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efforts of numerous health organizations worldwide, the eradication of mycobacterial

20 diseases has never been achieved, nor is eradication imminent. Nearly one third of the
world's population is infected with mycobacterium tuberculosis complex, commonly
referred to as tuberculosis (TB), with approximately 8 million new cases, and two to three
million deaths attributable to TB yearly. Tuberculosis (TB) is the cause of the largest
number of human deaths attributable to a single etiologic agent (see Dye et al., J. Am. Med.

25  Association, 282, 677-686, (1999); and 2000 WHO/OMS Press Release).

After decades of decline, TB is now on the rise. In the United States, up to 10

million individuals are believed to be infected. Almost 28,000 new cases were reported in

1990, constituting a 9.4 percent increase over 1989. A sixteen percent increase in TB cases

was observed from 1985 to 1990. Overcrowded living conditions and shared air spacs are

30 especially conducive to the spread of TB, contributing to the increase in instances that have

been observed among prison inmates, and among the homeless in larger U.S. cities.
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20 The emergence of drug-resistant M. tfuberculosis is an extremely disturbing

phenomenon. The rate of new TB cases proven resistant to at least one standard drug
increased from 10 percent in the early 1980's to 23 percent in 1991. Compliance with
therapeutic regimens, therefore, is also a crucial component in efforts to eliminate TB and
prevent the emergence of drug resistant strains. Equally important is the development of
25  new therapeutic agents that are effective as vaccines, and as treatments, for disease caused

by drug resistant strains of mycobacteria.

Although over 37 species of mycobacteria have been identified, more than 95% of
all human infections are caused by six species of mycobacteria: M. tuberculosis, M. avium
intracellulare, M. kansasii, M. fortuitum, M. chelonae, and M. leprae. The most prevalent

30 mycobacterial disease in humans is tuberculosis (TB) which is predominantly caused by

mycobacterial species comprising M. tuberculosis, M. bovis, or M. africanum (Merck
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morphology, at which time they are not multiplicable in macrophages, are avirulent in

mice, and are highly susceptible to antibiotics. The differences in colony morphology

25  between the transparent, rough and opaque strains of M. avium are almost certainly due to

the presence of a glycolipid coating on the surface of transparent and rough organisms

which acts as a protective capsule. This capsule, or coating, is composed primarily of C-

mycosides which apparently shield the virulent M. avium organisms from lysosomal

enzymes and antibiotics. By contrast, the non-virulent opaque forms of M. avium have

30  very little C-mycoside on their surface. Both the resistance to antibiotics and the resistance

to killing by macrophages have been atiributed to the glycolipid barrier on the surface of

M. avium.
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nycobacteri a (02d0¢x t han M tubercul osis (I\/DTT) . Therefore, diagnosis using
the skin tests currently available is frequently subject to error and
i haccur aci es. Although the tuberculin skin tests are widely used, they typically require two to

20  three days to generate results, and many times, the results are inaccurate since false
positives are sometimes seen in subjects who have been exposed to mycobacteria, but are
healthy. In addition, instances of mis-diagnosis are frequent since a positive result is
observed not only in active TB patients, but also in persons vaccinated with Bacille
Calmetie-Guerin (BCG), and those who had been infected with mycobacteria, but have not

25  developed the disease. It is hard therefore, to distinguish active TB patients from the
others, such as household TB contacts, by the tuberculin skin test. Additionally, the
tuberculin test often produces a cross-reaction in those individuals who were infected with
mycobacteria other than M. tuberculosis (MOTT). Therefore, diagnosis using the skin tests

currently available is frequently subject to error and inaccuracies.

30 The standard treatment for tuberculosis caused by drug-sensitive organisms is a six-

month regimen consisting of four drugs given for two months, followed by two drugs given
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What is needed are effective therapeutic regimens that include improved
vaccination and treatment protocols. Currently available therapeutics are no longer
20  consistently effective as a result of the problems with treatment compliance, and these

compliance problems contribute to the development of drug resistant mycobacterial strains.

Ethambutol (EMB) is a widely used antibiotic for the treatment of TB, with over
300 million doses delivered for tuberculosis therapy in 1988.

OH
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25 HO Ethambutol
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20  mycobacterial strains. What is needed are new antitubercular drugs that provide highly

effective treatment, and shorten or simplify tuberculosis chemotherapy.

SUMMARY OF THE INVENTION

The present invention comprises methods and compositions comprising ethylene

25  diamine compounds effective for the treatment of infectious disease. The present invention
also provides methods and compositions comprising substituted ethylene diamines having
improved anti-mycobacterial activity, including substituted ethylene diamines having

improved anti-tuberculosis activity.

The present invention contemplates substituted ethylene diamines, which can derive
30 from a variety of amine compounds. In the present invention, the substituted ethylene

diamines are based on the following structure.
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WO 03/ 096987 PCT/ US03/ 15925 R4 RIHNJ-~N NR2R3 Substituted Ethyl ene

Di am ne The substituted ethyl ene di am ne conpounds descri bed herein are
synt hesi zwo Bng9sscreened for activity as follows. A chemnmpcalusos/isvasy of
substituted ethylene diamnes is prepared on a solid polystyrene support
using split and pool technol ogies. This technique 5 allows for the
synthesis of a diverse set of substijtuted ethyl ene diam nes. These di am nes

are screened for anti-TB acﬁhmhty uging in vitro, biological assays,
i ncluding a Hi gh- Throughput Scr i NON ) assay, based on the recently

conpl eted genom ¢ sequence of M tuberculosis, and a M ninum I nhibition
Concentration (M C) assay. The nethods and conpositions described herein
conpri se substituted ethyl efebstith®d EitglonePgntideat are ef fecti ve agai nst

di sease caused by infectious organisns, including, but not limted to,
bacteri a and vi r ugas sutstimteednigdéneriimiod cdnyundsvdntrited hpreovard epnthwsizhddsd and

conpositions conprising. .substitute t hyl ene di am t ha re.effective

agai nst nycoBSEEY P§¥a%P”¥é§§£h%Mbtgéze@%%ﬁ@?ﬁ@ﬁ%q%gsﬁﬁgpF%W%ﬂ?ﬁgﬁn%?d%ides
met hods and Gapardidn DRsid pbByseede supponQusiighsplit ind @bl echyllegie. Thandchasue hat

have M C of 50gM qr | ower, for cobacterial. dis e. Anot her_ enbodi nent of
the present AN DO 968 I5EHE P?H%ﬁ‘é?f“@’?ﬂ‘?ﬁ%ﬁ?e UM L EHI RS e an
M C of 25 gMagy stemRl P laniyBOba@wLenisRly #i SeaSBiolo¥Rhl agaysheficludibadiligant of
the present invention conprises substituted ethylene}ﬂianines.that have an

