METHODS OF TREATI NG M CROBI AL | NFECTI ONS | N HUVANS
AND ANI MALS BACKGROUND OF THE | NVENTI ON

M crobi al |l y-based infections remain a major public
health issue in the United States and around the
wor |l d. For exanple, tubercul osis remains a significant
health problemin the U S and globally.

Tuberculosis (TB) is the |eading cause of death due to
a single infectious agent in the world. It is
bel i eved that approximately 1.86 billion people or 32%
of . the world' s population are infected with-:
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can-only be expected to increase.

ﬂ

The ifcreasing incidence in M. #. strainis resistant to one or more of the standaxd
first-line agents intensifies the need for t-he ide:ntiﬁu;mion of new, novel targets :a.nd drug
- development. MDR-TB (multi-drug ;mk@t mbci:cxﬂosis)' difficult and expensive to treat,
.as well as being associated with significantly ‘highetrmortaiity rates than dnlgfmlscz.gPtible TB.
In the absence of effective prevr;:nﬁon and thcra?cutif: measures, MDR-TB will become an
increasing and uncontrollable problem.
A significant need exists for improved tuberculosis drugs with reduced @dq,
' activity against MDR-TB, altemate mechanisms of action, and activity against latent discase.

Dcspiéc advances in the prevention and treatment of tuberculosis over the past five decades,




Despite advances in the prevention and treatnent of
tubercul osis over the past five decades, 1 significant
obstacles remain before control of this di sease can be
anticipated. Current standard of care strategies are
difficult to inplenent and maintain, particularly in
| ow- incone, non-industrialized countries, which |ack
the financial resources or infrastructure to support
an effective or all-inclusive TB control program The
energence of MDR-TB threatens to reverse nuch of the
progress nade to date in TB control. Several prom sing
signifiatkbbeth E&S85aia bEfotd ek oldE MR dipaRthn bogdddihaidd Current
| ong-acting rifamycins, fluoroquinolones,
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given the ‘success rate of new conpounds com ng to
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mycobacterial drugs with novel nechanis of action
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|nvent|on provi des the use of a conpound in the
RRPA PR e B eE R er donmesh g g nPae
infection, where the conmpound is able to decrease ATP_

ﬂcw,él@rqqﬁmph@mww@@@ow, and nigoimidangies. Neveptheless, aivsn the
controls after 24 hours in an in vitro test, and not
succesg rdté ofreewrrehipawndsebmingde Flinirgl ush eappaorimatilyd. Sher thow js 4 teed
decrease in ATP |evels being neasured . by: (1)
for discevegpandgddntifcatiot b@ewfmnqmebiyeol:taasml mgeatsoipatévelopanagt. No
putting themon ice; (2) harvesting the cells at 4
new agtégycelestetalliyugs edith miotdl gathanidimabflhadibs hatptbeaigddvtiopédih the .
bead- beating in an ATP extraction buffer; (3) renoving
past tHe@y yewdsar debris by.centrifugation at 4 degrees C,
| eavi ng an ATP- contai ni ng super nat ant;

OBJECTS OF THE INVENTION

An aspect of the present invention provides the use of a compound in the
ménufacture of a medicament to freafa mic;o‘bial infection, where the compound is able to
decrease ATP levels in the microbe by at least 10% compared to controls after 24 hours inan
in vitro test, and not kill ﬁammalian cells during the same time period, the decrease in ATP
levels being measured by:

1) removing the cells from the testing location and putting them on ice;

(2) harvesting the cells at 4 degrees C by cen&ifugaﬁon and disrupting it with
bead-beating in an ATP extraction buffer; |

&) removing cellular debris by centrifugation at 4 degrees C, l.ea_vi.ng an ATP-

.containing supernatant;



2 (4) neasuring the anmobunt of ATP present in the
supernatant by a biolum nescence assay at 4 degrees
C, wherein the conmpound is not formula R-Son Z-COY,
wherein nis 1 or 2, R is a hydrocarbon group having
6-20 carbon atonms, Z is a hydrocarbon |inking noiety
that may contain a heteroatom and Y is selected from
-NH, -O CH2-C6H5, -CO-CO- O CH3, and -O CH3. Another
pect of .th resent .invention provides. the use of a
@in’pounﬁsumﬁg?‘ﬁemo?fgﬁ{@tp[’ﬁfe@t@f ‘guﬁﬁrﬁ?tﬁ‘gr}ﬂéﬁt to treat
biolu r obi aé {%ﬁg;ec(t:l on, where the conpound produces an
' m%e\/%ep‘é%?ﬁsfﬂ%ggf 6T~ he b-submit of ATP synt hase and
further wherein the conpound is not of formul
R So" ¥HeTErRp COmRRE ot ROt Spr SCOR, persnyeik yak bon
gro havi ng 6-20 carbon atons, Z is a_hydrocarbon
is 2 hydiopag "r%‘“m}}aéin& 2R &"tfb%ﬁo% Aixa fydzocabpr linfanegReiet et y i s
selectedfrom NH, - O CH2- C6HS CO CO- O CH3, and
may conli EHSOUPE AP dAFeIeSioh e HEl - CHe 1GRCg-O-Cis, and
m crobi al | y-based infection by adm nistration of a
“O"CHC*'corrpound which interferes with the central energy
met abol i sm of the m crobe. Disclosed further is the
ARnthen pepestef the Bresant inventiop pustddesiecise ofatspipeund AT fhe
synthesis- in mcrobes and which interferes with
manufachige of 3| madicamenite Beat & micspbial dnfection.ortetrdbe cobipsuhdpreduces
further is the adm nistration of a conmpound which w ||

an overexpyepsien of tebrwunjeof AT spTRjsk] | evel s of at | east 10%
relative to control. D sclosed yet further is a nethod

of t raadfirbgr whaeibjtestmpbarkl ianetiof foobila RISpBaxsey,
i nfection, conprising the adm nistration of an
wherein rfsfle iR/ a Aydroaibonfgrde haoinp 620 chrbah sorsd P sy didaabes d
of treatnent, wherein the conpound produces
linking moiety that may contain a heteroatom, and Y is selected from -NH, -Q-CH,-C¢Hs,
-CO-CO-0-CHs, and ~O-CHs.
Disclosed is a method of treating a microbially-based infection by administration of
a compound which interferes with the central energy metabolism of the microbe.
Disclosed further is the administration of a compound which inhibits ATP synthesis
in microbes and which interferes with cellular respiration of such microbes.
Disclosed further is the administration of a cbmpound which will cause a decrease
in ATP[M] levels of at least 10% relative to control.

Disclosed yet further is a method of treating a subject with a microbially—baéed

~ infection, comprising the administration of an effective amount of
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ovet expression of the b-subunit of ATP synthase.

Di sclosed still further are conpounds whi ch, when
adm nistered to persons or aninmals with a m crobi al
infection, can treat the infection through the
above-described nechanisns: R9 O>1 00 0 HEN 1 11
3(H2C)s"S. J-N CH3(H2C)8 CH,-S. J~IVNt~ H O O O\H I
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pHO O(*)

compound to a subject in need of treatment, wherein the compound produces

overexpression of the b-subunit of ATP synthase.

Disclosed still further are compounds which, when administered to persons or

animals with a microbial infection, can treat the infection through the above-described

mechanisms:
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BRIEF DESCRIPTION OF THE DRAWINGS
_ FIG 1 shows the general structure and function of ATP synthase.
FIG. 2 shows two-dimensional protein gel electrophoresis profiles of control #s.

OSA treated (100 pg/ ml) BOG at 4 houts post treatment.
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FIG 1 shows the general structure and function of ATP.
synthase. FIG 2 shows two-di nensional protein gel

el ectrophoresis profiles of control vs. OSA treated
(100 g/ ng BCG at 4 hours post treatnent. 3 FIG 3
Expressi on conparison of atpf, encoding the b-subunit®
of ATP synthase (Rv1306) and hsp, (Rv0251c) in BCG
grown in the presence or absence of OSA. FIG 4

Ti me- cour se experinment neasuring ATP level in BCG
cultures treated with OSA or dicydohexyl carbodii m de
conpafed to untreated controls. FIG 5 ATP

c oncEBig Bakspeessivn amaatiserebapotcedipsde B-swnaii o641 FY“th”"
exposure to OSA known inhibitors of respiration and

. @w1B0GpublipcRed2540) imBeF gowaps the peesefite REabpapge of :
potentiation of the inhibitory activity of OSA at | ow
CONCE. 4atlikdsoutk effeinanimepuifp AYP largdi BEG dvltnres treated with
~ tuberculosis. FIG 7 shows a conparison of- the effects
O¥A &Ry HIREy G djimidDESEpateHRO ugtartel contiibd  TTEA (100

g/m) on mycolic acid synthesis foll ovvi ng 10 ‘m nutes
- D
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schematically the structure FI FO, ATP
FIG. 6 show¥ the potentiation oiu the m%ltbltory acuvity of OSA at low

concentrations of ethanol (0.05 %) agnmstM tubercalosis.
FIG. 7 shows a compatison of the effects of OSA (100 pg/mi), DCCD (100 pg/ml),
and TTFA (100 pig/ml) on mycolic acid synthesis following 10 minutes exposure in eatly log

phase cultures of BCG.

DETAILED DESCRIPTION OF THE INVENTION |
FIG. 1, which is detived from Dimroth, et al, “Opmtio_ﬁ of thé F(0) motor of the -
ATP synthase,” (2000) 1458: 374-386 shows schematically the structaze of F1F) ATP
synthase (ATPase). A‘I’Pase uses energy &om the proton motive force: to genetate ATP.
Th:s enzyme complex consists of transmetnbrane (FO) and cytosohc sectors (F1). The
movement of protons through the FO component, is thought to be reversibly coupled to
ATP synthesis or hydolysis in catalytic sites on F1. In E. o, F1 and FO conmst of the
_ following subunits, 0,Bye, and a,bcy, tespectively. In general, homoxagops subunits are
found in mitochondrda and chloroplasts, although differences between prokasyotic and
eukatyotic systeros may exist. ATP synthesis is dtiven by proton mov;.mcnt through FO.

Howevet, the complete structute and mechanism of coupling has not been fully established.



synt hase (ATPase). ATPase uses energy fromthe proton
notive force to generate ATP. This enzyne conpl ex
consi sts of transmenbrane (110) and cytosolic sectors
(F1). The novenent of protons through the FO .

