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(1) or a pharmaceutically acceptable salt thereof, (ii) a therapeutically effective amount

of at least one agent useful in the treatment of tuberculosis and (iii) one or more
pharmaceutically acceptable carriers or vehicles.

15 Background of the Invention

Tuberculosis (TB) kills approximately 1.6 million people worldwide each year,
making it the second leading killer of adults behind HIV. Nearly 500,000 new cases of
multidrug-resistant (MDR) TB occur each year, and the recent emergence of extensively
drug-resistant (XDR-TB) TB portends new epidemics of untreatable TB. (See Dorman,

20 S. E.etal., Nat.Med 13:295-298 2007, Zignol, M. et al., J Infect.Dis 194:479-485, 2006).
New drugs with potent anti-tuberculosis activity, especially against non-multiplying
persisters, are needed to shorten the duration of treatment for TB and thereby facilitate
the global implementation of directly-observed therapy. (See O'Brien, R. J. et al.,
Am.J.Respir. Crit Care Med. 163:1055-1058, 2001).

25 Currently, the treatment of drug-sensitive tuberculosis consists of administering a
combination of at least the following drugs, isoniazid, rifampin, and pyrazinamide. For
effective treatment, the above-mentioned drugs are given to a patient in an initial phase
of treatment for 8 weeks, during which the drugs are used in combination to kill the
rapidly multiplying population of Mycobacterium tuberculosis as well as to prevent the

30 emergence of drug resistance. The initial phase of treatment is followed by a

continuation or a sterilization phase for 18 weeks during which two or more sterilizing



of treatnment for 8 weeks, during which the drugs are used in conbination to
kill the rapidly multiplying popul ati on of Mycobacterium tubercul osis as
wel | as twopnemesizet he energence of drug resistance. ThecirnBroosbs3pdvase of
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15 pneumonia (Zyvox® package insert). However, it is also active against many
mycobacterial species, including Mycobacterium tuberculosis, for which its MIC ranges
from 0.125-1 pg/mL, with an MIC5g of 0.5 pyg/mL and an MICg of 1 ug/mL. (See Alcala,
L., et al., Antimicrob Agents Chemother 47:416-417, 2003; Cynamon, M. H., et al.,
Antimicrob Agents Chemother 43:1189-1191, 1999; Fattorini, L., et al., Antimicrob

20  Agents Chemother 47:360-362, 2003). As a result, LZD has been used outside of
labeled indications to treat recalcitrant cases of MDR- and XDR-TB. Although several
case series suggest that LZD may contribute to successful sputum culture conversion in
such cases, its individual activity in TB patients and its precise contribution to
combination regimens remain unclear. These studies also demonstrate that the duration

25 of LZD administration may be limited by hematologic and neurologic toxicity that can
occur with long-term administration. (See Fortun, J., et al., 56:180-185, 2005; Park, I.
N., et al., Antimicrob Chemother 58:701-704, 2006; Zignol, M., et al., J Infect.Dis
194:479-485, 2006). Therefore, new oxazolidinones with more potent in vivo activity
against Mycobacterium tuberculosis and lower risk of toxicity with prolonged

30 administration are desirable.

Oxazolidinones with more potent activity against Mycobacterium tuberculosis

have previously been described. (See Barbachyn, M. R. et al., J Med Chem. 39:680-
685, 1996; Sood, R., et al., Antimicrob Agents Chemother 49:4351-4353, 2005). The
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treatment 2h'e initial 4 weeks of treatment which is insufficient to assess the activity of a compound
15  or combination of agents against non-multiplying persisters which, in turn, ultimately
determines the duration of treatment necessary for cure (i.e., prevention of relapse after
completion of treatment).
Hence, there is an urgent need to develop newer regimens that can be used to
prevent, treat and/or reduce tuberculosis and/or eliminate the threat of multi-drug

20 resistant tuberculosis or shorten the duration of treatment.

Summary of the Invention

The present invention relates to a method of treating tuberculosis in a mammal
comprising administering to said mammal in need thereof an effective amount of a

25 compound of formula (1) or a pharmaceutically acceptable salt thereof:

M\ A

in combination with at least two agents useful in the treatment of tuberculosis.



Hence, there is an urgent need to devel op newer regi nmens that can be used
to prevent, treat and/or reduce tuberculosis and/or elimnate the threat of
mul ti - dr wyoresvmtzat t ubercul osis or shorten the durati eaTaB2ny/emsraent .
Summary of the Invention The present invention relates to a nethod of
treating tuberculosis in a manmmal conprising admnistering to said mamal
in need thereof an effective amount of a conpound of forrmula (1) or a
pharmaceutically acceptable salt thereof: (lI) in conbination with at | east
two agents useful in the treatnent of tuberculosis.ln one enbodi nent, the
at least two agents are selected from yhe group consisting of isoniazid,
rifanpin, rifapentine, rifabutin, pyrazinam de, ethanbutol, streptonycin,
kananycin, am kacin, noxifloxacin, gatifloxacin, |evofloxacin, ofloxacin,
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In yet another embodiment, one of said at least two agents is rifapentine.
In yet another embodiment, one of said at least two agents is PA-824.
In yet another embodiment, one of said at least two agents is OPC-67683
15 In yet another embodiment, one of said at least two agents is TMC-207.
In yet another embodiment, one of said at least two agents is selected from the
group consisting of moxifloxacin, gatifloxacin, levofloxacin, and ofloxacin.
In yet another embodiment one of said at least two agents is moxifloxacin.
In a specific embodiment, said at least two agents are pyrazinamide and
20 rifampin.
In yet another specific embodiment, said at least two agents are pyrazinamide,
rifampin and isoniazid.
In yet another specific embodiment, said at least two agents are pyrazinamide
and rifapentine.
25 In yet another specific embodiment, said at least two agents are pyrazinamide,
rifapentine, and isoniazid.
In a specific embodiment, said at least two agents are pyrazinamide and
moxifloxacin.
In yet another specific embodiment, said at least two agents are pyrazinamide,
30  moxifloxacin, and rifampin.
In yet another specific embodiment, said at least two agents are pyrazinamide,

moxifloxacin, and rifapentine.



In a specific enbodinent, said at | east two agents are pyrazi nam de and
rifanpin. In yet another specific enbodi nent, said at | east two agents are
pyr azi namvdepiwa2ézapi n and i soniazid. In yet another specrfiBmogoisoei nment ,
said at |east two agents are pyrazinam de and rifapentine. In yet another
speci fic enbodi nent, said at |east two agents are pyrazi nam de,
rifapentine, and isoniazid. In a specific enbodinent, said at | east two
agents are pyrazinam de and noxifl oxacin. In yet another specific

enbodi ment, said at | east two agents are pyrazi nam de, noxifl oxacin, and
rifanpin. In yet another specific enbodi nent, said at | east two agents are
pyrazi nam de, noxifloxacin, and rifapentine.ln yet another specific

enbodi ment, said at |east two agents are PA-824 and pyrazi nanm de. In yet
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st r ept 9Ny gadhmylei amiGich, andBabr©ntycand capreonycin. In yet another specific
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moxifloxacin.

In yet another specific embodiment, said at least two agents are PA-824,

moxifloxacin and an agent selected from the group consisting of streptomycin,
10 kanamycin, amikacin and capreomycin.

In yet another specific embodiment, said at least two agents are OPC-67683 and
pyrazinamide.

In yet another specific embodiment, said at least two agents are OPC-67683,
pyrazinamide and an agent selected from the group consisting of streptomycin,

15 kanamycin, amikacin and capreomycin.

In yet another specific embodiment, said at least two agents are OPC-67683 and
moxifloxacin.

In yet another specific embodiment, said at least two agents are OPC-67683,
moxifloxacin and an agent selected from the group consisting of streptomycin,

20  kanamycin, amikacin and capreomygin.

In yet another specific embodiment, said at least two agents are TMC-207 and
pyrazinamide.

In yet another specific embodiment, said at least two agents are TMC-207,
pyrazinamide and moxifloxacin or isoniazid.

25 In yet another embodiment, said tuberculosis comprises active tuberculosis or
latent tuberculosis.

In yet another embodiment, said active tuberculosis comprises drug sensitive,
mono-drug resistant, multi-drug-resistant tuberculosis (MDR) or extensively drug-
resistant tuberculosis (XDR).

30 In yet another embodiment, the method of the present invention completely
eradicates drug-sensitive tuberculosis, mono-drug resistant, multi-drug-resistant
tuberculosis, and extensively drug-resistant tuberculosis (XDR) on completion of the

treatment.



pyrazi nam de and an agent selected fromthe group consisting of
streptonyci n, kananycin, am kacin and capreonycin. In yet another specific
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anot her specific enbodi nent, said at |least two agents are OPC- 67683,
noxi fl oxaci n and an agent selected fromthe group consisting of
streptonyci n, kananycin, am kacin and capreonycin. In yet another specific
enbodi ment, said at |east two agents are TMC-207 and pyrazi nam de. In yet
anot her specific enbodi nent, said at |east two agents are TMC- 207,
pyrazi nam de and noxi fl oxacin or isonigzid. In yet another enbodi nent, said
tubercul osis conprises active tuberculosis or latent tuberculosis. In yet
anot her enbodi nent, said active tubercul osis conprises drug sensitive,
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enbodi nent the conpound of fornul a and pharnmaceutically acceptable

salts ther eof I yetkathar embodipesyt 6ﬁaf(&,at Ieast two agents are each administered

orally.
10 In yet another embodiment, said at least two agents are administered together in
a composition.

In yet another embodiment, said at least two agents are administered separately.

In yet another embodiment, said at least two agents are administered together
and another agent useful for the treatment of tuberculosis is administered separately.

15 In yet another embodiment, the compound of formula (I) and pharmaceutically
acceptable salts thereof is administered once per day (QD) or twice per day (BID).

In yet another embodiment, the compound of formula (l) and pharmaceutically
acceptable salts thereof is administered once per week, twice per week, thrice per week
or every other day.

20 In one embodiment, the compound of formula (1) or a pharmaceutically
acceptable salt thereof is administered between about 10 mg to about 2000 mg.

In yet another embodiment, the compound of formula (1), or a pharmaceutically
acceptable salt thereof, is administered between about 250 mg to about 1000 mg.

In yet another embodiment, the compound of formula (), or a pharmaceutically

25 acceptable salt thereof, is administered between about 600 mg to about 1000 mg.

In yet another embodiment, the compound of formula (1) or a pharmaceutically
acceptable salt thereof is administered between about 25 mg to about 1000 mg.

In yet another embodiment, the compound of formula (1) or a pharmaceutically
acceptable salt thereof is administered between about 50 mg to about 500 mg.

30 In yet another embodiment, the compound of formula (1) or a pharmaceutically
acceptable salt thereof is administered between about 100 mg to about 500 mg.

The present invention also relates to a method of treating tuberculosis in a

mammal after said mammal has undergone an initial phase of treatment comprising



In yet another enbodinent, said at | east two agents are each adm ni stered
orally. In yet another enbodi nent, said at | east two agents are

adm ni st eweadotoagei2her in a conmposition. In yet another ecihaB2oownis7esai d at
| east two agents are admi nistered separately. In yet another enbodi nent,
said at | east two agents are adm ni stered together and anot her agent useful
for the treatnent of tuberculosis is admnistered separately. In yet

anot her enbodi nent, the conpound of formula (1) and pharnaceutically
acceptabl e salts thereof is adm nistered once per day (QD) or tw ce per day
(BID). In yet another enbodi nent, the gonpound of fornula (1) and

phar maceutically acceptable salts thereof is adm nistered once per week,
twi ce per week, thrice per week or every other day. In one enbodi nent, the
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anot her enbodi ment, the conpound of formula [[I), or a pharmaceutically
acceptabl e salt thergof, \is adm ered bet iween about 600 ng to about 1000
ng. In yet another Mnt,/n of\fornmula (l) or a
pharmaceutical | y atceptab of NI\s adnmyni stereq between about 25
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50 ng to about 500 ng. In yetFanother enbodi nent#the conpound of formula
(I') or a pharmaceutically acceptable SQLt t hereof is adm nistered between
about 100 ng to about 500 ng. The present invention also relates to a
met hods of intcoedtinatign tith et akosiesagent asafeimtile tedatreentdtudbenauiosid. has under gone
an initial phase of treatnent. ri sk ngadm ni st er| o said na | in
need thereof 4 CBpPELPTDIL BT et ShEadk B asred féintfe §L5 oBRiEHRs
of rifampin, rifapentine, rifabutin, pyrazinamide, ethambutol, streptomycin, kanamycin,

amikacin, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, capreomycin,
ethionamide, cycloserine, para-aminosalicylic acid, thiacetazone, clarithromycin,

10  amoxicillin-clavulanic acid, imipenem, meropenem, clofazimine, viomycin, terizidone,
TMC207, PA-824, OPC-7683, LL-3858 and SQ-109.

In yet another embodiment, said at least one agent is selected from the group
consisting of rifampin, rifapentine, rifabutin, pyrazinamide, moxifloxacin, gatifloxacin,
levofloxacin, ofloxacin, and ethambutol.

15 In a specific embodiment, said at least one agent is pyrazinamide.

In a specific embodiment, said at least one agent is rifampin.

In a specific embodiment, said at least one agent is rifapentine.

In a specific embodiment, said at least one agent is PA-824.

In a specific embodiment, said at least one agent is OPC-7683.

20 In a specific embodiment, said at least one agent is TMC-207.

In a specific embodiment, said at least one agent is selected from the group
consisting of moxifloxacin, gatifloxacin, levofloxacin, and ofloxacin.

In a specific embodiment, said at least one agent is moxifloxacin.

In yet another embodiment, said tuberculosis comprises active tuberculosis or

25 latent tuberculosis.

In yet another embodiment, said active tuberculosis comprises drug-sensitive

tuberculosis, mono-drug resistant, multi-drug-resistant tuberculosis (MDR) or

extensively drug-resistant tuberculosis (XDR).



formula (1) or a pharmaceutically acceptable salt thereof: (1) in
conbination with at |east one agent useful in the treatnent of

t uber cul o802 10VM62ee enbodi ment, said at | east one agentcraBzeb/ested from
the group consisting of rifanpin, rifapentine, rifabutin, pyrazinam de,

et hanbut ol , streptonycin, kananycin, am kacin, noxifloxacin, gatifloxacin,
| evof |l oxacin, ofloxacin, ciprofloxacin, capreonycin, ethionam de,

cycl oserine, para-am nosalicylic acid, thiacetazone, clarithromycin,

anoxi cillin-clavul anic acid, impenem neropenem clofazimne, vionycin,
terizidone, TMC207, PA-824, OPC- 7683, IgL-3858 and SQ 109. In yet anot her
enbodi nent, said at | east one agent is selected fromthe group consisting
of rifanmpin, rifapentine, rifabutin, pyrazinam de, noxifloxacin,

gatifloxacin, |h%p$ddm@%h{bodmér@>@ﬁwahc@rtﬁ e ﬂ@g&\itlrﬂ)entlémccﬁn@%?' fic
enbodi nent, said at | east one agent is pyrazinamde. In a speci

enbodi mengradiggies dsyg-pengiiive duRer » MANOrqrpg FRsisianty ulg- d§‘ﬁﬂ§£ﬁsf5‘1t%f‘tenbod| ment ,

sai d at | g@stcuRRR, age8ktehsivdly 8rRBEBSiIsER tub&c@oSBERDR) 6n ESRGEIidEstthe Sai d at
| east one agent is PA-824. In a specific enbodinment, said at |east one

agent is Me8B3. In a speci fic enbodi nent, said at | east one agent is

TMC-204. In a Iﬁ@Spérfdtrﬁar%ﬁt!{édInﬁﬁ?ﬁtsaloﬁt@bérc%sﬁs%%éus@ﬂ'%?/%Qﬁ}?ttobbéteﬁﬁ}hec'f ed from
the group consisting of mpxifloxacin atifl oxacin evof | gxaci n, and

of | oxaci ninfqqHon selpeled frog tB?rEHHiprPé’Hﬁ'St'”sga‘?de’}éﬁObP@%‘t’m eI i s

noxi f | oxaglyBebdcferk@i bmrwerea@@dlmmbactéﬁélépw@@r cul osis conprises active
tubercul osis or | atent tubercul osis. Qﬁfyﬂéﬁ anot her enbodi nent, said active

tubercul osi s dB¥prFERergMhgdiesiy;tpe V@”i hePrgserd iInviep R Eﬁeﬁ‘éﬁt? laRseant
mul ti-dr U@fth@%ﬂyﬁ:b@éﬁteﬁﬂ#ﬁﬁ'fé‘dﬂb@%ﬂérdoW%tloﬁrofﬂPéttﬂ%%hé!rﬂ' y drug-resistant

t uber cuI osis (XDR).Iln yet another enbodi nent, the nethod of the gr esent
i nvent'?on Con'dpé(? ry)ther embodiment, the compound of formula (I) and pharmaceutlc ly
acceptable salts thereof is administered orally.
In yet another embodiment, said at least one agent is administered orally.
In yet another embodiment, the compound of formula (I) and pharmaceutically
acceptable salts thereof and said at least one agent are administered together in a

15 composition.

In yet another embodiment, the compound of formula (I) and pharmaceutically
acceptable salts thereof and said at least one agent are administered separately.

In yet another embodiment, the compound of formula (I) and pharmaceutically
acceptable salts thereof is administered once per day (QD) or twice per day (BID).

20 In yet another embodiment, the compound of formula (I) and pharmaceutically
acceptable salts thereof is administered once per week, twice per week, thrice per week
or every other day.

In one embodiment, the compound of formula (1) or a pharmaceutically
acceptable salt thereof is administered between about 10 mg to about 2000 mg.

25 In yet another embodiment, the compound of formula (1) or a pharmaceutically
acceptable salt thereof is administered between about 25 mg to about 1000 mg.

In yet another embodiment, the compound of formula (l) or a pharmaceutically
acceptable salt thereof is administered between about 50 mg to about 500 mg.
In yet another embodiment, the compound of formula (1) or a pharmaceutically

30 acceptable salt thereof is administered between about 100 mg to about 500 mg.

The present invention also relates to a pharmaceutical composition comprising:
i) a therapeutically effective amount of a compound of formula (I) or a

pharmaceutically acceptable salt thereof:



eradi cates drug-sensitive tubercul osis, nono-drug resistant,

mul ti-drug-resistant tubercul osis, and extensively drug-resistant

t uber cul o80=20(XDREY260N conpl eti on of the treatnent. | n yeCTABRZOMEI3796

enbodi ment, said tuberculosis is caused by a Mycobacterium infection
selected fromthe group consisting of Mycobacterium tubercul osis,
Mycobacterium bovis or other related nycobacterial species. In yet another
enbodi ment, the nethod of the present invention prevents rel apse of the
Mycobacteriuminfection after conpletion of the treatnent. In yet another
enbodi nent, the conpound of fornmula (1) and pharmaceutically acceptable
salts thereof is admnistered orally. In yet another enbodi nent, said at

| east one agent is administered orally. In yet another enbodi nent, the
conmpound of forrmula (I) and pharnmaceuti cal | ypacceptabl e salts thereof and
said at | east one agent are adm nistered togRther in a conposition. In yet
anot her enbodi nent, € sonpoun ormula [{I) and pharmaceutically
acceptabl e salts thereof §nd s gent arg adm nistered
separately. In yet ™anot he [ conmppund of fjormula (1) and
pharmaceutical ly aégengM{e sa

or twice per day (BID). In yet_Another enbodi
(1) and pharmaceutically acceptable salts thereo®is adm ni stered once per
week, twi ce per week, thrice per week 5 every other day. In one

enbodi nent, the conpound of formula (Iﬁ or a pharmaceutically acceptable
salt thereof i(8) atherapesticallgdffecivemerouabaridt I€H3t onp agenhbsaftl i2 @@readmentn yet
anot her engpginqnt t he conpound of fornula (1) or a pharmaceutically
acceptabl8 S ??U9ﬁ3€8 f is adm ni stered between about 25 ng to about 1000
ng. | nsyet andiihene embocl prenhacdutieallycarpeptable abrriecs onuledic{ds) or a

phar maceuti cal

7

I|r1¥/et another embodiment, said at least one agent is selected from the group
consisting of isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide, ethambutol,
streptomycin, kanamycin, amikacin, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin,
ciprofloxacin, capreomycin, ethionamide, cycloserine, para-aminosalicylic acid,

10  thiacetazone, clarithromycin, clofazimine, amoxicillin-clavulanic acid, imipenem,
meropenem, viomycin, terizidone, clofazimine, TMC207, PA-824, OPC-7683, LL-3858
and SQ-109.

In yet another embodiment, said at least one agent is selected from the group
consisting of isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide, moxifloxacin,

15 gatifloxacin, levofloxacin, ofloxacin, and ethambutol.

In a specific embodiment, said at least one agent is pyrazinamide.
In a specific embodiment, said at least one agent is rifampin.
In a specific embodiment, said at least one agent is rifapentine.
In a specific embodiment, said at least one agent is isoniazid.
20 In a specific embodiment, said at least one agent is PA-824.
In a specific embodiment, said at least one agent is OPC-7683.
In a specific embodiment, said at least one agent is TMC-207.
In a specific embodiment, said at least one agent is selected from the group
consisting of moxifloxacin, gatifloxacin, levofloxacin, and ofloxacin.

25 In a specific embodiment, said at least one agent is moxifloxacin.

In yet another embodiment, the pharmaceutical composition comprises about 10
mg to about 2000 mg of compound of formula (1) or a pharmaceutically acceptable salt

thereof.



acceptable salt thereof is adm nistered between about 50 ng to about 500
ng. In yet another enbodi nent, the conpound of formula (1) or a

phar macewocaldozez6cept abl e salt thereof is adm nisterea#Chasregnssamout 100
ng to about 500 ng. The present invention also relates to a pharnmaceuti cal
conposition conprising: i) a therapeutically effective anount of a conpound
of fornmula (1) or a pharmaceutically acceptable salt thereof:(I) (ii) a
therapeutically effective amount of at |east one agent useful in the
treatment of tuberculosis and (iii) one or nore pharnmaceutically acceptable
carriers or vehicles. In yet another egqdpodi nent, said at | east one agent is
sel ected fromthe group consisting of isoniazid, rifanpin, rifapentine,
rifabutin, pyrazinam de, ethanbutol, streptonycin, kananycin, am kacin,

moxi f | oxaci n, 18§kl dddW@@hibodinfarefthe yR&hThce KdaPehbdditioRi BRRFik&xasduR,
capreonycin, ethionam de, cycloserine, para-am nosalicylic acid,

t hi acet az%%[ngéP aPPytHO8fRg ?f,COH]p@P&‘%PWPH@,J'a Are? ehamaseeicalypeasPrabli d,

i m penem giefherRem vionmycin, terizidone, clofazimne, TMC207, PA-824,
OPC- 7683, LL-3858 and SQ 109, In yet another enbodi nment, said at |east one
agent is sel edP¥@t IR EAROGINKIL t%%ﬁg‘"r"gﬁcﬁ@t'céf CQRASItQRN  CAMPFIPSPRAUA,

rifapepti pgo migith absiiti 1000 Y FZoRBILAE of faR%IIE [(19¥AE bRarnBRblfida 86deptable
| evof | oxaci n, of | oxacin, and ethanbutol. In a specific enbodi nent, said at
| east onesﬁb@ﬁﬁofs pyrazinamide. In a specific enbodinent, said at |east

one agent is rhianidherlehddrRetithé phafREitRNEomSRitdnorlphdss ake28gent s
rifapentine. In a sgem fic enbodi nent, sa | east one agent |

id at ( S
i soni azi dMI)'A 2RO Meofsepmarnd At formya 4) gt @ pRarstacgpicaliyasferfablesdligos. | n
a specifi gepgpodi ment, said at | east one agent is OPC-7683. In a specific

enbodi nent, said at | east one agent is TMC- 207. » ,
10 In yet another embodiment, the pharmaceutical composition comprises about 50

mg to about 500 mg of compound of formula (1) or a pharmaceutically acceptable salt
thereof.

