WD 03/ 029201 PCT/ CNO1/ 01499 METHODS AND COVPCOSI TI ONS FOR TREATI NG OR
PREVENTI NG BACTERI AL | NFECTI ON Technical Field The invention relates to
conposi t i wosareoret hods for treating or preventing 5 di seaasNoanigpsorders
caused by or associated with certain bacterial infection, especially
Escherichia coli (E. coli) or Helicobacterpylori (H pylori) infection.
Background Art Ever since antibiotics becane commercially available in the
1940s, they were regarded as magic bullets in elimnating bacteria w thout
doi ng many hagigHEDS AND e 0MPOSITTONST'OI TREAVING ORCPREFENTINGIecade, an

i ncreasing nunber of antibiotics are no |onger effective against a rising
number of antibiotic resistanBA%EEEBkkLINEE€g¥OHhS such as tubercul osis
and pneunoni a are becom ng untreatable as they were before the discovery

of antibiotics. W are now confronted with a serious worldw de public
health crisis (Neu, Science, 257:1064-1073, (1992)) 15 Since the discovery
of peni Ci Ifebkhitd) Fied29, we now have over 150 antibiotics. They belong to
several classes of antibiotics and have different nmechani smof actions
(Lyon and Skurpha¥nveMis @Rte8ko cdfositiond aPmdiBdds fod Qéfihg or pRvERibgr al , these
conpounds are nmade by I|V|ngyorgan|sns that inhibit growh and,

prof i f er atdissasespr digendens icaused-by owassapiated with sertaimbaciriabinfectian, esackiy can bl ock

cell wall t hesj . 2l i o Gr ; nts Chenot her.,
41: 497- 50 ,SX’?eﬂfg 6%113??0?1?%0 clicaby fe’ﬁ‘?ﬁ%”?%i@ﬁ%ri> |8&%§rérican, 48-52 My

(2001)). Erythronycin and tetracycline can disrupt protein synthesis.

Sul f onam @ackgmtwtAgres with folic acid netabolismrifanpin can bl ock RNA
synt hesis, and quinolone inhibits DNA replication. To conbat the bacterial
resi stance, newRvepsinaantibisticfbetamatimyeisitly evailblerh 8etlio40s thegSvesg e under

research and devel o nt. These. new .appr.oaches i nvol v I.Vi ewlife to
exi sting é?&q%qd&sin&%@ilﬁtsgga}mng@}ﬁ '%ﬁc{% llatwé{ﬂgﬁ dé)rllr%g %nsen{lﬁé{aqggnew cl ass of
ant bi ot i Gatierts.eHbwars ot daol paeiiidderdeamdihetbasis matber of aibiotitesresds

(Associ ated Press New, July 25, 001). .This corrh)ound Uﬁ%S rings

) . . AR : of
m cr oscopilengsheiiestiye perinst pHping gumper plgutibigticresiftant Sfpso fpfegignsthh e of

bact er i umy, Jh&i&ie4f ghbRRodREY HRERNiHS iRl QRIBR YsShéywdrb BB @ tEcovery

of antibiotics. We are now confronted with a serious worldwide public health crisis (Neu,
Science, 257:1064-1073, (1992))

15 Since the discovery of penicillin in 1929, we now have over 150 antibiotics. They

belong to several classes of antibiotics and have different mechanism of actions (Lyon
and Skurray, Microbiol. Rev., 51:88-134, (1987)). In general, these compounds are made
by living organisms that inhibit growth and proliferation of bacteria. For example,
vancomycin and B-lactam can block cell wall synthesis (Chopra et al., Antimicrob.

20 Agents Chemother., 41:497-503, (1997); and Nicolaou et al., Scientific American, 48-52
May (2001)). Erythromycin and tetracycline can disrupt protein synthesis. Sulfonamide
interferes with folic acid metabolism, rifampin can block RNA synthesis, and quinolone
inhibits DNA replication.

To combat the bacterial resistance, new approaches of treating bacteria infections

25 are under research and development. These new approaches involve giving new life to
existing antibiotics such as molecular alteration. Recently, a new class of antibiotics
“self-assembling peptide nanotubes” generated interests (Associated Press New, July 25,
2001). This compound uses rings of microscopic amino acids that form tubes to push

through the surface of bacterium. There are also many new developments in the genomic
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-1 WD 03/029201 PCT/ CNO1/ 01499 areas. They entail interfering with
bacterial RNA (rRNA) and nessenger RNA (nRNA). A new technique called in
vi vo exprwedBom2oechnol ogy (I VET) that can tag bacteria gecgaNo1/s14)so
under research. In addition, a prom sing approach is the antisense therapy
for treating bacterial infections (Jasny et al., Science, 286:443-491,
(1999)). 5 A class of antibacterial which seens to target a specific
protease involved in DNA synthesis has been identified (Kato et al., Biol.

Phar m  Bulrkas, Tiey bRQi1 liérfdih@ Wik baoterialbRIEA (ﬁu\m} and rﬁésséngemﬁArﬁnthllA).. ,
16: 621-626 (1993); Irisawa et al Bi ol .. ar ,guh 16b1 11- 1215
( 1993) Kétr@vvet@clmlque calledery yyexpishiien esHg (I%E hat gayplag bagieria gqnps o)

E 0 &h Ph
Bul |, 160050 B FRAodljgihich, b ptAking a%“mg 2 Bothishic ) mxrhar m.

conpet i t i umtmg;hasuenallmﬂ‘acttﬂns Ohasnyi at alyj SCﬁQElCGa@_ 4@&81 KO- vari ous aromatic

est rs of tra d HGRA) (See
fol |l ow ngﬁfc!)a}s %% It&%ﬁ&&l{% 8'{ %&%%@%iﬁgﬁéhhﬁelﬁ cogdaiglt er pyl) OI(’I e( H.

pyl ori), @ynﬂreamhaegednl 1d@1t1§ipdi (Kedto bioadt, Btaluﬁ’harmaﬁulf j ¥61201824i (48981 ledawe om a

B ©Lanoenal- Tiel ol B, Bl (R DERisBPE el et 20 Aibee ©
relati gntS*M]{s 341991» WRaH das iy E%@qubmdhszga&m emml(ajzémum\x«émﬁ | Ei i s
assume a ori is an inportant bacteri p og £ i nduces
chronic gﬁwheml,s”’i%mm 10144192 nd @Kafpehal ?@Hﬁ’og f—g@c %’

adﬁi‘ocar ¢ @%gﬁv?h]lséaﬁe% é@&uﬁ&@%&ﬂac@'&gc ﬁétftiv@t mﬁmmomn%wwmns

Recent |y, gani zation classified pylori as a group 1
car ci nogemateapofisiriue afooratic tsers ofttansel- gmnﬁlmmqthbécm@éx@p%bﬂxwﬁ gastric

cancer (In for. Research on Cancer. Wirld Health

O gani zat ?ﬂh%éwyg%ﬁgzgﬁ %gcaplg ‘on the eval uation of carcinogenic
risk to humans. 61:177-2 1994%]_@.1994 National Institute of Health
(NIH) reconmmended a regi Wit STl t aneous adni ni stration of

prot on- punp i nhi bitor (PFfl) and antibacterial agent to eradicate H pylori
(Hel i cobact er Piliestacienpplen{Hopyldrden gaitsacgstive syl kasiesiums wes first

15 isolated from a patient with chronic gastritis by Warren and Marshall in 1983 (Warren et
al., Lancet, 1:1273-1275 (1983)). A lot of evidence has showed close relationship
between gastroduodenal disease and H. pylori. Thus, it is assumed that /. pylori is an
important bacterial pathogen which induces chronic gastritis and is associated with
gastroduodenal ulcer, adenocarcinoma of the distal stomach, and gastric lymphoma in

20 humans. Recently, the World Health Organization classified H. pylori as a group 1
carcinogen responsible for its leading role in the development of gastric cancer
(International Agency for Research on Cancer. World Health Organization, Lyon, France,
Monograph on the evaluation of carcinogenic risk to humans. 61:177-240,1994).

In 1994, National Institute of Health (NIH) recommended a regimen with

25 simultaneous administration of proton-pump inhibitor (PPI) and antibacterial agent to
eradicate H. pylori (Helicobacter Pylori in peptic ulcer disease: NIH consensus
development panel on Helicobacter Pylori in peptic ulcer disease. (JAMA, 272:65-69
(1994)). Since then, oral administration of metronidazole, PP, and clarithromycin and
amoxicillin is put to practice, being able to cure the infection in up to 80-90% of the cases.

30 However, the application of antibacterial agents causes a serious problem which induces

the resistant strain of H. pylori to the reagent. Actually, the resistant strains to
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devel opment panel on Helicobacter Pylori in peptic ulcer disease. (JAM
272:65-69 (1994)). Since then, oral adm nistration of netroni dazole, PPI,
and cl ariwbroafyedn and anoxicillin is put to practice, becmgnNbbewpo cure
the infection in up to 80-90% of the cases. 30 However, the application of
anti bacterial agents causes a serious problem which induces the resistant
strain of H pylori to the reagent. Actually, the resistant strains to -2
WO 03/ 029201 PCT/ CNO1/ 01499 nethoni dazole, clarithronycin and anoxicillin
have al r emdirobidlerple, efpsithreary¢izaed amexieillin have alyeasly begpeparsgSZvegg).) . Ot her
severe pr S t 1.Ni i . ant i rial agent
are that g%cgggﬁ%'ig%?ﬁgg%&ie@@f@%%%cﬁ#‘%%ée&gﬁﬁbﬁﬁ Eé %c?’%glns %%‘g erfﬁal agent
resul t semelantibactekixd tagent biedinat §P1 indeces aictigastiod arfd lerga amowitts geattibaaertialact . 5
Therefore, it is very.i rtant find oyt a new type of active

ant i -bact@gepﬁres‘ib?ﬁy HHH&?W&“%‘IQE% ac%ﬁ'\?gﬂ‘?f?b‘h‘rj)‘ﬁWéE%‘ﬁs this and ot her
relsated needs TRerbfdfe, @fid very Ihsorlaftiddut & Hew byps@RLIRB altiBadté@sent
invention adds to thé repertoire of anti-bacteria agents by providing .0

drugs whi esmpeinid The piepent imvrptianeadifesses flomandthergelpiod ngads detbe aitn bacteri a.
In one aspect, the present invention is directed to a conpound, or a

phar maceutically acceptable salt thereof, having the following fornula II:
HN H NH(Bidglogiaexf the Iavéntinlner ein n is an integer from0-1, and Ris elected

fromthe group.consisting of drogen, Cl-lo alkyl, Cl-l1o aryl.and OOCHZ-
T8 Pret or abl Vi PRt At AR BREPHTE s e or Ak By PaiBBo.) -
>Nig- CH | &6 w1 COnBibitHNWA réblication initiation in certain bacteria. In one aspect,

the present invention is directed to a compound, or a pharmaceutically acceptable salt

thereof, having the following formula II:

HN
%NH(CHZWOCOOR
HoN

5 wherein n is an integer from 0-1, and R is elected from the group consisting of

hydrogen, Ci.19 alkyl, Cy.1o aryl and

oocrlz—-—<j>__(;h,3

Preferably, the compound has the following formula Il (NE-2001):

HN _
O sso Ol oo Do
N

Ha
'0
Also preferably, the compound, or its pharmaceutically acceptable salt thereof, is
provided in the form of a pharmaceutical composition, either alone or in combination
with a pharmaceutically acceptable carrier or excipient. Kits comprising the above
compounds for treating or preventing a disease or disorder caused by or associated with
5 bacterial infection, e.g., E. coli or H. pylori infection, are also provided.

In another aspect, the present invention is directed to a method for treating or

preventing a disease or disorder caused by or associated with bacterial infection, which
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Al so preferably, the conmpound, or its pharmaceutically acceptable salt
thereof, is provided in the formof a pharmaceutical conposition, either

al one or woosozzbnation with a pharmaceutical ly accept ablPeTaaNo1O&199 or
excipient. Kits conprising the above conpounds for treating or preventing
a di sease or disorder caused by or associated with !5 bacterial infection,
e.g., E. coli or H pylori infection, are also provided. |In another aspect,
the present invention is directed to a nethod for treating or preventing a
di sease Ofefliod 0 HiBFises aMmAkt &gl arabiecttatwtdchwiuth treameror atevemtioads i on, whi ch

-3 WO 03/029201 PCT/ CNO1/Q1499 nethaod conpr.i se dmi ni.st.er,ing,. {0 a
subj ect treedpd @W%E@Heataﬁéﬁf?ﬁﬁ’ﬁ@m@l"m&f@(}éﬁ%ﬁgﬁt ?eiec%ﬁgé “érba‘dtgfé?lr abl e, an

ef fect i V.E'\Dﬁmofépticﬂfon%ti?%%ra{ tma@LeGlll WedeptabRNaR tefeob akdreyi sald  DNA
replication'inftration, or a pharmaceutically acceptable salt thereof,

t her eby sdisehse df disarder istreaizdorptevented. Preferelely, the dispase endiserderps eausshpl y, t he
di sease oy disorder.is used by o Cj 1 caldk o0or H pylori

nibet | onPy A SEOE it (oL ler i g@RGECARD BRANAD. de 5RO

associ at ediswidefcaubel Bastasddcated vetithe badtdrial, eBpectatlyj E.@pli bk Hpgtlerii i nf ect i on,

is treated or, prevented by administer.ing to . the,supje n i ve anpunt
of a conﬁkf%ﬁﬁ’@,& léﬁreafeg H%P%&raqy@am"y“ﬁ‘g’&t&t ebﬁu@eggérntecffe @‘Fee"%ﬁu%ﬁg(/? ng the
fol | ow ngc&ﬁfééﬂﬁh?oﬂd ?harﬂ&é&ﬁ&“ﬂ&@h&p@bmthdl’é’of,llﬁhv\iﬁg&hefdiﬂowiﬂgo&nuliaﬂheger

fromO-1, and Ris elected fromthe group consisting of hydrogen, Cl-lo
alkyl, Cl_10 aryl and 0--M - cBreferably, the conpound to be

adm ni stered has the fol lugiM ng for alll (NE- 15 2001): HN _ NH CH COO
O? QCOOCH2 ~\ CH3 H2N In still another aspect, the present invention is

di #écted to a conbination, which
wherein n is an integer from 0-1, and R is elected from the group consisting of

hydrogen, Ci.10 alkyl, Cy.10 aryl and

COOCH2—©—0H3

Preferably, the compound to be administered has the following formula III (NE-
15 2001):