20 M C of 12.Buepehpyt Scergpins (I ShApeayobasedrn e TeReaba e PRl B HIBHICREht  of

the present jnygptiions, cAPMiSi8SmSHRiBitioh CoRebnRhtiin (ME) A4k nes that have an
MC of 5 gMor Ilower for mycobacterial disease. In another enbodi nent of

the present inventih@ninethbiR and¥tdnQsbsition dSLARQAS hdrkid NEonGRIP lsiisEnsdd sthi/letid ed
et hyl ene diamnes with HTS Luc activity of 10%or greater. 25 In_y

! 3 | \ ) yet
anot her dfpodiiannes Bet ap eliprtive agingt diperseicapsed bK difeitos Q2B HS.ABHPHES 1% ns

conpri se subsii fimi&ioebdavd8R8q Gin@pd nes, wherein one amine group is derived
froma 7 WO 03/096987 PCT/US03/ 15925 prinmary amine, and wherein the other

am ne group is degpeshtbithfofhl FREXiN proREQNHahYds and compositions comprising

substituted ethylene diamines that are effective against mycobacterial disease.

Another embodiment of the invention provides methods and compositions
15  comprising substituted ethylene diamines that have MIC of 50uM or lower for

mycobacterial disease.

Another embodiment of the present invention comprises substituted ethylene
diamines that have an MIC of 25 uM or lower for mycobacterial disease. Yet another
embodiment of the present invention comprises substituted ethylene diamines that have an

20  MIC of 12.5 uM or lower for mycobacterial disease. Another embodiment of the
present invention comprises substituted ethylene diamines that have an MIC of 5 uM or
lower for mycobacterial disease. In another embodiment of the present invention, the
methods and compositions comprise substituted ethylene diamines with HTS Luc activity

of 10% or greater.

25 In yet another embodiment of the present invention, the methods and compositions

comprise substituted ethylene diamines, wherein one amine group is derived from a



am ne. The present invention contenplates various salt conpl exes and ot her
substituted derivatives of the substituted ethyl ene diam nes. The present
i nvent i orwalsov@ent enpl ates 5 enantioners and ot her ster ecTasoEI®2Hf t he
substituted ethyl ene diam nes and their substitut ed deri vati ves. The

resent invent.ion further onte es freatnen
DLt rot | 1 PEE o e ORI O g Ry e B g o e Sl B ot Beutdh

i nvention toaphigyi de net hods and conpositions for the treatnent and
prevention of di seases caused by infectious agents. 10 Accordingly, it is
an obj ect of the pFhepesiRéntiifveatibn odhtémplpeOvaribes BElt hmdﬁlemohndocmlmwsbstimm for
the treatnent, and. prevention of infectious diseases no

present inve TIWVF%O’%/% © Sphstiuied eﬂ%’ﬁ%&?nﬁ’?ﬁﬁ c’%ﬁﬁﬁ?ﬂt 1%Vﬁ§é?rb?’lso ?45‘2 qutlaeas[ rrent

and prevenst i @RaromWC eRBGier | tdredlics@as8f tha\Ghbititudgl bihllenotdidmines ead tibeir
tubercul osis. 15 Yetf another T%b j ect of the f|8resent invention is.to g‘ir vi de

met hods and EBPREBETY Feiativeso T he Reest dwenion: b cpptatriter Gratgent iRF aupp

di seases USI RELIERID B8 ddt ARSeCRMRIhAsNY substituted ethyl ene di anmines.
Anot her object of the present invention is to provide nethods and

conposi tions for Acb&dinkBatiMNin dBRcPEL URNleAL @ﬁveﬁy@ﬂba@fcﬁfﬁdeamemb@sem
usi ng conpositions _conprisin 20 substituted ethy Ien ?Fglnes Still

anot her obj e€Pmpesitigns fﬁr@%@ ?Iﬁ@’échPIFYﬁ‘i‘th%Oﬁ‘Bseﬁ?eé\?fuﬁE Hauspgepts-
conpositions for the treathent and prevention of tubercul o

conposi ti!ns conpAicerABeRub s ﬁlhtoéﬂ"t gt Hipl BREnhRTRRYs 0 RIST e?‘e%B(j?eélfd of

the present iB¥BHiicHS fhisthd RedRh& halepaRiniesl st iafdtiaeaReses.i ons for 25 the
treatment and prevention of tubercu?om S using conpositions conprising

substituted et hyla\gp@eflbi5bot B the pYEH: hvRntidifis & pdlide nitaDdamd\dompatitis i or
| ess. Anot her object of the present invention Is to provide net Hods and

conposi ti ons they treatpieat @pd PLGYERHONaA mﬁP‘&?@ﬁﬁflﬁloﬁs?ﬁ‘Feﬂ’E}b‘Ml@&Ilﬁ‘élr’é’t igyijed to,
conposi ti ons (GMRidssd Ng substituted ethylene diam nes, wherein the diam ne
has an M C of 25 M or less. 8 WD 03/096987 PCT/ US03/ 15925 Anot her obj ect
of the prgsent i nyeRLigkrof; e&tcbfﬁ{eoﬁfbs‘é@t RLAGH S 18 PEbviRMRIRd 8D Sorhsitiohe

treat nent and pr event1 on Of t uber cul osi s usi ng conpaosi tions conpri si.ng
substituted for the treatment and prevention of infectious diseases using compositions comprising

substituted ethylene diamines.

Another object of the present invention is to provide methods and compositions for
the treatment and prevention of mycobacterial disease using compositions comprising

20  substituted ethylene diamines.

Still another object of the present invention is to provide methods and compositions
for the treatment and prevention of tuberculosis using compositions comprising substituted

ethylene diamines.

