4H, broad d,
C(CH,),), 1.13-1.17 (6H, m, 2CH,) ppm.

Anal. Calcd. for C,gH,sF,N,0,S: C,48.54; H,4.07; N, 9.43; S, 7.20
Found: C,48.66; H,4.12; N, 9.32; S, 7.46

Example 6
2-(4,4-diethoxypiperidin-1-y1)-6,8-dinitro-1,3-benzothiazin-4-one,
(compound 6)

Following the procedure of Example 1 with usage as starting material 2-
hydroxy-3,5-dinitrobenzoic acid. Yellow crystalline solid. Yield 32%.
mp 179-181°C (i-PrOH).

R, (hexane-acetone; 2/1) - 0.30.

MS m/z 424 (M").

'H NMR (DMSO-dg) & 9.08 and 9.11 (two 1H, two s, 2CH), 3.60-3.67
(4H, m, N(CH,),) 2.11-2.08 (4H, m, C(CHZ)Z) 3.47 and 3.57 (two 2H, q,
20CH,), 1.16 (6H, t, 2CH,), ppm.

Anal. Calcd. for C;H,(N,O,S: C, 48.11; H, 4.75; N, 13.20; S, 7.56
Found: C,48.12; H,4.73; N, 13.41; S, 7.67

Example 7
2-(7,12-dioxa-3-azaspiro[5.6]dodec-3-yl)-6,8-dinitro-1,3-benzothiazin-
4-one, (compound 7)

Following the procedure of Example 1 with usage as starting material 2-
hydroxy-3,5-dinitrobenzoic acid. Yellow crystalline solid. Yield 51%.
mp 193-195°C (i-PrOH/DMF).

R, (hexane-acetone; 2/1) - 0.45.

MS m/z 422 (M").

'H NMR (DMSO-d¢) 8 8.97 and 9.16 (two 1H, two s, 2CH), 3.57-3.74
(8H, m, 4CH,), 1.93-2.35 (8H, m, 4CH,)ppm.



6374 0,39 0,195 H37Rv 5 0,58 0,39 0,45 0,39 6341 0,39 . <0, 39 6374
0, 39 <0, 39 H37Rv 1 0,58 0,39 1,75 1,17

-12-

Anal. Calcd. for C,;HjN,O,S: C, 48.34; H, 4.30; N, 13.26; S, 7.56
Found: C, 48.21; H, 4.43; N, 13.30; S,
7.66

Example 8

2-(1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-7-methyl-6,8-dinitro-1,3-
benzothiazin-4-one, (compound 8)

Following the procedure of Example 1 with usage as starting material 2-
hydroxy-4-methyl-3,5-dinitrobenzoic acid. Yellow crystalline solid.
Yield 51%. mp 207-210°C (i-PrOH/DMF).

R, (hexane-acetone; 2/1) - 0.30.

MS m/z 408 (M").

'H NMR (DMSO-dg) & 8.77 (1H, s, CH), 3.86 (8H, broad s,
N(CH,CH,),C), 2.97 (4H, broad ¢, OCH,CH,0), 2.79 (3H, s, CH,) ppm.
ppm.

Anal. Calcd. for C,;H,(N,O,S: C, 47.06; H, 3.95; N, 13.72;
S, 7.85

Found: C, 47.12; H, 4.01; N, 13.69;
S, 7.94

Example 9

2-(1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-nitro-4-0xo0-1,3-benzothiazine-
6-carbonitrile, (compound 9)

To a stirred solution of 5 g (19 mmol) 2-hydroxy-5-iodobenzoic acid in
50ml DMF was added by small portions dry 2.5 g (22 mmol) of CuCN
(I). The reaction mixture was refluxed during 5 h, 100 ml of water and
50 ml ethylacetate were added. After it conc. Hydrochloric acid was
added up to pH ~ 3 very carefully under good ventilation. The organic
phase was separated, washed twice in water, dried over Na,SO,, treated
by activated carbon, filtered and concentrated in vacum. The crude
product was purified by crystallization from water. The yield of 5-
cyano-2-hydroxybenzoic acid was 71%. Following the procedure of
Example 1. Yield 44%. mp 217-220°C (EtOH/DMF).