HN
>—NH-CHZ—©— COO—COOCHQ @ CHa
H,N

In still another aspect, the present invention is directed to a combination, which
combination comprises an agent that selectively inhibits bacterial DNA replication
20 initiation in E. coli or H. pylori, or a pharmaceutically acceptable salt thereof, and an
anti-H. pylori or anti-E. coli agent. Preferably, the combination comprises a compound,

or a pharmaceutically acceptable salt thereof, having the following formula II:

HN
>—NH(CH2 COOR

HoN

25



conbi nati on conprises an agent that selectively inhibits bacterial DNA
replication 20 initiation in E. coli or H pylori, or a pharmaceutically
accept ablwogaloes2oher eof , and an anti-H pylori or anti-EPCEaNOLag®t .
Preferably, the conbination conprises a conpound, or a pharmaceutically
acceptabl e salt thereof, having the following formula Il: HN --NH(CH2 COOR
H2N 25 -4 WD 03/029201 PCT/ CNO1/ 01499 wherein n is an integer fromO-1,
and Ris elected fromthe group consisting of hydrogen, Cl-lo alkyl, Cl-lo
aryl and 0-~ Wﬁnigﬁnﬁggﬁﬁn@ﬂgEﬁdkidﬂé&éﬁﬁ&ﬁ@ﬁegrb@@n@i&@fgﬁffably, t he
compound to be included in the 5 conbination has the following fornula 111
( NE- 2001) :hy#idgen, CyealkylNG:-@rd@m |, COOCH2 P J CH3 H2N Kits conprising the
above conbinations are also provided. Methods for treating or preventing a
di sease or disorder caused by or associated with bacterial infection, e.g.,

E. coli or H pyl o@f_@gcd&hgg_méﬁ combi nations and kits are
further provided. B Descri pti ow #f tHe®Drawi ngs Figure 1
illustrates effects of the conpound PHO4 on cell growth, DNA synthesis and

proteinase In activity in synchronized E. colj Cells. Figur .and 2B
i | lustrates thandanpntipylieti agewteoge B‘qur%%@%ﬁﬁ?@m?&nﬂ@-%ﬁg‘i‘%eﬁ 1¢{t\&r e 3A

and ;3B illc%gﬁg@gi?ﬁhmﬁﬁ%ﬁfe@%f {rﬂ?rmmﬁfz@@bs_ of the conpound NE-2001 15

at various ues. ring Qut” the Invention For clarity of
di scl osure, and not by way of limtation, the detailed description of the

i nvention iHN di vided into the subsection hat foll ow.
>\—NH-CH2——©' COO— O COOCH; @——CH3

HoN

Kits comprising the above combinations are also provided. Methods for treating
or preventing a disease or disorder caused by or associated with bacterial infection, e.g.,

E. coli or H. pylori infection, using the above combinations and kits are further provided.

10 Brief Description of the Drawings

Figure 1 illustrates effects of the compound PHO4 on cell growth, DNA synthesis
and proteinase In activity in synchronized E. coli Cells.

Figure 2A and 2B illustrates the anti-H. pylori effects of the compound NE-2001.

Figure 3A and 3B illustrates the anti-H. pylori effects of the compound NE-2001

15 at various pH values.

Modes of Carrying Out the Invention

For clarity of disclosure, and not by way of limitation, the detailed description of

the invention is divided into the subsections that follow.

20
A. Definitions
Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art to which this
25 invention belongs. All patents, applications, published applications and other
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20 A. Definitions Unl ess defined otherw se, all technical and scientific
ternms used herein have the sane neaning as is commonly understood by one
of ordi nawgosk2d2b1in the art to which this 25 invention PETENy$/01409 |
patents, applications, published applications and other -5 WO 03/029201
PCT/ CNO1/ 01499 publications and sequences from GenBank and ot her dat abases
referred to herein are incorporated by reference in their entirety. If a
definition set forth in this section is contrary to or otherw se

i nconsi st Hetekd drshed

appl i catl ﬁ\%lcgeﬁldﬁ aﬁﬂg&{u'e%ﬁllﬁ?glt ?%ﬂgsahg%ﬁ$%%§u%%gi&ﬁ%%%nBank and ot her
dat a basecbrpbraged larlefehm}ceumthﬁmcmrpwr éﬁaedﬁfm}thnéﬁbﬂoéh@éthl% weliaddf i ni ti on set
forth in this secti n.prey t i Qi rat ed
herein by ?;Ifagi,tgno o] 1se n %&k%stenq\éﬁﬁl a,c@ﬁni%%f'l SQL f{)llﬂ?Hl #@ﬂ&aﬂoﬁT z)ggl?s'hgérple or
"one or W@plﬂlc'éttldiﬁ aus edlei‘lpuihiicanorﬁ aﬁd—hflquambsaﬁ'berenBeﬁlearBi dtheralagdases of

helical, curve strai ght 1. croaerophilic teri mnth rounded ends
and® mul t i Hhabatg é‘&t‘fh’é‘GOfPP |‘1Ya¥g}("£?ﬁfep§1 ég’gﬂ‘ﬁ“’n %%ﬁ }S SS?%H’“P&?"é‘ﬁaU with
term nal *auértfﬁedéﬁmti&hﬂalma@ﬂ BRAAHREbin by RRSdeceNt col onies, usually 1-2 mm
in dianeter. i s usually cafal ase and oxi dase positive. It is found in

gastric rrucosaAsf-lSqﬂhemml,eQ of Tpnl’ IERTY 2hlgAH ANB TN GBE AiHO®Er ret s. Sone
species are a 4 £ s grein,
“Peli copacter B3 %géaaﬁe?g%,r 4 ﬁezﬁ%&cwr re?é?gtopae%é&h§ofeﬂﬁﬁlgélo?ur€e§i bgdigherein, a
is an S sIﬁaae@br@phlﬁubacmﬂxa@l&rmoum@dtendrseanldamﬂeple aheath@d fpellag(ufipelat rg, and

can be fI Iat i s found t omach ally nanmed
Ca yI oba L%?’P ]"‘it‘?ﬂ?%wnpﬁ?r@éﬁl hﬂlb%uft{rﬁorﬂs neURigPee B‘fé@ﬂ%‘é"sent%é%sées and is
associ at e -2 #BVRAIEdmdas if Rukedpoahlash GdasRRisd poitiidi fgs gasdidi tis and
gastric, duodenal, and peptic _ ulcers. 20 As g ed here| n, "a di sease or

di sor der (gaayg@mumsaﬁfpgylp b, inglpdiag hyraa beings @pd farrstsy Somesped® 45 di sor der
caused by . ﬁééhgvllh a@&ﬁ%ﬁh?ﬁkﬁﬁltﬁ&% or in conbination with other agents

and/ or cof |ons eritabl e and/ or acquired. As used herein, "an
anti-H pyl or| Aag;leeﬁ Herelogs* Madicobreerowplaw refbns te spepiss afithe fgenus of

15 Helicobacter. 1t is an S-shaped or curved Gram negative bacteria, non-spore forming,

and can be flagellate. It is found in human stomach and was originally named
Campylobacter pyloridis. Infection with H. pylori produces urease and is associated with
several gastroduodenal diseases including gastritis and gastric, duodenal, and peptic
ulcers.

20 As used herein, “a disease or disorder caused by H. pylori infection” refers to a
disease or disorder caused by H. pylori infection alone or in combination with other
agents and/or conditions, whether inheritable and/or acquired.

As used herein, “an anti-H. pylori agent” does not encompass the compound of
the present invention, i.e., a compound having the following formula II:

HN
$—NH(CH; COOR

25 HaN

As used herein, a “Escherichia coli (E. coli)” refers to the archetypal bacterium
for biochemists, used very extensively in experimental work. It is a rod-shaped Gram

30 negative bacillus abundant in the large intestine (colon) of mammals. It is normally non-



the present invention, i.e., a conpound having the followng fornula Il: HN
)-NH(CHZ ¢ J COOR 25 Hz As used herein, a "Escherichia coli (E coli)"

ref ers towoha/ozmehet ypal bacterium for biochem sts, usedPeargNoentonsi vel y

in experinmental work. It is a rod-shaped Gram 30 negative bacillus abundant
in the large intestine (colon) of mammals. It is normally non- -6 WO

03/ 029201 PCT/ CNO1/ 01499 pathogenic; but certain strains, e.g., the E

coli 0157 strain, common in the intestines of <cattle, has'recently caused

a number gfGRAIdISut AftaitSdinBed £] the E.' @10D B57a8Qin CordlinR e imausedoiby E.
coli infection" refers to a disease or disorder caused by E. coli

i nf ect i on caiflorhas gcently eayprdi avmmbsholgeetisot her agents 5 and/or conditions,
whet her inheri %g?kfdrﬁé?g ol d?s%géé'&ﬁgoidéfcéﬁ&% B! Blitnfectfn” 8dfES 6 4 ve amount ™

of a conpound eating a particu diséase Is an anount that is
suf fi ci entistase andisbwlentauseddsy E.reol infection ainse or adeeswbindtion vathrptheo agends soci at ed

with the di sease.,. Such .anount be . adm ni sfered as a single dosage or
may- be adﬁ?ﬁ?rs(foélfig@nﬁrc%ﬁ%fﬁgm’%&gap(ggf?%ﬁl,re%ereby it is effective. The 10
amount nmay cur astub&l Khirsie e edtive bBlugalol ¥ corhpoumd fortreating & garticular der to
aneliorate the_ synptons of the. disease. Repeated adm nistration may be

requi red diseaseis @vameunt thakisispiipientipanelpLs, ShiGemeNgHEduckEl sed her ei n,

" phar macewhGahnks isReRaRIAR Be ARbd:S., SEHl@RcunthaPbdfdmidRidd@siakgEle | ncl ude
any salts,” esters or derivatives that nmay be readily prepared by those of

skill in dosge hi manbe administeredhanaprdingtio 8 degimer, vdigedby didp plfeative.alhon and t hat
pr @gduce cqppounds . NSt . ' W t hout
suggt ant i g”BP%{Xr?%y éeu?%{ehg@% %%g)ugﬁjéﬁl&hg’i 1? %i%gmgs?eé&{p] narH? !riregégg?lg‘?g% ??/h “active or
are prodr ygaptoRss off drdliseaseeiRepeated aiinimitionmrearts raqyiredan achieviethedusiréd t he
synptons of a condjtion, disorder or disease are aneliorated or otherw se

benefi ci apwyluap?gt} %@W“ﬁ'eat ment al so enconpasses any pharmaceutical use
of the conposi sQR&] RER] ‘lr)phamﬁa%ediﬁslq& RBERBe sal@BitdrP6rath Aerivfivedre synpt ons

of a particul ar disorder
include any salts, esters or derivatives that may be readily prepared by those of skill in

15 this art using known methods for such derivatization and that produce compounds that
may be administered to animals or humans without substantial toxic effects and that
either are pharmaceutically active or are prodrugs.

As used herein, “treatment” means any manner in which the symptoms of a
condition, disorder or disease are ameliorated or otherwise beneficially altered.

20 Treatment also encompasses any pharmaceutical use of the compositions herein.

As used herein, “amelioration” of the symptoms of a particular disorder by
administration of a particular pharmaceutical composition refers to any lessening,
whether permanent or temporary, lasting or transient that can be attributed to or
associated with administration of the composition.

25 As used herein, “substantially pure” means sufficiently homogeneous to appear
free of readily detectable impurities as determined by standard methods of analysis, such
as thin layer chromatography (TLC), gel electrophoresis and high performance liquid
chromatography (HPLC), used by those of skill in the art to assess such purity, or
sufficiently pure such that further purification would not detectably alter the physical and

30 chemical properties, such as enzymatic and biological activities, of the substance.
Methods for purification of the compounds to produce substantially chemically pure

compounds are known to those of skill in the art. A substantially chemically pure
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adm nistration of a particular pharmaceutical conposition refers to any

| esseni ng, whether permanent or tenporary, lasting or transient that can
be attri bwDedotopr associated with adm nistration of theCraposi4don. 25
As used herein, "substantially pure"” neans sufficiently honbogeneous to
appear free of readily detectable inpurities as determ ned by standard

net hods of anal ysis, such as thin |ayer chronmatography (TLC), gel

el ectrophoresis and hi gh performance liquid chronmatography (HPLC), used by
those of skinpbuidmby)hoaevers e anixass ofsteoipemers pr isomerss Uf fuick instantss, pur e such

t hat further puri ficatiaon would pot detecta ter the physical and 30
cheni cal IP’t"l'lé%auo§15‘?;lﬁhtd§°r%aﬁ9&m?céﬁ%*hc %?'§f%§ CRAPOY gtl vities, of the
subst ance NEtA‘sQQéd h&tinpa! *‘Ibrf)dhﬁg‘t is @R oRbolnieh SO HAUN 850 bom iAo is
substantially chem cally pure onpounds are known to,those of skill in the

art. A sulstaholiced oxyotbmfme@am\{eyt%mfée biploggsalig, ippumasutiselty ON01/ 01499
ound e t soners. In such
: nrs? q}?éf?peufﬁﬁyy Aetivd fﬁr ?—hfé chr??gﬁId Sﬁoﬁﬂr@@dc@% Sfudind

ances puri i ncrease the specific activity of
t he conpophdrmadsutitatig adftﬁﬁe&bmpomd"lpnlodrﬁﬂg'Suqhsthd th@zmplwminmmd willben in vivo

adm ni strati on, ol i zed or, ot W se gically,

phar nace utr?%?éF‘ia?d}ry %et't‘tmg I DRSPS A JeyPr %%Pg ey % % ??ﬁ? 8? %%al%{: éﬂ%‘?%% nbg)lhg

produce as%ﬂﬁwgthettﬁﬁspow&ﬁﬁ&@ﬁwcb 604 Higaotniask side effedtnat tmcmy;cﬂoﬂ ed such

that the active conpound wl | regenerated by netabali c%férggeﬁses The
‘e

prodrug mépptavedessiigiosaf & drugiof @rahteh@t ﬁ‘b‘thé@&ieflétlcsé’f BSPELties,0 Yransport
chapact er I‘]?lftl;lé:éf lﬁlfrohﬁedg% Htﬁ%hatr@a&ﬁ%(anﬁb ?ﬁc@sfsés%H%r@ mbt@bd1Bmt ¥ vivbOthodeTPr ove

the flavo ter” other characteristics or propertles of a
drug. By Jcﬁ‘skullrmuiasaxft membugecwtxc@waacmmwnd@l@my@e@gélgmamd dr ug

nmetabolismin viv t hose I maceut i cal |
active Cor%‘e)%ﬂ fgch?(ﬁ%}%oun(dl ILIo chB;(gb%J{Médl il Chefhi ?Und (see, . y
Nogrady ( J}iﬁBéﬁenwealggmwch CCblﬁhidsltImyeré\ty Besc Newi Yook, p&gq:sr&ﬂéél@,’l) Oxf or d

Uni versity Press, es The ter "subst i all

i dent i cal yor horHs! tﬁ% g?“t?ﬁ%gﬁdﬁ?tlc\?g?ﬁ@é&\;@gcoﬁs ’L)rhsém1 5’ aES%ngﬁhe

undgr st 004, By} eﬁkdo'dlb?y(ihds@ skiN&d in@hENRNhntakt and Rencganénb ut lmn s at
| east 70% preferably nmeans at | east 80% nore preferably at glt 90%

and nost prdb,qrefbtaplyaneans etlsast 88 mg@mr‘;fgxylbly at least 90%, and most prefera
least 95% identity.