Another object of the present invention is to provide methods and compositions for
25 the treatment and prevention of tuberculosis using compositions comprising substituted

ethylene diamines, wherein the diamine has an MIC of 50 pM, or less.

Another object of the present invention is to provide methods and compositions for
the treatment and prevention of tuberculosis using compositions comprising substituted

ethylene diamines, wherein the diamine has an MIC of 25 pM, or less.



et hyl ene di am nes, wherein the diamne has an MC of 12.5 M or |ess. Yet
anot her object of the present invention is to provide nethods and

conposi t iwoD3/08698Dr the treatnent and prevention of tuber eaTAN0%14935 ng
conpositions conprising substituted ethylene diam nes, wherein the diam ne

has an M C of 5M .or_less. Y. anot her qbject of .the present invention is
to provide met hodS¥hEF @&ﬁb%@#‘f PR gt H%Eotl?r%‘ﬁéeh@ﬁ O(gsn%ﬂﬁf) SVeh lc|’n(5°'(r%°rof

t uber cul 0Si S {HeSireeMER IR révieOtich 60RPEICEloFIY usinh SHhinboditishs cetipyibiepaulgitianidnes,
wherein the diam ne has HIS/ Lu ctivity o 0% eater. 10 Yet another
obj ect of t héthﬁle%éﬁwqeﬁamﬁubﬁ‘e%?@%e 1&?8\}&8@ Ofbﬁ%ﬁg/f’f’f ffor the

t herapeutic fornulation far. the treatnent and preventio f cobact.eri al

di sease. Anot her &Bj aé’é’aqeb?bJ‘?"r’iQ?B‘Fé’?é?ﬂt “?Vﬁ{}té‘?ﬂ]isg%p]iogﬁf Hleﬁ}‘)g%’rllgd‘écc’éﬂdf’r?%%g?st i ons

for therapeuifirGhe fodmbhtahd pRSedtion of ABelchiost NEAE caishsPivRY emiprisigafibstituted

nycobacteri al dj sease caused b mycobact eri al ies conprising M
t uber cul osi s ctFlepe diRmings, Wwﬁwﬁtaﬁ%’eﬁ%aﬁ% ,Of%ﬁﬁggﬁ?&insari i, M

fortuituna, M chel onoe, Ml eprae, M africanum Mmcroti, M. avium.

par at uber cul osi s, Ys?aqviheb@w% OT R FEECH Ry B Iy BjOdE &egl?ogé?lﬂpr @LIRRFons
advant ages ofthewpliRisfnhd biévaHoh @R nibkichlosib @60 TEormRRIAN tordfiisig sabstiestédw of
the follow ng detailed description of the disclosed enpodinments and the

appended cl aethylenp diapriesrwipsicfiedpmmne ks HSE g aefinp e R0 fUF &fhr ovi des
representative exangl es of diam ne products synthesized from am n,é allbcohol
pre-10adéf resinsYeFppatha Pigst &Fi e STeSeHmBY GHAR |15 T PEG VIR PRTRASTISB 18T d¥hol

pre-| oaded r %%e&%%mé@fénﬁmgﬁﬁnefoﬁme EOMinERSind BRNEntibn \WPins Bobabema disamepr epar ed
| ibrary of targeted 21,120 ethanbutol anal ogs. Figure 4 provides Schene 1,

a schematic show ng,fBeNbLRgR festht ihatiok idonRbvidel hfdRBlos 0P BeRpeltidr ar y
of Ethanbutol analogs. Figure 5 provides Schene 2, a schematic showing the
use of ami no ferwtiohs fpe thes (reptaistic gnd GuevEatiom @f aRYIebadealsdiseesy icaksed b5 wo
03/096987 P 5928cicElHE Sl B DHeAGRs SUBERR3M. BvashamaldE/AH0M g
further md%%%%%gg@tcﬁecﬁ?{%%é% vvorl?i ngsvvi th ar)ﬁ no ;I cohol pre-|oaded
resins. 15 rkansarii, M. fortuitum, M. chelonoe, M. leprae, M. africanum, M. microti, M. avium

paratuberculosis, ot M. bovis.

These and other objects, features and advantages of the present invention will
become apparent after a review of the following detailed description of the disclosed

embodiments and the appended claims.
20

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 provides representative examples of diamine products synthesized from
amino alcohol pre-loaded resins.

Figure 2 provides commercially available amino alcohol pre-loaded resins.

25 Figure 3 provides Table 1 which shows the prepared library of targeted 21,120

ethambutol analogs.

Figure 4 provides Scheme 1, a schematic showing the Synthesis of the original
100,000 compound library of Ethambutol analogs.

Figure 5 provides Scheme 2, a schematic showing the use of amino alcohol pre-

30 loaded resins and amino acids as linker.



Figure 7 provides Table 2 which lists the AmMno acids used in the library
preparation. 5 Figure 8 provides representative carbonyl conpounds used as
reagent s wo mles9ssynt heses. Figure 9 provides represent at ipca/Eseanpbes of

M C and Lux data. Figure 10 shows the occurrence of al kylating nononers in

the active mol ecusye q BILeschln@iVIABR hbRhaflralh oS RIRAINR,ANA e

structures. 10 Fi whi c ayou
deconvol ut i ordsker: @Eimhg_\Eiﬂl iﬁﬁ@ﬂlcbﬁdl@é—lﬁh@dmment i nvention may be

understood nore r d|| e ,fol de al l.ed description
of the specific en‘%%lde rr?%@ |?19bﬁude whﬁe)l?tcsé?in v(\’/e%:elgugedlg 1¥bﬁ5ﬁgh t he

present i nventr¢partioas been described with reference to specific details of

t ai di th t i ded t hat h details should b
egar ded ds. 11 m EATOREOUBHPREEESh e B ORISR RNy o text

of the referepassesenti oned herein are her eby incorporated in their

entireties by ref renc i ncl udi ng Unij ted Stat | si.onal Patent
Appl i cation Seria 13%6 BV SES epgenfatve g fghg g %&%nited States 20

