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85:229-236 (1996)). 25 Although several
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drug regi nens (Kovacs et al. I nf ect.. 15: 467- 472
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200444 82hInBaiTbdIRAP 832 2)Réms that include cystic ﬁbroms (CF),
cancer, AIDS, diabetes, deep buzns, and wounds (Van Delden et al., Emerg.
Infect. Dis. 4:551-560 (1998)). During infection, P. aeruginosa produces
mumerous virulence factors that cause tissue damage. Inthe case of CF, P.
aeruginosa causes chronic, fatal lung infections in over 90% of patients (Hoiby,
Acta. Path. Microbiol. Scand. Sect. B 82:551 (1974); Mahenthiralingam et al.,
Infect Immun. 62:596-605 (1994); Smith et al., Cell 85:229-236 (1996)).
Although several anti-pseudomonal antibiotics, such as B-lactams,
aminoglycosides and quinolones, are used in clinical drug regimens (Kovacs et al.,
Infect. Med. 15:467-472 (1998)), P. aeruginosa frequently develops resistance to
these treatments (Oliver et al., Science 288:1251-1253 (2000)). Compounding the
difficulty in eliminating the infection is the intrinsic ability of P. geruginosa to

develop a biofilm (Costerton et al., Science 284:1318-1322 (1999)). A biofilm is
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25 th %te s%na ng mofecﬁ‘les are called autoinducers, because of the feedback role they
play in QS. In P. aeruginosa, two R proteins, known as LasR and RhiR, and two I
proteins, known as LasI and Rhll, have been identified (Passador et al., Science
260:1127-1130 (1993); Gambello et al., J. Bacteriol. 173:3000-3009 (1991);
Ochsner et al, J. Bacteriol. 176:2044-2054 (1994); Ochsner et al., Proc. Natl

30  Acad. Sci. USA 92:6424-6428 (1995)). Two autoinducers that bind to the

respective R proteins have been identified, and are known as N-(3-

oxododecanoyl)-L-homoserine lactone (3-0x0-C12-HSL) (Pearson et al., Proc.
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essentially triggers the initial steps in the cascade, LasR is considered the master

regulator of P. aeruginosa QS.
[0006] More recently, a third signal molecule, 2-heptyl-3-hydroxy-4-

quinolone (Pseudomonas quinolone signal, PQS), has been found to provide a
possible additional link between the las and ril QS networks (Pesci et al., Proc.
Natl Acad. Sci. US4 96:11229-11234 (1999); McKnight et al,, J. Bacteriol.
182:2702-2708 (2000)). These studies showed that PQS strongly induces rhll
while it has lesser positive effects on the transcription of asR and rhiIR. Still, the
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with an intact QS cascade (Rumbaugh et al., Infect. Immun. 67:5854-5862
(1999)). While the wild-type strain killed 94% of infected mice, the lasR mutant
was able to kill only 28%, and the laslrhll double mutant killed only 7%.
Expression in trans of constitutively active Jasl and rhil genes in the laslrhil
mutant restored the ability of the organism to (i) spread within the burned tissue
and systemically, and (ii) cause death at near wild-type levels (93%). Ausubel et
al. have utilized a C. elegans-P. aeruginosa pathogenesis system to identify
virulence-associated genes, and demonstrated that a asR mutant is significantly

less virulent in this surrogate model system (Tan et al., Proc. Natl Acad. Sci. USA
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genes involved in resistance to reactive oxygen intermediates (sod4, sodB, and
kazd) (Hassett et al., Mol. Microbiol. 34:1082-1093 (1999)). Interestingly, the
ability of P. aeruginosa to form complex, highly developed biofilms is also
controlled by QS. Strains unable to form biofilms are less infectious. Davies et
al. showed that a lasI mutant produces abnormal (thin and much more uniform)

biofilms that are not resistant to detergent treatment. However, in the presence of
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Bacteriol. 178:2897-2901 (1996)), and A. fumefaciens (Zhu et al., J. Bacteriol,
180:5398-5405 (1998)), have been reported. In these studies, major efforts were
made to vary the length of the aliphatic side chain or modify the 3-o0xo
functionality of the autoinducers (substituting the 3-0xo group with 3-hydroxyl or
methylene groups). The analog molecules whose structures are closely related to
the cognate autoinducer structure exhibited weak-to-moderate gene activation

(agonist activity). In some cases, the analogs weakly inhibited the induction of
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have been reported. In these studies, mjor efLorts

wegoe11jmade Ustevatiyglyheechbudrgy metdbolitve w@ﬂat%ﬁpmé %A&@trahan

oo Bt o i RSB e Bt 25
3- e r BlapEYacichheV. ah ant Eewiznk
> \/\h%éggs%iy%ctur %E%(% cl ogcg{y re)Iragé e% t?&SOQEhS@?ggéte:
t

aumpdmverepl gtaminegative bactetin Wil QeBRtAS st
e O7 Ah T B Y 1 T8 A0 (190G MikBReld ot ol
20044-03:52 135 PETHLYB2080) R SshfiRsen-cF al Avireobighid6:3237-3244
t( 2naen Q/ia?l;ﬁ%éfeéﬁi PorT e R L T

10 U%a%ugf ﬁl%té’ are oéﬁg ﬂé‘l‘béerfﬁ Sﬁ%ﬂéﬂgﬁ% %fr:ﬂg%@iv@é edt drcabletibact as

exhi bi t ed
MogesAi@nin bﬂg:oMZ}Iﬂ{aammmdthrag &i Wf@ms znd 3rixpdte gl in
gene expr essi o in Serrati a-CI
aneptEPwiraherieRe & GFHR 0T gltb?% act%' ég?%"ﬁﬁthc

W t Aichi@ichiBf dige Ffr amtugthe&ﬁ
(Gélg% ovcséeﬁt%1 52&% ﬁh@éga%t erlcol 1178r83601,rg gezé agé (?81) 6
l\/amﬁibméil@rsgut stifl sharen/ther fuess of thenliphatiogge e'five-
Rasnu Th

15 \aerperg igtofy e (UEARP Bomelt pRRASE a%é‘%g%%%“ “’
( ZME)HaﬂﬂES@cﬁﬂmgaﬁltﬂnahe wawdea:tysnmtyehm yhldytype of P.

hal ogenat ed furanone derivativ s th th
asaerygmg.m,g .gkn 2002 Hentger qt; ﬂ}ﬁﬁ % Cfgt%hgnettgaﬁgéks e

glﬁg % d 83t @ﬂﬂe:ﬁ %) 0 déﬁ»dhﬁits &ﬁ&gbrﬂét ﬁ¢mﬁbmmgmo-

ovor a. AIt heir structure, in terns 0
-t hﬁ’z mmdnﬁeﬁ’fuw@ﬁiAgﬂ@wmrweeaym@{e@zegmtﬁ# é\grmlvoff 148:87-

diff th t.
20 sm?i@%p%)é" Gttt BSOS P b pihrlt of 320

E bire hﬁaﬁa{&&hﬁﬁtﬂ@%@ml legIK bl shéwldl by noted that Whiteley
ohjugated) with the HSL aut 0| nd $ 'ﬁ? onsﬁenessto All
naemlagrbypaﬁ&ﬁ PFYARfersirigreec! Wé%s & PY RGN E

WI Ld AMpg gfnﬂ%;(?f BAGhonkd) ey éi@e[]‘; Pﬁrﬁc Alatl
Eimtdo%’ ?ﬁ%&eégﬁéjura one that | acks the
Acad. Sei. USA 96:13904-13909 (1999)). The /fasB promoter used in the

95  Hentzer’s study is a Class IV promoter that requires both ATl and AT2 for full
induction, and responds very little to ATl alone. Additionally, they used a low All

concentration.
[0012] The present invention is directed to overcoming these and other

deficiencies in the art.
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15

al kyl side chain of the natural product exhibits

ant agoni st activity. using a PAO - JP2 < .
g}ﬁﬁlg’ Pl asB- gf p(ASV) reporter system (HentZeyUq03/025102

at, Mcrobiol. 148:87- 20 102 (2002)). Approxi mately

50% i nhi bi ti on was observed tf-t he presence of 320 M

of the furanone conpeting with 0.1 MAII. It should be
noted that Wiitel e et _al. _grouped. QS | ters into
four cl asses basUMMAR 2RI to ALl vs.

and the degree and tim ngof that response

l ey etpmat A reldfad codbinatddaflibraries of
92@%@04 139 %igeég%v?&%}em ['asB g?ormtaer used in th
2 Sputisinducer amiegsud ylescsibad Gelass Th¢ q@m@m@maltlﬂba%ﬂes include solid

" e ermbery o PE PR Bieblie o ATPY POy R flgen

ﬁ;\ﬁ/‘gs@(ﬂeo WhdNiders GOMRE BB P ideteschPRlsd]utibhp hbnaﬁsse nt

ntroiI's directed to overcom ng these and ot her

e nci es 4fhees to an autoinducer
PJPPEJQ;OOSI oopy Bl gE i bilien BRONMIEs to 2 [0013]
Thegopise seattagonise having thegitaic®ge t o conbi nat ori al
l'ibraries of autoinducer anal ogs as descri bed bel ow.
The conbinatorial libraries in€hude ¥plid phase
(i.e., nenbers of the library are e ed to a solid
support) and sol ution 5 phase : enbers of the
library are present iQ sol uti(gn & [ 0014]

Anot her aspect of the||present |inventi on relates to an
aut oi nducer agoni st gy anta i st haytmmgat he
structure X3 X3 X n
Xl is selected fromthe group cg srfv,;tl % of H and OH,
X2 is selected from 10 the groflp cdhsisting of H and
OH X3 is independently sel ectBg frofrrthe group
consisting of H OH SH ORl, SRI, NH2, NHR , NRIR2,

CORL reirk Kilselected from the group consisting of H and OH, X, is selected from
the group consisting of H and OH, X is independently selected from the group
consisting of H, OH, SH, OR’, SR, NH,, NHR', NR'R?, COOR', alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl,
cyano, nitro, halogen, and, adjacent X; substituents combined, a cycloalkyl of 3 to
8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms

and from 1 to 6 heteroatoms selected from the group consisting of N, S, and O,

and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl, carbonyl, and sulfonyl and n is 0 to 4; or

X3 X3 X,



cycl oal kyl, al kenyl, al kynyl, aryl, heteroaryl,
het eroal i cyci c, acyl group, carbonyl, cyano,_nitrao

WORMYEHS and, adj acent X3 substituents combi Héd/USE003/025102
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cycl oal kyl of 3 to 8 carbon atons, a heterocycl oal kyl
of 3 to 8 nenbers conprisinggcarbon atons 15 and from
1 to 6 heteroatons selected fromthe group consisting
of N, S and 0, and an aryl -or heteroaryl ring haviﬁr?lg
3uthBreth Ne el cpeniditivatieciet frmal tHpranecorsestieg 0Ed, OHo 5.

R

to 4 , 16243
pettioaB D eiystie. 2P g targlyl Byakd, HRochldgeRT et

S glliacdne X, fstlostitiidnes @umivipeds armsclsgjlikirbclwf& tor§ T@ﬂ;n oS, 20R
SR, NH2, NHR NRI R2, . COCRI , C (oF: |

heiesegy ok i 0 mpiberrorerame R A dym e
agé!tjero%d}féf(sel PR khe %ﬂéﬁﬁ @@ns'iﬁtﬁlg%f N & 98r0, ar@ngh aryl or
adj acent X3 su ,

stituents ‘combi nef ]Ia cycl oal kyl o& 3
t hetBrazaylbin lmavings, tod Bembersr whereindh ad] R grre selgtedgirom the

menbers conprisin ar.bon 0 r

P SR e et P ol R i bl cibony], and
Seutdifl1 Gnd Ao &4;aryl or  heteroaryl ring having 3 to
8 nmenbers, wherein R and R2 are selected fromthe
group consisting of H alkyl, cyckeal kyl, alkenyl,

aryl, heteroaryl, carbonyl, and sulfonyl and nis O
to 4, or X3 X3\ X3 0 11 R HN /] X32 X, wherein
X1, X2, and X3 are indepéende SR fromthe
group consi sting of ™H, S NH2, NHR',
NR R2, COORI, alkyl, j¢ycloalk

R HN

wherein Xy, Xy, and X are independently selected from the group consisting of H,
OH, SH, OR!, SR, NH,, NHR', NR'R?, COOR!, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent Xi, Xz, and X3 substituents combined, a cycloalkyl of 3 to
8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
and from 1 to 6 heteroatoms selected from the group consisting of N, S, and O,
and an aryl or heteroaryl ring having 3 to 8 members, wherein R} and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl, carbonyl, and suifonyl; or

X3
X X
0 ‘ \
PR _
R HN N X,



al kynyl, aryl, heteroaryl, heteroalicyclic, acyl
.___group, carbonyl, cyano, nitro, hal ogen, and, adjacent
Wc’)@?“’&égﬁand X3 substituents conmbined, a cycl d&iKkyyO%y025102
3 to 15 8 carbon atons, a heterocycloal kyl of 3 to 8
menbers conprising carbon atgps and from1l to 6
het eroatons selected fromthe group consisting of N, S,
and 0, and an aryl or heteroaryl ring having 3 to 8

NRYHRESIS X, \Whe DRI afe B]’cdelﬁmderll?% sftie@teds@cbmcﬂllfeigtoﬁp lo(msistigg of H,
roup consjsting of H, ,a , 0 a n

0 GRS HaR by MED, R IR COUI SRR ool keny,

X34 0O RH N : & 2162

“HoRE Rt il i RiERi Al Sab R B B

t hglogenadsatisicat KpandK; bybstitDnts SBmbERK, a eriloalkylipf3 to 8

S e Y UL o toms
%ﬂ;ﬁg 1 t@f : YdtomS ¥ %ed RbhltRe %ro*&glo@ﬂﬁﬁmgaﬁm, SdidOemid an
u i)

stituents comnbi ne

cycl oal kyl,, of to
8 abyl@ahbteroayloing hayitgst torfomymbers) Rperest R%W%ﬂfﬁé%ﬁé?%

conpri.si ng carbon at n
B PO ARG b Roh sy bRy slepyd U5 BBRSTE
aNartRnyl, afd sﬂﬁ%%ﬂWhefdﬁﬂB i salbdted Botmth8 gromplvensisting of
wherein 'Rl and RZ are selected fromthe group

10 cdhsisti, vhersio @ isdtRyH, cycl oal kyl, al kenyl, aryl,
het eroaryl, carbonyl, and sulfonyl, and wherein Ris
selected fromthe group consigting of 10 Cl H2nT, - 1,
wherein mis 1 to 14, P wherg¢in pis 1 to 14, and X
XS q whereingis 1lto i's NH2, or SH and
X5 is H or X4 is H and » NH2, or SH.
[ 00151 Conpositions incl t he adut oi nducer
anal og(s) of the present L4

wherein p is 1 to 14, and

wherein q is 1 to 14, X4 is OH, NH;, or SH and Xs is H, or X4 is H and X5 is OH,
15 - NH,, or SH.

[0015] Compositions including the autoinducer analo g(s) ofthe present

invention are also disclosed and may also include an antibiotic.

[0016] Yet another aspect of the present invention relates to a method of

identifying an autoinducer agonist. This method involves providing an

20 autoinducer analog having the structure



invention are also disclosed and nmay al so i ncl ude an
anti biotic. [0016] Yet another aspect of the presen

nt
WO HOHMSEBn relates to a nethod of identi fyi ngt@HUS2003/025102
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aut oi nducer agoni st. This nethod involves providing an
20 aut oi nducer anal og havi ng jthe structure WO

2004/ 016213 PCT/ US2003/ 025102 -11 X3 X3 X3 0 n X3 X3
RHN.,~ X3 X1 X2 wherein X1 is selected fromthe

gr oup conS|st| ng of H and OH, X¢ |s>@geggct ed from the

group consisting of Hand OH X3 .8 i pdépendentl|y

sel ected fromthe group consistir H OH SH OR,
SR, NH2, NHR , NRIRX) COORIL( ' ! oal kyl,

al kenyl , al kynyl, aryll, heter eteroallcycllc
acyl group, carbony cyano, dgen, and,

adj acent X3 subst orrDi a ycIoaIkyI of 3

to 8 carbon aton¥, a heﬁocycl é@(y' of 3 to 8
menbers conpri si ng carbon atonw é%f)?aom l1to6

het eroat ons sel ected from thejgroup €@nsisting of N,
S, and 0, and an aryl or heteroaryl ring having 3 to

8 menbers i WHELe Iaﬁ&b@ﬂ pd r@mléd@ﬁ from
%{5 gﬁs}fs é‘@?ﬁ&a %P%hggﬁ@%ﬁgl& oaﬁsfg (" Cenyl ,
arﬂé‘: oub%ﬁﬁﬁﬂfg’df H aad @@ﬁﬁs,ls ﬂlﬂdpendb]fltdm ;dk;ctemﬁom thesgroup
to 4; X3 X3X3 On ﬁgﬁﬂiﬁé pr%@@{{lel gf3|s
[ e o
r@@ﬁi@ﬁﬁ&@ﬁﬂyoge FEs OFd» $R 20 B
1Rk h&Rro a@J1 ydup, carbonyl,
%zc@%%, e‘nP(E W%P[( ynyl Oarg!?yl % e(?}oar yF
h etyanqatitrayieligen, may adjgmupia sehstibsnisl comibjnade crylpalyl of 3 to
ha2|3 ga%ggn atom%, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
and from 1 to 6 heteroatoms selected from the group consisting of N, S, and O,
and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,

heteroaryl, carbonyl, and sulfonyl, and n is 0 to 4; or

Xs  Xax

0 ( X5

S .

R HN

wherein X; is independently selected from the group consisting of H, OH, SH,
OR}, SR', NH,, NHR!, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heteroalicyelic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from 1 to 6
heteroatoms selected from the group consisting of N, S, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R! and R” are selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and

sulfonyl, and nis O to 4; or



adj acent X3 substituents conbi ned, a cycl oall cyI of 3
to 8 carbon _atons, a heterocycl oaI kyl of 3 tao

WORMHH3¢243 conpri si ng carbon atons and from 1 tSCgIU52003’025102
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het eroat ons selected fromthe group consisting of N,
S, and 0, and an aryl or het®oaryl ring having 3 to
8 nmenbers, wherein RL and R2 are selected fromthe 20
group consisting of H, alkyl, cycloal kyl, al kenyl,
aryl, heteroaryl, carbonyl, AN , and nis O
to 4; or WO 2004/ 016213 PCT/ US2003/ 025102 -12 X3 X3
\' X3 O11 RHN/ X2 X1 X2Xandx3are
i ndependent |y sel ect e6 fro N\

OH, SH OR, SR, NHR'

cycl oal kyl , alkenyl alkynyl,
heteroalicyclic, acy oup, €ab
hal ogen, and, adj &ent XIHNX2,

conmbi ned, a cycloal kyl of 3 to 8jcarbon atons, a
het erocycl oal kyl of 3 to 8 nmenbers conprising carbon
atoms and from1 to 6 heteroatons'selected fromthe

e ot 4 Ko AteenB Ry sl ToRling g Sorsiging of B
al QPI{ I et e ! H N RRIRD WO ORNSISA| 538loalkyt alkenyl,

gycl'oal kyl ;" al kenyl, aryl, 10 hetéroaryl,
cazﬂk:}m&,l a,rylah@temf)ﬂdlﬁﬁd:roa]m}@k@ acyRErXep, carbRyY, Faqos RjttRp

ERSLD 1 BT SRR, SRR o
NF% B&’bom& a Hétléﬁdcycl@&’lﬁﬂ@%@ mahbas yomprigihk yapbn atoms
ar yI het er oaré3 het eroal i cyclic, acyl group,

asoigm | te phwtrostpins gclectsd FaMde FroURFAnSIHEREN S %9 O,

gtbon a &the{ey&ﬁgfxg‘r}gg%}éﬁ aﬂy P&%%&a%&leupﬁl %é&rls%z e

c o.mﬁdtai frgm dlar dronp admsistingrod H, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl, carbonyl, and sulfonyl; or

X3
X3 X3
0 | S
)J\ Z
R HN N X

wherein X, and X; are independently selected from the group consisting of H,
OH, SH, OR', SR!, NH,, NHR', NR'R%, COOR/, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,

, al kyl,
eteroaryl,
cyano, nitro, 5

halogen, and, adjacent X, and X; substituents combined, a cycloalkyl of3 to 8
carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms and
from 1 to 6 heteroatoms selected from the group consisting of N, S, and O, and an
aryl or heteroaryl ring having 3 to 8 members, wherein R and R? are selected
from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,
carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

CuHomsi, wherein mis 1 to 14,



from1l to 6 heteroatons selected fromthe group
consisting of N, S, and 0, and an aryl or heteroar

|
WORPMPIEYi ng 3 to 8 nembers, wherein Rl and RZC gfqgszot%/ozsloz
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sel ected fromthe group consisting of H, alkyl,
cycl oal kyl, al kenyl, aryl, bhegeroaryl, 20 carbonyl,
and sulfonyl, and wherein Ris selected fromthe group
consi sting of CnH2mtl, wherein mis 1 to 14, WO

2004/ 016213 PCT/ US2003/ 0251029 -13 A P wherein p is 1
to 14, and 5 wherein qis 1 fjo 14, X4 is OH, NH2, or
SH and X5 is H or X4 is H anfl X5 i% OH, 5 NH2, or

SH. The autoi nducer ana ted with an

aut oi nducer receptor and\act/ivity ot the receptor is
measured in the presence of “phe autoi nducer anal og.
[00171 A further aspect of the present invention
r@ﬂﬁﬁﬁﬁ ti91 & MEtap@d of identifying an autoi nducer
antagonlst Thi's net hod i nvol ves provi di ng an

aut oi nducer anal og havi ng e stxucture X3 X3 X3 On
X3 X3 RHN%, X3 10 Xl wher in Xl is selected
fromthe group consisti and , X2 is selected
from the group consisti d<OH, X3 is

i ndependent |y selected fr the group consisting of
H OH SH OR, NH2, NHRE, NR R2, COOR al kyl ,

S i S o
]\%% negﬁ - cyc A cellia ?d‘g?@tcoﬁ@ct%&' Q& dh @ tfisducer receptor

Kyl 8 carbon at ons,
hehénodvitst @éthkydeemibr 8 mens@eduemthsmsessoenefihe ﬁ&OE@P% goalog.
atons and from1l to 6 heteroatons selected fromthe
grjee7iconsi sA ifirthephsphict & theaprksént inmtio:arelajewﬂo agnethod of

E)St %rft@qoarné lan ra'lutr(])%ld%ggrl arr]l agomsg ’§h1$ me od Jinr(yi'h p%@id@g N d

autoinducer analog having the structure

X3 X

wherein X is selected from the group consisting of H and OH, X is selected from
the group consisting of H and OH, X3 is independently selected from the group
consisting of H, OH, SH, OR', SR, NI, NHR', NR'R?, COOR’, alkyl,
oycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl,
cyano, nitro, halogen, and, adjacent X; substituents combined, a cycloalkyl of 3 to
8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
and from 1 to 6 heteroatoms selected from the group consisting of N, 5, and O,
and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl, carbonyl, and sulfonyl, and nis 0 to 4; or
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sel ect ed fron1the group consisting of H alkyl,

cl oal k al kenyl, aryl, 20 heteroaryl, carb .
(5%84/9W¥ nyl, and nis O to 4; or WD 2004/ 016 12&2003"023102
PCT/ US2003/ 025102 -14 X3 X3 X3 On X3 X3 R HN X3
wherein X3 is independently.gdl-ected fromthe group
consisting of H OH SH OR, SR, NH2, NHRI, NR R2,
COCRI, al kyl, cycloallyl, alkenyl, alkenyl, aryl,
het eroaryl, heteroalicyclic, U, carbonyl
cyano, nitro, halogen, and, 5 adjafen{ X3 substltuents

conbi ned, a cycl oal kyl of 3 to 8~ Carhon atons, a

het erocycl oal kyl of to 8 ‘ i ng carbon
atons and from1l to het er oat ons slectedfromthe
group consi sting of S, and asyl or

heteroaryl ring havi'ng V\herel n R and

R2 are selected fromthe group gpnsistging of H,

al kyl , cycloal kyl, alkenyl, aryl,llhetéPoaryl,

carbonyl, and 10 sul fonyl, and Pis O to 4, or X3 X3
\ X3 0 R-H N/ X32 X wher ei n X, , and

i ndepeinderis indepenidsotheeeleqteshiromahe Sp G@Bﬂ%tr%stq i{;%&f $ib

R o i s R, PSR, MR 2101603, wtdbftny, axv
helefdro@ly l, G ekddicy@iy heyl proup, carbodydngsano, aytamdl,alqun, rapgd,
15 hal o and, adjacent Xl %@r gg g ubbst tuents
c ol csait 3 %ilbé'sl‘@le’étﬁlcR?]’mS‘ﬁ acyclpaligrl 0 “AO8HE

eﬁe?ér%%% %gl'llf)\fb ok éﬁﬁh@c S ok BEPAtbks Afd ﬁ'@ﬁlbloﬁb 6
atomeCAnd. r om f

het eroat ons sel ected fromthe
orietosionsissietind ﬁmn ﬂslf: eRyuparasisting afid, %mnd@uan%ﬁn aryl or

het eroaryl, ring hav 3t08 ]
Réleé?rgaryigp% b@@.ﬂg? eﬁrébeé% (%her 2%%8?’131 Y ?Teﬁﬁ}%h 53 the
al flip cENEtRBlORH, alldd, lcoabiliyl, a]ik’,\ehyl, aryl, heteroaryl, carbonyl, and

sulfonyl, and n is 0 to 4; or

X3 X3
O
R/“\HN X,
X

wherein X;, Xa, and X are independently selected from the group consisting of H,
OH, SH, OR}, SR', NH,, NHR', NR'R?, COOR', alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X1, X;, and X substituents combined, a cycloalkyl of 3 to

8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
and from 1 to 6 heteroatoms selected from the group consisting of N, S, and O,
and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R* are
selected from the group consisting of H, alkyl, cycloalkyl, atkenyl, aryl,
heteroaryl, carbonyl, and sulfonyl; or



20 heteroaryl, carbonyl, and sulfonyl; or WO
2004/ 016213 PCT/ US2003/ 025102 -15 X3. X3 *IX3._ O R HN

WO ei n X2 and X3 are i ndependently sel d&tBHPPHI102

the group consisting of H OH SH, ORl, SR, NH2,
NHR , NR1R2, COORI, al kyl, cyigl-oal kyl, al kenyl,

al kynyl, aryl, heteroaryl, heteroalicyclic, acyl
group, carbonyl, cyano, nitro, 5 hal ogen, and,

adj acent X2 and X3 substituents cdabi ned, a cycl oal kyl
of 3 to 8 carbon atons, a heterogycloal kyl of 3 to 8
menbers conpri sing carbonyatons a 1to6

het er oat ons sel ected from |§ting of N

S, and 0, and an aryp or het ¢ ing having 3 to
8 nmenbers, wherein Rlijand R2 e selefted fromthe
group consi sting of HAXal kyl cla , al kenyl ,

car

aryl, heteroaryl, & Nyl , ang”sul f odyl, and

“wherein Ris selected fromthe group consisting of
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mH - wher-ei n ' ~ IoRsiBrirlcSofE
VR Eb AL ool Moot 5 B hIilAsR b
NHBH, 6H, SR a8R", XS, NHR', DIR'RY GROR!  adicy1 )y clog ko, alkemyd,
or SH. The autoi nducer a,alﬁ is, cont actbe%g(p/i th an. .
awalymd sk heteraspylohetergalioySHE, AGY LFRR B OO SY ETy 110,
¢ Ny ' SSmBinad, ayapelihef 3 to 8
agl{‘mgl?%egu%:lgiﬁ]a J%F&fﬁ%g %@%ﬁ%ﬁ%@?ﬂfecept or |g ald]lkgwed to
ocetiion #Aotusyd batermbydlbakylrafddp Bonembers kamprigag saBop ptoms and

t he aut oi nducer,  anal ayt ol nducer. i- Ng 20 0. and
rreg%’@fle‘i? er@ﬁmrsgggﬁggﬂo e !%&%’y&glfﬂstlﬁ%z’?gt %’pt or it
t he P&ﬁ&%&@ﬁ;@fm@ ﬁwin% hao Sauknitiens] udetein WO220BA Akl RERd
PCT/ US2003/ 025103 - 1 1
from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,
carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

Culdom+1, wherein m is 1 to 14,

wherein p is 1 to 14, and

wherein q is 1 to 14, X4 is OH, NHy, or SH and Xsis H, or X4 is H and X;s is OH,
NEH,, or SH. The autoinducer analog is contacted with an autoinducer receptor
and an autoinducer, whereby competition between the autoinducer analog and the
antoinducer for the autoinducer receptor is allowed to occur. Activity of the
receptor in the presence of the autoinducer analog and autoinducer is then
measured and compared with activity of the receptor in the presence of only the

autoinducer.