As used herein, a “composition” refers to any mixture. It may be a solution, a

suspension, liquid, powder, paste, aqueous, non-aqueous or any combination thereof.
20 As used herein, a “combination” refers to any association between two or among
more items.

As employed herein, the term “subject” embraces human as well as other animal
species, such as, for example, canine, feline, bovine, porcine, rodent, and the like. It will
be understood by the skilled practitioner that the subject is one appropriate to the

25 desirability of treating or preventing diseases or disorders caused by or associated with
certain bacterial infection, e.g., E. coli or H. pylori infection.

As used herein, the abbreviations for any protective groups, amino acids and other
compounds, are, unless indicated otherwise, in accord with their common usage,
recognized abbreviations, or the TUPAC-IUB Commission on Biochemical Nomenclature

30 (see, (1972) Biochem. 11:1726).

B. Anti-bacterial agents



As used herein, a "conposition" refers to any mxture. It may be a
solution, a suspension, |iquid, powder, paste, agqueous, non-aqueous or any
conbi nat iwo oBloznenf. 20 As used herein, a "conbination" re@eCercNot/o1any
associ ation between two or anong nore itens. As enployed herein, the term
"subject" enbraces human as well as other aninmal species, such as, for
exanpl e, canine, feline, bovine, porcine, rodent, and the like. It will be
understood by the skilled practitioner that the subject is one appropriate
to the 25 desi Thbptestny infentionemids tmgh@repptrt@meoftaintid)adieﬁaewes by prajiidiog der s

caused by or associ at i nf.ecti coli or
oy tor dfies SRS Erfit AvadeRi Ao RRRHE Ll GRROP Findiieeh cori ve

groups, atﬂeﬂﬁes’éﬁﬂ idSerdiddl iobiRRled t6 9 ORAPIIAT, oral phariiteiially Beteprabledalot her wi se,

in accord with their conmon usa@ recogni zed abbrevi ations, or the

| UPAC- | UBﬂG&?ﬂfaf@é’l“@ﬁh"c)f?”BWéﬂﬂ'f@’fﬁ‘ ai Nomencl ature 30 (see, (1972) Bi ochem

11:1726). B. Anti-baegeri al ts -8 WD 03/029201 PCT/ CNO1/ 01499 The
present invention ach| W(Ct*z pE?®oire of anti-bacteria agents by
pro§/| di ng drugs which would inhibit DNA replication initiation in certain

bacteria. In OMel&&D@istm infefee fmhﬂse,rﬁndimmetﬁc'tedrfrdnstmigt@uptceﬁisiitmga)f compound,
or a phar eut| C ept t her aving the foll ow ng
fornula | H&Fn*aiﬂ’%ﬂg(yg% ISO@MWWY lgs’grioiirﬁf r from0-1, and R
is elect ed fromthe group consisti ng of hydrogen, a |ower alkyl, e.g.,
Cl-10 al kyl, a | ower aryI e.g., _10_aryl and O_f COOCH2 r f CH3 The

| oner al kyl can be aR ) b@o@lhg aF _g_r_eH i ncl udi ng al kane, al kene,
10 al kyne and cycl atic groups he | dvier al kyl can be straight

car bon- hydrogen groups or can conprise suitable substitutes, e.g.,

hal | des. The | e o P2 0o B B Mo 8001 DU 20 ovPs o can

conprise suita
10 alkyne and cyclic aliphatic groups. The lower alkyl can be straight carbon-hydrogen

groups or can comprise suitable substitutes, e.g., halides. The lower aryl can also be
straight carbon-hydrogen groups or can comprise suitable substitutes, e.g., halides.
Preferably, the compound has the following formula III (NE-2001):

HN
>\_NH-CHZ—©—-COO—COOCH2 @'——CH3
HoN

The R group can comprise aromatic groups or esters. Alternatively, the R group

15

does not comprise any aromatic groups or esters.
The compounds of the present invention can be a particular stereoisomer, e.g., R-
or S- configuration, or a mixture thereof, e.g., a racemic mixture. The term compounds
20 contemplated herein encompasses all pharmaceutically active species of the compounds,
or solutions thereof, or mixtures thereof. The compounds contemplated herein also
encompass hydrated versions, such as aqueous solutions, hydrolyzed products or ionized
products of these compounds; and these compounds may contain different number of
attached water molecules.
25 The compounds of the present invention can be prepared or synthesized according
to any suitable methods. Preferably, synthetic methods illustrated in the following

Section F are used to prepare the compounds.
-9-



Preferably, the conpound has the following forrmula 1l (NE-2001): HN _
---NH-CH COO- COOCH2 ( \ CH3 H2N 15 The R group can conprise aronmatic
groups orwesBeeel Alternatively, the R group does not corpmica@1/ang9
aromatic groups or esters. The conpounds of the present invention can be a
particul ar stereoisoner, e.g., R or S configuration, or a mxture
thereof, e.g., a racemc mxture. The term conpounds 20 contenpl ated
herei n enconpasses all pharmaceutically active species of the conpounds, or

sol utions theregfso Jﬁéfefﬁbﬁft HeRBmbb&IE its pfin&RIRANY S egﬁﬂfe%gp h%%eg ?er el n

al so enconpass hydrated versions, such as aqueous” sol utions
products o lprqvmdzlé the fommpelf gpharmacentiesd corapsiiuneither alode ohe%mbmammu nds may

contain dl%&ﬁr Enﬁﬂgmﬁﬁﬂ9%mmg&ﬂﬁ%g§lr&@%@@ﬁgglePU|eS 25 The conpounds of

t he present 1 nvention can repare esi zed according to any
sui t abl e met hod%he Mcmnéﬂ)d)ﬁtheﬁm@énlﬂﬁivblmdﬁ&:hﬂbégrebhﬂe&%& fefred in the
foll§mﬁ

ection epar e e co ounds. -9 WD 03/029201
PCT/CNO1/ o?‘i a“%FI%IYp%D&?Pﬁbi%?@t “&Efémx BIHBB fgids ooy %X@Hl@kamﬁ&@emaméw |y
accept abl esshlas hid18s186fic adi® RIS adill difhe abRr Hﬂfﬁhc% Rhald Sﬁﬂ%hf

conposition,, either al one or in conbination Wwth arna utic
accept abl e?tidr§ig.cfan §e ugsde iIp paqther eFPi@Plém?g@ummdSowclhhe ﬁpmmsmnd apemwentl on can

be prepar egcﬁ‘spr&ﬁ&ﬁbirc aéldpﬁé}{zgﬁ%@fﬂr J&ﬁﬁ l&\éldaﬁﬁ'&a%c%? N sa{nli)s cvﬂ; anXCﬁUI table

acids. For exanple, inofganic ac suc
hydr obr oni eitrércdcedt, em tepi be veeidd In still sfnothece)aunpmb a@ﬂs@ﬁ@ﬁﬁ:@bm kweh aaﬁlleﬂihyl etc.
such as formc¢c acid, acetlc

can;pbe use a

aci %jdj pr op%‘r%%)ln% ae({lczl &ly{)sélﬁfﬁ(’glicc?cgciﬂﬁ eé’isidca]glyat anoffien exanple iafy! swieis ni c
aci d, tart adid,GuétCasthenzehe bhilifeni@sdidl p-Bhene sulRRAiRidUSERdcanbe w88d. | | anot her
exanple al kyl sul fonic acid, such as methyl 10 Sulfonic acid, ethyl

sulfonic acid, etc., can be used In yet another exanpl e, aryl sul fonic

acid, suchcas bFfb%ﬁﬂ@ntSalﬁhf&@{.z&lﬁ%ﬁin‘Feth&Hstm uene sulfonic acid, etc, can be
used.

In another aspect, the present invention is directed to a method for treating or

15 preventing a disease or disorder caused by or associated with bacterial infection, which
method comprises administering, to a subject to which such treatment or prevention is
needed or desirable, an effective amount of an agent that selectively inhibits bacterial
DNA replication initiation, or a pharmaceutically acceptable salt thereof, thereby said
disease or disorder is treated or prevented.

20 Preferably, the disease or disorder is caused by or associated with E. coli or H.
pylori infection. Also preferably, the disease or disorder caused by or associated with the
bacterial, especially, E. coli or H. pylori infection, is treated or prevented by
administering to the subject an effective amount of a compound, or a pharmaceutically

acceptable salt thereof, having the following formula II:

HN
%NH(CHZ;‘W@—COOR
25 HoN

wherein n is an integer from 0-1, and R is elected from the group consisting of

hydrogen, Cy.10 alkyl, Cy.1p aryl and

c:OOC}qu,__<j>.___<3H3

-10-



C. Treatnent and prevention nethods In another aspect, the present

I nvention is directed to a nethod for treating or 15 preventing a di sease
or di sordwp os@eed by or associated with bacterial infectipom/CNeinoc9 net hod
conprises adm nistering, to a subject to which such treatnment or prevention
IS needed or desirable, an effective anmount of an agent that selectively

i nhibits bacterial DNA replication initiation, or a pharnmaceutically
acceptabl e salt thereof, thereby said disease or disorder is treated or
prevented. 20 Preferably, the disease or disorder is caused by or

associated with E. coli or H pylori infection. Al so referably t he
di sease or di sdntevitablaeompopyd of itsrhappicsticallypeaspieble salgg@{e@f,nég uding

especi al | y,o fne ﬁé%lnlhbéarm'fﬁe AHVO5kct pre%d Rised. Serefe?ﬁ:tlf‘#héjéo oﬁf{@fbtlfed by

adm ni stering e subject an ef0 eétive anount of ‘@ conpound, or a

phar rraceutadmailsltgred basdh@foélbmgsibtmulaﬂlﬁﬂéﬁfZOOHaw ng the following formula I1:

HN NH(CHZ COOR 25 HZN wherein nis an integer fromO-1, and Ris elected
?nthe group consisting of hydrogen, Cl-1o alkyl, Cl1L |lo aryl and & O-

COOCHZ- 0 3 -10 WO 03/029201 PCT/CNO1/01499 Any suitable conpound or

its pharmacdutically tabl e sg ' di nq ones, descri bed
3‘5 rablélgg{:'ﬁ?e cond tdhpe

i n the abov NHEGHs n 5€Us 3
adm ni st eddd has the fo OWI ng formula 11l (NE-200 1): 5 HN - - - NH CH2

COO- | COOCH2 ~\ CH3 H2N Any subject can be treated by the present nethod.
Preferably, a

nor e f er abl s treated by the
present nethod Ang‘gg’-‘fﬁté%‘éh? tr??é‘fdn@'dtﬁﬁ QWS%K]&@@{} ? g‘%?r?l%lgt a g g t any
di sease ony it pREGASYLy, GaaRE, is treated by the present method.

The present method can be used to treat or prevent any disease or disorder caused

R
O

10 by E. coli or H. pylori infection. Preferably, the disease or disorder caused by H. pylori
infection to be treated or prevented is chronic gastritis, gastroduodenal ulcer,
adenocarcinoma of the distal stomach, gastric lymphoma or gastric cancer.

The present method can be used to treat or prevent disease or disorder caused by
infection of any E. coli or H. pylori strains. For example, the disease or disorder caused

15 by the following H. pylori strains can be treated or prevented:

1: Wang et al., Negative selection of T cells by Helicobacter pylori as a model for
bacterial strain selection by immune evasion. J Immunol. 2001 Jul 15;167(2):926-34.

2: Peek RM Ur., . Helicobacter pylori strain-specific activation of signal
transduction cascades related to gastric inflammation. J Physiol Gastrointest Liver

20 Physiol. 2001 Apr; 280(4):G525-30.

3: Israel et al., Helicobacter pylori strain-specific differences in genetic content,
identified y microarray, influence host inflammatory responses. Clin Invest. 2001 Mar;
107(5):611-20.

4; Vitkute et al., Specificities of eleven different DNA methyltransferases of

25 Helicobacter pylori train 26695. Bacteriol. 2001 Jan; 183(2):443-50.

5: DeLoney and Schiller, Characterization of an In vitro-selected amoxicillin-
resistant strain of Helicobacter pylori. Antimicrob Agents Chemother. 2000 Dec;
44(12):3368-73.

6: Hua et al., Isolation of a single strain of Helicobacter pylori from the antrum

30 and body of individual patients. Eur J Gastroenterol Hepatol. 2000 Oct; 12(10):1129-34.
-11-



10 by E. coli or H pylori infection. Preferably, the disease or disorder
caused by H pylori infection to be treated or prevented is chronic

gastri ti swogasenoduodenal ul cer, adenocarci noma of the dipsraiNosvoyach,
gastric |lynphoma or gastric cancer. The present nethod can be used to treat
or prevent disease or disorder caused by infection of any E. coli or H
pylori strains. For exanple, the disease or disorder caused 15 by the

following H pylori strains can be treated or prevented: 1: Wang et al.,
Negat i ve sel ect/i@e¢rhigfliniret@b) Distiptytior of opsipaeading fpapesof phesticityregien of or

bacteri al L 3hd: ' N | . | naol 001 .Jul 15;
167(2): 92 g@%ﬁ%@lﬁ%@@ﬁ%ﬁﬁp 5’9‘?6,“ g Foofated Thanl ?asf)riﬁ Grindpg %‘%@%%’g‘gi fic
activati opa@a‘ntssih@maﬂah Riltar. dnfedtizitrinamn 20%Nad€68(1r218i6la3?1®9. tf) gagg r1 i z\p

i nfl ammati on. Si strointest Liver hysi ol . r;.