Pat ent Applicati omFjgoed I(BéhoN@ the bRéukARcOF Ayl dtias ndaYmdré in BORRive Mta@arg! eri al
i nfections, such as those cau5|n t.ubercul osis, once thought to be

declining in occuri®ickl Pravides alishel fibroempounds and fief SEBHYEH t ut e a seri ous

heal th thpeat. Tyhegei ﬁ@haes(fléB)ea&hmﬁmc;@wawut th@edoat@esdnsnunber of
human deaths.tributed to single etiologic agent with two to three

mllion people infected W|th tubercul osi s dying each year. 25 Areas where
humans are crowded together. or living in substandard housing, are
i ncreasingly IP%%HAEQ%W%@WM affected with nycobacteria. Individuals
who are imunoconprom sed are. at great ri sk of being |nfecte Wt h
mycobact eri a and dyif iJeserbAVestiRm magt B tindasiord maedei 2, bY HefewRes derke of

drug-resi st a%n&{qhgld@@néﬁ dS@éﬁﬁtﬂﬁC&e&b apbafic le@Bodifnentk ERAJEE MHerel. Ol o@RBerOf
such i nf ect ed qleersons Many ple who are infected with cobacterl a

are poor ,1or althqugh; the aar%sa%t W?lﬁon |hﬁ%é§?jhﬁﬁséﬂbf‘éa‘ﬁ’tﬂhée§?@n‘¥ea@l %Pieflﬁ@sdetaﬂé oh

resul't of vard.Qus éﬁ%ﬁﬁfén%sthél%gp RO rﬁﬁlmteﬁﬂﬁctﬁét'sﬁah dé-tgllsVQOQfd/ P9898ed as
PCT/ US03/ 15925 levels, etc.), many of these individuals are unable to

conply with tlimitjspes wponthel sedpe oh pheuinyentiop.e dhprenigre texttaf i wfeyenopementianadt
non- conpl i angg By a{é1ﬁ§903ﬁﬂgoﬁbﬁ?erd gl dHAliss b¥ Stk eRced Ihcluding United States
Provisional Patent Application Serial No. 60/381,244 filed May 17, 2002 and United States

20  Patent Application Serial No. 10/147,587 filed May 17, 2002.

Mycobacterial infections, such as those causing tuberculosis, once thought to be
declining in occurrence, have rebounded, and again constitute a serious health threat.
Tuberculosis (TB) is the cause of the largest number of human deaths atributed to a single
etiologic agent with two to three million people infected with tuberculosis dying each year.

25  Areas where humans are crowded together, or living in substandard housing, are
increasingly found to have persons affected with mycobacteria. Individuals who are
immunocompromised are at great risk of being infected with mycobacteria and dying from
such infection. In addition, the emergence of drugresistant strains of mycobacteria has led

to treatment problems of such infected persons.

30 Many people who are infected with mycobacteria are poor, or live in areas with

inadequate healthcare facilities. As a result of various obstacles (economical, education

10



t he preval ence of disease. This nonconpliance is frequently conpounded by
the energence of drug-resistant strains of mycobacteria. Effective

conposi tiwod3samdsvacci nes 5 that target various strains offcrycsobasseeri a are
necessary to bring the increasing nunber of tuberculosis cases under

control . t her st andard -t t t f

current che RSy %ﬁngYQ hAgAR V@%ﬂﬁ%ggn? nmd@§$8%ygﬁ£gﬁﬁg&t%dﬂégﬁgnw ,in
conbi nat i on, r@AdmI VIghedlydpérkiyteditaion-dowplisiea bl shese anddtiemindity el rd:mWemkI y
for four to twelve nonth TMMe lists several .10 treatnent srpd LS
for standardﬂPuB@Wéﬁmﬁng Snﬂﬁ%”“?ﬁﬁpg 1§ FREgpthe SPESEY “or
Standard TB %’e}%elﬁ%gif es1st§ﬂf/§h@ﬁﬁ&‘ inEAued: AN HRIGy PEAGIDSIEONNT: ahi‘dUA&hﬁEd

REG MEN Dosi n HASE Schedul e DURATI O DRUG Dosi hg Schedul.e DURAT

| soni azi dSMFha?taf@@Ya@“\ﬁéE%gs PISBYOR3S I GBRALSSAICH OTBS éﬁ“sreasﬁgfnél%)l%%

Dai |l y, DOT 8um@ﬁ5§ggb&@§ﬁﬁﬁpm%ﬁﬂ@ek DOT 16 weeks Pyrazinam de Daily, DOT
8 weeks Et hanbutol or ly, DOT 8 weeks Streptonycin Decades of m suse of

exi sting anti bi ot Cﬁéﬁn&ﬁ'& Ilﬁﬂl@rzi SRRAIRY trédt@ent bt tibdpduddsN G omd durrddd chaniphexpy
t herapeuti c regi nens has d to nutations  of fhe cobacterlunlegﬁ guI03|s
¥

and has cre#vatenl repigehs Bscopl B P g et atippy adpRRiEre i osis
control worl doi ey, Theqianterd®hiRbiily f&f fofHol ReYmeHiRs cTaled 1dtugseral
including the front 1ine drugs, such as isoniazid, Rfanpin, pyrazinam de,
et harbut dp aM@msmngwh@W#§ﬁﬁSWQﬁ%d@éV@Pbﬁéé“%ﬂ@ﬁm@W% 1950s to the 1970s.
Thus, this earlier devel opment of tubercul osis chenotherapy did not 20 have
at its disposal the inplications of the ﬁ%ﬁbne sequence of Mycobacterium
tubercul osis, the revolution in pharmaceutical drug discovery of the |ast
decades, and the use of TrratmeshSghedlesfor andapdyTBRUUERPEHPAEL i onal chemistry.
11 WO 03/096987 PCT/ US03/15925 Consequently, the treatnents of
drug-resi st ant [ NTANDARP c UNOFICSIN rai ns, and | at ent

DRUG PHASE CONTINUATION
REGIMEN Dosing PHASE
Schedule DURATIO | DRUG Dosing Schedule |[DURATION
N

Isoniazid Daily, DOT 8 weeks |Isoniazid 2/week, DOT 16 weeks
Rifampicin | Daily, DOT | 8 weeks [Rifampicn | 2/week, DOT 16 weeks
Pyrazinamide | Daily, DOT | 8 weeks

Ethambutol or | Daily, DOT | 8 weeks
Streptomycin

Decades of misuse of existing antibiotics and poor compliance with prolong and

15 complex therapeutic regimens has led to mutations of the mycobacterium tuberculosis and
has created an epidemic of drug resistance that threatens tuberculosis control world wide.