6341 2,34 1,56 6374 2,34 1,56 H37Rv Isoniazid (INH) 1,15 0,97 1,15
0,97 6341 >100 >100 Not active, >100 6374 >100>100Not active, > 100 - 17
- Exanple 13 Determination of the in vivo inhibitory activity of the _
conpounds of the invention against Mycobacteriumtuberculosis in the nurine
TB nodel -13 -

R, (hexane-acetone; 2/1) - 0.50.

MS m/z 374 (M").

'H NMR (DMSO-d¢) 8 8.74 and 8.67 (two 1H, two s, 2CH), 3.41 (8H,
broad s, N(CH,CH,),C), 2.93 (4H, broad s, OCH,CH,0) ppm.

Anal. Calcd. for C,;H,,N,O.S: C, 51.33; H, 3.77; N, 14.97;
S, 8.57
Found: C, 51.30; H, 3.84; N, 14.89;S, 8.62
Example 10

2-(2-methyl-1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-nitro-4-oxo0-1,3-
benzothiazine-6-carbonitrile, (compound 10)

Following the procedure of Example 9. Yellow crystalline solid. Yield
34%. mp 251-253°C (EtOH/DMF).

R, (hexane-acetone; 2/1) - 0.40.

MS m/z 388 (M").

'H NMR (DMSO-d,) 8 8.73 and 8.61 (two 1H, two s, 2CH), 4.23 (1H,
m, CH), 4.11 (1H, m, CH), 4.07 (4H, broad s, N(CH,),), 3,51 (1H, t,
CH), 3.27 (1H, s, CH), 1.81 (4H, broad d, C(CH,),), 1.22 (3H, d, CH,)
ppm ppm.

Anal. Calcd. for C;;H,;N,O,S: C, 52.57; H, 4.15; N, 14.43;
S, 8.26

Found: C, 52.42; H, 4.08; N, 14.50;
S, 8.27

Example 11

2-(1,5-dioxa-9-azaspiro[5.5Jundec-9-y1)-8-nitro-4-oxo-1,3-
benzothiazine-6-carbonitrile, (compound 11)

Following the procedure of Example 9. Yellow crystalline solid. Yield
40%. mp 230-232°C (EtOH/DMF).
R, (hexane-acetone; 2/1) - 0.15.



To determ ne the chenotherapeutic efficacy we used BALB/c Iine mce with
experi nmental hemat ogenously di ssem nated tuberculosis. The mce were
obtained fromthe Central Animal Nursery of the Russian Acadeny of Medi cal
Sciences. In this study we included mce after quarantine, standardi zed by
wei ght (20-25 g) and nmale only. The mceyere infected with a 2-week
virulent culture of Nycobacterlun1tubercu osi s H37Rv by i ntravenous
injection (into tail vein) of the nycobacterial suspension at a dose of 5 X
106 CFU (Colon Fornln Unlt) in0,5n saline. All the experimental

ani mal s mer 8Vb)groups depending on the treatnent reginen used

ble 3). ﬂ f
e e bR R R

| soni azi d(| NH) 25 10 6 Wi thout treatnment 10 Treatnent was started the

next day aft were | >d gr al as ion in
car boxynet h 8@ rkg"llelﬁ ?%peqswﬁﬁ? “smal | (2 g&% FﬁG ES Cﬁé ‘ﬁgSapy
was adm nistered daily 6 tinmes per week (eXc®26 Sunday) Thehanl mal s were
killed with ether narcosis leterm ne t f C

regi men we registered macro%%‘g%(?cal change (l;’ i ﬁbpﬁg’ ﬁorbta 3@%551 he

m ce, growth of nycobacteria from pathol ods,c8.d8t eri al on soI id nedia, as

wel | as a bacterioscopical index of organ injury. W carried out a _
qualitative and quantitative analysis of - 18 - nmacroscopi cal changes in

the liver, spleen and | ungs and calculateﬂ an injury index (using a
four-score scale). Macroscopical ev g the effi cacy of each
treatnent regimen was expressed in the efficacy index, calculated using a
formul a. I njldeterminationfof the in vitro inhibitory activity of the compounds of the

invention against mycobacteria.