280( 4) : G525- 3o.§= lgﬂ.sgﬁl%q%ésﬁ?e%tfa‘?ﬂ}f,af?@i 1%3’6‘3’88%1@8?13’?}9 bEibe r'é’P’r%%‘i“h sssist i ¢

di f§ erenc ' ta ' h ) ) ihd ence host

I f1 ammet Ty T SSpORses. ?%“‘?“E’:F’f"%avszEﬁ?ﬁé%&@wiﬁﬂaﬁ%?“@@é%%%; Vi tkut e
et al ., SpeEhde GihQ)eandgiboflawipalsamingsededyrtaspfUbIetany Hetieahotter pdes of 25

Hel i CObaCtsﬁgi%?%‘: PFﬂe/IrstM '&i&%%’%(ﬁa@&%f @1523.21@937.\]%; 183(2):443-50. 5:

DelLoney an aracterizatron o I'n vitro-selected anoxicillin-
resi stant st r aPrEmbthidebi.,dtdbimobaster pylodrsirainAyptes endriskofAgstnit sarChe sobdeer . 2000

Dec;, 44(12),:3368-73. 6:_Hya et al.. . |sglatj of a.sihhple strain of

Hel i cobacf%’%tmzﬁﬁu%“i 87@8%?91%1@“‘81P?ereébprgﬁ'diogg p’0929z‘ lr?g?'\% dual patients.
Eurg J Gast r oent @relerddaReslQ Rol00@afype, ALSIR)15 ddPRtad dalf serdh iVNO 03/ 029201
PCT/ CNO1/ 01499 7: Ccchialini et al., Distribution of open readi n% frames

of pl asti &efigobagtgi pyforbadhesienand yasipmassgssi EBMCimapune), MediMistabigli2000s ol at ed

from gast g, NGo@eMa and gastritis patients in Costa Rica. Infect |mun.
2000 Nov; 6%(2?%)%6%09 8: Fassbinder et al., Structural and functional
anal ysi s of thél:Naefileaali, Resymerice of gastrs ween depesdand dpogst@iiRdifipehodsydr ol ase

T T N i e L
FEMS M cr obi ol 12:@dueiro2 &Q)., Badtord ssodidtbq Mith klicdbacter pylori infection by a
cagA-positive strain in children. J Infect Dis. 2000 Feb; 181(2):626-30.

13: Monteiro et al., Lipopolysaccharide structures of Helicobacter pylori genomic
strains 26695 and J99, mouse model H. pylori Sydney strain, H. pylori P466 carrying
sialyl Lewis X, and H. pylori UA915 expressing Lewis B classification of H. pylori

0 lipopolysaccharides into glycotype families. Eur J Biochem. 2000 Jan; 267(2):305-20.

14: Peek et al., Helicobacter pylori strain-specific genotypes and modulation of
the gastric epithelial cell cycle. Cancer Res. 1999 Dec 15; 59(24):6124-31.

15: Aspinall et al., A structural comparison of lipopolysaccharides from two
strains of Helicobacter pylori, of which one strain (442) does and the other strain (471)

5 does not stimulate pepsinogen secretion. Glycobiology. 1999 Nov; 9(11):1235-45.

16: Enroth et al., Occurrence of resistance mutation and clonal expansion in
Helicobacter pylori multiple-strain infection: a potential risk in clarithromycin-based
therapy. Clin Infect Dis. 1999 Jun; 28(6):1305-7.

17: Hua et al., Predominance of a single strain of Helicobacter pylori in gastric

0 antrum. Helicobacter. 1999 Mar; 4(1):28-32.
18: van Doorn et al., Helicobacter pylori-associated gastritis in mice is host and

strain specific. Infect Immun. 1999 Jun; 67(6):3040-6.

-12-



9: Enroth et al., Helicobacter pylori strain types and risk of gastric
cancer: a case- control study. Cancer Epidem ol Bi omarkers Prev. 2000 Sep;
9(9): 981wbH.03aw200: Petersen et al., Role of strain type, PABENI@&OI499and
fetal calf serumin Helicobacter pylori adhesion and invasi on assays. FEMS
| munol Med M crobiol. 2000 Sep; 29(1):59-67. 11: Matsui et al.,
Recurrence of gastric ulcer dependent upon strain differences of

Hel i cobacter pylori in urease B gene. Dig Dis Sci. 2000 Jan; 45(1):49-54.

.5 120 Queir OZ 16t vadl Doorf @Gl OTHe AFEME afrP ebspdris@lintED 1 ﬁﬁ&baéhbﬂry Aot or i
|nfect|on b cagA- 05|t|ve strain in children_. J Infect Dis. 2000 Feb;

181(2) : 6260 elon th %/th‘Ae*T/Vécé‘f Hglicobagterzylen §teaiie ki Py nsmppelt [498s of

Hel i cobactygr. % r4|21genom c strains 26695 and J99, nouse nodel H. pylori
Sydney strai h, I P466 carrying sialyl Lewis X, and H pylori UA915
expressing Lewi2e: Be Uhgmzsetfal ;:Mk)leomlaoéhamctqnyatmmand@ittm@mpaaly&ml@i& lo&ri des into

21 Y5O o PR e h AR At e S St v PRI ™ e
gastric epobdetdrpd1 7L1ooycl e. Cancer Res. 1999 Dec 15; 59(24):6124-31. 15:
@9

Aspinall et al., A structural copparison of |ipopol harl rom two
strains of Hel il §BAEESF PisyeEME 2 aWﬂréiFFOH{‘?ecaélﬁ n% § ks, Qnéﬁﬁ t he

ot her str ) WREEBEPS! AR B8 (sA8h E:&hbﬁﬁ't ith
A ycobi ol %8@ 66%% Ofthe?r&&?%n@%%lg%éﬂw 16a Enrot h etsal , Occu:(;nevr?ce of

r esi st ancenmuti<f.ipploriagdntc Aavyshitablgamis Zaploni agepbtandsivaed lércomblr@tlpn
I pl e- st n infectio sed
Tl apy- arfihe e By Bt Bl fehy il shindad b M S ee:
Pr edom nangsudy pratodipa@ipéntsibiteri(PPOS méiednudmblapd:lmthmyiyomg athoxigiigtandc 0
antrum Helicqbacter. 1999 Mar;  4( 28- 32 - van
Hel i cobactf @POB@P?)?(F%SME?%‘F@L ]fjﬁs Q‘{‘Yf” Qe’?"ﬁ"%ﬁ‘é@’?[ —m{&gﬁa% i n
specific. Infeqhq FBRHed ehibdimbiAf) thSddnioun@d 1o preskat Me2rdidh QZ3ed
PCT/ CNO1/ 01499 1 van Doom et al . he inflamatory response in CD 1 mce

short |y afwihout adreisistesing a anii-&. meoyi apeph sych as@PL sistranidazole plasithiromyeini n. Qi n
Ex ks | mu n%'moxic?l?l% anWmothif'n%( Rord Bxle“fgrably, the compounds of the present invention are

used to treat or prevent diseases or disorders caused by a H. pylori resistant strain induced
by PPI, metronidazole, clarithromycin amoxicillin or famotidine treatment.
The compounds of the present invention, alone or in combination with other
suitable anti-H. pylori agents, can be administered by any suitable methods. For example,
20 the compound or a pharmaceutically acceptable salt thereof of the present invention can
be administered by intracavernous injection, subcutaneous injection, intravenous
injection, intramuscular injection, intradermal injection, oral administration, or topical
administration.
In a specific embodiment, the present method further comprises a step of
25 diagnosing or pragnosing H. pylori infection in the subject. Any suitable method for
diagnosing or pragnosing H. pylori infection can be used. The prognosis or diagnosis can
be based upon the detection and/or identification of any or all H. pylori protein(s) such as
its enzymes, antigens and antibodies, nucleic acid(s), or other pathological or clinical
markers and symptoms. For example, the diagnosing or pragnosing methods disclosed in

30 WO 01/44815 and U.S. Patent No. 5,571,674 can be used.

D. Combinations, kits and combinatorial methods
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20: De Ungria et al., Mol ecular characterization and interstrain
variability of 5 pHPS 1, a plasmd isolated fromthe Sydney strain (SS1) of
Hel i cobacwerosfpgd2eri . Plasmid. 1999 Mar; 41(2):97-109. | nPCTaaoiag9oor
preventing a di sease or disorder caused by H pylon infection, the
conpounds of the present invention can be used alone or can be used in
conbination with an anti-H pylori agent. Any suitable anti-H pylori

agent can be used in conbination 10 with the conpounds of the present

i nvention. Suchn eesmpkiRf ¥spadt the PresentligventiqgBircted 1ocd dogitbintioh omhiphunp

i nhi bitor (PPl), netronidazole, clari thron}{&g E\@{mxi cillin.and, %armtl di ne
( Gas chwantcPp@pingtionpomprisgs an agertthat selerivel HENGY replicgonyinitaiongds £ 199g) ) .
In a pref Sbiz%ijlf A 58 arrﬁé&@utfbgﬂ@%@ﬂ§blefsalfl!11@re9ﬂ' 88EM adtiOMERIb2Br ar e used
wi thout adm nistering an anti-H. pylori agent such as PP, retroni dazole,
cIarithromyﬁﬂhcohasmanDX|C|II|n and fanotidine. Mre preferably, t he
conpounds of t e i Q r di seases or
di rsTgr ders causg)ge fg{?gli’ tIlﬂ—l£> C%Hl%{lg%gdnrcggﬁ) é@%shﬁs&g}ptrogﬁﬁ of%h%%@g@éu@ﬁ&

met r oni dazodeptabld attithidi¢odhasing therolbwirg formda IIf anot i di ne treat ment. The

conpounds of the present ijvention, _alone or in conbination wth other
suitable anti-H pylori age\}rt—swc paid, be—edbri ni stered by any suitable
met hods. For exarrpl e 20 Hhe conpourid or a pharmaceutically acceptable

sal t thereof of Lhe pEd a%e ér%?rpé IO%}dCI@% Q&te%%nﬂh%&%@dcomﬁsﬁ Jracaver nous

i njection, subdUCENRO U™ MTEEL 10N, 1 it ravenous = 1nj e I ntramuscul ar
injectionlwﬂngm@den@akﬂ;@j@anﬂmml or al adnlnlstratlon or topica

adm nistration. In a speC|f|c enbodi ment, the present method further
conprises a step of ing H pylori infection in the
subj ect. Any SUItab|’ -gLCﬂgagnosing H pyl or

i nfection can be use nosi s can be based upon the
detécti on and/ or |dent|f|cat|on of any or all H pylori protein(s) such as

its enzynmes, antigens.and . anti bodj cl acid(s

pat hol ogi cal rang%il ?ﬁ‘tbgn PYlgpi %"? N@ﬁ%prgt'}ﬁa&?yo ecolu—aé?g’ %dtgnﬁlmdu & 8eagnosi ng
or _pr agnoshibiddebh askshélfotievat@rinila 80 (¥2001)44815 and U. S. Patent No.
5,571,674 can be used. D. Conbinations, kits and conbi natorial nethods
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HN
)—NH-CHZ—Q—COO——COOCHZ Q——'CH3
HoN

15 Any suitable anti-H. pylori agent can be used in the present combination. Ina

specific embodiment, the anti-H. pylori agent used in the combination is PPI,
metronidazole, clarithromycin, amoxicillin or famotidine.

In another specific embodiment, a method for treating or preventing a disease or
disorder caused by bacterial infection, e.g., E. coli or H. pylori infection, is provided,

20 which method comprises administering, to a subject to which such treatment or
prevention is needed or desirable, an effective amount of the above combination, or a
pharmaceutically acceptable salt thereof, thereby said disease or disorder is treated or
prevented.

In yet another specific embodiment, a kit is provided, which kit comprises the
25 compound of the present invention, or a pharmaceutically acceptable salt thereof, and an

instruction for using said compound or pharmaceutically acceptable salt in treating or

14 -



In still another aspect, the present invention is directed to a

conbi nation, which conbination conprises an agent that selectively inhibits
DNA repl iwatoBoz2dnitiation in E. coli or H pylori, or aPohamnNwoswically
acceptable salt thereof, and an anti-H pylori or anti-E. coli agent. 5
Preferably, the conbination conprises a conpound, or a pharmaceutically
acceptabl e salt thereof, having the following fornula Il: HN H ~NH(CHZ
COOX 2 wherein nis an integer fromO-1, and Ris elected fromthe group
consi st i ngprefentiny ddizgsss or Gidorer cabisedlby aGhetbrialdnifebticnne gQ £~ c280 2 Qrs CH3 10
and an ant,i-H. pylori agent. Mre preferably, the conpound to be included
in the cdﬁﬁcﬂ‘é‘gi on has the following forrmula Il (Ne-2001): HN C) -.-COOCH2

NH CH COO- \  CHA yblPdNecitid efiBodimibihit 2R & prB¥itied;whithl I8¢ dongig th& Mbvee used in
the present conbination. In a specifi'c enbodi ment, the anti-H pylori agent
used in t rembiasionaanden insgueion for weing seifl ehastihasion én teating oopsgeeniinganoxi ci | 1in
or ftanoti dj; . b c. i , far. ting or

pr eéent [ ngdl%%s [ é@é@gg%:a%s%‘? %gghgedrt&gg[l?ggcgmg%%a%fc g?ﬁé&ﬂ )ﬁlf) ’ge%é?flg%[ﬁ)?l' e.g., E
coli or H pylori infection, is provided, 20 which nethod conprises

adm ni st er| ng,aépo a Sgtgljﬁeca to which such treatnent or prevention is needed
or desirabte, ropflaniqs 2ud dasAgES of the above conmbination, or a

phar maceut i cal | NccaedifPioakd gresedt invéRAEOE colpOaMBOYF tﬁﬁgfésé_ﬁt $RR[ForD hlodk SOr der

is treated or prevented. In yet another specific enbodinent, a kit is

provi ded, kR epmRingtionowith pthersigents cpmicsuRrssainientst menke formyleted Hrangnt i on, or
ARG ADES A By WG b e 051
intravenous injection, intramuscular injection, intradermal injection, oral or topical
administration. The method may employ formulations for injectable administration in
unit dosage form, in ampoules or in multidose containers, with an added preservative.
The formulations may take such forms as suspensions, solutions or emulsions in oily or
15 aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing
and/or dispersing agents. Alternatively, the active ingredient may be in powder form for
constitution with a suitable vehicle, sterile pyrogen-free water or other solvents, before
use. Topical administration in the present invention may employ the use of a foam, gel,
cream, ointment, transdermal patch, or paste.
20 Pharmaceutically acceptable compositions and methods for their administration
that may be employ for use in this invention include, but are not limited to those
described in U.S. Patent Nos. 5,736,154; 6,197,801 B1; 5,741,511; 5,886,039; 5,941,868;
6,258,374 B1; and 5,686,102.
The magnitude of a therapeutic dose in the treatment or prevention will vary with
25 the severity of the condition to be treated and the route of administration. The dose, and
perhaps dose frequency, will also vary according to age, body weight, condition and
response of the individual patient.
It should be noted that the attending physician would know how to and when to
terminate, interrupt or adjust therapy to lower dosage due to toxicity, or adverse effects.
30 Conversely, the physician would also know how to and when to adjust treatment to

higher levels if the clinical response is not adequate (precluding toxic side effects).
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WO 03/ 029201 PCT/ CNO1/ 01499 preventing a disease or disorder caused by a
bacterial infection, e.g., E. coli or H pylori infection. In yet specific
enbodi nerwg 0a/0k9201 i s provi ded, which kit conprises the abeoce/CNoonbi9nati on,
and an instruction for using said conbination in treating or preventing a