[0018] Yet another aspect of the present invention

WOLGP46Hdcer receptor. This method invol ves
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relates to a.nethod for reqgulating the activit an
g ; e iop s

an aut oi nducer receptor with an autoi nducer anal og,
wherein the autoinducer anal@g i s an autoi nducer

agoni st or antagonist. In one enbodinent, 5 the

aut oi nducer anal og has the structure X3 X3 X3 0 n X3
X300BIH N - Wetidothér ¥peshefithe predent irvesBbretsiaes tbracmthm for
group consisting of Hand OH X2 is Iecgﬁé
grisaplamite Sefivily ofanpupgdeser reggpipt. TH ol |

O%o%?%&?g waﬁaﬁg&gﬁ%ﬁ@ﬁpﬁﬁ%&m&;ﬁg lfmaﬁb %ﬁ!feg%ﬂihﬁ

al éﬁﬁﬁlﬁﬂuceﬁhxhaydg/is anauydinduvet agomist gt anthganist o 1 pusaInh iment,
ac gr oup, car no, nitro, hal ogen, and,

adf ﬁé@‘i‘?tﬂ R@e‘f%%gg%ﬁg?ﬁg%falﬁ%i ned, a cycloal kyl of 3

to 8 carbon atons, a heterocycloal kyl of 3 to 8
menbers conprising carbon atons and from1l1l to 6

het er oat ons sel ect ed fromthe roup onsi sting of N,
S, and 0, 15 and an aryl or 3,3, ng having 3

to 8 nenbers, wherein R and R2 w6 delected fromthe
group consisting of H. al kyl, al kenyl
aryl, heteroaryl, cafbonyl, d sul flonyl"s3 and nis O

to 4; or X3X3X30nX3 X3 RHNX3 0 erein X3 is

i ndependent |y sel ect from i sting of H,
OH, SH, 20 OR, N HRI, ¥R R}, COORI, al kyl,
cycl oal kyl , al kenyl aI kynyl , WX2004/ 016213

PCT/ US2003/ 025102 - 17

wherein X is selected from the group consisting of H and OH, X; is selected from
the group consisting of H and OH, Xj is independently selected from the group
consisting of H, OH, SH, OR, SR, NH,, NHR', NR'R?, COOR’, alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, beteroalicyclic, acyl group, carbonyl,
cyano, nitro, halogen, and, adjacent X3 substituents combined, a cycloalkyl of 3 to
8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
and from 1 to 6 heteroatoms selected from the group consisting of N, S, and O,
and an aryl or heteroaryl ring having 3 to 8§ members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl, carbonyl, and sulfonyl, and n is 0 to 4; or

X3 X3 X3

wherein X; is independently selected from the group consisting of I, OH, SH,
OR!, SR’, NI, NHR!, NR'R?, COOR', alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
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heteroaryl, heteroalicyclic, acyl group, carbonyl,

_ cyano, nitro, hal ogen, and, adjacent X3 subst | tuents
WQ:%?H‘HPW@

¥, a cycloalkyl of 3 to 8 carbon at omst EﬂﬁZ&BMZﬁﬂZ
het erocycl oal kyl of 3 to 8 nmenbers conprising carbon
atonms and from1l to 6 heterqatons selected fromthe
group consisting of N, S and 0, and an aryl or 5
heteroaryl ring having 3 to 8 nmenbers, wherein R and

R%eﬂ&r?l?h&%ﬁﬁc)fch@rﬁ Eh@roug,r @ﬂﬂ)n@h myamﬂ; uiip, belogen, and,
kyl, tycl oal kyl

C“"dmﬂy'xs sibaicuentd scomiyned ack Akl oF 16 Sompe sigh 3
| F% 819'%@%/0 sol% é"@%g;%‘ from tpﬁ?é%g r‘%ﬁ%néﬁ% ?%di %céjmolf.toH6

1@16%511:&&!5 sdidRted Bbin, thé\lgﬂ),upl‘dbl%mtmgl%fﬂ%ﬁ S, @®0R, andirkamyl or

_cycI oal k al ken al kynyl , ar £r0
%@3&1]1&"@1% %M m@p@éﬁyw e y?’“ y ﬁselgétetii ﬁ:om the
h X 4 2 J@iticnyl, and
3 8L S S s,

h%h&b@jﬂyaﬂdmismbtbbrS to 8 nenbers conprising carbon
atons and from1l to 6 heteroatons selected fromthe
group consisting of N, S, and 0, 1Bzand an aryl or
heteroaryl ring having 3 to 8 nenpers, wherein R and
R2 are selected fromthe group cnS|st|ﬁ9 of H,

al kyl, cycl oal kyl , al enyf(, 5 i€t oaryl ,
carbonyl, and sul fonyf; or X3 X3 X3 AJO R HN N X2
wherein X2 and X3 ar elji ndepend | ected fromthe
group consi sting of 20 O SR, NH2,
NHR , NR R2, COORR™ al kyHNcycI oawkyl, aKkenyl,
alkynyl aryl, heteroaryl, heterOallcycIic, acyl

group, carbonyl, cyano, nitro, WOx2004/ 016213

PCT/ US20031025102 -18 hal ogen, an adj acent X2 and

XSWISIéIgI%t:;(t g(i,na}ns Eggoar}g Iu? epencﬁ;nﬁy selec %5 K’quliie %mtu?) c%nsmtmg ofH,
OHL, SH, OR, SR, NE,, NHR', NR'R?, COOR', alkyl, cycloalkyl, alkenyl,
alkkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X;, X, and X3 substituents combined, a cycloalkyl of 3 to
8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
and fiom 1 to 6 heteroatoms selected from the group consisting of N, S, and O,
and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,

heteroaryl, carbonyl, and sulfonyl; or

X3
X3 X3
0 ’ A
/“\ /
R HN N X
wherein X, and X are independently selected from the group consisting of H,

OH, SH, ORY, SR, NH,, NHR', NR'R?, COOR', alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,



carbon atons, a heterocycloal kyl of 3 to 8 nenbers

. conprising carbon atons and from 1l to 6 heterogatons

WOHOEMGRE fromthe group consisting of N, S, arfd/B3204Heps102
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an aryl or heteroaryl ring having 3 to 8 nenbers,

wherein R and R2 are sel ect.gg.5 fromthe group

consisting of H, alkyl, cycloalkyl, alkenyl, aryl,

het eroaryl, carbonyl, and sul fonyl, and wherein Ris

S QlaRplef tarkil SdihdcREXy ROlK; cubstthisrgmbinedCrpindlkyl of 3 to 8

wherein mis 1 to 14, P ¥her§in&% is 1 to.14 }%Egnéifan&

* cxghongatoms, arheteapgyclpallyl 913 &P § Jempary OTRLISING (FIO0L,

%@o@g thd @terg{to& ¥él 14 BOE 50 glotphnsistaZf NS, 8l O, and an
reby-activity of the autolnducer receﬂtor Js

r egyil @tiRebrodroHR] hatirtg 3 tot hrmembepevhersin Rhanddt ege selected

invention relates to t hod .of eqgul at j 10f 1.1sm

{ GhomthoRouTRy i ShEs R - kb evelesh e o HelsRfar gy

a i A Qi 5 dsicakd doal g ceadistinga

hg%é?ﬁgiaﬂgﬁé%%ﬁ%ﬁ%??ﬂﬁﬁﬁ%ornation on theggSFI 'S

r eguilatgdvherein acisdridddce with the present invention,

bi ofi hn formati on may be inhibited or biofihn

architecture may be nodified contact with the

aut oi nducer anal og. [0020] The| present invention al so

relates to a nethod for regul gting tthe 20 growth or

virul ence of an organis ST . This nethod

i nvol ves contacting a ce(l pf an organismw th an

aut oi nducer anal og as descri lfed herei n, whereby

grow h or virulence of the organismin the subject is

r eghi¢raingdlis [ 00313ndAnot her aspect of the present

invention relates to a nmethod of inhibiting a quorum

sensing mechani smin an organi smXThis method invol ves

25 contacting a cell of an z&m\smgossessi ng a

guor um sensi ng mechani s 004/ 016213

PCT/ US2003/ 025102 -19 au ducer &anal og as descri bed
herei n, whereby the quorum segsi ng nechanism of the
organismis inhibited. [0022] "Yet another aspect of

the, present. i nventi r t 0 s H hgEKL RIOH,
an R Fohr 1 & e SR S e a0 Mok 21 1 ek
POREBSSH SH, Whetelr athivity of the autoinducer receptor is regulated.

[0019] A further aspect of the present invention relates to a method of
regulating biofilm formation. This method involves contacting a cell of an
organism with an autoinducer analog as described herein, whereby biofilm
formation on the cell is regulated. In accordance with the present invention,

biofilm formation may be inhibited or biofilm architecture may be mo dified by

contact with the autoinducer analog.

[0020] The present invention also relates to a method for regulating the
growth or virulence of an organism in a subject. This method involves contacting
a cell of an organism with an autoinducer analog as described herein, whereby
growth or virulence of the organism in the subject is regulated.

[0021} Another aspect of the present invention relates to a method of

inhibiting a quorum sensing mechanism in an organism. This method involves

contacting a cell of an organism possessing a quorum sensing mechanism with an



5 sensing nechanism This nmethod invol ves
adm ni stering to the subject an effective améJTr}Usz%osn%amz

WORHHSE3 on i ncl udi ng an aut oi nducer anal og as
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descri bed herein and a pharmaceutically acceptable
carrier or diluent. [0023] lnoaccordance with the
present invention, conbinatorial |ibraries of

aut oi nducer analogs can be prepared. Such libraries

C aftdidueershalsl asintbist hifbin vizgeyi the quemat sonsing mechanism
inhibit the interaction between wld type autoinducer
notfdeqprganismds mhditedcognat e transcri pti on regulator

proteins, both of which play «critjcal roltf £
r 160221t | ng t Vet apathenpselod thepreseat Syeotio e aé?ﬁfagdmt%?%"

agf“ﬁlgpﬁ gcética}éﬁ%vguﬁg cgt:cgﬁéeﬁ%aé e%agrp%ﬁn%m \Eﬁgs‘%&ﬁﬁé’é‘ qRufR:

use a
O URh4AE SRaBAMIg S Thisenstticd me«glwhsaachnmmermgddmm fubjecbdn 15
nunerous virul ence factors nd to f ote tive seribed
bi egfacting amoBRIGER COPBesHipT %692

FiQuLes j & pﬁaﬁ_ﬂl\éﬁ%&g 'és &%Ibséaﬁgel(@luéﬂt P

aeruglnosa WS a schenatlc

dgﬂ@ f{ﬁsnt at! CgOI ceg’? t‘ﬁ??‘r&s@n{ 1&9& d“rﬁﬂ)ﬂlatgﬁal libraries of

to h m devel opnent
(| fitdihducp dnatldi@ dﬁmbb @mpamdo fSuch\hbra@Ss cix beriged to ud@gnﬁm d

hi ht di

Lp@@ééok%ts baevibeheledptanaeadirar ST wRrablidieer o
0Q0ate Ak Qb %%@ﬁ&ﬁ;cﬁﬁdﬁ) reg@@fdf pPrétERY, Wik ofwhich play

|ca e secretio of Als or virulence factors to

I mrittcat ®ldshn rewildtingdhegidrumcensing Fasaede rChsyantagepists can be

atta Figure | B n r § 25
o e TS TR Brep S et ey et B
aCHoHRERS wihieh U8 bflﬁlﬂ Sénsmgwijrsﬂeﬁx tAtemdatt itheapredudtine of

r hi CIrCUIt [ 0025 i d phase

ows %ﬂ
| i iyreergus yinglpacs; @Ct@@ﬁ’é mm@tecﬁ‘t’%&’,‘@ T'nventi on.
Reagents and conditions: (a) n-BuLi, THF, -78 C
undecenoyl chloride. (b) HOCH2CH2OH, p- TsC]—| benzene,
reflux. (c) BH3. THF, THF H202, 30 NaHCO3 ag, 38% for
three steps (BREEF DESCRIPTIOQNOGF TEHTDRAWINGS [ oom
V\D 2004/ 016213 PCT/ US2003/ 025102 -20 tenperature, 27

(e) Lk [ ROUS B. ek
oL ool HertFeflam e sREOPY Curcidrosy.
h(ﬂlf?Eé\:heﬁil&ﬁc rapmamtaﬂmmp‘é@&tauhmtloﬁzﬁ‘m Lo ¢ cel
% TFA
g?c)qugs?ty%o high crelcl) (c)l[a?lstﬂ;?r%emo Im 3@%? pment E)s; anE the mec%%%sm of
two QS circuits, Jas and Al (right). Light grey lines and arrows indicate specific

activations by the complex of R proteins to the cognate autoinducers (Als). Dark

grey arrows indicate secretion of Als or virulence factors to initiate the cell-to-cell
communication or host attacks. Figure 1B shows the chemical structures of
autoinducers found in P. aeruginosa QS circuits. All activates the /as circuit,

while AI2 activates the rhl circuit.

[0025] Figure 2 shows a solid phase library synthesis scheme of the
present invention. Reagents and conditions: (a) n-BuLi, THF, -78 °C; undecenoyl
chloride. (b) HOCH,CH,OH, p-TsOH, benzene, reflux. (¢) BHs. THF, THF; H20;,
NaHCO; aq, 38% for three steps (a-c). (d) DHP resin, PPTS, CH;Cl,, room



synthesis schene of the present invention. Reagents
wolh i
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5 [0026] Figure 3 shows a solid phase library

B/U6Hdi ti ons: (a) BH3THF, THF; 11202, Na 003/025102

(b) DHP resin, PPTS, CH2Cl12, roomtenperature, 27
hours; (c) LiOHin THE waterng.75 C, 20 hours; (d)
Mel drum s acid, DCC, DVAP, CH2C12; (e) parallel
couplings with am nes or alcohols (X), Et3N, CH3CN,

r %&h@améé )27%%518381'}?@1{ mQQIF/WQﬂén@rSa?ﬂJ 08 hoBB. (f) paraibs
H. Figure 4 shows the [ BE\EFS
ofcoBflimgs Imwﬁb&nmean Belcphela(Xh IED‘:5;»)}?&]1‘4%43(5P 3)51 E%’ room

accord nce th t b Y £ = CF:CO
AIYEIPPER Eﬂﬁo"gﬁﬁﬁ @P@%H%Eﬂ% ste unéleeis the °
myggul es. [0028] Fi gures 5A-B show agoni st screeni ng.
Figure SAis a 96-well plate 15 assay of PAO JP2

(Ngg I\ LVAgfIfi%uﬂe@ §hB%sWs§ﬁ&?B@eQiﬂ)rdry byiEhysicolpoy ofithe

ve cont IS no treat nent Posi ti ve COﬂt r ol @%
1 vbsehl invéeizh. Reagenss anheondpionse(al BRe S TRIGdRQp HadCOs

pM of = o [i nd. F t
sta.qumﬁﬁrs PO RS po e 2BV eérg‘?%ﬁl
AnETE Glafd rnmwiﬁlss (@) Mekiig’ sagih DEC, aaNAR, THCRO(E)
[ 0029] Fl gure shows the structure of ant ag{ﬂﬁl st

s i it c@mhpgwm amyipespralrohp 51X erEtl, GG
t hi bi t f
aiotmEr R R b B G P T e

abbrevi at es ant ag

r dfPE8ent at |€l‘§u‘2?n£§5’ ﬁh%gl% élxgsp rlgm% &1@919&3 f%parallel
Qgﬁ&egﬁ A EIDREancOMiY thdiretedd mnﬂ@m VEleNATBRD/Sigma datalog
an cm1l is shown here. [0032] Figures 9A-B show

r epoatiess angdiviedawden/be nRlgyies: 9A shows PAO- 3P2

(pl asl - LVAgf p) expression of GFP in the pres nc f
| NOD28ISi g aRkeuresS AP shaesEgHEk SHReER CUHE SAPs GEPrdplate

oSt APRFE AP B SS 9%%2?5‘%2%9 Sk
Oﬁ%&‘ﬂ@ LontV¥? 25O ﬁ/eﬁ)ci&ﬁﬂ. P REVISAROEE 0B 1. Fagh well of the

] Figures 10A-C show the chemi cal structure of a
anmg@nnmsanughiaﬁo@gbfh pEencdihsarycompeupil.gHiggrg Peshows the

PAO- JP2 asl - LVAgf

S B ALYty e
%%’0 Qictl etitor (dark grey). In Figure 10C,

PAOJP prhll-L Agfp) was grown for 6

{0029] Figure 6 shows the structure of antagonists and similar compounds

with agonist or no activity.

[0030] Figure 7 is a schematic showing the inhibition of quorum sensing

that attenuates pathogenicity. Anta abbreviates antagonist.

[0031} Figure 8 shows representative on-resin FT-IR spectra of solid
phase reactions. Only the region between 1000 cm™ and 2000 cm™ is shown here.

[0032] Figures 9A-B show reporter gene assays. Figure 9A shows PAO-
P2 (plasI-LV Agfp) expression of GFP in the presence of increasing amounts of
designated compounds. Figure 9B shows MG4 (pKDT37) beta-galactosidase

activity in the presence of increasing amounts of designated compounds.
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5 hours in the presence of 1 MAI and 10 M A12 al one

V\:hlte% or with 3-oxo- Cl12-D 10 (dark grey) or CA-D 10
13F| yorescence intensity was divided by CBgH/025102

of cell culture. Control was set to 1 and all other

val ues are relative. [0034] .bijgures 11A-D show

virul ence factor assays. In Figure 11A PAO JP2 was

grown for 6 hours in the absence (negative control,

g] or DW%E&CFDA—@ ﬂ@%ﬂlbicl!@rﬁc@]rﬁtmoture of aygntagonist and
and 10 M A12 or in _conbinatiaon ¥t7 E’Q 0XO- Cl2; D#O
(caatagoxgst@,s;aySaﬁmFmi%é’%ﬂ?% mlgsf& Ag
1B t
(Gt B esetba it LYREATE BhAC %Q?Whg‘f%%%ﬁﬁ?%
( acoﬁ‘@@ltéf’?da&\@grﬁly Omm%me 108, RAK-52 (prhfid. Vakefohwes grown for 6
negatil ve contro |te |ve
cdwgrscn tegresppeapt bebiil hac o FAEREASRSRHHe) i Fign 3-0r0-
t D Wardivided b
as s‘élljﬁ1 %@Qgg’ﬁ g:ﬁ;%fb @*gyau??}"%%%%‘“ﬁ gilli:tugh{%tryte 11[1;”l I%Agl
WeBD &6 oﬁweﬂvuultbmJth(lgroéyv)as set tovltand alkothge Malges ate gelative.

grey) t hen assayed for pyocyanin producti on. [00351
Figosas 12AHgsbow Atlathaw birdkhéentactosagpeys. Hndigws 114, PAO-

ié@é%ag%%% i%é%\ﬁ]qﬁéy(éﬁgg alﬁagzi}c?%@%gda?glgé:gl\:{ %1 te"%ﬁg’ﬁf presence
il 55 o%@fog%f?%%g@ "1 96l 1 MEASD BPECObihdtion with 3-

[ opment in the presence of
d asiogh@ﬂ}m @erkpegrayisnd elagescastivynwandetgmiped Jaddgire 11B,

d t {
{ RO B AEER FeRab e S BoN PR e P B AL LI (RuR BR)
ah%qggﬁfa iﬁﬁtl PR?PEQt Wﬂférww?[mﬂmOlﬂ githe sH@nehmagativieeontrol,
chem cal structures of autoin s
Al Whited op prese@icziepsitiye gntioh g]t@_o%% F%)? gglo a‘éﬁ%? t@{ Bfforin
am o 1%%?91%% ?%%]@% P210 (dark gr«i-, then assayed for (E,) ocyanin

am nocycl opent ano 3-o0xo0-Cl2-(2-
anier@mmho m:el'e’@ufmhl)D, PAQT srarerdwn wahmédg@ybw‘o“f@ antpgonist

| n Fi gur ﬁg@%ﬁs gﬂ%}?é’;’f%ilg’%%&&%c' ohexanol ); 5,

LA T S AN S
PCFAH%%QQE*Z@%Q?% (de: 2@6&@&%7 | ABHIOBFSForl ADcobsHl0:865-1873

reporter uction by autoi nducers and thejr
ang0ot)s whishgs herebyt incotyonsicd bypifersneein iseatesty)dd

905 behe ke IR EE NI EAR AR P Al Flgwegm e

represent negative and positive controls. Figures 12D and E show the absence

(negative control) or presence of antagonist, respectively.