Additionally, any formulation, including the combinations below, may contain from
250 mg to 1000 mg of the compound of formula (I) or a pharmaceutically acceptable

15  salt thereof or from 600 mg to 1000 mg of compound of formula (I) or a
pharmaceutically acceptable salt thereof.

In yet another embodiment, the pharmaceutical composition comprises about
100 mg to about 500mg of compound of formula (I) or a pharmaceutically acceptable
salt thereof.

20 In yet another embodiment, the pharmaceutical composition comprises about
100 mg to about 500mg of compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 600 mg rifampin.

In yet another embodiment, the pharmaceutical composition comprises about
100 mg to about 500 mg of compound of formula (1) or a pharmaceutically acceptable

25 salt thereof and about 300 mg of isoniazid.

In yet another embodiment, the pharmaceutical composition comprises about
100 mg to about 500mg of compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 300 mg of isoniazid and about 600 mg of rifampin.

In yet another embodiment, the pharmaceutical composition comprises about

30 100 mg to about 500 mg of compound of formula (l) or a pharmaceutically acceptable
salt thereof, about 300 mg of isoniazid, about 600 mg of rifampin and about 20-25
mg/kg to about 50-70 mg/kg of pyrazinamide.



In a specific enbodi ment, said at | east one agent is selected fromthe
group consisting of noxifloxacin, gatifloxacin, |evofloxacin, and

of | oxaci nwol2ni0e26526ci fi ¢ enbodi ment, said at | east one &gENB2060%/053796
noxi fl oxacin. In yet another enbodi nent, the pharnmaceutical conposition
conprises about 10 ng to about 2000 ng of compound of formula (I) or a
phar maceutical ly acceptable salt thereof.In yet another enbodi nent, the
pharmaceutical conposition conprises about 250 ng to about 1000 ng of
conmpound of forrmula (I) or a pharmaceutically acceptable salt thereof. In
yet anot her enbodi nent, the pharnmaceutijfal conposition conprises about 600
ng to about 1000 ng of conpound of formula (1) or a pharmaceutically
acceptabl e salt thereof. In yet another embodi ment, the pharnmaceuti cal

conposi tion CQARE! SRS RAMBodAReThé 9h@h@ébutﬂe@p&)nﬁ@asﬂfon%mbﬂ%§ja&futf ormul a

(I') or a Eharnaceutlcally acceptabl e salt thereof. In yet anot her
embodi nent 90 Y0 ghatR &t Pl forBRAHIIST {QreH!adbIis @i Fg@ém%&%‘d?a'y@cﬁﬁo"@*éie about

500 ng of séapﬂﬁe%ngn&éb&moulsang/kg? tPsbcut PRBD MRPRYb iScHidNd. accept abl e sal t
t hereof. Additi onal I){ any formul ation, including the conbi nations bel ow,

may. contain frIBNPLETSIR; SrtoStILHE BhaNASCdisAhERIRPSHIONCORIFSS O or a

phar mageut @ gl ty a@@tﬁ@ﬁl@b&ﬁﬁ 8f aséérﬁpddh@rcﬁﬂfrmgra dysm &@%ﬁ&uﬁu@al@%@eé@bl@f
conpound of f or mu pharmaceutically acceptable salt thereof In

yet anot h&lt @ﬁ'ﬁ?@&?%ﬁ?omtmé%ﬂ%(k%ﬁb%ttﬁ“?ggﬁomg‘c'??%'%@%ﬁ‘?%é about 100

My to abopy/K @Q@@go@fzoqﬁgm?léﬂﬁﬂfaﬁfpﬁ ormula (I) or a pharmaceutically
accept abl e salt thereof n yet anot her enbodi nent, the pharmaceuti cal

conposi tion cdiyei Fedhessaibodinesit.ige PBaréﬂ?&E%'t'@b@?%OQﬁt'OE&%@Uﬁ%ﬁ gouf or mul a
(1) or a phamgesabbitedbIng acsedthghIng of formula (1) or a pharmaceutically acceptable

10  salt thereof, about 10-15 mg/kg to about 20-30 mg/kg of isoniazid, about 10 mg/kg to
about 20 mg/kg of rifampin and about 15-30 mg/kg to about 50 mg/kg pyrazinamide.

In yet another embodiment, the pharmaceutical composition comprises about 50
mg to about 250 mg of a compound of formula (1) or a pharmaceutically acceptable salt
thereof, about 75 mg isoniazid, about 150 mg of rifampin and about 400 mg of

15 pyrazinamide.

In yet another embodiment, the pharmaceutical composition comprises about 25
mg to about 250 mg of a compound of formula (1) or a pharmaceutically acceptable salt
thereof, about 300 mg of rifampin.

The present invention also relates to an article of manufacture comprising:

20 a packaged composition comprising:

(a)

i) a therapeutically effective amount of a compound of formula (1) or a

pharmaceutically acceptable salt thereof:

Y a N

(i) a therapeutically effective amount of at least one agent useful in the

25

treatment of tuberculosis and

(iii) one or more pharmaceutically acceptable carriers or vehicles



salt thereof and about 600 ng rifanpin. In yet another enbodinent, the
phar maceuti cal conposition conprises about 100 ng to about 500 ng of
conpound WO 2bovared2a (1) or a pharmaceutical ly accept abl @csaBroop/mssreof and
about 300 ng of isoniazid. In yet another enbodi nent, the pharnaceuti cal
conposition conprises about 100 ng to about 500ng of conmpound of formula
(I') or a pharnmaceutically acceptable salt thereof and about 300 ng of

i soni azid and about 600 ng of rifanpin. In yet another enbodi nent, the
pharmaceutical conposition conprises about 100 ng to about 500 ng of
conpound of forrmula (1) or a pharmaceujscally acceptable salt thereof,
about 300 ng of isoniazid, about 600 ng of rifanpin and about 20-25 ny/kg
to about 50-70 ny/ kg of pyrazinam de.In yet another enbodi nent, the

phar maceut i cal(praimpasit goidmirfg(lﬁﬁfdo‘%ﬁs RP Ak il of the PBERHge8 @OMPBsifdn
conpound of formula (1) or a pharmaceutically acceptable salt thereof and

about 10- 25@ny R&et fUbeHiynSiS: 88930 ng/ kg of isoniazid. In yet another

enbodi ment, the) pbaitameet (2 ahd @onposi tion conprises about 100 ng to about
500 ng of a canpound of fornula (1) or a pharnmaceutically acceptable salt

. . ) p !
thereof and abBlftPreerM INYeRIINGIST Glaldiore PIRrBecoriicRIPaskagesiBhiradid and about

10 nu/ k9 wberPVEls iRQ riEMiEl Which tbApiked.a dopsehd dnRkMer (Bskadi nent, the
pharmaceutical conposition conprises about 100 ng to about 500 ng of a

conmpound BRaMGFRefCcally 29cepiable sHdhereeleut i cal I'y accept abl e salt thereof,
about 10-15 ny/ kg to about 20-30 ng/ kg of isoniazid, about 10 ng/kg to

about 20 ng/ kg of rifanpin and about 15-30 / kg to about 50 ng/kg
pyrazi nam de. I n yet/ ano\her Eent , t hel phar maceuti cal conposition
conprises about 50y to out ~ co 8und of formula (1) or a
pharmaceutical ly a%geptabye sa eof , \about; 75 ng i goni azi d, about 150
nmg of rifanpin and out /400 ny pyrazi ngm de. InH et |lanot her enbodi nent,
t he pharnaceuti cal conposition/conprises about

(1)
and an insert providing instructions for administering said composition in combination
10  with at least one agent useful in the treatment of tuberculosis.
These and other aspects, advantages, and features of the invention will become

apparent for the following detailed description of the invention.

Detailed Description of the Invention

15 The present invention relates to a method of treating tuberculosis in a mammal
comprising administering to said mammal an effective amount of a compound of

formula (1) or a pharmaceutically acceptable salt thereof:

O{}k i

20 in combination with at least two agents useful in the treatment of tuberculosis.
The compound of formula (I) of the invention is disclosed in U.S. Patent No.
5,880,118, (incorporated in its entirety herein by reference) in Example 1, (S)-N-[[3-[3-

fluoro-4-(4-thiomorpholinyl)phenyl]-2-oxo-5-oxazolidinyllmethylJacetamide. As described



ng to about 250 ng of a conpound of formula (1) or a pharnmaceutically
acceptabl e salt thereof, about 300 ng of rifanpin. The present invention

al so rel ave=otom2eszéarti cl e of manufacture conprising: aPPRURAYP 53796
conposition conprising: (a) i) a therapeutically effective anbunt of a
conmpound of forrmula (I) or a pharnmaceutically acceptable salt thereof: (I)
(i1) a therapeutically effective anount of at |east one agent useful in the
treatment of tuberculosis and (iii) one or nore pharnaceutically acceptable
carriers or vehicles(b) an insert providing instructions for adm nistration
of the packaged conposition of (a) to §ygseat tuberculosis; and (c) a
container for (a) and (b). The present invention also relates to a
pharmaceutical package for treating tuberculosis in a mammal which

CONPr i Sesinam&reraeesinséIs, tfﬁ&édﬁiﬂ)&m@'&ff&muﬁa @hﬂ&ﬁ@lﬁ%ﬁtlbﬁ%dg%@é&ﬁﬁ%@bé& sal t
t her eof : (I% and an insert provid I nstructions for m ni stering said

conposi t i 8hNeireeRAse RaLN BR foim of aaﬁa tq@%@f’ one agent useful in the treatnent

of tuber cul 0SiThe pi@se phithRElffalIRsERPtDble S(ANBABEY harsh, LUAREsIres of the
i nvention will beconme apparent for the follow ng detail ed descri ptlon of

the i nvenPﬁhSFYV'S@é‘fj§?ieQd'”@€§%*‘r pRisiACIHIC o Rasie SIRRE MBYFMTRY Be BSSARL IR fiFent i on

rel ates t@orap(gm{dgg,df%utar(gatl ng tubercul osis in a mammal conprising
adm nistering to said i ve amount of a cor‘rPound of formula

(1) or & phar i sxeTesl 19 caueepr o et aapesief el aro capabie o

forming a wide variety of salts with various inorganic and organic acids. The acids that
may be used to prepare pharmaceutically acceptable acid addition salts of such basic
compounds of those that form non-toxic acid addition salts, i.e., salts containing

10  pharmacologically acceptable anions, such as the hydrochloride, hydrobromide,
hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate,
salicylate, citrate, acid citrate, tartrate, pantothenate, bitartrate, ascorbate, succinate,
maleate, fumarate, gluconate, glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate

15 [i.e., 1,1-methylene-bis-(2-hydroxy-3-naphthoate)] salts.

Examples of salts include, but are not limited to, acetate, acrylate,
benzenesulfonate, benzoate (such as chlorobenzoate, methylbenzoate,
dinitrobenzoate, hydroxybenzoate, and methoxybenzoate), bicarbonate, bisulfate,
bisulfite, bitartrate, borate, bromide, butyne-1,4-dioate, calcium edetate, camsylate,

20  chloride, caproate, caprylate, citrate, decanoate, dihydrogenphosphate, edetate,
edislyate, estolate, esylate, ethylsuccinate, formate, fumarate, gluceptate, gluconate,
glutamate, glycollate, glycollylarsanilate, heptanoate, hexyne-1,6-dioate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, y-hydroxybutyrate, iodide,
isobutyrate, isothionate, lactate, lactobionate, laurate, malate, maleate, malonate,

25 mandelate, mesylate, metaphosphate, methane-sulfonate, methylsulfate,
monohydrogenphosphate, mucate, napsylate, naphthalene-1-sulfonate, naphthalene-2-
sulfonate, nitrate, oleate, oxalate, pamoate (embonate), palmitate, pantothenate,
phenylacetates, phenylbutyrate, phenylpropionate, phthalate, phospate/diphosphate,
polygalacturonate, propanesulfonate, propionate, propiolate, pyrophosphate,

30 pyrosulfate, salicylate, stearate, subacetate, suberate, succinate, sulfate, sulfonate,
sulfite, tannate, tartrate, teoclate, tosylate, triethiodode, and valerate salts.

The invention also relates to base addition salts of the compounds of formula (1).

The chemical bases that may be used as reagents to prepare pharmaceutically



in conbination with at | east two agents useful in the treatnent of
tubercul osis. The conpound of forrmula (1) of the invention is disclosed in
U. S. Pat ewO 2h/02652880, 1 18, (incorporated in its entirePgThBI®)/N53096
reference) in Exanple 1, (S)-N[[3-]3-

fl uoro-4-(4-thi onorpholinyl)phenyl]-2-o0x0-5-0xazolidinyl]nethyl]acetam de.
As describedin nore detail below, the conmpound of fornula (I) of the
invention may be administered as the free base or in the formof a salt

t hereof . The phrase "pharmaceutically acceptable salt(s)", as used herein,
unl ess otherw se indicated, includes sa4ts of acidic or basic groups which
may be present in the conpounds of formula (1). For exanple, the conpounds
of fornmula (1) that are basic in nature are capable of forming a w de

variety ofcspldble Ws‘éhsa\t@bf lﬁé%oin@@u%rbf%rﬁﬂu‘l?b @)rtaatrﬁré agllicds natEP@a@QhQ@ t hat
may be used to prepare pharmaceutically acceptable acid addition salts of

such basi B2t DAPARATLXI®PaThTUE Wi HUCH S?WP?Hﬂ?'St oXrk ”Q%TtQi"CaQﬂﬁetﬁaB%'r@ﬁ‘ld?s

i.e., salpg &@Hbﬂhﬁlté@l@oﬁh@éé@&&b@%ﬁﬁédcﬁ PRE FeRIoRIIRIPBERP&BbISHEBNES the
hydr ochl ori de, %Hro rom de, hydroiodide, nitrate, sulfate, bisulfate,

phosphat eSuchdsplipligapakeations %eo‘ilu RIESSHAD @nd padibim and alkplingygasthanetal ¢ rat e,

aci d cktragitRnsi@pl cabm fArhaghenat)camBiohdint sl fer-88G9E BRI adfitopl nat e,
mal eat e, furrar at e, é\ﬂl uconpat e, .glucuronate, saccharate, formate, benzoate,

gl ut amat eSAi%e1AR A8 ShMEBUCaMiteRERAUT RSl 30 d hedapsielkanolanyRgiiun and

p- t ol uenegbf pasRtRItgBEpIRARBIS Richily zﬁ)ce table organic amines.
1,1 - et hyl ene- b|s§2 hydr oxy- 3- na oateisalts Exanpl es, of salts

i ncl ude, but drENHS ¢ |aﬁidﬁé’&dtbése% éY gtse bedeimAdatas. eX%H'?eP\%E'ﬁP'PBﬁEt e,
benzoat e fsdBéEmRSIcRiM sdiebenzoat e, net hyl benzoat e, di nitrobenzoate,

hydr oxybenzoat and net hoxyhenzoat e bi carb bi sul fate, bisulfite,
bi tar t1¥at e, d‘g Oa@éev'swmsa&gb'%a@'y%ée Haﬂdt?ﬂodié’(t? E’ﬂa%ﬁC@Plﬁﬁ |Sal at e,
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dlhydrogenphosphate ate, edisl est ol eth Isuc0|nate,
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gl ycol | yl afeS@divhad ene b\egmalﬁ@wégrt hexyne 1, 6-di oat e, hexyl resorcinate,

hydrabani ne, h;&/sdésoe%rhoerrr(]alr(??he te rr(1jsr 2 orr]rlngr I(%e nog fct]r}#?ﬁao(x)y %{rr?etlc%utlca?dl de,

15  acceptable salts thereof” are defined to include all forms of the compound of formula
(), including isomers, crystalline and non-crystalline forms, isomorphs, polymorphs,
metabolites, solvates, hydrates and prodrugs thereof.

The term “solvate” is used herein to describe a noncovalent or easily reversible
combination between solvent and solute, or dispersion means and disperse phase. It

20  will be understood that the solvate can be in the form of a solid, slurry (e.g., a
suspension or dispersion), or solution. Non-limiting examples of solvents include
ethanol, methanol, propanol, acetonitrile, dimethyl ether, diethyl ether, tetrahydrofuan,
methylene chloride, and water. The term “hydrate” is employed when said solvent is
water.

25 A currently accepted classification system for organic hydrates is one that
defines isolated site, or channel hydrates - see Polymorphism in Pharmaceutical Solids
by K. R. Morris (Ed. H. G. Brittain, Marcel Dekker, 1995). Isolated site hydrates are
ones in which the water molecules are isolated from direct contact with each other by
intervening organic molecules. In channel hydrates, the water molecules lie in lattice

30 channels where they are next to other water molecules.

When the solvent or water is tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however, the solvent or water is weakly

bound, as in channel solvates and hygroscopic compounds, the water/solvent content



i sobutyrate, isothionate, |actate, |actobionate, |aurate, malate, naleate,
mal onat e, mandel ate, nesyl ate, netaphosphate, nethane-sulfonate,

met hyl sulwat2ei0/a2ze326hydr ogenphosphat e, nucat e, napsyl at e pPChaptinireiase- 1
-sul fonate, naphthal ene-2- sulfonate, nitrate, ol eate, oxal ate, panpate
(enmbonate), palmtate, pantothenate, phenyl acetates, phenyl butyrate,

phenyl propi onate, phthal ate, phospate/di phosphate, polygal act uronat e,
propanesul fonat e, propionate, propiolate, pyrophosphate, pyrosulfate,
salicylate, stearate, subacetate, suberate, succinate, sulfate, sulfonate,
sulfite, tannate, tartrate, teoclate, {msylate, triethi odode, and valerate
salts. The invention also relates to base addition salts of the conpounds
of formula (I). The chem cal bases that nay be used as reagents to prepare
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and ot her base salts of E arnmaceutically acceptabl e organi ¢ am nes.
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phar md@eutFRigN| RErg@eep CEste B E4- E RAMgrichEy Fhasmapepticalc | ude all forns
of the compsusngiopf formula (1), incl udl ng isomers, crystalline and
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replacing appropriate functionalities present in the compounds of formula (1) with certain
moieties known to those skilled in the art as ‘pro-moieties’ as described, for example, in
15  Design of Prodrugs by H. Bundgaard (Elsevier, 1985).

Some non-limiting examples of prodrugs in accordance with the invention
include:

(i where the compound of formula (I) contains a carboxylic acid functionality
which is functionalized into a suitably metabolically labile group (esters, carbamates,

20  etc.) compound of formula (1);

(i) where the compound of formula (l) contains an alcohol functionality which
is functionalized into a suitably metabolically labile group (ethers, esters, carbamates,
acetals, ketals, etc.) compound of formula (I); and

(i)  where the compound of formula (I) contains a primary or secondary amino

25 functionality, or an amide which are functionalized into a suitably metabolically labile
group, e.g., a hydrolysable group (amides, carbamates, ureas, phosphonates,
sulfonates, etc.) compound of formula ().

Further examples of replacement groups in accordance with the foregoing
examples and examples of other prodrug types may be found in the aforementioned

30 references.

The compounds of the formula (1) of the invention may exhibit the phenomena of

tautomerism and structural isomerism. For example, the compounds of formula (I) of the

invention may exist in several tautomeric forms, including the enol and imine form, and



The term "sol vate" is used herein to describe a noncovalent or easily
reversi bl e conbi nati on between sol vent and sol ute, or dispersion neans and
di sper se whasw/026326wi | | be understood that the sol vate eam1B®od/ns3vde form
of a solid, slurry (e.g., a suspension or dispersion), or solution.
Non-limting exanples of solvents include ethanol, nethanol, propanol,
acetonitrile, dinethyl ether, diethyl ether, tetrahydrofuan, nethylene
chloride, and water. The term "hydrate" is enployed when said solvent is
water. A currently accepted classification systemfor organic hydrates is
one that defines isolated site, or chamgmel hydrates - see Pol ynorphismin
Phar maceutical Solids by K R Mrris (Ed. H G Brittain, Mrcel Dekker,
1995). Isolated site hydrates are ones in which the water nolecules are
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nmol ecul es. I n channel hydrates, the water nolecules |ie in |attice channels
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cont engw Eﬂes@@t iRPEBS dIudes aintiitdhhdry ofihe cApoDBdCESHUIPNPof thé! Such cases,
non-stoi chionetry will be the norm The invention also relates to prodrugs

of the colBUtds of formula (1). Thus certain derivatives of conpounds of

formula (1) VWTFHZ—)"br@@éht makRtdn did iﬂcl@ﬂesﬂi@oﬂ@b@él@l@@él@@'c@@bo@fﬂsl Which atdrenmsel ves
can, when admnistered into or onto e converted i nto conpounds

of formul gepi! F?atOPWgrePﬁ%d 9 ”F%%I('b%t?qvﬁl ?‘9 fgrftB‘? fagk Hyahpee ObPOIRAIPEF #i4 ¢

cl eavage. repicRd B§fah\eddrh HaGing &R atddhie zRd of Mads nuMbeitksten tfrdﬁhlfHem&dSmlc
informati on on the use of rodr%%; ¥ be found in Pro- dru? Novel
Del i véPy BPst ep@ass/gymberjisualydo ;ffrﬁdhan Yk SXeTeles oisoigrgs el Ma¥dew Stel | a)

and Bi or ewebpokited ey EdnBctints ookEul RIS irdide Restgusn hiiregen, chRda, (Ed. E. B.
Roche, Anﬁltrrbggnn oﬁ?fén"%ﬁgs% Io?ugl fllﬁ)sn%gqalngtclh%%e such as, but not limited to, H, *H,

3¢, 1c, ®N, 80, 70, **S and "®F. Certain isotopically-labeled compounds of formula

(I) of the invention, for example those into which radioactive isotopes such as *H and

15 'C are incorporated, are useful in drug and/or substrate tissue distribution assays.
Tritiated, i.e., °H, and carbon-14, i.e., "C, isotopes are particularly preferred for their
ease of preparation and detectability. Further, substitution with heavier isotopes such
as deuterium, i.e., 2H, can afford certain therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo half-life or reduced dosage

20 requirements and, hence, may be preferred in some circumstances. Isotopically-
labeled compounds of formula (l) of the invention may generally be prepared by
carrying out the procedures disclosed in the Schemes and/or in the Examples and
Preparations below, by substituting an isotopically-labeled reagent for a non-
isotopically-labeled reagent.

