METHODS OF USE AND COMPOSITIONS FOR THE DIAGNOSIS AND TREATMENT OF
INFECTIOUS DISEASE 5 FIELD OF INVENTION The present invention relates to methods and
compositions for treating disease caused by microorganisms, particularly tuberculosis. The present
invention also relates to methods and compositions having improved anti-mycobacterial activity,
namely compositions comprising novel substituted ethylene diamine compounds. 10 BACKGROUND
OF THE INVENTION Mycobacterial infections often manifest as diseases such as tuberculosis.
Human infections caused by mycobacteria have been widespread since ancient times, and

tuberculosis remains aJeagiogsaserst deathcolmosiithoNg F e THEdSDEND® Ldispase 15
declined, in parallel with advancing SeRAFMEGT BIYFSOIRONES migEAISEteenth century,
mycobacterial diseases still constitute a leading cause of morbidity and mortality in countries with
limited medical restRIDeSF Aduiinmadyy mycobacterial diseases can cause overwhelming,
disseminated disease in immunocompromised patients. In spite of the efforts of numerous health

organizations worldwidelhh @TereRli CarEHGr Frigtes Hadrsthers gesexeensifions fay deHiendtshBved, nor is
eradication imminenteiBaycaResHrkhafidcvmidisbaoiokd onkis prkeated withnmisoabretetoum

berculosis compley, GoMmenySIaNs 1945 WDBIEHRSS IR} MINARRIMAE Fullion nev

cases, and two to three _million deaths attributable to TB yearly. Tuberculosis (TB) Is the cause of the
largest number of PERAFCEB SRR EIR IR bR EhEhyiene YRS SemPEERE Dye et al., J. Am. Med.
25 Associatiq?, 282, 677-686, (1999); and 2000 WHO/OMS Press Release). After decades of decline,

TB is now on the Mﬁ@%%m& 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 increasa/ycdisceatd infaammahsiny e fifosn 408 tecd 980 B wWdrarolweled Humeanconditions

and shared air SPEIEAGs caused by mycobacteria have been widespread since ancient times, and
tuberculosis remains a leading cause of death today. Although the incidence of the disease
15  declined, in parallel with advancing standards of living, since the mid-nineteenth century,
mycobacterial diseases still constitute a leading cause of morbidity and mortality in
countries with limited medical resources. Additionally, mycobacterial diseases can cause
overwhelming, disseminated disease in immunocompromised patients. In spite of the
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 spaes 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.



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. 1 Approximately half
of all patients with "Acquired Immune Deficiency Syndrome" (AIDS) will acquire a mycobacterial
infection, with TB being an especially devastating complication. AIDS patients are at higher risks of
developing clinical TB, and anti-TB treatment seems to be less effective than in non-AlDS patients.
Consequently, the BPIEIRAGH SAE AT graeds 1t aﬁ&%‘éﬂf%‘f&@?ﬁﬂ?&?@gcmggaégdm%oﬂﬁ%a other
than M tuberculosigiiredqdre asingiydemardidh dogpoitanivith R diidns tmatestagalythéeDSngatient.
Organisms from tfb%rh@ﬁ@aﬂuﬁn-im%ﬁé@{@a&ospnlgaw&g),f%paegﬂg sareiypes faurArdreight, .

n

account for 68% of the mycobacterial isolat%%? from AIDS patients. Engrmous numbers of MAC are

found (up to 1010 BAEFALSTEBRiIPHAFErEHTOFADER) PRI O TR QAR tHEBFIGHEYs 13F the
infected AIDS Ppatiaritdsopaion fagrddter i HiadltdiSrganizadtsraé?®HO) continues to encourage the
battle against TB, recommending preventjon initiatives such as the "%%Pande Program aqn,

Immunization” (EP1), and8PaRERi O RSHBRAAERRISHONS SichsesBrs MBI SR 1 Ffeatment
Short-Course" (DQGitfS)idao ke pdraetichti kDS TiBtialia g Mogsisistre dinrerihe did apreverrtioelafe-equally

important. Rapid dgjgectiomahestivgTRinatienswiliead tapatktiaatnest by shishaherkA0% cure
is expected. Therefore, early diagnosis is critical for the battl ﬁainSth'ﬁ&n addit£8fg, thg_rfageutic
compliance will enSaeh FeBHABRMATERSn TormmeBImIsTHt GRS R e Rerates of
drug-resistante stiairiki 20 Fe efitiengd e ofwrgurréyisiaprozhasibimobiosisdsbAIBR ramalitisturbing
phenomenon. Theate 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 componé&ht iWeffbHsatth lginasichE WHO) pratiewsteeaprergsribe bl ygassistant

strains. Equally imﬁﬁﬁ%&;ﬁ%ﬂﬁé’ em@%&:pfiniﬁaﬁves such as the "Expanded Program on
Immunization" (EPT), and therapeutic compliance initiatives such as "Directly Observed

15  Treatment Short-Course” (DOTS). For the eradication of TB, diagnosis, treatment, and

prevention are equally important. Rapid detection of active TB patients will lead to eatly

treatment by which about 90% cure is expected. Therefore, early diagnosis is critical for

the battle against TB. In addition, therapeutic compliance will ensure not only elimination

of infection, but also reduction in the emergence of drug-resistance strains.

20 The emergence of drug-resistant M. rtuberculosis is an extremely disturbing
phenomenon. The rate of new TB cases proven resistant to at least one standard dmug
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 climate TB and
prevent the emergence of drug resistant strains. Equally jmportant is the development of

25 mnew therapeutic agents that are effective as vaccines, and as treatments, for disease caused

by drug resistant strains of mycobacteria.

Atthough 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. afvicanum (Merck
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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: Al tuberculosis, Al
aviurn intracellulare, Al kansasii, M. fortuitum, Al chelonae, and Al leprae. The most prevalent 30

mycobacterial disease i ans Js tuberculasis (T.B). which is predgminangly caused by .
mycobacterial sp(;gé?laélgag]olrg:gpgg'si KPS S Ef?l %r%/iﬁé’?oarl‘%f‘"agf%%%or?u?n ﬁ%}é - %fgcnlﬁ%l 1992).
Infection is typicaliyhihtreedlpyotrredh el siovnek pafevtisus asticBalapineisnaeiabmn by seokthe

terrlr)inal r;ath}/vaysﬂsbwmgef,l@ﬂ@wﬂanMUf&fmeem ﬁa{)@dy@q@eﬁpaﬁﬂpmm, toarbagilli sramable to
replicate freely, with eventual destruction.of the phagocytic cells. A cascagde effect ensues wherein
astrction of e PESORS e Lol SR SEE O A ar s Al o RBLEtEL ) Sagrate (0
the site of infettionawseardditihes) rosranbaghimaddiymehiasirendel nitraigis dbs ety dlifetelis dwihated

dhurinbcf thg initial %ﬂ?j%oﬁé&é*ﬂxﬁiiﬁi&@i}ediﬁ{!ﬁﬁgﬁphﬁ&e&ééda&& kel wdeerhiwnphrRgdss iagavell as into
the blood stream and other tissues, suc the b marr spleen, kidneys, bone an ntral
nervous system. (gae%eﬁ%fﬂr%rﬂaefng%fl I\Wé&ﬁﬁ%&%ﬁ%ﬁlgﬁbg . %sngﬁi/e oar“%vf)rgnﬁs R?cﬁ -230
(1990)). There is $tflodotdennuhadesthite Guoh tcinbrsrIonich sBprpdatacts thentitbferradrabf

mycobacteria. Magyiavesfigatorseavenimplisaiedigids ariheraatowathancivasietial Couifase as
contributors %colgﬁﬂ}?g%gi gy and virulence. Evidence suggests that C- mycosides, on the surface
of certain mycobactérial cells, are important in facilitating 15 survival of the organism within

macrophages. Trehalose,8idimyselater anearshiacipbriansnbevwilicaied Jenotheriysarbacteria.

The interrelationship of colony morphology and vitulence js icularl ronounged jn M avfum. M.
o bl ooeu PP e BN oAt MRS RIS R CHPYRS Bl
colonies on convendBnalrkapisintgreriedielare morphology and virulence. Bvidence suggests that C-

mycosides, on the surface of certain mycobacterial cells, are important in facilitating
15  survival of the organism within macrophages. Trehalose 6,6' dimycolate, a cord factor, has

been implicated for other mycobacteria.

The interrelationship of colony morphology and virulence is particularly
pronounced in M. avium, M. avium bacilli occur in several distinct colony forms. Bacilli
which grow as transparent, or rough, colonies on conventional laboratory media are

20  multiplicable within macrophages in tissue culture, are viralent when injected into
susceptible mice, and are resistant to antibiotics. Rough or transparent bacilli, which are
maintained on laboratory culture media, often spontaneously assume an opaque R colony
morphology, at which time they are not multiplicable in mécrophages, are avirulent in
mice, and are highly susceptible to antibiotics. The differences in colony morphology

25  hetween 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 virlent M. avium organisms from lysosomal
enzymes and antibiotics. By contrast, the non-virulent opaque forms of M. avium have

30  very hiftle C-mycoside on their surface, Both the resistance to antibiotics and the resistance
to killing by macrophages have been attributed to the glycolipid barrier on the surface of

M. avium.



20 multiplicable within macrophages in tissue culture, are virulent when injected into susceptible mice,
and are resistant to antibiotics. Rough or transparent bacilli, which are maintained on laboratory
culture media, often spontaneously assume an opaque R colony 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 dueltéeiosiprese By braHiiconfieiesafhgcoritreds praciof idrigmréerd and
rough organisms idkigH-asts astk: prategiy ertapghl conkbis Gap itk coRlaycisaampesesprimarily
of C- mycosides whi rﬁgtlg iel viry M..,avium organisms fram lysgosomal enzymes
and antibiotics. By%%%tggﬁ? the no%lgl\?ﬁglcé%%%égbeue S?Ir%g%? %%?ﬁrﬁﬁrgé’&e%\yg?%aﬁtﬁga@?n@coside

on their surface. BBfHHL FkeistaiRug &5 dprTdR iddhTierire fverisaidatifcfinhsy mBefpHEYes have
been attributed to #hekglycolipid harrievenlthaau HabaqbsMoa didteotn Diggstasisdal faykakagierial

infection is confies e JsalPian Ancdey igeaian.etns Aalingsr allieudh onuentngel

diagnosis is based on sputum smears, ¢ -ray examination and clinical symptoms.