[0036] Figure 13 shows the chemical structures of autoinducers and
analogs. All, 3-oxo-C,HSL; A2, C4 HSL; 1, 3-0x0-C2-(2-
aminocyclopentanone); 2, 3-0x0-Cro-(2-aminocyclopentanol); 3, 3-0x0-Ci2-(2-
aminocyclohexanone); 4 (formerly called 3-0x0-Cy-D12 in Figure 5), 3-0x0-Ciz-
(2-aminocyclohexanol); 5, C4-(2-aminocyclopentanone), 6, Cs(2-
aminocyclopentanol); 7, C,~(2-aminocyclohexanone); 8, C4~(2-

aminocyclohexanol).



desi gnat ed 3-o0x0-Cl2 conpound. Figure 14B shows the

guantification of results 5 of 3-o0xo0-Cl3 conpounds
wWEyWt0163tat i ve control of untreated cell (notPgﬂHWO?’Wsmz

Fi gure 14A). Average fluorescence of four replicate

wel l's was corrected for cell -2density by dividing by

OD600 of cell culture. The standard devi ati on was

derived fromthree independent experinents shown in

Fi qoo3y)14A. Higueel440 sﬂm\&parterl\gane adugtion hpgepindaeens and

' thee nioa EGRE 146 000N Mo LTBEer B oL 0o 40 e

des gﬁﬁﬁ{fé_gltv% - S RAMR ?';VAgﬁ) Hiff AAR2BONS, 100eand 400 pM of the

guan ion of “results © conpounds Dat a
analeyighsted dasot®g comperds Hignrsil§B skowsiBe quagdBption of results
Fi gures 15A- B show ant agoni st assa

5GFPL 309 e SPBIROBYIspienty peealiyp a%“fﬁviﬁg%%%?dﬁ “111?@’* 28 in
pr %ﬁ%‘ﬁfz Q41@.Z Ag@%@lﬂhoﬁg&ﬁ@e SPRLERPLEAE wellh ek chdéctedfor cell

3. Figure 15B shows GFP_expression

by d%ﬁﬁﬂfﬁﬂdl&ﬂnﬂg by Obgfaf)ell nuitive Bhestandsed devigtion vy derived

and, 10M Al12 trol bar Al

A gh fees mgrbaeniganginens Shalt patbut il pdlatbus o
f a%@fecﬁ&ﬁﬁﬂa%er Kagwre 9569%15p1ewizonﬁmﬁg BH@IM@PHﬁ-@ngp) in
by PAO-JP2. -, negative contro p03|t|ve¢%ontrol

1025 th@pweer@a@ﬁlwﬁvwlll andh 40,0109, @4095%6@5@4&1% f cproporipd.
A IR R SugaR-YBeyao P ARG Do

th&ﬁmﬁmanﬁetmmm@reﬂﬁrByocyam n expressi on by PAO JP2
in the presence of various concentrations of 2 or 3.

-, foesst ive @Qﬁxﬁe@hSA@El&vﬂmﬁtagdaﬁstAksays +F1gpms15tA shews GFP
control cont al ni of Al and

C ouarpEEsiod by RAD RIS TIASE) 5t e BFsens o], M AT Sy
s ho&%%%lgc@#? @1 ? g%\/lp @PE’Q%?Qn@?gu?é 158 sﬁé\ﬁéJGPP ERfression

pyocyani n expressi on of

wi |y Fﬂ@d?gt(pdﬂthVA@fp)flﬁ Itlee presandé of bl Al and: 19aM Ad (control,
bl Al

e i g g by BEFRLE2 ' 3EL 1T, ot odluced

S/ ORI i HEWeRl AT SO PSRt HoseT A G 8AaA RV

acﬁg%o?dﬁp r9§s1o%by"_}!’&9[]@’216 e?&t?%scoﬁ{raﬁ%ﬁ@s@ve conirol, 25 yM

roduced PAOL confrol or in_the presence
200f @chof 811 MG AUH2) @51 e eachof /ATband 31 s5thg preseneg of 100 pM 2;

2 g%'% g Sy At i ABW e SEahkEo PR 8. 385RY 16B shows

the quantification of pyocyanin expression by PAO-JP2 in the presence of various
concentrations of 2 or 3. —, negative control containing no Als; +, positive control
containing 25 pM each of AIl and AT2; 2, 25 pM each of AIl and Al2 in the

25  presence of 2; 3, 25 uM each of ATl and AI2 in the presence of 3. Figure 16C
shows the quantification of pyocyanin expression of wild type strain PAO1. The
conditions were the same as Figure 16B, except for control where no Als were
added. Figure 16D shows elastase B activity produced by PAO-JP2 in the
absence (— control) or presence of 5 pM Al and 10 pM AI2 (+ conirol) or 5 uM

30 All and 10 pM AI2 plus 2 or 3. Figure 16E shows elastase B activity produced
by PAO1 control or in the presence of 2 or 3.



PAO- JP2 (pTdK-GFP) bi ofil m devel opment in the pr esence
of designated conpounds. Figure 17B shows. PAO-

1
WOBWPARSIIPP) bi of i | m devel opnent in the absen®&T/US2003/025102

10 ©
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(negative control) or presence of 50 M 3. 5 [0041]
Figure 18 shows agoni st and _aat.agonists in P.
aeruginosa QS circuits found in accordance with the
present invention. [0042] Figure 19 shows the

SY[gbd@s! S 0fF1§x§}b§ @’mmmﬁab safiobipfliResgen FiguraidA shows
conditions: (a) (i) 2 nol% Jacobsen cataly

(T AONB QST OBy Mol davplopmiesh itk Bisered of fserarat

3 i R 5 1 Bl g

| i djsaicdeqBegatilid Q&ﬁt@lﬁ&?réd&ﬁ&@oﬁ&ﬂ Lok Ziohase synt heS| s of
the library based on am nocycl ohexene. Reagents and

Oo@nﬁhi]' ons. ﬁl%)re(l'S)shE@I%oﬂléﬂahdlﬁﬁaﬁﬁustéliﬁP aQeribinosa QS

s acid w (i) TEA; (ii) Dess-Martin

r ecigpaits fouli gua@ordiOss PISBS0Y Inygaton.

chl oro-substituted suicide conpounds. 15 [0044]

Fi @04zl 21A Bgsied® shnivs ilesynthesis af Phiesd aminpaigogglse Rﬂg?nts

X o o R AR S A s o
DE(efﬁ' iﬁBlJﬁ@ﬁﬁfﬁfﬁﬂ@ﬁ)%@F@)Imw@mephmma The

sent i1 nvention relates to a conbinatorial library

lf Pey]t oi ndug; n?g)%leﬁﬁ%vs thé S¢riteHs D MR goBRE focused libraries.

rent aut r anal ogs of the structure X3 X3
X3F1@u1‘e 2B\ sho)a((s sohfd phaﬂevznthms oﬁ@ekﬁrw@@@éw@mz 13

CCRBEPRIPRPERTY ecagrin b b ot e DI TSR EREECP R O,

' nﬁ@ﬂe&dﬁaws Ycid SviEC TR -KE @m(i) Wﬁg (ALpessdvisitimtreagpnof Fighire

and OH, X3 is i ndependen sel egt ed frogn t he group
coPB shawpepeRy pRd eiforosiybsigied sgRice qougpounds
[0044] Figures 21 A-B show aniline derivatives. In Figure 21A, X1, Xo,

and X3 can be any functional group. Figure 21B shows aniline derivatives with

expanded rings.

DETAILED DESCRIPTION OF THE INVENTION

[0045] The present invention relates to a combinatorial library of

autoinducer analogs, including two or more different autoinducer analogs of the

structure




NHR , NR R2, COOR , al kyl, cycloal kyl, al kenyl,

al kynyl, aryl, heteroaryl, 5 heteroalicyclic, acyl
WOgpi6218ar bonyl , cyano, nitro, hal ogen, and, % ’é%%ﬁwuswz
X3 substituents conbined, a cycloalkyl of 3 to 8
carbon atons, a heterocycloalR¢t of 3 to 8 nenbers
conprising carbon atons and froml to 6 heteroatons

selected fromthe group consisting of N, S, and O,
anWhareimKy Is iodevodentyzaelgeterltrogn Fipdraep GosistngoRbBA G, X,

wh R._and d f h
o e B e o e SRR VPR Yo,
hehﬁ'ép@{déhﬂy §f§1éd@étﬂﬁfbm tBe gro%plcbﬁﬂwng ofif§ caHsqudei SR', NH,,
su gnls to 4; or X3 X3 X OnxX3 X3 RH
%LR Br,eG?QORé alkyl, evigloplydeeanyl, sliyark aayLhetmoae

TR T e
ar wibstitukbts h;emma; y bycldm&kﬁro@” 8ltb @wafb(m at(ansg la t@tmqy;czloa]l{yl of

car bonyl, .cyano, nitro, halo cent
suBde Pirfanhess eumpisecabone &P@?ﬁpw t°35 erga@arfswshcted

at QiR thd g&? 0%59&1% S8l ky| efo 3nd an SryT8FR&EDaryl ring having 3

conpri Si onms and from1l to 6 heteroatons
setce® rxmhbhrso wheiein Bt andoR Camselsttied groof thgr@p cansisiig efffd,
an aryl or heteroaryl ring having 3 to 8 nenbers,

10 Cc o%ﬁc?jét 7R g ]%?ld &]ﬁ&l&?ﬁ L%P’P ?%%c a%—gr éirﬁ&ﬁ,{@e ny a’:J. is asolid

het eroaryl, carbonyl, and sulfonyl Ois a SO|Id
supRpett, andhalis) o< 0Tt o 4; or WO 2004/ 016213

PCT/ US2003/ 025102 -25 X3 X3 L X3 01 ~-RHN/ X2
XI Xs s x,

0 (
)J\ X
.\R HN ’

O

wherein X5 is independently selected from the group consisting of H, OH, SH,
OR!, SR}, NH,, NHR!, NR'R?, COOR!, alkyl, cycloalky), alkenyl, alkynyl, aryl,
15  heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X3 substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from 1 to 6
heteroatoms selected from the group consisting of N, 8, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R* and R? are selected from the

20  group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and

sulfoniyl, ® is a solid support, and nis O to 4; or



WO\JOp/

10

15

wherein Xi, X2, and X3 are independently selected from
t he grg&p consisting of Hb OH SH OR, SR, NH2
VI8 R2, OOORI, al kyl, cycloal kyl, al kenyf¢1/U52003/025102
al kenyl, aryl, heteroaryl, heteroalicyclic, acyl
group, carbonyl, cyano, nitrd35 hal ogen, and,
adj acent XI, X2, and X3 substituents conbi ned, a
cycl oal kyl of 3 to 8 carbon atonms, het er ocycl oal kyl
of 3 to 8 nenbers conprising carbon §8ons and from1

N, S, and 0, and an aryl orXj
to 8 nmenbers, wherein R

aryl, 10 heter |, carhbonyl, ang
a solid support¥ \ I XZ wherein

3 -
X2 and X3 are indepement|y ¥ ectedYfromtHe group
consisting of Hb OH SH, OR, SR, NH2, NHRI, NR R2,
COOR , al kyl, cycloal kyl, al kenyl, &kenyl, aryl,
heteroaryl, heteroalicyclic, acyl group, carbonyl,

cyano, . njtrp, 15_halq ' isting of H,
CRBReRhoG ek Redipendifly sPRbR8 Bain e Sl dasiting o
at OpF SR Tt SROAYES, 0aHIkYy INFOR? COORS, dieyipecipatioimliesyhg
carbon atons and froml _to 6 heteroato Sﬁ| ect ed. o

f r gy yleanyt dateressyis heetoalossHo Ny SSrobp, FaEPonYh §Y&IP, B0y |

or, heteroax yl.. r] hgvi Yb&hBinedhasyelodlkifl of 3 to
anl&a %ena?@&’sagfagc%}g}éh ’r%%jt%%ﬂg%g% consi gt_i _nge gflkﬁ,l

al R hrbos weineg hipteroaytioellyl of hitoy$ metnbersrcompyising carbon atoms
W52004/ 016213 PCT/ US2003/ 025102, - c

oy B S AR 0
se UViEOD 3b Strhdtghepd, vlreHan R ahdRe re
ingllﬁg&%% g&g%te%aﬁe\hgggei‘n % is 1 to 14 gn 5 -
whesleited foingthe srawpicansisiing of Foallygyclaglky ﬁﬁ&‘iﬁlﬁ{ > %5

H or X4 is Hand X5 is OH, &Hz or SH The side

chgj 5!@91% , ista LR fey

[ ﬁ{etgr e - sat u?ngtq’e d sBfforilyeblt i ) g

i nC and unsaturated bonds and may be
substituted or unsubstituted. Suitable

X3 -
X3 X3
0 ' X
R HN N X
wherein X, and X; are independently selected from the group consisting of H,
OH, SH, OR!, SR, NH,, NHR', NR'R?, COOR', alkyl, cycloalkyl, alkenyl,

alkyayl, aryl, heteroéryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X and X3 substituents combined, a cycloalkyl of 3 to 8

al kenyl ,
yl, and 0 is

carbon atoms, 2 heterocycloalkyl of 3 to 8 members comprising carbon atoms and
from 1 to 6 heteroatoms selected from the group consisting of N, S, and O, and an
aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are selected

from the group consisting of 11, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,



substitutions are described below with respect to

al kyl groups in general. In this 10 enbodi nent
worgp%%qgﬁﬂs i i Cg?tésza(ﬁ?ozswz
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i nvention, the conbinatorial library’i
solid phase library. [00461 As used herein, the term
al kyl refers to a saturated'&ﬁrphatic hydr ocar bon
i ncl ude straight chain and branched chai n groups.
Preferably, the alkyl group has froml to 12 car bon

ato The. al.kyl . gr nma u '

crieihpew fad 0 Pp0 P RGBT IR} aid e AR Kglected fom
not limted to, cycloal kyl, aryl, heteroaryl

hehe poabicopdsting, oftdhaxyherainkosiy ] taldsl oxy,
t hi ohydroxy, thioal koxy, thioaryloxy, cyano, hal ogen,
car bonyl, thiocarbonyl, carboXy, nitro, silyl, and
am no. A cycloallcyl group reflers to an all carbon
nmonocyclic or fused ring, (iy.¢., rirkgs which share an
adj acent pair of atons) one or nore 20
of the rings does not hawe conpl et’el y conj ugat ed
pi -el ectron system Suitabler cycloal kyl groups
i nclude, but are not limted to, cycl opropane,
cywhedbititpaind to ldyaidopent ane, cycl opentene, cycl ohexane,
cycl ohexadi ene, cycl oheptane, and cycl oheptatriene. A
cycl oal kyl group may be su tltuD%d or unsubsti tuted.
Sui tabl e substituents inclu tfOse <descri be above an
al kyl groups. WO 2004/0 03/ 025102 -27
[00471 As used herein, refers to an al
carbon ndnocyclic or fused- r ng polycycllc gr oup
havi ng a conpletely conj ugat e -el ectron system

T
angya erfQ}PC'fﬁWélde Tihen e&rgﬁmgcg)u pr Ry iHehesR! tgﬁauptmyeﬁcmde

5 unsubst ituted. Suitable su

stituents | ncl u%é %’x bl
arsatunated ndrinsstnratsd bandgand maydesapstitugadis ppsuLg ey Suitable
t hi dr.ox hi ;I his
AP BOToR g EBeS Beo il R R B 2 m%bﬁéfa nt
andrishdihahtadaehe p@ssht ﬂﬂVentlimi, dme:tdwﬂlmatoflﬂﬂﬁﬁqry,&&;a hase
hetein, a heteroaryl group refers to a nonocyclic or
&Y-ring group having in the ring(s) one or nore
heteroatorrs such as sul fur, 10, and n,
AIORG] add 1 A8 HSERoD: e SEmATBYIER S5 L aLRHOL
p' UPfeferably, th
1@@&6@@&% ag%%ht%ga?nmgh %J}ﬁh@i xRy gmgl?ﬁr Peferably, the
t m}hﬁ@@@ hasnratad ab az carbaz atoss. tm@@bylarowmay be aubstituted ot

pyrid y U|nol I SO
ST KL SRR ST AT p—
Sub$i nbidkdfyiOheteroalicyclic, hydroxy, alkoxy, aryloxy, thiohydroxy,

thioalkoxy, thioaryloxy, cyano, halogen, carbonyl, thiocarbonyl, carboxy, nitro,

silyl, and amino. A cycloalkyl group refers to an all carbon monocyclic or fused
ring (i.e., rings which share an adjacent pair of atoms) group wherein one or more
of the rings does not have a completely conjugated pi-electron system. Suitable
cycloalkyl groups include, but are not limited to, cyclopropane, cyclobutane,
cyclopentane, cyclopentene, cyclohexane, cyclohexadiene, cyclobeptane, and
cycloheptatriene. A cycloalkyl group may be substituted or unsubstituted.

Suitable substituents include those describe above an alkyl groups.



unsubstituted. Suitable substituents include, but are

not limted to, al kyl, 15 cycl oal kyl, hydrox : %;
WOR004/H46313 ¢ hi ohydr oxy, thi oal koxy, thi oaryl oxxy}’CﬁJ& gﬁ%qzsmz

10

15

20

25

nitro, carbonyl, thiocarbonyl, carboxy, sulfinyl,

sul f onyl , anino, hal ogen, anm7{riohalonethyl. [ 0049]

As used herein, a heteroalicyclic group (or
heterocycloalkyl) refers to a nonocyclic_or_ fused

r i H943F oup hAsinsest hareinhen aryhgroep resere te An g cerbop monocyclic or

h
(i ﬁﬁgc? ﬁtgg ggy‘yg%éif?ag}‘g&%ﬁ%vm%!l COIH?I%{G%Q(?(%}JHQE n@’%i&%‘&n sT88m.
Fbsemne exali1ds| JTaByldRowRRtindadks bat wompt Binibd to; phényl dtcezy],

-el ectron system The heteroali cycl icrin
S ubsbylinedteionshenseniivaeadl. TheFYLEPE S Se PR or

;}nﬁ%}sglgsdtute %{tz?olg Qﬁbsklh{ghfsqg% cgahbgtlr d¥hot § ﬁbd)ﬁ)' KXY1, hydroxy,

oxYy, oxy, t I oal koxy,
t hhlraxy, |a©ywxy, @Mahyairomy, tthloa]komy, bhmgfdyloy@S cydmpoma'pb@menyl

car bhoxy, sulfinyl am no, aI oge

Tepear Rk KD oxya[seffuemf‘ Aeadome e e R Rl fgmethy.
present invention relates to a_ conbipatorial |ibrar d
PnEIMdE] ng t whsasetkareings heteroand gmpaie%awearmaﬁ%y Opfuse

h e
ey BB TS i e
in d@@q@emt dryl is edditibe Hating mcbimpletply opnjogaied pt ¢1ﬂ@*r0<§tf sypfem.

and nde en el ecgt e romt

coﬁgﬁt@g‘? %C’TSIFHSW-II%WQ f{;?a{"% ? %jléﬁg‘ﬁ% nPW" %’e egl;J gd
difdR n&[‘&l Iizholin

5 o F?ﬂ%ﬁe %ﬂiél%ol&oz Gﬁdzéléaﬁﬂgi/zl%ﬁe Hymgi%ggléﬁ Fﬁr ine, loholine,

al ﬁey:qylholnax ptu;mch anérarhazale. Thehaegani ggggp,rgay W’bstﬁuted or

rou t: nt

S SR SRy A Sl htuad BUORR ot BRtea RELAGE

c a bmuaﬁ omsﬁiro;gy, faﬂio&yoarylbb(gﬂﬂ]mydiﬁbky, mldaﬂcoeyn@merlexy,
conpri sing car to a oat.o

s e PEEOeHtIof ¢35 Ii}ilvet%%j’Fg"E’ﬁ gloﬁ*g S ﬁ%ﬁiﬁ‘yﬁls‘rﬁgn@ nﬁ’g}?&eﬂ
anaﬁxc[ % (ﬁroaryl ring having 3 10 to 8 nenbers,
whereln R2 are selected fromthe group

¢ 0T§d4§} i ng O]:As'ilfsed herein, a heteroalicyclic group (or heterocycloalkyl) refers

to a monocyclic or fused ring group having in the ring(s) one or more

heteroatoms, such as sulfur, nitrogen, and oxygen. The rings may also have one
or more double bonds. However, the rings do not have a completely conjugated
pi-electron system. The heteroalicyclic ring may be substituted or unsubstituted.
Quitable substituents include, but are not limited to, alkyl, cycloalkyl, hydroxy,
alkoxy, aryloxy, thiochydroxy, thicalkoxy, thioaryloxy, cyano, nitro, carbonyl,
thiocarbonyl, carboxy, sulfinyl, sulfonyl, amino, halogen, and triochalomethyl.

[0050] A second embodiment of the present invention relatesto a

combinatorial library including two or more different autoinducer analogs ofthe

structure



al kyl, cycloal kyl, al kenyl, aryl, heteroaryl

carbon |, and sulfonyl, nis O to 4; or
Wo)@o‘”%ég SR HN X3 wherein X3 is i ndependent I y s Céfﬁ%z(%)%igmswz

5
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fromthe group consisting of H OH SH,

NH2, NHR , NR R2, COCOR', aIkyIS-cycIoaIkyI, alkenyl,

al kynyl, aryl, 15 heteroaryl, heteroalicyclic, acyl
group, carbonyl, cyano, nitro, hal ogen, and, adjacent
X3 substituents combined, a cy¥goal sof 3 to 8
carbon atons, a heterocycl oal ky o 8 nenbers
conprising carbon atons and f F o/ 6 heteroatons

[ 3, and 0, and
3, menbers,

B group

an aryl or heteroary
wherein R and R2 ar .
consisting of H, , oal Ky~ ai\l cenyl, aryl,
het eroaryl, carbonyl, and sulfqg ny,, nis O to 4; or
VD 2004/ 016213 PCT/ US2003/ 02510€ - X3 X3\ X3 O
RN HN/ X2 Xt wherein XI, X& and X3 are

i ndependent ly selected fromthe group consisting of H,

cyc Iho al kﬁﬁs' mﬁeﬂdéﬂﬂg"wm froNR B2 o ¥Ibisting HH.and OH, X;

al kenyl , = al kynyl, aryl, heter

, %ar ﬁll )
heisan«b@endgmlbnsdectadﬁlongﬂ?@@oumm%%0 Hypad OHfaiso, 5

en d t 1 1

%ﬂgﬁlegtiy %eyecclg%ﬂ% hgkrogfw(%om@g g%?i—gtﬂo}%@ﬁ é%R NHz,
h eN@nﬂc YRRAIAOORY fa]lB_{l ek an@mmyb amynyls aryd) hewrdwpll
atoms and from1 to 6 het roatons selected fromth
gr Beigraebreclist aciberorpgarenyh fyap, misg, falggen, Ay, qgjacent Xs
heE@Jsﬁﬁ{eié{s cBhat'BQJ RaY b sl 1Q £8 100 atHhE raeiefmﬁaycmmﬂ of

sel e eg fromthe group consistin

aI B)td) 8 mqmﬁe@sactdﬂypnsm taebl atomms whd froo hist @g@tgﬁoﬂoms selected

¢ ar bo nt¥1 groaurf)dco%sl’}gt%)gn(}/ tl N, é) and O, and an aryl or heteroaryl ring having 3

to 8 members, wherein R! and R? are selected from the group consisting of H,

1, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and sulfonyl, nis 0 to 4; or

X3 X3 X,

O (
/“\ %
R HN

wherein Xj is independently selected from the group consisting of H, OH, SH,
OR!, SR', NH,, NHR!, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X3 substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from1to6
heteroatoms selected from the group consisting of N, 8, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R! and R? are selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and

sulfonyl, nis 0 to 4; or



X3 X3\ X3 ORHNN X2 wherein X2 and X3 are

~independently selected framthe group consisting of H,
WOQBp4/@BRI30R , SR, NH2, NHRL, NR R2, COOR , al 152003/025102
cycl oal kyl, al kenyl, alkynyl, aryl, heteroaryl,
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het eroal i cyclic, acyl group,.®arbonyl, cyano, nitro,
15 hal ogen, and, adjacent X2 and X3 substituents
conmbi ned, a cycloal kyl of 3 to 8 <carbon atons, a

het erocycl oal kyl of 3 to 8 nmenber $sconpri sing carbon
atonms and froml to 6 heteroatonyg selected fromthe
group consisting of N, S 8(amd 0, dnd an »aryl or

het eroaryl ring havin pribers,_+Mérein R and
R2 are selected fro i$ting of H

al kyl, cycloal kyl, al groaryl,. 20
carbonyl, and sul fon NS selected from
the group consi sti imemis 1 to
14, WD 2004/016213 PCT/U82003/025 02 -30- P wherein
pis 1lto 14, and X \~Xs ( mherebg gis 1to 14, X4
S OH NHQ or SHand X5 is H or "X is Hand Xs is

OH, - or SH. Thus, in this enbodi ngpt of the .
pr @élemn kaéza s areried epspdantixissieptgd fromp &F9H ongisting of H,

| 1 h
P S BB e M, MR COBR A S/l ke,
sytalil]cbﬁﬁﬁaxfg@ ﬂﬁte(r@rﬂ hetbrogﬁdf}&:lm,l myh%ltzu%;@mm? ﬁymg), nitro,
at hway of _an anj sm es | A-B show, t he
G AR AR & s S S S e
of gl oﬁlé]hﬂhéq qgﬁ%ﬁfoc@@lbﬁﬂcﬂ 853 o8 he%@rs%ﬁxpn@i&ﬁgtchﬁoh atoms

genes Las uSed herein, onbi nat ori al
i bacafigin § & Ghetematons |sdneued;€rom 6@@@@ mrsasf@éﬁ PIgN, Hfand O,

di ff ch n 2
t Ie't"i’l‘?ew?‘h E‘S@ ggée%erpgyf Hng B%Y%%C\? & g%’ﬁw el?e\?\/% 3@1 egé[n% ks %rldele{n e
f Okelagbd Hoirythé Brod F\caﬁmmg oL falleyipdyglobtkyl alkenibaeil,i es

of sol uble nolecules aor l|ibraries of conpounds
at heferpagyls erbonydapd selignydan . A

X3
X3 X3
0 i X
)J\ /
R HN N X
wherein X and X3 are illdependently selected from the group consisting of H,

OH, SH, OR!, SR!, NH,, NHR', NR'R?, COOR', alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,

halogen, and, adjacent X, and X substituents combined, a cycloalkyl of 3 to 8
carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms and
from 1 to 6 heteroatoms selected from the group consisting of N, S, and O, and an
aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are selected
from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,.
carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

CouHom1, wherein mis 1 to 14,



15 "conbi natorial l|ibrary" involves successive and/or

paral l el rounds of chem cal synthesis based on
WOWAHM2E arti ng structure. The conbinatori al RQ%P%FPP%@SIOZ

can be screened in a variety of assays, such as those

descri bed bel ow as well as other assays useful for

assessing biological or chemcal activities. The

conmbinatorial libraries will generally have at | east

one active compound and are gef@erally 20 prepared such

that the conpounds are in equifolar quantities. Thus,

in one enbodi nent of the,presgnt in¥ention, the

conbi natorial library in st one conpound

which is active as an aut i nducer agoni st or an

aut oi nducer ant agoni st. npounds di scl osed in the

prior art that are not in an intentionally created

cokherdin pis Atcelqand part of a “conbinatorial library”

of the present 25 invention. In addition, conpounds

that are part of an unlntent'onaprr unde3|red

m xture are not part of a " jwatogial library" of -

t he present invention.