25 The compounds of formula () of the invention may exhibit polymorphism.
Polymorphs of the compounds of formula (1) of the invention may be prepared by
crystallization of a compound of formula (l) of the invention under various conditions.
For example, there may be employed various solvents (including water) or different
solvent mixtures for recrystallization; crystallization at different temperatures; various

30 modes of cooling ranging from very fast to very slow cooling during crystallization.
Polymorphs may also be obtained by heating or melting a compound of formula (1) of

the invention followed by gradual or fast cooling. The presence of polymorphs may be



Prodrugs in accordance with the invention can, for exanple, be produced by
repl aci ng appropriate functionalities present in the conpounds of fornula
(1) wthwenbawneizwi eti es known to those skilled in thePaTtiBa®9/053796
"pro-noieties' as described, for exanple, in Design of Prodrugs by H
Bundgaard (El sevier, 1985). Sone non-limting exanples of prodrugs in
accordance with the invention include: (i) where the conmpound of fornula
(I') contains a carboxylic acid functionality which is functionalized into a
suitably nmetabolically |abile group (esters, carbamates, etc.) conpound of
formula (1); (ii) where the conmpound of7fornula (I) contains an al cohol
functionality which is functionalized into a suitably nmetabolically |abile
group (ethers, esters, carbamates, acetals, ketals, etc.) conpound of
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i nvention rmépex i bit the henomena of tautoneri sm and structural

i soner i snSYTRIPMELAHIRS the R gwam@d&r eigivRifsL { P ynfeqtionza Maremeh on may
exist in §@V@r|ﬂ|ménaut onmeric forms, includi ng the enol and imne form
andt he keto and enam ne form and geonetric isoners and n xtures thereof.
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tuberculosis.
By synergistic effect it is meant that the therapeutic effect of administering a
compound of formula (I) of the invention and the at least two agents useful in the
15  treatment of tuberculosis, is greater than the therapeutic effect obtained on
administration of the effective amount of either compound of the formula (l) of the
invention alone, or the therapeutic effective amount of the at least two agents useful in
the treatment of tuberculosis administered individually or in combination.
Such synergy is advantageous in that it may allow for administration of each of
20 the components in the combination in an amount less than that would be required if
administered individually which may reduce the likelihood of adverse events or
unpleasant side effects. Alternatively, such synergy may shorten the duration of
treatment for TB.
Thus, administration of both the compound of formula (l) of the invention and the
25 atleast two agents useful in the treatment of tuberculosis, for example, at least two of
the compounds selected from the group consisting of isoniazid, rifampin, rifapentine,
rifabutin, pyrazinamide, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin,
and ethambutol was found to produce an effect, which results in improved treatment of
tuberculosis as compared to the effect when the compound of formula (I) of the
30 invention alone, when the at least two agents useful in the treatment of tuberculosis
administered individually or when the at least two agents useful in the treatment of

tuberculosis are administered in combination with one another.



I nvention. The present invention also includes isotopically-Iabeled
conpounds, which are identical to those recited in fornmula (1) above, but
for the fwototomass26ne or nore atons are replaced by an aConBaYNIIgIEan

atom c mass or mass nunber different fromthe atom c nass or mass nunber
usually found in nature. Exanples of isotopes that nmay be incorporated into
conpounds of formula (1) include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, fluorine and chlorine, such as, but not Iimted to, 2H,
3H, 13C, 14C, 15N, 180 , 170 , 35S and 18F. Certain isotopically-Iabeled
conpounds of formula (1) of the inventjgn, for exanple those into which
radi oactive isotopes such as 3H and 14C are incorporated, are useful in
drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H, and
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at least two agents useful in the treatment of tuberculosis, isoniazid, pyrazinamide and
rifampin, a significantly culturable amount of tubercule bacilli is recovered from the

15  target organ i.e, lungs. This is evident from the data in Table 3 below. It is further noted
that even after treatment for 4 months with the standard of care, 2 months of isoniazid,
pyrazinamide and rifampin followed by 2 months of isoniazid and rifampin, 90% of mice
relapse after completion of treatment, meaning that viable bacilli remain at the
completion of treatment, even if they cannot be cultured at the time of treatment

20  completion, which is evident from the data in Table 4.

In one embodiment of the present invention, the at least two agents useful in the
treatment of tuberculosis used in conjunction with a compound of formula (1) and
pharmaceutical compositions of the invention described herein are as follows: isoniazid,
rifampin, rifapentine, rifabutin, pyrazinamide, ethambutol, streptomycin, kanamycin,

25 amikacin, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, capreomycin,
ethionamide, cycloserine, para-aminosalicylic acid, thiacetazone, clarithromycin,
amoxicillin-clavulanic acid, imipenem, meropenem, clofazimine, viomycin, terizidone,
TMC207, PA-824, OPC-7683, LL-3858 and SQ-109.

In another embodiment, one of said at least two agents is selected from the

30  group consisting of isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide, moxifloxacin,
gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, and ethambutol.

In yet another embodiment, one of said at least two agents is pyrazinamide.

In yet another embodiment, one of said at least two agents is rifampin.



the invention foll owed by gradual or fast cooling. The presence of

pol ynor phs may bedeterm ned by solid probe NMR spectroscopy, IR

spect r oscwpyprodizbf2er ent i al scanni ng cal orinmetry, powder PRTAB3008DI3796act i on
or other such techniques. The m ni num anount of the conpound of fornula (I)
of the invention to be adm nistered is an effective anount. The term
"effective anount” neans the anount of a conpound of formula (I) of the

i nvention which prevents the onset of, alleviates the synptons of, stops
the progression of, and/or elimnates a TB infection in a marmmal, e.g., a
human. A therapeutically effective amoymt of the conpound of fornula (1) of
the invention was found to possess the desired antitubercul ar properties
descri bed bel ow. However, a synergistic effect is observed when the

conpound of f qnREl ghdther eﬂfboﬁfﬂﬁbdt rbh%rﬁf'sﬁlﬂ dt!%a@ﬂtWo@g%hféﬁ@ﬂfa‘p@ntﬁ@Tb' nation
with at |least two agents useful in the treatment of tuberculosis. By
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effecti ve amount of the at | east two a%ents useful in the treatnent of
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conmponents in the copbination in an amunt |ess than that would be required
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events orrfaapieasant side effects. Alter natively, such synergy may shorten
t he durat| on of treat ment for TB. Thu adm nistration of both the conpound

of forfula (1)NyetANpersoeets %rﬁb%@emqaa'a@t legsidyvoraggnis EnPYagaaNde: i n t he
tr eat ment riRpid®er eohigsds, for exanple, at least two of the corrpounds

selected from IF] r31/gt agnrot “e'? sgg(gf% gr”:)gos;?ment Isalgrelllt %’Zellstdtworalg]:ar?trsr%rg pyr%%g}#u%%t ' ne
and rifapentine.
In yet another specific embodiment, said at least two agents are pyrazinamide,
15  rifapentine, and isoniazid.
In a specific embodiment, said at least two agents are pyrazinamide and
moxifloxacin.
In yet another specific embodiment, said at least two agents is pyrazinamide,
moxifloxacin, and rifampin.
20 In yet another specific embodiment, said at least two agents are pyrazinamide,
moxifloxacin, and rifapentine
In yet another specific embodiment, said at least two agents are PA-824 and
pyrazinamide.
In yet another specific embodiment, said at least two agents are PA-824,
25 pyrazinamide and an agent selected from the group consisting of streptomycin,
kanamycin, amikacin and capreomygin.
In yet another specific embodiment, said at least two agents are PA-824 and
moxifloxacin.
In yet another specific embodiment, said at least two agents are PA-824,
30  moxifloxacin and an agent selected from the group consisting of streptomycin,
kanamycin, amikacin and capreomygin.
In yet another specific embodiment, said at least two agents are OPC-67683 and

pyrazinamide.



rifabutin, pyrazinam de, noxifloxacin, gatifloxacin, |evofloxacin,

of | oxaci n, ciprofloxacin, and ethanbutol was found to produce an effect,
whi ch r eswibt2g10/26326pr oved treat ment of tubercul osis as ®owFIB2OY03309¢ he

ef fect when the conmpound of formula (1) of the invention al one, when the at
| east two agents useful in the treatnment of tubercul osis adm nistered
individually or when the at | east tw agents useful in the treatnent of

t ubercul osis are adm nistered in conbination with one another.In one

enbodi nent of the invention, admnistration of both the conpound of fornmula
(I') of the invention or a pharmaceuticadly acceptable salt thereof and at

| east two of the conpounds selected fromthe group consisting of isoniazid,
rifanmpin, rifapentine, rifabutin, pyrazinam de, noxifloxacin, gatifloxacin,

| evof | oxaci n, |ﬁfybpa¢ﬁﬁhé?,sp§¢|ﬁxfé}ﬁbé&i@@hﬂsau@%ﬂle@éh@ bRt a\f@@Pfcp@lmMO produce
an effect, which results in conplete eradication t uber cul osi s corrpared
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i nvent i onk&antyem, aFmHa%ﬁhSetndtdéﬁrs%ﬁg@FnS useful in the treatment of
tubercul osis are adm ni stered ividually or in conbination with one
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coul d be phs@p¥rsh.i n the target organ i.e. lungs of the infected mammal s,
after the treatnment regimen_with the conbi nati on of the present invention.
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exi sting fHoNfloXxRH &RNan hgeht s@leedrorathe @roufcohbistidf ofl se@plontyem, agent s usef ul
in the treatnent of tubercul osis, jsoniazid, pyrazinamde and rifanpin, a
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target organ in§et 4nogs spddtiiGerhBo@mbaeBiid fat RELLAS ddeh®@ dré TNI@PRE ahdoel ow. It
is further noted that even after treatnent for 4 nonths with the standard

of car®, BYTREARAYCof isoniazid, pyrazinanide and rifanpin followed by 2

nont hs of i sonhgai ého@ﬂ'éisbbélﬁ’dmhﬂodlﬁe% ohid At astt@baRsatsaké EMCC2OW! etion of
treatnment, neaning that viable bacilli remain at the conpletion of

t r eat ment PYEGRAM| AHEYOUMNAGD OpIsOREFUr ed at the tine of treatnent
conpl eti on, \Antwasmth@wodﬁ@thaié@mérbuetu@l@ﬂf@t|srbbE@n/bem41enltrﬁb sotepsimadi ment  of

the pr eselrcl)rmulg (GS ![hoenlnvéntlgn ?sta mlnlg’;[er in co %Pnta?lorl}]?vﬁ;] lejl![ least onr(l, agent useful

15 in the treatment of tuberculosis, for example rifampin, during the continuation
(sterilization) phase of treatment (after the initial phase of treatment) when non-
multiplying persisting bacteria are prevalent. Such synergy is advantageous in that it
may shorten the duration of treatment for TB. More significantly, the data below show
that on administration of a compound of formula () in combination with at least two

20  agents useful for the treatment of TB may shorten the duration of therapy for drug-
susceptible TB, mono-drug-resistant TB and multi-drug resistant TB.

In one embodiment of the present invention, the methods of the present invention
provide treating a mammal after the mammal has undergone an initial phase of
treatment comprising at least one agent useful in the treatment of tuberculosis used in

25  conjunction with a compound of formula (1).

In another embodiment, the at least one agent useful in the treatment of
tuberculosis selected from the group consisting of rifampin, rifapentine, rifabutin,
pyrazinamide, ethambutol, streptomycin, kanamycin, amikacin, moxifloxacin,
gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, capreomycin, ethionamide,

30  cycloserine, para-aminosalicylic acid, thiacetazone, clarithromycin, amoxicillin-
clavulanic acid, imipenem, meropenem, clofazimine, viomycin, terizidone, TMC207, PA-
824, OPC-7683, LL-3858 and SQ-109.



treatnment of tuberculosis used in conjunction with a conpound of fornmula
(1) and pharmaceutical conpositions of the invention described herein are
as foll ows0 2000mb88i d, rifanpin, rifapentine, rifabutinpPCpyBznd/nEsnede,

et hanbut ol , streptonycin, kananycin, am kacin, noxifloxacin, gatifloxacin,
| evof | oxaci n, ofl oxacin, ciprofloxacin, capreonycin, ethionam de,

cycl oserine, para-am nosalicylic acid, thiacetazone, clarithronycin,
anoxicillin-clavulanic acid, impenem neropenem clofazimne, vionycin,
terizi done, TMC207, PA-824, OPC-7683, LL-3858 and SQ 109. In anot her
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t
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consisting of moxifloxacin, gatifloxacin, levofloxacin, and ofloxacin.

In a specific embodiment, said at least one agent is moxifloxacin.

The methods and compositions of the invention are particularly effective against
tuberculosis including active tuberculosis and latent tuberculosis. In one example, the

15  active tuberculosis comprises drug-sensitive tuberculosis, mono-drug-resistant
tuberculosis, multi-drug-resistant tuberculosis and extensively drug-resistant
tuberculosis. In another example, the present invention provides a method to completely
eradicate drug-sensitive tuberculosis, mono-drug resistant, multi-drug-resistant
tuberculosis, and extensively drug-resistant tuberculosis (XDR) on completion of the

20 treatment.

In addition, the methods and composition of the invention may be used in
conjunction with diagnostic tests to identify the tuberculosis in the mammal which are
known to those so skilled in the art. For example, the methods and compositions of the
invention may be used in conjunction with the so-called line-probe assay (Hain Life-

25 science GmbH) which may be used to identify genes linked with resistance to rifampin
and isoniazid to indicate multi-drug-resistant tuberculosis and/or extensively drug-
resistant tuberculosis. Other assays may also be used in conjunction with the methods
and composition of the invention, which are known to those so skilled in the art.

In another embodiment, the methods and compositions of the invention are

30 particularly effective against tuberculosis caused by a Mycobacterium infection selected
from the group consisting of Mycobacterium tuberculosis, Mycobacterium bovis or other

related mycobacterial species, which would be known by one skilled in the art. In one



In a specific enbodinent, said at | east two agents are pyrazi nam de and
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| east two agents are PA-824, pyrazinam de and an agent selected fromthe
group consi sting of streptonycin, kananmycin, am kacin and capreomycin. In
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the compound of formula (I) of the invention. In another embodiment, the at least two
agents (or the at least one agent) useful for the treatment of tuberculosis are

10  administered at about the same time as administration of the compound of formula () of
the invention.

Separate administration of each compound, at different times and by different
routes, in some cases would be advantageous. Thus, the components in the
combination i.e. the compound of formula (1) of the invention and the at least two agents

15  (or the at least one agent) in the treatment of tuberculosis need not be necessarily
administered at essentially the same time or in any order. The administration can be so
timed that the peak pharmacokinetic effect of one compound coincides with the peak
pharmacokinetic effect of the other.

All the active ingredients can be formulated into separate or individual dosage

20  forms which can be co-administered one after the other. Another option is that if the
route of administration is the same (e.g. oral) two or more of the active compounds can
be formulated into a single form for co-administration, both methods of co-
administration, however, being part of the same therapeutic treatment or regimen.

Preferred agents useful for the treatment of tuberculosis may be as follows:

25 isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide, ethambutol, streptomycin,
kanamycin, amikacin, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin,
capreomycin, ethionamide, cycloserine, para-aminosalicylic acid, thiacetazone,
clarithromycin, amoxicillin-clavulanic acid, imipenem, meropenem, clofazimine,
viomycin, terizidone, TMC207, PA-824, OPC-7683, LL-3858 and SQ-109. The agents

30 useful for the treatment of tuberculosis can be used in the present invention in a variety
of forms, including acid form, salt form, racemates, enantiomers, solvates, and
tautomers. The agents useful for the treatment of tuberculosis may be administered by

any route useful to administer said agents, which are known to those of skill in the art.



pyrazi nam de. In yet another specific enbodinent, said at |east two agents
are TMC- 207, pyrazinam de and noxifloxacin or isoniazid. It was further
found t havoaosymes2gi stic effect is observed when the corpoaBzhoehssfier mul a
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for TB. More significantly, the data bgiow show that on adm nistration of a
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powder, sustained release formulations, solution, and suspension; for parenteral
injection as a sterile solution, suspension or emulsion; for topical administration as an
ointment or cream; or for rectal administration as a suppository. The pharmaceutical

15 compositions of the invention may be in unit dosage forms suitable for single
administration of precise dosages.

Exemplary parenteral administration forms include solutions or suspensions of
active compounds in sterile aqueous solutions, for example, aqueous propylene glycol
or dextrose solutions. Such dosage forms can be suitably buffered, if desired.

20 In one embodiment, the pharmaceutical compositions of the invention may be in
the form of an oral dosage form. Non-limiting examples of oral dosage forms include
such as, e.g., chewable tablets, capsules, pills, lozenges, troches, sachets, powders,
syrups, elixirs, solutions and suspensions, and the like, in accordance with standard
pharmaceutical practice. In another embodiment, the pharmaceutical compositions of

25 the invention can also be delivered directly to a patient's gastrointestinal tract through a
nasogastric tube.

The compound of formula (l) of the invention will be present in the
pharmaceutical composition of the invention in an amount sufficient to provide the
desired dosage amount in the range described herein. The proportional ratio of

30 compound of formula (I) of the invention to excipients will naturally depend on the
chemical nature, solubility and stability of the active ingredients, as well as the dosage

form contemplated. Typically, pharmaceutical compositions of the present invention can
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| east one agent is TMC-207. In a specific enbodi nent, said at |east one
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agent is noxifloxacin. The nethods and conpositions of the invention are
particularly effective agai nst tubercuppsis including active tubercul osis
and | atent tuberculosis. In one exanple, the active tuberculosis conprises
drug-sensitive tubercul osis, nono-drug-resistant tubercul osis,
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the instant invention and the compositions of the invention the can be found in
Remington: the Science and Practice of Pharmacy, 19th ed., Mack Pub. Co., Easton,
Pa. (1995).

15 The term "excipient” means an inert material that is combined with the compound
of formula (1) to produce a pharmaceutical composition or oral drug dosage form.

The term "pharmaceutically acceptable excipient" means that the excipient must
be compatible with other ingredients of the composition, and not deleterious to the
recipient thereof. The pharmaceutically acceptable excipients are chosen on the basis

20  of the intended dosage form.

The tablets, pills, capsules, and the like may contain excipients selected from
binders such as polyvinylpyrrolidone, hydroxypropylmethyl cellulose (HPMC),
hydroxypropylcellulose (HPC), sucrose, gelatin, acacia, gum tragacanth, or corn starch;
fillers such as microcrystalline cellulose, lactose, sodium citrate, calcium carbonate,

25 dibasic calcium phosphate, glycine and starch; disintegrants such as corn starch, potato
starch, alginic acid, sodium starch glycolate, croscarmellose sodium and certain
complex silicates; lubricants such as magnesium stearate, sodium lauryl sulfate and
talc; and sweeteners such as sucrose lactose or saccharin. When a dosage unit form is
a capsule, it may contain, in addition to materials of the above type, a liquid carrier such

30 as a fatty oil. Various other materials may be present as coatings or to modify the
physical form of the dosage unit. For instance, tablets may be coated with shellac,

sugar or both.
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adm nistered prior to adm nistration of the conpound of forrmula (1) of the
invention. In another enbodinent, the g4 |east two agents (or the at | east
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et hambut ohpoui 6 & RBEBUNT000 mg; about 50 mg to about 500 mg; and 100 mg to about 500
mg with or without food. In some cases, it may be necessary to use dosages outside
15  these limits.
A daily dosage of the compound of formula (I) of the invention is usually
administered from 1 to 4 times daily in equal doses.
In one embodiment, a single dose of compound of formula (l) of the invention is
administered per day (i.e., in about 24 hour intervals) (i.e., QD); in another embodiment,
20 two doses of compound of formula (I) of the invention are administered per day (i.e.,
BID); in another embodiment, three doses of compound of formula (1) of the invention
are administered per day (i.e., TID); and in another embodiment, four doses of
compound of formula (I) of the invention are administered per day (i.e., (QID); in another
embodiment a single dose of compound of formula () of the invention is administered
25 every other day (i.e., in about 48 hour intervals), in another embodiment a single dose
of compound of formula (I) of the invention is administered twice per week; in another
embodiment a single dose of compound of formula () of the invention is administered
thrice per week.
In one embodiment, the effective dose of the compound of formula (1) of the
30 invention is administered BID in about 12 hour intervals.
In another embodiment, the effective dose of the compound of formula (1) of the

invention is administered TID in about 8 hour intervals.
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a steri| eCYBPIHT%H ConpAREHA AU (Nshines inysntion gndiad isasbenergenhisadeh on as
an oi nt metie tRfatriéRdMtubRFculddis drRcihakmachiitibalftdcaéptable /S rrRrSsHIRSHrepakd The
phar maceut i cal sitions of

cQ the invention may be in unit dosage formns
suitabfe PBPO%GHW%?%FHQ‘??ﬂ gtqrtoﬁoroq.gp@é%t?lgté‘ogq%ggtggé:pmgg@m %ﬁ“}/g%ar ent er al
adm ni st r piepbareditBrany dnB&F BIRinsAE Wkl ons or suspensions of active conpounds
in sterile aqueous sol ution for exanpl e, agueaqus B%%Bﬁlene gl ycol or

dextrose sol utY YRR xR ES BUE%B?SPBVP%“@% AfeCANR IR fRred, if desired.

pharmaceutical compositions which encompass the following non-limiting mixtures:
a) a compound of formula (l) or a pharmaceutically acceptable salt thereof and
15 pyrazinamide;
b) a compound of formula (1) or a pharmaceutically acceptable salt thereof and
rifampin;
¢) acompound of formula (I) or a pharmaceutically acceptable salt thereof and
rifapentine;
20 d) a compound of formula (I) or a pharmaceutically acceptable salt thereof, and
PA-824;
e) a compound of formula (I) or a pharmaceutically acceptable salt thereof, and
TMC-207;
f) a compound of formula (I) or a pharmaceutically acceptable salt thereof, and
25 an agent selected from the group consisting of moxifloxacin, gatifloxacin, levofloxacin,
ofloxacin moxifloxacin;
g) a compound of formula (1) or a pharmaceutically acceptable salt thereof,
isoniazid and rifampin;
h) a compound of formula () or a pharmaceutically acceptable salt thereof,
30 isoniazid, rifampin and pyrazinamide; and
i) acompound of formula (I) or a pharmaceutically acceptable salt thereof,

rifampin and pyrazinamide.