The antibacterial activities of the compounds against Mycobacterium
smegmatis SG 987, M. aureum SB66, M. vaccae IMET 1010670 and M.
fortuitum B were tested by determination of minimal inhibitory
concentrations (MIC) by the micro broth dilution method in Mueller-
Hinton broth (Difco) according to the NCCLS guidelines [National
Committee for Clinical Laboratory Standards: Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically; 5%
Ed.; Villanova, Ed.; Approved standard Document M7-A5. NCCLS,
(2000)]

Activity against M. tuberculosis H37Rv was tested by the following
method for determination of minimal inhibitory concentrations (MIC)
and minimal bactericidal concentrations (MBC):

Strains were inoculated onto solid Lowenstein-Jensen medium. After 21
days, the cultures grown were used to prepare an inoculum suspension
corresponding to 5 x 10® microbial cells/ml). With 0,2 ml of that
suspension tubes with 2° ml liquid Shkolnikova medium, containing
corresponding concentrations of compounds under study — from 100,0
to 0,195 mg/ml, were inoculated. After 14 days of incubation at 37 °C
the tubes with liquid medium were centrifuged for 15min. at 3000 RPM.
After discarding the supernatant, the sediment was resuspended in 0,8
ml of sterile 0,9% NaCl. 0,1 ml of the suspension was used to prepare
smears subsequently stained by the Ziehl-Neelsen method. The



studi ed group Efficacy index = 100% x 100 Injury index of the control group
M cr obi ol ogi cal exam nation included culture for determ nation of CFU in
parenchymal organs. For this purpose, we honpgeni sated the right |ung and
separately the spleen with 6% sul furic acid, centrifuged, washed by water
and saline. The yield (about 0,5 nlL) wasjgi_luted by 1,0 nL of saline and
honogeni sated. This suspension (0,5 nL) of test organs was diluted 100 and
1000 tines by saline and was distributed on solid Finn-2 nedium The
cultures were incybated.at 37C for 1 nonths and read week|y starting from
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Minimal bactericidal concentration of drugs (MBC) was considered as
the drug concentration completely inhibiting the growth of mycobacteria
on the solid medium. The bacteriostatic effect (MIC) was characterized
by the presence of only individual mycobacteria in the smear and a
strong decrease in the number of colonies grown on solid media
compared to the controls.

The results are presented in Tables 1 and 2.
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Table 1: Antimicrobial activity of compounds as of the formula I determined
by minimal inhibitory concentrations MIC [pg/ml]
Compound. M. M.vaccae M.fortuitum
smegmatis
1 12,5 ng/ml 3,12ng/ml 12,5 ng/ml
2 1,56 ng/ml 0,76pg/ml 0,023 pg/ml
3 0,2 pg/ml | 0,0015 pg/ml | 0,006 pug/ml
4 0,2 pg/ml | 0,003 pg/ml 0,003 pg/ml
5 6,25ng/ml 0,078ng/ml 0,078ng/ml
6 >10 pug/ml 0,04 pg/ml 0,08 png/ml
7 0,78 pg/ml | 0,003 pug/ml | 0,003 pg/ml
8 0,4 pg/ml | 0,025 ug/ml | 0,025 pg/ml
9 0,05ug/ml 3,12 ng/ml 25 ng/ml
10 25 ng/ml 3,12 ng/ml 12,5 ng/ml
11 0,05 pg/ml 6,25 ng/ml 25 ng/ml
Table 2: Antimicrobial activity of compounds of the formula I against
Mycobacterium tuberculosis H37Rv and clinical isolates 6341 and
6374 as determined by minimal inhibitory concentrations (MIC) and
minimal bactericidal concentrations (MBC)
Strain Compound MBC MIC MBC MIC
(ug/ml) | (png/mL) (ug/mL) (ng/mL)
mean mean
H37Rv 0,58 0,39 0,71 0,45
6341 10 0,78 0,58
6374 0,78 0,39
H37Rv 0,29 0,195 0,75 0,52
6341 9 1,17 0,78
6374 0,78 0,58
H37Rv 0,58 0,39 0,45 0,29
6341 2 0,39 0,29 -
6374 0,39 0,195
H37Rv 5 0,58 0,39 0,45 0,39
6341 0,39 . <0,39
6374 0,39 <0,39
H37Rv 0,58 0,39 1,75 1,17
6341 1 2,34 1,56
6374 2,34 1,56
H37Rv 1,15 0,97 1,15 0,97
6341 Isoniazid (INH) >100 >100 Not active, >100
6374 >100 >100 Not-active, > 100
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Example 13

Determination of the in vivo inhibitory activity of the compounds of the
invention against Mycobacterium tuberculosis in the murine TB model