. conponent, -is thought to be reversibly coupled to ATP
synthesis or hydrolysis in catalytic sites on Fl. In
E. coli, F1 and FO consist of the follow ng subunits,
a33YSe, and alb2cl12, respectively. In general, :
honol ogous subunits are found in mtochondria and
chl oropl asts, although differences between prokaryotic
and eukaryotic systens may exi st ATP synthesis is
driven by proton novenent through FO. However, the,.
c onpSlress dinking efthelp-snbanifg witpenether %@Wﬁ@%"“ﬁ’bf) n
been fully established. 4 Cross-lLinking of the )
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- c) in Eroil resulted in_uneoup|ing of ATP hxdrol,sis
- amamdouiies intatiermbas besp GePod iR aftptieating thedyubunit of £O savolving a -

~ uncoupling nutation _has been.found in E. co%% o
simpfief anning il subsivgsion, high abolishedrall enzyns fapciigp- Jhis ppengfyae
am no add substitution, which abolished all enzyne .
suiggaas wifesstionphiole forhnbrypait mcepRies pkpratop arslacyion o raiplvess
for the b-subunit _in coupling of proton translocatiqn
Integaction of e bsubunit with cerapaoghts egF 13y b bg@b’mﬁﬂi‘“ wdﬁﬁ!‘d“frﬁ i
conponents of F1 maybe both dynam c and structural in
ngtereuMere mesply, Sevgliesang comprketifareshogn 8@8’0‘%}%}"&‘&% ?ltﬁg\?é‘hm
shown the b-subunit of mitochondria to_?e,reyFr i bly
“tqfeasisbiyphesrhelande Thetrharssuggrgghat therhpiolqgiral ole of sn
hysi ol ogi cal tole of. such_  phosphorylatio y
pheshtacshtionimey semit e sybiby of e PR mresdiphind b o
thereby regul ate. energy couypli LN @e EO-F tor.
ety suNios Frfie BO-EL DI s r e ki O Yo Rarpos °
structural and fupctionpal role i erat.i.on of .ATPasg.
strastcth ped gpctionalisple @ "é’ﬁ?’[“?"cﬂfr“g‘{?% B S A el o s
~t hrough dire%giLnteractL n,_ Wt Lhe’b-%épunitogﬁmﬁ
copldhereashrongh dirsebipisretion BHE ¥ PETHEARGTH a
significant inpai rnent of. ATP gen i on. .Significant
C@Pﬂﬁ§m6%%PﬂF@' §§5P§“ﬁ%%ﬁﬁﬁ?%ﬁ?ﬁ%§ﬁﬁggﬁmﬁhdertaken
wi th n- octanesul fonyl acetam de (OSA) a conpound of
t he $ignifidatomydy ofthiseresihloraerhatisrshas bogrivaferglen with -
octanesulfonylacetamide (OSA) 2 compound of the [1-sulfonylcarboxamides class, which has
potent n viro activity against pathogenic mycobactetia, OSA is dist%losed inPCT -
Application No. PET/US98/17830, which is incorpoated hetein by reference.
Identification of the enzymatic tatget of OSA in bacillas Calmette-Guétia (BCG)
was attempted usmg 2-dimensional protein gel electtophioresis and subsequent sequencing of
_ proteins overexpressed in the presence of the compound. 'OSA treatment in BCG tesulted
in ovetexpression of 2 relatively small proteins (v 18 kD): the b-subunit of ATP synthase
(F1F0 ATPase) encoded by the aspF gene and a small heat shock protein, hsp (Rv02510).
RT—PCR-:evealed 2 marked increase in thelevel of hsp-cxptesamion and to a lesser extent the

" b-subunit of ATP synthase, 2 pattern consistent with that observed on the 2D gels.
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potent in emactivity against pathogenic mycobacteti a..
OCSA is disclosed in PCT Application No.

"PCT/ US98/ 17830; which. is incorporated herein by
reference. ldentification of the enzymatic target of
OSA in bacillus Calnette-CGuerin (BCG was attenpted
usi ng 2-.di nensi onal protein gel electrophoresis and
subsequent sequencing of proteins overexpressed in
the presence of the conpound. OSA treatnent in BCG
resulted in overexpression of 2. relatively small
proteins (= 18 kD): the b-subunit of ATP synthase

(FI FO ATPase) encoded by t he atpF gene and a snal

heat. shock protein, hs 251c) RT- PCR reveal ed a

mar Ko gvalnts whether fhgsen reeeeﬁepsee LrefesaAe £

a |l esser extent the subuni t of AT. synt )
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To evaluate mheth ese results n1 presen& a
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..resylted in overexpression of either protein in BCG
jw%ﬁﬂ#tatlng that OSA works via a different mechani sm

than either cerulenin or isoniazid. Additional -
i nf dwiduibhdinfometiobyaiohilebly comting Zﬁ@n@n@hnnhnmmﬁks of
protein profiles of OSA-treated M snmegmatis with BCG
OSt-ervitali¥] spregpriaks WithBOSH irevionglyrit kel Hetvetepdvied dims Yrovcimtisess
intrinsically resistant to OSA at concentrations up to
 intringically resistagtfto Aubidnitngalich Op & thie Jimit of einbilign@ 0ite/dt h
BCG protei ns were.sought by a.BLAST search of the AL
Hemplogeaif both R{eh preteins seetprevghe by BLASKNcerch bf e dh v Rivestis
Institute for Genonic Research, Rockville, NMD
-+ gefbrtiic pégioen arailghle fbmah Bhrlloftivetn éortQﬁnwcqucwﬂm MD

sxt &wa&. However, glons of dissimlarity betmeen

(attpve wonmetiss e endmpduo & pleprint in M regmaia| Flpyevst, trgiony of
bet ween these two nycobacterlal speC|es 63% '
dissigellanity bgtweenytho e ofist: Abhe bt leeks Birdyesinilag between|tiesa tegy
(42%

mycobactesial species (63% identical, 75% similar), however, the hsp is less s0 (42%
identical, 54% similat). T estimated mo'lecu]at weights for the b-subunit and hsp-
homologs are16 and 18 XD, respectively. However, no proteins.consistent with these
molecular weights or pF's were o#crexprmsed in OSA-treated M. megmam
| Ovesexpression of the b-subunit of ATP synthase indicates possible involvement of

ATP synthase, whether ditect or indirect, in the target pathway of OSA. Based on these
'~ obsetvations, Single t.ime—point and time-course expetiments were undertaken to determine
ATPM] levels in the presence of OSA as compared with DCCD a knoien, non-specific
ATP synthase inhibitor. ATP[I\&] levels decreased significantly following OSA and DCCD
trcatment at all time-points tested. Not only was this decrease reproducible for both

cotapounds, but occurred very rapidly in as lite as five minutes post-exposute. -



identical, 54%simlar). Tile estimted nol ecul ar
wei ghts for the b-subunit and |lisp honologs are 16
and 18 kD, respectively. However, no proteins
consistent wth these nolecular weights or pPs were
overexpressed in OSA-treated M snegnati s.
Overexpression of the b-subunit of ATP synthase

i ndi cat es possi bl e involvenent of ATP synthase,
whet her direct or indirect, in the target pathway of
OSA. Based on these observations, single timne-point
and time-course experinents were undertaken to
determine ATP[M levels in the presence of OSA as
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“inhibitor. ATP[M levels decreased significaftly
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as five mnutes post-exposure. To determine if this

arfibrlyEStactiB:s Qudid TSPeRIH, 5Pr afMb Nad tQatid. BliitRoss of
generalize stress response, additlonal o _
respa i/ QRRA iR Ab] (S MBSt dett Shabitth), RAIPESAIL
were tested for their ability to affect "ATP[M [eve
inBibit6D) & TPRA i Blipled MhARo I%ﬂﬁgtliﬁ'édrk%s. Riere used at bl
anf?%ycobactgriar agent s Pncluded I NH; RfE?eé%ﬁrmgﬁﬁf
leRelhCho @ik B OSA (163 dhbibicktickie 310Fs in BESR Sighificiy] AbPAethe
: dicunarol'(ag altefﬁgtiye dghydrggenase=ighiblyor), .
ddaethse (R AT u@awlas.gdtmumwﬁmu@%s@xﬁ&de%pﬁgstﬁé filsbline -
inhibitor). Al first line drugs were used at .
AR aspibltaly inhiBIAE Gstb® THRne fcefARN vhad TXFA N8pLcific inhibitor of
respective MC s in BCG. Significantly, no °
| iwhith @emdReieRSRodetit\TcRleld id £YPM] 1404 at e hecdad T8l
five-m nutes post-exposure for any of "'the first-line
is Hot $Gfprisihg 4s@iPinhibitadsecifally Rirkdd sticdi@Ed REpdrofAisORSmplex IT),
- exception was TTFA, a specific inhibitor of conplex
whith is wit inelgralierof tieTTAag e WiEeR BlifendRtd @apRx it TRRPEME is
l evel at five m nutes. This is not surprising:as this
- sevanély Ipighived. SY3@edstlt, aabbiyrebpitaged BecotExdinpaied, sIboMEUEOHEMRREE -
(conplex I'l), which is an integral part of the TCA '
ofdyiflLe. Wthout this enzynme conplex the TCA.cyele is -
severely inpaired. As a result, aerobic respiration

becamas OsARaEBL: thSLM SF9nd @&&E&QM&&!‘, U specific ATP synthase
" inhibitor DCCD. In compatison, other antimycobacterial agents failed to elicit a similar

effect. Similar studies were conducted with the following compounds:’



of ATP. Thus, OSA m m cked the effect of the

wel |- docunent ed, non-specific ATP synthase i nhibitor
DCCD. In conparison, other antinycobacterial agents
failed to elicit a simlar effect Simlar studies
were conducted with the foll owi ng conpounds: 7 p.np
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Testing of these compounds revealed similat results as was shown with OSA; that is,
tﬁey showed an ability to decrease ATP[M] Jevels at cortesponding time-points, as compared
with controls.

The OSA induced dectease in ATP level was accompanied by ovetexpression of hsp

~ (Rv0251c). Without limiting the scope of the invention, ti-nis suggests the possibility that the

heat shock tesponse tmay be linked to energy sensing/regulation in mycobacteria. Hsp
(Rv0251¢) encodes a relatively small protein .of 159 amino acids and is a tnember of the
Hsp20 or0-caystallin family of small heat shock proteins. Recently, Stewart et al (2002),
demonstated that hisp (termed act2 by the authors) was the most heat-inducible gene in the

mycobactetial genome. Hsp is also arranged in an appatent operon with Rv(250c and



Testing of these conpounds revealed simlar results as
was shown with CSA; that is, they showed an ability
to decrease ATP[M |evels at. correspondi ng

ti me-points, as conpared wth controls. The CSA

i nduced decrease in ATP | evel was.acconpani ed by
overexpression of lisp (Rv0251c). Wthout l'imti'ng -
the scope of the invention, this suggests the
possibility that the heat shock response nay be
l'inked to energy sensing/regulation in mycobacteri a.
Hsp (Rv0251c) -encodes a relatively small. protein of
159 am no adds and is a nenmber of the Hsp20 or 0 .
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fall into the Hsp20 class of molecular chaperones. Addluonaﬂy, sofne molecular chaperories .

are subject to redox-regulation. The complete functional role of the mycobacterial hsp is .

largely unknown. However, the possibility exists that this heat shock protein may play-a tole

"in enzyme-specific asseinbly / tegulation of ATP synthase or other associated complexes in
the tespiratory chain. Hsp may also represent a mycobacterial version of 2 redox-regulated

heat shock protein. ‘

The conclusion of OSA-mediated intesfetence in'central energy metabolista was -

further strengthened by the potentiation of activity with ethanol. Itis known that.

mycobactetia can utilize low concentrations of ethanol and other short chain alcohols as

catbon sources. Ethanol is a respiratory substrate, which is revetsibly oxidized to