Isolation of mycob@¥fePRetsHIE HbETEHPTEkETSS IBRy a4dttorBly HeRRSIoRs 2apitideififification
takes a further twadaivseskslabtlere are several other techniques for detecting mycobacteria such as
the polymerase chain reaction (PCR), mycobacterium tuberculosis direct test, or amplified

mycobacterium tuberculB8fs drersstiestesithes) isaifeistasah fondeigtinmatiftriensrspesscivdabels.
One diagnostio teshsaat:isswidale usedciondeiecting witbelignswaisaovbyibls dldubRrewesisds the

tuberculin skin test Althu i@éﬁ?%fx%?N&?&%{fgx%%fgﬂé%ﬁﬁ?ekﬁg%%§i£%39%%%§edﬁyﬁﬁ@Hﬁ’e?éﬁﬁn"f two

preparations of tuberculin’antigens are used: erculi purified protein derivative (PPD).
The antigen prepaatibi &Stk neitiri vedEdhin Thf HRIRARPBRISEHREARY BISHIIEA is then

invasively transpotteditii drfidermally, or is topically applied and is then invasively transported into the
skin with the use of a multiprong inoculator (Tine test). Several problems exist with the
15 skin test disgnosis method. For example, the Tine test is not generally recommended
because the amount of antigen injected info the itradermal layer canmot be accurately
conirolled. (See Muxray et al. Medical Microbiology, The C.V. Mosby Company 219-230
(1990)).

Although the taberculin skin tésts are widely used, they typically require two to

20  three days to generate results, and many times, the resulis are inacouzate 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. If is hard therefore, to distinguish active TB patients from the
others, such as household TB contacts, by the tuberculin skin test. Additionalily, the
tuberculin test often produces a cross-reaction in those individuals who were infected with
mycobacteria other than M. fuberculosis (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

4



skin with the use of a multiprong inoculator (Tine test). Several problems exist with the 15 skin test
diagnosis method. For example, the Tine test is not generally recommended because the amount of
antigen injected into the intradermal layer cannot be accurately controlled. (See Murray et al. Medical
Microbiology, The C.V. Mosby Company 219-230 (1990)). Although the tuberculin skin tests are
widely used, they tg éi&g%yaée uire two to 20 three days to generate results, and many times, the

results are inaccur e ISR oo imaymtines e frusbpt fassiionrati push ehposed
to mycobacteria, biterey, healtisynibzid ddidi orfaimstan cielhofighi sheiagpiosis mrecirtieglentisiples #spositive

resultis observed nekARMIRAEIYE] BRBHGHS. PUlAISe-hRLcPeRRACERHad Wi Baciligeq
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developed the diseX YRS TO IR t8YaiR tHGTISR Aier T B s temEFr oMY RS ¥sisuch as
household TB éonteatisnihyihefebeyeplions kive teghin d devomatis, thiel tebdyalliapest oftés proguces a

cross-reaction in theggindividuRisHhE WetR MBI achYYithn MYEP RACHRHR N 8l thAE: Mndhgtsulosis
(MOTT). Therefore, diag{ﬁosis usin%%'i}he skin testls currer}tly available Is frequently subject to error and

inaccuracies. 30 TRESARGTATE 52 RTATSHERS DO BR PRI SR1% "RAPRISH S Y 1 ("8 SLHIVRC STGHRIEHS is a six-
month regimen corssisgietiof folighcugh yivety fof frpmrdimhterfotkmecd Ivyrewoedvergs tgiaeemdtdor four

months.dThedtwo m&i%ﬁaﬁlﬂmﬁﬁﬂﬁ, %&HJ&%@F&B@%%&@%%E&MS;W@%@W&@@
isoniazid and gifampin,. Although the regimen.is relatjvely simple, its jnistration is,quit
mocaton, B e L e o e et AR £ RS 81 RSrapy: a
daunting and confusitli prssgesn Birerysdve ralieilt Bk tieahtsicae dfranbsimmtoRithaly witkaryed few

weeks, and nearly alkappeal t0 hewades mithina Rvpmantha«iidhe, teatentisipakratipdgd to

completion, howevcsalrtéthﬁ e!;E:])%tie t may e ﬁ%

X erﬁgng%&gedﬁ\)pisedagsne% he rela Se t{aat% 1for atient% who do
not continue treatment to co’an I0A'IS |é)h.- varlefy Sfforms 0 ﬁa%% -cen ere&an{ca Earé'Used to

promote who complete therapy will be cured, and the risk of relapse is very low ("Ending Neglect:
15 The Elimination of Tuberculosis in the United States" ed. L. Geiter Commitiee on the
Elimination of Tuberculosis in the United States Division of Health Promotion and Disease

Prevention, Institute of Medicine. Unpublished.)

What is needed are effective therapeutic regimens that include improved
vaccination and freatment 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 sirains.

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

| OH
HN\/\NH/[/

25 HO Ethambutol



adherence with therapy. The most effective way of ensuring that patients are taking their 10
medication is to use directly observed therapy, which involves having a member of the health care
team observe the patient take each dose of each drug. Directly observed therapy can be provided in
the clinic, the patient's residence, or any mutually agreed upon site. Nearly all patients who have
tuberculosis caused by drag-sensitive organisms, and who complete therapy will be cured, and the
risk of relapse is very low ("Ending Neglect: 15 The Elimination of Tuberculosis in the United States"
ed. L. Geiter Committee on the Elimination of Tuberculosis in the United States Division of Health

Promotion and Disease. il a¥eaNAN psilhie. dMediclae, e biahed.Winalisgacged are effective

therapeutic regimens that include improved vaccination and treatment protocols. Currently available

therapeutits Ar8NG IBRTER O sistertiy etetivibiel Resul SPaESf oMM iR eatment
compliancégléiritoth EseceomaptiaieB() rablems qatiripatie dmtbe:devyelopredt oftaisgrsistant

mycobacteyighsiglasafNARYIOLEME) baodehscd.apibielcIaniadequmeqof T8, with over
300 million doses delivered for tuberculosis therapy in 1988. OH HNC~ NH 25 HO Ethambutol 5

EthambutSFHRIEIShEd By Nedbhil Labdiadibih thé5tdads, hisTtmModdy2it 1% good
pharmacoRatetit: Baiveney, dllfambutishhas B rgla@ivellihidgle Mifiidiin dmhibitisier€omcentration (MIC) of

about 5 t9/loARRE N LRNESPPHE-REWIIE.ERUS: 1O ifsa0. IRsisasinanasddar pisw. and more
example, U.S. Pat No. 3,176,040, U.S. Pat. No-

effective, therapeutic compositions (See.fo
4,262,122?’6‘?%?‘53?‘:%%‘?"&’?(&%5???&?%@1 FEERG, 3T BAsiRIsE s g8 1ES. U.S. Re.
29,358; arit Hausieiretd |havBiberg denel@ddie dcirsar Sheithishy doattared 16004y 8680L1681). In the

decoder yeasisnaingaithe Aiseayainobihaibanglicial #iferisnt ethamiitel ifewdehasmgcological

advances . . - 1 .
seriously apparent that new therapeutic compositions are crucial in the fight against

tuberculosis.

Clearly effective therapeufic regimens that include improved vaccination and
freatment protocols are needed. A therapeutic vaccine that would prevent the onset of
tuberculosis, and therefore eliminate the need for therapy is desirable. Although currently
available therapeutics such as ethambutol are effective, the emergence of drug resistant
strains has necessitated new formulations and compositions that are more versatile than
ethambutol. Currently available therapeutics are no longer consistently effective as a result
of the problems with treatment compliance, lending to the development of drug resistant
mycobacterial strains. What is needed are new antitubercular drugs that provide highly
effective treatment, and shorten or simplify tuberculosis chemotherapy.



in TB treatment have been developed. Moreover, with the combined emergence of drug resistant
strains, and the more prevalent spread of mycobacterial disease, it is becoming seriously apparent
that new therapeutic compositions are crucial in the fight against tuberculosis. Clearly effective
therapeutic regimens that include improved vaccination and treatment protocols are needed. A
therapeutic vaccine that would prevent the onset of tuberculosis, and therefore eliminate the need for
therapy is deswable Alth h currently available therapeutics such as ethambutol are effective, the
emergenceSbPMRY iﬁ% SR necessitated new formulations and compositions that are
more vers Ie than eth mbutol. Currggg available thera eutl S are(p longer consi tep&y effective
GBI rg ége"i\l/ne1 coné%‘{“n c?rug resistant

as a result iO SQDGCB\H%*& i1 ’ﬁ)‘frea men om |anc%nﬁ

mycobacterla{Fn strains. V at is needed are ne anti- tubercular drugs that provide highly effective

treatment, and shorts ify tuberculosis chemotherapy. 6 SUMMARY HE INVENTION In
one aspect,there is ppovidex ¥ comprising a Suiss ﬁ ami oun ok
formula selected \]n NHO-< _N~N HO- ~\N~//" HO-] N HO-(