To determine the chemotherapeutic efficacy we used BALB/c line mice
with experimental hematogenously disseminated tuberculosis. The mice
were obtained from the Central Animal Nursery of the Russian
Academy of Medical Sciences. In this study we included mice after
quarantine, standardized by weight (20-25 g) and male only. The mice
were infected with a 2-week virulent culture of Mjycobacterium
tuberculosis H37Rv by intravenous injection (into tail vein) of the
mycobacterial suspension at a dose of 5 x 10° CFU (Colony Forming
Unit) in 0,5 ml saline. All the experimental animals were divided into
groups depending on the treatment regimen used (Table 3). Tested drug
doses were selected based on the data from literature and on results of
previous investigations.

Table 3:
No Dose Number of animals
group Compound (mg/kg) per group
3 2 12 10
4 2 25 10
5 Isoniazid (INH) 25 10
6 without treatment 10

Treatment was started the next day after infection. The drugs were
introduced orally as suspension in carboxymethylcellulose/water with a
small quantity PEG-400.

Chemotherapy was administered daily 6 times per week (except
Sunday).

The animals were killed with ether narcosis. To determine the efficacy
of each treatment regimen we registered macroscopical changes in
parenchymal organs of the mice, growth of mycobacteria from
pathologic material on solid media, as well as a bacterioscopical index
of organ injury. We carried out a qualitative and quantitative analysis of
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macroscopical changes in the liver, spleen and lungs and calculated an
injury index (using a four-score scale).

Macroscopical evaluation of the efficacy of each treatment regimen was
expressed in the efficacy index, calculated using a formula.

Injury index of the
studied group
Efficacy index = 100% - x 100
Injury index of the
control group

Microbiological examination included culture for determination of CFU
in parenchymal organs. For this purpose, we homogenisated the right
lung and separately the spleen with 6% sulfuric acid, centrifuged,
washed by water and saline. The yield (about 0,5 mL) was diluted by 1,0
mL of saline and homogenisated. This suspension (0,5 mL) of test
organs was diluted 100 and 1000 times by saline and was distributed on
solid Finn-2 medium. The cultures were incubated at 37°C for 1 months
and read weekly starting from day 10. After 28 days CFU’s were
counted.

Data of macroscopical and microbiological examinations of
parenchymal organs of mice which died during the experiment were also
considered in the overall assessment of the experimental results which
are represented in tables 4-6.

Table 4: Indexes of organ injury in mice and treatment efficacy

Group Drug Dose _Injury index Efficacy index (%)
(mg/kg)

3 Compound 2 12 2,1 447

4 Compound 2 25 1,0 78

5 INH, Isoniazid 25 1,2 70,5

6 Control -- 3,8 --
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‘Table 5: Results of microbiological examination of right lung and spleen of
experimental mice (42 days after inoculation of the culture medium)

9

Group| Compound Dose right lung spleen
(mg/kg) Culture, without Culture, without
dilution dilution
CFU CFU
3 2 12 ~ 60 ~ 60
4 2 25 ~ 35 ~ 35
5 INH, Isoniazid | 25 ~40 ~ 40
6 Control -- > 120 > 120
(total growth) (total growth)
Table 6: Survival of animals
Day of Group 3 Group 4 Group 5 Group 6
Treatment | Compound 2 | Compound 2 INH Control
1 10 10 10 10
2 10 10 10 10
3 10 10 10 10
4 10 10 10 10
5 10 10 10 10
6 10 10 10 10
7 10 10 10 10
8 10 10 10 10
9 10 10 10 10
10 10 10 10 10
11 10 10 10 10
12 . 10 10 10 10
13 10 10 10 9
14 10 10 10 9
15 10 10 10 9
16 10 10 10 9
17 10 10 10 9
18 10 10 10 9
19 10 10 10 9
20 10 10 10 8
21 10 10 10 8
22 10 10 10 8
23 10 10 10 8
24 10 10 10 8
25 10 10 10 5
26 10 10 10 4
27 100% 100% 100% 40%

All control animals died until day 33

14
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Claims
1. A compound of the formula (I)
o
R _ O’Rﬁ
R3 STN
N
R2
“R¢ O (1)

or a salt thereof,

wherein R' and R® are independently from each other NOj,
CN, trifluoromethyl, halogen, CONR'R’, COOR’, CHO, SO,NR'R
or OCF3;

8

4

R’ and R' are independently from each other H or a methyl

group;

R’ and R’ are independently from each other a linear or
branched aliphatic radical having 1-8 chain members, or
R’ and R’ together represent a bivalent radical - (CR’)p-
wherein m is 1-4, or R’ and R° together represent the

bivalent radical:

R', R" and R’ are independently H or a linear or branched

aliphatic radical having 1-7 chain members, or phenyl.