NADH- ubi qui none oxi dor educt ase (conplex 1). Many of
t hese enzyne-specific chaperones fall into the Hsp20
cl ass of nol ecul ar chaperones: Additionally, sone
nol ecul ar chaperones are subject to redox-regul ation.
The conplete functional role of the nycobacterial hsp
is largely unknown. However, the possibility exists
that this heat shock protein may play a role in
enzyme-specific assenbly / regul ation of ATP synthase
or other ‘associated conplexes in the respiratory
chain. Hsp may al so represent a nycobactexial version
of a redox-regulated heat shock protein The R
concl usi on of OSA-nedi ated interference in centra
acetpldebyde With &b otricomitmitrduction RENALR byarghelelsbrirogyphe
otentiation of activity with ethanol It is known
Subprament oxigation abacetpldehydapieldsiarqtic agid; whirhdp ther regvattsddn acgsyl-
et hanol. and ot her short chain alcohols as _  carbon _
CofpinrandiSTP dependensireartiong Aretzhiodels 8 cyticsh mpelequletia cenfipljrpqtaholism.
reversi bly oxidized to 9. acetal dehyde with the
O@émemcaﬁ%c%mélcuwwwwpa@m £ geliag Frsepan ddus:
. Subsequent oxidation of. acetal dehyde yi el ds acetic _-
ethasphmetghelieen 2qdespiration atnivtercprascied é@@mmvwmﬁww
dependent reaction. Acetyl-CoA’is a critical nolecule
thptrp&eeqakmea@sqsf&empf-@?tﬁ’m igmarpplisgs mitechoydia@p aresply of
the TCA cycle drlves roductlon of cell'ul ar.
- inespspdproduction o keféi tpeleratadproten Frx thequgh the o
|nterconnected PreV|ous i nvestigators have shown -.
- regimtoriestinign TP/ Q aatienisersase frllowingeddtionofthieyol; Weid) iadipgtes an
- manmal i an _mtochondria as a result of _increased .
ingresserietergstic corveaRsimybetwepn respipation AP sypibesis. 4o thisdpdy, itis
proton fluxthrough the respiratory chain. ATP/ O
uqliafly that ethraplagd O5A share the snetaret iHaTewT dhmglidatedpreghCod
indicates an _increased energefic conver on betmeen
it Farworldde deisiedons it e mrﬂw Frtdha c?fsoth“
unllkely t hat .. et hanql and OSA_shar the sane targ
 copRREct Of the tepiraieyahug Fes dmpatietly jo. egye casg HoRpspL Of PSA
woul d beugﬁmeterlous to the cell in the event that ATP
conponents ‘of the respiratory chain

wer e |npa|red In such a case, potentiation of OSA
* Inhibition of ATP synthesis and mtc::t'ermce with cellulaz respiration could p:oducc

multiple downstream effects.“These include 2 decrease in the energy-dependent synthesis of . -
othet macromolecules, such as mycolic acids. P:éviousiy, we teported that OSA decreased |
mycolic acid levels in BCG, with no appa:eﬁt éffect on intermcéiates in this biosynthetic
| paﬁmy. Tlns obsetvation was in stark contrast to the pattern of mycolate inhibition
observed with thiolactomycin and cexulenin, known fatty acid synthase inbibitots. These
findings indicate that in_i:ibiﬁon of mycolic acid synthesis by OSA and other[1-
sulfonylcarboxamides could involve an altetsiative mechanism othet than fatty acid synthase
inhibition. | --

Use of compounds which can selectively dectease ATP levels, like OSA and

compounds I - VITL, will aid in treating both patients presently suffering frord TB (irictading
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and et hanol woul d be possible. Inhibition of ATP
synthesis and interference with cellular respiration
coul d produce rmultiple downstream effects. " These

i nclude a decrease in the energy-dependent synthesis
of ot her macronol ecul es, such as nycolic adds.
Previously, we reported that OSA decreased nycolic
acid levels in BCG with no apparent effect on
intermediates in this biosynthetic pathway. This
observation was in stark contrast to the pattern of
mycol ate inhibition observed with thiolactonycin and
cerul enin, known fatty acid synthase inhibitors. These

ntbmﬁnnmthmﬂuﬁata bidadal paieh hb. ARHLEH quitlel dieasd dlich may

synthe3|s by OSA and other 0 - sulfonylcarboxantdes

becOit dcuwasqlrysatanmaﬁ bdsibR o Bi &dagr than
fatty aci d synt hase - |b|t|on e of conpounds

acan sel ct| el d e e el s Ilke OSA.
and RS P “ﬁﬁﬁﬁﬁ g‘ BT BiPH such

=ire bl %tf%% i ptte%% %.S'n”% R be
_a{n%tq,gmsgcsiqtm% A58 AL CallTiecp DSGOTES SEL 'r%vgm,,ans

res un suppreSS|on § et > &Yt e
di sease. Such.conpounds rmay al so be used against a
var i Eeamet agspring totbe omeritign Avelves adminisering’s coppound which
avium.intracellulare, M leprae, M. par at uber.cul osi s,

desases ATR herélRigpieronteaiyns taﬁdremyntwebxeq&s

- humans and ani mal s, such as horse, cattle, sheep,
cwaflgman'&ma%wmbﬁpnamﬂémﬁ@aﬂdmu%w to the -
invent¥§£ i.nvol ves admi nistering a conpound whi ch
(sehepiapao sagetpslyehEtpettonalyeiogeriaeiisms to

atre tnent S e@@i Phar maceut i cal Cor‘r'pOSI tions
inprypss §* HoRIGHSE Atk fayh bt hicSiteted by

parent (subgut aneously, . i.ntrapuscul arl vy,
zﬁgﬁ§P?Fﬂn & ﬁ%ﬁ?ﬂ§%mﬁﬁ%rapleurally,

|ntraveS|cuIarIy or intrathecally), topical, oral,

r ec tBke compayafls argprefenbia Fartnbied ioplrenacatical neepsiiohadoathining

by the conpound, pharmaceutical carriér or disease.
the compound and a phax:maceuﬁca]ly acceptable carrier. The concentration of the active,
. agmt will depend on its solubility in the carrier, and may be readily determined by a petson of

dmaxy skill in the art. Stmilaﬂy the dose used in a partlculax formulation will be determined
by the particular microbe against which it will be cmployed. Thc pharmaceutical composition
may comprise other components, so long as they do not negate the effectiveness of the active
cempound. Pharooaceutical cattiers ace well lnown, and a pesson of skill in the att can select
the cottect oné(s) depending on the patticular route of administration.

Dose and dusation of therapy will depend on a vasiety of factors, including the

therapeutic index of the drugs, disease type, patient age, patient Weight, and tolexance of

toxicity. The dose will usually be chosen to achieve serum concentration levels from about 1

ng to 100 pg/ml, typlcally 0.1 gg/ml to 10 pg/ml P.tefembly, initial dose levels will be
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The conpounds are preferably fornulated in

phar maceuti cal conpositions containing the conpound
~and a pharmaceutically acceptable carrier. The

concentration of the active. agent will depend-on its

solubility in the carrier, and may be readily

determ ned by a person of ordinary skill in the art
Simlarly, the dose used in a particular formulation
W ||l be determ ned by the particular mcrobe against

which it will be enployed. The pharmaceutica

conposition may conprise other conponents, so long as

they do not negate the effectiveness of the active
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i % for a articul ar ‘éect can be det er m ned by
' 10, et HaRE B3 macol ogi cal

approaches |n vi ew of the above factors. The
r esponseThe epnipigund willzefivewrse, be sdminigeredragnilevol letputthe lovel that

-_ anal ysis of blood or body fluid | evels of the active
'ch%lpi %’v

3% thedubjectraedprefsrsblyiat vlevehbelpw thaywhich windd wemsdhinijnse
its levels in relevant tissues, or nonitoring the
vitg} fsediges. Jydminististion ta lengkthatdills Tovee of the patients kil which pan be
wi I | adjust the dose and duration of therapy based on
regeeried e fadometial sl dsadiexdededal ed by these
nmeasur enents. The conpound will, of course, be
adninistered at a |evel  bel ow the |evel that would
kill the subject, and preferably at a I evel below that

RMepgoul d irreversibly injure vital functions.
‘Administration at a |evel that Kills sone of the

| n || i ch
pat"I% E o Ce S ar%prg edtoﬂh:stmtc,butnothnut,d:escopeofthc .

invention.

' .MycoBa‘ctéﬁa and growth conditions. Mjm‘bamiwnrmbmlm} (HATRV) M.
bovis BCG (BCG, Pasteur strain, ATCC 35734) and M. smgmatic (mnc6 1-2¢) were used
in this study. Strains were maintained on Inwensteiﬁ—] ensen agar slants or Mddhbfook
7H10 agat plates (Difco, Detroit, Michigan). For all assays, BCG cultures wete gtown at

37°C on a rotaty shaker to mid-log Phasé (CD = Ago03 - 0.4);

Compounds. Stock and working solutions of #z-Octanesulfonylacetamide {OsA,

Craig Townsend, Johns Hopkins University; Baltimore, Maryland),
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regenerated (e.g., endonetrial cells) is not excluded.

EXAMPLES The foll owi ng exanples are provided to
~illustrate, but not limt; the scope of the

i nvention. Mycobacteria and grow h condi ti ons.

Mycobact eri um tubercul osis (H37Rv) M both BCG (BCG
‘Pasteur strain, ATCC 35734) and M snegnatis (nc2°6
1-2c) were used in this study. Strains were
mai nt ai ned on Lowenstein Jensen agar slants or

M ddl ebrook 7H10 agar plates (Difco, Detroit,

M chi gan). For all assays, BCG cultures were grown at
37C on a rotary shaker to md-1og phase (OD = A600 0.3

Conpounds. Stock and,war ki ng sol ution

dpcbehreSanrey PRk Hﬁfbaféﬂ*(’%‘?&mhﬂﬁ%%c%v&%‘eﬁas Y —
el e Barstih e o RSB,
rfltt%ghg'gafr?os; 6?%@%‘%@%5%@%%%&%%&@?
_ |nh|b|tor (lTTFAIz &N% to¥€$§nf aiégégyéﬁfgrya fatty
a0 58 e A it
é@?@ . i Pl B el R BEBY e e i
Slg ) we e pr red in stﬁrlle ter n|t|al tock
Jllpitjéfisubsequent %ﬁ?ﬁ?lons in sti???gagiter . '
P45 on of Compounds 1,11, 1V, VI, and VIII The
S e sSh e eal R oA e P
fzglolo%mﬁ?tllt he@%ﬁ%c u&rsee co?nep%%cisbs%ge& tE;3 s&ﬁ‘onyhm ecg]noxc acid

(“IX"), which was prepared following the pmcedufe described in J. Med. Chem. 2000

43(17) 3304,
Componnd I
| 00 @ ' ' 00 ©Q
ap 0 ' /‘\sl\)L —~b \M'>
. NAF M L
HIOH0l™ " OH HaReE N ] HOB TN

X | X B I
To a flame dtied round bottom ﬁask cqntzining 3 ml of dty methylene chlotide was
‘added 3-sulfonyhundecanoic acid IX, 71_50- mg, 0.6 mmol, and 1,1 cubopquiimiaazoze CD,
(102 mg, 0.63 mmol) undet an inert atmosphere. The mixture was stirted at _xooﬁ |
temperature for 20 minutes. 2-chloroethylamine hydsochloride (7. 3 mg, 0.63 mmol) was.
then added and the reaction stirred an addtuonal 3 hrs. "Aqueous w'orkq;p provide to crude
amide X (145 mg, 88%) in satisfactory yields. Amide X was used crade for further |

chesmistry. *H (CDCL, 300 MHz) 5 6.86 (bs, 1H), 3.87 (s, 2H), 3.67-3.65 (m, 4H), 3.15 (¢, ] =
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Compound I Oo00 0 ~~ tin 0.0 003 WC H2Ck' v 'oi

HaCt FhCk H 3CMA9I N IX X I To a flane dried round

bottom flask containing-3 nL of dry nethyl ene chloride

was added 3-sul fonylundecanoic acid I X, 150 ng, 0.6

mrol , and 1,1 carbonyidiimdazole (CDI), (102 ny,

0. 63 nnnf); under an inert atnosphere. The m xture was

stirred at room tenperature for 20 m nutes.

2- chl or oet hyl ami ne hydrochl oride (73 ng, 0.63 mMmoD was

‘then added and the reaction stirred an additional 3

hrs. Agqueous work up provide to crude amde X (145
ny, 88@@ in satisfactory yi el ds. Am de X was used

8%%5&_% 10 b By 120 B, 1*@ B8 B e APy A X 10
N T ————
S e o B 5

stirri,ng at a t ature for 2 his, the ture
exfRRgteR et ﬁﬁgﬁa wﬂaa%whﬁéw bagey h.

d%%ﬂ%giacetwganéThe gﬁ%anlc Ia er was gﬁﬂ@ﬁmnce mnth
P e bt 9%% 3@8@?@%@2

deS|red product gﬁh
mm 5@755(“ %(CD@» 60"%?12)2%937 (teJ @B 6(%2- 395 (332@53 ?51 (tJf 94
_ th 213 3.22 (t; = 8.2 Hz, 213),1.90-1.79 (m
1"12,1%15)‘); 12%6JF He,uzﬁl) lé’mi 7? (m2ED, 236—132 62 HD, 1308t230n; 125D,

. r 6.0 Hz, 3 M. Conpound |1 opd o
087 (t,J = 6.0 Hz, 3 H).