N-~( _N HO-CN Octs HO~N~ I\ /~\~ /-\~ HO----( _N~~~\ (N In another
aspect there is prowded a composmon comrlsmg a substituted diamine compound of the formula
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In another aspect, there is provided a composition comprising a substituted diamine compound of
the formula selected from the group consisting of:
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N_ Co NHOHOCI NHNN\O\6e HOH3C,,H HO NNHN 5NOHO NNINN ~HOHOCI N
N\IO\VIOCI 5HOH/\ HN ~\ and In yet another aspect, there is provided a composition
comprising a substituted diamine compound of the formula selected from the group consisting of.,
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Ho CH, HO'--(NH (N~N CH, CH' \ CH, 6f HO HO HaC H N~NACC N~NHtHH OCH3 NON 1J
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The present invention comprises methods and compositions comprising ethylene
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in yet another aspect, there is provided a composition comprising a substituted diamine
compound of the formula selected from the group consisting of:
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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 diamims, which can derive from a
variety of amine compounds. In the present invention, the substituted ethylene diamines are based on
the following structure. 6h R4 R1HN NR2R3 Substituted Ethylene Diamine The substituted ethylene
diamine compounds described herein are synthesized and sereened for activity ag follpws. A chemical
library of substituted ethylene diaminesepared on a solid polystyrene support t&fhg split and pool
technologiesAThis-t€ PO S}H\OWS farthe synthesis of a rse @ bstituted ethylene
diamines. The&e diamines aré scr&eéRed for anti-TB activity WsiAg in vitro; biological assays, including
a High- Throughput Screening (HTS) assaf%ased on the recently completed geno jic sequence of
M. tuberculosis, and a Minimum Inhibition Concentration (MI&) assay. The methods and compositions
described herein comprisg-sybstituted ethylene 10 diamines that are gffective

by infectious opganisyns; @ 10 not limited to, bacter v @ One embaodiment of the
invention pfovides Methodsand co”merising stibstituted ethylene diamines re
effective against mycobacterial disease. Anothefembodiment of the invention provides m
compositions 15 comprising substituted ethylene diamines that have MIC of 50M or lower for

mycobacterﬁgiijzfse. : >
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Another embodiment of the present invention comprises substituted ethylene diamines that have an
MIC of 25 pM or lower for mycobacterial disease. Yet another embodiment of the present invention
comprises substituted ethylene diamines that have an 20 MIC of 12.5 pM or lower for mycobacterial
disease. Another embodiment of the present invention comprises substituted ethylene diamines that
have an MIC of 5 pM 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 froma 7
primary amine, and wherein the other amine group is derived from a primary or secondary amine. The
present inventidRcorismpritedivakioussaltueinglexet antboihipasubsiikirg Hgiatives of the
substitutadlﬂhykaﬂ@d@agi@g&ﬁw@opmm\g@ggm&lg&qﬁ%mpﬂg{taes 2 ghantiomers and other

su

stereoisomgrsrg‘figgg Sy sg}tute ethylene diamines and their ?s,t|tuté‘(ﬁe%%}ri\Ifla"rfﬁ("e_l%13l The present
invention further contemplates treathient 1o r ¥AMHERE sHetiirdebuenoimines eitamans.
Accordingiyrotes atréispeststirspreteity, iivandion tuiproviete etetienesianthaeompesitions for the
treatmeniancpiaventibiaidisaasgss.caused by infectious agents. 10 Accordingly, it is an object of the
present invention to provide methods and compositions for the treatment and prevention of infectious
diseases. Anothbf Bisfeet iob ehtopreeséamiihtee ntibmiisdd atrplvislaimathedsiand sompesitions for the
treatmerﬁcg;ﬂch mﬁmﬂqm@ﬁmy@%@gﬁ@gjami@gaﬁgscm%mgu&@%gmg%%tgﬂw?%gerculosis. 15 Yet
another ﬁﬂlﬁ%egfa}lé‘%ﬁéﬁsg ér}xﬁp%%n is to provide methods and compositions of the treatment and

prevention of infectious diseases usI 88 %SItIOnS comprising
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substituted ethylene dianunes. 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&nd prevention of tuberculosis using compositions
comprising substituted ethylene diamnipgg, whelein the diamine has an MIC of 50 M, or less. Another
object of the present invention is to provide hethod${Bedscompositions for the treatment and
prevention of tuberculosis using compositions comprising substituted ethylene diamines, wherein the
diamine has an MIC of 25 pM, or Iessslgm}qpéggi&t‘&e present invention is to provide methods
and compositions for the treatment and prevention of tuberculosis using compositions comprising
substituted ethylene diaminessmheeimitedinmine hasamiicsaitkd heMnaidegath¥eisdnather object
of the present INVERTAR? 19 RV TGS A LLaMBPRANS ~BLIRGH eAIER A eention of
tuberculosis using compositions comprising substl%]uf][e1 e’hy?gﬁe lamines, wherein the diamine has
an MIC of 5jM,or |@spaxedianbaolid spledrieneifarprasesing wBhawhneol dsshavieric dtib trsigrmre
compositions for the-deaimuntantbasyentian:e kit besabiasisdsigeaotpasoThae miarisieg
substituted ethylene diamings. whereiq the. diamine has HTS i 1Q% or greater, 10 Yet
another object of the S%Gélﬁfgiﬁt\)/reﬁ?é)%%s %‘%ﬁ%ﬁ%gcénmﬁggfti%%??gﬁ %yeﬂt%asfa%@l%éﬁ%%mﬁggon for the
treatment and preVerRERIT Srreenink (BT arsnnbaseA Andhe rends Srplets ssrmirRraneRss /K to
provide compositigusbeihesepentic Noinmutatictibifion hedeaatmenpMadagmeyention of mycobacterial
disease caused by

The methods and compositions described herein comprise substituted ethylene
10  diamines that are effective against disease caused by infections organisms, including, but

not limited to, bacteria and viruses.

One embodiment of the invention provides methods and compositions comprising

substituted ethylene diamines that are effective against mycobacterial disease,

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

mycobacterial disease.

Another embodiment of the present invention comprises substituted ethylene
diamines that have an MIC of 25 pM 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 substimted ethylene diamines with HTS Lue 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



mycobacterial species comprising M. tuberculosis complex, M. avium intracellulare, M. 15 kansarii, M
fortuitum, M chelonoe, M. leprae, M. africanum, M. nzicroti, M. avium paratuberculosis, or 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 synthesiiﬁﬂnﬁ’@rﬁm%iﬁ‘@gféﬁrﬁﬁtﬂ?&%ﬁ@@?&?ﬁ@%f&ﬂ?g POV HER EOMMETEATY available
amino alcohol predodted 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 showjng the,
Synthesis of the original FOESETCERIBEMECRERF ST ETHM SR PAMRIBEE *RIGUPE S BIEUIES scheme
2, a schematic shalwitwgtiee ubéofustineditipielopiiem3esodile gresin sxeemdi@nalsrocauicpdsitinker. 9
Figure 6 provides Scheme.3, anschemati.shawing friner modification adihenlinles: werking:with
amino alcohol pre-loaded resins. Figure 7 provides Table 2 which lists the Amino acids used in the
library preparatiorﬁ“@bﬁ?‘iﬁﬁ‘?éi%%‘\ﬁ&eg}i‘%ﬁf%gggwfﬁfﬁ{}iéoeaq’ﬁgﬁﬁ/F%ﬁ%&%ﬁsﬁeﬁ%atagrr%%géﬁts in the
syntheses. Figure Biiudinglésiraprdsaetatiierex@mples of IvIC and Lux data. Figure 10 shows the
occurrence of akylating fonofers i the acfe malecules, Fladre ALPIoyides,2 et ot ggmpounds

compositions for the treatment and prevention of diseases caused by infectious agents.

10 Accordingly, it is an object of the present invention to provide methods and

compositions for the treatment and prevention of infectious diseases.

Another object of the present invention is to provide methods and compositions for
the treatment and prevention of mycobacterial disease, including but not limited to,

tuberculosis.

15 Yet another object of the present invention is to provide methods and compositions
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 uM, 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 uM, or less.



10 Figure 12 provides Table 3 which shows the layout for deconvolutions. DETAILED DESCRIPTION
The present invention may be understood more readily by reference to the following detailed
description of the specific embodiments included herein. However, 15 although the present invention
has been described with reference to specific details of certain embodiments thereof, it is not intended
that such details should be regarded as_limitations u on.thte sc%e of %Sinvgrégonbgggng%ire text of
the references mentiondP RTINS h OBy REBHSBISES IR ARG Rteties By referance mcluding
United States Prdbisieathd®atedt ppplitationf Skembos 60188 toppasitiens MayPIFngcobstiftednited
States 20 Patent ApalicalinRiSa!iahdios b 4587 Gt eyt 3. 23002 ysobacterial infections, such
as those causing tuberculosis, once thought to be declining in occurrence, have rebounded, and
again constitute a serioti&heaifietbiat. ol bberewit sinqitR i therceidsenetds Jadgesmesiions: of

human deaths; attgfuied. 10,3 Single prielRgicRaRRIMRWao s MiioRREaRIE infasacavith
tuberculosis dying each year. 25 Areas where hug}?@ns & f"gdﬁfl to]gs%ther, or living in substandard
affec

. ro
housing, are incrE4SHGEH HIAHE S AETE PEUaRPL sy Wit alyéhacteria. Individuals who are
immunocompromised arg af areat sisk-pb PN JaiRciedMith:my saRatieRiae a8y R iesticasich

infection. In addition, the emergence of drug-resistant strains of mycohacteria has led ta. treatment

problems of such fATERAAEFATRRSHART BSOS BeBRIEFHNTS BREESRTReSIoTR TRy RAR AR RS AT S hoor, or
live in areas with #tadeguidainesithesie faolitreseAss HFSEUc of trdtiodd Phsmarasieconomical,
education 10 levels, etc.), many of these individuals are unable to comp]y with theé)re cribed

Vi

therapeutic réyimens. finaRe et o (i TR TREAECDy SHR AR STRRIHARA oG5

WdiTaIs Fesults in
the prevalence of flisepssic FhisuaiecilianesisdreqUemtisntonyiourdetirjaiisesimergence of
drug-resistant strains of mycobacteria. Effective compositions and vaccines 5 that ta%}rlget vatriious stains
of mycobacteria are necA8ahey fOIBFHRS e nrErR-ETgHstbiRpvide compositions for taerapeutic

formulations for the treatment and prevention of mycobacterial disease caused by
mycobacterial species comprising M. tuberculosis complex, M. avium imracellulare, M.
15 kansarii, M. fortuitum, M. chelonoe, M. leprae, M. africanum, M. microti, M. avium

paratuberculosis, or M. bovis.