5 di sease or disorder caused by a bacterial infection, e.g., E. coli or H
pylori infection. E. Fornulations and dosages According to the present

i nvention, the conpounds of the present invention, alone or in conbination
with ot her age%h?nsuﬁ@dlé fRfeSoraimfNialbe Mas be UFd. @ﬁ)sagerfamsahaddé @plealy 10
suitabl e adm nisfrati on route, such as |ntracavernous i njection,

subcut anedigshesgashet; dispersipns; susnensions spifiaes, censules, mawhmg%qha ik Seect i on,
intrader myl, i %&PE?B&na%ﬁcal@me ?éy cal admnistration. The nethod nmay

enpl oy f of rUl &t 1 ORS Injectable adm nistration in unit dosage form in
anpoul es or i nImpiatiichbsee, t}mmbmpowlds of thie ppresent imctdtion, ploas er inatoimp@natioThe

forpul ati on e sual 8, as,suspensi. | ons. emul sions in
oi |y or 18‘”%’11%@%%6 %lﬁlaé'l OmQWSd ARie g ‘fedprlpc%%drt%(ﬁ%lf@ﬁlwéggnt s such as
suspendi N@harsiadfitlchZéanger o BEYisiEntHuShes Edtﬁl-gyca@:&ﬂfrﬁl ané\|2t}@fﬂfb&§llp¢@iy}' t he
active ingredient may be in powder formfor

a\ttltutlg‘8 h a suitable
vehi cl e, @rQYF‘@dWFI&gaéﬁQrfiWééo Ry eptiogal R%‘PHE?CCE%‘I EMRROUNGIAg HCANIYSe . Topi cal
adm ni st rqrhbg&rl'ef‘mra??akg ré%@é‘fbnh @Yﬁfé})hﬂ{‘or{@éélrmrgﬁmfﬂ"s@raﬁ&? t&flcaﬁ‘of‘ oam gel,
cream ointment, transdermal patch, or paste. 20 Pharmaceutically

accept abl (pamotepabs it pn@p&rlrgrmmpeﬁlﬂmmimfpﬁrenmtéh dosagerfom, steheasiioravendiist may be

f
Gedtr ! bed TEOMSY e B ot B Reqie sy B Eai et i By g IR
5, 886, 039 puffed4skigBf Bieser0atdes, lpésbnkes landanelike IaBountO Zhosd beskitbigtht ude of a

therapeutic dose in the treatment or prevention wll mnth 22 the
severity &xamples O pishaERter?) cCHEDSIEDS ?‘éﬂ’?db‘itﬁée s | l}frlétegfoy #MVi on.

The dose, qangh sa%mRﬁhefJ@éﬁu&{seqH@ﬂﬁM doVd éﬂth@&osl@paﬁaayoﬁﬁ&@ewnag to age,
body wei ght, condition and response of the indi'vidual ent. It should
be noted filentior alanetos inieonepinstipn Mithathenegends tlorhswdmivistered met bahen t o

t erm nat e, A icity, or
ad\}énr se e fl }3::1{ é?&feﬁ% %1 %E%{ei}aﬂqpﬁxﬁﬁéﬁﬁ ]\?\ggsig’glgtf)sg&k%gwﬁﬁ%w to and
when to adjlimie dfrdilatiom fihidtwall vary according to the total dose administered.

The invention also provides for kits for carrying out the therapeutic regimens of
the invention. Such kits comprise in one or more containers therapeutically effective
amounts of the compounds of the present invention, alone or in combination with other

20 agents, in pharmaceutically acceptable form. Preferred pharmaceutical forms would be
in combination with sterile saline, dextrose solution, or buffered solution, or other
pharmaceutically acceptable sterile fluid. Alternatively, the composition may be
lyophilized or dessicated; in this instance, the kit optionally further comprises in a
container a pharmaceutically acceptable solution, preferably sterile, to reconstitute the

25 complex to form a solution for injection purposes. Exemplary pharmaceutically
acceptable solutions are saline and dextrose solution.

In another embodiment, a kit of the invention further comprises a needle or
syringe, preferably packaged in sterile form, for injecting the composition, and/or a
packaged alcohol pad. Instructions are optionally included for administration of

30 composition by a physician or by the patient.

F. Examples
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hi gher levels if the clinical response is not adequate (precluding toxic
side effects). -15 WD 03/029201 PCT/ CNO1/ 01499 Any suitable route of

adm ni st reDioam29ray be used. Dosage forns include tabl ets, PCraNwesi49¢achet ,
di spersi ons, suspensions, solutions, capsules, patches, and the |like. See,
Rem ngton' s Pharmaceuti cal Sciences. In practical use, the conpounds of the
present invention, alone or in conbination 5 with other agents, may be
conbined as the active in intimte adm xture with a pharmaceutical carrier

or excipient, sumHbhlas. bedyatheys bPsexries bm@enargrﬂyﬂﬂ@xm@_w_ -
bet a- cyclodextrln according_to conventi onal phar maceu 9 ndi ng

t echni ques . Thiace iy diseaveryaly 1983y i the puges kinjpgn o5h it %19 Pﬁtnle’éfé d for
adm ni str drﬁ gaétxqﬁé géﬂent& 1'15119@1‘}1‘35@ Ghiled shidieR ro@p}a 158, SROMASidehens for

parentera as I ntravenous j ection or infusion,
simlar paastmmjppom aie hypotheslsrthayt Pﬁevykxmm)yaxhse ula@renn thg btpoatisandoi | s,
buffers u preservatives, |liposones, and the |ike known to those of
skill in e‘%f’r‘? Exanpl es of such parenteral compositions include, but
are not limteg ﬁﬂoﬁ%é’c@%@r&%%w ,60%6ff FEBblesidoligiduDthe mohlaranmnheu ons. The
total dose of the conpoun of the present _invention, fal one in

conbi nat | BASHGOEHNQL RS OIatjétmakmfe@tl%WaHﬂwﬁes§8Wé@e?PA?/d% °f§a§fﬂﬁ 'nistered in

a vial of ?ﬂ'é}{%d Hbn. 1A 81t id Pspt@Péhapdd, The

vol ume ofpécP@ll ution %J%gav?ngw&a%ér%@grc%@?alfﬁwto t he tot gﬁl@dosgé

adm' ni st ethickly Gdated travterie,i with sverel flagolldcd dsits @uten@urfgceﬁ Biis vaay Pl agerdest  t he
apeut eqi nens. of h t nor e
o mer 5k ERaany ou i) SEe MR paRin G 1 B ARPAE R AbrRT R

pr esent i nvent Her, w@hr@Rkniag td synthesibs seaits compuiunds, andﬂmve 2Qnaglent INE- | n

pharmaceutically acceptable form Preferred pharmaceutical forns would be

in combi nd®@lon with sterile saline, dextrose solution, or buffered

sol ution, or other pharnaceutically acceptable sterile fluid.

Al ternatively, tfag conposititan nay |y0cm:||zed a—rSlcated inthis

i nstance, the ki t @ 'c:lc»oeH2 Adr a

pharnaceutlcalIwHacceptabI qutlon ' erably sterile; to reconstitute

thes 25 conplex to forn1a sol ution for i njection purposes. Exenplary

har maceuti cal |, tabl e, solu S .a extro solution. In
gnot her eRBOWFH ﬁtan ? t‘f’eG‘fuoflﬁ‘éanP)g?ﬁ’1®ﬁtﬁlﬁr‘iaH§? gr‘r‘bpmgem%{s needl e or

effective methods of multi-drug therapies.
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syringe, preferably packaged in sterile form for injecting the
conposition, and/or a packaged al cohol pad. Instructions are optionally

i ncl uded worozmzhzoni strati on of 30 conposition by a physi ciPam/aNo1b199 he
patient. F. Exanples -16 WO 03/029201 PCT/ CNO1/ 01499 Exanple 1. Synthesis
of a series of novel anti-H pylori conpounds Since its discovery in 1983,
in the nucus linings of the stonmachs of patients with chronic gastritis,
scientists have nade detailed studies of H pylori. Strong evidence exists
to support the hypothesis that H pylori nmay cause ulcers in the stomach
and 5 duodenum H. pylori infect Sclogy sDsiynttiesiky 60% of peopl e throughout
the world and is the nbst conmon gastrointestinal infection worldw de.
Sonme peopl e devel op gastritis, peptic ulcers and even gastric cancer as a
result of |[nfectijo i t i Scugous piakal , thlckly coat ed bacteri a,
with severhl fld§e RN TS, goter £P°%s very wel | adapted 10 to
the mcro- enV|ronnent of the upper gastr0|ntest|nal (@) tract and hard to
be eradicated. Here we are alnlng to synthesize series conpounds, and have

found that NE 2 8%:% C§U~ O CH3 2,05 h {fic | ective
actions on H. p% 0 GOTRGS HEWhgedemmunDr CO%?F%i?T&% met hods

of nmulti-drug therapies. -17 V\D 03/ 029201 PCT/CN01/01499 Schene of
synthesis H\ / COOH CH3CH, reflux 1 H\ / / COOCH3 H2SCa CH3ONa

H 1. NaOH RN H
2 CHy0—C—NHyH, S0, HOOC‘@—«:Ha)nNHz H :}L'N‘(CHz)n COOHHCI
2

2. HCI

n=0,1

3 HO-R 4 HOOC‘@—(CHZ)n—-HN" HCI——> R~ooo—©—<CH2)rHN—<< Ho

pyridine

(n=01 ~N

B OY—~Tcooch, CH

b, Loweralkyl

Ve -

ete.

- ),

5 Experimental Section
Instruments and reagents
HP1100 HPLC system, including binary pump, on-line degasser, auto-sampler,
thermostatted column compartment, diode-array detector. The column is ZORBAX ODS
(4.6*250mm). Mobile phase is methanol/water=90:10 (0.1% acetic acid). Flow rate is
0 ImL/min. The detector wave is 254nm.
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H\ / \ /] COOCH3+ H3C \ / CH2OH toluene refl H\ / / COOCH2 \ /| CHa H 1.
NaOH 2 CHaO C- NH2' H2SO4+ HOO \ (CH2)nNH2 2. HO ' H 2N N-(CH2)n \ / COOH
HCl  n=0,wo\o3me20DCC NH 3 HO R + HOO (CH2) n- 11 N- ~NH HC P8TAMND1/0140€H2) n
HN-dNH 2 pyridine n= 0,1 R=a. / \ / COOCH2 \ / CH3 b. Lower alkyl c.
Aryl etc. 5 Experinmental Section Instruments and reagents HP 1100 HPLC
system including binary punp, on-line degasser, auto-sanpler, .

t hernostatted col utm conpartnent, diode-array detector. The colum is

ZCRBAX QDS (4. ANB5am) areMiC @ T5 sk AL RPEAR 1A acet i c

id). Fl | | ./ . . The detector wave is 254nm -1
82,} 8)2 925 10’?\,-‘\}&{?%%@2 gaa ar,&l%"%é%‘éﬂ% GentpiofilastChjnaldnivenity epBdence and e
obt ai ned bYeohifblog ORI Mierrrshe Buoihy MMRsleh Anghyly om Anal ysis Center

of East China University oOf Science an ogy. " starting materials

are publicly available in the market. 5 Synthesis of4 Vet vl - 4
4- -I\/bth&% | ead a-\asfll gnyl 5 4- canboxyl at - yl - .
' Elé/dr oxyﬁl pﬁgﬁ%/éi%ﬁéa@%%%%é?lg%ﬁ(&g%@%%@?nglfiﬂgﬁﬂ@}%r oxyphenyl ) benzoic

aci d 21. 4g4-Methivi hydrox Bighehyl-Ababbtilae met hanol in a flask equi pped Soxhl et
Then dropped 2. 0nL concentrated

i 1. lecul a; sieve. . Th :
25F?L?|t gsa]::: :zll ¥ ﬁé\fuhg&gﬁ‘%'g&?yzl%u’ﬂg ‘Hg’i) YSZPZ‘h?%d 2nfig &Pnlf@j) incY¥dl the sol vent
by vacuum absblatertehshidin Hildsk dpSpMMREhIeR B ﬁl%'ﬁlﬁ{hﬁ‘?‘f i’?ﬁ?etagﬂr %1 PHET

Ve :
ith water, The organic |layer was dried by MpSO4 a tere e obt ai ned
Wit Then droppeg 2.0mL con)éentrated sulfuric acid. The mixture refluxed for 72hrs. After

10 removal the solvent by vacuum, the residual oil dissolved in 100mL toluene, washed to
pH=7 with water. The organic layer was dried by MgSOj and filtered. The obtained
filter liquor was added a certain quantity of activated charcoal and heated to reflux for
10~15min and filtered. Removed the solvent to obtain a white crystal, 4-Methyl-4’-
hydroxybiphenyl-4-carboxylate 18.2¢g (yield 80%).