PCT/ US2003/ 025102 -31 [O A coibf natorial library

in accordance with the prase i nvention can include

any nunber of different autoirducer analogs. As used

r in. an ut ' 0 i f Ne <. ;
Rl Ot 1 16k Sl SEHRR i s s gt pis OB
5 anl\?f% 8f QHP Thas, ﬁﬂng@nwcﬁﬁenmmpmeﬂﬁ QiveRfi®S € cnbinatorial
the ot her 5 autoi nducer analog or an n value which is
di libereista sohetiontthesedtitvary. aut oi nducer anal og. I n one
enbodi nent, the conbinatorial library contains at
| eq@5S1hbout Ak mcohwnm BOOndices sraanolecule enaeded by an

anal o 005 The natocial |ibr Ly
auf‘B’i{’ﬁH’HE RV N g? S Fgelbes&% o n\% e g %athway ofan
eNGANRASS Cligatds PANG HEST iR @lcP@s sbiingguthwaygari. seruginosa and
having a quorum 10 sensing path Such g gpilsns

10 néhagraergtionohemetoiadeges n@l%m%oéi fpeAlra BY Bie Lgenes Las!

oo EhEREE. TR B8t iRinRiiarliRaOts dd HlhRShlS created

Pséudonohas — aer ugi hosa, Aer onpnas ophi |
Aecolbmitias of diffepin cmcd@:,ulééewlsclm tan bqotsreatd@ by ﬂb@c@mﬁ@ga‘s gt forth

bR ar o oo asro iR LR b YRS O Flfats (oY, iBrories

th?&hhﬁ%cﬁ&éﬁﬁ@sr&%fa&'ﬁh ot Soitpadabasidid SPRSHIGHEESH). A
and Escherichia coli. In one enbodi nent, the

15 coffbimbinatorial libraay? dnrvples sperssyiyeandier narllshrougss of chemical
SorTnaTsteed 245 Q10HCRTs ANAL Q88w kO THE SEMHAIRAA libraries can

be screened in a variety of assays, such as those described below as well as other

assays useful for assessing biological or chemical activities. The combinatorial
libraries will generally have at least one active compound and are generally

20  prepared such that the compounds are in equimolar quantities. Thus, in one
embodiment of the present invention, the combinatorial library includes at least
one compound which is active as an autoinducer agonist or an autoinducer
antagonist. Compounds disclosed in the prior art that are not in an intentionally
created collection are not part of a “combinatorial library” of the present

25  invention. In addition, compounds that are part of an unintentional or undesired

mixture are not part of a “combinatorial library” of the present invention.



[0054] In accordance with the present invention, the
conbinatorial library synthesis can be carried out _
WO Mp2ttanual |y or through the use of an aut Sfa{Egl93433102

process. For manual synthesis, the chemn cal

mani pul ati ons woul d be perfargmed by a scientist or
techni ci an. For autonmated synthesis, the chem cal

mani pul ati ons would typically be perforned ]
roposzral | y. Aldventioria librady imuicerdanteawith theqfresoicivention

S Ing He Wy SRR G0T SHHE ST SRR B o Rl PP
n o&ut&ﬁglgéﬁ I%#acig% ?saclliﬁ'elﬁ:ﬁf Rbhe BebRIdecer 22alb 0 AR dedon R group, an

descri erein, the synthesi's of an
auxpprdipcar X, aroabpgr amoXdgroep ohichlis hotprasept withe pider

present invention can be perf.oried a sol i.d .
5 S UBBEPLuCcRETEISE AT AP SPHS TR (T e At B gl avtoinducer
| NSRIAP! 18 s Redbbatnert 1Bd ciASinRSHRl iR @Rfaii!a letst about

derivatized such that a chem cal nolecul e can be

at 1,80016010,000 fifferepnt pntginduest applegsubst rat e t hr ough
standard chem cal nmethods. Suitable solid 30 supports

i NEI0SAE, but The eombinatoiial liteerytaf autvdadpcemandloga of the peesent

The solid s ort can. .include ny different .
R TR RS s B R aﬁjaﬂ?gsgﬁrﬁ%‘“'ﬁ%@??‘g‘ﬁw Fegor
10 t h§e%k'ﬁ? PR e Sueh BRLARES ifTudd sremchechiivd atderam positive

sui tabl'é functional group. WO 2004/ 016213

PCTctis20 FRYiabls eaamples inchudsnpirtase pet lisnied Ralwpdananas
include but are ngt ;| inte dPYBSEES
S oh s SRS Ib il ek o SRR i YB3

MBb R bercRREBOH  lidobhetspylomol grabhicterigh asefsciean dibrio
menbranes. | n one _epbodi ment,

h li.d i
S schrty it b A3S G L™ B T

15 (wﬁojﬁlcféﬁsp NskesP bk BidnBMcmR\bE. fn SuRREBJdSmEMCthede
t hose Ich™allow attachment of a hydroxyl group.

[ OeEBhinAsridedaivbedhaprsse nvebticneicampasmes ptomghcep gnalogs

pr viér;led Wth a suitable functionality already

prgg AP YRS CEHR" % uppor t can be chenical |y

nodi fi ed such that, a desjred chem cal,..nol.ecule.is - i

at &'zgéf’iﬁd to l{}f%ccgfﬂ?ﬁﬁ‘? Wﬁé E}}e‘fpﬁ%@p@ﬁlgm@h %hl%ccé n%fﬂ atorial library
f upGiiRRaahthE cigRd Jupkitial haehiligorthelughileatserahe antomated

tothe solid 10 suptgor.t wi || depend,on the n%iﬂre o%
20 t hprogesise ot wanwalisanthesis dheeeherren! mpminyiaions froukis periormed

support.. ' i i ] o
T
t hgosld typicalippepérforaet ustmtichily. ‘Ehechmdte dndrimpéuheniition of such
Ariek s gL e RTiasapr of Bipuse Scindist S fogtpRoral
gﬂ&eiﬁhtfr%ﬁ{d Wil fAtRR diRneken@Bbil hbRe. f unctional group

25  [0055] As described in detail herein, the synthesis of an autoinducer

analog combinatorjal library of the present invention can be performed on a solid
support. As used herein, a solid support is a insoluble substrate that has been
appropriately derivatized such that a chemical molecule can be attached to the
surface of the substrate through standard chemical methods. Suitable solid

30  supports include, but are not limited to, beads and particles. The solid support can
include many different materials which are capable of being functionalized

through synthetic methods or already include a suitable functional group.



15 the solid support in the present invention is an
al cohol . [0057] .For the attachnment of certain

WORBHMEHEHEs to the solid support, masking of PCT/US2003/025102

functionality that is not involved in the attachnment
process may be necessary. StBategies for the use of
maski ng or protecting groups are well known in the
art and will not be described in detail herein. 20

[ obzaPiee pbsush rg@tmiﬁ@inc@dﬁ blﬁtﬂlafglil(ééimitﬂd tojyeolymers, plastics,

co r.u t comrbi nat or

Bk Bl e Bl IO R S Fice PR BERTY PR Bl ipprgenic
s h glarses,| ad th@tibrages? Iange 3mbb<ﬂmfah@ thelsodid seppureRiad, £dihydro-
that the chem cal conpounds described herein are

e Hrgﬂfék%ﬁ%mafhymﬁ@thﬁk prlystype@diR appine Qibudrelergd solid

5di gﬁ@ﬁﬁ@hcﬂl&é%ﬁos%’ ai!t gﬁfof‘:qafrfy(ﬂgx oq.] W t hout

changi ng the synt par

(IsERIZ C 18 d 'S‘%ﬁ%x 83‘8&&&38@5 ShoReais Pm%%% i
o nﬁﬁtableiﬁhd:tdmﬁh@%ea@ﬁpﬁ@éﬂ@ bt t1@ soldl bdppoRtf da@bS cBEMREDy

and al cohol s vvas carried out in parallel. Mre
S pjéxefiqﬁ é‘pq:}y at g flegjed chemical molecule is attached to the support surface.

2, oS USSR B e

10 sespppoxt evill Heperslt drathh mtenn‘e of th¢ hiodecots! te belattathed BhPitRGype of

P e S R TPt B g e
angltadh ﬁ@ﬁ&h&ahﬁlméame% HieEdoB fsuﬁﬂowﬁ&miélbuft ﬁf’étﬂért Bﬁut\é@%o

acconpl i shed on a 96 wel|l reactor block. Suitab
antlid®r and halidesh eldghzedee. aé.@ctholsﬂcggmsx anrg,ulfides, carboxyl

(et S il B bl Y Fasly ERR L rowp on

15 nmmsemmhmtpoﬁnmdMQﬁeamtmwaﬁmahgamakohﬂbrary as

20
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descri bed above naybe used. The products are rel eased

f rpos1ihe r esFar thy attichadenot cevhininde861dW, th¥ ki 1k supp or_tr
Si rrultaneously renoves the protective ketal group. The

| rarsing of fupstinngHtvathal is net lmelﬁe%m the atteghment procesgimay be
{ RSBy, BeaBB: U o B Bhlind bl et alold a3 hown

terthary
r egithburt adkFAill id0s9esatitted in dggadl Hetem. Fi gure 3, an
alternative synthesis schene is set forth. In the

nE00ER] ol ogy Gederdlayhihetinstfatgpidsefo? thepoattaatin of andinducer

( dperEowbimgn e i aicarianss Wih{iegEienl Averinege shown

o g SO e A S gl

s hisparihed derein are merely exemplary and other groups can be used (e.g.,
different alkyl side chain lengths can be used without changing the synthetic
methods). In particular, with regard to Figure 2, an R group aé set forth above (in
this case a 3-0x0-Cy; side chain) was immobilized onto a solid phase and coupling
with various amines and alcohols was carried out in parallel. More specifically,
ethyl 3,3-ethylenedioxo-13-hydroxy-tridecanoate (2) was synthesized in solution
phase through a three-step sequence. The attachment of this molecule to DHP
resin (3) and on-resin hydrolysis of the ester moiety (4) was then performed.
Parallel coupling of amines and alcohols having different structural features was

accornplished on a 96 well reactor block. Suitable amines and alcohols are set



[0060] The synthesis for nolecules wthout a 3-o0xo0
group can be carried out iin an anal ogous nethod as

- WOSHBA6? Figure 3, using a different startingCT/US2003/025102
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material (wth additional carbon atons) and

substituting the nethods andsgeagents 15 in steps (d)
and (e) of Figure 3 with those of step (f) in Figure
2. The remaining procedures are the same as those in
Fiegit § Maurk Q0AdWerUsis listing femeadpresatiatvfe. tAmy suitable

present fnvention, the autoi nducer a libr
bmuiebmmtoaar@cbicr:@, coubpterial Hhragy 8y %ﬂlﬁfg’gvﬁw 8%5?451 The

5560 STy bR gt ey 1

C%ﬁﬂﬂ%@&dy&m&waiaﬁmamammw Athe dedigideal pubdusts are
chem cal Iibrar can_be acconplished ysi n% 13hvar| e%,y

ofthfmeQONQ@isd i | FOIE RGN ar 31 Jrsp wvellplat
wel J | ic attack,
OE%]?M S ac?é é%ﬁﬁeyfzége‘gq% o‘ie;fgsﬁ%m%?ﬁer natively,

ques sol U fsi@sch t
ciﬁfé}%mi ol Feged b giens i JHGRARY ulyiBscheme fs st
arghrth. Ethge aiRidolgy,sefQokth.in ng!ﬁkaﬁ,rpro@cm@ Didstepyotection steps
Devel . 5(4):594- 605 (2002 ch .i
i red Shepbrkete @aotggtmgrgf)@ éqyefé 1‘??3];) ﬁP&?‘Qeﬁ‘)COH%ﬁL ip the
su I NrPhR$EqlieR a8, tBSs, tHe

r@&%&e"g ghp%@éiﬁt %)%e %ﬁged fo?ql efanpl e, in the
a&@ﬁﬂﬁsmi&smnqh@ﬂ she:ttcnndt o identi fy aut oi nducer

agoni sts and antagoni sts. [0062] |In another enbodi nent
of[0b6® Pr eselte synbesit Ecmmo]amﬂesswtthmm aZ3eoxrgmanp aep be carried

conmbi natori al appr.o ch S use ener at
Ccﬂ%iﬁhﬁ% apajogpus Mg §11%\f1nm( r3g yglﬁgade %féérﬁ tstartmg

%lehs%ﬂh QH%oﬁﬁleca%ﬁeJt@%)yanH REMRitithetthe n&ﬂtods b.mi reagents

I cular I's enbodi nent once a structura

P stent 6 (Qretiieise dabidorhor W DIGUAGTERe S e remaining

PCT/ US2003/ 025102 entified using a
| | 5PY re@@ﬁeetﬁgtg%lae a?g}osglilg# ,3du5| ng the synthetic

schene of F| i,S 1 [ e58Si|
t HE08Hs r ed ’6’1‘%“39 ePgbogmn gg%he presentifive giglbﬁll% Sftﬂﬁ)u:tducer
acatﬂalﬂ lib\raI?r@s BAFRANY aGORE kaipost Ihlab@théxyemh)dmnﬂmtctfmhﬂ mdsent

based his information. In this seco %eratlon
| |1lmvmt50p, the @utfomuémalﬁbaah%ﬁyd? clegpeddTam Hi 0‘% ﬁﬁ}‘@é’&i e
ggﬁv ﬁg&nd?r i 213 g?@ﬁ{%@@?{r‘]ﬁ% P%E?cée?’a M?I?@cﬁ&mcal library

ex&a%rb%l a\é&in}tpl’i&&éd &ﬁing atvarieliyfdf enetintds smqlmg wdrobisispasrieseribed

e oSG R Eb Rl E R, B SRS

t h@atﬁ?zcédrh?ﬁroq'_&tjé. VA fi¥rnatiidy, tedknidues ﬁfr}éoﬁl@lﬁﬂ phie synthesis of a
combinational library may be used, as are known in the art (Edwards et al.,, Curr.
Opin. Drug Discov. Devel. 5(4):594-605 (2002), which is hereby incorporated by
reference in its entirety). Solid supported libraries and solution phase libraries of
the present invention may be used, for example, in the assays described below to

identify autoinducer agonists and antagonists.

[0062] Tn another embodiment of the present invention, a position-
scanning combinatorial approach is used to generate the combinatorial libraries of
the present invention. Such techniques are generally known in the art. In

particular, in this embodiment, once a structural motif (¢.g., amine or alcohol
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further libraries) can then be screened for increased
acIivitly. The nunber of 10 conpounds tested is_the

30f the number of varied structural el&mght0y433102
all of the libraries produced. [0063] The autoi nducer
anal ogs produced in accordanc®twi th the present
i nvention can be used to enhance bacterial growth by
acting in concert with or instead of the vviId-tyge_
augrouppidesifiediusing, a libramngeoerathds & eagroplesesing the synthetic

LT il B D L

\(N: éggmis!! BE aR SRR JUER) | DscbbiRl SiHRFAHN $BRSY DcoRslirited based on

., an autol nducer” antagonist). [0064] Thus, the
pr éeinformatient indhissbemdrgehenatien libragy aslifferenideneden of the

agonj st o ant agqni st _.havi ng. t he, st.r . .
o giSiapS gy B 8B5Sl e FhkidE o Mah
t h@n@BhaU P6)GR FEiuss Y% effentivelpdratkll i@ differae bieadten! élemants
the group consisting of Hand OH X3 is independently
sewhide saintaiing thapigriously ideidied sirpgust mptif (Gounegroupr
SR . . i ,

a1 e 2ot hi poyed Ko alifing IREECRAK Y (ad any
acfither Hbtpries) @bty be s@Bemylaboincriasedogotiviy.ogbanumbet, of

adj acent X3 suybstituents mbi ned, | oal k of .
F oborBE e D LA e P KL B Y BP B R TaPry | gomets inal

C
ne&ntg bELIPhicuAg. carbon atons tS b WO 2004/016213
P /U%%BOS/ 035102 -35 and from1 to 6 heteroatons

zﬁﬁﬁ,g%]ed froghd ﬂg?ﬁﬁﬂéje? a.ﬁﬁ? gén]grfoﬂﬁ&d% abbor®mc8Wthihe present

aryl or eroary having 3 to 8 nenbers,
whiawentivrRiande tiséPtoambancsdacietielbigrbwtinby imsingrip gpocert with or

o bR gy £ oL by Mgty
the autoinducer analog can inhibit the wild-type autoinducer by competing with
the wild-type autoinducer in the quorum sensing pathway (i.e., an autoinducer
antagonist).

10064] Thus, the present invention also relates to an autoinducer agonist or

antagonist having the structure

wherein X, is selected from the group consisting of H and OH, X, is selected from
the group consisting of H and OH, X is independently selected from the group
consisting of H, OH, SH, OR', SR!, NH, NHR’, NR'R?, COOR, alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl,
cyano, nitro, halogen, and, adjacent X3 substituents combined, a cycloalkyl of3 to

8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms
&

iy

&

¢

#
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X3 X3 X30nX3 X3 RHNX3 5 Owherein X3 is
[ nde/g}qndent 'y seI ected fromthe group consistin H

, NH2, NHR , NR R2, COOR , ‘R’&US”W"ZSM
cycl oal kyl , aIIcenyI, alkynyl, aryl, heteroaryl
heteroalicyclic, acyl group, -Gérbonyl, cyano, nitro,
hal ogen, and, adjacent X3 substituents conbi ned, a
cycl oal kyl of 3 to 8 carbon at ons,

heta@fl&% L éeﬁlbyterwores &eéeosedrﬁwmhesg@@nﬁw%stwg of &% Boand O,
at oIy .8 SI or Bt e}oagﬁ %g h%%?ﬂ%&%ﬁmgéﬂs e\%eerg f(lo Ra'R e

gr oup s ah ary
hetsermﬂﬁom t}r@rha&;ymglsﬂng of |, sikylh eydoa]léﬁﬁdﬂﬁeﬂylﬂryland
are seLected fromthe grou conS|st|ng of H,

al Qx,etero FERPRYY andgulfanyl 0 sl (A 4; et er oar yl |

carbonyl, and sulfonyl, and n |s 0 to 4, or X3 X3 X3
01 RHNXZ 15 X, wherein XXs X2, Xang X3 are

i ndependent|y selected fromthe g fonsi sting of H,

OH, SH, ORI, SR, NH2, NHR , NRR al kyl
cycl oal kyl, al kenyl , | kKynyl ; Kegaryl ,

het eroal i cyclic, acyl {group, no, nitro,
hal ogen, and, adjace 1, X2 8i tuents

cay bon atons, a
conR5|S|ng carbon

conbi ned, a cycl oaRky
het erocycl oal kyl of 3 to 8 nenber
atoms WD 2004/ 016213 PCT/ US2003/ 025102 “-36 and from1l
to 6 heteroat ons selected fromth group conS|st|ng of

craertind R Seeota 1 850 sriifila of Fo g
g r @m‘ SRASUES, INI@RbeIHRZ ACGDR!, AXEl SRNdI, alRd AMynyl, aryl,
ar ¥Letero aryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X3 substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from 1 to 6
heteroatoms selected from the group consisting of N, S, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R? and R* are selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and

sulfonyl, and n is 0 to 4; or

X3
X Xs
//ji\\
R HN X,
X4

wherein X, X, and X3 are independently selected from the group consisting of H,
OH, SH, OR!, SR', NH,, NHR?, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X, X, and X3 substituents combined, a cycloalkyl of 3 to

8 carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms



Wosz%fﬁlfﬂé group consisting of H OH, SH OR,
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20

heteroaryl carbonyl, and sulfonyl; or X3 X3 X3 0 5
N X2 mhereln X2 and X3 are |ndependentl¥ seIecte
CAA{S2003/025102
NH2, NHR , NR1R2, COOR, al kyl, cycloal kyl, alkenyl
alkynyl, aryl, heteroaryl, heﬁeroalicyclic, acyl
group, carbonyl, cyano, nitro, halogen, and, adjacent
X2 and X3 substituents conbined, a cycloalkyl of 3to

8 ah@ fiemi D &R 6 bepoxtomns ifeédoeidai;gmlthfagrloyp cotfsisging of &, S, and O,

ne e ar o8 beErs I ta POECHE FBTBersoRBRER g e
’sel%%d%'on‘?% ﬁ@ﬁ% éd{%\ﬂshﬁ’é obgt ﬁkﬂaﬁydloz{]kﬂgam@d@i%yﬁ to

R2 are’ selected fromthe
grietapoareh sirbonylgamf subfongl &yl , cycl oal kyl, al kenyl ,
aryl, heteroaryl, carbonyl, and sul fonyl, and wherein
Ris selected fromthe group consKsting of 15 CnH2m+1,
wherein mis 1 to 14, wherein p ks i to 14, and .~XS
wherein q is 1 to 14, X4d§§ OH N or ﬁg and X5 is

H or X4 is Hand X5 In one
enmbodi nent, nis 1 tojj4. WD 2

PCT/ US2003/ 025102 - 3}t [ 0065] F’referr d aut oi nducer
agoni sts of the pres i nve [

Fi gure 5B and areRdescri in deMail inXphe Exanpl es,

bel ow. Preferred autoinducer antagonists of the

@ﬁ&%g%%ﬁ'}g;eatgg Inflf F r&tlj‘; Atdled goﬂ tgé‘ up cgsﬁﬁstﬁig%f H,

descr el ow.
desH] SHe@er,rSRileil\HbJ, NEER' QNR 152 m@Rn@uwércyalﬁﬂ&yb alkeny,

T

SaRfided, ARC AgREIT, 208 )@Isﬁrsstmienwombmed Adgilbalkylalf3 to 8
preferred aut oi nducer a%onl sts and ant agoni sts @re set

f certion atomssiainterogwleaieyl af & t‘aéémmh%ecqmp%fﬁr mafomns and

et
ag onrfasltt?%and&gét%)gﬁg%l?‘g%{ghﬁlgv%g dr ogen Eoond’ %g%%r@ g?d -
acﬁymﬂ{eterd&yadm@hMg 3 & § rendeisywhgreauR’ ebR” ergrselecied

t ofrcgrpl%heRgr%lug %o;g:srlls%n% of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,

carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

CoHom1, whereinm is 1 to 14,

wherein p is 1 to 14, and

wherein q is 1 to 14, X, is OH, NHz, or SH and X is H, or X4 is H and X; is OH,
NH;, or SH. In one embodiment, nis 1 to 4.



[ 0066] The aut oi nducer anal ogs identified in
accordance with the present. invention (e.g.
WOoRMEPHAL er agoni sts or antagonists) can be uBEHUP03/025102
conmpositions which include one or nore autoi nducer
anal ogs. In one enbodi ment, tR¢ - conposition also
i ncludes an antibiotic. Suitable antibiotics include
. ba jcidal 15_and bacteristatjc agents, such as
suﬁb@#&m des, fsf?tl‘.eg aromsugenqegaists o5 A RresepBiavaRtionare set forth
antih Ridtd §8 and Wd RO in GERAZ gﬁ@{aﬁﬂ;ﬁ e
acid derivatives, amnoglycosides, c r%apenems,
t etartpdydicenesagonibty ef the présan idveativeaieakt Behrit Figure 6 and are

| id ti- is d . . .
e EL AR L Frii g, A dererived it &gl Befer s,
santayioiimietr A@adhnkis e fREY il BhtiGDER 5 uskd td &Eegxg?te the

embodi ment, the 20 autoinducer analog is prefer y an
aufPatbagerdeity efaraeranaiism poRisssiegitheiquduue sensmgtragpbaiist (see also

. . in.t i.tion i t.of f
b SR B Ao ki e TR0 R Aet etR And Rt areehyorth
be ipFReRNt8 il 4rb dePitBO® & Etaiplé 11,Hblovd A AbscPbed h&8in, in one

abog}%O 0 ng/L to about 10 ng/L, however, any desirable
quirepdinenpithe agagistyrdantagenistidisve & hydrogan bardbdonsr prgeceptor

10Pe 285694 12 BelA08S g}oﬁﬁ‘%ﬁat CORRQEIH LS sk epigeful for
oWt h*of an

i nhi'bition of gr organi sm possessi ng a

qu sensi X e, of such as use is
i R R e O B R T
| mpivantied(evg. tahioindacgedgogists. or igoniBB k@M e Wded it @Snpositions
co M s&rve as loci for bacterial infection. Thus,
t h& R IPIPATRRST ama Biindicer Eelasss it pemembadinpe, the
Pr 8588 sitioVASS ifhdedih RRiviiRd dabR anfbibhid iﬁ%ﬁ%&téﬁcidal
an organi sm possessing a quorum sensi ng pathway on a

15 neaidchacterijtaicegents,such at dfonemidenamti-uitasy tract @gents, B-lactam

frerEr e T e
PagemBkBLSsiddasabhitneME) LRI +B5Eh &Q%rggﬁéegr%f

-38 grafts, vascular stents, dialysis nmenbranes,
v amgerslides, pafi-teberquinsis dinen esti-mysobaeriag syius Agenssanti-

r I jce .artifictial,.organs.
POBRiRS s, SRRl e SRV et it Binet e
20 i nanoipduct edalog & @eferdbipiregnaieace aniapbnisie Dhe Woidkducer
the structure of the nedical device (e.g., 5
 HEHAEORI §PaY he G sSPLIOARe SATERSHIORin G0 pEioUkgfefrorp pbegt 10 ng/L

Me@i6aht MEYEGEIndhe Qﬁﬁﬁﬁﬁ@ﬁaﬂﬁ? g)geisgl& o%l{é%o okitn in an

nmedi cal device. Techni ques sul i ncorporating
t henowmbpbirathuabent Hhag/bge abmd 10ongbsheweres, anf defieble quantity

Pr 96 0in e Mk it DG B 6 2hsed.