The vast majority of currently prescribed drugs, including the front line drugs, such as
isoniazid, rifampin, pyrazinamide, ethambutol and streptomycin were developed from the
1950s to the 1970s. Thus, this earlier development of tuberculosis chemotherapy did not

20 have at its disposal the implications of the genome sequence of Mycobacterium
tuberculosis, the revolution in pharmaceutical drug discovery of the last decades, andthe

use of national drug testing and combinational chemistry.

11



tubercul osis infections, require new anti-tubercul osis drugs that provide
highly effective treatnents, and shortened and sinplified tubercul osis
chenot herwpidmIcokbreover, it is desirable that these drugsThsopupar ed by
a |l ow cost synthesis, since the denographics of 5 the disease dictate that

cost is a significant facto The esent invention .provides neth
conposi tions corrp?:ggﬁ ﬂ'éenﬁy’c{hgst%eag?géss?ﬁgrklﬁeﬁfsga&#%4) ﬁ’i;’%écﬁ’é) 5 |Saﬁ}|nf'fean§dlr%r§8ﬂnds
effective in tﬁtreaﬁmdmwhfeaﬁﬁlspfequﬂmhm nntfubdicsipais elrugGahh&qﬂoxb@!e hiighlly ceffegdvd S s

i ncluding, but not ted to cte rii t he t hods., and
compos! £ ons H5HIEHE: BRbSEREDTh RN ETBIaY SHEr B I pEmP R b TG S
growt h of 10 delifibl BAOBEGAINSBe PpatedIET L18MDEISsynthbss, BRRich a@tsdetidgraphics of
conpositions of the present invention a e intended for the treatnent of
mycobact eri a thedigsess Griateithpt Restint sigdficRay frctgs ot her ani mals. For exanpl e,
the present invention may benﬁartlcu arl)[/0 sef for . the treat rren, of .cows

i nfected byM bovil&® PK‘SSGTHSIEYF & Brayides e %@983{9%&@?1‘1%@& agp ot

di sease st at egbdhaiHa éﬂiyl@a%&aﬁﬂnﬁie%mp&@dé\neﬁhcﬂveflﬁ%atﬁl@ﬁt eﬁﬂq&a@n@m of disease
nycobacteri a speci es conprisi ngM tubercul osis ¢conpl ex. te

"t uber cul osi Paused by sUcraXEHETRY EWludingn bry asghHmiteq ity baicrﬁfléct o H?TT&‘&% db° by
mycobacteri a QUARK 2hd @&nMsfti'éQ@BictHé %be%t {VEIDh -ard A8 live ™M GRRREAEMhE BlovARBE T €S

include M aviuin-intracellul are, kansarii, M fortuituin, M chel onae,
M | epr ae,10M &he imjeneorgpnistn /- M“bﬁ?%lﬁml  Thel mgpdarench camporitiong| fsthe  pregent

intracel | ul arg, en%lf Qfeqw%h@eﬁef'dmﬂgltreéﬁﬁﬂp h gx%a%ﬁe[‘ﬁffécﬂb‘hsnln IMnidh CE R8P a5 The

present invention furt conprises net d conpositions effective for
t he treat nervthepfaninmefle c tFoo wsamipls.cths eoresrentchmllitlnlg iyt benpartipyledyt sepfilofor Hess e

caused by bac;[reg{me@i CO%%H%CQ%eWebﬂ?r asitic, and viral agents. Exanples of

such infectious age s inc ol I owi ng: staphyl ococcus,

streptococcaceae, Mgl %'bgc? l%rélﬂatﬁg Hrm %%fchg)sﬁn E&ﬁﬂ%@&&l@éa'sé’iftﬁgﬁ usugﬁy %ssocgated

pseudom)nadaceae ri onaceae canpyl o acter past eure ceae, etell a,
f ranci sell5a, wiblrinfetibmes,cabediby mgicb‘aa@tme Spdymstcempnsina@tbergulam ﬂ@g@l@x véhe

baci 1117 St i Yeitou&REY REORE Silotfllea VARl SCBARIAN! Ul-oBid TLARS by ©

bacilli, ant hrax i nomyces, nocar errum trep
borrelia, | epﬁmbacttma dm;e@dfaha& nmbemaicﬁavpﬂ\mﬂa Othee kptotsictarial spbdl@srrwiu@eﬂ!

system ¢ nycoses, uni C protnzo ne des es
30 cest odes, aﬁﬁ‘@h@%?@é‘é’é?’ I%I (“ﬂ’g% %s@sm ”B’éxj\%lz r%é"é’é’er%}? \’/‘éévljél ?ﬁ%”%l
hepat itis Virdagas ,mic;ewztMomw@ummﬁﬁlos@,azwamwwmrmm sc;caﬁ:lmam;M usesn?,

pi comavi r%se reoviryses, 12 WD 03/096987 PCT/ US03/ 15925

M marinum, M. ulcerans.

The present invention further comprises methods and compositions effective for the
treatment of infectious disease, including but not limited to those caused by bacterial,
mycological, parasitic, and viral agents. Examples of such infectious agents include the
following: staphylococcus, streptococcaceae, neisseriaaceae, cocci, enterobacteriaceae,

25  pseudomonadaceae, vibrionaceae, campylobacter, pasteurellaceae, bordetella, francisella,
brucella, legionellaceae, bacteroidaceae, gram-negative  bacilli clostridium,
corynebacterium, propionibacterium, gram-positive bacilli, anthrax, actinomyces, nocardia,
mycobacterium, treponema, borrelia, leptospira, mycoplasma, ureaplasma, rickettsia,
chlamydiae, systemic mycoses, opportunistic mycoses, protozoa, nematodes, trematodes,

30 cestodes, adenoviruses, herpesviruses, poxviruses, papovaviruses, hepatitis viruses,

orthomyxoviruses, paramyxoviruses, coronaviruses, picornaviruses, reoviruses,

12



t ogavi ruses, flaviviruses, bunyaviridae, rhabdoviruses, human

i mmunodeficiency virus and retroviruses. The present invention further
provi des wetlod®sand conpositions useful for the treatnercrafSos/mfesti ous
di sease, including by not limted to, tuberculosis, leprosy, Cohn's 5