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

embodimerts 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 anatogs.

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  Icaded resins and amino acids as linker,
9



tuberculosis cases under control. Chemotherapy is a standard treatment for tuberculosis. Some
current chemotherapy treatments require the use of three or four drugs, in combination, administered
daily for two months, or administered biweekly for four to twelve months. Table 1 lists several 10
treatment schedules for standard tuberculosis drug regimens. Table 1 Treatment Schedules for

Standard TB Drug Regimens. STANDARD INDUCTION DRUG PHASE CONTINUATION REGIMEN
Dosing PHASE Sthec it BT BRUE Bas e S B AR R S A Dally, DOT 8
weeks Isoniazid 2Akek vDoTesiyenkey FkiehehpreivediiesBOT 8 weeks Rifampien 2/week, DOT 16
weeks Pyrazinamide Daifye @drsrinaeksik thamutal aleDailinoids Bssemkse Bikaptomycin Decades

of misuse of existin ant'g)iotics and poor compliance with prolong and 15 complex therapeutic
regimens has led mutations of the mycobacterium tuberculosis and has created an epidemic of
drug resistancé that threBigie dmseidetaerctoraior fobrIviersrryds st Atafeat o cdtifrently
prescribed drugs, inghugiag the front line drugs, such as isoniazid, rifampin, pyrazinamide, ethambutol

and streptomycin were dlg.velo ed fr%:mltehe 19t§05 to the 197%8%1&&@33 arlier development of

- 1ive. 1 .
tuberculosis chemotherapl)glgtla ROt 20 have at its disposal the implications of the genome sequence of

ave at its dis
Mycobacterium tubercuIE’@FEFPﬂﬁ@h@%@ﬁ@%ﬂ?ﬁﬁﬁﬂf?ﬁk@ﬂﬁé&%@b@éﬁ%ﬁﬁ@%ﬁecades,
andthe use of national drig:testingvadd casnbinationpbeitiaigttieid dructures.

10 Figure 12 provides Table 3 which shows the layout for deconvolutions.

DETAILED DESCRIPTION

The present invention may be understood more readily by reference fo the
following detailed description of the specific embodiments included herein. However,
15  although the present invention has been described with reference to specific details of
certain embodiments thereof, it is not intended that such details should be regarded as
limitations upon the scope of the invention. The entire text of the references mentioned
herein are hereby incorporated in their entireties by reference including 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 occumence, have rebounded, and again constitute a serious health threat.
Tuberculosis (TB) is the cause of the largest number of human deaths afributed 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 drug-resistant 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



Consequently, the treatments of drug-resistant M. tuberculosis strains, and latent tuberculosis
infections, require new anti-tuberculosis drugs that provide highly effective treatments, and shortened
and simplified tuberculosis chemotherapies. Moreover, it is desirable that these drugs be prepared by
a low-cost synthesis, since the demographics of 5 the disease dictate that cost is a significant factor.
The present invention provides methods and compositions comprising a class of substituted ethylene
diamine compounl¥&HEEtvaTA RSt RERIIHE SURTRIBIE 61 tHeRheE! &?s%&gﬁ%ﬁaig}%%‘é%sms
including, but not ligpitesd0 haatedia. dagpasticalardnglimet iy dscanehd othpositivdsadf trelprésent
invention are effecfive in inhibiting the growii.af 10uheMiskAosgaRIsR:Y- tihgkiRsisyy hgamethods
and compositions of the present invention are intended for the treaiment of mﬁycobagterlainfections in

human, as well aseBEFRERS R BT SIS Of Y BTN T aRGB T FIESPRETSRRFENI AR T&E ful for the
treatment of cowstinfiasisd yidds beis. Asipsidceining tihectery thlideedhiosistasinn prsberdibease
states usually ass?g%gosi]s%ggmg@gm_caused by mycobacteria species comprisingM.
tuberculosis complex. The term "tuberculosis" is also associated with mycobacterial infections caused
by mycobacteria other tbaandthtukericul esisiéiM GtheD foetuhryadtact Snmk spucit shirfubiatny
avium-intracellularg, M. kansafii: M \Qrluiium M, GBEIonas, M (eRis. b, afiisanuma aMymicroti

M

M. avium paratuberculosis, M. intracellulare, M scrofulaceum,M. xenopi 2031% a{jnum, M.Iulcerans.
The present inventfh Rier EctApissest dmsadam E%Hbgfﬁb‘f‘?sr%‘f?ét@tiv Fn%elsﬁesgfﬁ%nt of
infectious disease rinuhisinghbditiecht sritderdonfirosdoshdsegitgmvasterial, mycological, parasitic, and
viral agents. Examples of such infectious agents include the following: staphylococcus,
streptococcaceae, neisseriaaceae, COCCi, enterobaci’@f’?%?c’eae, 25 pseudomonadaceae, vibrionaceae,

campylobacter, pasteurellaceae, hordetela francissli, pinesleplegionslianeac, bacteroidaceae,
gram-negative bacilli, clostridium, corynebacterium, propionibacterium, gram-positive bacilli, anthrax,

actinomyces, nocardi@riNsaRD | INDUCTION
DRUG PHASE CONTINUATION
REGIMEN Dosing PHASE
Schedule DURATIO | DRUG Dosing Schedule [DURATION
N
Isontazid 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
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
haﬁ at its disposal the implications of the genome sequence of Mycchacterium

tuberculosis, the revolution in pharmaceutical drug discovery of the last decades, andthe

15

20

use of national drug testing and combinational chemistry.

11



mycobacterium, treponema, borrelia, leptospira, mycoplasma, ureaplasma, rickettsia, chlamydiae,
systemic mycoses, opportunistic mycoses, protozoa, nematodes, tematodes, 30 cestodes,
adenoviruses, herpesviruses, poxviruses, papovaviruses, hepatitis viruses, orthomyxoviruses,
paramyxovimses, coronaviruses, picornaviruses, reoviruses, 12 togaviruses, flaviviruses,
bunyaviridae, rhabdoviruses, human immunodeficiency virus and retroviruses. The present invention
further provides methodSaRaEs HpoSRideusefuPioirtsectivamte et slieatsaaddaifiuding by
not limited to, tuben#osissitcifasinmE rehiie febisebsbesglistdinpntmopefidie dyhby rtftotive, lyme
disease, cat-scraich fiagee, B teddP YRR RANP hbGUAL AN habiERERSCARA G g alion

Antibiotics from Ethambutol The present invention Is particularly directed to a novel library of diamine

compounds of Eth&frhEI Rk licse St rmyeRano diadostsort erthsrisr Srsdhy drarerehismercially

available amin® aldahiitqase daadetiatesnss a-significant. factor..... ... ... IV e ; ~jRey iHR" R4E |
R, RI~-XY.NandHO /Rz ........cc......... IEL oo _Eooii_ il _fi- _.~1%a..._._i Ntlinker N2 N1
linker N2 Hn woveyee. Tho presgyt ipyeutiogroidss yipthods @ng pomposiiops) ARSIk & RSk Hlinker N2

substituted ethylene diamine compounds effective in freatment and prevention of disease
caused by microorganisms including, but not limited to, bacteria. In particular, the
methods and compositions of the present invention are effective in inhibiting the growth of

10 the microorganism, M. tuberculosis. The methods and compositions of the present
invention are intended for the treatment of mycobacteria infections in buman, as well as
other animals. For example, the present invention may be particularly useful for the
treatment of cows infected by M. bovis. ‘

As used herein, the term “tuberculosis” comprises disease states usually associated

15  with infections caused by mycobacteria species comprising M. fuberculosis complex. The
term ‘“tberculosis” is also associated with mycobacterial infections caused by
mycobacteria other than M. muberculosis (MOTT). Other mycobacterial species include M.
avium-iniracellulare, M. kansarsi, M. fortuitum, M. chelonae, M. leprae, M. africanum,

and M. microti, M. avium paratuberculosis, M. intracellulare, M. scrofulaceum,M. xenopi,

20 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 cansed by bactemal,
mycological, parasitic, and viral agents. Examples of such infectious agents include the
following: staphylococcus, streptococcaceae, neisseriaaceae, cocci, enterobacteriaceae,

25  psendomonadaceae, vibrionaceae, campylobacter, pasteu:ellz;ceae, bordetelia, francisella,
brucella, legionellaceae, bacteroidaceae, gram-pegative  bacilli, clostridium,
corynebacterium, propionibacterium, gram-positive bacilli, anthrax, actinomyces, nocardia,
mycobacterfum, freponema, 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