25 [0067] Such compositions are useful for inhibition of growth of an

orgarisim possessing a quornum sensing pathway. One example of such as use is in
medical devices used both percutaneously and implanted within a patient. Such
medical devices commonly serve as loci for bacterial infection. Thus, the
autoinducer analogs and compositions of the present invention can be used to

30  inhibit growth of an organism possessing ﬁ quorum sensing pathway on a medical
device associated with non-invasive or invasive medical procedures. Such

medical devices include, but are not limited to, catheters, pacemakers, vascular



devi ce depend upon the particul ar autoi nducer

anal og/ conposi tion used and the nedical device ed.
WORseHMOZdes suitable for providing a coating &gTéUszoosmzsloz

medi cal 10 device substrate are well known in the art

and will not be discussed in-detail herein. [0069]

The nedi cal device maybe further supplenented with any

ot her desirable conmpound, for exanple, antibiotics,

anajrafiss imssulaﬁmmts,aﬁajmia ntembrares, heait rvalvasnmtgicraﬂr instroments,

co ounds, antlmcr bi al osition
i B4, aHesnprostheses; dedtal o ShptifistfPeii e,
anal o(%s and conpositjons can al so be uysed t { nhi bit

gr dMBlof  an The gaivinsicpronaiog g%ccanwm%cg%h%m@porated

Cot T e iR o BRRRLD iy BRY AR08 ARl Bee (-

5as chempalyhicusioraed d&hinedn duterdsyer 3a 2dict] daviveg Ovmowded as

tpPe@Sc@a gfinggl gxhd < %qdbqﬁt ‘8"% d CD oS tfé]gqsr mcorpgratmg the

| MYRGRHBR %?éﬁngé’ an 0%1‘: 0?1@ &f -t'i%l [r&eft Blerdtion withih @ @ledical
| mun. 66(1 , Which'is hereby

i ndevipedepead ubyn ﬂ@n@rtgm atpinducer analogfeemppsitipp gyed and the

2 meouone SR SetinidyF al A Bl etk s POl L fhedi

10 Thigevids bl ale Ry brek EndW 0 i tieag 28 will tmbobmmgsemmlem@
having the structure WO 2004/ 016213 PCT/ US2003/ 025102
-3%e@ X3 X3 On X3 X3 RHN3 \_X3 Xi X2 wherein
X1 is selected fromthe group consisting of Hand OH,

X2 [0&693e| ect the nedinal derdcepmayi e dather sunpignested-wih anypiher

cor‘if? ?SIEI en%ﬁﬁ @F"?@ﬁg tdgiﬂb{%%nah%%zﬁé g coaglants, anti-

Ccﬁiﬂflamﬁhtléw compounds, antimicrobial compositions, vitamins, minerals, and the
15  like.

[0070} The autoinducer analogs and compositions can also be used to
inhibit growth of an organism possessing a quorum sensing pathway on any
product or device that comes into contact with human (or other mammalian)

tissue, such as a toothbrush or dental floss.

20 [0071} Moreover, the autoinducer analogs and compositions of the present
invention may also be used as immunosuppressive agents (see Telford et al,,
Infect. Immun. 66(1):36-42 (1998), which is hereby incorporated by reference in
its entirety).

[0072] Yet another aspect of the present invention relates to a method of
25 identifying an autoinducer agonist. This method involves providing an

autoinducer analog having the structure



5 cycl oal kyl, al kenyl, al kynyl, aryl, heteroaryl
heteroallcycllc acyl group, carbonyl, cyano,

WORAPYYEH? and, adjacent X3 substituents conbi r?égm%goosmzsmz

5
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cycl oal kyl of 3 to 8 carbon atons, a heterocycl oal kyl
of 3 to 8 nenbers conprising-8arbon atons and from1
to 6 heteroatons selected fromthe group consisting of
N, S, and 0, and an aryl or heteroaryl ring having 3
to 8 menbers, wherein R and RXsare X@ el ected from
the group consisting of H al kyl \gyclpal kyl, al kenyl,
aryl, heteroaryl, carbonyl, and nis O
to 4, or X3 X3 X3 On
i ndependently sel ecte
OH SH OR, SR N
cycloal kyl, al kenyb~ het eroaryl,
heteroallcycllc acyl group, caryo /|, xgyano, nitro,

hal ogen, and, adjacent X3 subs | t ueft’s® conbi ned, a

cycl oal kyl of 3 to 8 carbon at&ys, a“2heterocycl oal kyl

of 3 to 8 nenbers conpri sing carbon atons and from1

t O véherdi® I iR RIR fEfth B¢ Q@uﬁ ESH¥isting OEH%E OR1%) ﬁtsble&ed from
of N, S, and 0, and an ar or hetéroaryl rin avi ng

3 the oup Aesising whErasiO Xaﬁdnct@e@de@ﬂg é*r«lé%tpfégomfbﬁgroup
th ra tARNg of 1 el |

al Rl et BRI OB SR W Bt K, CBGRY iy

an gyfﬂ% a]liylg akgnﬂ,glbfny‘l! \@r7l) H&bﬁh@&ﬂ&t@ﬁcm @Sm&i;ﬂ 2arbonyl,
-40 X3 X 11 X er

an§y3a9, B, ﬁﬂa%@e%ﬁflﬁye@éﬁéegséau?%?ﬁm%edg F&ﬁ(ﬁllekyl of3 to

co @%aﬁjoh%rﬁsf alﬂeter(gﬁclogﬂiyl &8 1o %mb%o%ﬁkm@%ﬁt@%n atoms
COOR', kyl') cycloal kyl; al ke
and from 1 to 6 heteroatoms selected ﬁ’om the group consisting of N, S, and O,

>,<3 al kyl ,

and an aryl or heteroaryl ring having 3 to 8 members, wherein R' and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl, carbonyl, and sulfonyl, and n is 0 to 4; or

XS X3 X3

Q ( Xs

I )

R HN

wherein X3 1s independently selected from the group consisting of H, OH, SH,
OR!, SR', NH,, NHR!, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X3 substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from 1 to 6
heteroatoms selected from the group consisting of N, S, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R' and R? are selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and
sulfonyl, and n is 0 to 4; or



al kynyl, aryl, heteroaryl, heteroalicyclic, acyl
gr ou carbonyl cyano, . nitro, 5 hal ogen,

WQ&?P‘H KA1 X, X2. and X3 substituents conbi ned15(31g[152("}3"025102
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cycl oal kyl of 3 to 8 carbon atons, a heterocycl oal kyl
of 3 to 8 nenbers conprising4%rbon atoms and from1
to 6 heteroatons selected fromthe group consisting
of NN S, and 0, and an aryl or heteroaryl ring having
3 to 8 menbers, wherein RI and R2/8re selected from
the group consisting of H, alkyl, [cycloal kyl, al kenyl,
aryl, 10 heteroaryl, carb#pyl, € oMyl ; or X3 X3
X3 1/ 0 RHN1 N X2owherein Ry
i ndependently selectefd fromthg group| consisting of H,
H, SH OR, SR, ngﬂaEﬁR , COORI, al kyl
cycl oal kyl , al kenyl kyn 3 ~ heteroaryl,

het eroal i cycli c, yl gr&ﬁﬂ, car bgnyl , c?%no, nitro,

15 hal ogen, and, adjacent X2 and X3 substituents

conmbi ned, a cycloalkyl of 3 to 8 Xgarbon atons, a

het erocycl oal kyl of 3 to 8 nenbers conprising carbon

at

LT oA 7 A -&[H)h éreﬁ% ga{&ﬁgﬁgaagﬁ@ﬁgﬁ%ggmﬁ@%mﬁlaﬁlg of H,

heoH; SHL PR ;$R1’g Nihy NER '3NRORE GRORE raﬂqyl,meioelﬂcml rikeayld

1550 e S M B oy .
C aﬁa@&ﬁéﬁ, and® Q&ﬁa@éﬂt BQ "!Xl aan@ DQ sﬁﬂ@fc@én'fb RBohlin&E h @¢1OMIT B to

the group Gonsisting 0 , Wwherein mis 1 to
148 catbp mmmbgmcxclmylwézdg@m%hw comprising garbem atoms

VPR 1o Heigefurdils @0t 00 00 AUUB Shdlyfhe TN, S, G
X5aﬂd-°an@rbr1 orﬁlewremynmgstdwﬂge nemeniber whardein B drdl R dre

4. The aut oi nducer analo c n act.e
selected from the group con51ast g of fI a]?{ cyclog]kyl, alkenyl, aryl,

heteroaryl, carbonyl, and sulfonyl; or

X3
X3 X3
O ' S
/“\ /
R HN N X
wherein X, and X3 are independently selected from the group consisting of H,
OH, SH, OR', SR, NH,, NHR!, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X, and X5 substituents combined, a cycloalkyl of 3 to 8
carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms and
from 1 to 6 heteroatoms selected from the group consisting of N, S, and O, and an
aryl or heteroaryl ring having 3 fo 8 members, wherein R! and R? are selected
from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,

carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

CuHomr1, whereinm is 1 to _14,



- WOL004
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wi t h an autoi nducer receptor and activity of the

rece&tor is nmeasured in the .presence of the i
If8ldcer anal og. The aut oi nducer anal og c AF1HE82005/025102

provided as part of a conbinatorial library, as

descri bed above. [0073] In a4referred enbodi nent, an

aut oi nducer analog is identified 10 using a organi sm

strain lacking the ability to produce one or nore

natural autoinducers, due to {fhe disruption of any

aut oi nducer synt hase genes. ctivation of

aut oi nducer receptors in traiRs relies on the

addi ti on of exogenous a - Such strains

i nclude, but are not limte P. "aer ugi nosa

PAO-JP2 and E. coli MA (pKDF37). 15 [0074] Activity

of the receptor can be neasured using any suitable

r epberewp iwdstayi4, #ml particul ar, a reporter may be

incorporated into the above strain as is known in the

art, such that the strain iig capa®l e of providing a

signal (e.g., lum nescence sghzy activity) in the

presence of autoi nducer iducer agoni st.

Sui tabl e reporters include; ot limted to,

gfp and lacZ. Activity 20‘of/ ghe receptor in the

presence of the autoinducer analog can be conpared to

” R ; ol .
COORORREL B b3 OOt IS, AL gt o,
PrEEedr SHiVENdrieembodirade,sn isd te 4reThecaitaifducexientdgfiy comacted
D rBih A Ao egr PR AER e S REROMIGT PHESIRG 4 P
;’gr%&%é 0682 L3R HSARR3 A% LB indutér ailottatde grnga&@ as

REN X3 XL X2 wherern XIis selected from
grsupoiomsntsnitngaldioriyassdiegiibedabpye.sel ected from the
group consisting of Hand OH X3 is independently
sel06T3led fr o 4 prefagredwmbodiomsit,san awgpinducel a@l g iSkdentiRed
SR, NH2, NHR , N . | kyl,., 5 cycl oal kyl
gt Ot grein apGine bty 3o lodunce iR Gune ke
aCaoigAEERs, dG&FPMBYisruption of any autoinducer synthase genes. Thus,

activation of autoinducer receptors in such strains relies on the addition of

exogenous autoinducer. Such strains include, but are not limited to, P. aeruginosa

PAO-IP2 and E. coli MG4 (pKDT37).

[0074] Activity of the receptor can be measured using any suitable
reporter assay. In particular, a reporter may be incorporated into the above strain
as is known in the art, such that the strain is capable of providing a signal (e.g.,
luminescence or enzyme activity) in the presence of autoinducer or an autoinducer
agonist. Suitable reporters include, but are not limited to, gfp and lacZ. Activity
of the receptor in the presence of the autoinducer analog can be compared to

known activities of other autoinducer agonists or the autoinducer itseif.

[0075] A further aspect of the present invention relates fo a method of
identifying an autoinducer antagonist. This method involves providing an

autoinducer analog having the structure



cyano, nitro, hal ogen, and, adjacent X3 substituents
combi ned, a cycloalkyl of 3 to 8 carbon atons

a
WOMOEPEAR| 0al kyl of 3 to 8 menbers conprisi ngPCHIEH3/025102

atons and from1l to 6 heteroatons selected fromthe
group consisting of N, S, and4%- and an aryl or
heteroaryl ring having 3 to 8 nenbers, wherein R and
R2 are 10 selected fromthe group cqpsisting of H,

al kyl, cycloal kyl, al kenyl, aryht3 < Kg)aryl ,
carbonyl, and sulfonyl, and nis fo 4, "or X3 X3 X3 O
n X3 X3 R HN X3 wherein X3,i s ndegendent |y

sel ected fromthe group consi sti 5, SH OR,
SR, NH2, NHR, NR R2,||COOR , &
al kenyl , al kynyl, aryl;
het eroal i cyclic, aRyl gr
hal ogen, and, adjacent X3 substy ué@tg(scorrbi ned, a
cycloal kyl of 3 to 8 carbon atoffs, a*heterocycloal kyl

of 3 to 8 nenbers conpri sing cafibon atons and from 1

to 6 heteroatons selected fromthe group consisting

of wher@n Xanslsdiectehfiomrthapsdupepnsistmigerfdhand OHL Ky ishwalkcted from

3 tp 8 nenber ei nd R2 are sel ect frqom
naBegrolp osridinaen sl Fof: Bk nfaRas e biied rom he group
al kepyitingdItH OSB! O/ WR!, 81, Do, NRAE? 8RO Qﬁk&}

0 to 4 or WD 2004/ 016213 PCI/ U52003/ 025102

and n is

s

5. 43ygalky aE@nylbalRynydi, atyl, htepoary] hetemoaki¢ielix| acyMgroup rmdrbonyl,
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X3 I nde ntly selected fromthe arou

1S 3 RO Y, SR RER o opoststofs o

COGRiarboal dkoths, atietdroasicloalicyl of B e memtakkyoirisisf odkbon atoms

het er %a%%/I hﬁt eroalicyclic, ac¥l group, car bonKII

Cyé‘ﬁ@), oR]} } f,cb6 eteroatoms selected from the group consisting of N, §, and O,
and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,

heteroaryl, carbonyl, and sulfonyl, and nis 0 to 4; or

X3 X3 X,

Q ( Xs

I h

R HN

wherein X3 is independently selected from the group consisting of H, OH, SH,
OR', SR}, NH,, NHR!, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X3 substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from 1 to 6
heteroatoms selected from the group consisting of N, S, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R' and R? are selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and

sulfonyl, and n is O to 4; or



5 hal ogen, and, adjacent X, X2, and X3 substituents
conbi ned, a cycl oal kyl of 3 to 8 carbon atons

WP oal kyl of 3 to 8 menbers comprising @WB@HW%IM
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atons and from1l to 6 heteroatons selected fromthe
group consisting of N, S, and43; and an aryl or
heteroaryl ring having 3 to 8 nenbers, wherein Rl and
R2 are selected fromthe group consisting of H,

al kyl, cycloal kyl, alkenyl, aryl, X80 heteroaryl,
carbonyl, and sulfonyl; or X3 X3[1 X3 OR HN N X2
wherein X2 and X3 are |nd§@endent selegged fromthe
group consisting of H~ OH, O R NH2, NHR' ,
NR R2, COOR , alkyl, ycloalky , alkynyl,
aryl, heteroaryl, het roal i cyciii /| group
carbonyl, cyano, nitron 15 hatog arnd, adj acent X2
and X3 substituent®” conbithBd, a cytl oal kyd of 3 to 8
carbon atons, a heterocycloal kyl 4f 3 to 8 nenbers
conprising carbon atoms and fromy % to 6 heteroatons
sel ected fromthe group consisting 'of N, S and 0, and

mgpgqre)#l R 5%2%‘} > 8 yI L n@ﬁn@a 12&8%#9 t%&ggtﬁg Cotsisting of H,
COpH $H, '@ﬂ{‘oéRH NHRI SHCRBALBOR, st estloallgl Yallkenyl,

heteroaryl carbonyl ;| and sulfonyl and wherein R
i salkeﬂlsdcarghl henemmlhhetgloehﬁpycbamwsgrph@ cgfbony e nitro,

155h, Bk PPt Xie Xy g oA ot RGNS 10
|H s g ﬁ?éﬂ))@(tsl &:fb;nsééi' hbt‘énﬁyblo MK of® Jo%%l&lgﬂzﬂgﬁg?glﬁng carbXd atogns
| o Giomritie Ghstesp Han 5t logid Do 156 SeUm QBrewe S A O,
augﬁﬁ ;ﬂ:g f'gr e@éﬁrgﬁgpﬁn?ﬂgvﬁ%I% Y8 QUHDIEE wheVdREREBYN R? are

corrpetl etvve t ol nducer anal og and the
au*sedeaﬂethfmn thegroth eowsittbigred it eyl evelonkyl, iafcenyl awbd

to, occur. Activ of..th receptor in the presence of
¢ natGE el A PO

X3
X3 X3
O | X
PP
R HN N X5

wherein X, and Xs are independently selected from the group consisting of H,
OH, SH, OR!, SR!, NH,, NHR', NR'R?, COOR/, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X, and X3 substituents combined, a cycloalkyl of3 to 8

carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms and

from 1 to 6 heteroatoms selected from the group consisting of N, S, and O, and an
aryl or heteroaryl ring having 3 to 8 members, wherein R' and R? are selected
from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,
carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

Cullom1, wherein m is 1 to 14,



aut oi nducer is then neasured and conpared wth

- aﬁ'@‘”ﬁf%’ of the receptor in the 10 presence f'%ﬁgg%osmzswz
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nducer. Suitable reporter assays for
this method of the present inyvention are described
above. The aut oi nducer analog4één be provided as part
of a conbinatorial |ibrary, as described above. [0076]
Yet anot her aspect of the present invention relates to
a nmethod for regulating the aqtivity of an
aut oi nducer receptor. This netfod inyol ves 15
contacting an autoi nduc '
anal og, wherein the autoi
aut oi nducer agoni st or antl\ag I n one enbodi nent,
the autoi nducer analog is an autoinducer-1 (A l)
agQoRl.sl st conpound. [In another
en&@' ﬁt ﬁp%e au¢0|nducer anal og i s an autoi nducer-2
(A12) agonlst or antagoni conmpgund. In a further
enbodi nent, the autoi nduce nal has the 20
structure WD 2004/ 016213 BCT. 003/ $25102 -45 X3 X3
x3 0 n X3 X3 RHNXL is selected from
the group consisting of Hiangd OH X2>is selected from
the group consisting of HandgOH, X3 is independently
sel ected fromthe group consisting of H OH SH OR,

i e ML SR S et o

Oﬁ}% h{m dimen, ylapﬁol %/']?Iap aieindugen: anaﬁ(pﬁjls contacted
g i g S, )
el @rl@mﬁblnmangloggmd shédaromnteres forathe aﬁtomﬂudertrﬁceﬁtor is allowed
o oy Al oF o Gy AR oy e msloggmd

8 amoihdvicer isvher RleasuRld @1ickoRRatddew il a@tﬁh@%tf%é IfeEéHR)lt A%he
group consisting of H alkyl, cycloalkyl, kenyl

aer psence, et el e autoindiiassniitabirigpexitrassays foraﬁd imthissmethod
t Gfthe ﬂes@ﬁ% ifentich &e'dedFibed above. The autoinducer analog can be

provided as part of a combinatorial library, as described above.

(0076} Yet another aspect of the present invention relates to a method for
regulating the activity of an autoinducer receptor. This method involves
contacting an autoinducer receptor with an autoinducer analog, wherein the
autoinducer analog is an autoinducer agonist or antagonist. In one embodiment,
the autoinducer analog is an autoinducer-1 (AI1) agonist or antagonist compound.
In another embodiment, the autoinducer analog is an autoinducer-2 (AI2) agonist
or antagonist compound. In a farther embodiment, the autoinducer analog has the
structure



X3 R HN X3 wherein X3 is independently selected from
t he (%roup consisting of HH OH SH OR, SR

WOP@I‘—]I%/, o1 R2, COOR , alkyl, cycloal kyl, al ken;/‘T(ﬂl;gsm03”'025102

al kynyl, aryl, 15 heteroaryl, heteroalicyclic, acyl
group, carbonyl, cyano, nitro43hal ogen, and, adjacent
X3 substituents conbi ned, a cycloalkyl of 3 to 8
carbon atons, a heterocycloal kyl of 3 to 8 nmenbers
conprising carbon atons and frof 1 £38 3heteroatoms
selected fromthe group consisti , S, and 0, and
an aryl or heteroaryl, ring hayj fo 8 nenbers,

wherein R and R2 arejsel ect ed s group
consi sting of H, alkyl|, cycl oa

het eroaryl, carbonyl nd sy

or WD 2004/ 016213 /U

% , aryl,

is 0O to 4

RLH N/ X z X wherein X, L

i ndependent |y sel ected from the¥groug consisting of H,

OH SH OR, SR, NH2, NHRI, NE&iR2, COORI, alkyl,
cycl oal kyl, al kenyl, alkynyl, aryl, heteroaryl,

hetvdemil Ke ysodelectedaftonh thgrgro caatstiogyf H and a0, Xonis selocted from
hal ogen, and, .adj acen X2, and X3 substit yent

co e Sapsisys SRt It % b indepeadeins e agph o te grov
heE&{s?s"Eﬁﬁ%g)??i, o, 9f, SR 8RS WANHBGIR!, MHRR] GODR! CAKAON

atons a Fom’l t'o 6 het’eroatons 'sel ected fromthe

5 gr oysoadlylsalkenylgplioynyh) arg, hetenpaty], hetardalizpclaa, peyl@roup, carbonyl,
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heteroaryl yi,ng havjng. 3 tq,8 ers erein Rl _.an
Ro- g mgy DD, A AR o AT SericE Gybadlfors o
al By-hshof yedmeah kigteroogtiseiyl of Btoys medBefiebaipdisinglcarbon atoms
carbonyl, and sulfonyl; or X3 X3\ X3 |,
and from 1 to 6 heteroatonis selected from the group consisting of N, S, and O,
and an ary! or heteroaryl ring having 3 to 8 members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,

heteroaryl, carbonyl, and sulfonyl, and n is O to 4; or

X3 X3 X,

0 (
M .
R HN
X3
O

wherein X3 is independently selected from the group consisting of H, OH, SH,
OR!, SR!, NH,, NHR!, NR'R?, COOR!, alkyl, cycloalkyl, alkenyl, alkynyl, ary},
heteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro, halogen, and,
adjacent X3 substituents combined, a cycloalkyl of 3 to 8 carbon atoms, a
heterocycloalkyl of 3 to 8 members comprising carbon atoms and from 1 to 6
heteroatoms selected from the group consisting of N, §, and O, and an aryl or
heteroaryl ring having 3 to 8 members, wherein R* and R? are selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, carbonyl, and

sulfonyl, and nis 0 to 4; or



ORH NN X2 wherein X2 and X3 are independently
sel ected fromthe group consisting of H  OH,

I NHR , NR R2, OOOR , alkyl, cycloal B s 1025102
al kenyl, al kynyl, aryl, heteroaryl, heteroalicyclic,
acyl group, carbonyl, cyano, ~fftro, 15 hal ogen, and,
adj acent X2 and X3 substituents conbi ned, a cycl oal kyl
of 3 to 8 carbon atons, a heterocycloal kyl of 3 to 8
menbers conpri sing carbon atons a from1l to 6

S, and 0, and an aryl or X W ringlhaving 3 to
8 nenbers, wherein Rl @nd R2 a - fromthe
group consisting of Hl{lal kyl, ¢ dyl , al kenyl,
aryl, heteroaryl, 20 c&r bonyl , {land sul|f onyl, and
wherein R is sel ect m t e DR oW~ CORSi sting of
OmH2m+1, wherein niXs 1 tdNi4, WO'P004/ 076213

PCT/ US2003/ 025102 -47- wherein pjs 1 to 14, and .~Xs

q wherein q is 1 to 14, X4 is OH W2, or SH and X5 is
H or X4 is Hand X5 is OH 5 NH2, or SH, whereby