D sease, aqU|red | nodef i ci.ency. Lse t-scratch

di sease, RocKFVBEH lﬁﬁgﬁﬁﬂigﬁxﬁgégf£8) n¥$§3ﬁanl @%@% TN S s
Anti bi oti cs tdtemridehanbut ol The present |nvent|on is particularly directed
to a novel library of diainine conpounds of Ethanbutol famly conprising a
nodi fi ed ethyleneThépkfmnﬁﬁ@mﬁMﬂ@nﬂmmpmwﬁBsnmﬁnmgamhbMymaﬂmh$aﬁmd:@mMmo

al cohol pre-

l'i nker N1sli mkgkseNaquired. 1mmunodeﬁc;ency syndrome, .lyme .disease, cat-scratch disease, (Eldcqu R6

HI L/Rzi (I n/R2 NON.iRXYN" and HNRgeRHOH3 .--.-...-------
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In an effort to enhance the structural diversity of our library of Ethambutol analogs

15 and to assess the influence of a modified linker on the activity of structurally diverse

diamines against M.tuberculosis, the synthetic scheme to incorporate amino acids into the

bridging linker between the two amine components was modified. Use of amino acids was

of a special interest since it allowed introduction of another diversity element into the
linker (as R4), as well as chirality.

20 It was crucial for the project to synthesize a sub-library of diamines closely related

to Ethambutol by having amino alcohol moiety in the molecule, and yet quite different due

to presence an elaborate linker between the two amine atoms (see Figure 1 for
13



linker (as R4), as well as chirality. 20 It was crucial for the project to
synt hesi ze a sub-library of diamnes closely related to Ethanbutol by
havi ng amnwom3absesehol noiety in the nolecule, and yet quitecdifshgi®ets due
to presence an el aborate |inker between the two am ne atons (see Figure 1
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reacti on Mas andoheitt proceeds chionglr awdifpatduct thé ekdtng Rinend mstlety)fbyt habemyil no
acids used to create this library is shown in the Table 2 (Figure 7).
Depr ot ection C(O?n@ 41 of the FMOC group) was carried out by reaction with
pi peridine at RT. Sbemevat | Xafldtion obfthé Ip&rcmrbah@ngtmuﬂpohm&wealohﬂeévbdhloyotrityl
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20  hexafluorophosphate) and EtN(iso-Pr), in DCM/DMF mixture at RT. The reaction was

done twice to improve product yields. The list of the amino acids used to create this library
is shown in the Table 2 (Figure 7).
Deprotection (removal of the FMOC group) was carried out by reaction with
piperidine at RT. Derivatization of the amino group was achieved by reductive alkylation
25  with 96 various carbonyl compounds, such as aldehydes, ketones, and carboxylic acids, in
the presence of NaBCNHj at RT for 72-96 h. The selection of the carbonyl compounds was
made so, that the final diamine products would carry the same or similar types of
substituents that had been observed in the hit compounds generated from the previous
library of ethambutol analogs, as well as structural diversity (Figure 8). A complete list of
30 the carbonyl compounds used is shown in Table 3 (Figure 8).
Reduction of the aminoethyleneamides into corresponding diamines was carried out

using the soluble reducing reagent 65+w% Red-Al at room temperature. Cleavage of the
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thereforethe predi cted conpounds were forne arledfr 31-96% (T Ie 1,
Figure 3). BoRigHiomags SBEFFCIRSITE Usigeiwe fandgmiass ‘?fteme’é’%é?@Bmffg 01( g%oo

di am nes Jer 678 ttaht Yiotal number. Successful production of a compound was based on an
appearance of a molecular ion of the calculated mass. Depending on the amino acid that
had been used for the synthesis, the percentage of the predicted ions were observed and
therefore the predicted compounds were formed, varied from 31-96% (Table 1, Figure 3).
Based on MS analysis, out of targeted 15,360 compounds, 7,500 diamines were actually

25 formed. Amino acids such as aminomethylcylcohexyl carboxylic acid, thienylalanine, or
phenylalanine produced desirable compounds with good yields (88-96%). At the same
time, some amino acids, such as arginine, tetrahydroisoquinoline carboxylic acid, and

thiazolidine carboxylic acid did not lead to the corresponding products.

30 Scheme 3. Success in preparation of ethambutol analogs with modified linker
encouraged us to attempt synthesis of another sub-library of diamines using commercially

available amino-alcohol pre-loaded resins (Scheme 3, Figure 6). This route yields diamine
15
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anti-TB activity (Figure 5). Performed deconvol uti nﬁ reveal egi JF%S hits of
novel st Plct &ESES (agorp}zﬁogﬂg thery ’iogeft]ger) and the same synthetic Schemes 2 and 3. € same

screening tests were used for every deconvoluted plate. Few carbonyl compounds have

been identified as potent synthons contributing to the anti-TB activity (Figure 5).
Performed deconvolutions revealed 118 hits of novel structures as potent anti-TB
compounds (Table 4), 38 of those compounds were proven to be active in both assays.

25  Figure 11 provides a list of hit compounds and their structures.

Formulations

Therapeutics, including compositions containing the substituted ethylene diamine

compounds of the present invention, can be prepared in physiologically acceptable

30 formulations, such as in pharmaceutically acceptable carriers, using known techniques. For
example, a substituted ethylene diamine compound is combined with a pharmaceutically

acceptable excipient to form a therapeutic composition.
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bei ng tr edt egolyivii§lpyrrolidone and silicone. A preferred biodegradable matrix is a matrix of one of
either polylactide, polyglycolide, or polylactide co-glycolide.

The dosage of the composition will depend on the condition being treated, the
particular composition used, and other clinical factors, such as weight and condition of the
patient, and the route of administration. A suitable dosage may range from 100 to 0.1

25 mg/kg. A more preferred dosage may range from 50 to 0.2 mg/kg. A more preferred
dosage may range from 25 to 0.5 mg/kg. Tablets or other forms of media may contain
from 1 to 1000 mg of the substituted ethylene diamine. Dosage ranges and schedules of

administration similar to ethambutol or other anti-tuberculosis drugs may be used.