15
4-(4-Methylbenzyl)-4’-hydroxybiphenyl-4-carboxylate

A suspension of 4-Methyl-4-hydroxybiphenyl-4-carboxylate 9.0g (40.0mmol), 4-

methylbenzylalcohol 24.4g (200.0mmol), sodium methoxide 1.0g (4.0mmol), toluene
20.0mL, under N, prevention, was heated to reflux 2.5hrs. During the reaction, added
20 additional 20.0mL toluene in order to bring out the resultant methanol under reflux. Then
cooled to room temperature, added 10mL acetic acid and ice 40g to adjust the pH=5. The
obtained organic layer was concentrated under reduced pressure to remove solvent and
the excess 4-methylbenzylalcohol. Cooled to obtain brownish oil. Stood to produce the
crude crystals slowly. Recrystallized from toluene/n-hexane to give a white crystal, 4~(4-
)5 methylbenzyl)-4’-hydroxybiphenyl-4-carboxylate 7.3g (yield 71%).
]H-NI\/IR(SOOMHZ,CDCIg): 82.35(s, 3H), 5.35(s, 2H), 6.90(d, 2H),
7.15(d, 2H), 7.35(d, 2H), 7.50(d, 2H), 7.60(d, 2H), 8.10(d, 2H)

Synthesis of 4-guanidinoalkylbenzoic acid hydrochloride

0 4-Guanidinomethyl benzoic acid hydrochloride
2N NaOH solution 72mL was added to a solution of methyl isothiourea disulfate

20.0g (0.14mol) in 36mL water with cooling in ice bath, and stirred. Then 21.0g
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filter liquor was added a certain quantity of activated charcoal and heated
to reflux for 10-15mn and filtered. Renoved the solvent to obtain a white
crystal , woNBwoiebt 4' - hydr oxybi phenyl - 4- car boxyl at e 18. 2g PCYi@Nodo809) . 15
4-(4-Meth | benzyl )-4"-h droxybi phenyl - 4-car boxyl ate A suspensi on of
4- Met hyl - 4- hydr oxybi phenyl - 4- car boxyl ate 9. Qg (40. Omol ), 4-
net hyl benzyl al cohol 24.4g (200. Omol ), sodium nethoxide |I.Qg (4. Omol),
toluene 20.0m., under N2 prevention, was heated to reflux 2.5hrs. During
t he reacti(ﬁ11,38adﬂi)a¢}aﬁtﬁoaﬂﬂhiytljem aczwircmontmmma@}i RIfodSFask@ddyr i ng out the
resul t ant gr%é o.g und ref]eﬁx. Thgn |l ed to roomtenperature, added
10nL aceti'c DR W leftdo stap QYe“E“Ig t 3§ rpagn temparatysp phd e cliflechini
| ayer was mem&ﬂ&‘diral&@dl“ﬂéﬁbﬁéﬁ itaRAWARE BYBISWES fﬂt@reﬂ%%‘ﬁﬂv&@iﬂﬂe\@ &gﬁ?t the

o]

excess 4-meth l%gnzyl al cohol'. Cool ed t'o obtain brownis
produce t hwateg 1hgdil W?%%ﬂ’@oé‘{edwrm ROCHGEarad insohehde mpterialtwdsuremeyel Byexane t o

i whi
?T; Yﬁyfibenziii/li@xf)aﬁéliﬂslth% gcr)lgf(}g/ wasnenyTntrﬁlteg dn B%‘%?&‘f“a‘f’ gryftag&e(’gfr qo&orlﬁi%/@rlsms
1H§ gl?/g( ngﬁalm\a en tb@scddB{om, wakdpoleB, tB&( ﬁltergd-hnzd cﬁ}eas Ofale ﬁZH) f7 15(d, 2H),
7 nt hesis o
4- guani di aaf"k %%&?GEQQEP%SB%P%Q%%@(%G@ 7@:%n| dlynorret hyl benzoic acid

hydr ochl orE@M%NQN@.@FH;oI ution 72nL was added to a solution of nethyl
i sothiourea disulfate 20.Qg (0.14nol) in 36nL water with cooling in ice
bath, and stirred. Then 21. Qg -19 WD 03/029201 PCT/ CNO1/01499 (0.138np1)

4- 301 nonetﬁy;hﬁgaglglbgnﬁ,gd £id Wi BHiggN NaCH sol ution was added dropw se.

The m xture was 0 stand overnight at roomtenperature and then
chilled in i C@N\Hﬁ@ﬂ sbhytion BGmL Trae aﬂdfﬁid[)[alsbmtlexdowﬁethﬂ 1§dtlf$ﬁ1%hals¥iﬁ‘ét€
filtered ofyf hcol || trate was dissolve in warm
| N HCI 810 Orga(g ﬁﬁ%@hﬁg eri a?fer g“io 'é’d“b ﬂi*f af’ii plirreds thsp 9-5eHB-068mabi on was
concent r at%aimnnmeﬂwlhemd@ao&“d WONINLOBEsoluTidR 70RL AdsA8dedtrbSiRe. BhyStal | ized
when the sol ution then filtered and dried, gave 4-

s
guani di noBFHYE B@ﬁ iR St&Ef; o SRR aht e FRash femweraturg angl ihereehilletingice wa@EMBE194( MrH)
15 lhr. The precipitated white crystals were filtered off and washed with cold water. The

filtrate was dissolve in warm 1N HCl and insoluble material was removed by filtration.
The solution was concentrated in vacuum to crystallize. The colorless prisms crystallized
when the solution was cooled, then filtered and dried, gave 4-guanidinobenzoic acid
hydrochloride 10.0g (yield 67%).

20 LC/MS=180(M+H)

Synthesis of 4-guanidinoalkyl benzoate

4-(4-methylbenzyl)-4’-[guanidinomethylbenzoyloxy] biphenyl-4-carboxylate

hydrochloride
5 A suspension of 4-methylbenzyl-4’-hydroxybiphenyl-4-carboxylate,

2.42¢(0.010mol), 4-Guanidinomethy! benzoic acid hydrochloride 2.3g (0.010mol) and

dicyclohexylcabodiimide 4.1g(0.020mol) in pyridine 150ml was stirred at room

temperature for 48hrs, after removed of insoluble materials by filtration. The filtrate was

evaporated to dryness and residue solid was treated with 0.1N hydrochloric acid (50mL)
0 and ether (50mL), The aqueous layer was washed with ether again and concentrated to

20ml, the resulting crystals were recrystallized in ethanol/hexane, gave 4-(4-

-20 -



10 4- Guani di no benzoic acid hydrochl oride 2N NaCH sol ution 36nL was added
to a solution of nethyl isothiourea disulfate 10.Qg (0.07nol) in 36nL

wat er w twWomambdi2ng in ice bath, and stirred, then 9.5g (0PCEIMNOLYP1499

4- am nonet hyl benzoic acid in 2N NaOH sol ution 70nL. was added dropw se. The
m xture was left to stand overnight at roomtenperature and then chilled in
ice water for 15 1hr. The precipitated white crystals were filtered off and
washed with cold water. The filtrate was dissolve in warmIN HO and

i nsol ubl e piEhAkdrakl) WegudntiiEMBehfberdzbylbxAthighenyl -dlogrbsoflate Hydroshkride
concentrated in vacuumto crystallize. The colorless prisns crystallized
when the dSyickh3Wak cool ed, then filtered and dried, gave

4- guani di ZQ\ i hydrochloride | O Oy (yield 67%. 20

Ld I\/S:180mmgl(tl\%ggfs of 4-guani di noal kyl benzoate

4- (4- et hyl benzyl ) -4' -1 guani di nonmet h | benzoyl oxy] bi phenyl - 4-carbox, |ate
hydg ochl or,i de : _suspensi on,. of : ‘e
4-n’éthy|b4 -meéth ,A'i,i_';,._ nzpyloxy] bipheny = cylage )] ,

4- Guani di nonet hy bushersioniof 4andthlylbsrdylet HiydroxyeipRerdtr4{caxbokyl@epl ) and

di cycl ohexyl cabodiimde 4.1.9(0. 020 in. pyridin was stirred at
room te 2&(919%0‘?‘31 gz@l?f‘;éh‘ ‘%‘F’tﬂé’l‘c ?Cé%(f’é%“h%ldff%@ﬁﬂﬁ@“%@é‘fi al's by

filtrati 0micyImeﬁléébbémﬁid&\aag((ﬁm_ﬂm)ﬁhgslriaiﬁe ds0mIess sandd kgsbdue solid was
treated with 0. 1N hydrochloric acid (50nL) 0 and ether (50nL The aqueous

| ayer was tempéraigranor #8hss, nBer ramaves efriasobdvematerials by fiftetionoe fiftrte Wassul t i ng
crystals were re I | . I ane, ;- /029201
ooh ot/ STAGR Y Ry RbMERs s SR sRet Ao, PR dindhic o (oY

- 4- car box yhatethet i fTleraqoeus 2aydgwéywvashdd &obethet {FavSmdo(ddntipteds -~ -
e lon Frdsi i G e s S i dn o PASIN, w2 ! 2t e

4- et hyl bQﬁ@tbﬂrlbédzyf)M@[g&f&ﬁﬁhﬁb@ﬁ%&bﬂ%}é&glﬁ%%gé@oxﬁé29( 0. 010nol ),

4- Guani di nobenzoi C "aci d hydrochl ori a ) and
di cycl oheXiydsedhdetiderd Qeyidd 08%0). 020nol ) in pyridine 150ml was stirred at

rogen LC/MS=482(M+H)

4-Phenyl-4’-cuanidinomethylbenzoate hydrochloride

A suspension of 4-guanidinomethylbenzoic acid hydrochloride 2.3g (0.010mol),
phenol 1.0g (0.011mol) and dicyclohexylcarbodimide 4.1g (0.020mol ) in pyridine .

20 (150ml) was stirred at room temperature for 48hrs. After removal of insoluble materials
by filtration, the filtrate was evaporated to dryness and residual solid was treated with
0.IN hydrochloric acid (50ml),washed with ether. The aqueous layer was concentrated
to 20ml, the resulting crystals were filtered and washed with isopropanol / isopropyl ether,
gave 4-Phenyl-4’- guanidinomethylbenzoate hydrochloride 2.3g (yield 75%).

25 LC/MS=269(M+H)

4-Phenyl-4’-guanidinobenzoate hydrochloride

A suspension of 4-guanidinobenzoic acid hydrochloride 2.2g (0.010mol), phenol

1.0g (0.011mol) and dicyclohexylcarbodimide 4.1g (0.020mol) in pyridine (150ml) was

30 stirred at room temperature for 48hrs. After removal of insoluble materials by filtration,
the filtrate was evaporated to dryness and residual solid was treated with 0.1N

hydrochloric acid (SOfnl), washed with ether. The aqueous layer was concentrated to
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tenperature for 48hrs, after renoved of insoluble materials by filtration.'
The filtrate was 10 evaporated to dryness and residue solid was treated

wi th 0. 1Nvbydozehd oric acid (50m.) and ether (50nL), ThePaguaowsid9ayer was
washed with ether again and concentrated to 20m, the resulting crystals
were recrystallized in ethanol/hexane, gave 4-(4

nmet hyl benzyl ) - 4' - [ guani di nobenzoyl oxy] bi phenyl - 4-carboxyl ate Hydrochl ori de
3.0g(yield 60%. 15 LC/ M5=482( M+H)  4- Phenyl - 4' - guani di nonet hyl benzoat e
hydr O? hl (()jr i(!iﬂll ﬂ@usswnn@h '?ﬁtmwéemnudhﬂwmﬁyrgﬂﬂﬁq?épﬁnm: 1@bﬂﬁy@,ﬁ1b demaidor i de
2.3 0.d O no no an I cycl ohexyl carbodi m de 4. 1g
(0. gZOm)I ) 83VR 4}3@‘?‘3“@1# ‘fe‘ue gg@utu%gg;gatq}‘;@rgrgchqn,dga 28{ielddrv¥enper at ure for

48hrs. Aftet/NigoPsalael) i nsol uble materials by filtration, the filtrate
was evaporated to dryness and residual solid was treated mﬁth 0. 1N
hydrochloric acid (50m),washed with ether. The aqueous |ayer was

congentr at & filtered and washed with
i sopropan = guani di nonet hyl benzoat e
hydr ochl or | de 2A3gspeusion of ﬂ@%ldlﬁﬁi&l@lbﬁz&G Qélﬂ’lhbrﬂrochlorlde 2.3g(0.010mol), 4-

4- Phenyl d d
4 guant di REEHEDRTOR40 A B A Do S Aoy e hoiey 0 CMSRONn Pyridige (0. 011
nol ) and dijspgioherwitedatasth maxﬁ&rﬁur% fgrL(@rsOZQf’i@'rémé\@l wlhkdiﬁmsn(aie‘?ﬁm) was

30 stirred at roomtenperature for 48hrs. After renoval of insoluble

mat eri al s Wyfikiation.ghe Bitrate was evanoratedaioadryiess @darpww! @dldt‘basdmfﬁ?é%thand
dual i ' d with
I’es‘l'O ual S@ IlN%g\éﬁo?h%oﬁg%lg&SadMl tQwaghe]d'\élvﬁ'ﬁ/ h@é@%o%é%g%g%inﬁ@édﬁ'e Wt

et her. The aqu concentrate
PCT/ CNO1/ %42@911 he multmgerylstak;uwre ﬁgemd ysd wbshedeith ifoptdpaneld isopcopyhsthed wit h

e SR T T e P ek
guani di noneCN$§L=B20atEy hydrochl ori de A suspensi on of

4- guani di nonet hyl benzoi ¢ aci d hydrochl ori de 2.3g(0.010nol ), 4- phenyl phenol
1.79 (0.010nol) and dicycl ohexyl carbodimde 4.1g (0.020nol) in pyridine

15 4-(4-Biphenyl)-4’- guanidinobenzoate hydrochloride

A suspension of 4-guanidinobenzoic acid hydrochloride 2.2g(0.010mol), 4~

phenylphenol 1.7g (0.010mol) and dicyclohexylcarbodimide 4.1g (0.020mol) in pyridine
(150ml) was stirred at room temperature for 48hrs. After removal of insoluble ma’;erials
by filtration, the filtrate was evaporated to dryness and residual solid was treated with

20 0.IN hydrochloric acid (50ml), washed with ether. The aqueous layer was concentrated
to 20ml, the resulting crystals were filtered and washed with isopropanol / isopropyl ether,
gave 4-(4-biphenyl)-4’- guanidinobenzoate hydrochloride 2.6g (yield 70%).
LC/MS=332 (M+H)

25 4-(4-MethylphenyD)-4’-guanidinomethylbenzoate hvdrochloride

A suspension of 4-guanidinomethylbenzoic acid hydrochloride 2.3g (0.010mol),
4-methylphenol 1.1g (0.010mol) and dicyclohexyl- carbodimide 4.1g (0.020mol) in
pyridine (150ml) was stirred at room temperature for 48hrs. After removal of insoluble
materials by filtration, the filtrate was evaporated to dryness and residual solid was

30 treated with 0.1N hydrochloric acid (50ml), washed with ether. The aqueous layer was

concentrated to 20ml, the resulting crystals were filtered and washed with isopropanol /
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(150ntl) was stirred at roomtenperature for 48hrs. After renoval of
insoluble materials by filtration, the filtrate was evaporated to dryness
and resi dwelo3spi2dd was treated with 10 0. 1N hydrochl ori c 2CTaNHOMDY ,
washed with ether. The aqueous | ayer was concentrated to 20nmi, the
resulting crystals were filtered and washed wi th isopropanol / isopropyl
ether, gave 4-(4-biphenyl)-4'"- guanidi nonet hyl benzoate hydrochl ori de 2. 5g
(yield 65% . LC M5=346 (M+H) 15 4-(4-Bi phenyl)-4'- guani di nobenzoate

hydr ochl or isdgropylstismpanse -afethdiphenyl) i -nglaiiteintetiathed zbute hesihtsridde