Compoua& o
) 2
| Hacauc)sg".o noT ”acﬁgﬁ\’m;«,’}é)
X : n 4

To a flame dsied round bottom flask containing 3 L of dry methylene chloride was
' added 3-sulfonylandecanoic acid IX (150 mg, 0.6 mmol) and CDI (102 mg, 0.63-mmol)
under an mctt atmosphere. The mixture was stirred at room tempetature fo:. 20 minutes.
_ Isomcoumc hydmzlde (86 mg, 0 63 mmol), was then added and the reaction stitred an
| addmonal 6.5 hts. The reaction mixture was concentrated in vacuo and crode hydmzldc 11
| purified by flash chromatography (98% EtOAc/2% acetic ac:td) to gwe a white solid, 122
mg, 56 %.'H (DMSO-4,, 400 ME) 5 10.98 (bs, 1E), 10.57 (bs, 15), 877 (bs, 2E), 7.78 (dx -
8,7, = 1.2 Ha, |, = 5.4 Hz, 2H), 421 (5, 2E1), 330 (t,] 8 Hz), 1.76-1.68 (m, 2H), 142134

(m,ZH) 1.30—1.23(113, 12 1), 084(t,] 68Hz)
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H3CP42C) (~ OH H. fit2c)9 H O LX Ui N To a flane
dried round bottomflask containing 3 nL of dry
nmet hyl ene chloride was added 3-sul fonyl undecanoic
acid I X (150 ng, 0.6 nmml) and CDI (102 ng, 0.63 mmol)
under an inert atnosphere. The m xture was stirred at
room tenperature for 20 mnutes. |sonicotinic
hydrazi de (86 ng, 0.63 mmwol), was then added and the
reaction stirred an additional 6.5 hrs. The reaction
m xture was concentrated in vacuo and crude hydrazi de
Il purified by flash chronmat ography (98% Et QAc/ 2%
acetic add) to give a white solid, 122 ng, 56 %' H
(DVSO-d6, 400 MHz) S 10.98 (bs, I111), 10.57 (bs, 11),
8. 77C-e11930un£11’§) 7.78 (d x d,J1=12Hz, J2=5. 4Hz, 213), 421
(s, 2H), 3.30(t, J;8FE),1.76-1.68 (m 2H), 1.42-1.34
(m 2H), 130-123( 2Pl FD,O.84(t,J:6#$£%$i%4HCbnpound IV
. quo fo~ ct euooLdys H3C(HZ. C) k )9 o ..
IV To a.-flane dried round bottom fl ask ntalnlng 3
mL of dry methyl ene chloride was.adfled -
3-sul fonyl undecanoic acid, 158.4 ng (0.6 nnDI) and 1,1
car bonyl di i m dazole (CDI), 115.7 ng (0.72 nmol), -
undéToaﬁmmnkmdnmnmbapha&sk cofitning 3 Lioé dyaeetislane cidcridetwas
room tenperature for. 20 m nutes. 2-FRuroic hydrazide,
m&ﬁddgmﬁﬁwﬂéﬁwnmm#mdMﬁﬁﬁm@ﬂﬂGaddﬂumahﬂlwﬂthﬂdmndﬂbEQGDD,
stirred an additional 3 hours. The reaction mxture
.- 14%Bmg (073 tregbwividar atitett atmagpbtat Thamottesdsetiredviteeooni t h
saturated sodi um bi carbonate, three times with dilute
wﬂ@qmumabdﬂbmw@wwwﬁﬁummahﬂhzdixﬁomqﬂﬂ7Zh@M®rganmesmﬁkﬂfmi

dried with magnesi um sul fate-and -
the reaction stirred an additional 3 hours. The reaction mixture was diluted with ethyl

acetate and washed twice with saturated sodium bicarbonate, three times with dilute FICL,
20 once with satorated NaCL The 6rganics weze dried with magnesium sulfate and
concentrated undet reduced pressure. The crude ptoduct IV was recrystallized from
BtOAc/Hex (3:1) to give a light brown powd;.r (147.mg, 66%); mp 130-131 °C; "H (DMSO-
4, 400 MHz) 31053 (5, 1H), 10.38 (5, 1H), 790 x 4, J;= 0.4 Hz, J, = 1.6 Hz, 1H), 724 (d -
x4 T4 =0.6Hz, J2 = 3.4 Hz), 6.65 (dx d, J1 =1.6 Hz, |2 = 5.6 Ha), 417 (5, 1H), 3.28 (& ] =
7.8 Ha, 2H) 175167 (m, 2H), 142133 (m, 2H), 1.30-1.23 (m, 12H), 0.84 (5 ] = 6.8Hz,

3H).

Compound VI

o\vp [4] . 0-}40 SEETEE
Hicpo ~Pon ———— HactHac)fVlLH-"\C |
X - o ol

‘To a flame dried ;onnd bottom flask containing 3 ml. of diy methylene chloride Waé

added 3-sulfonylundecanoic acid {163 mg, 0.62 mmol), CDI (113.9 mg, 0.74 mmol), under
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concentrated under. reduced pressure. The crude
product |1V was recrystallized from EtQAc/Hex (3:1) to
give a light brown powder (147. ny, 66%; rap 130-13.1
C, 1H (DVBO d6, 400 MHz) 610.53 (s, 1H), 10.38 (s, 1H),
7.90.(d x d,- J,= 0.4 Hz,J2 =1.6Hz, 1H), 724 (d

xd, J1=0. 6Hz, J2=3. 4Hz) , 6. 65(dad, J1=1. 6Hz, J2=3. 6%&),4.17
(s,111),328(t,J: 7.8 Hz, 211),1.75-1.67 (m-
211),1.42-1.33 (m 211), 130-1.23 (m 1211), 0.84 (t,
J=6.81-h, 3H). Compound VI H aC®2CV bH H3c(H2 HH 1Ix
Vi /| Cl1 To a flanme dried round bottom fl ask contalnlng
3 mL of dry nethylene chlorlde was added .

m?T§?%£gqﬁgg 0. 74£RE£F% %63ngghﬂﬂ3Wﬁ?gmgg%ﬁﬂ§ﬁhere
TRl dﬁ%r&még{nrﬁd by yohiondedits
e B e Pl b e ode
P‘ﬁ&q‘%ﬁa‘gﬁ%hﬁg‘dﬁiiﬁa%r A L A L A

© . 4BY D\EQ 46, 400, M) 610,13 (d, J = 2.4
y“ﬁ?ﬁ ﬁf%ﬁb‘g 49&% 31043;!3:1 =1—%4H5H3H)78 184d,) éZM—Izgth) 7.18-

1) 4:12(s, 2H), 3.24 (t: J = 7.8
7‘%& @ﬂ;ﬁ*‘r’@i&%@{ﬂ Hz‘lZ(s D244 (t) I 7414, 3B 1714-1.66 Fiz (m, 25D,

130- 1, 23 1211), 0.84 (t, | = 6.8 Hz, 3 H).
1‘@‘%&8&% %ﬂ%u@ 0:84 (H68 He) 3 B} H30u4c) a- N ( 1

I X Fi ~n o
Compound VIIX
Q\‘,P o 0\\3110— o - :
H3C{HC)s” OH Hacﬁizc)'f\’l( -
M

To a flame dried round bottom flask contammg 3 L of dry meﬂxylene chlondc was
added &mﬂfonyhndecanom acid (300 mg, 1 5| mmoI), CDI (214 mg, 1.3 mmol), undct an
‘ '. inert atmosphere. The mixture was stirted at room tempmture for 20 simates. TEA
(154 HL, 1.1 mmol), and methyl glycinate hydrochloside (138 mg, 1.1 mmol) were tht;r.ti |
added and the reaction stirred an additional_4 hours. The cmdé ester i wa;-. putified by
 flash chromatography (50-100 % EtOAc/Hex) to give a white solid (202 m‘g, 56 %); mp 82-
84°C;'H (CDQ,,400MHZ) 8713 (bs, 1H), 4.07 (d,] = 6 He, 2H), 3.93 (s 2H),377 G
3H),3.23 (¢, ] = 8 Hz, 2H), 1.90-1.82 (2H, m) 1.46-1 40 (t0, 2FT), 1.30-1.25(111, 12F),087 @,
J=68Hz, 3 H); C (CDCI,, 100 MH2).

Preparation of Compound ITI
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To a flane dried round bottom flask containing 3 nL of
dry nethyl ene chloride was added 3-sul fonyl undecanoi c
add (300 ng, 1.1 noron, CDI (214 ng, 1.3 mml), under
an inert atnosphere. The m xture was stirred at room
tenperature for 20 mnutes.. TEA (154 L,1.1 mol ), and
met hyl gl ycinate hydrochloride (138 ng, 1.1 mmmol) were
then added and the reaction stirred an additional .4
hours. The crude ester VIII was purified by flash
chr omat ogr aphy (50 100 % Et OAc/ Hex) to give a white
solid (202 ng, 56 "/0); np 82- 84 C, 1H (CDO 3, 400
MHz) S 7.13 (bs, 1H), 4 07 (d j = 6 Hz, 2H), 3.93 (s,
2H), . 3. 77(s, _ 311), 211)., 1.90-1.
(2H T%W?P@B‘df”%“(’ﬁfd lzfé)sfeﬁmsbﬁf‘s Eg%ﬁf 3%@?“‘?%
= 6.8 Hz, 3 H); Preparat|on of
&m@m@y@e—wb&@ﬁ@&é@ﬁ%ﬁﬁﬁbm@c BF‘@ (af5aC{5rmay bs
step-synthesis. by first preparing conpound 7 from
prépa)dbmdwﬂoéhmf\}ﬁ-tﬁﬂeﬁﬁpée%gﬁ@ﬂ octyl - 4-carboxylic'"
acid (C75). Cl15 may be . prepared by as set forth in
U S. Patent No. 5,981,5755i H H3CMZWoOH 7 To a
solution of C75, (30 ny, 0/Ig nmmol) in CH3CN(09 ni)
was added his ('2- OXOndmegX bl ) phospbi ne oxi de
(91 7ng, 0.2 mmol ), ethanol®%nine (7.8 1, 0.13 mmol)
%o 1t bPCHD (Wml0.129aBolHUE, N 9 HE) 8 4dbD8s (Bbro-3-

wed to stir for 30 mn at. H ﬂm m Xt ure was

I i
°’§9‘¥§’?§%H3%%°?’§§? AL 00hm Et 2 (3 X 15 d%;h!@ {346l and

6AGE, )C Snflioh 3s APt s f rlsb%jﬁ%rt. The’
e\?gzgor at e‘%%ﬁ%ﬁ %ﬁl\r&?ﬁat ogr aphed (35% Et OAC/ Hexanes)e to

| It S tracted
mgﬁ}régnat ogr a%% Z(s élgg%{%g:%%%glrgfsﬁ?o 6(%1% i—‘C]SIA)cﬁlmzd %x with

Bt; }} Rl VG 388 m%ﬂﬁcs were dried (MgSO4), filtered, evaporated and ‘

chromatographed (35% EtOAc/Hexanes) to give compound 7 (32 mg, 91%) aftcr flash A
chromatography (50%EtOAc/Hexanes-100% BtOAC/2% CHLCO,H).'H NMR (300 MHz,
CDCL) 8 0.86 (t, /= 6.9 Hz, 3 H), 1.24 (s, 10 1), 1.35-1.43 (m, 2 H), i.%1.75 (m, 2H),
3.40-3.57 '_(m, 3 H), 3.74 (t./=5Hz, 2 H), 4.'73-4.79 (dt, J=5.7,7Hz, l'fi), 5.82(@,J=

in, 1H), 6:42 (d, J=2 Hz, 1 H).