The composition may be administered in combination with other compositions and
30 procedures for the treatment of other disorders occurring in combination with

mycobacterial disease. For example, tuberculosis frequently occurs as a secondary
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particul ar conmposition used, and other clinical factors, such as wei ght and
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the therapeutj:e fBiBRdH FIRe SOWROS dolRNS B 8A GrdcReMsisheh alidition, HR&edcBinkoW Ng
specific exanples will illustrate the invention as it applies to the

particul ar syhidsr &t ¥ I1¢rnls (hemi2003.c4 1T @ﬁ@%ﬁérﬁcﬁ@o’@éﬁﬁlﬁﬁdﬁffﬁm%ﬁ’d t he
in vitro andgdy eﬁﬂré’t? StU A @8 ShPiacidkd e o%e?‘é&aﬁnﬂgs 9&!1191“&&%9&1&? Maneht%)ns in

tubercul osis. In additiona, the teachings R~ Lee et . Chem
2003, 5, 1972-chemicalrrrosedrehywillhecipperenitte dhasy Slﬁlﬂ¢ce1ﬂeth@ artj and thajdhe ingpationgs v
It will be a%Bfﬁﬁi@&t%QhJsQé}fecfﬁ%'?ﬁfsﬁ%@% i ncluding mnor variations in
10 chem cal proce ures e apparent to those skilled in the art, and
that the invention is not limted togkhgge specific illustrated exarrpl es.
EXAMPLE | Generating the Diam ne Library from comercially avail able

am no al cohol pre-|oaded resi : Al reagents were
purchased from Si gma- Al drich db}n’:laﬁ%gsﬂl cﬁeﬁlgjfﬂgr%rpfgzzded resins were

pur chased from NovaBi oetrarercéy veditlablegpdnayraio] pre;loadgi ¢4st7sr onmet hane,

di met hyl f,gr mam de, ethyl ene dichloride, nethanol, and tetrahydrofuran were
pur chasec} fromAl drich and used as received. Sol i d phase syntheses were
performed 20 on Qdest Zifmsynt hegi Ze%%%xﬁﬁ%ﬁn%u&halﬁpﬁeﬁl g8 Amino
conbi natorial chem stry equipnent atman Pol yfiltroni ¢cs and Robbins
Scientific). alphpopmtipasied gesinhavern p\yréhqsgd from NovaBiochem. Solvents acetonitrile,

dichloromethane, dimethylformamide, ethylene dichloride, methanol, and tetrahydrofuran
were purchased from Aldrich and used as received. Solid phase syntheses were performed
20 on Quest 210 Synthesizer (Argonaut Technologies) and combinatorial chemistry
equipment (Whatman Polyfiltronics and Robbins Scientific). Evaporation of the solvents
was done using SpeedVac AES (Savant). Mass spectra data were obtained by Electrospray
Ionization technique on Perkin Elmer/Sciex, API-300, TQMS with an autosampler.

Scheme 2. Description of the Process.

25 The acylation step was carried out in 5 ml tubes using the Quest 210 Synthesizer.
Removal of the FMOC group, reductive alkylation reaction with carbonyl compounds, the
reduction with Red-Al, and the cleavage from the solid support were carried out in 96-deep

(2ml) well, chemically resistant plates.

30
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was done using SpeedVac AES (Savant). Mass spectra data were obtai ned by
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20  Step 2. Alkylation of the amino group.

Deprotection. Ten prepared resins from the first three steps were pooled together,
leaving approximately 0.03 g of each in the individual vials for all necessary
deconvolutions. A suspension of the resin mixture (0.08 — 1.0 g) in 100 ml of a 2:1
mixture of dichloromethane and THF was distributed into two 96-well filterplates and

25  filtered using a filtration manifold. The reaction plates were transferred into combiclamps,
and 0.2 ml of 20% solution of piperidine in DMF was added to remove Fmoc protecting
group and allowed to stay for 10 min. After 10 min plate was filtered, washed with 0.2 ml
of DMF, and deprotection was repeated with 0.2 ml of 20% solution of piperidine in DMF
and allowed to stay for 20 min. After that plate was filtered, washed with DMF (0.2 ml per

30  well) and dichloromethane (2x0.5 ml per well).
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This step was carried out using a cleavage manifold. The reaction plates (placed on

20  the top of the collection plates in this manifold) were charged with a 10:88:2 mixture of
TFA, dichloromethane, and triisopropylsilane, 0.5 ml per well. After 15 min, the solutions
were filtered and collected into proper wells of the collection plates. The procedure was
repeated. Solvents were evaporated on a speedvac, and the residual samples were ready for
testing.

25

Scheme 3. Description of the Process.

The reductive alkylation step of 4-aminobutan-1 ol resin and the acylation step were
carried out in 5 ml tubes using the Quest 210 Synthesizer. Removal ofthe FMOC group,
reductive alkylation reaction with carbonyl compounds, the reduction with Red-Al, and the

30 cleavage from the solid support were carried out in 96-deep (2ml) well, chemically

resistant plates.
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45°C and 6-8 h at room temperature. After 16 h the resins were filtered, washed with 1:1
mixture of DMF and dichloromethane (1x3ml), dichloromethane (1x3ml) and acyldtion

20  was repeated with the same amount of reagents. At the end, the resins were filtered, washed
with 1:1 mixture of DMF and dichloromethane (1x3ml), methanol (3x3ml), sucked dry (on
Quest) for 30 min and transferred into vials (one resin per vial), and dried in a desiccator
under vacuum for 1h. After this step all resins were subjected for quality controlusing MS

spectra.

25 All following reaction steps, - alkylation of the amino group (Step 3), reduction with Red-Al
(Step 4), and Cleavage (Step 5), - were carried as they were described for the Scheme 2 of

this Application.
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20 Solid Phase Synthesis of Selected Substituted Ethylenediamines
Using the Quest 210 Synthesizer.

The solid phase protocol described above for generating a library of diamine
compounds was applied to the scale-up synthesis of the selected substituted
ethylenediamine compounds. Here, all reaction steps, from the acylation of the

25  commercially available amino alcohol pre-loaded resins to the cleavage of the final
product, were carried out using Quest instrument only, which allowed for up to twenty
parallel reactions. Purification of all crude samples was done by Flash Chromatography on
CombiFlash (Isco, Inc.) to yield desirable products in purity greater than 90%. Here, the
synthesis of one of the active compounds, 1-(2-{[3-(4-chlorophenoxy)benzyl]amino} -3-

30  phenylpropyl)piperidin-4-ol, is described below as an example.
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synt hesis of one of the active conpounds,
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Representative synthesis of active compounds.