I n one enbodi nent, the pharmaceutical conpositions of the invention may be
in the formof an oral dosage form Non-limting exanples of oral dosage
forns i ncwodelgaeizéas, e.g., chewabl e tablets, capsul espCpiiBtw9y/0i3cxenges,
troches, sachets, powders, syrups, elixirs, solutions and suspensions, and
the like, in accordance with standard pharmaceutical practice. In another
enbodi nent, the pharnaceutical conpositions of the invention can al so be
delivered directly to a patient's gastrointestinal tract through a
nasogastric tube. The conmpound of formula (1) of the invention will be
present in the pharmaceutical conpositppn of the invention in an anount
sufficient to provide the desired dosage anmount in the range descri bed
herein. The proportional ratio of conpound of forrmula (I) of the invention

to excipients @hbtextipksdrltiie g@aeﬁtdn@hnémgretdmm.mbn@awﬂ@ solubility and
stability of the active ingredients, as wel| as the dosage form

cont enpl aPRAIMaggicakeqrgposiions et eRgqneRass é?ﬁwfﬁﬁ%"i"f‘g aﬂ%-“@ft'nﬂ MeXHress ent
i nvention cangpnitgbut 1@b%§to?éb%u¥&)(ﬁrlﬂ8'é)?a%@%@undﬁo@rﬂf@@}l&% of formula (1)

of the invention by weight. In one enbodi t he conpound of formula (1)
and phar nﬁ%%rmar:%l&wp&w %@@Qﬁlb?cﬁaét t%%f?f’fsa”tdr?é’ioéb@dq B9 QhffeAIPét er ed bet ween about

10 ng 50 abOUU(2Qﬁ%uﬁﬂkﬂm§¢6a@ﬂﬂ%b@hufﬁﬂy¥$nﬁ&mhdo¥ﬁﬂn@@¥9@uad of formula
(1) and pharmaceutically salts thereof is adm ni stered between

about 25 RYPATECaYisaty ﬁ%@taﬁﬁ SF)G‘I”H“‘V@W%W&QQ@W%’EB& [¥#8APZ %t he compound of

formula (1) anyi ab@\rtrmowioc‘emiohvmpmg@tal@bmpgmd@rfbmn@gjoﬂé adm m stered
bet ween about t her. enb

conpound B*FarfT@Pﬁ‘EIng”X ?ﬁceam'%?grtﬁg%fﬁﬂd%wﬁﬁ%@@;9{ §8P'éz'§é‘|”9§b9%teﬁ0é’of is
adm ni st erghfbieivgen about 100 ng to about 500 ng. Techniques for
st arlt 1 nventMbnaBid TOe 55681 24C0AE Sof CORBVRATRTEHR (HY San bfe“?ound in
Remi ngt onphérhﬁc&Q|c@n5£@co@btébl%r@qtth&@oﬂ)5bcﬁh@oowof idshid¥ie dboutdoknd’ob. Co.
East on, famﬁ)ln an(} about 20-25 mg/kg to about 50-70 mg/kg of pyrazinamide;

n) about 100 mg to about 500 mg of a compound of formula (I) or a
pharmaceutically acceptable salt thereof and about 10 mg/kg to about 20 mg/kg of
15 rifampin;

0) about 100 mg to about 500 mg of a compound of formula (I) or a
pharmaceutically acceptable salt thereof and about 10-15 mg/kg to about 20-30 mg/kg
of isoniazid;

p) about 100 mg to about 500 mg of a compound of formula (I) or a

20 pharmaceutically acceptable salt thereof and about 10-15 mg/kg to about 20-30 mg/kg
of isoniazid and about 10 mg/kg to about 20 mg/kg of rifampin;

gq) about 100 mg to about 500 mg of a compound of formula (I) or a
pharmaceutically acceptable salt thereof, about 10-15 mg/kg to about 20-30 mg/kg of
isoniazid, about 10 mg/kg to about 20 mg/kg of rifampin and about 15-30 mg/kg to

25 about 50 mg/kg pyrazinamide;

r) about 50 mg to about 250 mg of a compound of formula (1) or a
pharmaceutically acceptable salt thereof, about 75 mg isoniazid, about 150 mg of
rifampin and about 400 mg of pyrazinamide; and

s) about 25 mg to about 250 mg of a compound of formula (1) or a

30 pharmaceutically acceptable salt thereof, and about 300 mg of rifampin.

The compounds of formula (1) of the present invention are readily prepared

according to synthetic methods familiar to those skilled in the art. The compound of

formula (1) of the invention can be prepared in a manner similar to that described for the



The term "excipient” nmeans an inert material that is conbined with the
conpound of fornula (1) to produce a pharnmaceutical conposition or oral
drug dosawye 20ovamws26he term " phar maceuti cal |y accept abl e PexaBmogni37omeans
that the excipient nust be conpatible with other ingredients of the
conposition, and not deleterious to the recipient thereof. The

phar maceutical |y acceptabl e exci pients are chosen on the basis of the

i ntended dosage form The tablets, pills, capsules, and the |ike may
contain excipients selected from binders such as pol yvi nyl pyrrolidone,
hydr oxypr opyl net hyl cel |l ul ose (HPMC), pydroxypropyl cellul ose (HPC),
sucrose, gelatin, acacia, gumtragacanth, or corn starch; fillers such as
m crocrystalline cellul ose, |actose, sodiumcitrate, calcium carbonate,

di basi ¢ ClephtHibP BPERIMSIE 1 dak¥iedsn BREahdIsdseclbinnl egpaRhsNsuch as corn
starch, potato starc nic acid, sodiumstarch gl

h, al gi ycol at e,
croscar mep188ed 180l %ﬂﬁ't%dg@WH”% phiprmewia &) cathe ResPareddyi taRicsestféh as
nmagnesi Ums&tfedt Atifterr@6ha PubRdativh Wb 7F/staBoand Webg/24898 beweetai@l sresuch as
sucrose | actose or saccharin. Wien a dosage unit formis a capsule, it may

contain, DereldBFRPYAAIPYFAIEENCEI s of the above type, a liquid carrier such
as a fatty ol lanc@rieRbmpRidIeie prepaatic 6f (TRW-[R[3PREAL4aSs coatings or to
nodi fy th?wfh sjcal formaf the dos%ﬂe unit. For instance, tablets nmay be
coat ed wi f¥PragrRelinyPhanyde-a3p-heazoidinyinetylaectamidsdpatqdiPesor al

suspensi ons argthearhelgstratdies §erdt sl PhPBlic setREnES TR piepRrity saapslingg ori ds such
as xant ham gum or hydr oxypropyl net hyl cel | ul ose, glidants such as coll oi da
silica, dMelERRESTENBNYAN ki ng agents such as silicon dioxide, flavors such
as bubbl e gum orange, banana, raspBeHewEnd gol den syrup or m xtures

t hereof, sweeteners such as aspartane or sugar, and stabilizers such as
succinic acid. Powder or gr s fornulatioms,uiggzngg pediatric
suspensi on fornukatigns a heqﬁr—ﬂayCManaN\ red using techniques
whi ch are general |l y“convenlional in’¥he field of manufacture of
pharmaceutical fennulations @npd in the manufggture of dry fornulations for
reconstitution into such suspensions. For exanple a suitable technique

S
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10 (@) (6)

Scheme 1 illustrates a method of synthesizing compounds of formula () of the
invention in a multistep synthesis via a compound of formula 6. Referring to Scheme |,

the synthesis begins with the formation of intermediate (3) by reacting (S)-



Is that of mxing dry powdered or granul ated ingredients. Typically, an
effective daily dose (i.e., total dosage over about 24 hours) of the
conmpound WO 2bovared2a (1) of the invention for adults is &boaB2009033g9¢ 0 about
2000 ny; about 25 ngy to about 1000 ng; about 50 ng to about 500 ny; and 100
ng to about 500 ng with or without food. In sone cases, it nmay be necessary
to use dosages outside these |limts. A daily dosage of the conpound of
formula (1) of the invention is usually adm nistered from1l to 4 tines
daily in equal doses. In one enbodi ment, a single dose of conpound of

formula (1) of the invention is adm nigdered per day (i.e., in about 24
hour intervals) (i.e., Q); in another enbodinent, two doses of conpound of
formula (1) of the invention are adm nistered per day (i.e., BID); in

anot her ea&aﬁibﬂm%nn (t1|51{‘/vﬂ|$ adﬁlﬁt@ﬁe @ﬁth@@ﬁ@@bf&el?fsuﬁélmﬁl% Benﬁia)déhfydé he invention
are adm ni stered nd i n anot her enbodi ment, four doses

of conpoufer'gfive E?F &Fene%?rﬁh'&) Oéfto ?r?@l M%fel?f?f%ﬁlp'léﬂ SALRM FAUSOES 8BMBIA day (i .
(QD); in(Reeids0.6iPEL MBSt Refeldby) €5 @aﬁemf reﬁ@tiHhQS'BQstherfbﬂﬁéﬂth%o(H ) of

t he |nvent|on IS adm ni stered every ot her y (i , i n about 48 hour

i nt er val sprotip ﬁn%ﬁeﬁoﬁeﬂ%ﬁ%a@%mang '%ﬁ’rﬁ%'\éﬂ%%h(ﬁs Aeaheluirg!usingtorrl a (1)

of thesi nMl%fﬁbhébnaridSIw@ﬂﬁbl@bﬁiﬂ@érﬁﬁpél%l@eem&s (MRRMIngl MTBROtHIE Ian@rdaRgigrent  a
si ngl e dose, of co of formul a V{‘Fél the invention is adm ni stered

thrice pelefsk brg héﬂénéﬁ%%ﬁ%%) as Wl assgheRringipd spbreBiSIICh Ré MESMPIIFnd of
formul a (thlo@de. MTBE .@\éqcnéﬂeﬂad isSIvastiT&hpératess iBlaRahge &aauanoo&ta 51WHbout

intervals, |n another nent, the effectivye dose of the corrpound of
formula (P9 Co?ret%‘%fefrﬁ%ﬂ?ﬁt BF?f‘?ré‘b'é(d’ﬁP’}‘ﬁ%‘t@rt@&Oﬁ oMies extatiive sarpdigh and

i nterval sCénteamatdmemeemh@dhaap (3) kloptaidderid hen eastalipkd Frbe &ﬁ%ﬂ%ﬁund of
formul a gqlqc;f t he invention

is a ni st er ed
i nt er V&l slYi¢,Phase. B35 AIGTERTS Ofé}?”eqoﬂ%g‘tyﬂﬂpéa@egéo'e{?”tﬁﬁé%%ﬁ%&hﬂ%‘ "Hf'tefjor mul a
(1) of the, hr4esY, ndtuics cRBRBbhe2Bek@nhd Ae@Bms!tockMR0/sa e Ghdicemasbitiaist er ed

BID in about 12 hour

available alkane mixtures), optionally in the presence of aprotic polar solvents,
preferably ethereal solvents such as MTBE or aromatic solvents such as toluene or
chlorinated solvents such as methylene chloride or mixtures thereof. Preferred solvents

15  are a mixture of MTBE and heptane or a mixture of toluene and heptane. The
crystallization process can be conducted at a temperature in a range from ambient
temperature (about 18-25°C) to about 55°C, preferably in a range of 30 to 50°C, more
preferably in a range of 38 to 45°C. This crystallization provides surprisingly high yield
and affords significantly improved enantiomeric purity after isolation by filtration. (S)-

20  epichlorohydrin (1) and benzaldehyde derivative (2) are commercially available or can
be made by methods well known to those skilled in the art.

The substituted imine moiety (3) is coupled with carbamate (4) (which is known
to those skilled in the art, for example see J. Med. Chem., 1996, 39, (3), 680-685 and
also Example 2 below, (preferably 1 to 3 eq, most preferably 1.5 to 2 eq)) to provide the

25 corresponding (S)-oxazolidinone imine (5). The reaction is carried out preferably at a
temperature in a range from ambient temperature to about 65°C in the presence of a
base with pKa greater than 12, preferably a tertiary alkoxide base, most preferably
lithium tert-butoxide and an aprotic non-nucleophilic solvent (preferably DMF, DMAC,
acetonitrile, C1.Cglinear, branched and cyclic ethers and/or chlorinated solvents and/ or

30  mixtures of these solvents, most preferably MTBE or methylene chloride). Most
preferably, the temperature is from about 30-60°C and the reaction time is 2 to 24
hours. Preferably, the (S)-oxazolidinone imine (5), after an aqueous extractive workup,

is isolated by filtration from a 1:1 mixture of an ether (including MTBE, THF, and other



intervals. Oral admnistration is preferred. The pharnmaceutical conposition
of the invention in a fixed dose conbi nation conprising a conpound of
formul a (WP 20fo/2b®26i nventi on and at | east one agent usefPair/IBzN09/H33696
treatment of tubercul osis and pharnaceutically acceptable carriers can be
prepared by conventional nethods in the art. For e.g., a tablet formof the
conbi nati on can be prepared by any one of skill in the art. Sone exanpl es
of the present invention are conbi nations and the pharnmaceuti cal
conpositions which enconpass the following non-limting mxtures: a) a
conpound of forrmula (I) or a pharmaceugpcally acceptable salt thereof and
pyrazi nam de; b) a conpound of fornula (I) or a pharnaceutically acceptable
salt thereof and rifanpin; c) a conpound of fornmula (1) or a

phar naceuti, -@@Iﬁdeﬁér Qﬁmbabh@c%hbtﬁéﬁ@f&@fwaaé}dnfo*s{f@r@%‘PéHIWHITBE) a conpound of
formul a (IgI or har maceutically acceptable salt thereof, and PA-824; e) a

conpound 6 erf‘BW?D‘I £)(i§ lsolg edaafﬁﬁéi“ RELRAMSI FHP Py eI BB ifralion er ¢ her eof , and

TMC- 207 EQ/S@IHE@H&NWa@falcf)ﬁélglf\hl@di@mb)c 1Cglife R NBraNBRRAHICHIs ahdaseherabl e sal t
t hereof, and an %ent sel ected fromthe group consisting of nmopxifloxacin,

gatifl oxafﬂoﬁt Pre ly §Qerepanol oy iueis Af ?ﬁf@(@@l”@)(%)d’i’ i arbﬁq%oé'%ﬁﬁe'&nd of
formul g (diun ;ﬁroﬂb@é é@ﬁ&iﬁntjf{@i ey, élﬁb@&liﬂeﬂbb@yleﬁféhtpré\hﬁis%ude ésepiuaai d and

rifanmpin; h)_a pharmaceutical |l y acceptabl e

salt ther €of CO’T‘B‘?Hﬂda{? '8 be? rfyé'ﬁ%YZr?délélW EbS‘/‘P‘é‘irP ,ngp[%angﬁétrong acid such as

hydrochloric acid and the substituted benzaldehyde byproduct is removed by extraction
with a water immiscible organic solvent (preferably toluene, MTBE, methylene chloride
or ethyl acetate), most preferably ethyl acetate. The resulting aqueous solution of amine

10 hydrochloride (6) is preferably acylated with acetic anhydride, preferably in the presence
of water and a water-immiscible organic solvent (most preferably methylene chloride).
The conversion of amine hydrochloride (6) to compound (7) is well known in the
literature. (See Brickner, S.J. et. al. J. Med. Chem. 1996 39 (3) 673-679, US Patent
5,837,870, US 5,688,792).

15 The examples provided below further illustrate and exemplify the compounds of
formula (1) of the invention, compositions of the invention and methods of using the
compound of the invention. It is to be understood that the scope of the present invention

is not limited in any way by the scope of the following examples and preparations.

20 Example 1
Preparation of (S)-1-chloro-3-[(4-chloro-E-benzylidene)-amino]-propan-2-ol
Method A

A 5L three neck round bottom flask equipped with a mechanical stirrer,

thermocouple, reflux condenser and heating mantle is charged with 4-

25  chlorobenzaldehyde (351.0 g, 2.5 mol, 1.0 eq.). MTBE (1.5 L) is then charged into the
round bottom to give a homogeneous solution. Aqueous ammonia (28 wt%, 252.98 mL,
3.75 mol, 1.5 eq.) is added in a single portion resulting in a white precipitate that turned
into a thin slurry within 15 minutes of stirring. (S)-(+)-epichlorohydrin (> 99 % ee, 196.0
mL, 2.5 mol, 1.0 eq.) is then slowly charged into the vessel. After 40 minutes, the

30 contents are then slowly heated to 43°C. The reaction is stirred at 40°C for 18 hours at
which time 8.4% area of epichorohydrin remained by GC. Upon cooling, the reaction
mixture is transferred to a separatory funnel and the layers are separated. The lower

aqueous layer is discarded. The organic layer is transferred to a 3L round bottom flask,



1) a conpound of fornmula (1) or a pharmaceutically acceptable salt thereof,
rifanpin and pyrazi nam de. & her exanples of the present invention are

conbi nat iwo0BMd6i2he phar naceuti cal conpositions that eRCDMPHOYOIINN
following non-limting mxtures, j ) about 100 ng to about 500 ng of a
conpound of forrmula (I) or a pharmaceutically acceptable salt thereof and
about 600 ng of rifanpin; k) about 100 ng to about 500 ng of a conpound of
formula (1) or a pharnaceutically acceptable salt thereof and about 300 ngy
of isoniazid; 1) about 100 ng to about 500 ng of a conpound of forrmula (I)
or a pharmaceutically acceptable salt ghereof and about 300 ng of isoniazid
and about 600 ng of rifanpin; m about 100 ng to about 500 ng of a conpound
of formula (1) or a pharmaceutically acceptable salt thereof, about 300 ngy

of isoni agbfbentddeltin MO@a@(ﬁuthbf‘fm%@@@o@mﬂ@tm%%ldﬁgﬁﬂ@/s&c%@m 50-70
ng/ kg of pyra2| nam de; n) abou a_conpound of

formul a (1SSl ad%ff%@éﬁ%q P:’QP |(~75é)d”eng>dfr5'b13'@l1%¢%s I$ H%?eéYﬁd als RIPRSIc 10
Mg/ kg to Ahaut 284wy Kr@tho-f4 iy 8nRE Nile BdmpRdt TAOR A0 1@ cobrYwithR ig@ of a

conmpound of forml a g or a pharmaceutically acceptable salt thereof and
about 10- B gy degmingtesnyiie SE@'”SOTHﬁPR‘ﬁ?'Wﬁtq '§6ﬁ'ﬂe&£q ndginsgf ¥ith celgoserg to

about 5000&Bn@(50@ rﬁlgffﬂ(h!é%@hd)fs (fl’l@ﬂ%ﬂ@ Hdu}s QtFSOaCFMﬂaérl”%%@UM@leb)B@qg tabl e
salt thereof and about - t o about 20-30 n&j{( I soni azid and

about 10 F?é’f/ké'e\dbofatBSLtf%'e Q@T‘P@Mggasoé?wp'l'q i £C 8553%b /91%’07 gedy Gwalit 500

mg of a cgpppuad (eéndwnmcmﬁﬂm)smneaerpnan n@Qsmnh wbh&o%m@ﬁoabmﬁaﬁalt
t hereof, about 10-15 E% 8% t 0 .about  20-30 i sonj azi.d, about 10

my/ kg to ADBSiesd PHE Hl'WJ%'BPﬁ'Zﬁan'aH&@ ﬁ‘p\'ﬁf zﬁg@/ﬁ@”)t-@ about 50 ng/ kg

pyrazi nanegshlorohydrin) = 2.4 min, Tr (4-chlorobenzaldehyde) = 4.8 min and Tk (title
10  compound) = 9.7 min; HPLC conditions: Chiralpak AD-H 250 mm X 4.6 mm column,
eluting with 70% CO,/ 30% MeOH at 3.0 mL/min, detecting at 255 nm. T [title
compound] = 3.9 min; Tr (enantiomer of title compound) = 2.8 min; 'H NMR (400 MHz,
CDCI3) & 3.69 (bs, 2 H), 3.80 (m, 2 H), 4.15 (s, 1 H), 7.41(d, J=8 Hz, 2 H), 7.69 (d, J =
8 Hz, 2 H), 8.33 (s, 1 H); ">C NMR (CDCl3) & 47.05, 63.09, 70.82, 128.93, 129.39,
15 134.08, 137.07, 162.30; IR (KBr Pellet) 1630 cm™.

Method B
A 5L three neck round bottom flask equipped with a mechanical stirrer,

thermocouple, reflux condenser and heating mantle is charged with 4-

20  chlorobenzaldehyde (375 g, 2.67 mol, 1.0 eq.). Methanol (0.75 L) is added to give a
homogeneous solution after warming from 10 to 23°C. Aqueous ammonia (28.4 wt%,
264 mL, 3.95 mol, 1.5 eq.) is added in a single portion resulting in a biphasic solution
forming after stirring for 15 minutes at 23 to 26°C. (S)-(+)-epichlorohydrin (99.3 % ee,
207 mL, 2.64 mol, 1.0 eq.) is then added in one portion. The reaction mixture is stirred

25 at23-24°C for 18 hours, then warmed to 40 to 45°C and stirred for 2.5 hours at which
time 0.26% area of (S)-epichorohydrin remains by GC (GC conditions, 0.050 mL
reaction mixture in 1 mL acetonitrile, inject 1 microliter; 15 M DB-1 column, 0.25 mm ID
and 0.25 micron film and 15 psi head pressure, 1.0 yl injection size; T, = 38°C, ramp of
10°C/min) Tr (epichlorohydrin) = 1.1 min, Tr (4-chlorobenzaldehyde) = 6.9 min and Tr

30 (title compound) = 16.0 min). The mixture is concentrated in vacuo to a total volume of
1250 mL. Toluene (250 mL) is added and the mixture concentrated in vacuo to a total
volume of 1250 mL. Toluene (250 mL) is added and the mixture concentrated in vacuo

to a total volume of 1145 mL. Toluene (355 mL) is added and the mixture concentrated



r) about 50 ng to about 250 ng of a conpound of fornmula (1) or a

phar maceutical ly acceptable salt thereof, about 75 ng isoniazid, about 150
ng of ri fwopb/esteabout 400 ng of pyrazi nam de; and s) PabaB2002B537% t O
about 250 ng of a compound of formula (1) or a pharnmaceutically acceptable
salt thereof, and about 300 nmg of rifanpin. The conpounds of fornmula (1) of
the present invention are readily prepared according to synthetic nethods
famliar to those skilled in the art. The conpound of fornmula (1) of the

i nvention can be prepared in a manner simlar to that described for

t hepreparation of Exanple 1 described g»m the Exanples section in U S
Patent No. 5,880,1 18. In addition, the conpound of formula (lI) can be
prepared by the processes set forth in international Publication W®97/37980

and V£99/Rﬁﬁﬂﬁonﬁ@hﬁm&%umﬂnﬁ@o@hﬂ_h%h@m@(GNmMLHQ%@H@ﬂa@yﬂkﬁﬁﬁmﬂﬂce Anot her
exanpl e of the preparation of i HS [ 3-f] uoro-4-(
t hi onor phB@WCﬁW?tﬁﬁéfh%ﬂ“"? 8)?‘83'9’ 8 1@9@4 ]VM@HW?'P%M%?W 0’8 as

foll ows: Rehene(1500 MY sRleaSTIRe %Umh%_' E;_)Mél& Bsmt.&n SRAUIeNES45Q a)f epari ng
conpounds of the present invention hene 1 j]lustrates a nethod

of synt he8¢%eHg" %Wﬁ%‘ﬂﬁ&thﬁf‘ fyrhengealed 0 3%F ‘)cvﬁé”?ﬁ\?éh‘f"h'@ns‘?‘%"?'”@ @l tistep

synt hesi Seydri 1@ie ?%@Rﬂ%ﬂglr@f Therindlira |§theR¢urﬂferr'am&Né00to%¢dwyTBodl g2yt hesi s
begins with the forgation of internedia

(S) - epi chPGFJRYEHSH T eT’h)te\ﬁiytsF?'%arﬁ]t%rlﬁ%'eBt d%bMé(a%bTﬂ B'H?T'Ocﬂ ANAWaE8t i t ut ed

benzal dehyflg relsh te\h@ddré’t@re(r?épta(riér(@é@ml)ﬂ'Bhe%réddc‘t)ls?dr%@,m am&ﬁog@ﬁ efresady 1 eq)
and aqueous anmpni a (preferabl nDSt eq). The

reaction PY€ H&tt“e;f@mp&m%&f‘%%%t?ﬁ Ap)l’)otH%-cé%a?ﬁr/bfﬁrgr%géﬁbq@ﬂﬁme%ﬂﬁl lic and
inert sol weMEQuMHCIB4asM Xlowohed $.5(hiGhikdA Bd 068 nftowirenn Ot B RFllubloaeétic
?: ﬁgg%sbg‘g&éﬁwﬁﬁd @Qﬂng‘rezPhg(‘s%lfounéfE'ev@PFraH%4E%%cﬁ‘ ?E?\ng)ﬂ'gérr‘]'ggh%nt sCsuch as
met hyl enegﬁalale@r 1odﬁ)o%\/§%ﬁeﬂ5m Pk glieco@Posed] vent miayRar atures in a range
Lo A oRbe ey e g et B Z8LELT S enR YR il RBLY Snkiieee 30 o

Chiralpak AD-H 250 mm X 4.6 mm column, eluting with 70% CO2/ 30% MeOH at 3.0

mL/min, detecting at 255 nm. Tr [title compound] = 3.9 min; Tr (enantiomer of title

15 compound) = 2.8 min. 'H NMR (400 MHz, CDCls) & 3.69 (bs, 2 H), 3.80 (m, 2 H), 4.15
(s, 1H), 7.41 (d, J =8 Hz, 2 H), 7.69 (d, J = 8 Hz, 2 H), 8.33 (s, 1 H); "*C NMR (CDCl5)
0 47.05, 63.09, 70.82, 128.93, 129.39, 134.08, 137.07, 162.30.