Etharnbutol k..H--._..... ...--.....----T1._----—--- e Mvee_-., R3OHR':... RBENnRzk and; R, ~tJ Rz
0 ~ XY N1 linker N2 N1 linker N2 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 allS&ETHRFoBHEREIS B i drehdPaiRrreit M e RIS e el as
chirality. 20 It wasretioeialstar the project to synthesize a sub-library of diamines closely related to
Ethambutol by having amino alcohol moiety in the molecule, and yet quite djfferent due to presence
an elaborate linker betwdth BFRERGFRIoE SHEhes peudpidardadiqnd Crpauiems iRl fdhisies). Also,
~ the fact that the 2-&atowairiyitestimsdibepee dehdad Bmindialitaholstdreccbrimpyeialty Gudibddble
(Figure 2) andssuiiel.rongner chrmsH RS Nalkuailaptivealhe.compaundalaine lapy were

S

prepared on mmol scale in 96-well format in_5 pools of 10 compounds per well (for the vast majority of
the plates). Table YerfipSRted Fsnsaibeiistor the synthesized plates. Solid phase syntheses
using amino alcohol pre-loaded resins. Twenty 96-well plates have been prepared. Four- and
five-steps synthetiersude@eneasting 4réfiodsinebérampdohilable amino alcohol pre-loaded resins
similar to what had been used to 10 create our first 100,000 compound library (Scheme 1, Figure 4),
were applied to make taFyetessidninvesti(s clsepagisylagivd derigu fe sas navel diksspeefivERpimEhere are

some differences ip.{pg sy ibenas et siepseaidhe Sehemehyis.abaedennthin Sshemes

i0  commercially available amino alcohol pre-loaded resins,

s R y
i H hy

Ry i! and EHO \) )\N/Rz
nithy Bl

~]

N1 hinker N2

H \ .
H - R,
?N\/\N/C w and HO. \/Q: F\el}/\ Z
H H FOON - 3.
" N1 linker N2 Nt linker N2
Ethambutol L
i H H H & H
i Re Ry H H I Ry :
PP A{% o) e : A
1 Rl { 4 Ry }
§ ”O\/Q: j;ﬂ)q i
H H H H a " H
i ; ; H z = H
N1 linker N2 N1 linker N2

In an effort to enhance the structural diversity of our library of Ethambutol analogs

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

diamines against M.fuberculosis, 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 Tt 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 presemce an claborate linker between the two amine atoms (see Figure 1 for
13



2 and 3; (2) in the Scheme 1, the second amine is introduced into the molecule as a whole synthon
via nucleophilic displacement of Cl-function of the linker, while in the Schemes 2 15 and 3, it proceeds
through modification of the existing amino moiety by carbonyl compounds. Scheme 2. Acylation of the

purchased amino alcohol pre4oaded 2-Chlorotrityl resins was accomplished via peptide coupling with
FMOC protected amino acids i

n presence of HAT i . .
(O-(7-AzabenzotriZFBEFSARE Iﬁﬁ%ﬁ%@traﬁ%{hﬁﬁ r%ﬁtluﬂr’ﬁtzgl%%%%%%hées?p Sala RS Bt 0-Pr2 in
DCM/DMF mixtureasiiiR Rlchelsremchonearcisi evrlabiédEimini rodeyt vall propedeseimmsint Githe
amino acids used tpgraatedils library is shown in the Table 2 (Figure 7). Deprotection (removal of the
FMOC group) was carrie outg%read%t_%%n@\év iperidine at I%T. Derlv%kza?gl%nggfvm amino group was

achieved by reductive al afi Various ca Ig%aﬁfcg%f%on S, such as a dé’ﬁ%es, ketones,

and carboxylicSacigsoin efiédresprouln b aRl Kibi3het RS forieitoef RbeTplatesy| detiton! offfisere Sobonyl
compounds was niadesecthitdhs fralsiagiaegueducts would carry the same or similar types of
substituents that had be\(,aen o) sgrved ir}hthe hit com oundzs epera&egl fg);n %he p.]?viousggprgﬁy of
ethambutol analogs, as a8 é’tgr%gﬁraﬁ‘yﬁglvuesfgﬁya ?é’u?ec g}? .4 ’é%r%gfzeteﬁfs'fsbf "Eﬁﬁye car‘%onyl
compounds used iglghownin Paple BYRiGhre FoRedudtibicofithe arnibRiisthiplepe aardes iftem

corresponding diapipgswascarkitbeumuisitrdhs seluile dadusingrBageniabhi KeRedsAl at room
temperature. Cleavage of th roducts from resip was ieved with a 10%.selution ,of
triquoroacetic%Jcid ?F]e%%c% o%srﬁgt a%‘%djr"gé‘ﬁ’ffﬁ?& ?S,%ﬁg &?rgm% |%ar$o I?Eixjél\ffser gfai??elﬁ?a{rj%inmgls{? For

library production tieseied| dirminsne (Sekamessymefic Beprsé wids Caprreatisei)usifes @§esm210
Synthesizer on scaigrakfeds thifegyeiiasin petvdiRstkele win: hachd eacti bmtRieth Baingesere

o o3 SHESL AP, RERAGUPE AL Rl S/ SROSIEH RBSHRSEfcaRal aTRulR! of cach
: synthon via nucleophilic displacement of Cl-function of the linker, while in the Schemes 2
15 and 3, it proceeds through modification of the existing amino moiety by carbonyl
compounds.

Scheme 2. Acylation of the purchased amino alcohol predoaded 2-Chlorotrityl
resins was accomplished via peptide coupling with fMOC protected amino acids
presence of HATU (O-(7-Azabenzotriazol-1-yI)-N,N,N,N-tetramethyluronium

20  hexaftuorophosphate) and EfN(#so-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, ketopes, and carboxylic acids, in
the presence of NaBCNH; 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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facilitate re-synthesis and deconvolution of actives. Deprotection of the FMOC group, addition of the
carbonyl component, reduction, and cleavage were carried out in 96-well reaction blocks using the
Combiclamps system by 10 Whatman Polyfiltronics or the FlexChem system by Robbins Scientific. A
suspension of the pooled resins in 2:1 mixture of DCM/TIIF was evenly distributed into one reaction
plate resulting in approximately 10 mg of the resin per.well, The 96 diverse.carbonyl. compounds were
arrayed in one 96RVEHHTat T eI 48 M AtEE S R n bt %%‘?%B%uor%%glg?r\?vaéﬁ@foaéﬂ'éégrﬂndividual
pool of ten resins digdoitimgthamncapitiopiattd Retrtirdd s8lpfducdianpessplate. Reduction was
carried out in the same {opmataRGEieAKBIR.a A6 ik ins IBoxi aaR R alssasdoliawead dy

evaporation of the TFA prior to_biological, assay. Quality assessment of the prep library of
diamines was dorf&'B§ ERRFLHA 5%1%?%6’5’ rsﬁéa? s%gelé@%%%e Uesihg” %%%n%é?ﬁ’l%&lé%ﬁed rows
(16 samples) per platgon2hrgbrofivh aveotdharovelds vBhed alsisd| gadodoe gones of E8imsoRERas based

on an appearance,gfiaimlastlak iaRaf Hsusalguaiedmas d3gpeasdinenrdheaminoasig that had

been used for the synthesis th$ gggr%g{r]‘;eage o{ the_%{e%{cted ions were observed and therefore the

predicted compou‘%l lngg”’ rom ot ‘ﬁsable 1, Figure 3). Based on MS analysis,

out of targeted 15,360 c@m@mﬂ&'ﬂﬂ%@hﬁ%iﬁem@@mﬁﬂ@ﬂ?%@%éﬂ%?ﬁﬁb BwertieRich as
ami nometbylcylcomw??%%%ieh thienvlalaningcon Bheryiaianine Queducatdasikabls

ields

2\

compounds with good 88-96%). A thﬁs e time, s ninQ acids, such as arg{ilnyfe,
tetrahydroisoh(bin%vﬁﬁzé Sl ,ogn%e Fé{z!o%|8|r§\é5tgg‘?k§gq<$ﬁ§g;%_ ad n(%_éa o the .
corresponding protiees:ied Ssheined. Sutse o5 POMESH atencsrdihdisiitisidnial oo Wakfitodified
linker encouragechil tRAGIHRE SRHBERIESET a0aHessub-Hhmyep WANTRE s gingeoparbergially
available amino-alcohol pre-loaded resins (Sghe Figure 6). This.rqute iglglé1 iamine. 15
compounds that a?g“glfﬁﬁgg? tvéefﬁggéyﬁgo ﬁé%g vf/%iﬁ%%&é%ne?%éa fn ?gu?e gfl Ut tha?tialsc_)B ]

per well, to each individual pool of ten resins, resulting in an anticipated 960 diamines

15 produced per plate. Reduction was carried out in the same format and cleavage and
filtering into storage plates was followed by evaporation of the TFA prior to biological

assay.