SRR . N
o6, M 858l S ALE Do o coisp o 1
t h©IHrSEEe0R , SR eNHL, MEIRE, INR ‘R c0RIcalkyl, cydelitdy alkenyl,

foupd in a,gram negative or _gram positive bacteriu
as 2lksyd rpdcheleTBRy ,ekﬁfﬂakwwgyacgﬂl BIRY> 75 omL FPRs St

5W {RoBeR aﬂ@,satﬁijac'eﬁt RNothatd 2Ihediirent _c@ﬁ:lbi}@%t@acsﬂ{aﬁ@?ﬁ 3 to
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i nvenTion, the autolinducer receptor is LasR ,
RnBRarton aRiths, adfetepocycleellylpFbias mepwetsegompgishigrearbon atoms

it abl : ) g to.
P B | B RSy A 0 afghod TR SEN Sl 0
hoemd 8@ aryl 6r Betercatik AngMaving BX6R rhcigars, aviggrsin B’ leheR” ade

al ., Annu. Rev. Mcrobial. 55:165-199 ag(%'(?oah%@yfhég}ay et
al seleotedh fiom hegrqupsiogsigingRf Horpligd.cgvetaadas ;

Sogj ' ) Washi ngt D.C. (1999),
mﬁ?%ﬁf%f%%aé%r&g’o#ﬁgg%’aﬁd bf/ Irgge?gnce i n(t hei)r

entirety). As used herein, regulatyng may conprise
activating the receptor or inhibiting the receptor.

wherein X, and X3 are independently selected from the group consisting of H,
OH, SH, OR, SR!, NH», NHR', NR!R?, COOR’, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, beteroaryl, heteroalicyclic, acyl group, carbonyl, cyano, nitro,
halogen, and, adjacent X, and X; substituents combined, a cycloalkyl of 3 to 8
carbon atoms, a heterocycloalkyl of 3 to 8 members comprising carbon atoms and
from 1 to 6 heteroatoms selected from the group consisting of N, S, and O, and an
aryl or heteroaryl ring having 3 to 8 members, wherein R' and R? are selected
from the group consisting of H, alky}, cycloalkyl, alkenyl, aryl, heteroaryl,
carbonyl, and sulfonyl, and wherein R is selected from the group consisting of

CiHaoms+1, wherein m is 1 to 14,



[0078] A further aspect of the present invention

ates to a nethod of reqgulating biofilmfornati

WQ’H‘?"g"O}P@t‘%od i nvol ves contacting a cell of an EﬁT/USZO(’mz"mz

organi smw th an autoi nducer anal og as descri bed above
with regard to the method fordkegul ating an
aut oi nducer receptor, whereby biofilmformtion on the
cell is regulated. In one enbodinment of the present
invention, biofilmformation iy inhibited. In another
enbodi nent of the present invenfion, ,biofilm

architecture is nodifie tact \with the
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aut oi nducer anal og. As des§
filmis a conpl ex, polysacgh
t hat protects the bacterial fromboth antibiotics and
the host's |moral and cell-nmedi ated responses. Thus,
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of biofilmformation or the alteration of the biofilm
may result in less infecti@ys bagkerial strains which
woul d be easier targets for kﬁlotl s and host

def enses. [00791 The pre n also relates to
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an organismin a subject. Thi‘sgnethod involves
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[0078] A further aspect of the present invention relates to a method of
regulating biofilm formation. This method involves contacting a cell of an

20  organism with an autoinducer analog as described above with regard to the
method for regulating an autoinducer receptor, whereby biofilm formation on the
cell is regulated. In one embodiment of the present invention, biofilm formation
is inhibited. In another embodiment of the present invention, biofilm architecture
is modified by contact with the autoinducer analog. As described above, the

25  biofilm is a complex, polysaccharide-laden microniche that protects the bacterial

from both antibiotics and the host’s humoral and cell-mediated responses. Thus,



aut oi nducer anal og as descri bed above with regard to
the nethod for regulating an autoi nducer receptor, .
WOHe#81§913% he quor um sensi ng mechani sm of the ofgHHPAF/025102
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[0081] The aforementioned autoinducer analogs and compositions are also

25  usefil in treating an infection in a subject caused by an organism possessing a
quorum sensing mechanism by administering an effective amount of an
autoinducer analog or composition including an autoinducer analog to the subject.
The autoinducer analog or composition can, for example, prevent the
transcriptional activation of virulence factors, such as Elastase A, Elastase B,

30  exotoxin A, pyoverdine, pyocyanin, and other virulence factors, such as those
described in PCT International Publication No. WO 01/85664, which is hereby

incorporated by reference in its entirety. In addition, the autoinducer analog or



where the autoi nducer anal ogs or conpositions are

adm ni stered topically or parenterally, it is
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such as starch and alginic acid; binding agents, such as starch, gelatin, and acacia;

25  and lubricating agents, such as magnesium stearate, stearic acid, and talc. Tablets
may be uncoated or may be coated by known techniques to delay disintegration
and absorption. Inert diluents and carriers which may be used in capsules include,
for example, calcium carbonate, calcium phosphate, and kaolin. Suspensions,
syrups, and elixirs may contain conventional excipients, such as methyl cellulose,

30 tragacanth, sodium alginate; wetting agents, such as lecithin and polyoxyethylene
stearate; and preservatives, such as ethyl-p-hydroxybenzoate. Dosage forms

suitable for parenteral administration include solutions, suspensions, dispersions,



15 an acceptabl e vegetable oil, light liquid
(getrolatunl or other inert oil. [0085] Fluid unit B
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[0086] For parenteral administration, fluid unit dosage forms are prepared

25  utilizing the aforementioned autoinducer analogs or compositions and a sterile
vehicle, water being preferred. The autoinducer analog or composition,
depending on the vehicle and concentration used, can be either suspended or
dissolved in the vehicle. In preparing solutions, the autoinducer analog or
composition can be dissolved in water for injection and filter sterilized before

30  filling into a suitable vial or ampule and sealing. Advantageously, adjuvants, such
as a local anesthetic, preservative, and buffering agents, can be dissolved in the

vehicle. To enhance the stability, the fluid unit dosage form can be frozen after



(e.g., carbapenens). Typically, suitable daily doses
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20 [0089] For topical administration, carriers, such as phospholipid vesicles,
which contain the aforementioned autoinducer analogs or composition may

facilitate uptake through the skin.

[0090] The present invention is further illustrated by the following
examples.
25 EXAMPLES

Example 1 -- Library Synthesis

[0091] In previously reported works, autoinducer analogs were

synthesized individually and modified mainty on the alky side chain of AIl

(Passador et al., J. Bacteriol. 178:5995-6000 (1996); Kline et al., Bioorg. Med.
30  Chem. Leit. 9:3447-3452 (1999), which are hereby incorporated by reference in
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General Synthetic Methods [0093]

3, 4-di hydr o- 2H pyr an- 2- yhnet hoxynet hyl pol ystyrene -
%éi n) was purchased from Novabi ochem CT/U52603/025102

(Laufel fingen, SW). All other_chemcals were 15

purchased from Si gma- Al dri ch'éfz/l"l waukee, W) or Acros.
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|nﬁﬁiﬁé§#@%%%troneter (Shelton, CT). All (Pearson et
al., Proc. Nat'l. Acad. Sci. USA 91:197-201 (1994),
which is hereby incorporated by reference inits
entiret%%;and.Alz (Eberhard et al., Arch. Mcrobiol.
148 ergsalp¥yndwtic 1688ads which is hereby incorporated by
reference in its entirety) were synthesized according

t ol00P3ler at ur B4plilgslar@Fepyramd oethoeg®ethsl dolystyrene (DHP resin)

P 53 hesi.s of T at .

ol s A8 Mo R T Rl VD T BB homen were
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nmo in Cl;%ClZ(Som_, was_ sl owl y _added (COQd )2 ]
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g, [
Scientific Inc. (Sunnyvale, CA). Mass spectra were recorded on a Finnigan
MAT95 XL spectrometer (San Jose, CA). NMR spectra were taken on a Varian
Gemini 300, Inova 400, or Inova 500 MHz spectrometer (Palo Alto, CA). 'H
chemical shifts were referenced to tetramethylsilane (0.00 ppm). *C chemical
shifts were referenced to CDCl; (77.0 ppm). IR spectra were recorded on a
Perkin-Elmer 1760 infrared spectrometer (Shelton, CT). ALl (Pearson et al.,
Proc. Nat’l. Acad. Sci. US4 91:197-201 (1994), which is hereby incorporated by
reference in its entirety) and AI2 (Eberhard et al., Arch. Microbiol. 146:35-40
(1986), which is hereby incorporated by reference in its entirety) were synthesized

according to literature procedures.
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the addition, the tenperature was raised to 0 C, and
the stirring was continued-68r 1 hour. The reaction
m xture was then re-cooled to -78 C, and 10 15
undecenoyl chloride (25 nmmol) was added drop-w se via
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dréoatingifsol hoamn drhmn@mmlatt@amaﬂ@w%-c@?lﬁ@ o178 % and 10-

or Bt 2p app AR AT e Vi ol i AP D The

PUG e s Qfrred ForNMRIOAOR 78, 3CRGH3gs A 01°C26nd 36 Guifutes at
15H), 1.80 (In, 2H), 2.02 (m 2H), 2.64 (s, 21%), 5
3. ©8m( tempeiiure. 4Thesqlycnt yeas yerppvedamgler rgc g@d(pﬁ?ss i and the

5.79 1H) .. 7. ' i .
® aeRghEhebi o8 i DRk e R ioriilhadhedvite
mngﬂ BICi f108 mﬂwgﬁmte'ﬂl-ﬁuédlﬁﬂ\laﬁlz%?_yl_\f:f@ nelol Iaat? llagme (F0@nL). The
nder an argon afnosphere.

unn@]gylﬁﬁ@é’e%wg%@ﬁ %ﬁ:_r&&gég cogﬁenglg%g% g gm%@% The
Thé 2 | ; iSicatione 1 H
10 BN R gl kool o) an 365 Ho0>

( ANBIES (400, MEA0CHIEH) )5 1.28-1.40 (m, 13H), 1.58 (m, 2H), 2.03 (m, 2H), 2.53

(t, J="7Hz, 2H), 3.43 (s, 2H), 4.21 (q, J = 7 Hz, 25), 4.97 (m, 2H), 5.80 (m, 1H).

Ethyl 3,3-ethylenedioxo-13-hydroxy-tridecanoate 2)

[00906] The mixture of (1) (6.270 g, ca. 24.7 mmol), ethylene glycol (13.67
ml., 247 mmol) and a catalytic amount of para-toluenesulfonic acid (p-TsOH)
(475 mg, 2.5 mmol) in benzene (120 mL) was refluxed at 110 °C under an argon
atmosphere overnight. The solvent was removed, and the residue was diluted with

50 mL ethyl acetate. The solution was washed with saturated aqueous NaHCO3



were added to the reaction slowy, and the m xture was
stirred at room tenperature for 1.5 hours. The

WA 0l vent was evaporated under reduced PCT/US2003/025102
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pressure, and the residue was extracted with ethyl
acetate (2 x 100 nL). The ed#bi ned organic | ayers
were washed with brine, then dried over MyS04 and 15
concentrated. The residue was purified by flash

¢ H50 mat)capd dping (Fhekired Bapxganig phaseryas dgied (YleS@ahande

( 5‘%‘6‘& quedgf%&yfﬁhyég% %tgja}l%ngpdof m?ﬁ ﬁ%%eﬂoff’eé(’é%??:?#ﬂ ?H?cmde
%gdﬁdmwag Hed fgr @15 n@:ﬁt reddtion withd®B firther pwriffcation. 21 NMR (400

The overal l

éum GEDCl_a‘l.)Iﬁel lzaab\s@ éﬂhiﬂé)aét@d@%\.%ﬁ 263(ma2H), @ﬁ:mmm,
74 85 G 0. 4R SR DL PR £ B BP0 SR 1D alaa

.S(r:{'@'@?ztﬁfa? édi?s%n?cﬁwwimi’%“%wﬂ fgﬁfﬁmﬁm by “idessods,
73% {Ij : % &hhdTAF m(ﬂﬁ&)()ﬁ‘as B5AsPI0 @g@ﬁuﬁder an

e term nus of e acyl chain.

SOAxgan Riarsphere aBHL- OB (1QA98]7 RLP! I’Emmml)(x@amidﬁﬁrdtdpgwlse via
5.1°g, 5 mmol) was soaked in 50 nmL CH2CL2 for 1 our
Thereit-tht(sgrisgs, The. matursyas simed ht 16 Hse paurs-

SHPSHAIRIOATIL 1 Bl D0 . 1

t efyperadied ® thofeadTon e, addwhe naigiune wammmlm cdomnt h an
30 excess anmount of CH2Cl1l2 and, dri ed under

gi wpe@}wem ipbenrey1 Ebe arapee SORSHONIFYBRYGSC ‘%1 @%ﬁ

-,ml‘%‘ﬁi %‘fgl% nﬁ(l @eﬁm mgh c\%ﬁaﬂ agéét%él stlt(OI% }?lé)d and

h e@bﬁﬂﬁn@i orgmiCldyers e nashal witllhene, dlsinirigd 9 ver MgSO, and

T ncaEPIo ) BRORSS M e PGS AT ooy B B AC
[ 0319%1 99155 ald @ €2 ouR! o, B%n@lf) af 4 LolhTEd 1&1@1dm’lmsmﬂ1essoo

péerformed on 6 well reactor Dl

bmez; Oﬁlﬂli)fﬁel ﬂ@ﬂ 14@\Mm@7H&;rﬂpiﬁJm$2H)nlé78&m 2Kip12-65 (543H)

fn:%aﬁ G, Z,(%'DS?%Z% ﬁhf F/,{,‘% - g%”’m@r ;ﬁpgﬁ_rgl(l?]e%d of

Mhe aBb6 hRRGDE whk 984, WAS 'H @Mﬁﬁ@{aﬁﬁf afintbleailat weke consistent

end-to-end at roomtenperature for 70 hours f
1owabmlpa| litergtyse d@t@ﬁ’@.rqcngi)et al., Proc. Nat'l. Acad. Sci. I}Sgi 5'1 {é){ 901

(1994), which is hereby incorporated by reference in its entirety), except for the

functionalities (olefin or hydroxyl group) newly introduced into the terminus of

the acyl chain.

Solid Phase Reactions

[0098] DHP resin (0.98 mmol/g, 5.1 g, 5 mmo]) was soaked in 50 ml
CH,Cl for 1 hour. Then (2) (2.3 g, 7.28 mmol) and pyridium para-
toluenesulfonate (PPTS) (1.83 g, 7.29 mmol) were added. The mixture was
stitred gently at room temperature for 27 hours. The resin was washed with an

excess amount of CH,Cl, and dried under vacuum to give (3).
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[0101] DHP resin, the internediates (3) and (4) and
sone regesent ative coupling products (5a-d),

i zed by on-resin FT-IR (Figure 8). WT@%H:"MSIM
case, a small amount of dried resin (1-2 ng) was m xed
wi th anhydrous KBr (75 ng) %5 nake a pellet, and
FT-1 R spectroscopy was recorded. 15 D13P resin. IR
(KBr) 3020, 2890, 1644, 1491, 1446, 1237, 1060, 746,
66098 .  ( Rbsimixtyraofd$) (E‘Hh@mmol) and LIOH-H;0 (21 g, 500 mmol)
3, 3-et hyI enedj oxo- ]15’.{ tetr

(131w

ot R T e D MDA 75 0 23 2 g
14@6{%9‘?\238 & aﬁcntg%§ waShBdbwitk ??5&&5@%&% oleifaltr UI'MF, and

di"0%0- tet ra ropyranyl ) oxy 20
trO%C&mndﬂaec(idﬁderlanﬁMBm)glw@Z, 3025, 2927, 1603,
1494, 1454, 1073, 759, 699 cm1l. (Resin bound)

N (g0} et r ahyde @mnalny)hplmgs?m.f@)esbﬂy% nedicoles (Fighned arae

yl)-L- honoseri ne | act one gg Eﬁ% 3372, 3029é h

292@;1“0@;394)11 al%ﬁzwe 1p9ter bipgk by %@@é e 3ol Wiggh g rapupds peeac

( n .5 mmol), DMAP
R?%g {ﬁ?r ah O(f r%%;? I S%/CO%OIS(OeSt Illwlmoe) nnglcog?o Itnﬁo ecano

yl §6.5 tnmdoi- JPnNﬂﬂ (23 aximall, (18 ml@rjheszOr dodewas

(Zgégspwﬁgegéqg)%gé%d ené %o enci!' g'tSrgbm Qéq%eramg zdr 7%%1%11&% tford

2- eg@ﬁgtﬁmgg pyranyl oxy- 3, 3- et hyl enedi oxo-tri decano
yl)- phenol (5¢). IR (KBr) 3366, 3025, 2930, 1682,

15 494, b intéARedif Y (3) 39d M¥Land¥me representative
Sofoaiadt, BaRtredodbimitsed; G 160 bound)

3 cdiplingtpraductly Gpyd) areps chayactrized ﬂomamrﬁ@n FIXIR Eiguae 8hnd

1 by RGBS 55801 e s o

[ O@W&lgf{dxﬁﬁket hgellen Wl FTJRr acirdwopy Wasrecerletior bl ock
was di sassenbl ed and 5 connected to a vacuum li ne.

ThﬁHF%és@n WES (W8S edo wisbh, Fed4at 4, anas N3 10807462662 cm™
CH2C12 to renpve excessive reactants, coupl i ng

&'E% ouAdf fq}@'g%LJt en&ﬁ@i@@y@ie‘ﬁrahyﬁﬁ)ﬁ?ﬂﬁﬂﬁ%ﬂx@as

the resin
( Qmac)camstea(a)iddk (KB 3é@6¢ 0201393 1akB4t W% d42%, dP2%| 758098
was reassenbl ed and rotated at roomtenperature for
30°M nutes. The cl eavage products (6) were

(Resin bound) Lithium 3,3-ethylenedioxo-13-(tetrahydropyranyljoxy-
tridecanoate (4). IR (KBr) 3437, 3025, 2927, 1603, 1494, 1454, 1073, 759, 699

cm'1 .

(Resin bound) N-(13-tetrahydropyranyloxy-3,3-ethylenedioxo-tridecanoyl)-L~
homoserine lactone (5a). IR (KBr) 3372, 3026, 2920, 1784, 1673, 1494, 1454,
1028, 756, 698 cm™.

(Resin bound) 2-(13-tetrahydropyranyloxy-3,3-ethylenedioxo-tridecanoyl)-
1,3,4-thiadiazole (5b). IR (KBr) 3450, 3025, 2920, 1697, 1549, 1494, 1454, 1032,
757, 698 em™.

(Resin bound) 2-(13-tetrahydropyranyloxy-3,3-ethylenedioxo-tridecanoyl)-

phenol (5¢). IR (KBr) 3366, 3025, 2930, 1682, 1533, 1494, 1454, 1031, 749, 697

-1
cm .



10 collected into a 96 deep-well plate. 1 nL CH2C12
was added to each resin to wash off the products into

WO Re4/QEE3ect i on pl ate. The sol vents were evapc}’l‘cél'i“é%}“03"025102

51. zonnecigd tp grggEm lingy)

with a water punp, and the products were dried under
vacuum Four products (6a-d, -§ée below) were
arbitrarily chosen and characterized by 1H NVR and FAB

mass spectronetry to confirmthe formation of the
dedRedy beppd)2-(13-tesrahydropyranyloxy-3,3-ethylenedioxo-tridecanoyl)-

N- (: e
N Gy ialhg té%%@ﬁwsfﬁ‘mﬁ%? SSSE SRR W), LedBOTRIA TSI
NI\/FR46&O]GD2M—12§7 GOCHR) . 7 66 (d J= 5 Hz, 1H), 4.6 (m
1H), 4.48 (t, J= 8 Hz, 4.35 (t, J= 7 Hz, 1H),
4. 461(121]1 1H) .AfferdHe &dis hn@i’@actlcﬁa, e Keﬂ&toxllb‘l))ck %aé&szﬁsfsemglcd and
7 Hz, 211), 2.23 (m HL176m2H) 1.58 (m 2

T WW@&P@W@hﬁdﬁrge amount of DMF

2 (RACT P o By edivg ool Bl B rmaeonts, ud dogied,

di dzpdodudtbThe wléhuilmas m&e@bﬁmighﬂtol dTy(BHé’/ﬁe;me [1aul TRA/H,O
N 00 , 13

%%l was%d?dcmgge ;waea%%%o% LER fqagsembile? 3,

e e s SR S (eoggprddidicq e,

1042 golkected into a 96 deep-well plate. 1 mL CH2012 was added to each resin to wash

C o0frihd BloghHS AT Rikeiiti ey, ThESSGRRF e cRAR sy o

M"&vzat&@ﬁﬂ@) ar®l &e%?oc{u‘éts xfléﬂ): dn&i ﬁ&ie& Sramﬁﬁqi) Fourz)rdcﬁtc(sr(ﬁa- see
1 H% 7,04 (m I(—It
2 1 5:10“@ wWsHe %ﬂramly chosgn and %ltarac 7%&1’(3 fgass

ec&oﬁgﬁg"ﬁ? S?Ig%“ﬁ% Soukyt ?Fﬁ&;&%’z‘i ‘%1% ou rF1 3843304

SO e ST SRAT Fosifrmy e e v

25
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%y‘ﬁy Ngbﬁhﬂe i 6. y1e1ao 118 NMRV(faso m:glamdls) 61768‘(d,y1£5d{z 1H),
Hz4 61(n;,(lHe 448 (th—ﬁ:Ha 1@;4&&1 J 47§4 1%, 432:8 (m 4&1) 3247 G

) ontf 2% G5 11 (9, BPrboR A o 194, {30,810, 18
1 2H),(12Mmh40 (26, 12FDEFABNR IS @ladld forCeHRNERRR 0FHS) 424.2,

found 477.3. Synthesis of 3-oxo0-Cl2-HSL
a%%ﬂgég-.5c12 D12 3, 3-et hyl enedi oxydodecanoi ¢ aci d

2-(13-trifluoroacetoxy-3-oxo-tridecanamido)-1,3,4-thiadiazole (6b). 13.1 mg
was obtained in 67% yield. "H NMR (500 MHz, CDCl;) & 12.76 (s, 1H), 8.82 (s,
1H), 4.33 (t, /=7 Hz, 2H), 3.87 (s, 2H), 2.63 (t, /=7 Hz, 2H), 1.50-1.80 (m, 4H),
1.18-1.22 (broad, 12H); FAB-LRMS calc’d for Ci7HasN304SF; (MH™) 424.1,
found 424.4.

2-(13-trifluoroacetoxy-3-oxo-tridecanamido)-phenol (6¢). 10.4 mg was
obtained in 52% yield. 'H NMR (500 MHz, CDCls) & 9.82 (s, 1H), 8.68 (s, 1H),
7.15 (m, 1H), 7.04 (m, 2H), 6.89 (m, 1H), 4.34 (t, J= 7 Hz, 2 1), 3.64 (s, 2H),
2.42 (t, J= 7 Hz, 2H), 1.76 (m, 2H), 1.56 (m, 2H), 1.20-1.40 (broad, 12H); FAB-
LRMS cale’d for CpHpoNOsF; (MH) 432.2, found 432.4.



10 [01031 A stirred solution of nronoethyl nal onate
(1.26 9.6 mol) in 25 nL anhydrous THE was_co

| WQ%S’O‘W@%Q under an argon atnosphere, and n- BuL]TCTf%%O%:’msmz

M 8 nmL, 20 mmol) was added drop-wi se via an air-tight
syringe. After the addition;3fhe tenperature was
raised to 0 C, and the stirring was continued for 1
hour. The m xture was then re-cooled to -78 C,

and
deéaﬁayﬂnﬂanrqace@ery(&ommd@anamcb)%ﬁ)m@t&gxmayﬁne (6d).

d

ot ARl Bl gh e viel, NI Trod RELE R 08R 5 1m0,
30 gt #S gtz r@gms 2bednes sty eH), By ﬁofaeu{z,wq@ 4.03 (s, 3H),
reaned under reduced ressure and the residue

r e-3c8%SE0i)ed. S61(s, 5 n . 5§t(h)fl a1 e L. 746, 2Dk 5%@1”9&9 1.20-

SNk 86 1P FATLB M e Ty DR, QAR 7 found

Ia;qgry_o,vvas dri ed over MgSO4 and concentrated to give
et hyl 3-oxododecanoate (1.456 g). The crude product
was used for the next reaction. 1H NVR (500 MHz,
CDClS) S 0.88 (t, J=7 Hz, 311), 1.20-1.38 (m 12H)
@ntﬁe@sojiifpx@qyg-ﬂﬂ 88d ftoxo 2 PIZ. 5 Hz, 2H), 3.43 (s,
13C NWR (125 MHz, CDCL13)

536%’0 éf%”@’%’%d"'cﬂﬁ‘”éac 3 4, 28,01, 2014, 29,26,

10 29 [@R13]131. 8, Mirbed bBitidn i inchoethl thbléndte (PAB gD9.6[rhoM in 25
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The m xture of ethyl 3- oxododecanoate (1.456 g, ca.