2.29g(0. Olog%% ]ﬁ 5;g‘uenyl phenol 1.7g (0.010nol) and di cycl ohexyl carbodi m de
4.1g (0.02 d ‘S)‘rldl ne (150mL) was stirred at roomtenperature for
48hrs. AftEC/Mgﬁzqu@i) insoluble materials by filtration, the filtrate
was evaporated to dryness and residual solid was treated with 20 0. 1N
hydrochl oric acid (50m), washed with ether. The aqueous |ayer was

congent r at gy Métl%qmmvlt)Qe—ﬁﬁaﬁlﬁiﬁéﬁeﬁﬂ)a&qﬁ?}&hﬁ)m‘&?re filtered and washed w th
i sopr opanol I SOpr opyl et her ga - | )-4'- guani di nobenzoat e
hydr ochl ori de 2A6yspeysien of 479 Anidinobentsi3a2d hydrédhldtfdle 2.2g(0. 010mol) 4-

A guant o 1LY RPisL A5t O e R TR e Sock e g Bghon in P! O

4- et hyl ph@mmhnel(limﬁl)(\@s@tlﬂwt}ocﬂlm%@e&YﬁE Bhrepgiits: ATRY P:%iivﬁl SHendbibld

(0.020nol) in )érl di ne was stirred at roomtenperature for 48hrs.
After renmoRaierigl Vﬁ#&twm tbe ﬁh@feeW@Saqvgpqx9ted iq @rmsrs aid resideal splid wag e was

evapor at edyd kN6 slﬁlrﬁﬁg)cﬁlgii% gﬂ&\'ﬁ t , g@ah ethére%gq%xgoggg?er\}\gass

hydrochl oric acid e aqueou
concentr at @MCQrtBraE@lrtQ ZOmh eherreslltlirtg' cmgstzds wstedllsermnd washedeviddiseprdpar@bhed wi t h

4- (4- et hy PPN CGuEhPEy vk éﬁ"e 8P SEHPEHPAE 238 4g (yi el d
|sopropanol 126‘ V\%QSAQB tg' 1,?5 )'(1:9101/011% 2 o%o(ﬁ)élfﬁle%%ei% gave

75% . LC NprkBAs%M-H) 5 4-(4- Met hyl phenyl)-4' - guani di nobenzoat e
hydr ochl Oméﬁﬂs%ﬁl on of 4-guani di nobenzoi c acid hydrochl ori de
2.29(0.01 , 4 yl phenol 1.1 g (0.010nol) and di cycl ohexyl -
carnbodimde 4.1 g (0.020nol) in

References and notes:

1. US Patent 4, 348,410

2. J.0.C. vol. 33 (1985) 652

3. Wenren et al Reactions of drugs synthesis published by chemical industry of China.

20 4. Chen fener et al Synthesis methods of organic drug published by Pharmaceutical

science technology of China

Example 2.  Activities of GMCHA derivatives
Different modifications of GMCHA were found to have differing inhibitory

25 effects on the growth of E. coli (Table 1). For example, while the phenyl ester (PHO1)
derivative had an ICsy of >200 uM on E. coli growth, various modifications at the 4-
methylpheny (PH02), 4-ethylphenyl (PHO3), 4-tert-butylphenyl (PHO04), and 4-biphenyl
(BPO1) decreased from >200, to 167, to 45, and to 26p1M, respectively. Significantly, the
effects of these compounds were not restricted to E.coli. (Irisawa et al., Biol. Pharm.

30  Bull, 16:1211-1215 (1993); and Kato et al., J. Enzyme Inhibition, 8:25-37 (1994)). The
relative effects of individual members of this class of molecules remained the same

whether the target cells were E.coli, B. Subtilis, S. aureus or S. epidermidis (Table 2). In
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pyridine (150nl) was stirred at roomtenperature for 48hrs. After renoval
of insoluble nmaterials by filtration, the filtrate was evaporated to
dryness awo mw@gi2dual solid was 10 treated with 0. | N hydr echianiioi@egi d
(50nl), washed with ether. The aqueous | ayer was concentrated to 20m., the
resulting crystals were filtered and washed wi th isopropanol / isopropyl

et her, gave 4-(4-nethyl phenyl) -4'- guani di nobenzoate hydrochl oride 2.2g
(yield 75% . LC Ms=270 (M+H) 15 References and notes: 1. US Patent 4,

348, 410 ezch odsdile myRleffedBrecbBBBINdGERaided Mo ALPheRl @PORP@GvagRs Of drugs
synt hesilgefbstiglys RRACIY fos B8PEHRI conlpdingd Yarie@kighidaaly fof QifftrenthRierfagner et al
Sy nt hesisgecimR! P 8inRfst # AN iR e BER LS ARde Bt RBARIRGEHS! Rk SCience
trnejgiflm@g%eﬁﬁ g @@%@éﬁ 16;!1‘%\‘3&@%11&%%5 {hddhs Gal ﬁé%% 6 Different
on the grdg\g/{wﬂ%to ) col%%gat??e ?%o@@ganﬁaﬁgﬁb%ﬁgt 1léhm%%enyl ester
(PHOL) ri,vatd ve 0_.of >200 n coli.growth, various

rodi {1 ca0s 1 BhpS Rgég(@gn%h%%"%%% g EP?-%‘]Z%O“EI} 8’%‘%’1"6‘%&%% ABREY) |
4-tert-butyl phenyl (PHO4), and 4-biphenyl (BP01l) gegreased from >200, to
167, to 45, and t @okéuNDespeticveky. Sicef

APPPBantl Yenadie eff@éits of these

conpounds were not restricted to E. col i ™% isawacetmal ., B 3 Pharm 30

Bull ., 16:%%}.1- 1215 4,4993) ; Og@ Kato et al,,, J. Enzyge Inhi bi1t1§)°n’ 8. 25- 37
The t

(1994)). relative effec 6f individual members of this class of

nmol ecul es i ne S ther the target cells were E goli, B.
Subtilis, ‘[éﬁggureg's“’}eg’gp@%g& m'di s (Taiaz?(’e 2) . In>29§023 WO 03%029201

PCT/ CNO1/ 9 each case, theymst effec 47ve conpoynd remai ned the
4- bi pheny!” (BPO1) derivative. In?eﬂesting y, the 1’50 for a Specific

conpound vgfohed si %rﬁ-fﬁff-cantlo cctli fferent bacteriaf specieg, w th al nost
a two-log differen li-tyllﬁ]é"ty{/\/taenCI ose that were tested. For the 4 biphenyl

ester (BP for exappl e, it)yseened that Staphyl ococcus was e log nore
(BPOJ0s Dicmofg}),enﬂ ; @_C‘ oyt aphyl ocog ok 9

cl

2,4,6- ; >
PHO6 Trichlorophenyl © “ a4 35 273

Cl

BPO1 a-Biphenyl o~ () 26 17 54

)
BPO2 2-Biphenyl = 74 83 187

Table 2. Effects of Various Aromatic Esters of GMCHA on the Growth of Different
Bacterial Species

COMPOUND STRUCTURE E. coli B. subtilis S. aureus s epidermidis
ICso ICr00 ICso ICi00 1Cso ICi00 ICso ICi00

PHO! Phenyl >200 >200 =200 >200 151 =200 128 >200

o~
PHO? 4-Methylphenyl o~ H—c4, >200 >200 >200 >200 47 120 48 120
PHO3 4Btyphenl °~<{_)—o%—h 167 >200 120 200 15 S0 14 50
PHO4 Buf}:f:l’;: - o~ Mcemn 45 o0 26 50 34 15 29 10

BPO1 4-Biphenyl O 26 40 4 10 0.6 2 04 1.5
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sensitive than Bacillus, which was in turn one log nore sensitive th
Escherichia. Table 1. Effects of GMCHA Derivatives on E. coli G ow
Pr ot ei naswolog/ozbi vity E. coli Gowmh E. coli Trypsin COrPOUND1ISIHCTURE

1C50 (1M

Proteinase In K, (tM 1C0 (M PHOL Phenyl o/ \ >200 >20

an
h and

0 110

PHO2 4- Met hyl phenyl O0_// \ CH, >200 >200 78 PHO3 4-Et hyl phenyl o / \
CH -CH, 167 >200 48 PHO4 4-tent- O - f 45 38 64 Butyl phenyl CL PHO5 2'4-

92 62 46
Trichloro
2- Bi pheny
on the G
subtilis

Di chl orophenyl o / \ci a PHO6 2'4'6 \ ci 44 35 273
pheny gi\ggreal ilﬁgﬁ)%?&hgbﬂm GMICHA dérivativ& oh Cel growdh,/DINABPO2
| 74 837187 Table 2. Effects of Various Aronatic Esters of
symtiesisfanipi fteinasetIn a@ivity é symchgpized EscaliGatioUres, SrruthmiRE E.

Tss | proreBii oSO R sh carbipy LS. igl gL Py iR TRR

asmibine 2PRAke REE deBdRlined B05-thin hiivals ahd Protd?hid8 [Madivity Wahenl 04 \

4- Met hyl p

CH=-CH, 1

26 50 3.4
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g;_tgingl(r)lgd %%390-%281%61%'_21315 8}{%&;‘%??(9 WasllD sef gf/ tﬁg &'1}2/9[6 gigg gﬁc':eilgh{?sx\gn%gy@@
(¢c), Appearance of proteinase In activity at -30 min and +30 min, respectively. P, Q, and
R represent the cell division period, the period between cell division and initiation of
chromosome replication, and the period between initiation of chromosome replication
and cell division, respectively. Right, Growth of synchronized cells in the presence of
27uM compound PHO4. (a), The inhibitor was added at -8 min (arrow). The sample was
as described above. Note that without PHO04, duration of P, Q, R1, and R2 was 15, 15, 15,
and 10 min, respectively, whereas with PHO4, DNA synthesis was initiated at 30min and
DNA synthetic activity doubled at 65min. The R1 period was prolonged from 15 to 35
min. (b), Appearance of proteinase activity at about 30 min as in control cells, but had a
prolonged half-life.

Since the GMCHA derivatives were originally identified as synthetic trypsin
inhibitors in vitro, we investigated whether a trypsin-like protease could be detected in E.
coli extracts using as fluorogenic substrate Boc-Val-Pro-Arg-NH-Mec. (Kato et al., Eur.
J. Biochem., 210:1007-1014 (1992)). We detected a single activity and had purified it to

homogeneity. This was achieved in eight steps, with a 2,880-fold purification and a yield
of 15 percent. The purified enzyme has a molecular mass of ~66 kDa and an isoelectric
point of 4.9. Based upon pH optimum, hydrolytic activity on various synthetic substrates,
and effects of various known proteolytic inhibitors, this E. coli protease has very different
specificity than mammalian trypsin or any of known bacterial enzymes. Most exciting is
the finding that the sensitivity of the purified enzyme to various GMCHA derivatives
paralleled exactly their inhibitory effects on E. coli (Table 1). This latter finding may
suggest that this protease is the molecular target within the E. coli cell for this class of
growth inhibitory compounds. We had gone on to demonstrate, using synchronized E.
coli cultures, that expression of this protease is restricted to just before the initiation of
chromosomal DNA replication (Fig. 2, left). (Kato et al., Biol. Pharm. Bull., 16:552-557
(1993)). Furthermore, addition of the 4-tert-butylphenyl (PH04) derivative after DNA

synthesis had initiated did not affect that round of cell division but retarded the next cycle.

=25 .

GVCHA
coli B.
Cso

, 45 90
1.5



SUBSTI TUTE SHEET (RULE 26) WO 03/029201 PCT/ CNO1/01499 Figure 1
illustrates the effects of GVMCHA derivatives on cell growth, DNA synthesis
and prot ewpag®2d2nt activity in synchronized E. coli Cells. PCcefaNo1/&4ont h of
synchroni zed cells in the absence of conpound PHO4. (a), Viable cell nunber
and [3H thym dine uptake were determned at 5-mn intervals, and
proteinase In activity was 5 determ ned at 30-sec intervals. Tinme zero was
set at the first sign of cell division. (b) and (c), Appearance of

prot ei nasﬁo{w@véi‘cﬁdd{ﬂlényoﬁﬁe mBRBitHh ﬁl(ﬁ@thé?rﬂtlﬁﬂldh of RN e&licMBInresuRed @ and R
represent the cell division period, the period between cell division and
initiati oprodﬁngat:m ofthetorme e of gell @MISIOér{Elgt haighdr (Toaethrs: thewrdesulSt i ati on of
chronoso owt h of
ynanr oni 3s i BRucsBl o bl plikbab el SERE Hhifiof o thidosort 02

i nhi bi t or replisativchded. adli,-a8d thatit {ssthe tm@et offinbibitamiyshevarematicestirs of i bed above.

h d
NOt t o Q&é@'&%@? Qam%tg‘%ee§%§'€ﬁn?rﬁ elg%e 8 ﬁkﬂss%ﬁq? REEIE f%@vﬂmﬁp ti at ed a? "

30m n ar‘dTh Hé B&Hotl@d @GMDé Uteﬁ@bﬁtﬂt@ib Ative§ites for pidteinklle Ipand od was
prol onged from1 Appear ance of 9(%Bot ei nase af £ vity at
(b In

about 30 ﬁilgppgﬁtlﬁlﬂﬁeéeﬁlfﬂ@let élefjl @"’CIEﬁif 1A4:P39-9583 bordyegteast ik " since
the GVCHA gn%lhé’s@tdla\é‘f)ﬁrtfﬁﬁ?ﬁ wRIGHAR Vi hd fi g @i SHABREL bf vdrlaadsi n

inhibitor§ 1h VIitror we vestigated whether a trypsin-like protease coul d
be det ect esters of BMCHA, andetheir efftcts wetie ngr-related Mmfbﬁbgemhlbltemr%ﬁeﬁtapet e

Bo \2/;1I) Pr OV@E%@FF éjactgng Qﬁﬁiﬂga et&lr iof. ﬁé’ﬁ {j’ _1?” %ﬁ?ﬁg’? ]{%?)3128&61014

h onpbgenei kdgults éﬂ'(ﬁlgll}eéilg%&hthe M&qulltduseic@htensé &Qﬁoteimﬁdinar BrobBfkst i-tke
purification and of 15 perce

nt rified enz has a.
nol ecul ar PrRigBassfin Y@G"l@l@é"’%ﬁ‘?@la%ﬁ ?tg%lgu%*emf OIptHBPWf‘e“EﬂSG E‘é% Wpon pH
optimum Rydriebyfidctepaidgéhd y on various synthetic substrates, and effects
of vari ous known pr ot eol yt| c inhibitors, this E. coli protease has very

d| fferent specificity than manmalian trypsin or any of known bacteri al
Most citiy i ggl% E& E ng that the sensitivity of the

ﬁlfl ed enzyn%?@ni\?g}'?i u?}g v I\f g tives paralleled exactly their
[ nh| bitory effachsedbtonipounadidpotidiidre413-mettyiltenkd}-d'er finding may suggest
that this proteas the nolecul ar target, w thi he E for this
cl ass of %WWW%@B‘?“FW‘V‘YQ Ewgs?}ﬂiﬁ‘é?ar@%yﬁgd%a@éﬁo%l?e?%"ag&%‘h‘g‘??‘iat e, using
synchr oni 2gdeBwth of H. pylori and completely eradicated H. pylori at various pH.