0 ,
rwmwgfginyﬂﬁravﬁ»’
15 NN

To 7 (44.9 mg, 0.15 mmol) in CH,CL, (0.7 mL) was added dimethylaminopyridine
(DMAP, 4 mg, 0.03 mmol) and allyl isocyanate (200 L, 0.22 mmol) and the solution was
allowed to stit at room temperature for 1 h. The mixture was poured into NH,Cl (sat 10

mI) and extracted with CHL,CL, (3 x 10 mL). The organics wete combined, dried (MgSO))
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CDCl) 8 0.86 (t, J=6.9 Hz, 3 H),1.24 (s,10 H),
1.35-1.48 (m H),1.64-1.75 (m 211), 3.40-3.57 (m
311), .3.74 (t, J=5 Hz, 2 H, 4.73-4.79 (d4 J=5.7,
7Hz, 1H), 5.82 (d, J= 2 H7,111), 6.42 (d, J= 2 Hz,
1H. 0 HacM o O To 7 (44.9 ng, 0.15 mmol ) in CH2d 2
(0.7 nmL) was added di net hyl am nopyridine (DVAP, 4 ny,
0.03 nmol) and allyl isocyanate (2011L, 0.22 mmol) and
the solution was allowed to stir at roomtenperature
for 1 b. The nmixture was poured into NH4C (sat 10 ml)
and extracted with CH2G2 (3 x 10 nmL). The organics
were conbined, dried (MgSX) 17 and evaporated to

ovi de c¢rude | ash chromat ogr aph ég)tOAc
284 “‘i"sﬂt‘;ésnﬁ'“hﬁ%m‘%mﬂhﬂf{‘@ oA ——

5'”25121\4}( 124 (m Hy, 1.35-1.48 =
m_gﬁ%ﬁ)l WW%@%’L(&I a=06 I(imﬂl)kbz%(nsmHB 183148
%378 Q5.2 Hz, 2 H; 4.20-421 (m 2 H),
, (174, 1A, 1.6 7?@,2 -33-3»4@@,(1&9,3411-&?2 (05 26D, BT, | t‘:lﬁ»ﬂﬁ;l)l H),
5, 75-5.86 (m1 ‘
4@"-#@& (o, 2H9), $75-4TRfm. 338 496 Gp 131509520 (RREP T TS, 86r{mot H),
z{)ounds V and VIl This conpound was prepared in a
539 kb he 3i3Hnilth, &3hdnle23 8% 1 H.ernedi ates. In the
first step, conpound 23 was prepared as follows: Wb
To aPWHPQOB‘FOIEPMSW@WL 6.20 mol, 1 Min THF)
in THE (9.7 nmL) at-78 C was added ()-1(1.00 & 5.75
mol ) in W@OWT@FW%W%ES@WWMM@M@
resulting solution stirred for 30 mnnutes.- -78 C.
I“I'ﬂ?éﬁmﬁ?ﬂ meP?qﬂFllzéFesl(tiBa@@agfoﬂQWQO mmol ) in THE (4

$ o

To a mixture ofLiHMDS (62mL, 6.20 mmo!, 1 Mm’I’HP)m'I'H:F (97mL) at—78 °C was
addcd 101 00 2575 mmol) n THF (9 60 mL) by cannula dtopw:se, and the tesulting
solunon stirred for 30 minutes. at 78 °C. '[hen octyl tnﬂzte (1 63 g, 6.20 mmol) m'.[‘HF “
ml) at—~78 °C was added via cannula, Aftet stmmg at—78 ‘_’C for 2 houts, 1 N HCI (10 L)

was added and the soltion was extracted with Bt,O (3 x 15 mL). The col:ﬂﬁne‘d organics
wese dred (MgSOQ, filteted and e&ai:omtcd. Flash cb..romatogmphy (2% EtOAc/ Hexan&e)
. gave pure 23'as a 2:1-6:1 mixture of separable diasteteomess (1.33 g 81%). ' NMR (300
MHz, CDClL) 8086 (t,] 65Hz,3I—I),099(s,9H) 1.24-1.26 (m, 12 H), 1.54 (5, 3H)
- 1.72-1.84 (m, 2H), 5.13 (s, 1 H); "CNMR (75 MHz,CDCl:,) 5 13.9,22.6,24.9, 25.1, 25.9,
29.2,29.3,29.5, 31.8, 35.2, 41.2, 553, 86.5, i??’.’l. TR (NaCl) 3443, 2929, 1829, 1769 cm™
| Analysis Calenlated. forC,GHMOZS C, 67.0; H, 10.6; Found: C, 66.3; H,10.5 I-IRMS(EI)
m/z calouhated for C,H,,0,5" (M*) 286. 1967 obsd..286,1969.

Then, compound 26 was prepared:
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m.) at 78 C was added via cannula. After stirring at
78 Cfor 2 hours, I NHA (10 nL) was added and the
solution was extracted with Et20 (3 x 15 nL). The
conbi ned organics were dried (MgSO4), filtered and
evapor ated. Flash chromatography (.2%t OAc/ Hexanes)
gave pure 23 as a 2:1-6:1 m xture of separable

di astereoners (1.33 g,'81% . 1H NWMR (300 MHz, CDC 3)
8 0.86 (t, J=6.5 Hz, 3 H, 0.99 (s, 9 H,1.24-1.26
(in, 12 1-1),1.54 (s, 3 H, 1.72-1.84 (m 2 H, 5.13
11-1); "C NMR (75 MHz, CDCl 3) 813.9, 99 24.9,25.1,25.9,
292,29.3,29.5,31.8,35.2,41. % 55. 3,86.5,177-7. IR :
(NaCl) 3443, 2929b1829,1769 cmel; Analysis Calcul ated
for CL6H30OZS: #C, 467, 0; H, B : C 66.3; H
105. HRVS (El) “CHPtul.at edaf 6r C16H30ORS+ (M)
286. 1967 obsd. 286. 19&9.  Then, cé&mpound 26 was

o BB B Al 8y RS sl B o 28 FRIH, 840
o it er O D ER MBS i T o
5 LS A TP o s
g la S o bl St aBLo i
T ESHEELALLI RO, (3 Xah8 Bl o288 RO g0 it

vapodtated to give cru [ved in
A AP oAt o
eSS0 g B AR S o
AR HEL badd P o st o .
combined organics wete dried (MgSO), filtered and evaporated. Flash chromsitog_:aphy 6% |
RtOAc/Hexanes) gave pute 26 (542 mg, 79%). 'H NMR (300 MHz, CDCL) 8 0.87 (6 J=
69 ¥z, 3 H),; 1.22-127 ;15 H), 1.61 (5,3 H), 1.75-1.84 (m, 2 H), 2.26 (5, 31D, 418(q,]
=71 Hz 2 H); PCNMR (75 MHz, CDCL) 8 13.9, 14.1, 22.6, 254, 24.4, 29.1, 202, 29.6, |
30.3, 31.8, 38.3, 55.8, 61.5, 173.1, 195.8. IR (NaCl) 3430, 1868,‘1 693, 1644 cii’; Analysis
| Calculated, for CHRzOsS: C, 62.5; H, 9.78; Found: C, 62.6; H, 9.83. |
| From compound 26, compot-md 32 was prepated: '
. o
® H
O, = |
"To 26 (500 mg, 1.7 mmol) in toluche (27 mL) at —78 °C was added LIHMDS (43 *.
L., 4.3 moemol, 1.0 M in THE) and the solution was allowed to slowly watm to—5 °C. The
solution was then pouted into 1 N HCI (40 rul) and extracted with EtOAc (3 x 25 ml).
The combined organics W.fm:e dried (MgSO)), filteted and evaporated. Flash chtomatqgtaphy

. (20% EtOAc/2% CH;COJ—I/ Hexanes) gave 32 (308 mg, 73%). "H NMR (300 MHz,

19



Et OAc/ Hexanes) gave pure 26 (542 ng, 79% . 1H NWR (300
MHz, CDCI3) 8 0.87 (t, J = 6.9 Hz, 3 H" 122-127 (m
15 H),1.61 (s, 3 H, 1.75-1.84 (m 2 H), 226 (s, 3 H),
4.18 (g, j =7.1 Hz, 2 H; 13C NWR (75 M1z, CDC 3) 8
13.9,14.1, 22.6,23.4, 24.4, 29.1, 292, 29.6,
30.3,31.8,38-3,55.8,61.5,173.1,195.8. IR (NaCl)

3430, 1868, 1693, 1644 au r; Analysis Calcul ated. for
Cl5H28S: C, 62.5; H, 9.78; Found C,. 62.6; H, 9.83.
From conpound 26, conpound 32 was prepared (z) ACthk
32 P,d ON To 26 (500 ng, 1.7 moD in toluene . (27 nlL)
at 78 C was added LiHVMDS (4.3 m, 43 nmol, 1.0 Min

AT B e
i s
LT ST
P RN om0 i s 8530

AEAE ol R s iRl &) ﬁvé%fsgac?. m@%ﬁ?ﬂ%ﬁ‘*"

87 (| n,. ; 13CNMWR
OB U Bough G efs RE0010 -
814. 3 -30. 6 30. 8, _
14-7°% ?%é‘%@%‘z‘i%‘%% 39.8, 61,3,103.1
(m, 189.8,197.8. IR (Nad) $422,1593 cm1; Analysis ,
Cal cul ated for C13H22Q .: H64.4; H 9.15; Found: C,
64.3; H, 9.10: Then, | nd 50 was prepared: (t) H
QA : , HyC 0’},0131:

0 Q

From 32 (60 mg, 0.25 mmol) and I‘ert-butyl bromoacetate 3 El L, 0. 49 mmol) fo]lowmg

genesa proceduze H, was obtainéd 50 (62 mg, 70%) afte: flash chromatography (15%
FtOAc/Hexanes). "H NMR (300 MHz, CDCL) 5 0.86 (t, ] = 7 Hz, 3 H), 1.24 (s, 12 H), 1.49
(5.9 H), 1.68 (5, 3 H), 1.83-1.86 (o, 2 ), 443 (5, 2 H), 5.19 (5, 1 H; BC NMR (75 MHz,
CDCI)O 140, 226, 252,263, 281, 292, 293, 295, 31.8, 38.9, 59.7, 685, 8.4 1021,

165.2, 185.5, 1934, Analysis Calculated for CyH,0,8: C, 64.0; H, 9.05; Found: C, 645 H,

9.08.