Method C

20 A 5L three neck round bottom flask equipped with a mechanical stirrer,
thermocouple, reflux condenser and heating mantle is charged with 4-
chlorobenzaldehyde (375 g, 2.67 mol, 1.0 eq.). MTBE (1.50 L) is then added to give a
homogeneous solution after warming from 9 to 24°C. Aqueous ammonia (28.4 wt%,
265 mL, 3.97 mol, 1.5 eq.) is added in a single portion resulting in a biphasic solution

25 forming after stirring for 15 minutes at 23 to 26°C. (S)-(+)-epichlorohydrin (99.3 % ee,
209 mL, 2.67 mol, 1.0 eq.) is then added in one portion. The reaction mixture is stirred
at 23-24°C for 3 days. The phases are separated and the upper phase concentrated
under atmospheric pressure from 2000 to 1000 mL total volume (boiling point 58 to
67°C). While maintaining 45 to 50°C, heptane (1700 mL) is added. The resulting

30  biphasic solution is cooled to 45°C and seeded. The mixture is then further cooled to
38°C over 1/2 hour while seeding after every 1 degree of cooling. The mixture is then
further allowed to slowly cool to 23°C over 1 hour. The snow white heavy crystals are

then collected by vacuum filtration and washed with room temperature heptane (180



concentration, the imne noiety (3) is obtained. It is then crystallized
froma second |iquid phase, in the presence of non-pol ar hydrocarbon

sol vent s wochimees2but not limted to, al kanes, m xturesPofi/IB2ANESI94 hexane,
hept ane, octane, /so-octane and commercially avail abl e al kane m xtures),
optionally in the presence of aprotic polar solvents, preferably ethereal
sol vents such as MIBE or aromatic solvents such as toluene or chlorinated
sol vents such as nethylene chloride or m xtures thereof. Preferred sol vents
are a m xture of MIBE and heptane or a m xture of toluene and heptane. The
crystallization process can be conductggl at a tenperature in a range from
anbi ent tenperature (about 18-25C) to about 55C, preferably in a range of
30 to 500C, nore preferably in a range of 38 to 45C. This crystallization

provi des g, pmesdrwlcylsfuri% ivh ﬁ|t%g@ﬁdtr@érﬁ%§l$e megtmefdomhh&(mmsog/ed _
enanti omeric purllat%ggater i sol atlon | tration. \?)éf‘ |chloro%dr|n( 1
a

) and benz&l detly dareate i[geomas ép@’EM@FHVQP'PT”a I"gbiflewsdteclah be made

by net hodgyeiid; AknopaD e wdidrse 0B Mﬁdlubfbabm a’:brd+ 1 Poemes tlsyidraiheds Em ne
noiety (3) i.s coupled with carbamate, ( is known to those skilled

in the ar ?Cet‘f’%V"eeJ(%‘ffﬂt'é 4eed A Bl m@htB?H 9raﬂ§%"° HY% Boyer 38 685[lilRd al so
Exanpl & 2chapawd] € Rl eher aRkaLcAlofoderzfdbhyfB)St 2r3rrﬁ|h?r9m¢z% Jae%ytchlral see) to
provide the correspondin &S) oxazol i di none i mi ne %fra he reaction is
carried OGP'F?JH'@L& dﬁ}"’ﬁ IRRE A A0 TR 4RGeS e&ﬁ’ﬁg 20 Pevper at ur e
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a tertiary al koxi de bhase, nopst referqblé ithiumt/t-butoxide and an
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time is 2 to 24 hours. Preferably, the (S)-oxazolidinone imne (5), after
an aqueous extractive workup, is ISE| ated by filtration froma 1: 1 m xture
of an ether (including MIBE, THF, a CrCel i near, branched and cyclic

et hers) apgpaaitioh of rmmor@meﬁ@baalnw W;ﬁﬁnv%b@bﬁmw@bynzv(ééteﬂ s isolated

after an aquequs extractive workup, by filtration or
g QH1e titﬁ((a compoun(?can be prpepare% accordlrng to the method described in J.

15 Med. Chem., 1996, 39, (3), 680-685 and depicted in SCHEME II.

SCHEME I
S S
F (N LN k/N
L s — o
F N F N F NH,
o &
A B €))

Additional methods for the conversion of intermediate A to 3-fluoro-4-
thiomorpholin-4-ylaniline (B) are provided.
20
Method A
4-(2-Fluoro-4-nitrophenyhthiomorpholine (A, 250 g, 1.03 mole) was charged into
a mixture of dioxane (1400 mL), EtOH (1000 mL) and water (600 mL) in a 5000 mL
three neck round bottom flask equipped with a mechanical stirrer. Into the stirred
25  mixture was charged ammonium chloride (166 g, 3.1 moles) followed by iron powder
(247 g, 4.25 moles), each in single portions. The reaction was warmed to reflux with
vigorous stirring. The reaction was heated at reflux for a total of 16 hours and was then
allowed to cool to room temperature. The dark mixture was diluted with EtOAc (800
mL), filtered through a pad of celite, and concentrated in vacuo to a pasty residue. The

30 residue was partitioned between brine (1000 mL) and dichloromethane (750 mL). One



crystallization froman al cohol (including d-Celinear, branched al cohols
and polyols); nost preferably isopropanol. Hydrolysis of conpound (5) with
an aqueowsoOaeiodi2és2sol uti on provi des conpound (6) and sulpsEqBEN®/033¢% at i on
provi des crude conpound (7). Conpound (5) is best hydrolyzed with a m xture
of water and a strong acid such as hydrochloric acid and the substituted
benzal dehyde byproduct is renoved by extraction with a water imm scible
organi ¢ solvent (preferably toluene, MIBE, nethylene chloride or ethyl
acetate), nost preferably ethyl acetate. The resulting aqueous sol ution of
am ne hydrochloride (6) is preferably ggylated with acetic anhydri de,
preferably in the presence of water and a water-inm sci ble organi c sol vent
(most preferably methyl ene chloride). The conversion of am ne hydrochl ori de

(6) to conmatsitnt h'céllt@@éhO\VéMthddlbté@ﬁla{Wél%rlﬁtbbfél%g \ﬂnﬁegh@é's% kaition.SJ. et.
al. J. |VEd Chem 1996 39 (3) 673 US Pat ent 837,870, US 5,688, 792).
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[

three necﬂ")ii‘éfﬁmﬁstfé’f‘ﬁwaﬁda@lg%?pﬂ@op' Was Jltere @ng %”ﬂ'qarqeéﬁm'
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M _, 2.5 @dccodntGoefle hrdaterlth@ntheb@ibyl rédbaegetH NMRo (4obaviNgSTRtls): Af2.8r 40

m nutes, the
E , 4H), 3.2 (m, 4H), 3.6 (s, 2H), 6.4 (m, 2H), 6.8 (m, 1H).

Method B

15 A 2000 mL Parr shaker flask was charged with 5% sulfided palladium on carbon
(Johnson Matthey type A103038-5, 18 g) and 4-(2-fluoro-4-nitrophenyl)thiomorpholine
(A, 60 g, 0.25 mole). The mixture was suspended in MeOH (1050 mL) and the reaction
was hydrogenated at 50 PSI for 7 h. The catalyst was removed by filtration through
celite and the filter cake was washed well with fresh MeOH. The clear gray filtrate was

20  concentrated in vacuo to give 3-fluoro-4-thiomorpholin-4-ylaniline (B, 51.3 g, 98% yield)
as a gray solid. "H NMR (400 MHz, CDCls): & 2.8 (m, 4H), 3.2 (m, 4H), 3.6 (s, 2H), 6.4
(m, 2H), 6.8 (m, 1H).

Example 3
25  Preparation of (5S)-5-{[(4-chlorobenzylidene)amino]lmethyl}-3-(3-fluoro-4-thiomorpholin-

4-yIphenyl)-1,3-oxazolidin-2-one

The title compound in Example 2 (194 g, 0.56 mole), and the title compound of
Example 1 (195 g, 0.84 mole), and lithium fert-butoxide (116 g, 1.4 mole) were charged
into a 3000 mL three neck round bottom flask under nitrogen. The reactants were
30  slurried with methyl tert-butyl ether (1200 mL) and the mixture was warmed to 56°C and
stirred for 2 h as a yellow solid gradually formed. The reaction was cooled to room
temperature, and diluted with 1200 mL water. The mixture was then stirred vigorously

over 60 min as the solid changed from dark yellow to a more pale yellow solid. The



contents are then slowy heated to 43C. The reaction is stirred at 400C for
18 hours at which tinme 8.4% area of epichorohydrin remained by GC. Upon
cool i ng, wbeorogaeizeon m xture is transferred to a separ @CoOAB200YNFY6 and t he
| ayers are separated. The | ower aqueous |ayer is discarded. The organic

| ayer is transferred to a 3L round bottom fl ask, concentrated in vacuo to
about half the volunme (800-900 nL) at which time /sooctane is slowly added
froma feed tube (-750 nL) until cloudiness is observed. The biphasic

m xture is seeded with ~4 ngs of the title conpound. The reaction is cool ed
with an ice bath for 45 mnutes while g4§irring. The precipitate is
collected and rinsed with cold isooctane (500 nL). The solid is dried for
18 hours at 500C under vacuumto give 345.19 g (59%yield) of the title

conmpound  g@xt@re Ws! &)oﬁa@tb d() ﬁlt@r‘%@aé’nd ﬂa@(ﬁ%r e Wé%%sh&d (it ! cofefapthyCC
(conditions: colum mm | D and 0. 25 nicron f|In1and 15

psi head ﬁ%@gﬂ@éﬂeri‘*@ BT TH?é‘?ﬁUl'ttB‘ﬁ “ghtzs@ﬂow sel was-drigship air a3 Bin. 80/ ni n)

TR (epi chb@&wmmd&um creft aftll Qried R 40¢C®%ﬂf@ﬁ%‘éﬁdr@@l’ﬁé’ﬁi@)compﬂ)uﬁd )43 and TR
(title conpou = HPLC condi ti ons 250 nn1X 4.6 mm

col umm, egtﬁqyﬁg%)tﬁ*?@% 6@9/'\"':46%%@4%%8@04'&/3@&” 4&@{%81(%5%6 255 nm
TR [tigle,ﬁ 0804, FHB-6% (Fh,MH)TR2(@NaRAS, i7 ), 1.6tme2i @pp nely 2 8 mn;
1H NWVR (480qﬁﬁk gDCI3% gh69)(bs« Fg Oﬂ@ﬁ 8 % P g ) 1H,
7.41 (d, J 8 Hz, 2 H, 7.69 (d, J = 8 FE 2 H), 8. 33 (s 1 FD '13C NWR
(Cbcl 3) d 47.05, 63.09, 70. 82, 128. gﬁamé@%.Sg 134.08, 137.07, 162.30; IR
(KBr Pel | gt ) .. Met hod B A 5L t 1 ee neck round bottomflask

equi pped P8 S Qrod-thigmaorphol ) FO-
heat i ng nwmﬁ@gwggeﬁm@d@ed mnth Achlorobenzaldehyde (375 g, 2. 67 nol, 1.0
eq.). Methanol_ (0, 75 ed to ve a honogeneous sol tlon ter
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after stlrrln 15 mnutes atf 23 to 26C.. (S ) h|
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m xture i $.68thdléH&nd the mixture was stirred vigorously for 1 hour at room temperature. The

layers were separated and the aqueous layer was washed with EtOAc (1 x 500 mL).

15  The resulting aqueous solution containing (S)-5-(aminomethyl)-3-(3-fluoro-4-
thiomorpholinophenyl)oxazolidin-2-one hydrochloride was combined with a mixture of
dichloromethane (1800 mL) and MeOH (120 mL), and the vigorously stirred mixture was
charged with acetic anhydride (132 mL, 1.4 mole) in one portion and subsequently
treated drop-wise with 10 N NaOH (200 mL, 2.0 mole) over 15 min. An extremely thick

20 reaction mixture resulted from addition of the base, which gradually thinned as the pH
rose and the acylation rapidly progressed. The reaction was stirred vigorously for 1 hour
after the mixture resolved to two phases. At that time, 10 M NaOH (160 mL, 1.6 mole)
was added drop-wise to the mixture until the pH was stable at 7. The layers were
separated, the aqueous layer was extracted with dichloromethane (250 mL), and the

25 combined organic layers were dried over anhydrous potassium carbonate. The volatiles
were removed in vacuo to give an off-white solid which was titrated with methyl tert-
butyl ether (250 mL), collected, and dried in vacuo to give title compound (5) (186.1 g,
94% yield) as a fine white solid with greater than 98% HPLC purity (retention time =
3.93 minutes, HPLC conditions reported below).

30 The crude solid was dissolved in warm 6% methanol in dichloromethane (1250
mL) in a 5000 mL three neck round bottom flask equipped with a mechanical stirrer. The
solution was warmed to reflux, diluted by the portion-wise (500 mL) addition of 2500 mL

isopropanol (IPA), and, in order to maintain reflux, the temperature was ramped to 50-



at 23-24C for 18 hours, then warned to 40 to 45C and stirred for 2.5 hours
at which tine 0.26% area of (S)-epichorohydrin remains by GC (GC

condi ti ors0 20100865261 reaction m xture in 1 nL acetonitr iPC&/IB200y/@337961
mcroliter; 15 MDB-1 columm, 0.25 nmID and 0.25 mcron filmand 15 psi
head pressure, 1.0 ml injection size; T, = 38C, ranp of 10C mn) TR
(epichlorohydrin) = 1. 1 min, TR (4-chlorobenzal dehyde) = 6.9 mn and TR
(title conpound) = 16.0 mn). The m xture is concentrated in vacuo to a
total volune of 1250 nL. Toluene (250 nL) is added and the m xture
concentrated in vacuo to a total volunmggof 1250 nlL. Tol uene (250 nL) is
added and the m xture concentrated in vacuo to a total volunme of 1145 nL.
Tol uene (355 nlL) is added and the m xture concentratedin vacuo to a total

vol une of 7@°Qﬁdﬁcom6fétldr\%(ﬂn£ 5@&tldﬁ of)IPASthéG'é#ﬂﬁl dh8erddaewnd ¥apHRJIGMAGENT I at ed
in vacuo to a total VWi | e malntalnlng% 45 t o 500C,
1
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conpound] therluril [He”conEIBs&)ﬂof el stz Wrﬁzﬂhb{éi@lbtll%te?wgs Hlleﬂﬂly is§frogafteiee by
Chiral SFC. Chir /5 HPLC condi tions: gh nm col um,

el uti Ag WAPRS FAATE ey ve s srdugedt '— the'P@‘cfheﬁlfaﬁ'ﬂg Q‘?Qﬁ‘?\ﬁ‘?s TR

[title Coﬂ%%’lﬁéd]stn‘rni’g@amlﬁeonTRJé@@ﬂﬂﬁhé)Wdlé)\i/aé tenhve BiERPMB LS TRe8 M n. 1H
NVR (400 7.41

(d, J = 8n}i§urezvq§)a?lovye%§) %qjm&ges to (gyﬁl__tglhzezaq_t% (ﬂgslggocil_%d Tﬁ_wepq?utg fg@tq{i& (CDA 3)
S 47. 05 6aid0fas then 8QllectbdtoydBratibd dwdshed Wth. AdhyI 13#-b0if eth62280 mLykidod C
dried in vacuo at 40°C to afford 180 g (91% vyield) of the title compound in greater than
15 99% HPLC purity (retention time = 3.93 minutes, HPLC conditions reported below). 'H
NMR (400 MHz, DMSO-dg): © 1.8 (s, 3H), 2.7 (m, 4H), 3.2 (m, 4H), 3.4 (m, 2H), 3.7 (m,
1H), 4.7 (m, 1H), 7.1 (m, 1H), 7.15 (m, 1H), 7.2 (m, 1H), 8.2 (m, 1H). Mass Spec.
Ci16H20FN30O3S: m/z 354.1 (M+1).
HPLC conditions for analyses mentioned in the text: HP Series 1100; Column:
20  Symmetry C8 5uM 4.6 x 50 mm; Flow rate 1.2 mL/min; Solvent A: water with 0.1%
formic acid, Solvent B: acetonitrile with 0.1% formic acid; Injection volume = 10 uL of 1
mg/mL (acetonitrile); Gradient: Solvent B 0-100% over 7 minutes then 100% B for 1

minute; wavelength = 254 nm.

25 BIOLOGICAL EXAMPLES

The following abbreviations are used in the following Examples and have the

definitions indicated unless otherwise noted: CFU is colony forming unit; INH is
isoniazid; RIF is rifampin; PZA is pyrazinamide; MXF is moxifloxacin, and LZD is
linezolid.

30 The bacterial strain Mycobacterium tuberculosis H37Rv was passaged in mice,
frozen in 1 mL aliquots and stored at -80°C before use. For each infection, an aliquot
was thawed and sub-cultured in Middlebrook 7H9 broth supplemented with 10% oleic
acid-albumin-dextrose-catalase (OADC) (Difco, Detroit, Ml) and 0.05% Tween 80



A 5L three neck round bottom fl ask equi pped with a nmechanical stirrer,

t hernocoupl e, reflux condenser and heating mantle is charged with 4-

chl or oberal2dsneaeé( 375 g, 2.67 nol, 1.0 eq.). MIBE ( 1PCH0OB0p9/H3B796hen
added to give a honpgeneous solution after warmng from9 to 24C. Aqueous
amonia (28.4 wt% 265 n., 3.97 nol, 1.5 eq.) is added in a single portion
resulting in a biphasic solution formng after stirring for 15 m nutes at
23 to 26C. (S)-(+)-epichlorohydrin (99.3 %ee, 209 nL, 2.67 nol, 1.0 eq.)
is then added in one portion. The reaction mxture is stirred at 23-24C for
3 days. The phases are separated and tfe upper phase concentrated under

at nospheric pressure from 2000 to 1000 nL total volune (boiling point 58 to
67C). Wile naintaining 45 to 500C, heptane (1700 nlL) is added. The

resul ti nghgmbast Cosi®Md) Bémale mw/@@hcchﬂg@mderse\ﬁm@btoﬁ heayrbgédire is
then further cooled to 38C over 1/2 hour, while seeding after every 1 degree

of cool i nfpUr X Wegksivereiinfecird yigragresnb psig faabalaiPndPmRsyrecHSten 5198C over
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filtration and washed with room t enper at ure heptane (180m )éQmThe pr oduct
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(4-chl orobenzal dehyde) = %‘o 99. 92% e ral HPLC
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30% MeCOH ahn Artsbrl MANGrdliéd, @H)Mdaﬂi tf%ﬁ5st§ﬂbséFBeBbbbhﬂNm9Umﬂd iFad. 9 mn;
TR(enantlorrer of title ¢ 13) d 3.69

(bs, 20 H) soly |c§bcomﬁosgd pls 5 94)ob/gtr‘(yienegly1qpl -200 fo(—‘( aOO)Jangd 9§(‘;’/,_E1etr12'I0ﬁ5Iu ' 69 (d,
J = 8 Hz, (25%) in d¥stiled (vater. LVMIXF, wde3SbtAINEY fr&la@a%)ar cﬂi?mg(}\ﬁeao@a/som) PEh 82,
128. 93 1 9.39, 134.08, 137.07

(3-f 1 uor o¥as RBlfsRAIMoR Bisher. BRI 9n%§o%wﬁﬁe@"§%ﬂ%ﬂ fs%%fﬂarﬁgﬁ'tg?k S%ﬁmtglom e
conpound @afe fepfeeRRERN udhg gl ewhier tANeaniBiohe Soldesierwdie diorét at4°C.
Except where otherwise indicated, antibiotics were administered once daily, five
15 days per week in 0.2 ml by gavage. Both oxazolidinone suspensions were sonicated
briefly prior to use and shaken between doses. RIF was given 1 hour prior to

administration of other drugs to avoid an adverse pharmacokinetic interaction.

Example 5
20 In vitro activity of the compound of formula (1)

The MIC of the compound of formula (1) and LZD was determined by the agar
dilution method on Middlebrook 7H11 agar supplemented with 10% OADC (Becton-
Dickinson, Sparks, MD). Plates containing serial two-fold concentrations of the
compound of formula (I) and LZD ranging from 0.125 to 4 pg/mL were inoculated with

25  approximately 5x10° CFU of Mycobacterium tuberculosis H37Rv. CFU were counted
after 28 days incubation at 37°C with 5% ambient CO,. The MIC was defined as the
lowest concentration to inhibit at least 99% of bacterial growth.

The MIC of the compound of formula (1) and LZD against Mycobacterium
tuberculosis H37Rv was 0.25 pg/mL.