MICs (ng/ml) of several substances against 9 strains (ATCC43504, ATCC43629,
20 ATCC43526,ATCC43579,ATCC49503,ATCC51110,ATCC51652,ATCC51653,

ATCC51932) of H. pylori were examined. NE-2001 had minimal inhibitory

concentrations (MICs) ranging from 0.10 to 0. 48 pg/ml. Summary is shown in the

following Table 3.
Table 3. Summary of MIC Range against H. pylori
25

Substance MIC Range (ug/ml)

NE-2001 0.10-0.48

Amoxicillin 0.01-0.08

Clarithromycin 0.01-0.90

Metronidazole 0.65-2.45
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coli cultures, that expression of this protease is restricted to just
before the initiation of 30 chronosonmal DNA replication (Fig. 2, left).

(Kat o et wb.o3/0Bi20l . Pharm Bul |l ., 16:552-557 (1993)). Fur rherasene149addition
of the 4-tert-butyl phenyl (PHO4) derivative after DNA synthesis had
initiated did not affect that round of cell division but retarded the next
cycle. -25 WD 03/029201 PCT/CNO1/01499 However, addition of the inhibitor
prior to the initiation of DNA replication resulted in prolongation of
that same roynd, 0b ifGhrhtedingiafti &N f/lﬁkt%ffeéts of t8Rbhporaet-nE01. these results
suggest that I'S protease prob ag y participates directly in the initiation
of chr onDBmmlcldeépffeatmas exaniinedat veGous, coamtrah@n (0i ¥5-2. éoktgﬁél)tfarrb(@t OYFS.

inhibitio 1yﬁpt he aromatic ester 183{1&? ]gg%t %}%ﬁ%g%_h%lt%}c

pr ot ei nas resetiati Ve SUyS NS SR gene encoded

a 67kDa pa{g‘ahl%{ﬂ )Ml&;l? NOR/isIE bsBniSrh vRS dEt@éte@irm}ﬂlaﬂas(ﬁwéﬁtraﬂmd of Bl i gopept i dase
A. (Jiang et al Bi ochem , 124: 980-985 (1998) rot einase In |ike

prat ei nasEZWmﬂJé‘ﬁE-ﬁaﬂ)] shopad bidtestidal effecBagabibh pyleri ami feted Kl raRgsni | y

i nhi bited %%a(rlo §§ters of GMCHA, and their effects were co-rel ated
with thei® BF¢ ¢ bV ®ePfects on the 10 growth of the bacteria. (lrisawa et
al ., Biol. Phagite 3Bilubtrateslfic ddil HpdRiFeflect@I3 e coipesiel NE€SQ tisvasibnongl y

suggest the ub| gui t ous occurrence of protei.nase In, or rot ?\H:z& In-1ike
pr ot ei naseHivalupsr Thsappprience fieguengnat %ﬁt‘é’fﬁ‘lrr(??f@ta?%‘r‘t[’)‘i“inéla Ogr ot ei nase

is useful kterid RARt 8l @stedctivities
of e 2ooYEseRihil gfr)r%% gf’vrlg%%}t ?ﬁg&ﬁg%&fﬁﬁ&m h?ﬁ %énzyl )- 4" -

[ guani di neonetdtydtion of dDYE-2000](0.80-pROngMmIN- car boxyl ate, NE-2001, specifically
inhibited the growh of H pylori and conpletely eradicated H pylori at
various pH MCGCs (g/m) of several substances against 9 strains (ATCC43504,

ATCCA3629,  20QpRTCAEheREncd Fedghdiry f Nhfied FaBtaATIGETib BgaECSEIBH2, ATCC51653,
ATCC51932) of H. pylori were exam ned. NE-2001 had mnimal inhibitory
concentrati ong(MCs) rangi ngsglgagd @oﬁ&nﬁﬁl& 48 g/m. Summary |[is shown in

the follow ng Tabbpga%.smTabl e 3. SMIEBLY1 of M C Rangggpgai nst H pylori 25
(ng/mb

0.30
0.60
1.20

<3.4x10
<3.4x10% .
<3.4x10%

H.pylori
ATCC43504

15 A study on a single dose toxicity of NE-2001 was performed orally in male mice.
At a dose of 2000mg/kg of NE-2001 (maximum dose prepared as 0.5% methylcellulose
suspension), no animal deaths occurred and all animals gained weight. General toxicity

was also observed in neither cases. Apparently, NE-2001 is a safe (Table 5).

20 Table 5. NE-2001 Single Dose Toxicity in Mice

Animal /Age

Mouse/6 Weeks

Administration Route

Oral

Sex

Male

No. Of Animals/ Group

5

LDso (mg/kg)

>2000
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Substance M C Range (g/m ) NE-2001 0.10-0.48 Anoxicillin 0.01-0.08
Carithromycin 0.01-0.90 Metronidazole 0.65-2.45 -26 WO 03/029201

PCT/ CNO1/W0O4H30292pi gure 2 illustrates the anti-H pylori efCead1/0f499 he
conpound NE-200 1. Bactericidal effect was exam ned at various
concentration (0.15-2.50g/m ) for 168 hours. The representative curve was
shown in Fig 2. NE-2001 showed strong bactericidal effect against H "
pylori. No visible organismwas detected in 3hr at a concentration of > 5
1.25gg/ M. NE-2001 showed bactericidal effect against H pylori in al
tested pH range (pH3-7) (See Figure 3). Figure 3. Illlustrates the

anti-H. pylori &h¢ abave exdmplpsare ¢ orlfuspretve prrpesgy ey gnd ispotintended The
appear ance_ freque LeS) | i - was
e ned PrBrBERoYe SRy, SHk el AR pRABIRS ol BRAE 2701
t est ed 10ircthizeeniviatntaded thalNhis2DGEhti0H b8hmite® Oy bl Yhe s of tide apippdedr ance
Freqguency of Natural Resistant Miutation agai nst NE-2001 Sel ected
Content r afl8PS- Or gani sm OF NE-2001 Frequency ( /mi) 0.30 < 3.4x 10-$

H pylori 0.60 < 3.4x 10"$ ATCC4A3504 1.20 < 3.4x 10-%$ 15 A study on a
single dose toxicity of NE-2001 was performed orally in male mce. At a
dose of 2000ng/ kg of NE-2001 (nmaxi num dose prepared as 0.5% net hyl cel | ul ose
suspensi on), no ani mal deaths occurred and all animls gai ned wei ght.
General toxicity was also observed in neither cases. Apparently, NE-2001
is a safe (Table 5). 20 Table 5. NE-2001 Single Dose Toxicity in Mce

Ani mal / Age Mouse/ 6 Weeks
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Adm ni stration Route Oral Sex Male No. O Animals/ Goup 5 LD50 (ng/kg)
>2000 -27 WD 03/029201 PCT/ CNO1/01499 The above exanples are included for
i Il ustratwoespemposes only and is not intended to limt tireTADOPOI4OP t he
invention. Since nodifications will be apparent to those of skill in this
art, it is intended that this invention be limted only by the scope of the
appended 5 clains. -28 WO 03/029201 PCT/CN01/01499 dains 1. A conpound,
or a pharmaceutically acceptable salt thereof, having the follow ng
formula I: HN ) --NH(CHZ COOR 5 H2cplpgsein n is an integer fromO-1, and
Ris elected fromthe group consisting of hydrogen, Cl.10 al kyl, Cl1_10
aryl and 0-~ COOCH2 0 CH3 10 2. The conpound of clajm1, \g%l ch &as t he
fol | owing formid a | A:comgrund, ongplapmagsuiicatigacseptably saitithereqfpiqving t
phar maceut] . itt i on, which conposition conprises the 15 conpound of
claim1. gﬁ.lﬁ)%g%?%albeuti cally conposition of claim3, which further
conprises a pharmaceutically acceptable carrier or excipient. 20 5. A
met hod for treating or pgeventi ngii di sease or di sorder caused by
NH(CH; COOR
5 HoN
wherein n is an integer from 0-1, and R is elected from the group consisting of

hydrogen, Ci.10 alkyl, Ci.10 aryl and
o) —on

10 2. The compound of claim 1, which has the following formula II:

HN |
)—NH-CHZ—Q— COO—COOCHg @ CH,
H2N '

3. A pharmaceutical composition, which composition comprises the
15 compound of claim 1.
4. The pharmaceutically composition of claim 3, which further comprises a

pharmaceutically acceptable carrier or excipient.

20 5. A method for treating or preventing a disease or disorder caused by
Helicobacter pylori (H. pylori) infection, which method comprises administering, to a
subject to which such treatment or prevention is needed or desirable, an effective amount
of the compound of claim 1, or a pharmaceutically acceptable salt thereof, thereby said
disease or disorder is treated or prevented.

25

6. The method of claim 5, wherein the subject is a mammal.
-29.



Hel i cobacterpylori (H pylori) infection, which nmethod conprises
admnistering, to a subject to which such treatnent or prevention is
needed orwoasieebl e, an effective anbunt of the conpoundPoffi/aNoaom9d, or a
pharmaceutically acceptable salt thereof, thereby said disease or disorder
is treated or prevented. 25 6. The nethod of claimb5, wherein the subject
is a mnmmal. -29 WD 03/029201 PCT/ CNO1/01499 7. The nethod of claim®6,
wherein the marmmal is a hunman. 8. The nethod of claim5, which conprises
adm ni stering the conpound of 5 claim2, or a pharnaceutically acceptable
salt thereof, to the subject. 9. The net hod of claimb5, which conprises
admi ni stering The pﬁh¢mﬁledpfdam6wdwmstmlrmmmal igh AURIB t O t he subj ect. 10
10. The method of claim5, wherein the disease or disorder caused by H
pylori infection to treated or prevented is chronic gastritis,

gast r oduodenal gul ceThe methedofdaiai Hovtaciodonirizedadniaistesihgthechmpoast ofi ¢

Iy homa or gastric cancer. 11. Th od of claim5, wherein the subject
r eat eBla{p £nYfia Ph aifBa%HW'?aHVQ‘fC@P‘iaﬁ]ﬁggl%l&ﬁFFtog-t?l&eﬁyﬁ]S?ti agent. 12. The

rret hod of claim1l, wherein the anti-H pylori agent is proton-punp

i nhi bitor (PPI), rretronl dazol e, clarithronycin or, anoxicillin. 20 13. The

met hod of cl ai fh 5, {Eh@m@thqdpﬁ@laIHIS pYhieh sompyisgs adnainistering thephaimpceiisaked by

PPI, netroni daz nofc(l:Jhr%rj tto}?ﬂeo 1” or anoxicillin treatnent. 14. The net hod

of cI ai m 5° mﬂ%sétll e corrpou or a pharmaceutically acceptable salt
thereof is adm nistered by intracaver nous i nj ection, subcut aneous 25

injection, intraven i.on tra Iar i on dermal

i n}l%ctl on, oral? ad%ﬁﬁf‘?ﬁ{ogf’%ﬁlﬁlm% WheEHR ?ﬂ?ﬁ%:&i‘sﬁ(%ff%‘ﬁe The net hod
of claim ? yloWthfeBtidhHolth@fed GO PRYEnIRSis ahr%hﬁrgaahugilgaﬁfuaﬁbdeﬁalqncerpr agnosi ng H.
pyl ori ection in the subject. 30 16. A conbination, which conbination

conpris es aqlmca,rgmpg@rq)@ tl"@fdlsﬂlg‘;qlﬁag;_h gastric lymphoma or gastric cancer.

11.  The method of claim 5, wherein the subject is treated without

15 administering an anti-H. pylori agent.

12.  The method of claim 11, wherein the anti-H. pylori agent is proton-pump

inhibitor (PPI), metronidazole, clarithromycin or amoxicillin.

20 13.  The method of claim 5, wherein the H. pylori is a resistant strain induced

by PPI, metronidazole, clarithromycin or amoxicillin treatment.

14.  The method of claim 5, wherein the compound or a pharmaceutically
acceptable salt thereof is administered by intracavernous injection, subcutaneous
25 injection, intravenous injection, intramuscular injection, intradermal injection, oral

administration, or topical administration.

15.  The method of claim 5, which further comprises a step of diagnosing or
pragnosing H. pylori infection in the subject.
30

16. A combination, which combination comprises the compound of claim 1,

or a pharmaceutically acceptable salt thereof, and an anti-H. pylori agent.
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or a pharmaceutically acceptable salt thereof, and an anti-H pylor
-30 WD 03/029201 PCT/ CNO1/01499 17. The conbi nation of claim 16, wherein

t he anti -wopglozol agent is PPl, netronidazole, clarithro®Z&iaNoo01499
anoxicillin. 5 18. A nethod for treating or preventing a di sease or
di sorder caused by H pylori infection, which nethod conprises

adm nistering, to a subject to which such treatnent or prevention is

agent .

needed or desirable, an effective anount of the conbination of claim16, or
a pharmaceutically acceptable salt thereof, thereby said di sease or
is treated or prevented. 0 19. A Kkit, which kit conprises the

conpound of cll4i m Theeombingtier ofecbaimt li6e whergin the entivfapileri agant isthhdy eof , and an

di sorder

instructio

aid conp

fo i ng. 0 .
treating‘B&nﬁ?%vgﬁtaﬁﬁﬁgmapgg)§g%ggﬂglsorder caused by H. pylor
infection. 15 20. A kit, which kit conprises the conbination of claim 15,
and an instruction for B‘}&B?p sai d conbj.nati,.on i nﬁ(rﬁg&g%rlcggseg%y%eventl ng a

di Sease or di sl derA gtho

ajipg onRreysAfing 3, disease 8

pylori infection, which method comprises administering, to a subject to which such
treatment or prevention is needed or desirable, an effective amount of the combination of
claim 16, or a pharmaceutically acceptable salt thereof, thereby said disease or disorder is

treated or prevented.

19. A kit, which kit comprises the compound of claim 1, or a pharmaceutically
acceptable salt thereof, and an instruction for using said compound or pharmaceutically
acceptable salt in treating or preventing a disease or disorder caused by H. pylori

infection.
20. A Kkit, which kit comprises the combination of claim 15, and an instruction

for using said combination in treating or preventing a disease or disorder caused by H.

pylori infection.
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