Next, compound 53 is prepared as follows:_ '

4‘-‘1‘:&\&"
“UURE o on
- I
To 50 (65 mg, 0.18 mmol) dissolved in CH,Cl, (1.4 mL) was added
triflaoroacetic acid .(I'FA) (0.7 mL) and the solution was stizred at oom temperature for 4
houzs. The solvents were evaporated and the crude mateal was chtomatographed (20%

EtOAc/2% CH,CO,H/Hezanes) to give pure 53 (48 mg, 89%). 'H NMR. (300 MEiz,
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the 0-~-0tBu so O From 32 (60 ng, 0.25 nmol) and
tert-butyl bronpacetate (73 O1, 0.49 mmol) foll ow ng
general procedure H, was obtained 50 (62 ng, 70%
after flash chromatography (15% Et QAc/ Hexanes).1H NMVR
(300 MHz, CDCI3) S 0.86 (t, J=7 Hz,3 H),1.24(s,12 H), ~
1.49 (s, 9 H,1.68 (s; 3 H, 1.83-1.86 (m 2 H, 4.43
(s772 H), 5.19 (s,1 H; 13C NMR (75 MHz, CDCl 3)0O
14.0,22.6,25.2, 26.3, 28.1,292,293, 29.5, 31.8, 38.9,
59.7, 685, 83.4,1021, 165.2 185.5,193.4. Analysis

Cal cul ated for Cl9H32O4S: C, 64.0; H, 9.05; Found: C
64.1; H 9.08. Nest, corrpound 53 is prepared as

w&g{ﬂﬁ?%§%q% 11( trl 4@(()%3!—2’{?38)(&?: (TFA)
" (é;gzﬁ%r at F%‘Zﬂ?@%@% ent ﬁ&é?g&emv%asp}ogﬁalt ed .
‘%?%&?%%éﬁ%&%%ﬁ‘wﬂé@né@@ 168 R BRI IR o e
*Eéf@%%‘%ﬁ% é%‘%fi‘i%?g -”%ﬁ"r%i?%%“%“*l‘ﬁﬁ (s,

H) ﬁ‘mlﬂyséo&l cgﬁpo d ’ﬂr vﬁggkﬁated’g 12 codisd schitiont (d\AC)

75 Mz, ’3) 14.1 25.1, 26.1,

Bt é%ég«%ggﬁzw% e e

@g % C. GOYgHJ Hw%(%%t) I na Iy, %Erl m con‘pggr%&)%on’

O 1 LIt
ST P 5 T e

lﬁgp@zg allfed 16 Shdd W8 bbb ﬁ[ﬁg LRPMr 1'0:312 h. 'I'he solutlon was pouted
et hyl car bodi i m de hydrochl orlde (EDQ (128 ng, 0.4
iBYNELCL BYBIT, 428404 eactd BB CFIRL, X3 x 10 ml). The combined organics

* were dried (Na,SO}, fiteted and evaporated to give crude compound V. Flish
_chmmacogmphy (10% EtOAc/Hex) gave pute compound V (91 g, 68%). ‘H NMR (400
MEz, CDC],)8084(t,] 6.6 Hz, 3 H), 121 (m, 11 1D, 143-1.47 (m, 1 1, 1.66 (5,3 H),
181-1.86 (m, 2 ), 464 (, 210,542 (5, 1 ), 647 44, ] = 1.6,3. 6 Hz, 1 H),7.16 (d, = 4
Hz, 1 H), 745 (m, 1 H), 9324, ]- 4 Hz, 1 H), 9.44 (d, ] = 4 Hz, 1 H); ®C NMR (100
MEz, CDCla)S 14.0, 22.6,25.3,26.0,29.2,29.3,29.5, 317, 38.8, 59.7, 69.1, 103.0, 1123,
1165, 145.4, 145 4 1564, 164.2, 184.8, 1939,

o Compound VII was also prepared from compound 53, as follows: To 53
(100 mg, 033 mmol) and 4—chlorophenylhydramne hydrochloride (76.8 mg, 043 mmol)
fo]lowiﬁg the samc;. general procedure as was used to prepare cdmpounci v (7 4 mg,A 53%)
after Hash chromatogeaphy (50% BtOAc/Hex). " NMR (300 Mz, CDCL) 8 086 (t,] = 6
Hz,3 H), 124 (m, 11 H), 1.46-154 (m, 1 H), 1.71 (5, 3 H), 1.82-1.90 {m, 2 H), 457 , 2 H),

539 (5, 1), 6.75 (4, ] = 8.8 Hz, 2 H), 7.18 (4, ] = 88 Hz, 2 H), 7.38 (5, 1 H), 8.09 5, 1 H;

C21.



and 2-furoic hydrazide (54 ng, 0.43 mol). This
m xture was stirred at 0 C for 30 m nutes, then was
all.omed to warmto roomtenperature and stir for 12
It. The solution was pouted into NHAC (10 nl, sat)
and extracted with CH2A 2 (3 x 10 m ). The conbi ned
organics were dried (Na2SO4), filtered and evaporated
to give crude conmpound V. Flash chromatography (10%
Et OAc/ Hex) gave pure conmpound V (91 ng, 68% . 1H NWMR
(400. MHz, CDCl) 8 0.84 (t, J=6.6 Hz, 3 M '121(m 11
FD, 1.43-1.47 (n11 H,1.66 (s, 3 H,  1.81-1.86 (m 2
, 4.64 (s, 2 , 5.42 (s, 1 , 6.47 (dd, J=1.6, 3.6

| t("gmi(rbbmiz,éﬁcgfg 14r2i6 éﬁf‘h%,@é%ﬁ%is% e—,sag—;

1M‘£ 114@%&6&0 1%3984‘172@26563 1965%%31093312 aéB 2857, $695; 16?.95609

1165 145. 1, 145: 4, 156. 4, 164. 2, 184. 8 193. 9. Conpound VI |
was al so prepared fronrconpound 53, as follows: To 53
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A ki ok o i X
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'a%@-ﬁ‘%r%ﬁ%mﬁm (e wa@%ﬁ%ﬁ&%‘oﬁ Tacd

ol i, %t iflonfor s it by ety Lol dog Ugor 30
L300k B b ks bR BB, L100, WD)
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Bl e o Sl it

5 an%@%qgmﬁgﬁg#]i cergﬁﬁgln 24 qﬂ£L%%%%FEF”&and

treated cul-tures; respectively.: -Follow ng addi ti ona
Marrlaa i 500 W EhacpslytedPhasmegisfiete efpchy RiscatayayydNewdpaen warsded

m aliquots of cells were harvested by centrifugation

| SE$81808, phegyifichylSlionyt Bowild GMSH (i 60 jiglalend lemoptird(2

and the process repeated once using | X PBS. The
jig/ml) (Sigma) were also added. Mixtures containing cells and lysis solution were

bcadbeatcn at maximum speed for 6:) seconds in a Biospcc Mini-8 beadbeater 'usiug 260-300
pm glass beads {Sigma). This process was repeatcd twice per sample with 30—second intervals
on ice between agltauons The contents of each tube was oentnﬁ:rged (13 000 X g} a
minimum of 30 seconds and the protein-containing supernatant removed. Protem
coneentmtion was determined usmg a stnnda;tdlzcd colorimetric assay (Coomassie Phts,
Pietce, Rocr%foxé, Hliniois) and BSA standseds (Pierce) in a Shimadzu UC-1201
spécttophotoﬁeter. Quantitated samples_-werc aliquoted and frozen at -70°C.

Protein assays: time-course. Stock BCG (500 ml) was splitinto 150 ml aliquots

and eithes DMSO or OSA (100pg/ml) wete added to respective control and treated cultures




cellular contents of each tube were divided into 2 to
3 Eppendorfs (roughly 3 to 5 OD units per tube), and
250 | of a lysis solution containi-ng 3Murea (Sigma),
0.5% Triton X100 (Sigma), 500 tug dithiothreitol
(DTl') (G bco BRL, Life Technol ogies, Gaithersburg,
Maryl and) and 500 pl Pharmal yte (Pharmaci a Bi otech,

Pi scat away, New Jersey) was added. .Subsequently,
phenyl et hyl sul fonyl fluoride (PMSF) (Sigma) (100
g/m) and leupeptim (2 g/m) (Sigm) were al so added.
M xtures containing cells and |ysis solution were
beadbeat en at maxi num speed for 60 seconds in a

el i RO oL bt | e 2%3@53“%3?%%?“&_
éé?éfp%fqﬂsﬁg“thh%ﬁrf%ﬁ%@°° Tt %—re%ﬁﬁ SRl BShEHPRgdy
BB AR 16 AU BP i G P RVR THI e

e PP S By T Bpd o fenpi S ke Rock or

Il'linois) and BSA standards (Pierce) in a. Shjmdzu

UC- 1Ergtein assamst -Diaclstanghseqienciag ante%&Wmom@v
~aliquoted and frozen at -70C. Protein assays:-

. 290 ppof ewh psacin SrpbBEB{cE Gith akilutiga sontahing 8Mmres, 0.5 'Jhilton X-
aliquots and eitherDVSQ or OSA (100g/m) were added
1000 PERS RS B11U,DTR aikd Dlewghiths bf BRb@Ehdiol Bhid (8i§ma)3240 1l total
foll owed by incubation and aeration at 37C for 1 hour.
véthiaeeatysie)( 20is B hSusEPIRMG Gate b RBE prejitdddtSlatiide pH
hourly |ntervals during the-first 4 hours post
sBphbion 490 oCRURRUNGom hbchin@Xbsing nhdniRctieldimdak phéodl
and 48 hours. Cells were harvested by |ow speed -

b Biogah). @amplty et dafd Stripswat SibsdgRendly Sibijdcteddo 2 2-
-water, ~and frozen at -70C. Protein assays: 2-D gels
dinitdsiGRN 6@ galGysein fodrdi) ieduntladigel fotoco(PhanhdmBieterh) [first

250 g of each protein sanple was m xed with a sol ution

dRQAticH -NigNHgud M 10PE Folldked by @quilibiati i o fndividial peFtdps B4 Ydhetion
- 3-10, DIT, and a few grains of Bronobphenol blue

| c&mm(ﬁélqpnk 8§, Qkea (M) B LHIEASB Biehk), STIE (1Smndlf) (ifina) and

was used to rehydrate connerC|aIIy prepared aerylam de .
citiee DTI' or iodoacetamide (S:gma), respectively.] Following equihbmuon, strips were applied

'- to commctclally prepated acrylamide gels (245 x110x05 mm, gradient 8-18%, Pharmacia) and
mumn for 2 houts at 15°C followmg manufactmcr’s standar_d protocols (Pharmacia). Molecular_
weight standacds (size mage: 14 KD to 200 kD) were putchased from Gibco BRI, Life
Tedinblogics and 10 plloaded per gel. Visualization of pioteins was done by Coom;lssie blue .
(Sigma) staining of gels overnight. Bxcess stain wa.s':emovcd with 2 to 3 v.rashas of
methanol:wateracetic acid (9:9:2, Sigma). Proteins of int;arest from 4 gels wete pooled and the
e:;:cised gel frapments were washed twice in 50% acetonitrile. Subsequent protein sequencing

~ was done by Harvard Mictochemistry (Cambridge, Massachusettes).



strips (gradient 4-7) overnight at roomtenperature
usi ng manufacturer's standard protocols (Pharmacia

Bi otech). Canpletely rehydrated strips were _
subsequently subjected to a 2- dinensional protein ge
system according to standardi zed protocols :
(Pharmaci a. Biotech) [first dinension -16 hours at

20C, followed by equilibration of individual ge

strips in a solution containing Tris-HC (pH 6.8),

urea (84, glycerol (309@ (Sigma), SDS (1 ng/m))
(Sigm) and either DTlI' or iodoacetam de (Sigm),
respectively.] Follow ng equilibration, strips wer e
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t6 4°C. Reaction products were evaluated by agarose gel clech:ophoxcsxs.

Southetn hybridization. PCR products were transfetred onto nylon membranes
(Roche Diagaostics, Indianapolis, Indiana) by Southern blotting with 20X SSC.
subscgamﬂy, individual membtanes wete hybridized with 2 gqle-s_pec::iﬁc Dlgoxtgemn 11-
dU'I'f Ibeled PCR fragment at 42°C ;:vetnight Pxoi)e was ﬂ:xen_movcd and the
membrane washed in both low (2X S5C, 0.1% SDS) and high (05% SSC, 6.1% SDS)
 stringency buffer at soom temperature and 68°C for 15 minutes (twice), sespectively. The
Dig ibeled smcleic acid was detected using a commescially available chemiluminescest kit

(Roche).