2. A compound according to formula (I) of claim 1,
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wherein R' represents NOjp, R® is Cr3, R’ and R' are H, and

R’ and R® have the meanings given in claim 1.

3. A compound according to formula (I) of claim 1,
wherein erepresents NOo, R’ is CN, R’ and R* are H, and

R’ and R® have the meanings given in claim 1.

4. A compound according to formula (I) of claim 1,
wherein R' and Rzrepresents NOo, R> and R' are H, and R’

and R° have the meanings given in claim 1.

5. A compound according to formula (I) of claim 1,

wherein R® and R’ are independently Ci1-g alkyl groups.

6. A compound selected from the group consisting of
2-(1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-nitro—6-
(trifluoromethyl)-1,3-benzothiazin-4-one,
2-(7,12-dioxa-3-azaspiro[5.6]dodec-3-yl)-6,8-dinitro-
1,3-benzothiazin-4-one,
2-(1,4-dioxa—-8-azaspiro[4.5]dec-8-yl)—-7-methyl-6, 8—
dinitro-1,3-benzothiazin-4-one,
2-(1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-nitro-4-oxo-1,3-
benzothiazine-6-carbonitrile,
2-(1,4~dioxa-8-azaspiro[4.5]dec-8-yl)-6,8-dinitro-1,3-
benzothiazin-4-one,

2—-(2-methyl-1, 4-dioxa-8-azaspiro([4.5]dec-8-y1l) -6, 8-
dinitro—-1,3-benzothiazin-4-one,
2-(4,4-diethoxypiperidin-1-y1)-6,8-dinitro-1,3-
benzothiazin-4-one,
7-methyl-2-(2-methyl-1,4-dioxa-8-azaspiro[4.5]dec-8-yl) -
6,8-dinitro-1,3-benzothiazin-4-one,
2—(2-methyl-1,4-dioxa-8-azaspiro[4.5]dec-8~yl)-8-nitro~-
6—-(trifluoromethyl) -1, 3-benzothiazin-4-one,
2-(2,3-dimethyl-1,4-dioxa-8-azaspiro[4.5]dec-8-yl)-8-
nitro-6-(trifluoromethyl)-1,3-benzothiazin-4-one,

2-(1,5-dioxa-9~azaspiro[5.5]undec-9-yl)~-8-nitro-6-
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Clains or a salt thereof, wherein R and R2 are independently from each
other NO2, CN, trifluoronethyl, hal ogen, CONR7R% COOR9, CHO SO2NRI R or
OCF3; R3 and Fe are independently fromeach other Hor a methyl group; R5
and R6 are independently fromeach other a linear or branched aliphatic
radi cal having 1-8 chain nenbers, or R5 and Fe together represent a

bi val ent radical wherein mis 1-4,-ar» R5°and R6 together represent the
bivalent radical: R, re and RO are independently Hor a |inear or
brancheg a|i@ﬁ@tfilﬁof:aﬂ%@@}l)P&ViBngﬂzgtICJl'bazilmx -qeshers, or phenyl. 2. A
conpound ac I to mul a_ (I . Wherei,n R
represents EﬁQq Egdl g* aﬁiﬁél% %ﬁgﬁ%qh% an %%ui h§Ve t he neani ngs
given in cIeﬁnﬁ-@enzgthiﬁ%Rﬂﬁﬂﬁ:@éré@@b?ﬁihg to formul a (I) of claimi,

wherein R rze—p(r2e§@%§1l\m dl%gasecalza&laﬂdl sedacesH 1 aed iRt rand R4 have
t he nmeani ngs clal aund accordlng to formula (1) of
claim1l, whet g) %Y gﬂ%ﬁﬁ; gent %ﬁg%lﬁﬁﬁland le are H, and Ee and R6
have t he neani ngs glven inclaiml. 5. A conpound according to forrmula (1)
of claim1, whereinRye8n¢1FE Al8 JxBdepersantda aCbl8eat kyd1 grups. 6. A

Compound. Sel SaLed (L10m L 2U0UR, 9051 SR S tnasnd-one.