30

Dose-ranging activity of the compound of formula (1) and LZD in an established infection

model



Med. Chem, 1996, 39, (3), 680-685 and depicted in SCHEME I1. SCHEME | |
Addi ti onal nethods for the conversion of internediate Ato 3-fluoro-4-

t hi onor phwiDi2ntod2y32ani | i ne (B) are provided. Method A PCT/IB2009/053796

4- (2- Fl uor o- 4-ni trophenyl ) t hi onor phol i ne (A, 250 g, 1.03 nole) was charged
into a mxture of dioxane (1400 nL), EtOH (1000 nL) and water (600 nL) in a
5000 nlL three neck round bottom flask equi pped with a nmechanical stirrer.
Into the stirred m xture was charged amoni um chl oride (166 g, 3.1 noles)
foll owed by iron powder (247 g, 4.25 noles), each in single portions. The
reaction was warnmed to reflux with vigggous stirring. The reaction was
heated at reflux for a total of 16 hours and was then allowed to cool to
roomtenperature. The dark m xture was diluted with Et QAc (800 nL),

filtered througie dvepdmicdteCs) thb%erc%@ﬂoﬁfé"wlﬂ‘m mtr©ob4 18g Y EFUR Eiegma.r@aﬁsty
residue. The residue was partitioned between brine %

di chl or onBeYseafier ??@Go'r‘r‘ﬂf?Ct'%é/PP'P fheapreahl UP&IQWg‘FP“@EWP% 549%%/13@9[116’1‘% cul ates

that wer etHelth&4r §lddrowenbfttvaahase: 1513@@aédt@nmchheca%mésOfltwwnomg t hen
extracted with addjt |onal di chl_ar onet hane he conbi ned organic

| ayers welgatgienisy 'Wé}* 23/ 648 %ioma/éfg.t%%é%a}gﬂwr{ama'eaﬂeaeéaﬂéé%m%ged in
vacuo 50 giixedaR agd%m@ogwd &sf fo@huIAl (1) i@h@/kgrtadﬁo R/ des\Was tHE éhaidfved i n

di chl or onet hane é@ c@) treated t% sillca gel (230 400 nesh)
and the mingcifRIGRiPedahSlavaialer. PRIY dref Rekyrea Hé*“ﬁ‘?[?é“ $livet B¥%d over 500

g silica grhncgRen waliht BRSHg tHRRE KAAY Afcethad iHEEYsel tblzsia%e% c/ hexane)
eluting with 20 30% OA\C/ hexane whi |l e col | ecti n\{g? ractions.

Fractions 3-1 'f cReiast dB?ﬁﬂ htaPath Dbhekbm MaredPs ”@ﬁ%%"e”omega'y (mean

3-f 1 uor o- §pledn @@ghp:hw)o m'14fny)|a’iialldelaﬂfv‘A(cﬁ)se&?e@denlgﬁ%yétﬁlh%})leéﬁ vaiighef f - white
solid. IH NVMR in |cat%jrd the desired materi.al al.on V\nth&%race r es| dual

sol vefs [eRtyEOURTeates coniRisghasehseen Kt IRe6reRg %ﬁesroé SOMLENVR (400
MHz, CDCl /kg @0@+87(Ha) ) 1.30Ingdkd (1024 mg$-However, %biben@frém(rm:e #Ebted6. 8 (M

1H). Metho

with LZD 260 mg/kg (whether as a single dose or 130 mg/kg twice daily) were larger
than expected (190 + 52 mg) and similar in size to spleens from mice treated with LZD
25 mg/kg/day. Because the number and size of lung lesions decreased with increasing

15 daily doses of LZD including 260 mg/kg, the splenomegaly observed in mice receiving
260 mg/kg/day was not felt to be due to reduced anti-tuberculosis activity. Treatment
with the compound of formula (1) prevented splenomegaly at all doses administered,
including the 25 mg/kg dose (mean spleen weight = 113 £ 17 mg).

Surviving untreated mice experienced an increase in CFU counts to nearly 8

20  logio. Treatment with INH reduced the mean lung CFU count to 5.62 logo, for a log kill
of 1.87 compared to the baseline value. All regimens including the compound of formula
() resulted in a significant reduction in mean CFU count from baseline (p<0.01), starting
with a 0.78 log1o reduction with 25 mg/kg. At 50 mg/kg, the compound of formula (1)
exhibited bactericidal activity (defined by the 2-log-reduction criterion) by reducing the

25 mean CFU count to 5.28 log+o, for a log kill of 2.21, greater than that observed with INH.
Although LZD also displayed dose-dependent activity, its activity was more limited than
that of the compound of formula (I). Only at LZD doses 2100 mg/kg was a significant
reduction from the baseline CFU count demonstrated (p<0.01). Even at the highest
dose tested, 260 mg/kg, LZD did not meet the 2-log-reduction criterion defining

30  bactericidal activity, producing a log kill of only 1.46. The compound of formula (1) was
significantly more active than LZD at each dose tested.
Treatment with the compound of formula () at 25 mg/kg resulted in a CFU count lower
than that observed after treatment with LZD at 25 or 50 mg/kg (p<0.01) and not



A 2000 m . Parr shaker flask was charged with 5% sul fi ded pal | adi um on
carbon (Johnson Matthey type A 103038-5, 18 g) and

4- ( 2- f | uowo-24romiz6526phenyl ) t hi onor phol i ne (A, 60 g, 0. 25PEDIIBI009/03339611 Xt ur e
was suspended in MeOH (1050 m.) and the reaction was hydrogenated at 50
PSI for 7 h. The catal yst was renoved by filtration through celite and the
filter cake was washed well with fresh MeOH The clear gray filtrate was
concentrated in vacuo to give 3-fluoro-4-thionorpholin-4-ylaniline (B, 5
1.3 g, 98%yield) as a gray solid. 1H NWR (400 MHz, CDCI3) : d 2.8 (m 4H),
3.2 (m 4H), 3.6 (s, 2H), 6.4 (m 2H),3%.8 (m 1H). Exanple 3 Preparation
of (5S)-5-{r(4-chl orobenzylidene)am nol net hyl }-3-(3-fl uoro-4-thionorpholin-
4-yl phenyl ) -1, 3-oxazolidin-2-one The title conpound in Exanple 2 (194 g,

0.56 nol e%.gnmemqtmﬂaﬁre#érﬁkr@npmam;éeﬂle@faﬁgx@émﬁn@nﬂw.(hl@@ dt 16b Mm%k and
lithiumt/t-butoxide 4 nole) were charged into a 300 t hree

neck roun@t MERbAYE Mg Wﬁ&@ﬁ‘pﬁ}“ﬂq lfernula e wag NAra AcEeRanay (ﬂﬂsteﬁéd with

methyl te(fp gy&cyd)mqt DRYiding #eQota délly%Qe bihie Bolpblfd ¥Esm@as (Beand pzH6C and
stirred for as a yellow solid gradual Iy formed. The reaction was cool ed

to room t@Fﬁ)*é\foaqelJVQos%QPdd?q %l?%c?fﬁ‘r?ﬁt(helé@% or nggatve) orretviy XTak'e Thas t hen
stirreg vigorously over 60 mn as the solid changed fromdark yellow to a
nore pale yellow solid. Them xture was cooled to 100C, filtered, and the
filter cake was washed with ice cold—%ﬁﬂyl te/t-butyl ether (450 m ). The

resul ting TTght ye!elﬁamfsolld was drledr|] for ?{ Q, :twen pl aced in a
vacuum oYen and dri|&fi¥do5H8 FePVEr nﬂMﬁﬂM conmpound (243
g, 99%yiehd). 1H NWR (400 Mz, CDQI3) : d 2.Bafm 4H), 3.2 (mDaylta 3.9
(m 210 Lok I, 210, SO T 5.9 T T, daf (M 19 [ e s P
L/ -{[ (5S) INH (3-f ucro Zl-}mblkgrmb@hol i n-4-yl phenyl) - 2- oxo- 1 , 8-506¢a#0120d| n- 5-
>c/|olrrbnﬂlgé \%acet anmjde T tl}klgeonggnpcund in Exanple 3 (243 g, %‘.75161 H.‘ﬁléae was
0 Orm“ a 25 mglkg twice 5.51 +0.14
50 mg/kg once 5.28 £0.53
50 mg/kg twice 4.89 £0.27
100 mg/kg once 5.07£0.14
LZD 25 mg/kg once 7.55+0.24
50 mg/kg once 7.33+£0.1
100 mg/kg once 6.75+£0.14
130 mg/kg once 6.57 £0.13
130 mg/kg twice 6.02 £ 0.17
260 mg/kg once 6.03£0.12

Hence, the compound of formula (1) demonstrated that it is significantly more
active than the human-equivalent dose (i.e. 100 mg/kg) of LZD, the only clinically
10  available oxazolidinone, which is being used off-label for the treatment of MDR- and
XDR-TB.

Pharmacokinetics of the compound of formula (1)

To determine the single-dose and steady-state pharmacokinetic profiles of the

15 compound of formula (I) and LZD in the murine model, a sub-study was nested in the

above dose-ranging study using mice treated with the compound of formula (1) at 100
mg/kg once-daily or LZD at 130 mg/kg once- or twice-daily. Three mice per group were
sacrificed at 0.5, 1, 2, 4, 8 and 24 hours after the first dose of treatment (D1) and at the

aforementioned time points with the addition of a 9 hour time point (i.e., 1 hour after the



(1300 m.) and water (1300 m.) in a 5000 m . three neck round bottom fl ask
equi pped with a nmechanical stirrer. The m xture was treated drop-wise with
12N HCl (weoor026528. 68 nol es) and the m xture was stirredTaByoy/eisgdey for 1
hour at roomtenperature. The | ayers were separated and the aqueous | ayer
was washed with EtQAc ( 1 x 500 ml _). The resulting agueous sol ution
containing (S)-5-(am nonet hyl)-3-(3-fluoro-4-

t hi onor phol i nophenyl ) oxazol i di n-2-one hydrochl ori de was conbined with a

m xture of dichloromethane (1800 m.) and MeOH (120 m ), and the
vigorously stirred m xture was charged4gv th acetic anhydride (132 m _, 1.4
nol e) in one portion and subsequently treated drop-wise with 10 N NaCH (200
m , 2.0 nole) over 15 min. An extrenely thick reaction mxture resulted

from addi té@ndefil @&e@@ﬁ@ay\ml(gmg@fm%ahém Mt&bwaaﬁéstméiee@wlthose and the
acyl ation rap| dly progressed. The reaction was stirred vigorously for 1

hour af t eFNIPIREOTH %&dma?wt%w tydiegdUpHYSe §Vhok bippgwas ¢ Ctef'G)”I\PF‘Nam (160

mM_, 1.6 ged fkn\Wastrinfdado BbaP-strsh. ActdiiBlead ARJUH tHe sdnfifledbiéfv@s St abl e
at 7. The |ayers were separated, the_aqueous |ayer was extracted with

di chl or onBRgsdn gasiEted soeweandubeseat 30t R24 s3rg iwere gotaced@ide dried over

anhydr gus @@és?e,%awmec@mah@r aﬁb%tdr‘@dl &Qb@b%ﬁﬁbéﬁﬂj@fﬁ% jefhe¥@a@H® 1t 0 gi ve
an of f - vvhlte solid wh was_titrat /tbuty et her (250

), col PBplggto mer&(ﬁro&m ﬁﬁ)ffﬁéﬁ@rwa&?%“ quQ P%”Q?BH%%% h&) (186.1 g,
94% yi el d%u;ﬁa’?naﬁarﬁt'vﬁﬁ% ?@btb@ (FPLI ﬁhé@tlbrh‘v&[lﬁég Siito iR 9G%nBERCs UMDY

(retention time = m nut es condi ti ons reported_bel ovx/g. The crude

solid was KM@"@S&W@H’ MWM\%K%'@"/@\MQ@QMPD'I@H RlpyRientorioURaiestg GiyoCM) in a
5000 nL tPLiRe 2 MepKrsh @URERR Fﬂnf |5@§<l9 AN WP&%OVEIE&(% @@rﬁh‘Wé\tﬁé’rh NAbrrer.

The solution"was warnmed to re luted b e portion-wi se (500" nL)
addi ti'on amnd 2560 mdle@@pn@ptmmfa(mmbe phare of nNaiemyrth P 85 miai n reflux,

the tenmpesatihei\RemLRIRacb: ta%et%ﬂ“tr?@%t r@?nl\&g qdn‘??brﬂfa}]et(g b202(§H0%). ON of

| PA, the reflux condenser was rep ._ace ort- rstil t|on head
and di sti Theitongatiomwas elecirermpsay mﬂttyeaortm@d@cB@ar@wcaIMta werediaptured at i on, a

ooyt i chCE b AR LRRER, | DA G5 e alas PR e o Shpe (21 e
Af t er t hi Eharmacokinetic calculations were based on mean serum concentrations and

15  performed using the non-compartmental approach (linear trapezoidal rule for AUC
calculation with the aid of Watson 7.2 Bioanalytical LIMS [Thermo Electron Corp,
Waltham, MA)). In the AUC calculations for D24, the plasma level of analytes at time
zero was set to the 24-hour concentration. Concentrations of 0 were used for kinetic
calculations for all results below the lower limit of quantitation (5 ng/mL).

20 Selected pharmacokinetic parameter values for the compound of formula (l) and
LZD are presented in Table 2. The 130 mg/kg daily dose of LZD produced a steady
state AUC of 379 pg-h/ml, approximately 50% higher than the anticipated steady state
AUC observed in humans administered 600-625 mg by mouth twice daily, 215-294 pg-
h/ml. (See Gee, T. et a; . Antimicrob Agents Chemother 45:1843-1846, 2001; Stalker DJ

25 etal, J Antimicrob Chemother 51:1239-46, 2003.) Based on linear kinetics in this dose
range, the 100 mg/kg dose of LZD in the mouse represents the upper end of the steady-
state AUC range in humans, albeit with a Cax that is approximately 3 times higher than
that obtained in humans. As expected there was significant first-pass metabolism of the
compound of formula (I) to the major sulfoxide metabolite and the minor sulfone

30 metabolite (Barbachyn et al. J Med Chem. 39:680-685, 1996). Because each of these
metabolites has an MICg of 0.5 pg/mL against M. tuberculosis, close to the MICgg of
0.25 pg/mL for the compound of formula (1), the concentration of each metabolite was

added to that of the parent for the pharmacokinetic analyses. The steady-state AUC for



addi ti on

(i nternal

flask tenperature dropped to 600C) the m xture becane

slightly cloudy and renmai ned so for the balance of the distillation,

becom ng woerwaesizgl y cl oudy as the distill ate tenperat eceg/1IBXowessaes 70C;
particulate matter appeared as the distillate tenperature exceeded 75C. The
tenperature controller was ranped to 85C and held there unti
conclusion of the distillation.

al one (82-83C) the volune was reduced to 2500 ml.

mant|l e was renoved, stirring was di scontinued, and the paddl e was renoved

t he

When the distillate was clearly isopropanol

hot | PA,

t he heating

fromthe flask. The m xture was allowegyto continue to crystallize as the
flask cooled. The white crystalline solid was then collected by filtration,

washed wi

th methyl te/t-butyl

purity (retention tine

2H)
(m 1H).

Mass Spe

ether (250 m ),

to affor dthb&@nq;oﬁﬁa%ﬁbhﬁula)u @ﬁd tt@ﬁ]eiaaoht@s%gmwmth thedf0®ah§kg WBRNd
HPLC condltlons re

RVR (400 W6 SPPREORDY 3 0lg I Than' thsmbseﬁfeﬁ Wity LZ2B-t 138 mg/

es,

o

HPLC condi

orted bel ow).
Th@|_f|§act thaty (m
3.7 ﬂi@ZSj{hQ;/kg Hdode fnﬂfhe %b%Ngand]of(f@ﬂmuld‘Ql) wds ddadtive abhhis désof(mD 1H) ,
G OBS: Mz 354 1 (M1).

anal yses ﬁ‘é@lﬂeﬂ%@%\t th@lcqrﬁgoqr@)&f formulagi)is d timeg Rore@pighhin Wi ifian F4D

and dried in vacuo at 400C

$9% HPLC
1H

8.2
tions for
C8 5uM 4.6

x 50 ng Eé@Neﬁl@éﬁmilarﬂWﬂde?Both%@ﬁnP@tﬁﬁdsA water with 0.1 %formc acid,

Sol vent B: acetonitrile with 0.1%

orm c acid;

I nj ection vol une

10 ulL of

SolgBl82 B 0-100% over 7 minutes then 100%

1 ng/ L (acetonitrile); Gadient:
B for 1 mnute; wegjigegth = 254 nm cRL 003 C%U@%g/ﬁ%ﬁﬁnghe i
abbrevi ations are used in the fol|] owi ng Exanpl es an ave the
i ndi catedl unl ess ot herwi se noted:| C/MS cpl ony formng unit;
i soni azi JCoﬁqbbu,h@ofrfbpnqn@U 100°ZA 1S pyrazi npm de; MXF 1S noxifl
LZzD is | . The bacterial strain Mycpbacterium tubercul g
passaged| pg mce, frozen in 1l jaligyets and storedsat -800C
For each|pgjegtion, an aliquot 4.32 8.74

Sulfoxide metabolite

Day 1 20.0 37.8

Day 24 16.9 98.8

Sulfone metabolite

Day 1 0.79 2.58

Day 24 0.66 9.73

Compound of formula (I) +

metabolites

Day 1 241 47.8

Day 24 21.7 117

LZD 130 mg/kg

Day 1 64.9 164

Day 24 58.4 379

Example 6

10

15

In vivo activity of the combination

ol | ow ng

definitions
INH is
oxaci n, and

sis H37Rv was
bef or e use.

Mice were aerosol infected with 3.89 £ 0.19 logo CFU. Beginning 14 days after

aerosol infection, when the mean lung CFU count was 7.37 £ 0.05 log o, control mice

received one of the following treatments:

INH (25 mg/kg) alone, RIF (10 mg/kg) alone,

RIF+PZA (150 mg/kg), RIF+INH+PZA, MXF (100 mg/kg)+PZA or RIF+MXF+PZA. Test

mice received the compound of formula (I) (100 mg/kg) alone or added to each of the

control regimens. Additional mice went untreated to serve as negative controls. Mice

were sacrificed after 4 and 8 weeks of treatment for assessment of spleen weights and

lung CFU counts. Untreated control mice died during the second month of the

experiment.



was thawed and sub-cultured in M ddl ebrook 7H9 broth supplemented with 10%
ol ei ¢ aci d-al bum n-dextrose-catal ase (OADC) (Difco, Detroit, M) and 0.05%
Tween 80(W0gnw/02826 Louis MD) . Fermal e BALB/ ¢ m ce (Char IP€ES/IROO2DI3796

W I mngton, MA), aged four to six weeks were infected via aerosol using the
I nhal ati on Exposure System (d ascol Inc, Terre Haute, IN) and a | og phase
broth culture with an optical density of approximately 1.0 at 600 nm M ce
were random zed to treatnent groups (5 mce per group per time point) after
aerosol infection. Untreated mce were routinely sacrificed (i) on the day
after infection to determ ne the nunbegpof CFU inplanted in the |ungs and
(ii) on the day of treatnent initiation to determne the pre-treatnent CFU
count. The conpound of forrmula (I) of the invention and LZD (obtai ned from

Pfizer Inc. Arﬂﬂwe@y‘ﬁ@i‘g»lstheﬁ@&d)n%ﬁé oFU &olinks ¢rRidingthé BEmpeFHSofdessld Red
bel ow was suspended in a sol ution conposed of 5% pol yet hyl ene gl ycol - 200

( PEG 200) o0 st #nAndet- @'wsé%@m(eos i5opvident @i Ta0lg $-ed water. MXF was
obt ai ned from Bayer (Rolling MeadowsTablk)s PZA was obtained from Fisher,
and | NH and RLE_were obtained from Sranma nrm Stock solutions were prepar ed

weekly using| distilled water. All egis9eCry countsteRs were stored at 4C.

Except wher e[ REJIREW S€ BdgeCal ¢hitcPREMRERT WBShER Rt&dBthatli®dnonce daily,
five days per week in GreatiibntbY idRisedfregRnh OXayplicdicaBgmeHPRRNSI ONs were
sonicated brjefly prior to use and shaken bet weenydQsam %Ef was given 1
hour prior to adm nistfration of other drugs to aufyr,qu@m)a@ger se
pharmacokinetic interaction. Exanple 5 In vitro agly) ota_Y/ of the conpound of
formula (1) The M T ofl 5Ren COMeENssol [PEJEEA (| DafRd L4PHIPss det er mi ned
by the agar dilution nethod on{M ddl ebrpok” 7H1 1| agar suppl énented with 10%
OADC ( Bect ontN®i cki nsor-3%par ks /-3 . Pl ades cont4iRitng J&T&E two-fol d
concentrati ongeRhehine (cRpound |gfgf ormula (1) anfgk#D rangj sy from0.125 to
4 mg/mL werel1noculated with approximately 5x1 0b CFU of [Mycobact erium
t uber cul osi s| INBRv. CHU were co@med af{ #5328 day4-38rcubdtd-®htat 37C with
5% anbient QO . The M|C was defiipngd as they 0.29 0.23
RIF 574 £ 4.65 % 3.73 % 1.29 =
0.17 0.24 0.19 0.22
RIF-PZA 3.97 £ 1.05 % 3.04 £ 0.50 £
0.1 0.44 0.22 0.33
RIF-INH- 4.88 + 247 3.54 £ 047 =
PZA 0.09 0.18 0.24 0.20
RIF-MXF- 3.72 0.61+ 3.41+ 012 £
PZA 0.20 0.38 0.18 0.27
MXF-PZA 510 % 3.17 3.33 % 0.93 %
0.13 0.28 0.33 0.34
5 Monotherapy with the compound of formula () of the invention resulted in a 2.65

log1o reduction in CFU counts from baseline to 4.72 log1o over the first 28 days, whereas
INH and RIF monotherapy reduced the lung CFU counts by 1.58 and 1.63 logo t0 5.79
and 5.74 loguo, respectively. Remarkably, the compound of formula (1) of the invention
continued to exert bactericidal activity during the second month of treatment, reducing

10 the CFU count to 2.70 logo CFU greater than the activity of INH or RIF alone and
similar to the CFU count in mice treated with the standard first-line combination regimen
of RIF-INH-PZA which reduced the CFU count to 2.47 log1o. The combination of INH
and the compound of formula (I) of the invention was no more active than the

compound of formula (I) alone, while combining RIF with the compound of formula (l)



| owest concentration to inhibit at |east 99% of bacterial growh. The MC
of the conmpound of fornmula (1) and LZD agai nst Mycobacteri um tubercul osis
H37Rv waswO.28B/02g9261.. Dose-ranging activity of the conpecmdBmbbHBreul a (1)
and LZD in an established infection nodel Mce were infected by the aerosol
route with 4.44 0.04 |ogio CFU. Beginning 13 days after aerosol infection,
when the nean lung CFU count was 7.49 0.1 1 |logio and the nmean spl een

wei ght was 105 11 ng, control mce received one of the follow ng
treatnments: INH at 25 ng/ kg, LZD 25 ng/kg to 260 ng/kg (single dose and 130
ng/ kg twi ce daily), and conpound of foggula (1) 25 ng/kg to 100 ny/ kg
doses. At the end of the treatnent period, 28 days later, only 2 of 5
untreated mce rermained alive. The nmean spl een wei ght anong those |iving

m ce had hé@éﬂﬁﬁtﬁiﬂc&tﬂe%’ﬁ‘@ct AR uiBg irl é‘m%@ﬁlldn@séﬁu ﬁ&mhbﬁmﬁmtlr\‘\feé fwleNH at 25
ng/ kg prevented spl enone (mean SF| een Weg?qn@ and death. A
e

dose- depeméﬁ"ﬂat(?@?,‘?réﬁ%é/'tgﬁhes%%éﬁ'”w tprnulady) T?%C%?'P%t&”éﬁ RiFéfol s was

observed Whd Betivitg vBRhirédLcdasRsmehn b dral vaeltboso/ kg (200 47 ng) and 130
ng/ kg (102 5 er, spleens rrommce treated with LZD 260 ng/ kg