PCR protocol PCR anplification was perfornmed in a
Perkin El mer 2400 thermal cycler. Each PCR reaction
contained 2 pl of cDNA -2.5 mM MgCl, 02 nM dNTF' s
(!'nitrogen), and 2.5 units of Taq Pol ynerase
(I'nvitrogen). Anplification paraneters involved 30
cycles with 1 mnute at 95C, 1.5 mnutes at 60C, and 2
m nutes at 72C. Elongation was carried out at 72C for
10 m nutes. Subsequently, the tenperature was set to
- 4C. React-ion products were eval uated by agarose gel
el ectrophoresis. Southern hybridization. PCR products
were transferred onto nyl on rrerrbranes (Roche
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distupted by bead-beating with 200-300 pm ghss beads in a8t ATP extraction bafféx (100
mM-Tis, 4M EDTA, p}i 7.5) at maxinwum fotce for a total of 2 minutes. Cellulas

debris was removed by ceatrifugation (13,000 xg for 15 minutes), and the ATP

containing supernatant teansferred to 2 clean tube. A commercially available ATP
:biohmzincsccnce assz;y (Roche Diagnostics} was used for ¢Mﬁon of ATP -levei in
treated versus control samples. Relative light units weze teasured on a Wallac Victor > ™
luminometer. Colony counts (CFU’s / ml) were determined for each c-ulmre Bjr plating
aliquots to M7H10-ADC agar, and incubating for 3 weeks in 5% CO, at 37°C. ATP level
3 [M] was calcalated per CFU of treated veﬁus untreated groups; relative [M] ATP Wéxe

then calculated by normalizing treated values to controls. Statistical significance was

 calculated using a 2-tailed students’ t-test.
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Initial single and nmultiple tinme-point assays were
earned out by renoving culture aliquots (30 ms) at
1, 3,-and 24 hours, and placing inmediately on ice.
Al'l subsequent rmanipul ati ons-were conducted at 4 C
Addi tional time courses were done at 5, 30, and 180
~mnutes using the sane procedure.' Cells were
harvested by centrifugation and" disrupted by
bead- beating with 200-300 pm gl ass beads in an ATP
extraction buffer (100 nM Tris, 4nmM EDTA, pH 7.5) at
maxi mum force for a total of 2 minutes. Cellular
debri s was reaned by.. centrifugation (13,000 x g for

3?agsfer5§g to a {igﬁgi g%%%?%&ﬁﬁiy avarlé%le
P%%éept%git’ggﬁﬁat | sc‘)l% ATP %@M%ﬁ%ﬁe versus
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-8 ér*’lmy%lﬁ&@ﬁk Hs&él: 9&&%@%@8&{&?&&&2' ng

reate ues to control's.- Stati1 stica Igniticance
MRed 65 Wbl tintSL, %Ls& Sr]oﬂr Pt . 25
Activity of OSA int e resence o I'ninto

aﬁ&altd hdinSaa P Bg‘id%@mﬁﬁﬁ @E-hégﬂlwms Fded to
eter m ne u

respiratory subst sing a
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[%Mgp orlTBi tern
' Jensen agar sl ant §m%5§¥%%grggtro”?&auasﬁﬁggg Mﬁ%@ng ’

eSS 00BHS @mﬁmmeg&wqam a}%vr,,g WJ o pgy fluid

(Becton Di ckinson Sparks,-"Maryl acterrm

29YSPRNShOABPEGe YIS 81T d%ﬁﬁn%m Beadsaddifics observed

allowed to settIe for 30 m nutes. The super nat ant was

fahsmived cI) ehéihable tSinAREakiE. 3dnjBRciLAt ed
(0.1-m) i o each B ‘EC 12B bottle. OSA was added to

drug. All bottles_ were incubated at 37°C, and-the growth index (GJ) of eachbottle.

- recorded daily.

Treatment of BCG with OSA and othes tespiratoty chain inhibitors and “C-
acetate lipid pulse-labeling, BCG (50 mls) was accobically grown at 37°C in M7HO-
ADGC-Tween (Dxfco Detroit, Michigan) to eatly log phase (OD = Ag, 0:2). At, this time, 1
nCi/ml of {1,2 “C] acetic acid (Amcrs]:am,Aﬂmgton Heights, Hllinois) and either diluent
{DMSO), OSA (100 pg/al), DCCD (100 pg/mD), o TIFA (100 peg/mnd), were added to
respective cultures and incubated under the same conditions for 10 mitutes. Cultures wete
 jmmediately placed on ice and cells were harvested by centrifgation at 3,000 x g for 15

minutes at 4 °C.
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i ndi vi dual bottles to the follow ng final :
concentrations: 1.5 Wrt 3.0 g/m, 6.25 g/m, 12.5
g/m, and 25.0 g/nL, The final ethanol concentration
used for conbination testing was. 0.05% Conbinations
of streptonycin (0.05 g/m,1.0 g/m, and 2.0 g/n1) and:
et hanol were also tested to detern1ne whet her )
synergi stic effects observed for OSA were )
conpound-specific or generalizable to an alternative
antinycobacterial drug. Al bottles were incubated at
37C, and-the growth index (@) of each bottle,

. recorded daily. Treatnent of BCG mnth OSA and ot her
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p aced’on 1 ce an 's"were harves
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b D b, M n?ﬁ%ﬂ% pf BEST B3
subbctdts ARAGL B, a&}mmfaﬁ%&%{%aﬁw rocg,g}ansmn@

conpounds by an al kal i ne

at 900 anllls QLA xRl RSty
2.243-2491( 1982%3&%% efly, pol %ir}’gand ehgrllleé%xhat?wasthen

aciBified RPEEDER bERILAS NGB b &INED it QnyPANk! CYRbHEES Of
“cells (60 ng wet weight) according to establlshed

exﬂc&tvﬂf&itﬁd H&HN;. ity acid methyl esters of mycolic acids wete prepared by

mising dichloromethane (1 ml), a catalyst sotution (1 ml) (26), and jodotmethane (25 m),
fo_l.: 30 minutes, centrifuging, and dlsca.tdmg the upper phase. The lower Phas:: was ducd
under N,. Iucofpofz.ition of C-acetate juto mycolic acids was determined by scintillation
counting (Beckman 156500 multi-putpose scintillation, ccm-ntet) and values exptressed 4s a
petcent of untreated controls, _ Comﬁaﬁsoﬁ of the effects of OSA (100 pg/ml), DCCD
(100 p:g/ml), and TIFA (100 pg/mal) on mycolic acid synthesis following 10 mmutes |

exposute in early log phase cultures of BCG is shown in FIG. 7.

RESULTS
Initially, qualitative and quantitative identification of the OSA-specific protein target
was attempted by examining 2-dimensional gel electrophoretic protein profiles followiaga
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approhdhi to flentifp the eogmatis igeraf pniedd jn Ay 4

above-references. The resulting defatted cells
cont ai ni ng bound nycolic adds were subjected to

al kal i ne hydrolysis in nethanol (1m ), 30% KOH (1m)
and toluene (0.11 at 75 C. overnight and subsequently
cooled to roomtenperature. The m xture. was.then
acidified to pH 1 with 3.6% 11a and extracted 3 tines
with diethyl ether. Conbined extracts were dried
under Nr Fatty acid nethyl esters of mycolic adds were
prepared by mxing dichloronethane (1 m), a catal yst
solution (1 nil) (26), and iodonethane (25 m ), for .
30 m nutes, centrifuging, and discarding the upper
phase. The | ower phase was. dried under

. 24ieorEponsth S§Adn BEGCPrmopgingestigators myrsteiolly wadis sidas

determ ned by scintillation Qounting (Beckman_ LS6500 -
expors grdesraibed in Mdhali
expressed as.a_ percent of untreated controls.
D.CeribATibdtipnoft 2 Myeokatprinm berruloxiyg-ketsaci AGP pyntmeriy
(100 g/m),. and TTFA (100 Wri) on_nycolic acid.
isomippidfi Soitng, 2HEI6OTHGIQ (HOBNAs shas indJGot (Rights Heamgat yith QFA
phase cultures of BCGis shown in FIG 7. RESULTS . .

' seqolipd inalghificsotomerprarsionef HFRFelauein Tl PO WEHPPIRERES on

of the OSA-specific protein target was attenpted by
melscaly Weighys of Hitard B oReth pairinyese padsineibleds the sprrpanding
profiles following a 27 24-hour exposure to OSA in
wBeeed Rntroks (FIS- 2,18 {QwgesEpfession peputed bofh 4 theddiE of OSA (6.25
simlar approach to identify the enzymatic target of
1g/edrnd gongeritestions up ity ktimes {160 ghe M CPP Badml 9 agrefependent
D., et al., "Inhibition of .a Mycobacterium .
mangige e sRpaste SimeFoueaxperitant veinas wrippfhioaiog pulselabgling 7 g
Sci ence, 280:1607-1610 (1998).. As shown_in Fl G
degingfrated that bathpyeleins Wte Avecaspresse i Astitly o5 45 Loy pest
oerexpression of two relatively smal|l proteins with
exppSFo IR RATRATSORs reatming pf el grithrithisr cqrplepin of gropipsid, e
proteins_were undetectable in the correspondin _
angypebasterial whibitors| filed oy zesultn %%?‘Pﬁ‘?ﬂ‘tﬁféfr“@ﬁ% PRI E,
.occurred both at the MC of OSA (6.25.  g/m) and .. .,
copemEatinns 3p FOMEK thp Ml Additiorill ﬂf‘ﬁ’&@‘°ﬁf’e‘gﬁ€é‘)“f’i’6‘ﬁseﬂﬂwﬁ)§f‘ |
u&gd%qgéga&%%%crﬂ%egénm1mﬂy resistant to this compound. o

Sequencing of pooled 2-dimensional gel fragments containing each of the two
proteins demonstrated the more prdminent species to be a stall heat shock protein (hsp, Rv
0251¢) of 17,786-daltons with an isoclectric point (pI) of 5.0. The second protein was -

identified as the b-subunit of ATP synthase encoded by the afpF gene (Rv1306), witha

' molecular weight of 18,325-daltons and a pl of 49, Overexpression of both proteins was

confirmed by RT-PCR (FIG.3).

On the basis of the protein data, which suggested a possible connection to ATP
syathase via interaction with the b-subunit, time-course studies over 24 houts were -
pecformed to examine the effect of OSA (100 yg/ml) on ATP levels in BCG in comparison

to PCCD a known ATP synthase inhibitot. As shown in FIG. 4, ATP[M] levels decteased
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manner. A separate tune-course experinment

usi ng35S- net hi oni ne pul se-| abeling denonstrated that
both proteins were overexpressed in as little as 3.5
hours post OSA exposure. In conparison, treatment of
BCG with €ei-ther cerulenin or isoniazid, potent

anti mycobacterial inhibitors, failed to result in
over expression of either protein at concentrations up
to 16X the MC. Additionally, neither protein was
overexpressed in OSA treated M snegmatis, which is
intrinsically resistant to this conmpound. Sequencing
of pool ed 2-di nensional gel fragnents containing each
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prot n dat a i ch.sugge a possi bl e connection to
‘%@Hﬂ “@h S ac‘fa‘ﬁ’ﬂ' with the b-subunit;

ti me-course studles over 24 hours were erformed to-

' exanﬁw@ﬂh@%ﬁﬁeehs%ﬂweﬁ)@wm# oMHUATP | ével s i n .