Quality assessment of the prepared library of diamines was done by Electrospray

Ionization mass spectrometry using two randomly selected rows (16 samples} per plate,

20  17% of the total 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



possess desirable substituents at the first nitrogen atom. We have illustrated this method by starting
from commercially available 1,4- aminobutanol pre-loaded resin. We prepared five plates using five
amino acids Phe, Ame, 5 Cha, Tip, and Inp (Table 1) that gave the best preliminary results in the
screening assays (see number of hits in the Table 1). The very first step was derivatization of the
amino group via reductive alkylation by 10 carbonyl compounds (cyclooctanone, 4-
benzyloxybenzalo‘@ﬂﬂ?&?‘%@ﬁ‘é&?ﬁ%ﬁ?ﬁ%ﬁ?r@ﬁ%@%&% OB SSBIRA-%- SHET nord i Gl
4-(4-hydroxyphenpbekutesinhie, sgestingitce tbn BrsPadeeatorten? 10 adamantanone) in presence of
NaBCNH3 at RT. The fojjgwing, SigRS.NercaMIad O ¥y indnaliniar ashioRasiy erapaiied garlier for

the Scheme 2. Screening the library against M.tuberculgsis and deconvolution of,gg%active mixtures.
i

A high-throughpufEERRIHHE FECOATET M mYE TBETET 4 EoRIEsTR iFy e YD ATSRS, Woffiiferase to
RV0341, as wéll aSTheTi) Gal bas(Bedn Dsbat tpwsciedrstpsaievnatsrouityiouhdsiseipmistambutol

analogs, Figure 9%@%&9@99@9&@%@%& . ’%Hé"ééi‘yt@i%@{’%t@ﬂiaIﬁzﬁ%‘ﬁEM,oFaﬁé%ﬁﬁptiVity at
<12.5uM in the HTS Luc_asg%éland/or with an NEC of <12.5 uM). have ee%&scﬁlected for

deconvolutions. DECBRVIGtGHREGIEN T8 pBYNn&m KRB PRSI TRE His crate
re-synthesis of théelizyhindaoapbydrs in @botmidiinat wsimgrstoredtefrehide 20-weinstpror pooling

them together) ang the same synihgligachemapdanths, Thesamecserreningdeaisny/ere aised for
every deconvoluted plate. Few carbonyl compounds h e,é%e%%lidentifited as PTotenI yrghlgns
contributing t&othea&?fﬁ%“aE?W(ﬁﬂ?jﬁﬁe%}*‘B%%W&m%u S RO EePEVEATA I8 Pite of novel
structures as potesituiatiFEBios empoispeledEatile ), 1B8Sshthisse compounds were proven to be active

in both assays. 25 Figukg,1d,puovidesadist Qlhit:comperasisans.dh el stiusiue orFaamalasions
Therapeutics, including comgp;itions containingigthe subﬁtituted ethylene diarglne CQQQB%HQQS of the

present invention, BESE AR EECHERRIG 578 ot A7 RELEBtA fay cobacteria containing

fusion of tuciferase to Rv0341, as well as the MICs, has been used to screen this new
15  compound lbrary of ethambutol analogs, Figure 9.

198 compound mixtures have shown to exhibit anti-TB activity, Table 1 (activity at
<12.5 uM in the HTS Luc assay and/or with an MIC of <12.5 uM). have been selected for
deconvolutions. Deconvolutions of all 198 compound mixtures were performed by the
discrete re-synthesis of the diamine compounds in 96-well format using stored archive

20 resins (prior pooling them together) and the same synthetic Schemes 2 and 3. The same
screening tests were used for ew)ery 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.

Formulaiions

Therapeutics, including compositions containing the substituted ethylene diamine

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

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

acceptable excipient to form a therapeutic composition.
16



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. 16 The compositions of the present invention may be
administered in the form of a solid, liquid or aerosol. Examples of solid compositions include pills,
creams, soaps and implantable dgsage units. Pills may he administered orally., Thergpeutic creams
and anti, mycobacteria 885STRESHE AR BTETE TSR MM e 3586%%1515 %ﬁ‘hg bes
administered localbplifotigrdropherdsvthElemgiss of meky benpogkometidide pienssticsefoapeant the
therapeutic compagifing. it EXaRRIRSURANAREo sivixRpiesIn! liidssamprsitionsdaslde
formulations adapted for injection intramuscylayly, %%Pcutan ously, .intravenously, intraartertially, and
formulations for toPReAIAAE R FXBERPa ﬁ’é’[‘?’éﬁ’ By ?ﬁ%‘le 190t o??g?ﬁwu‘fgﬁsor%a’%%de
inhaler formulétio rstignissredrtsaitidortexthglel tnlthadenss, suseintedmelentsd fnatrieratiasderrerein, is a
matrix made of majerigls dishialivc PRWPRRIReNNGH aigHRIradRbIe-BYLERZY REeNEAGE Rgse
hydrolysis, or by dissolution. Once inserted.into the body,.the matrix is act(-i-d upo %gnz\l}/pwes and
bodly fluids. The sﬁ%ﬁ?&%f@&&éﬁ%‘gfﬂ&‘?ﬁ%’ﬁ& e&eg}/rgﬂvf%n]? B PR R R AR Y including,
but 15 not limited toftipesoshespipelyttetinemd biyiatiotis dofpionirab st tiyeesidan ety injseriistide
co-glycolide (coplymers ef RchiGasidantishies iaame inRakraehyangias, ROMBHIRR)AsIeES the
polypeptides, hyaluronic acid, collagen, chondroitin sulfate, carboxylic acids, fatty acids,
phospholipds}opol Wharides, nucleic acids, polyamino acids, amino acids such as phenylalanine,

tyrosine, isoleucine, polypugleatides;delyinykPionyianer20 Rolwinipwialidenasnrsdssilisane. A

preferred biodegradable matrix is a matrix of ane of either polylactide, polyglycolide, or polylactide
co-glycolide. The FSSEYE oFtHE B e&?ﬁ%%e\?ﬂﬁ %ﬁgco??tﬁ%&%gﬁ%ﬁy%u Ké%gofr%%%#,d?ﬁ%&particular
composition used,Qm oifretedlintic thddodrshs yetirbsinasightuamel o privGes #oghbody fluids. The

sustained release matrix is chosen desirably from biocompatible materials, inchuding, but

15 not limited to, liposomes, polylactides, polyglycolide (polymer of glycolic acid),
polylactide co-glycolide (coplymers of lactic acid and glycolic acid), polyanhydrides,
poly(ortho)esters, polypeptides, hyaluronic acid, collagen, chondroitin sulfate, carboxylic
acids, fatty acids, phospholipds, polysaccharides, nucleic acids, polyamino acids, amino
acids such as phenylalanine, tyrosine, isoleucine, polynucleotides, polyvinyl propylene,

20  polyvinylpyrrolidone 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 mp/kg. A more preferred dosage may range from 50 to 0.2 mg/kg. A more preferred
dosage may Tange 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

17



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 “FORIBEEN FELCTHthY He ATAERT JFBtH GHETRT SBECMInG Y cbmBRTEHBN with
mycobacterial diseasegéiog Xidrhpiextuses culdsisitidgise ntiycedousssashazs evograaryadizticomplication

associated with acqisselFmURRYeSiHEACK SYNHIOME (RS ) Brlianis: WadekaRing ARSkgatment

which includes procedures such as surgery, radiation or chemotherapy, may benefit from the
therapeutic method&%hd compositions described herein. 5 The following specific examples wil

lustrate the igvention as i BRlch OB RBEHAL N SIEAL he bl Erelbyeselamine

compounds, and the in vitro and in "vivo suppression of the growth of colonies of M. tuberculosis. In

additiona, the teadiifiGe*bPRMEHS Wit sybEBYH cBKEm Japiesorporas nd HE/BR A8 dBrated by
reference in theirendisepyrdisivdl deiappoediaié ddoaicotifds. exbampless. nal uddiigpm) oy eariatigns in 10

chemical procedurgs; wil.hg ApPaseRb i@ HhAssuBKilled 5 e Alta0g that e oy 8ptioR:is. gt limited to

these specific illustrated examples. EXA?VWLE | Generating the Diamine Libraryfrom commercially

available amino alBSHMFEN ol a8 fEPeiast AL PIRRE FTRIS RERSE IS UL ARSEY from
Sigma-Aldrichd Aneimiedt oot dweedowiices raginenver igrergtifist ih filenarmy) end Bid che myé@thmreiats
acetonitrile, dichlgrgmethaneqdimgiiykonnamide.eiayigne dichloride, methanol, and tetrahydrofnran

EXAMPLE]

Generating the Diamine Library from
commercially available amine alcohol pre-loaded resins.
15

General Methods:  All reagents were purchased from Sigma-Aldrich. Amino
alcohol pre-loaded resins were purchased from NovaBiochem. Solvents acetonifrile,
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 Polyfilironics and Robbins Scientific). Evaporation of the solvents
was done using SpeedVac AES (Savant). Mass specira 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 twubes 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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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 lonization technique on Perlin

Elmer/Sciex, API-300, TOMS with an autgsampler, Scheme 2. Description,of the Process. 25 The
alkyation step was‘sgeé’rlli‘e%%%??ﬁ @rﬁ‘ﬁ’?ﬁﬁzcso%giﬁ’ﬁ‘fﬁ%‘%ﬂ%ﬁ%ﬁ‘ffﬁ@%’?ﬁggf%r. Removal of the FMOC

group, reductive alkylatign,fpagiopisiueaiPony seBRappaEnNEsFeHMinR Wit nRershhoaay the

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

18 Step 1. AcylatidFOFRFTHS XL RBTSIRE4A&E tAdmd o LRI I TGS &ded 0.150
g of correspondingsedirhfcrsay age tfedS»102:Amd iid L0%%rdatiore sfigparala come IV flen i DEM for 1.5

ran e s s 15 e, s S b
piperidine in or 10 min, 5 filtered, and washed with 2. rocedure epeated,
but the stirring tim&%48 Mﬁ%ﬁ’ ﬂ?&?%ﬂsrggfﬁsﬁ%é?%’ fm?gg,“%tgéﬁ%% \éﬁ%%ﬁ@ ﬁ?(%@}'{nl) and
DCM (2x3ml). EadPuistid Hab oiargsckbeitied mitlol dithickiohietietena dinsaasils, 038Gk 1 mi

ol e to T B A TO
mol excess to loaded resin) and alloywed to stay for 15. i ni, mixtyre acid-HA.
were added to eac%-%ﬁé’%@‘vﬂjﬂﬁy?ﬁé%ﬁi%r?& oﬁpglcr)ﬁu :gﬁﬂ })(fw Sgo R gﬁg Igjég{{rﬁnll?lgﬁrlﬁ%ﬁégxcess to
loaded resin) Bf EtkPoninixeys peldofdiEd lweonddad frecadR duletivtioanddy Bwtagditian 26©IaHene8 h at
room temperature.1Aftgr.Hicoraasiion Waecetn Rigteidha sesitenware filtesas washrebithadsd mixture

of DMF and dichlog{o?mc%thane .gc??,ggl ’hdi% I@@Tn%tggnhea(tlmn&ll)teangrﬁ%ygatj&? }N{gs re| ggﬁeg with the
same amount of 15 Teagenarat e end’ the 1é8hd Wwefs Titeted Washed with 171 Mixture of DMF and
complete, the resins were filtered, washed with 1:1 mixture of DMF and dichloromethane
(1x3ml), dichloromethane (1x3mi), and acylation was repeated with the same amount of
15  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

Afler this step all resins were subjected for quality control using MS spectra.