Removal of FMOC protective group. Commercially available resin (N-FMOC-

piperidinyl-4-oxy)-(4-methoxyphenyl)methyl polystyrene, coverage (linker) 0.88 mmol/g

10 (0.4 g, 0.35 mmol), was placed into one of the 10 ml tubes of Quest 210 Synthesizer. A

solution of piperidine (1.5 ml) in DMF (6 ml) was added and stirred for 30 min, filtered,

washed with DMF (1x6 ml), and the addition of piperidine was repeated. The resin was
washed with DMF (1x8 ml) and DCM (2x8ml).

Acylation with FMOC protected L-Phenylalanine . The resin was pre-washed with

15 5 ml of DCM for 20 min. FMOC L-Phenylalanine, (.0341 g, 0.88 mmol) in 1 ml of DMF
(2,5 mol excess to loaded resin) were mixed with HATU (0.33 g, 0.88 mmol) in 3 ml of
DMF, and added to the tube following by the addition of solution of 0.6 ml of EtNiPr,.
Reaction was carried at RT for 20 h. After the reaction was complete, the resin was
filtered, washed with 1:1 mixture of DMF and dichloromethane (1x6ml), dichloromethane

20  (1x6ml), and acylation was repeated with the same amount of reagents. At the end, the

resins were filtered, washed with 1:1 mixture of DMF and dichloromethane (2x6ml).
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purity. Mass DProspdpe pasfepeated ReM W@esasgiﬁi} WA?%‘?VQP‘YIated on a speedvac. Gt

20  1-(2-{[3-(4-chlorophenoxy)benzyl]lamino}-3-phenylpropyl)piperidin-4-ol (in a form of

trufluoroacetate salt) was purified by Flash Chromatography on CombiFlash (Isco) using
following conditions: pre-loaded silica gel column, 12 g, flow 15 ml/min, 25 min run,
gradient starting with DCM finishing up with DCM/MeOH/NH,OH (600/400/10).
Obtained: 0.128 mg of 1-(2-{[3~(4-chlorophenoxy)benzyl]amino}-3-

25  phenylpropyl)piperidin-4-ol ditrifluoroacetate, 53% yield, of at least 95% purity. Mass
spectrum (ESI) m/z (MH)" 451.2, 453.2.
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24 WD 03/096987 PCT/US03/15925 Cainms W claim 1. A conposition
conprising a substituted ethyl ene di am ne conpound of a fornula selected
from 5 XvBO3OIBRT R ~Y/ NN, R2 RS R3 R6 RA NNR2 --22CTIUSHEII9S RS R3
OHR7T n R NNR2Z XY7/ R3 10RBRRE NR HO)n RB RERRER3 n N-~NR2
HOn | R8 ; 8|iaims::|'5 25

We claim:

1. A composition comprising a substituted ethylene diamine compound of a

formula selected from:

5
OH Ry R4
Ry )\ N R
2
R
5 R3 :
R
Re |4
/\N N/RZ
|
HO )w Rs Rs
R
OH I7 n R
R )\ _N N2
X Y / |
R Ry |
10 8 ;
Rs
n R
"
HO n | Rs
Rs :
Rs
R
S n )\
N _/N Rg
HO )n l
Rs , Or
15
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WO 03/ 096987 PCT/US03/15925 OH R R3 R\ NR2Z XY ~ R8 wherein Rl, R2,
R3, R4, R5, R6 R7 and R3 are independently selected fromH, alkyl, aryl,
al kenyl , wblognydog7 ar al kyl , aral kenyl, aral kynyl, cycl oal kylcr/usgs/isvas kenyl
het eroal kyl, 5 heteroaryl, halide, alkoxy, aryloxy, alkylthio, arylthio,

silyl, siloxy, or amno. 2. The conposition Caim1, wherein the
substituted ethyl ene di am ne ogonppun £ OH RA& R\ XY,NNR2 R5 R 10
3 3. The conposition &af Caim1, n stituted ethyl ene di am ne

compound is R6 R4 Cc~NNR2~y v R5 R3 |;5’4. The conposition of Caim i,
wherein the substituted ethylene diamn compound is OHR7 n RR NN R2 X
Y R 20 R3 3 26 WO 03/096987 PCT/ US03/ 13925 5. :The conposition of O aim
1, wherein the substituted ethyl ene diamne conpound is R6 N NR2

wherein Ry, Ra, Rs, R4, Rs, Rg Ry and Rg are independently selected from H, alkyl,
aryl, alkenyl, alkynyl, aralkyl, aralkenyl, aralkynyl, cycloalkyl, cycloalkenyl, heteroalkyl,
5  heteroaryl, halide, alkoxy, aryloxy, alkylthio, arylthio, silyl, siloxy, or amino.

2. The composition of Claim 1, wherein the substituted ethylene diamine

compound is

R
10 Ry
3. The composition of Claim 1, wherein the substituted ethylene diamine
compound is
R
Re 4
J\ R
Y\N II\]/ 2
HO n Rs Rs
15
4. The composition of Claim 1, wherein the substituted ethylene diamine
compound is
oH R7
R | n -Ra
1\ )\ 7 N ,l\l
Y
20 8 :
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I HONn R3 R8 5 6. The conposition of Claim1l, wherein the substituted
ethylene diamne conpound is R R3 ",rn N~ R2 HOn Rg 10 7. The
conposi tiwo fosdd8ai m 1, wherein the substituted ethyl ene dicanisogi1s%e®nmpound
isOHR-R3 NNR2 R XR8 15 27

5. The composition of Claim 1, wherein the substituted ethylene diamine

compound is

Rs
n _R
N /\I,I\] 2
HO n | Rs
Rg
5
6. The composition of Claim 1, wherein the substituted ethylene diamine
compound is
Rs s
A@T\N/kR
N 2
HO \ﬁ n | _/
Rg .
10
7. The composition of Claim 1, wherein the substituted ethylene diamine
compound is
R Rs
OH 7
n
f ~ )\ /Tl\l/\{:)_\ N)\ Ro
X \ |_/
Rg )
15
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