BCG in conparison to DCCD a known ATP synthase -

i nhi bigs tABpesiheMtiwid chrldeetdd toAlbfRhbihe kavapidlydenfleasé OSA
28 significantly (46% in OSA treated BCG versus

AL Sfhc&OiicnVesied. Ahokoin Fipas$ (Paeat i OfAcsignifivamly
tread continued at three and 24 hours, with 54% and

- Raask ol AP GveliiditrAER verdnivfuntreasiBOG in\nelityip asFivagtes. This

differences were statistically significant at each

difE cpPhs Hintiftieally sipRAQRY (p =DIXED).. A sintistically Hgrifrant defreadd® =

synt hase, "al so caused marked reduction in ATP[M |evel’

0003} w: 285 HotetbeileREED a4 spadific ATPrgpbiswtishilfitor. ~TGatGe@)with
Simlar mlts were -observed for each of conpounds | -

"PITA, 2 répibseyGanpleetX mbibitng niswtedin enhtomolecatedpetegse in ATP at
det erm ne how rapidly the ef f ect of CSA -

the comesponding time-point.

To determine if the effect of OSA on ATP level could be the result of a generalized

stress tesporse il BCG, additional antimycobacterial agents such as INH, RIF, EMB, and

STR, wete tested at compatable concentrations to that used for OSA (16X their respective
MIC’s, INH 1.6 yig/sol, RIF 32 pg/eml, STR 32 pg/nil, EMB 32 pg/m, and ceruleain

24 ug/m. As shown in FIG. 5 (Panc B), treatment of BCG with standard . *

' anumycobacte.ml drugs (16X their respective MIC’s) resulted in no appremablc d.lft'ctmce in .

ATP level vesus untreated controls at the corresponding time point of ﬁve mmutes post-
exposute. Additional compounds tested included dicumatol, an glternative dehydtogenase
inhibitor, totenone (Rof), specific for NADH dehydrogenase (Respitatoty Complex I), and a
fatty acid synthase inhibitor, cerlenin. No appreciable dectease in ATP level was oted |

with this group of compounds (Fig. 5, Panel C).
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on ATP[M concentration occurred. As shown in Figure 5
(Panel A), OSA significantly decreased the Al ? |evel
in treated versus .untreated BCGin as little as 5
mnutes. This difference was statistically '
significant (p = 0.004). A statistically significant
decrease (p = 0.001) was also noted with DCCD, a

speci fic ATP synthase inhibitor. Treatnment with TWA

a respiratory Conplex. Il inhibitor, resulted in only a
noderate decrease in ATP at the corresponding tune
point. To determine if the effect of OSA on Al ? level
could be the result of a generalized stress response -

R
SRS o e R e,
o e
S o U A L R
e ot PO ed ey %%W%_@%o&%?&%e%@%f%ﬁ D
AdeRY SR EEn Ay e b FEFE Hpt Bl TR R
e
e

possi bl e i nvol vement of ATP synt hase and ot her .
Previnpdyectegortsfl thahseattpens of PEEUFRh @fh regulted in grdesteasgdn wycolic
performed with OSA in the presence of ethanol %0.050.

* adidshwithoho dppatentiefeqsion intesmpdiatatin thin patheaarg Arsiggifsend w&%ﬁﬁl
by .-mul tiple investigators to study .cellular _, ]
AR 3qvekcauld pptentizlly kave 3m=ct stindigsedplnteaions effets on, the bipgynthesis of

- MP., et al, "Ethanol perfusion increases the

i eld

 othyer magreranlsoples, skyding sgalis aridhof the el grl Trnyestger ‘If‘feﬂl'ee?f
ts," .Biochi Bi hys, .. Arta,_ 570:135-14 2002) .
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effects of : :
(DCCD) and respiratoty complex XX (TTFA) wete evalnated and compared to OSA and

untteated controls in BCG. A short time interval of 10 minutes post exposute was selected

: tc; ensure that inhibition in mycolate synthesis was not due to cell death. .AS(sLown in Figure
6, total mycolic acid levels decteased 79% with DCCD (100 pg/inl), 46% with TIFA

. (100 pg/xml), and ,43% with OSA (100 pg/m) compated to uatreated controls. Panel A of
FIG. 6 shows the activity of OSA.in standard BACTEC radiometric media without ethanol _
(concentrations in pg/ ml indicated in the legend), while Panel B sﬁqws activity of OSA,
using the same concentrations and medix supplemented with 0.5 % ethanol. NC shows the

tesults for an untreated control,
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OSA on grow h inhibition, reducing the MC from 6. 25
g/m in M tuberculosis H37Rv to <1.5 g/nL No
potentiation in activity was observed between et hanol
and streptomycin. previously we reported that
treatment of BCGwith OSA resulted in a decrease in
mycolic acids, with no apparent effect on
internediates in this pathway. A significant decrease
in ATP level could potentially have direct or
indirect deleterious effects on the biosynthesis of

I AheS macr onol ecul es, including nycolic adds of the
cel'l"wall. To investigate the sole of ATP synthesis

and respiration in nycolic add production, inhibitors
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wherein the compound is not of formula R-SO,-Z-CO-Y, whereinnis 1 or
2, R is a hydrocarbon group having 6-20 carbon atoms, Z is a hydrocarbon linking moiety
that may contain a heteroatom, and Y is selected from —NH, -0-CHp-CHs, ~CQ-CO-O-

‘CH3, and —O-CH;.

2 The use of a compound according to claim 1, wherein the medicament is

suitable for administration to a hunrian_
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(2) harvesting the cells at 4 degrees C by
centrifugation and disrupting it wwth bead-beating in
an ATP extraction buffer, (3) renoving cellular debris
by centrifugation at 4 degrees C, |eaving an ATP-
cont ai ni ng supernatant; (4) neasuring the anount of
ATP present in the supernatant by a biolum nescence
assay at 4 degrees C, wherein the conpound is not of
formula R SO'-Z-CO Y, whereinnis | or 2, It is a
hydrBO Car Plﬁﬁit%ﬁgy%ﬂc{]&cgrd%gho Efmx?anwﬁérg m%he mcdlcamcnus

hydr ocar bon nay CORt:
sdﬁﬁmsf&ﬁ'&mumggamuaﬁ ected from-NH, -O CH- CGH,
CH3, and -O-CH3. 2: The use of a conpound
accordlng to claim1, wherein the nedicanent is
suitable for admnistration to a human 31 3. The use

?nfs g IQC gggﬁl%é%éjofaa ?{pg%[{}gac{: gg; iz 3y v aﬁ%lg . mgbiecamcnt is

mni's Fon to an
 sudabIE R addlinistkRtonUs 8n fim@1 SQQ&Q@HMH% a:-dt' H%stut,n EhALD Rette,
wherei n the nedi canent is SUItab| r a istration
gdal, A4 sRb,al sel ected fromthe group consisting of
horses, cattle, goats, and sheep. 5. The use a
conpound according to claim1, where in the conmpound
sel ected fromthe group consisting of. \\// o

CH3§ CHZ)'I%e }15& a%o}npmﬂd\acc&dfg‘ytoocﬂl&m&% anyesédﬁxﬂjund 18

selected from the group consisting of:
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ci H N CH3(CH2)7 CHs O ~JI/ \ H OO CH3(CH2)g\V/ S
AN OCHE VIII H O 6. The use a conpound according to
claim1, where in the compound is: 0\\4~ 0 O CH3(CH2) 3
S\~/ I N 7. The use a conpound according to claim]1,
where in the conpound is: p\ /p 1O HI)\::INII

OH3(CH2)s/S, I INN HO 8. The use a conpound

according to claim1, where in the conmpound is: 34 O

6]

o\\ //o O
CH3(CHz)g \/S\)k /YOCHg VI
N
. H -
| 0

6. The use a compound according to claim 1, where in the compound is:
o\\ //o O~y
CH3{(CH»)q \/8\/<\ _ I
N

7. Theuse a compound according to claim 1, where in the coﬁlpound is:

0\\ //O 0. H — N I

CHa{CHo)g \/s\)k ANOA /
¥
' 0

8. Theusea compound according to claim 1, where in the compound is:
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Os IIl CH3(CH)7 NN~/ \\ O 9. The use a conpound

according to claiml1l, where in the conpound is: 1O O
\ CH3(CH2)B~ x N\ I N H O 10. The use a compound
according to claim1, where in the conpound is:* UNYV
CH3(CH~7 Cs kHO O O 11. The use a conpound
according to claiml, where in the conpound is: O H

CH3(CH2)e OAN .1 NHWVI C1 35 12. The use a

compound according to claim1, where in the conmpound

I's:
O
Q
I
: <& y :
orlctay BN
0
9..  Theusea compound according to claim 1, where in the compound is:

. \ Y/
CHy(CH,)g /\)k YO

10, Theuse a conpound according to claim 1, where in the compound is:

W

o . , \
CHa(CHo)y N VW
AR VCHs O/\{ b /

O O

11.  ‘Theuse a compound according to ¢laim 1, where in the compouﬁd is:

XA
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UO SVII HA NCOCH3(CH2)7 CH3 OH O 13. The use
a conpound according to claim1, where in the conpound

is; OIll CH3(CH2)8~S ~ /OCH3 VIII HII O 14. The
use of a conpound according to claim1, wherein the
m crobial infection is caused by a m crobe sel ected

fromthe group consisting of M tuberculosis, M
aviumintracellulare, M |eprae, M paraturbercul osis,
M ul cerans, or Rhodococcus. 15. The use of a

co ouniﬁi n the manufacture of _a nedi canent to treat a
i crobi df° PP aGioetes tokkim dslstnig tsreomneund isan
overéépressi on of the b-subunit of ATP synthase, and
further wherein the conpound is not of fornula
R-SOn-Z-CO- Y, wherein nis 1 or 2, Ris a hydrocarbon
group havi ng 6-20 @Qarbon atons, Z is a 36 hydrocarbon
l'inking noiety tha may contain a heteroatom and Y is
sel ected from ‘3

13.  Theuse a compound according to claim 1, where in the compound is:

| o\\ //0 Q
CH3(CHp)g, S OCHg
% /\( VI
. B
| H
| 5 .

14.  The use of a compound according to claim 1, wherein the microbial
infection is caused by a microbe selected from the group consisting of M. tuberculosis,

M. avium-intracellulare, M. leprae, M. paraturberculosis, M. ulcerans, or Rhodococcns.

15. The use of a compound in the manufacture of a medicament to treat a
microbial infection, where the compound produces an overexpression of the b-subunit of
| ATP synthase, |
and furthex% whereio the compoﬁnd is not of foxmenla R-S0,-Z-CO-Y,

whereinn is 1 or 2, R is 2 hydrocarbon group having 6-20 carbon atoms, Zisa
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O CH2-C6H5, -CO-CO- O CH3, and -O CHs. 16. The use of a
conpound according to claim15, wherein the nedi canent
is suitable for admnistration to a human. 17. The
use of a conpound according to claim 15, wherein the
medi canent is suitable for admnistration to an
animal . 18. The use of a conpound according to claim
17, wherein the nedicanent is suitable for

adm nistration to an ani mal selected fromthe group
consi sting of horses, cattle, goats, and sheep. 19.

hyd%%ﬁb&flﬁﬂcﬁg my&%@p&g&ﬂi Dt Ritdpl, ah P iPee1 M8 5o _pq}\ﬁ,&e

npound i's selected fromthe group consisting o

Lh o~ 0 HJIN CH3(CH ~S A ~N N
0%)11@%(8%@@%@%3%@%%”0000 ( |

16.  Theuse of 2 compound according to claim 15, wherein the medicament is

suitable for administration to a human.

17.  Theuseofa compound according to claim 15, wherein the medicament is

suitable for administration to an animal.

18.  The use of a compound according to claim 17, wherein the medicament is

suitable for administration to an animal selected from the group consisting of horses, cattle,

goats, and sheep.

19.  Theuse a compound according to claim 15, where in the comrpound is

selected from the group consisting of:
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