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 m] 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 mi
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 m1 per

30  well) and dichloromethane (2x0.5 mi per well).
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dichloromethane (Ix3ml), methanol (3x3m1), sucked dry (on Quest) for 30 min and transferred into
vials (one resin per vial), and dried in a desiccator under vacuum for Ih. After this step all resins were
subjected for quality control using MS spectra. 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 Refktare G Henfor Reimr i Hae Weld #istibiien hrdeardoseiel
filterplates and 25 #liesharaesingtiadiltmaltistrtiatdorifaltdhabh o reaation-plane sowsse trapsfesrade inta

combiciamps, and,0%pl 842 QA SRl NIRCHIHRSRNE: Basaddsdiio Jesmave Einpg 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 reSEEEFWRHOEHTEERLI SBRBS AF DT SricHormethanid SfRblvad b'ltay for 20
min. After that platemats Hiltewd dxvussstocdadadhrdsivF Fack mélber rd6s\Beibrauptl Hishlkochamgihamd (2x0.5

mi per wel). 19 Rapetion igning 6y b compouiitnEashshif Dteh & dhgisacicpiiate was
charged with 0.1 m| of dichloromethane, 0.08m1 of -1.0M solution of a,ppro&rlate acid in DMF from

master plate, 0.05 TRFOREL At RISVEIP {eroPs 1) BiaofRimb P 8 0art @ Eesirtadkd resin)
and 0.05 ml of EtNiRrRiispbigheniONaBiiidiei{THH Warl a@ddd ShewrewticiOphmot excessitd losidegdtresin).

Each well in rows B thopgh,b} wag aRargednwithy Q160 ehEEE hdBl Mbofrdr0hesolytionof

appropriate aldehyde or ketone in DMF. from master plate and allowed to react for 30 min. After 30
min 0.075 mi {B.0785HARGH o iRt Lotd o AeSr R ERE 3aR e Bre added. The reaction plates

were sealed and kept at RT for 72h. At the end, the resins were filtered, washed with TI3F', DCM
(IxIml), 10 methanol (2xIgpl), ang gtjeg g gigeaior under vacuum for 3h. Step 3. Reduction with

Red-Al. The reaction plates were placed into combiclamps. A 1:6 mixture of Red-A| (65+
P The reactiog plates were p?aced %nto cgmbiclamps. A lzg mxfxtu:e of Rgd—Al (65+

w% in toluene) and THF wag added, 0.6 ml per well (0.28mmol of Red-Al per well), and
15 allowed to react for 4 h. Afier the reaction completion the resins were filtered, washed
with THF (2x1ml), methano! (3x1ml) and dried in the filtration manifold.

Step 4. Cleavage.
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 filiered 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 m! 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.

20



w% in toluene) and THE was added, 0.6 ml per well (0.28mmol of Red-Al per well), and 15 allowed to
react for 4 h. After the reaction completion the resins were filtered, washed with THE (2xIml),
methanol (3xIml) and dried in the filtration manifold. Step 4. Cleavage. 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 sUfitibRedyrErE sidsianpld-daedntis) BtSfer wells of the collection plates. The
procedure was repeated, Solvents were eva 0 n s were
% Sehiehle BEE SUEPOIRIeh 08 SeEsuRG Anfd i lealdurLsampl

ready for testing. 25 Sc escrl tion 0 focess. T uctive alkylation step of

4-aminobutan-1 offesPhAd %W§M%ﬁ%ew@%%quﬁlmt?ﬂb@§ Epsmbe’ihé @d@%t 210
Synthesizer. Remaital eftEbAORigeat ke cthsepadaddiionrea ain Rtk erykeolirpdunds, the

reduction with Redsayad 12:30,6 ARYRACHIAMLKIC U] BRGNP LecR R At ARd6ap (2m)

well, chemically resistant plates. 20 Step I. Reductive alkylation of 4-Aminobutan-I-ol resin.

suspension of the TEaM AR EGesD 6 coreTMiRO APt ds §F (aiens eEammgITeasr 97w ‘Zﬂc‘?ﬁdmlxture
of dichloromethane asgt{TiE3 0 ashlisiibhite ol intendD QUbes) 3| esolivibe andail{@¥8d, ith@HRach tube

was charged with Q40 &8l Gl eBASIMASHA SHAUSTRDB GG Teadoandfiiarattiaeh lube

were loaded with 1.5 ml 1,2dichloroethane, 0.3 mmol (3. mol excess) of corresponded aldehyde or

ketone (alkylating F%Mﬁ%ﬁo%@qﬂw&M1Mﬁgﬁﬁ%g OB ARF Q“fgf/vl solution
of NaBCNH3ia THifz ~a@tenpdded and reaction was carried out at RT for 48 It. When reaction was

completed, all tubes were filtered, washed with THE (2x3m1), MeOH (3x3ml) and sucked dry (on
Quest Step 2. Acylation with amino acids.

All tubes were pre washed with DCM twice. Each tube was charged with 1 ml of
dichloromethane. Amino acids, 0.25 mmol in 1 ml of DMF (2,5 mol excess to loaded
resin) were mixed with HATU, 0.2 mmol, 0.076 g in 0.5 ml of DMF (2 mol excess to

15 loaded resin) and allowed to stay for 15-20 min. Then 1.5 ml of mixture acid-HATU were
added to each tube following by the addition of solution of 1.0 mmol, 0.17 ml (10 mol
excess to loaded resin) of EtNiPr; in 0.5 ml of dichloromethane. Reaction carried out 8 h at
45°C and 6-8 h at Toom 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. Af 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 2 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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10 for -30min). Step 2. Acylation with amino acids. All tubes were pre washed with DCM twice. Each
tube was charged with I ml of dichloromethane. Amino acids, 0.25 mmol in 1 ml of DME (2,5 mol
excess to loaded resin) were mixed with HATU, 0.2 mmol, 0.076 g in 0.5 nil of DMF (2 mol excess to
15 loaded resin) and allowed to stay for 15-20 min. Then 1.5 ml of mixture acid-HATU were added to
each tube following by the addition of solution of 1.0 mmol, 0.17 ml (10 mol excess to loaded resin) of
EtNiPr2 in 0.5 ml of dichloromethane. Reaction carriéd-6M8-f &t 45C and 6-8 It at room temperature.
After 16 h the resins were filtered, washed with 1:1 @‘izxg%elgj.ggME and dichloromethane (Ix3ml),
dichloromethane (Ix3ml) and acylation 20 was repeateé with the same amount of reagents. At the end,
the resins were filtered, washeenwih df kupixdive ofViranstaichioruypathanndi3er)ameshanol
(3x3m1), sucked dr ﬂégn u sE%hf r 30, mi ﬁ?l% ansferred into vials (one resin per vial ef’é?j dried in
a desiccator unde(r% é’&ﬂ%’ or t.gZﬁrg}rnﬁ??s S epH a Ur‘@%%‘n?bg]wgnglgﬁq %%%%r%ﬁs &%?i@sjcgghtr‘o using MS
spectra. 25 AllfolléWhgrrenendir s setanigeaishe srdind Bamrdasuirrddpraieracrittbontttth Red-Al
(Step 4), and CleayagewSteRibled WaiReRIsRehas(they yers desyibeddortheiGehesnend ofsthis
Application. 21 EXANELE 2, Decenyolytion, Regatvalufion of e gcl 1als was Relpymed by
re-synthesis of discrete compounds, Yot the archived -protected ~-aminoacetamide resins (10
resins, 0.05- 5 0.10geEHEKIragmiRePlisre Tocnsls Mdlainth &Ena BiattedSehans TP e BrEsttt Pooling.
Each resin was assigngehas dieingotin bkl ©qukaragetes) the firS&veti-ditarpiate camgonas divided
petween X 10 (v el 'R el D SRURGLO LIS HaRRKEr BiRllia A0 URECRN O
plate. To each well, In arow, a sell—ecteéncarbony compound (present in

the row “B”, the third carbonyl compound — to the resins in the row “C”, etc. A lay-out of

Qo

@

a represeritative 96-well deconvolution plate is shown in Table 3, Figure 12.
The reaction plates were sealed and kept at RT for 72h. At the end, the resins were
| filtered, washed with THF, DCM (1x1ml), methanol (2x1m1) and dried in desiccator under
15 vacuum for 2h. Reduction and cleavage were performed according to steps 5 and 6 of the
synthetic protocol. The product wells from the cleavage were analyzed by ESI-MS
(Electrospray Ionization Mass Spectroscopy) to ensure the identity of the actives, and were

tested in the MIC assay.