(trlfluoronethyl) 1, 3- benzot hi azi n- 4- one,
2-(7,12- di oxg@- 3- agRsRsr Q[éex@&&lgdﬁ(‘o-fSﬂé%&mﬁa 8¢ Wi nixt koda3t bemaaidd azi n- 4- one,

2- (1, 4-di oxa- 8- azas iro[4.51d 1 net hyl-.6, 8-
dinitro-1,3- %ﬁﬁ%{ a%Pn]h cﬁg%he % %cedln éﬁalms for the

2- (1, 4-di oxapﬁmas;ppno@ﬂ S| e@cyt}igahicamposisheni, 3-
benzot hi azi ne-6-carbonitrile, 2- (1 4

di oxa- 8- azas |ro[4 5] i,tro- - hi.azi n-.4-one,
(2-met hy1- 1, 4 di 0iEE 8- a?agﬁ’%}?%}f%i ﬂ%@gdén?ﬁd 6ar§/ RHeLILAE -f

di nitro-1, 3-benzétchpazpardt oye,0f a medicament for the therapeutic

2- (4, 4-di et h@%wo%ylgb’alé Née)at@ne%tdb@ tassdodroshenzatbiazém-c one,

7- et hyl - di oxa- 8-azaspiro[ 4. 5] dec-8-yl)-

6 B dimi 11 o T EBERE BoP ot GrATaLS.

2-(2-net hyl-1, 4-di oxa- 8-azaspiro[4.5]dec 8-yl1l)-8-nitro

6- (tr'fluorof@thyﬂﬁafhé%eQ%BéQir%éﬁ%d%x%lgﬂecom rlSlng a compound
2-(2,3-dinethyl di oxa- 8-azaspiro[4.5 % ‘
nitro- 6- (trlmﬂﬁddﬁ@t kgl 721, 3Ltz drHi 428 n lO?aclle%Ca%%fg
azaspiro[ 5. 5] undec-9-y1)-8-nitro-6- - 22 - 00

11. A compound according to any of claims 1-7 for use
in a method for the therapeutic or prophylactic
treatment of tuberculosis infection or leprosy infection

in mammals.

12. Process for the preparation of a compound according

to formula (I) comprising the following step:
treating a compound of the following formula:
S O—Rg
Pl
R3 S O“"Re
Ry CONH;,
R4



(trifluoromethyl)-1, 3-benzot hi azi n- 4-one,

2- (1, 5-di oxa-9-azaspiro[ 5. 51lundec-9-y1l)-8-nitro-4-0x01, 3- benzot hi azi ne- 6-ca
rbonitrile,

2-(2-met hyl-1, 4-di oxa- 8-azaspiro[ 4. 5] dec-8-y1)-8-nitro4-oxo-1, 3- benzot hi azi
ne-6-carbonitrile. 7. 2-(2-nethyl-1, 4-di oxa-8-azaspiro[4.5]dec-8-yl)-8-
nitro-6-(trifluoronethyl)-1, 3-benzot hi azin-4-one. 8. Use of a conpound of
formula (1) or a salt thereof according to any of the preceding clains for
the preparation of a pharmaceutical composition. 9. Use of a conpound
according to any of clains 1-7 for the preparation of a nedicanent for the
therapeutic or prophylactic treatment of tuberculosis infection or |eprosy
infection in mamuals. 10. Pharmaceutical conposition conprising a conpound

according to %%rgl@'tﬁé Qub t@@ger&%”)(e”kﬂ Oﬂ’alanc?)%gllpév%mcﬁe sahg: A compound
according to any of cla t hod .for. the therapeutlc or

prophyl acti c PF@&%W%ﬁF 8?ﬂ¥ﬁ8ef%d?8§T§‘Fﬁ?é@F?Shné? $8pFosy i nfection in
manmal s. 12, 'PAsesys Forh the/ Pridpar aditeanof cameemsoangczdesr ding to
formula (1) compebsiulg the followi ng step: treating a conpound of the
following fornmula: S/-RE N R3SX 0-R6 RRCONH2 R4 - 23 - wherein the
substituents RI, R % R5 and R5 have the sane neaning as defined in claiml
and wherein Wand A are hydrogen, with H20/EtOH to obtain a conpound
according to formula (I).