(whether as a 'g%ﬁﬁﬁéa’ﬂ%eth%lad‘i'ﬁ@‘ AYNkGORIF T 3/ flonrant paagerisihan

expect ed E489, re&ﬂtur@h P IﬁhgTCF@rcoUﬂts%f Z©5t+00 Z$4D|aﬁ@!2317f#@m$ a6 fnbpmked Wi th
LZD 25 ng/ kg/d ecause_t he npump si ze %EI esi ons decreased

with incr gk %R’aeﬁfd’i" WRigdses aed RIFZ - Héﬁufﬁsﬁﬁct%'@ F‘w ectCRYddpdNomegal y

observed Blﬁ'gg@sﬂtﬂafsﬁﬁﬁht\dtlrﬁwaa@Qdﬁiﬂﬂégfmm m@wmmmpemre i@nebﬁla(éueﬁ to reduced
anti-tubercul osis activy eatment with npound of forrmla(l)

prevent eds'%'f'%?%rt?ﬁ@%ﬂciﬁ' tféyfmveaéféa% QWYY '§t08?‘81?te'3/ Rert&i 16 $18PY5 myl kg

dose (meaBedHuke @it MthgtMistic effidet of INH HB3 beeﬁu.revndx/bagn s eRAhGE, Maveser,
experienced an incre se in CFU counts to near|l | 0gi.0. Treatnment with | NH

reducédll t K& GOEMRUNYA OEEﬁ‘HJaé'é@ﬁ‘ﬂ“et”bveﬁ“@“zh%ﬂmﬂa’)(w%FO”Q qﬁS(jtSlXYhtheéft“ia387

conpar ed h@ddde maslewm yradmgntutahlforrlmgl Menss RIFCPEAL esmpdipdap peurd of

formul a (Ii) resulted in. a si ficant edéllg ion .in rregn CFU coun6 from
ng CFU ¢ 47 50

basel i ne ( Aitep jnong}s(,ﬁfttreﬁﬁne t the mean lu ounts were 1+ 0.20 and
0.33 in mice treated with RIF-INH-PZA-compound of formula (1) and RIF-PZA-

compound of formula (I), respectively, resulting in a mean lung CFU count

15 approximately 3.5 times lower than the mean lung CFU count in mice receiving RIF-
PZA alone (p<0.05), providing further evidence that the benefit of substituting the
compound of formula (I) of the invention for INH does not come from the removal of the
antagonistic influence of INH. The compound of formula (I) of the invention also
improved the activity of the RIF-MXF-PZA regimen. Treatment with RIF-MXF-PZA for 2

20  months resulted in a mean lung CFU count of 0.61 + 0.38, with 1 of 5 mice culture-
negative, while treatment with RIF-MXF-PZA- and the compound of formula (I) resulted
in a mean CFU count of 0.12 + 0.27, with 4 out of 5 mice culture-negative (complete
eradication) (p= 0.05 for difference in mean CFU counts). The difference was of
marginal statistical significance, likely due to the low CFU counts, but implies that the

25 compound of formula (l) of the invention may further improve the regimen’s sterilizing
activity to prevent relapse. Finally, treatment with MXF-PZA-compound of formula (l) for
2 months resulted in a mean lung CFU count of 0.93 + 0.34, resulting in a mean lung
CFU count nearly 175 times lower than that observed without the compound of formula
(I) demonstrating that the compound of formula (I) of the invention is able to replace RIF

30 in the treatment-shortening RIF-MXF-PZA regimen without diminishing the regimen’s

activity.



with a 0.78 logio reduction with 25 ng/kg. At 50 ng/ kg, the conpound of
formula (1) exhibited bactericidal activity (defined by the 2-1o0g-reduction
criterionyohlyiwedizéi ng t he mean CFU count to 5.28 | ogi opcCfraB20@9/h3g9eki | | of
2.21 , greater than that observed with INH Although LZD al so displ ayed
dose- dependent activity, its activity was nore limted than that of the
conpound of fornmula (1). Only at LZD doses 100 ng/ kg was a significant
reduction fromthe baseline CFU count denonstrated (p<0.01). Even at the

hi ghest dose tested, 260 ng/kg, LZD did not neet the 2-1o0g-reduction
criterion defining bactericidal activiiy, producing a log kill of only
1.46. The conpound of formula (1) was significantly nore active than LZD at
each dose tested. Treatnent with the conpound of forrmula (I) at 25 ny/kg
resulted in a CFU count | ower than Ekahpebserved after treatnent with LZD
at 25 or 50 ng/kg (p<0 01) and not5|gn|¥|cantly different fromthat
observed HRH¥ A LOMPINRTIQNAHtes o admifjstrgliopand fellowaiyng 100 ny/ kg,

the conmpound aftich WerdiherokdlinfdaiSd WRth @ 45CE b VS |dd}@0F@nseg1@ﬁiﬁg 94 dla;&f(ew@ 001 )
Dividing the total daily dose of the cogpoun formula ( and LZD into

two dai | yagfesdnfRglipnnyhen Bigrmedr lape CHY cour ‘ﬁ%%?@?\?é) o 'Oﬁéga?ﬁt%W'%
activity febahbe RIp-INH#TASOAS HRBREHOIIGNS Wnnmmdfoe% wWerksLbRe Edhortds faMst r at ed

that it is si %nl ficantly nore active than t hunman- e% i val ent dose (i.
100 g/ kgynigsrrepgirsd tthﬁéa@ﬁlrﬁg'mef‘ﬁ? &’qu‘ﬁh%mﬂ’%‘jé’f&%{&‘i’ (18 Mg/karweg h |s

bei ng usedddd fot BB&Intife0r6 Wé@(stdueﬁbﬁezﬁﬁde@ffoﬂ\mﬂrs@deéé@Boﬂ'lﬁ orFReaesioki neti cs
of the conppound of formula determ pe the si nﬁl e-dose and

st eady- stH‘Pee”ﬂF%ﬁﬁé{%‘ﬁ%%ti%‘ FbtPPlr%fEO‘éﬂ* ot eitrduulial Hrvess mPRe(1) and

LZD in t hgohvdf dffést mm@b,e.le,ce@e@u@@hudwreg\mnrt@s\mm LZD WheaddreMer thesatifeangi ng
st udy u5|n mce treated wth the_copnpound of fornulra'm%P at 100 np/ kg

once- d3i | ¥ Eﬁ’reelﬁ?‘ﬂ}"at(‘onl@(?%ﬂ@t%@ém eeksprle-Afditopa AENHIERARG o9 oup

were sacr sérwegs nagat@/e%ontlols 2Mic%: w&e&a@hf%éd hAer S 12fdnar16tiisekb iof batfese of
t r eat ment af or enen |one time Eglnts with the addition of

t
a 9 hour © ﬁ‘ﬁs éfnﬁf‘t a}lu@ SFLi CRYNIE- Afditianat Rics dresn e ldAYihpuisadyei{onty, 24
(D24) of {eerd éfﬁiﬁ'&:omMeﬂﬁg Y2 bEe16Reskd\Glticagfei URtreated control mice died during

the second month of the experiment.

15  The synergistic effect on lung CFU counts by adding the compound of formula ()
(Abbreviated as “U”) to the control regimen during the first 8 weeks is evident in Table 4.
The bactericidal effect of the control regimen was increased by 2 orders of magnitude.
This effect is quantitatively and qualitatively different from the antagonistic effect of
adding LZD.

20



chl orof orm and exsangui nated by cardi ac puncture.

Whol e bl ood was col | ect ed

on ice and then centrifuged to obtain serum Acetonitrile was added to the

sanpl es bEbarw/@beage i n gasketed screwcap tubes at
were coll ected and processed in the same manner and stored at
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determ nation of drug concentrations.
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Treatment with regimen including the compound of formula (1) (abbreviated as

“U”in Table 4) was associated with a lower likelihood of relapse (the gold standard

measure of complete eradication) after completion of 12 and 16 weeks of treatment

compared to mice receiving other regimens. After 12 weeks of treatment with the control

regimen all mice remained culture-positive and would be expected to exhibit a 100%

relapse rate. This is further supported by a 90% relapse rate after 16 weeks of

treatment.

In contrast, groups receiving a regimen including the compound of formula (I) for

the entire 16 weeks had an average relapse rate of 40% after 12 weeks and 5% after 16

weeks. When the compound formula (1) was added to the control regimen for only the

first 8 weeks, 85% and 35% of mice relapsed after total treatment durations of 12 and

16 weeks, respectively. On the other hand, addition of LZD was antagonistic and

prevented complete eradication in any mouse. Overall, these data demonstrate that the

compound of formula (I) has synergistic effect when combined with the standard first-

line regimen and is capable of shortening the duration of treatment by 1-to-2 months

without sacrificing efficacy.



that obtained in humans. As expected there was significant first-pass

nmet abol i sm of the conpound of fornula (1) to the major sulfoxide netabolite
and t he mvoanisuabi2zene net abolite (Barbachyn et al. J Me@CChBIM9/BB7480- 685,
1996) . Because each of these netabolites has an M Cgo of 0.5 ng/nL agai nst
M tuberculosis, close to the MCgo of 0.25 ng/nL for the conpound of
formula (1), the concentration of each netabolite was added to that of the
parent for the pharmacoki netic anal yses. The steady-state AUC forthe
conpound of forrmula (I) and its netabolites observed with the 100 ng/ kg
daily dose was approximately 3-fold | oyger than that observed with LZD at
130 ng/ kg. The fact that the 25 ng/ kg dose of the conpound of formula (1)
was as active as this dose of LZD suggests that the conpound of formula (1)

is 12 times ”qq@CBOﬁh@%bnipﬂurYd YGofnhad (Ih-K&d %’émlét@ éﬁ’@@hﬁhéﬁdcﬁrﬁbnﬂ‘éo@ﬁltﬁ&r bot h
conpounds., Table 2 nP In vivo activity of the conbination Mce were

aer osol |WP%HW@(?QW‘FH’SSUé@rtr@ti@tmﬁ%cﬁ“@e@m@&glM?ﬁtﬁﬁp‘ﬁ?rﬂéwnéﬁ'ﬂ'% aer osol

i nf ect i ontheVdapiboli@ onN@aRulh YN ditkatlcaSUinb dgBhts fordife tBatdfent BGUBercGIREEr Ol N ce
received one of the following treatments: INH (25 ng/kg) alone, RIF (10

ng/ kg) al 6@@‘3’“?@'W#'P‘Zﬂas(ef%‘c??ﬂﬂﬁabaCt'FiFVFWWF"IW aWﬁ‘aé’ 0 ‘?ﬂg?hﬁgﬁu A or

Rl F+MXE+PgfshehtterapCRr HRGaILLEShtibRETE asRenasvifrR-frar mul a (1) (100 ng/ kg)

al one or added to each of the control reginmens. Additional mce went
untreated to serve as negative controls. Mce were sacrificed after 4 and 8
weeks of treatnent for assessnment oExspbeen wei ghts and | ung CFU counts.
Untreated_contraol mce died during the second nonth of the experinent. The
synergi st EXampledsy on | ung CFU counts of adding the conpound of forrmula (I)

to a vari by videkldose Zangiitfistdd i W bR Giti B (th istan@diddRtlink Agd@B) adpinlabl e 3
Monot herapy wth the conpound of fornmula (I) of the invention resulted in a
2. 65 "Bgi mm&gﬁr n counts frombaseline to 4.72 | ogio over the
first 28 days,ExdAfl€88escribes the results of a study in which mice were infected with

Mycobacterium tuberculosis similar to the manner described in Example 6 above.

Other than the controls, all of the mice were treated with the following three drugs:

1) rifampin, 10mg/kg(R),

15 2) isoniazid, 25mg/kg(H), and

3) pyrazinamide,150mg/kg(Z2).

The mice were divided into eight groups (8) and six of the groups received
varying doses of the compound of Formula 1("U”). Doses ranged from 12.5mg/kg to
160mg/kg and are listed in Table 5 below.

20 The study was carried out in the following manner. Six-week-old female BALB/c
mice were infected by the aerosol route with Mycobacterium tuberculosis H37Rv. On
that day (D-17), 5 mice were sacrificed to determine the number of CFU implanted in
the lungs. Seventeen days later (D0), 5 additional mice were sacrificed to determine
the baseline CFU count in the lungs. The remaining mice were randomized to treatment

25  groups, as indicated in Table 5, and started on the specified drug regimen. Treatment
was administered once daily, 5 days per week, except for group 8, which received thrice
weekly treatment (3/7) throughout. At the conclusion of the 4 week test period, all of the
animals were sacrificed for lung CFU counts, except for 80 animals from the Group 4,
below. These animals were utilized in an 8 week protocol which is described below in

30 Example 8B.



I NH and RI F nonot herapy reduced the Iung CFU counts by 1.58 and 1.63 | ogio
to 5.79 and 5.74 | ogio, respectively. Remarkably, the conpound of formula
(1) of thwoiznwantizen continued to exert bactericidal acPCriByogiassireg t he
second nonth of treatnent, reducing the CFU count to 2.70 |logio CFU greater
than the activity of INHor RIF alone and simlar to the CFU count in mce
treated with the standard first-line conbination regi nen of Rl F-1NH PZA

whi ch reduced the CFU count to 2.47 log 10 - The conbination of INH and the
conmpound of forrmula (I) of the invention was no nore active than the
conpound of forrmula (I) alone, while cgnbining RIF with the conmpound of
formula (l)had a nultiplicative effect, resulting in a nmean |lung CFU count
nearly 30 tinmes |lower than that observed with the conmpound of forrmula (I)
al one. The conbi nation of Rl F-PZA hadggets vity whi ch reduced the nmean | ung

CFU count—_to 1.05 | this exanple fhe addition of I|NHto RIF-PZA had a
si gni fi chREIMMAMgoni dtf ¢ ef ¢ CoupteRay t | AGUiGPURRan| FTMGOERS WeRlR 4 of 1. 05
0.44 and|2.47 0.18 afyige |2- ths of trggfpent with R F-PZA and

Rl F- 1 NH PZA,_respectijvely his effect could falsely suggest that

subst i t ut CAPrAIsnew drjug for INH in the R F-1NH PZA regi nen has a

signi ficanpubeiRed cl al{sefflegtp +@ven 1T [NeOYHAT Ugyday conpl etely |i nactive

itself, sinply becauge thel antagonisticleffect of || NH has heen renoved. In

this exapBl RHZhowever|,5 t hel conpound of formula (1) 47! ¢®e!7 nventign had

simlarl Y TelT REGime fects whether Tt was added to RIFF-TNHPZAor substituted
i.e as QI H

for | NH .e., - PZA- conpound of formula (1). After 2 nonths of

t r eat ment 3)RHE) mean |jUng GFU counts werpe 0.47 0.204.ahd 001660 0.33 in nice

treated HENHREZAconpound—of —fornmuta—<1) = Ind of
HZU%s |85 . . 19 0, :

formula (). te&pectilvely.| resulting inla mean |ung U count apprioxi mately

3.5 tinmesd)BMEUst han [thhe nean | ung CFU count in mce32 ¢dedbvi ng Rl FPZA al one
(p<0. 09) |=psayitingfirther—evidence—that—the benefjt-of- substitutiing the
conpound 8*}#2%???& a (|I") of| the invention for | NH do‘te'%6 ﬁ(g)tfsgorre framthe

renoval ©Ff)RHEUapt agard stijc i nfluence of INH The [chopa@ of forrula (1)
of the i ‘.‘éen“an "}73 Hprevet—the—actiHty—of—the 4D‘$|38E IB’D%E PZA—+eqi nen.
Tr eat menf }/\F%'ﬁ F?ﬁf—z)lw ~PZA for 2 88 £ 0.53

As depicted above, the compound formula | demonstrated a dose dependent
effect on CFU numbers. The addition of this compound to the standard regimen of RHZ

5 produced further reduction in the number of TB colonies contained within the lung.

Example 8B
Eight week dose ranging study

Eighty of the mice from Group 4 (in Example 8A) that had been receiving
10 25mg/kg of the compound of formula | (U) along with rifampin(R), isoniazid(H), and
pyrazinamide(Z) were evaluated in the second phase of the study. They were assigned
to one of the groups described below in Table 6 and the study was continued for an

additional 4 weeks (i.e. 8 week results).



nonths resulted in a nmean lung CFU count of 0.61 0.38, with 1 of 5 mce
cul turenegative, while treatnent with Rl F- MXF- PZA- and t he conpound of
formul a (WP 20m82b326d i n a nean CFU count of 0.12 0. 27, pairtiB2049/03s7960f 5

m ce culture-negative (conplete eradication) (p= 0.05 for difference in
mean CFU counts). The difference was of marginal statistical significance,
likely due to the | ow CFU counts, but inplies that the conpound of formula
(I') of the invention may further inprove the reginen's sterilizing activity
to prevent relapse. Finally, treatnment with MXF-PZA-conpound of formula (I)
for 2 nonths resulted in a nmean |ung Ck8J count of 0.93 0.34, resulting in
a nean lung CFU count nearly 175 tines | ower than that observed w thout the
conpound of forrmula (I) denonstrating that the conpound of formula (1) of
the invention is able to replace Rl FTppetghe treat ment-shortening

Rl F- MXF- PZA r egi men -wi mni eginen's activity. Exanple 7 In
vivo activity of the conbi nBtYbRe@Me prol onged #RIMiEestrati on and

foll owup Mce were apR@Bhinidat eCted Wi th 4745 0.05 1s0gi o CFU. Begi nni ng
14 days after aerosal infection, when the nmean lung CEU count was 7.92
0.15 logio, control AiRE received RIF-1NHPZA for 8 wdeks followed by
RIF-1NH for 8 weeks s{jge cohort of Test mice [recel ved g e same regimen to
whi ch the conpound Qf_LQLnuLa_LLl_LlﬁQ_ﬂnggl_mas_addﬁd_igf the entire 16
weeks duration, addef)fflor the first 8 weeks dnly, or &lded for the entire
16 weeks duration wth T FwitholtR: af tler thefiTst—8 weeks. Anot her
cohort of test mce rec%g\ﬁlggwmatgﬁt Pg1 regijnen to which LZD was added for
the entire 16 weeks QuWatH/dh or added for the first 85ameeks only.

Addi ti onal mce went Utl_ﬁ_‘bd to—serveas neggative bLsIItIUI s. Mce were
sacrificed after 8, ?E Bhd 16 weeks of treatnent for assessment of |ung CFU
counts. Additional n¥r@seweRe held without tregatnment fdr 12 weeks after

conpleting 12 or 16 I’ ; ated—eontrot—m ce di ed during
t he second nont h of “Sexperiment. The syner|gistic effect on |lung CFU
counts by addi ng thegroppewRd of fornmula (1) 5

10) Uso(3/7) +/-R 5

As described above, 5 animals served as the control and no further drugs were
given. Five were given the combination of rifampin(R) and isoniazid (H), five given
5 isoniazid (H) or rifampin(R) alone. Of the twelve (12) remaining groups, all were given
with the compound of formula (1) in doses ranging from 12.5 mg/kg to 160 mg/kg. Six of
these groups were also dosed with rifampin (R). The rifampin and isoniazid was dosed
in the same manner and in the same amount as in Example 8A.
At the conclusion of the eight (8) week experiment, all of the animals were

10  sacrificed and CFU lung counts were obtained. The following results were obtained:

Table 7
Treatment Lung CFU
1) Untreated 5.49 +0.23
2) Isoniazid(H) 4.46 + 0.37
3) Rifampin(R) 4.18 + 0.55
4)Rand H 3.84 £0.46

At the initiation of this second phase, the eighty animals had a mean CFU of 4.19
+ 0.26 (based upon the other mice from Group 4 that were sacrificed). Table 7 shows
15  the results obtained with control group, the rifampin(R) only, isoniazid(H) only and the

combination of both isoniazid(H) and rifampin(R).



(Abbreviated as "U') to the control reginen during the first 8 weeks is
evident in Table 4. The bactericidal effect of the control reginmen was

i ncr easedwbyo/asiter s of magnitude. This effect is quanPCraBoeehiz7end
qualitatively different fromthe antagonistic effect of adding LZD. Table 4
Treatment with regi nen including the conpound of fornula (1) (abbreviated
as "U in Table 4) was associated with a |ower |ikelihood of relapse (the
gol d standard neasure of conplete eradication) after conpletion of 12 and
16 weeks of treatnment conpared to mice receiving other reginmens. After 12
weeks of treatnment with the control reggnen all mce renmai ned
culture-positive and woul d be expected to exhibit a 100% rel apse rate. This
is further supported by a 90%rel apse rate after 16 weeks of treatnent. In
contrast, groups receiving a reginen including the conpound of formula (1)
for the entire 16 weeks had an average rel apse rate of 40% after 12 weeks
and 5% after 16 weeks. \Wen the conpound fornmula (I) was added to the

control reghEBBhb@Rs tAeXultdébthiheé$ Wit tHaaiks rehlpingd c3Podhd sifeendigl apsed
after total treatment durations of 12 and 16 weeks, respectively. On the

ot her hant)(Vaalane poiR combinatiopydth dmpiaif)st i ¢ and prevented conpl ete
eradication in any nouse. Overall, these data denonstrate that the conpound
of formula (1) has synergistic effect when conbined with the standard
firstline reginen and is capabl e of d8Bleeni ng the duration of treatnment by

1-to-2 nmont Hpodetdiayt sacriTi digru-efddigacy. Hence,cRleuGaparund of |f ormul a
(| ) has syn rgistic effect when conmbined with atl | east two agents lusef ul

for the treathent of tubercul 44 =RI8t i nportantd42 £8dRbining t hd conpound

of formula (g, Wth at Ieast [Wo@gepys for the I@arpeRt of tuberjcul osis
dramatical |y increases bacterilcidal activity suggesting that it may

shorten the'|dlssation of chenot|ReI%b)-1Bor drug- syt PBle TB as wgl il as

MDR-TB. Exang & 8 Exanpte 8A 585+ 0.34 154 £ 0.45
Uneo 242 £0.31 126 % 0.53
Uso(3/7) 421£0.26

The compound of Formula | (U) demonstrated dose-dependent bactericidal

activity against persisting tubercle bacilli that remained viable after the initial 4 weeks of

10  treatment with RHZU,s. The following effects were observed with U monotherapy: a
growth-inhibitory effect at 12.5 mg/kg, a bacteriostatic effect at 25 mg/kg, a >0.5 log
reduction at 50 mg/kg, a >1 log reduction at 100 mg/kg, and a nearly 2 log reduction at
160 mg/kg. The combination of rifampin(R) and the compound of formula (I) U was
synergistic and proved to have strong bactericidal activity against persisters. When the

15 compound of formula (I) U was administered at doses 225 mg/kg, the combination of it
and rifampin R was more effective than the standard regimen of rifampin(R) and
isoniazid (H). Results with U alone support the conclusion that U-containing regimens
may be capable of significantly shortening the duration of treatment for both multidrug-
resistant tuberculosis and extensively drug-resistant tuberculosis.