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 alcobol 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 crade 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)benzyllamino}-3-
30  phenylpropylpiperidin-4-ol, is described below as an example.

22



the hit) was added along with other required reagents: the first selected carbonyl compound 10 was
added to the resins in the row "A", the second carbonyl compound- to the resins in the row "B", the
third carbonyl compound- to the resins in the row "C", etc. A lay-out of a representative 96-well
deconvolution plate is shown in Table 3, Figure 12. The reaction plates were sealed and kept at RT for
72h. At the end, the resins were filtered, washed with THF, DCM (IxIml), methanol (2xIml) and dried in
desiccator under 15 vacuum foﬂ?ﬁpmﬂlﬂmfhﬁﬂj{&e%vﬁ%m@r@ﬁé &angedording to steps 5 and
6 of the synthetic protocol. The produsieabsiomdhrialeaiagemysai ssmlyzed by ESI-MS
(Electrospray lonization Mass Spectroscopy) to ensure the jdentity of the actives, and were tested in

. the MIC assay. 20 Solid Phase Synthesis of Selected ;fSu i te ylenediamines Using the Quest
210 Synthesizer. The solid phase protocol degcribed aboveToPgenerating a library of diamine
compounds was applied to the scale-up s s%elected substituted ethylenediamine
compounds. Here, all reaction steps, from the acylatio 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: ‘F"Eﬁ?ﬁﬁﬁﬁéﬁ of all crude samples was done by Flash
Chromatograpﬁhy on CombiFlash (Isco, Inc.) to yield desirable products in purity greater than 90%.
Here, the synthesis of one of the active compounds, I-(2-{[3-(4-chlorophenoxy)benzyllamino)-3- 30
phenylpropyl)piperidin-4-ol, is d c Hed below as an example. 22 Jhe preparation of
1-(2-{[3-(4- chIorophenoxy)ben mino}-3- p propyl)pipesich M¥ompound 588. NO
Compound 588 5 Pipericing _PMOCLPha . Plperidine

: 1. O Prsse by = % /@\ﬂ
i @YQ O,

)b m Compound 588

Representative synthesis of active compounds.

Removal of FMOC protective group. Commercially available fesin N-FMOC-

piperidinyi-4-oxy)-(4-methoxyphenyhmethyl polystyrene, coverage (linker) 0.88 mmol/g

10 (04 g, 0.35 mmol}, was placed into one of the 10 m! 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).

Aeylation 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 m} of
DMEF, and added to the tube following by the addition of solution of 0.6 ml of EiNiPr,.
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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FA900 O NN N N FbiOC PgeMdt&na FMOC L-Phe 1. PIPthdine O~ HATU. EIN(w z OHO~O Ma
Pol}sly~en NaBHaCN O ~d N cl p Rea-Al O TMCHh , Compound 588 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 gne of the 10 ml tubes of Quest 210 Synthesizer. A solution_of piperidine (1.5

ml) in DMF (6 ml) was atae %G ML ETsrsd airr et tirasrfedniitid (e s Mhhe
addition of piperiding wasdépgicatte. rddie argisiovaissusrashkien wathiRIHE nahafldeBd M42edml).

hoylation with MG pi0ieeiee!rf U via i Jfieie o pegauaen et Laswilih DM for
20 min. FMOC L-Phe%g%rg{%e&é.bsﬂ , 0.88 mmol) in 1 ml of DMF (2,5 mal excess to loaded resin)

were mixed with FAR SRR ke dPathded R e R following by the
addition of solytion of 0.5 ml.of %Igrgwblg,s@%g%gm casied:at RT Jg[ggﬂgd%&rfp@.rﬁggﬂon was

complete, the resin was filtered, washed with 1:1 mixture of DMF and dichlommethane (Ixéml),

diehloromethane Eﬁnﬂ%fﬁﬁ?ﬂéﬁé cheprsfl o AVeetiiBd dith hlewphrasmidnrdfeadsdiedt the
end, the resins weile filteradol)vashetiadi thilbvlediytaddtiohREF0aMddiciolond hieRihith {24811 23

ml, 1 mmol) after 30 min. The reaction was allowed to proceed at RT for 72h. At the end,
the resin was filtered, washed with THF (1x6ml) and MeOH (2x6ml), and dried under Ar
10 for 30 min.

Reduction with Red-Al. The resulied resin in 2 tube was pre-washed with
anhydrous THF (2x6ml) and filtered. The tube was charged with 5 ml of anhydrous THF
followed by addition upon stirring commercially available Red-Al as 65+% in toluene (1
ml, 3.2 mmol). After 4 h the resin was filtered, washed with THF (2x1ml) and MeOH

15 (3xlml) (addition of MeOH should proceed with cantion!), and dried under Ar for 10 min.

Cleavage. For this last step of the synthesis the tube with. the resin was charged with
DCM (8 mi) and TFA (1 ml) and formed bright red suspension was allowed to stir for 30
min. The resin was filtered and the filtrate was collected into a collection tube. The
procedure was repeated. DCM and excess of TFA. were evaporated on a speedvac. Crude

20 1-(2-{[3-(4-chlorophenoxy)benzyljamino}-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 columm, 12 g, flow 15 ml/min, 25 min rum,
gradient starting with DCM finishing up with DCM/MeOH/NH4OH (600/400/10).
Obtained: 0.128 mg of 1-(2-{[3-(4-chlorophenoxy)benzyllamino}-3-

25  phenylpropyl)piperidin-4-ol ditriflucroacetate, 53% yield, of at least 95% purity. Mass
spectrum (BST) m/z (MH)' 451.2, 453.2.
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Removal ofFMOCprotective group. A solution ofpiperidine (1.5 ml) in DMF (6 ml) was added to the
resin and formed suspension was 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 methanol (2x8m1),
and sucked dry hider Ar for 20 min. 5 Reaction with a carbonyl compound. The resin was pre-washed
with THE for 30 min, filtered, and charged with 6 ml of THE 3-(4-Chloropbenoxy)-benzaldehyde
(0.280 qﬁalaﬁg 0 mmol) was added followed by addition of 1.0 M solution of NaBCNH3 in THE (1 ml, 1
mmol) after 30 min. The reaction was allowed to proceed at RT for 72h. At the end, the resin was
filtered, washed with TI-iF (Ixéml) and MeOH (2x6ml), and dried under Ar 10 for 30 rain. Reduction
with Red-Al. Thie resultecoresBiiiom tdveprisiagore-wasitiedasithisamhydouskhdind (2x6rel yamdiéltered.
The tube was chargedelties nohoffEngrpdroas$istiBgfoflowed by addition upon stirring commercially
available Red-Al as 65+%/a in toluene (1 ml, 3.2 mmol). After 4 It the resin was filtered, washed with

THE (2xIml) eOH 15y l) (addition of MeOH should proceed with cautiq
At for 10HWWF@ ageyFor this last step of the synthesis th

DCM (8 ml) a FA (1 ml) and for right red suspenstef) w

was filtered a @] Htfate was collecte

(¢ into a collection tube-
and excess of erg evaporated on a speedvat. Crude 20
1-(2-{[3-(4-chlorephenoxy)benzyllamino}-3-phenylpropyl)piperid iQ 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/NH40H (600/4926/10). Obtainee:: 0.128 mg of =
1-(2-{[3-(4-chlprophenox )benzno}- henylpropy|)pi eridin-4-p% yield,
of at least-9506 pukity Mass~spettrimt z (MIN%.451.2, 4532 24 5

. N/\(ﬁﬂ HO‘CN/\/E\/\O

25



Claims 1. A composition comprising a substituted diamine compound of the formula selected from the
group consisting of: HO N N HON N HHOB/~\'NN\O\CI/~\~N\\CI HH", HO-(N O CI H.-ON O
HON~Y\O\ OH3C4H NO_CN"J/\HO NO1 /O\ ~\HO-(NN HO-(N~YN~O\25HONON
H HO N N O HON

ZI

pride

HO. HO,
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11 1Ir\(\CIHONNO\\/ClI HO-CNNOvV N\A\NHOg~NH HOzNN\\NN NN HHOHO HN
NNCF,CHI OHO OCINNNN\O\ CICI 26 HOHO 3N CH3H3C\I/ /CICH3 \CH3 HO
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HON NNO (GI 5\5\HO HOH N\H \NHOHO CI NN\IO\N/INO HOHONN~I/NN 'o\
H~ 27HOHO N~/ON'YOHOHO~G/HO HOH30\H /YNH \N~HN HO HO HO H3C'. H
HO
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HI HNNNN(\\ GHOHO N-VO-(~N~J\ NV HOHO NNNN\O\28 HOHO H30,H NN\
HN HOHO NN~INN HOCIHONNIOIN/1 NOCI 5sHOH NN

HOC.

HO
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H

2. A composition comprising a substituted diamine compound of the formula
selected from the group consisting of:

HO,
: CHs C: CHy
H
by

SHy CHy

TH

29



and \H \' 5 2. A composition comprising a substituted diamine compound of the formula selected from
the group consisting of: HO HO-(N~~/'NI1~NN H3/CH3 CHs CH3 29 HO HO H,C~c H. N/\C-C
N-~HHHHOCHy HO H~N~H N~H I~ HH~~~~H H -/~\HO /~HO-(N~/H\W\N ~/ N~F \ O\ N
~HIO HONH/I\/GNVHOand 30

HC,
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