5
mT@FI) anhyérwy 1&HE wgs gended o2 788 Candersan grgpm pimapsghege, and o-Buli

04 Yy B 459 i T b,

at ﬁﬂ&lﬁbﬁ,rtﬁe tepRFAU@RTas riked B UG rhd Wasstidnpweas cominded for 1
the residue was diluted with 50 nL 30 ethyl acetate.

Th doun | Theimbrture svagdlsag-opplefl e al3iGiaad dsepneylehlordacds044

S g il SUBP DSOSt e e S, ARk s

pu istifrb® fbr B}zie hbash —gRrPaBG p@tud 0(CTR0dBeY EinRs at\dom
2004/ 016213 PCT/ US2003/ 025102 -58 8:1, Ri= 0.21) to

gi vemparsiyre. The-selvepl wartemeovgd el sbsedpreisurg pog theafegéue

D
1. 2000lm#H sématéﬂ fueolds WGHTCO8 25 mL), 2yl bride 650 ﬁr&) ThE organic
4-4.04 4 4.16

Ui B gs cragdhsy MESQH i coaeaglated i iveitin 30 dodetapate

291855 &P Fire cride Sodict -was uégd for ileGhefs réfidtidh. 11-10&1\/& (500 MHz,

169.5. [0105] To a 25 nlL flask were added eth

3, EIBTI&M @ﬁ&d] Fxytbaciia)y d 206l .38 (m, 12H), 1.50-1.68 m, 2H), 2.53 (t, J
= 7.5 Hz, 2H), 3.43 (s, 2H), 4.20 (q, /= 7 Hz, 2H); PC NMR (125 MHz, CDCl)
5 13.975, 13.988, 22.5, 23.4, 28.91, 29.14, 29.26, 29.28, 31.8, 42.9,49.2, 61.2,

167.2,202.9.

[0104] The mixture of ethyl 3-oxododecanoate (1.456 g, ca. 5 mmol),
ethylene glycol (2.78 mL, 50 mmol) and a catalytic amount of p-TsOH (95 mg,
0.5 mmol) in benzene (50 mL) was heated to 110 °C under an argon atmosphere
overnight. The solvent was removed, and the residue was diluted with 50 mL
ethyl acetate. The solution was washed with saturated aqueous NaHCO; (50 mL)
and brine (50 mL), and the organic phase was dried over MgSO4 and
concentrated. The residue was purified by flash chromatography (hexane/EtOAc



(1.131 g, 3.95 mol ), L1OH H20 (840 ng, 20 mml ), THE

(5 nmb),. and water (5 ni). The mixture was stirred

at
WOﬂ@B‘H‘?l{ﬁéﬁper ature overni ght. The solution was PCT0820037025102
acidified by the addition of 1 MHC (50 nL), and
extracted with ethyl acetate383 10 x 50 nlL). The
organic | ayers were conbi ned and washed once with

E’ La'ai‘iw—}r A0 et 35, Sy BR P EHEGF Y BB AL an 1S EY

CoR7S T Srostll el oP L By diib el (MR ABGS O 8 0.58
1. (?2f478& GH) 1216)-1 44 B/ 27K R 1. 75#—9 82 Bn 9 216 (ﬁarﬁHMW‘I 4.04

r B8 166, Tzo! Bo, Ty SONIR 255D BRI 55 226 334,
5 100 72 201 B 45 DOLI0K: B 47,9300 BN 6s Bl RgANHS! ent

erature data report preeviously

0TS0 et e 25 3t AEn EAT g b A ecanoate

Vvhgqmag 8. %%ﬁ@y 1;06DHRO éawﬂlgpm) freial), mme(ﬂ mL),tahdewater (5
entirety). N-(3 oxododecanoyl ) - L- honos ﬁh ?ctone

( 3mbxoT. meqg@ wap|stitrpd pirpor tempgeigiye O¥gIIS 10N Was
ad rﬂuﬂﬁe{%ﬁ %etl}ﬂifﬁﬁ %T 9 Mq-f@le(@ ﬁ)ﬁ}%)o %ﬁ’lfé)@ract(eg %ﬁthr@hyl %c&ate (3

i onoserine [actone rom de

10 MBkY mL)Emae 6ﬂga1:ﬁﬁagers rete mmn)led DARashed 615(@ Xg:,th a:nze The
mrol ), i-Pr2Net (1.1 nmol ) and (5 nm).
Th@gﬁ@a@hmmaﬁdﬁeé(m@d) %Hd 906‘6%@&9%%% ek E

d
P lE LR T8 g B e 2

hmmqmg msw(t; D VEs, AR t.2041eHt (m, IHER hY2-180dmmid),
X 25 nL and ec ined extr
seZ}G% 6% 2801 398H1A (@aﬂﬁa,gl?b m&#@%ﬁd he33

15 { OSBRI BN na%‘*rﬁ'??“ R A A
2 oee? o Kk US%gg%% cggr@% 9 LBl

di at e I SSO

Og&omsl ftﬁhéfbﬂgmdl mt@rg Chemld4:3 BRBIL Mlygm%ahmtg} J.

was adde re.was reflu
£ oBiombe G B4 BAGS QLo e &1 heFRpY S Tated T aBiseede
ﬁl%ﬁ W Bret nd the residue was di ssolved into 25 mL
acet The 5 organic | ayer was washed

20 sequentl al | y W|th saturat ed aqueous NaHCO3 and bri ne,

N-(3-oxododecanoyl)-L-homoserine lactone (3-oxo-Cyz-HSL, Al-1}

[0107] To a 25 mL flask were added 3,3-ethylenedioxydodecanoic acid
(824 mg, 3.2 mmol), L-homoserine lactone hydrobromide (1.135 g, 6.2 mmol),
EDC (1.198 g, 6.2 mmol), DMAP (0.756 g, 6.2 mmol), i-PrNEt (1.1 mL, 6.3

25  mmol) and DMF (5mL). The reaction was stirred at room temperature overnight.
DMF was removed under reduced préssure, and the residue was re-dissolved into
1 M HCI (25 mL). The aqueous solution was extracted with ethyl acetate (3 x 25
mL), and the combined extracts were washed sequentially with saturated aqueous
NaHCO; and brine. The organic phase was dried (MgSO4) and concentrated to

30  give approximately 1 g crude intermediate.



then dried (MgSO4) and concentrated to give the pure

product (741 ng, 2.49 mol) in 86%yield. |R.-(KBr
W03229‘8016219‘21 1782, 1712, 1642, 1549, 1179, 101"&@%‘?5”2

- "H NMR (CDC13, 500 MHz) 6 0.88 (t, J= 7.2 Hz, 3H)
1.20-1.38 (broad, 12H), 1.5052-65 (m 2H), 2.20- 2 30
(m 1H) 2.54 (t, J= 7.2 Hz, 2H), 2.72-2.84 10(m
1H), 3.47 (s, 4.24-4.32 (m 111 448(t

Hz (01, 4 éﬂwcﬁ%ave(merms@ﬂe( o7 48 dlﬁSOWm

29%4}’?%@.’8@% G ﬁ%ﬁ?ﬁh@%ﬁz %é.- 5y e o

65 The rdi@fiwdwad Eflulled AW3. € for B0 hblVE T lacétond wiis removed under
C16H2704N (M 297.1935, found 297.1940. 15

N- fedused prEstiyelaad foreridrewys Jiselvadontodicahatiisd acetate. The

3- t
5 by opic s Voo (ROt} Vg AR AERNE RalfCa: 18 prine,
ob tlasnrieitd f((MPBO,) ai&macammnw@mx o proyubt (ﬂzﬂll mg,l 2d¢9
Fl ash chromat ogr a Et OAc) gave 3-0x0-C, 2- in
E harel BHER - BOUCHg 3205 2R st 1%1@4%?4%&(179 1b17

eng{n if Cﬁﬂt’?l %O@%@%g ?(, %ﬁz %2 . g.@g road,
form’ ﬁ(w%r) 3274, : % Y1652, 1% , 1564 gbm;
1HIBHB 1(500.65 iz 2HD082.36 (0, 88),(254 37+ 72 Hig, 2H3H).72-2.84

107 é@, %Hi% {72& éﬁb’mﬂé 4558 ( |ﬂ§)1?;§)ggt ?72}52 fgz"ggg%g 46 (m,
13@&1@67( by wﬁ%%&ﬁﬁ égﬁl\ﬁﬁﬁgg% chi® d¥ag s, 234,

2428.8928).94, 229.6229. 29’,@.931]3 329, 337, Z814,28. 931558 1845 2,75 0, 206.3;

S S N R )

Enol form IR(KBr) 2921, 2853, 1668, 1452, 1040 cm;
1HNI\/R(500M—|Z CDC13)6088(t J=7.5 Hz, 3H,

1.16-1.60 (in, 18H), 1.75 (m H)200224](_1%5‘9
15 3, %(tt(amy—z roaaacﬁol(em@{mxodg,dqggmy@zde J3-oz0+4G y HSE-I3EY)

(s, ; 13C NWR (125 MHz, CDC13)

61@111 2.7,23he sasegrozadu@e £9.th pepPAMiowoBAl-2 vasaisah . 33 mg

i e ¢ Bt bty B5atod perie
2981221 Dlfromafd @W/(Eﬁﬁ&é}%al?@ldﬁ%ﬁ%{mm% theGf¥tone form (23
SRR ol hor Sbused o o U3 e Bl B 7 o
R T e R o
( aMi4, ICHENG 88 (Bdrbas &zl FHEVIsIE-1.40 (nh@6H)i1\vs8r(wi, fz.}&),or 72
RO S o0 8!8 en, 271, 2.53 t, 7= 7.5, 2H), 3.35 (m, 1H), 3.43 (s, 2H), 3.67
(m, 1H), 7.19(d, J =5 Hz, 1H); C NMR (125 MHz, CDCl) § 14.1, 22.6, 23.3,
23.9,24.5, 28.9,29.21, 29.31, 29.34, 31.2, 31.8, 34.2, 44.0, 48.3, 55.7, 75.2,

25  167.3,207.5; EI-HRMS cale’d for CisHssOsN (M) 311.2455, found 311.2463.
Enol form: IR (KBr) 2921, 2853, 1668, 1452, 1040 cm™; 'H NMR (500 MHz,
CDCls) 6 0.88 (t, J= 7.5 Hz, 3H), 1.16-1.60 (m, 18H), 1.75 (m, 2H), 2.00-2.24 (m
4H), 3.25 (m, 1H), 3.84 (m, 1H), 5.02 (d, J=2 Hz), 5.60 (s, 1H); *C NMR (125
MHz, CDCls) & 14.1, 22.7, 23.2, 23.4, 27.3, 28.9, 29.27, 29.33, 29.44, 31.5, 31.9,

30 32.2,36.8,54.2,82.7,97.4,166.1, 167.8; EI-HRMS calc’d for C1gH3; 0N (M-

H,0) 293.2349, found 293.2357.



Kievit et at, Appl. Environ. Mcrobiol. 67:865-1873
(2001), whi ch i's hereby incorporated by reference i

WO 084/MA#Br et y). Since this strain |acks the a9 WSS?O?:‘&BSIOZ

produce natural Als due to disruption of both Al

synt hase genes, activation of60kasR relies on the
addi tion of exogenous Al 1. Expression ofgfp (encoding
green 10 fluorescent protein) is under control of the
LasR-Al'l induci ble | ast pronoter, allowing rapid
screening for LasR agonists by neasuring the |evel of
G-Exasnge 8 ssildhrany Scresningforsegomdsts G-P Reporter Assays
15 [0111] The procedure of screening and bi ol ogi cal

lar 1 : KL
(RITHOTE: &1 Dernigerhy o TRRFbRP e PG Ruvato rask
Letgag %ﬁnduc%cﬁﬁﬂ‘?gﬁ %21@111&;3 PAOVRD ¢Chasi, $hﬂ]Dﬂiz§l’6bhng plar?mld plasi-

i ncor rat ed y reference inits entlretyz and

5r epiesiaeif/ Sow e Besharalglweki ﬁtbfé@i Uﬁ'é‘feéSI yrof Rochester) (de

SERBESE AR GOV S e

I Nnémoparake ty 26fcieyice B ity ity rSmcteSthﬁrthatre]hyﬁs the abihty to
har bor| ng pl asl-LVAgfp (Pearsqgn et al Proc

Ac Ripdueg patugab Algque; tiqmafdeth Al synthasegepss, @qﬂya’aon of

I n
5085 o 00d b 1S s M1 SRR i

10 ag élnpsascen&gmﬁ@m) is amda\mmholgbﬁth@ LbsRrAd ! watkicible daskpiomoter,

an and transferred.to well.s .,of ~ el |
o1 TR b Siree B SR HRRLER A Bl i A BRoH
ade@}emwthgﬂ redéncéhe final concentration of each
anal’'og tested was roughly 400 M although this is an
overestimate due to purity issues. Cells were then

i ncubated for 6 hours at 37 C with vigorous shaking.

GFR:mx 5.0, WAS detected with a Ml ecular | nmager
(Bi oRa‘S%J 2488 nm exci tation and 695 nm bandpass

lslajlé%&i)f a(r:]SI tur %g&{f\ag@%ég%\%%%}nﬂrg%&?@ %%ﬁca? | zZe agam%@gto that
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pepesisd by Klmeee bl (Kbmnseétta), By R0QALOWEZitBal Chemistry Letters,

ST AT T

SU arl r% Bdreslive s@m\@ewhb@@ P, P, aeﬂ!gﬂk&h lstrhi PRYO-32 s,

and di ted 1: 100 he sanme nedi a. mL of this

c u rler(éiabm Cﬁd]de‘@flemge as& @&&9 190189 mhﬂg heeby feorporated
0 37 BB tinut SRl RRREhASYRLE) bRl IUASE R N

Acad. Sei. USA 91:197-201 (1994), which is hereby incorporated by reference in
its entirety) was grown at 37 °C in LB with 300 pg/ml carbenicillin. For agonist
assays, an overnight culture was diluted to an ODggo 0f 0.1 and transferred to wells
of a 96-well plate on which test compounds had previously been added and dried.
The final concentration of each analog tested was roughly 400 pM, although this
is an overestimate due to purity issues. Cells were then incubated for 6 hours at
37 °C with vigorous shaking. GFP expression was detected with a Molecular
Imager (BioRad) (488 nm excitation and 695 nm bandpass filter) and quantified
with ImageQuant software. The ODggp of cultures was determined to normalize

GFP expression fo cell density.



i ncubation at 30 C, (3-gal actosidase activity was
deternined using standard nethods (Platt et al

- WORMMIE2I3f the | ac operon Enzymes In: Experi maii€U§203/025102
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Mol ecul ar Genetics, Cold Sprlng Har bor Laboratory
Press, Cold Spring Harbor, 16 Rew York, pp. 352-355
(1972), which is hereby incorporated by reference in
its entirety). Results [0113] Results of screening
are shown in Figure 5. Three strong agonists 15 (D11,
D12, H3) and two weaker agonists (O 1, E 1) were
pﬂ@é@ﬁﬂwﬂﬁ’ﬂﬁﬁﬂ$lbrary The correspondlng unconjugated
am nes were assayed and no agpnlst activity

o8E}ed, i rﬁducebtstraﬂg Mif4 (BKBE 3 Ehupnetios/ e t"For

i vjt t h § |
wkintyetay Rt oh Lf B B AGANIG G ah e Bl L3f0
' Mhi Hfne thidig.al ¥n]§§fﬂﬁls buMuBs waé addeatds @ltest itk sosteinfrier A tbr
the reliability of the assay systemas 20 wel| as th
Ao pour

aﬁsoxm@udhl?t ﬂ:at hf;dw@emﬂf digupisd aad drgd Fellowngs
t {
R PriR G SO Atvity I it i BRilaals

VGhathdsTPladet bD, .@‘s&ﬂs’ of'¥Ré RicpbroadrizyRes B: Expdromdrisinl y
inactive due to t y-lactamrjng structure (SwhlcpI
Pring arbor

k Hdolecrier G@Z%&rqfcgld iSwiag Hagbog baberatrsy Petss dyold
SSSPS lon 70, PR LAS eih ahsthron

wﬁnafef[ﬁrence of the oxygen substitution with

hydr ophobic interactions between the inducer and
LasR. Gl2, which has the HSL am de bond replaced with
an ester, is also inactive. This indicates that the
amdgyoroup is required for activity in P.

aer ugl nosa. This data is supported by the recent TraR-

g{! R&ﬁﬁ@&@écr&tn HERRFishews T‘E‘@J ﬂr&@ agonists
reSI e cons

erved I n 30in a h%dro gen bond

vv| i1 e, I-BH) mhtwo vgaa&qmgomﬁtss{%wél weerwrﬁs% %m@ﬂ@m

P na@'g%t@%%n onjﬁg u? BT%% W filhaglgl glév\%gmgtnacnwty was

ztdﬂd&*féﬂ Qlﬁl,lbfﬁﬁ@tﬂlé Fﬂ? Ic:;fleiiﬂ 18 drhieial ﬁoi_?_ ﬁatwty RrAong ths three strong
am noc C o exano i gur r

acﬁgg@:@ﬁqﬂ qugifs Wstegqeag)@?q %pn@i@? 1) X}@p&a%ﬁgmﬁﬁgd in the

| ;ﬁiﬁﬁrgr%gan E@'émgfédn‘ﬁjoi YThis Bt Thé Péhaﬂi‘?ilt}%f‘ﬂl'l@ Ssdab @fstem as

at this position, such as conpounds
Akﬁelbamothths%umhomﬂm i @Htmmﬁgatms af fhed emeintihef the agyl side

ZP ; esdoes not%}nrer e}'euvrw a,fgoen&}gtuarc §\rM Itnperestmglys ﬁ)l 1 taHr? ngl,
compounds very similar to D11, were not active. B11 is likely inactive due to the
y-lactam ring structure (which is known to be nearly inactive (Passador et al., J
Bacteriol. 178:5995-6000 (1996), which is hereby incorporated by reference in its
entirety)) and interference of the oxygen substitution with hydrophobic
interactions between the inducer and LasR. G12, which has the HSL amide bond
replaced with an ester, is also inactive. This indicates that the amino group is
required for activity in P. geruginosa. This data is supported by the recent TraR-
3-0x0-Cg-HSL crystal structure that shows Asp70 (a residue conserved in LasR)
in a hydrogen () bond with the HSL amino group. This putative H bond cannot

be maintained by compound G12.



mmcs the carbonyl group of HSL which participates in
a hydrogen bond in the TraR crystal structure

wth
WQ 8P y conserved residue Trp57; and (2) tH Trifs2003/025102

cycl ohexane ring mmcs the saturated ring structure
of HSL, presumably presentind2 appropri ate hydrophobi c
contacts to LasR 3-o0x0-Cl2-D12, containi ng 10 the

nat ural side chain, was synthesized, in

t
ano[oﬂe‘gt ed wiQne af¢hengwh agomsistugures idest) %F‘é o ot%ﬁf@u parg D12,

[ h
AP e o T i e i
andzromnindd i2sis alehdg Impenpat f@ractigiy eince sioniGir Imdewesa:hat lack the

e FSEAED o 5350 B SOBS o KPR St o vy

51 n%{&&gﬁ%g%?ysﬁﬂs%%mcmIf&am%?waﬁtm ety the BBtdHodd

these r ter genes were activated in the presence of
C o n:nmnbs thé\lcarbonyligtmeﬁiSL Didch irtieipatedin a hydrogen bond in the

SRR e 5 RN A R, ThRSLENS)

pr nybﬁﬁécaﬁé HeP thifiésA80 Suratdinting élﬁlcﬁ@@GfHSL,apzhsmnathy in
P. aeruginosa is LasR dependent. [Q115] The second

st @anmpﬁa@xﬁmﬂb@ @mpacts tg Lask Pregir (eI containing
derthe\./ ﬁ JT\éPS t(lé: I%Lﬂ[ﬁ %&%%&nth s% gﬁ hgé% é@s%wﬁ%bot}n the

qU|no dev rvati ves suc
an da@%ﬁ; Sﬁpgﬂ&&ts&v&]h@ia IahB l@mﬁrepoﬂﬁsn BkchdRichinctcolin . coli strain

5- - th [ [ [ t at
3 G ahonias sl BT cifiestes ok -BubRaah sbhier
augg%h@ duieRied BY hedsRseu danagna . aui-pabrper ataakt 4005,

Figure 1) it appears that it may exert its agonl st i
actBaﬂtargpl Wii78:50R5-6008 (6 welyich BEheredg itpspaseisd byrelfrenee i its

155 iR, TG Fipert repadbelly Wt bEAEFin e e dREoFhtrol
USA 9 Gir 316439 3 T2 Fih89 9), demobiedting Shah eliie hyonist has LasR

ncorporated by reference in its entiret
It hda& loin ety Corepasable e thelrﬂaaifﬁlaéﬂ ﬁ'tﬁﬁﬁo é%?é’!é%g Stivee &idence
f
%& R RBE R A i P LR i ook MR e o e Pt e
| - gf rd r
( QLY |20 P A8 LRt Bhe bBorit A AEEAL MR is g quinoline

OI n (ﬂeﬁeatid'eQFigaﬁet 5R)y. dimhpdarison of HE witlestheropiindlineaksRyvatives in the

25
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O BB A R Ces PR 2 B B O
a%ﬁ&él bP4E %%&0@@4]H§%@9§t€ gg&;@z Smc@:}ﬂ\@ia@esaéoﬁib structural

identi1fied. "Al'though both c&qr(ripounds exhi bi t ed
detfeatmb mhlaev@bsambmdm GR ﬁxwqurgas quipeilene signal (PQS,

IEFl A Il ?1% a\ﬁfera?s %agin 'ﬂfa'y%%&% I1t ago racﬁw%pwgt B 19&25% athway.
PQS has been shown to strongly induce #AII, and mildly induce both lasR and
#hIR, but not JasI (Pesci et al., Proc. Natl Acad. Sci. US4 96:11229-11234 (1999),
which is hereby incorporated by reference in its entirety). However, these studies
were done in a lasR null background and might be drastically different in the
presence of LasR. A PQS analog discovered in experiments activated the lasl-gfp
reporter in strain PAO-JP2 (plasl-LVAgfp), suggesting that PQS may be able to
induce the lasI promoter in the presence of LasR. Other protein(s) involved in

PQS signaling have not yet been identified. Two weaker agonists, C11 and E11,



agoni sts found in the library. It should be noted that
3-0x0-C6-Cl1 was not active in V. fischeri

reporter
WOP8HH01838ays (Schaefer et al., J. Bacteriol. FPCT/US2003/025102
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178:2897-2901 5 (1996), which_is hereby incorporated
by reference in its entiretyP3- Exanple 3 -- Library
Screening for Antagonists [0116] Each conmpound in the

L%ﬁ%gr it #ﬁgpﬁgﬁ nls %@ﬁﬁlv'a¥5§m%%g9wﬁ§gf
. Jé]ét % tge v1t1es]vper§ &Wﬂéﬁnﬂﬂﬁrf& Baglthe other three

, IS hereby incorporated by
r e:fgenxsmfeundrmﬂnesmﬁm rIe slgp)lld e hatedithed Brpiim%scl Ihwes not active

E:r%gl (I’jlfgg nggrtegﬁg%g%%%%gﬁgSg@dgeégg% (gegacten%: H@?@?Oﬁbm
eac%fﬁ:ﬁﬁfo %he?%ﬁng?i%]o?giﬁ%y fehénck iitAbhtiress. added to

ion wi'th the library conpound.
The fl uorescence/ OD600 of each 15 conpound conpeting
agai nst All vvas reported relative to the

m;:f il ncf @g,og‘é,{eg{.m r fEAddnRs POTLIG ope

LVA
Nplﬁ’liﬁld Lo NP ST TR W S g BBl
Ir g.g%{glttfﬁf? éagﬁé]?ggﬂﬁ‘r SBaH, Pﬂd;‘yl’ggw&fv Ag@h (@Q%VM/B’( a., Appl.
t rﬁwoan&fafg@hnofétﬁé’ o 75 (L) cih Pl sy

e{‘er%]%e 1191% éﬁ@%tg)/ 5%113 e tnEpcﬁﬁHs ot SRS E&hﬁ‘é‘te BbARst r}fﬂ and

nt of a hydroxyl
c &I‘ebm)em‘ﬁ d@ressmnpﬁﬂnsdlyéthcgisomﬁ thetviatte as dascaibed isExemple 2

b&a@%@accept og;ﬁay ;?:,gep 0Si &&&&ﬁ theagﬂstgge%%l ﬁuEnts
ut%&%{d/:ﬂé{%ﬂﬁﬁﬂ thé hb n%a&ﬁ{d st oY sc@ice Dot esg d
or

or car oxya 25 Structurally simlar
c anpguondd catinpétingiagginsnhll was ltenertgb@iattﬁvg tp e Togeaseence/ ODewo

sub tuents re
v é I H%qﬁggt @gﬁﬁ%ﬁ{iﬁ%mhey h asgsreg%dpl Y‘Wﬁ]@]ﬁ%ﬁﬁt}’z&‘@ 2TP2
H]@fhlf ey \%’d us8d QH@pbﬂtl@@Ot&%@W@@ MAID ald 19 pdOpI2.
O an mai ntain the putative H pbond

i rﬁghmmmndmetrmbwa@rem@ﬁr FngRxession b dregiss then 50%
t uni ef g f\gﬁl Nature 417:971-974
(2‘6@5)1 ﬁsee y 0 |ncorporat ed by reference

in_i entir actin .