20

Example 8C
Additional Dose Ranging Study

The protocol described above in Example 8A and 8B was carried out on an
alternative occasion. The only substantive changes were the number of animals per

25 group and the initial incubation period. Table 9 provides the results obtained



Four week dose ranging study in conbination with standard first |ine
agents, rifanpin, isoniazid, and pyrazi nam de Exanple 8 describes the

resul ts ovoaosrazészsi n whi ch mce were infected with M/cobaaBmo)/058796
tuberculosis simlar to the manner described in Exanple 6 above. O her than
the controls, all of the mce were treated with the follow ng three drugs:
1) rifanpin, 10ng/ kg(R), 2) isoniazid, 25ng/kg(H), and 3)

pyr azi nam de, 150ng/ kg(Z). The mice were divided into eight groups (8) and
six of the groups received varying doses of the conpound of Fornula I("U").
Doses ranged from 12.5ng/ kg to 160ng/ kgpand are listed in Table 5 bel ow
The study was carried out in the follow ng manner. Six-week-old femal e
BALB/c mce were infected by the aerosol route with Mycobacterium

tubercul osis H37Rv. On that day (D 1fhple® m ce were sacrificed to det erm ne
t he nunber of _CEU inplanted in the |ungs. Seventeen days |later ). 5

addi tional mReeIMRR e s#crif PEHL AUt Rayer AFHLCOHY ba§5p|Qf§'r¢14LW?,%i§nt in the
| ungs. The rnemai ni ng Myf&e J\fLﬁz random ze@ay@ treatrent groups, as |i ndicated
in Table 5, [and started onlthe specified drug regi n. Treat nent was

adm ni stered%ﬁ‘é"@'fdaily, 5 days per week, except for group 8, which
received th |1§:gnf4\@§ga 15T EAS BB 147 7) [ BRBUINggt - | AbstLiEigonciusijon of the
4 week test |periaod Il of|the aninmals re sacrificed faor lung CHU counts,
except for 86)BhZnal s|fron]the Group 4, |bel ow. Thes 58/t s were jutilized
in an 8 weekqggptoCol Wi T TS OESTT De' befowimn anmpte 8B Tabte 5 As
depi cted aboyg "ﬁ&e conpound fornula | denonstrated a dose dependent ef f ect
on CFU nunber HZ e duui tTpmof this coppound—tot I&‘AP Ll o Tegimen of

RHZ pr oduced urt feduction in the nunber of TB| colonies contailned
within the | QhBHZExmm)Bé 8B 3.93+0.21

3)RHZUsp | 4 4.30 £ 0.27

4)RHZUys | 4 4.39 +0.23

5)RHZUq25 | 4 4.30 +0.25

6) RHZUs25 | 4 4.39

Testing continued for an additional 4 weeks with 60 of the mice from Test Group
2 immediately above. The mice either received U alone, at varying doses, or the

5 combination of U and R. The following results were obtained.

Table 10
Regimen # Mice | CFU Count 8 weeks
Controls
1) Untreated 4 491+0.17
2)R 4 4.16 £ 0.65
3)RH 4 3.00£0.16
Test Regimen
1) U1eo 4 2.90+0.32
2) RU1e0 64 2.16 £ 0.20
3) U1oo 4 3.86 £ 0.53
4) RU1qo 4 2.35+0.21
5) Uso 4 4.59 + 0.28
6) RUso 4 3.17+£0.76




Ei ght week dose ranging study Eighty of the mce fromGoup 4 (in Exanple
8A) that had been receiving 25ng/ kg of the conmpound of formula I (U) al ong
wi th rifawpi2o(0RRes26soni azi d(H), and pyrazi nam de(Z) wer @CexBroogds3ddsd n t he
second phase of the study. They were assigned to one of the groups
described below in Table 6 and the study was continued for an additional 4
weeks (i.e. 8 week results). Table 6 As descri bed above, 5 animls served as
the control and no further drugs were given. Five were given the

conmbi nation of rifanpin(R) and isoniazid (H), five given isoniazid (H or
rifanpin(R) alone. O the twelve (12) semaining groups, all were given with
the conmpound of formula (1) in doses ranging from12.5 ng/kg to 160 ny/kg.
Si x of these groups were also dosed with rifanmpin (R). The rifanpin and

i soni azid was dosed [qyglie Ssame mafnper anfisbh ;{digy sane anpunt as in Exanple
8A. At the conclusion of the eight [(8) week experinent, aJ]l of the aninmals
were sacrificed and CBLRUiNG count $4were phpaiH®s3 The following results
were obtained: Table|7 At the initiation of this second phase, the eighty
ani mal s had a nean CF®) 0f2s4.19 + 0./36 (basdd0upgb®8the other mce from G oup
4 that were sacrificnd\ Table 7 shows the results obhtained with control
group, the rifanpin(RJ0 Wy i soni afi d(H) | 88B¢ GHY the copbination of both
i soniazid(H) and rifappin(R - Table!8 shows the results ghtained with the

m ce receiving the co Fr@olém?é of formﬂ 5 ZI ‘(‘@5“69%?@ or i n| conbi nation with
rifanpin(R). Table 8 “or.“pounu of —Forf fst rat ed
dose- dependent bacte 1%')‘:%% acti vi t)? agai 1%16‘;8p'e¢l§st| ng tubercle bacilli

that remai ned viabl e after the initiat 4 eks of treatment with RHZU25.
The follow ng effects were observed with U nonotherapy: a growth-inhibitory
ef fect at 12.5Andgnicied abdygetherdoowoand torefifad slempnsir@edg/dege depesdlest | og

reducti Oneﬁéct 3R CRY K¥nbéts >The LAGSEUAS B pBlind AN &8k bard38Gnnpar ly 2 | og

reduction at
rifampin(R) and isoniazid (H) and rifampin (R) alone produced further reduction in the

5 number of TB colonies contained within the lung at both 4 and 8 weeks.

Example 9
In Example 9 the impact of the compound of formula | on existing first and

second line anti-tuberculosis drugs was evaluated. Two doses of the compound were
10  evaluated, 25 mg/kg and 100 mg/kg. The following standard anti-tuberculosis agents
were evaluated, at the specified doses:
1) isoniazid, 10mg/kg (H)
2) rifampin, 10mg/kg (R)
3) pyrazinamide, 150mg/kg, (Z)
15 4) ethambutol 100mg/kg (Eb)
5) moxifloxacin 100mg (M)
6) ethionamide 50mg/kg (Et)
7) amikacin 150mg/kg subcutaneously, (A)
8) cycloserine 250mg/kg twice daily (Cs)
20 9) para-aminosalicyclic acid 750mg/kg (Ps)
10) capreomycin 125mg/kg subcutaneously (Cap)
11)  clofazimine 20mg/kg (C)

The study was carried out in the following manner:
25 Methods
Mice: female BALB/c, 6 weeks old



160 ng/ kg. The conbi nation of rifanpin(R) and the conmpound of forrmula (I) U
was synergistic and proved to have strong bactericidal activity against
per si st erw0 20Woan6éi2zhe conpound of fornmula (1) U was adnm mCIiaBroegiosrIcddoses 25
ng/ kg, the conbination of it and rifanpin R was nore effective than the
standard reginmen of rifanpin(R) and isoniazid (H). Results wth U al one
support the conclusion that U containing reginens my be capabl e of
significantly shortening the duration of treatnment for both

mul tidrugresi stant tubercul osis and extensively drug-resistant

t ubercul osis. Exanple 8C Additional Dogg Rangi ng Study The protocol

descri bed above in Exanple 8A and 8B was carried out on an alternative
occasion. The only substantive changes were the nunber of animls per group
and the initighfecisitdBatdseNnetidrowith I 833 GF D M e dlfssid e Rved b by

obt ai nedTabl e 9 Testi ng continued for an additional 4 weeks wth 60 of the
m ce fron{aﬁégfmZ@t'@‘uB’ ERARIATAYRI y above. The nice either received U al one,
at varyi ng dosggatnft: nmats@ahua%ﬁu@ﬂemfelshcaﬂ@oﬁiwhxh%ef@ﬂru@wﬁtg.rrms,ul ts were
obt ai ned. Tabl'e T0As cted ove, the conmpound fornmula |I denonstrated a
dose depeﬂﬁ@ﬁﬁ“@ﬂ?@@?~6&!@?H}nunbers The addition of this conpound to the
standasd regi MRNdrAgs WifeddRAINERE o%ﬂyi(éxé@gﬁtlc@élb%r(n@)—mddllil)r?tEWth@ otdd) al one

pr oduced furt her reduyction jin the nunbe TB col oni es_cont ai ned WI thin
the |ung HUIHEHRENE BTHERCH JRdegapreaBrsHpT éU@UF%eES{%WtﬂCBO@ ? A&V rRId&eKof t he

conpound of f quelHedsakrifies o Gt B8urits rnsnn@mszlczs&@mgtﬂoiHer@(Faﬂhentbuber cul osi s
drugs was eval uated. Two doses of the were eval uated, 25 ng/kg and

100 ng/ kgSChEme: ﬁd‘i"P%\‘MeF?gsaé’('B?ﬁijaIPB dah?ftert'a?é@?%w[) @@”Q&e"ﬁ?%%@? DN vat ed,
at the spgedekk @ FOBRS of hipldrRONCAYI £hd tAOBBLiBe ORU duntd draw@tmentlOMo/ kg (R)

10 initiation, respectively. The activity of each regimen was be assessed by lung CFU

counts after 4 weeks of treatment.
Results
Mice were infected with ~ 4.5 log1o CFU. Fourteen days later the lung CFU count
at the initiation of treatment on day zero was approximately 8.3 log1. Untreated mice
15 died within the first 3 weeks of infection (Table 11). The survival of mice treated with
pyrazinamide (Z), cycloserine (Cs), and capreomycin (Cap) was not significantly
different from untreated controls. Treatment with para-aminosalicylic acid (Ps) delayed
but did not prevent mortality. Treatment with ethambutol (Eb) and clofazimine (C)
prevented some, but not all, mortality. Treatment with isoniazid (H), rifampin (R),
20  moxifloxacin (M), amikacin (A) and ethionamide (Et) prevented death, as did treatment
with the compound of formula | (U) at either dose, whether alone or in combination with

other drugs.

Table 11

Treatment group Proportion (%) surviving | Time to 50% mortality

to Day 42 post-infection (days)
Any U-containing 4/4 (100%) N/A
regimen
H, R, M, A or Et 4/4 (100%) N/A
C 3/4 (75%) N/A
Eb 2/4 (50%) 30
Ps 0/4 (0%) 31
Cap 0/4 (0%) 22
Cs 0/4 (0%) 22
V4 0/4 (0%) 21
No treatment 0/4 (0%) 21




3) pyrazinam de, 150ng/ kg, (Z) 4) ethanmbutol 100ng/ kg (Eb) 5) noxifloxacin
100ng (M 6) ethionam de 50ng/ kg (Et) 7) am kacin 150ng/ kg subcut aneously,
(A 8) cywbaswvize®6250ngy/ kg twice daily (Cs) 9) para-ampPaddratiogysshdec aci d
750ng/ kg (Ps) 10) capreomycin 125ng/ kg subcut aneously (Cap) 11) clofazim ne
20ng/ kg (C) The study was carried out in the follow ng manner: Mt hods

M ce: female BALB/c, 6 weeks oldlinfection : aerosol infection with ~104 CFU
M tubercul osis H37Rv foll owed by random zation to treatnment group
Treatment : initiated on day 14 after infection (DO when the CFU counts in
t he nouse | ungs was ~108 CFU. All drugszwere given once daily (except
cycloserine - twice daily) by the oral route (except am kacin and
capreonycin - subcutaneous injection), 5 days per week. Muse sacrifices

for CFU COUHtSnIaHdlhélrﬁlgﬁmeaéhGlﬁQfsdivﬂ&I tIdih téneu SRS WBRNAISS dSIEhRIRBY ad N Ce were
sacrificed the da%/%a ter infection and 2 weeks later (DO to assess

t he nunbefegsridedAbae: %H’adﬁ[ﬁ%t&dtbﬁ@wdag@ len® CFU counts on treat nent
initiation, respectl veI y. The acti VITéb|@ﬁzeaCh regi nen was be assessed by

| ung CFU cov = neeks o cat men s e e infected with
~ 4.5 logi o CFU. Foufteen days Mger fungfieg1p GﬁH @1{9"&6@1? at t he initiation
of treat NBREGIPBLOAY ZET OztWas [appr oXi n&Ee@h)(Nééké of P& tReniiki-€ated m ce died
within the flrst 3 weeks of iinfection (Ta The survival of mce
treat ed treatment Regimen Reglmen + U Regimen +
initiation alone 25 mg/kg U 100 mg/kg
(DO)
1) Untreated 8.36 + N/A 7.17 £0.23 5.40£0.10
0.10
2)H 7.01+£0.14 6.22 + 0.06 5.79 £ 0.33
3)R 6.23 £ 0.11 5.91+0.21 5.02+0.10
4)Z N/A 4.73 +£0.38 < 3.59***
5) Eb 7.410.57* 6.86 £ 0.16 5.50 +£0.13
6) M 6.49 £ 0.12 7.08£0.10 5.33+0.30
7) Et 7.19 £0.04 7.18+0.18 5.46 £0.15
8)A 7.24 £0.14 6.78 £ 0.16 5.18£0.17
9)Cs N/A 7.19+0.21 5.66 £ 0.11
10) Ps N/A 6.87 £0.21** | 5.39+0.32
11) Cap N/A 6.81+0.13 5.35+0.17
12) C 5.92+0.24* | 6.25+0.20 4.91+0.14
5 N/A, not available due to death in 4 of 4 mice before W4;
* 2 of 4 mice survived;
** 3 of 4 mice survived;
*** the CFU counts was below the lower limit of detection of 3.40 for 2 of 4 mice
10 A review of the data shows that the addition of the compound of Formula | (U),

significantly reduced bacterial load in a dose dependent manner when added to
standard anti-tubercular drugs. These results suggest that the compound of formula |
could be used to improve the efficacy of treatment regimens for drug resistant
tuberculosis (either multidrug-resistant or extensively drug-resistant).

15



pyrazi nam de (Z), cycloserine (Cs), and capreomycin (Cap) was not
significantly different fromuntreated controls. Treatnent with

par a- am neeabioebi2é aci d (Ps) del ayed but did not preveRrCTABZIOHDITY.
Treatment with ethanbutol (Eb) and cl ofazimne (C) prevented sone, but not
all, nortality. Treatnment with isoniazid (H), rifampin (R), noxifloxacin
(M, amkacin (A) and ethionam de (Et) prevented death, as did treatnent
with the conpound of fornula | (U at either dose, whether alone or in
conmbi nation with other drugs. Table 11In addition to nmeasuring survival,

| ung CFU counts were al so determ ned agq descri bed above and are reported
below in Table 12 Table 12 NNA, not available due to death in 4 of 4 mce
before W4; * 2 of 4 mice survived; * * 3 of 4 mce survived; *** the CFU

counts was be'lQVba*té}ﬂs|a€b\bﬁéatlbh§”dubﬁlfatldl$§ @é‘éthfé’t’h&fs Iﬁer‘b%réoénd%tﬁ’ér 4 mce A

review of the data shows that the addition of the conpound of Fornula I
(U), signMeieEiaigitod hetpines rl?é%qyéP?%Porﬂ?Qd“ef?i”QVG‘?f%r@”B‘;eB‘éH%I'éﬁ'ﬂt'rﬁtéﬁrﬁﬂer when
added to standard anti-tubercular drugs. These results suggest that the
conpound of forrmula I could be used to inprove the efficacy of treatnent
regimens for drug resistant tuberculosis (either nultidrug-resistant or
extensively drug-resistant). Al patents, applications, publications, test
nmet hods, literature, and other materials cited herein are hereby

i ncorporated herein by reference in their entireties.Cains 1. Use of a
conpound of the fornmula or a pharmaceutically acceptable salt thereof: (I)
in conbination with at |east two anti-tuberculin agents in the manufacture
of a nedi canent for the treatnent of tuberculosis. 2. The use of claim1l,
wherein said at |least two agents is selected fromthe



group consisting of isoniazid, rifanpin, rifapentine, rifabutin,
pyrazi nam de, ethanbutol, streptomycin, kananycin, am kacin, noxifl oxacin,
gati f | oxawprep10/eee2b| oxaci n, of | oxaci n, ci profl oxaci n capCEIR0P/N3796

et hi onam de, cycl oserine, para-am nosalicylic acid, thiacetazone,
clarithronmycin, anoxicillin-clavulanic acid, impenem neropenem vionycin,
terizidone, TMC207, PA-824, OPC-7683, LL-3858 and SQ 109. 3. The use of
claim1l1, wherein one of said at |east two agents is selected fromthe group
consisting of isoniazid, rifanmpin, rifapentine, rifabutin, pyrazi nam de,
noxi f| oxaci n, gatifloxacin, |evofloxack#, ofloxacin, ciprofloxacin, and

et hanbutol . 4. The use of claim 1, wherein one of said at | east tw agents
are selected fromthe group consisting of pyrazinam de, rifanpin,
rifapentine and isoniazid. 5. Use of @ipls @a compound of formula (1) or a
pharmaceutical ly acceptable salt thereof: (I)in conmbination with at | east
one anti-tuberculin agent in the manufacture of a nedi canent for treating

t ubercul osi s af t er Uge 2EBIcEMbolRBURE RIr@ORGr AbHaRthhdcttichyaeeRbblt ket ment ,
for tubercul osis. 6. The medi canent of claim5 , wherein said at |east one
agent is Y8M¥ted fromthe group consisting of rifanmpin, rifapentine,
rifabutin, pyrazinam de, ethanbutol, streptooycin, kananycin, am kacin,
noxi f 1 oxaci n, gatifl oxacin, |evofloxacin, of|loxacin, ciprofloxacin,

capr eonycin, ethioq?ﬁTﬂé}xcycl par a- fm nosal i cylic acid,

t hi acet azone, cl ari4 hronygin, 2 lin-efa Banic acid, im penem

mer openem Vi onyci Wdon , RA-824y OPC- 7683, LL-3858 and
SQ 109. 7. The neth of /claim§ 6 whergin dgaid actiye tuberculosis is
selected fromthe group consis N\ i
nono-dsug resistant tubercul osis, nmulti-drug-res®stant tubercul osis (MR
and extensively drug-resistant tubercuh?si s (XDR). 8. A pharnaceuti cal

conposition conprising:
in combination with at least two anti-tuberculin agents in the manufacture of a

medicament for the treatment of tuberculosis.
2. The use of claim 1, wherein said at least two agents is selected from the

10  group consisting of isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide, ethambutol,
streptomycin, kanamycin, amikacin, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin,
ciprofloxacin capreomycin, ethionamide, cycloserine, para-aminosalicylic acid,
thiacetazone, clarithromycin, amoxicillin-clavulanic acid, imipenem, meropenem,
viomycin, terizidone, TMC207, PA-824, OPC-7683, LL-3858 and SQ-109.

15 3. The use of claim 1, wherein one of said at least two agents is selected
from the group consisting of isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide,
moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, and ethambutol.

4. The use of claim 1, wherein one of said at least two agents are selected
from the group consisting of pyrazinamide, rifampin, rifapentine and isoniazid.

20 5. Use of a of a compound of formula (l) or a pharmaceutically acceptable

salt thereof:

(1)



1) a therapeutically effective amount of a conmpound of fornmula (I) or a
phar maceutically acceptable salt thereof: (I) (ii) a therapeutically

ef f ecti vewarmouwnnes2b at | east one agent useful in the trearTmmwy/odd796
tubercul osis and, (iii) one or nore pharmaceutically acceptable carriers or
vehicles. 9. The pharmaceutical conposition of claim8, wherein said at

| east one agent is selected fromthe group consisting of isoniazid,
rifanmpin, rifapentine, rifabutin, pyrazinam de, ethanbutol, streptonycin,
kanamyci n, am kacin, noxifloxacin, gatifloxacin, |evofloxacin, ofloxacin,
ci profl oxaci n, capreonycin, ethionam dgg cycl oserine, para-am nosalicylic
acid, thiacetazone, clarithronycin, anoxicillinclavulanic acid, im penem
mer openem vionycin, terizidone, TMC207, PA-824, OPC- 7683, LL-3858 and

SQ 109. 10in chhimtish mﬁ%ﬁltéaQﬁéne%?ﬁn%érbulmbg%t lthé Fﬁa%uféf:tu% otherein said at
| east one agent Is selected fromthe group consisting I soni azi d,

ri f anpi n, MePIcapEnt fadreating Rereuosingfies 2 syRisctias Lllﬂfi)@rgfan)@Qdeal RGase #f oxaci n,
| evof | oxagbsment koasdrbulogi®id et hanbut ol .

6. The medicament of claim 5, wherein said at least one agent is selected
5 from the group consisting of rifampin, rifapentine, rifabutin, pyrazinamide, ethambutol,
streptomycin, kanamycin, amikacin, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin,
ciprofloxacin, capreomycin, ethionamide, cycloserine, para-aminosalicylic acid,
thiacetazone, clarithromycin, amoxicillin-clavulanic acid, imipenem, meropenem,
viomycin, terizidone, TMC207, PA-824, OPC-7683, LL-3858 and SQ-109.

10 7. The method of claim 5 or 6 wherein said active tuberculosis is selected
from the group consisting of drug-sensitive tuberculosis, mono-drug resistant
tuberculosis, multi-drug-resistant tuberculosis (MDR) and extensively drug-resistant
tuberculosis (XDR).

8. A pharmaceutical composition comprising:
15 i) atherapeutically effective amount of a compound of formula (I) or a

pharmaceutically acceptable salt thereof:

AN

(i) a therapeutically effective amount of at least one agent useful in the
20 treatment of tuberculosis and,

(iii) one or more pharmaceutically acceptable carriers or vehicles.

9. The pharmaceutical composition of claim 8, wherein said at least one
agent is selected from the group consisting of isoniazid, rifampin, rifapentine, rifabutin,
25 pyrazinamide, ethambutol, streptomycin, kanamycin, amikacin, moxifloxacin,
gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, capreomycin, ethionamide,
cycloserine, para-aminosalicylic acid, thiacetazone, clarithromycin, amoxicillin-
clavulanic acid, imipenem, meropenem, viomycin, terizidone, TMC207, PA-824, OPC-
7683, LL-3858 and SQ-109.
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10.  The pharmaceutical composition of claim 8 or 9, wherein said at least one
agent is selected from the group consisting of isoniazid, rifampin, rifapentine, rifabutin,

pyrazinamide, moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, and ethambutol.