T B T T o e
t herRREGLY athiOft &m&eéﬂéﬁhﬁé BadMa é’[@lﬂﬂ/o@ixﬁ%lﬁlbsutuent of a
PCT/ US2003/ 025102 -64 1, D12, C i,

El

( Fisgluoxyl5Byboxlysmidigyer mfr}slal gioupayhich sam et 48 %eliﬁndra"@‘?%%'
The position of these substituents seems important, and depends on the particular
substituent, i.e., ortho for hydroxyl or pyridyl aud ortho/meta for carboxyamide.
Structurally similar compounds differing only in the position of these substituents,
E10 and G10 (Figure 6), were inactive. This indicates that the hydroxyl group in
D10 and H10, the pyridyl group in G9, and the carbonyl group in C10 and F10
maintain the putative H bond interaction observed between TraR Trp57 and the 4.
tumefaciens Al (Zhang et al., Nature 417:971-974 (2002), which is hereby
incorporated by reference in its entirety) by acting as H bond acceptors. The

importance of the putative H bond is consistent with the observation that agonists



WO30p446213e and H bond acceptor dictates the a
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adj acent to the am no group. It was concl uded,
therefore, that the conbination of an aniline .
GBS0y 025102
activity of this set of nolecules. 5 Exanple 4 --
3- 0xo-C z- (2- am nophenol) anddcs- (2-am no- phenol)
Anal ysis [0118] Since D10 (2-am nophenol) was the

b Ehb 3 e S L B gt i houd agpopios grove
t[);agija%ﬁpce Qh% 20001 gf% uPI w8 bohdmel B eteRTal thitahe omibingion of

was used for Turther studies. 3 10 oxo-Cl12-D10 was
s yamt dmslénezstchiciume sl Hitbood agsisatos diokdtes the priasonist peYitsolfals set
chafin wa coupled with D10 and purified by

Yﬂ'ﬁ?saphy. To deternine if the same structural

notif can be applied to inhibition of the RolR Al 2
interaction, C4-D 0 was al so synthesized. Assays
were performed with both the |lasl-agfp. reporter .
PAEXaympledyt- és?thﬂg(ﬂm‘m&ﬁEhﬁ%le‘h&AI(%‘aE%?' Benol)Analysis
rhil-gfp reporter, PAG-3P2 15 (prhll-LVAgfp) (Figures
| G131 (de KBisos D18(2-aminopheisl) wenipesERpleN M epigpmong the

67: 865-1873 (2004)... Whi ' i

R E AR il By e pRRRLPRER R Db

aSFRhise bqardnfxy shiedsaturard ciagl DA0 ivan usehbn dether studies. 3-

i nhi bi_tion 0 GFP expressi on ]g%aelg%q%-%o-m%-ﬁlo .

r eael-Cizrig 1§ Fran pieseizA% feIajuti RikeS gtyre hedgird sific spain was

i e y _

cf%“%%%’f‘@%b ?gsa%% Eﬁ}%m%?%gtf 8 alp%%) ¥ ?e%??’a*ﬁgﬁ _ﬁe Sile

r ediichirdnmotdf GEPeegplicdde inhibibpn 31 thed MR 2A2DaEragtign.FsB10
b d with.t hl | - - gf t Ei |

B S ATy el FR] Y o A epot?

i nPAbLIP@Ctp%&ng%iﬁmﬂ 2BAYIR A D@ PN &BEHIG gpatpditer, \RAO-TP2

3-oxo- Cl2- ) ese results suggested that . .
3- xbI-EMA Db Figures 1A ide Kiryilsphaks 41?53- Fmpion; Hsroiok

el et

- NOThé faki-piitrepditdragday cleanp skeovesdomgoricandirat iwnidegendeat inhibition of
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?ﬁ:ﬁgé ,%ggr%g%)r? gjt;]—p,, ﬁﬁ\}[ 3?9%? eﬁ% \Ib: §é§h tglg% ég}:itrgtai%aﬁe gz |68 nd 90%
of {e(‘ceigcfeﬁb%eoff Ol prBRRANS the Hiditi&0081 iR doyuaoved G19.D10,

on their “expression. (0119] To further confirm
t hespduiivellyyFiafral (8o -AC orpreduasion pé €1FP; exarasgion By 3-0x0-Cra-

i 5 b R YR RIS, 1 B

SR M e s ermmiatgnens asooiin e
presence of 50 uM 3-~0x0-Cy2-D10. These results suggested that 3-0x0-C13-D10 is
a strong and specific inhibitor of QS, so assays of specific QS controlled virulence
factors were pursued, as discussed below. C4-D10 did not inhibit #Al-gfp
expression, indicating that C+-D10 does not antagonize the RhIR-AI2 interaction
(Figure 10C). This compound was also tested in virulence factor assays, but

consistently showed no effect on their expression.

10119] To further confirm the ability of 3-0x0-Cj2-D10 to specifically
interfere with QS controlled gene expression, its ability to reduce expression of

elastase, pyocyanin, and biofilm, three P. aeruginosa virulence factors controlled



-65 by @S, was tested (de Kievit et al., Sci. Med.
.. Nov/Dec:42-50 (1999), which is hereby incorporated b
WOPENERGe in its entirety). Pyocyanin, el astd<d/USp025102
biofilm were assayed as previously described (Snmth
et al., Chem Biol. 10:81-89-63603), which is hereby
i ncorporated by reference in its entirety). Elastase
activity 5 produced b aerugi_nosa_in the &r}esenc_e

of DX, v AT bt o b Nov Dpd2aB s rkich s

i . 3 t ‘ .
R g B PR By Bl IR 2,BL AR BB it
10-wkEHasgged-as posvh i@ criled (Sedth et bhsCiase Riak i 038148919003),
i .50% wh i ng .agai, Al and
S RBb b ronmed a5 orBet B BB gt el
5 anpﬁ_ﬂiraeé@@y 2l s8utRINERAd PreSdRE bRAAS %ﬁtéo‘[{:ﬂﬂeﬁng éslb%%@gmo

by wild type P. aeruginosa strain PAO (Figure )
Thawge deteynined by mtiaswring breakdo @ nef theGUstbite Fiastin Glongo Red.

oo e P LM iR P arpinn TR, 20 1 BRE RO R D reduce
I ntRithey &5vith bl ab@s)x%t@l?mvmh@ﬁc@@wng&@mgsj @ AI1 and 10
of 3-0x0-Cl2-D10 for its effect

[0120] Further testin ) - ]
on UM 8E srIpHed sxqg@a@eﬁgrr (Figire  1.09.c $bis ratrepmistralgp fedaced 1

C i ﬁ%g Lt it

10 py%%;g/i[g% ar?l;‘:é)}irf%guctl on fyﬂgﬁlﬁg a%%lé%ﬁéﬁgs hﬁ&ﬁ%(é?ﬁ#%lrﬂg)'
PATkese(résudfs irelidaAt&hat THoixs-C il 1Oanlebitd éladtadetproduction by P.
necessary to.interfere.wth both LasR. and RhlR .
{ UACHERRSH AT Pa%wﬁ%&d?}ﬂgﬂ?lﬁ AEs @aﬁﬁfﬁ%mmw%&gﬁ&m‘:ﬁﬂy
Pr RAGEdbORith [4) ]coﬁmlédcggﬁé SfgrbdAassays were al so
performed with 3-oxo-Cl12-D10 20 (Figures 12A-E). In

P , for ' ir@f i | 1 Ve .
or DaalE L of " ClenateRne B oxp AT A IRERELER: gy o
15 3- produicar iDpserted rabigees { bCRADD) PPhis poropernidredsinehable to

With s (Figure 12C),, hiofihn,f t] was [ I
ot fead B o tntion b Rinech AP e 1 7] $¥Ad
3- @igreh 2DP1 Ohidiiadibts thet iefsimetessaryitd teif@t With both LasR and
formation by wild type PAOL cells (Figures 12D and E).

HoRB\Refunction inypederdp sieniticapiluinhibit pgyamn pradestionn
bi of i | m mor phol o%y, resulting in a biofilm that
1 ]:0

gpﬂﬂalbd " f | Sty biofitmeasestys wete alsa mfgmedrvﬁﬂtﬂ-pmﬁimbéﬁ
20 2Rk LT, Rl M RBAST KB 08 ARLEEAL 50 52

Di presegise oficxdPen®ib28ls (RiguekflRal 20tB)s Wilhdiedogo-SRHGUE0 GRis

to enerﬁtg a library of Al analogs _has been .

Y. RHAONE inicomkmaging Py MeiFigire 2 Oahiofln frgpatign was

ang;ohapefhahced rather than inhibited. Similarly, 3-0x0-C2-D10 did not interfere
with biofilm formation by wild type PAOT1 cells (Figures 12D and E). However,

25  the molecule clearly had an effect on biofilm morphology, resulting in a biofilm
that appeared “fluffy”. Therefore, although inhibition of biofilm formation was

not observed, the molecule had some impact on biofilm architecture.

Example 5 -~ Discussion

30 [0122} An efficient synthetic sequence to generate a library of All analogs
has been developed. Additional analog libraries can be easily and rapidly



WD 2004/ 016213 PCT/ US2003/ 025102 -66 synthesi zed and
screened.for activity, based on the above description.

WORWERWERY of the initial library identified 52003/625102

agoni sts that follow the sane trend as previously

di scovered structures, allow-f§-the concl usion that

the HSL keto group and saturated carbons on the ring
are involved in the interactjon_between the 5 inducer
andypihsreedmasdscresngd for agtiviyn bsed entheghone dessritipny Screening

st et BRrapO Aeidy R RIRE QPRI LRI
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al., EMBO J, 21:4393-4401(2002),. whjch are, here
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discovery of séveral new analogs that activate or inhibit QS provides a significant
advancement in the understanding of the LasR~AlIl interaction. This results in
alternative therapeutic options for the treatment of chronic P. aeruginosa and

other bacterial infections.

Example 6 -- Antagonists Found From a Focused Library Based on the
Agonists

[0125] A library of P. aeruginosa autoinducer analogs with variation
targeted to the homoserine lactone (HSL) moiety was synthesized (see Examples
1-5) and a new agonist, 3-0xo0-Ciz2-(2-aminocyclohexanol), capable of activating

LasR as a transcription factor was discovered. Two sets of focused libraries
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W%{@é&ﬁc@gggieﬁﬁ@tﬁf a Pseudononas aerugi nosa quorum
sensing nol ecule. ‘submitted for publication, which

are hereby incorporated by reference in their
N-(trans-2-hydroxycyclopentyl)-3-oxododecanamide (2)
[0127] To a solution of 3,3-ethylenedioxydodecanoic acid (55 mg, 0.213
mmol) (Pearson et al., Proc. Natl Acad. Sci. USA 91:197-201 (1994); Buetal,
Synthetic agonists of a Pseudomonas aeruginosa quoruim sensing molecule.
submitted for publication, which are hereby incorporated by reference in their
entirety) and frans-2-amino-cyclopentanol hydrochloride (35 mg, 0.256 mimol,
purchased from Aldrich, 52,586-3) in anhydrous DMF (2 mL) was added
successively EDC (49 mg, 0.256 mmol), DMAP (32 mg, 0.256 mmol), and i-
Pr;NEt (45 pL, 0.256 mmol) at room temperature. The mixture was stirred for 18
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T Sy sl ko G % P8 7 ) 599 - 1.5

02 1688 5, 185, Ve (B MECDCL) 5 14.1, 21.1, 22.6, 27.6, 28.9, 29.24,
29.29,29.42, 30.66, 30.69, 31.8, 36.6, 57.3, 87.8, 98.2, 165.6, 168.7; EI-HRMS
cale’d for Cy7HaeOsN (M-H,0) 279.2193, found 279.2197.

N-(2-oxocyclopentyl)-3-oxododecanamide (1)

[0128] Oxalyl chloride (42.5 pL, 0.486 mmol) in 1 mL anhydrous CH,Cl,
was cooled to —78 °C under an argon atmosphere, and anhydrous DMSO (69 pL,

0.974 mmol) was added via a syringe. The mixture was stirred for 2 minutes, 2
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g/(m afl gl 1 Mhe sl BRocoARE as MeTyRthdsi} of 1 was peitfedmedf except
thoa)t/ Irrfms-z—aﬁ(? rc]:?clf)l?gx?noll h?fdl('o}é%lro)nde was used instead of trans-2-
amino-cyclopentanol hydrochloride. Column chromatography of the crude
product gave 4 in the ketone form (23 mg, 0.074 mmol, R¢= 0.29) and enol form

25 (11 mg, 0.035 mmol, R¢= 0.17) in a total of 51% yield. Ketone form: IR (XKBr)
3274, 2927, 1715, 1652, 1617, 1564 cm™; "H NMR (500 MHz, CDCl;) 6 0.88 (t, J
= 7.5 Hz, 3H), 1.18-1.40 (m, 16H), 1.58 (m, 2H), 1.72 (m, 2H), 1.90-2.10 {(m, 2H),
2.53 (t, J=17.5, 2H), 3.35 (m, 1H), 3.43 (s, 2I), 3.67 (m, 1H), 7.19 (4, /=5 Hz,
1H); *C (125 MHz, CDCL) 8 14.1, 22.6, 23.3, 23.9, 24.5, 28.9, 29.21, 29.31,

30  29.34,31.2, 31.8,34.2, 44.0, 48.3, 55.7, 75.2, 167.3, 207.5; EI-HRMS calc’d for

C1sH330sN (MY 311.2455, found 311.2463. Enol form: IR (KBr) 2921, 2853,
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The procedure for the preparation of C4-HSL was used
for this series of nolecules. The EDC nedi at ed
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(KBr) 3284, 2960, 1643, 1567, 1058 cnil;'H NMR (500

[0131] The procedure for the preparation of C4-HSL was used for this
series of molecules. The EDC-mediated coupling of butyric acid and trans-2-
amino-cyclopentanol or frans-2-amino-cyclohexanol afforded 6 in 66% yield or 8
25  in 82% yield. 6: IR (KBr) 3284, 2960, 1643, 1567, 1058 cm™; "H NMR (500
MHz, CDCL) 6 0.952 (t, J= 7.5 Hz, 3H), 1.40-1.50 {m, 1H), 1.60-1.74 (m, 4H),
1.75-1.82 (m, 1H), 1.96-2.08 (m, 1H), 2.08-2.18 (m, 1H), 2.19 (t, /=7 Hz, 2H),
3.80-3.86 (m, 1H), 3.92-4.00 (m, 1H), 4.90 (s, 1H), 6.28 (s, 11); C (125 MHz,
CDCl) 8 13.6, 19.0, 21.1, 30.0, 32.3, 38.0, 60.5, 79.5, 175.3; EI-HRMS calc’d for
30 CoHi70:N (M) 171.1254, found 171.1257. 8: IR (KBr) 3294, 2930, 1638, 1567,
1086, 1072 con™; "H NMR (500 MHz, CDC1L): 0.952 (t, J=7.5 Hz, 3H), 1.15-
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|ncubat| on of 1 hour, 200 pl of cell culture was
added to individual wells of a 96 well plate 25

cont ai ni.n ropriate gmount of test conpound(s).
20p) = Reperer Gang 3555

[0133] Reporter strains were grown overnight in LB plus 300 pg/ml

carbenicillin at 37°C and diluted to an ODgy 0 0.1. Following an incubation of 1
hour, 200 pl of cell culture was added to individual wells of a 96 well plate

25 - containing appropriate amount of test compound(s). Plates were incubated for 6
hours and then scanned for fluorescence emission with a Molecular Imager
(488nm excitation and 695nm bandpass filter). Fluorescence was quantified with

ImageQuant software.
[0134] Using the PAO-JP2 (plasI-LVAgfp) reporter strain, activity of the

30  3-0xo0-Cjz molecules, All, and 1-4 was tested. Strong QS induction by All was
evidenced by the high GFP signal observed at as low as 1 pM of AIl (Figures
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aminocyclopentanone (1 and 5) and 2-aminocyclohexanone (3 and 7) have a keto

group, they would better mimic the HSL structure than the 2-aminocyclopentanol
(2 and 6) and 2-aminocyclohexanol (4 and 8). In fact, in the rAl circuit the ketone
derivates were better agonists of AI2 than the alcohol derivatives. This is also
consistent with the crystal structure of the TraR-3-ox0-Cg HSL complex which
shows the ketone participating in an H bond. Presumably, an alcohol substitution
could maintain the H bond, but less efficient binding would be expected. The
results for the Al analogs, however, do not fit this pattern. In the las circuit, 2-
aminocyclohexanol 4 was the strongest agonist, 2-aminocyclopentanone 1 was a

weak agonist, and 2-aminocyclohexanone 3 had no agonist activity. Thus, based
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NaﬂA’cad Sci. US4 92:1490 94 (199

reference in its entirety). These results indicate that both molecules bind LasR

, which 18 hereby incorporated by

and prevent it from being activated by AIl. This view is supported by the
compounds’ inability to inhibit GFP expression when the las] promoter is
replaced with a Jac promoter in strain PAO-JP2 (pTdK-GFP) (de Kievit et al,
Appl. Environ. Microbiol. 67:1865-1873 (2001), which is hereby incorporated by
reference in its entirety). It should also be noted that cell growth was not affected
by the addition of 2 or 3 at concentrations up to 400 pM. Thus, it appears that

compounds 2 and 3 act as specific inhibitors of QS controlled promoters.
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ter wa ater .than..tha
it esREA depenf i BRo s B hP R e AL gy e
apRYrbRSHeE Rlaoldofilatdd by LasR-All, inhibition of rAll-gfp in the presence
of 3 is likely due to inhibition of LasR-ATl dependent activation of 4R

expression. This then translates into reduced activation of RhIR-AI2 dependent

rhll-gfp expression, It is also possible, however, that 3 directly interacts with
RhIR and prevents Al2 binding, since All is able to act as an antagonist against
RhIR and prevent binding by AI2 (Pesci et al., J. Bacteriol. 179:3127-3132
(1997), which is hereby incorporated by reference in its entirety). The AI2 analog
with the same ring structure as compound 3 (compound 7, 2-
aminocyclohexanone) is a strong agonist of RhIR. This supports the speculation
that 3 could enter the Al binding site of RhiR and antagonize the RhiIR-A12
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causes serious tissue dana%e in chronic lung
Immunol. Med. Microbiol. 25:313-321 (1999), which is hereby incorporated by

reference in its entirety).

25 [0142] For the pyocyanin assay, cells were grown overnight in LB then
washed in fresh media and diluted to an ODggo 0f 0.05. This culture was grown
for 3—4 hours to mid-log phase (ODggo 0f 0.3-0.5), then diluted to an ODgg of
0.05, and aliquoted to test tubes containing an appropriate amount oftest
compound(s). Following 18 hours of growth, pyocyanin was extracted from

30 filtered culture supernatants and quantified using standard methods (Essar et al., J.
Bacteriol. 172:884-900 (1990), which is hereby incorporated by reference in its

entirety).
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25  proteases that might be present in culture supernatants (Figures 16D and E)
{Caballero et al., Aralytical Biochem. 290:330-337 (2001), which is hereby
incorporated by reference in its entirety). The control experiment showed that 5
uM AIl and 10 pM AI2 were required for consistent induction of elastase B
activity in PAO-JP2. At 50 uM 3, clastase activity was reduced to 60% ofthe

30  positive control level (Figure 16D). When the same assay was performed on wild
type P. aeruginosa, elastase activity was reduced to 30% of the control level in the '

presence of 100 pM 3 (Figure 16E). These results indicate that 3 likely inhibits



i ncubation of 1001 of filtered culture supernatant
-wth 5 nmg Elastin Congo Red substrate and 1]@1%9{2 0’139
037025102

WOMHPPRS )1 7.2 1 M CaCl2 for 6 hours at 37
~agitation. Elastase B activity is represented by the

OD495 of the enzyne assay 20~ BF1 owi ng reaction
guenching with EDTA and centrifugation to renove

cUPRE B PREresie bingh e e o R PR pBatcbeerved

hOWBVEHoTRIEXGIERRIS GHHNRIRRYESEE cHRHSwRISIREH nd. Eigﬁﬁczﬁlt
colorinmetric assay was conducted using Elastin

Gongo
Re dffmn lostelastags asitvitytprodusiod by eéhbrpstr@me@@lraa:lﬁﬁ/an@/ﬁj Since 2
om nan e.to El astase B and not ot her
SROE AP o e RR Rt PR irafieion 1R 3, fuure

5sug@ﬂﬁgf@ag@15(dfélg@hgs 16D and E) (Caballero et al.,

Anal ytical Biochem 290:330-337 (2001), which is
hereby incorporated by reference in its entirety).
The control experinment showed that 5 MAIIl and 10 gM

'élﬁx%fe Wg%‘ﬁ%ﬁ?@flﬁl‘:ﬂ%ﬁw ent induction of elastase

50 gM 3, el astase activity
Waﬁ]lgtgguced V%Os/ e eﬁc@%&%%&&&oﬁﬂ:\ﬁg’fﬁ # aenlz ez‘a’o%a
( Frgur

16D) . e Saie assay was or e

W indectiopnpi die iR @A §d BidSEn gﬁiv&ﬁt(Sﬁ@h%ﬁ aIL dere\ms 762-764
reduced to 30% of the control level in presence

10 of (Z080); frgnkard gldle J\@G’E)e ~1eald4p é%QﬂZt)»sWhlﬁla peediegeivhat 3

i ﬁl%!)l?()féﬂgﬁ B fe?ermeziﬁ%ﬂoé@@g% Pﬁ%ﬁﬂ?ﬁg ngé@a?cﬁé@ oloriy/dF

el ast ase B expressi on I't1ion was "not
asbhatermmgostetl Haim blesievrdimdnd angfhedpanimmeepeseascory a

o stete ol GlacRR e SR OIA0OR b Al Bt PRL NG, 540979
( F(zgoorasvhlcﬁﬁs aBELLR)incoShdraied By r&Bﬁ%@mWﬁ?éﬁ@ﬁ'etyﬁ ebichéigpment

pyocyani n and el astase - productl on than future

- s igdiearg dd QSgroatrgliesh and dispphiapioé Qﬁohasbeet ghova to '
B' aidaﬂxﬁﬂe%%%@aﬁck%go@n dREIOEmloft @ABRE R (el 380.205.208
chroni ¢ nature o aeru

|nos |nfect|ons | S due
paflo98)o Wi eff dll, Migrabialnl 4751 10GHL 148 (2001 )NBirthef et al., Chem, & Biol.

407; - 0 (.2000),: kard et, at, . Nat
4 1R85 87T Th0n et Sipionty Ho R BN B e Bty
r elf’z%{/ﬁ{ﬂibﬁ dfMid 8 froRat bdrtindds toBleQf éHB.Ileﬂg% SifcAtdARBRG T

colony of Dbacteria protected from bi ocide treatnment

20 arkiofilie colosies hamprosen edporehedilicdlt. secret ed

25

30

pol ysaccharide matrix (O Toole et at, Annu. Rev.
M [@ié6li ol . STodPoRsl 3 (2OBBYed fwhitcéfiics ohbiodiy development in a

d g@ﬁ%ﬁk@%@ hgt%ocrnkesf at the o ely spages of 5i0 him? r\tﬁa’tmn The static
biofilm assay is a simple yet reliable method to monitor QS-controlled steps of
biofilm formation (de Kevit et al., Appl. Environ. Microbiol. 67:1865-1873
(2001), which is bereby incorporated by reference in its entirety). Cells (strain
PAO-JP2 (pTdK-GFP) (de Kevit et al., Appl. Environ. Microbiol. 67:1865-1873
(2001), which is hereby incorporated by reference in its entirety), which contains a
constitutively expressed GFP construct for visualization by scanning confocal
laser microscopy) were grown in M9 media (47.7 mM Na,HP,+7H,0, 21.7 mM
KH,POq4, 8.6 mM NaCl, 18.7 mM NH4Cl, 0.5% casamino acids, 11.1 mM
glucose, 1 mM MgSOy) plus carbenicillin (300 pg/mli) overnight, washed, and re-
suspended to an ODggg 0f 0.05, grown to mid-log phase, then diluted to an ODeoo
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i s hereby incorporated by_referenée inits entirety)

whil8k T ont ai i RAQIRE prioindpeesyniBais ekt grpn did not form a
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aser m croscopy) were
10 Na2BRéncBHI Als pliis B, bidide AtRRn ws. compldtelyOrhibita] (Fighve 174,
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VWaghethnoduhibiBductrsReRdRded. Olrdibitid PO iofilnd fimatieh SVhe wild

to md-log phase, then diluted to an_ QD60

0 WD
20 typectsin] BARGT(PIISEoGEP piFiane 1 7B gvasless ohwiougfut Hgsrewas a
Pl SRS oo AL Bt Bt o

15t h&heebévecesuipiskadd adiitieed cejdphdeatat cofipbtud B sntesferes with QS
grom at 37 Cwith shaking faqr 30 m nutes, and then
o) Rishalia apdsriotenhoprogiton ol manriit PEIER B0 hour .
Coverslips were then rinsed and placed on 5 slides for
vi sual i zati on usi ng an MRC1024 Laser Scanni ng
M croscope (BioRad) wth a N kon Fluor-60X oil
emixample bbi-diseussiomens (NA=1.4), 488nm Argon Laser
and OG515 filter. [0147] The PAO JP2 aut oi nducer
syfdhi®$e knodkostudssdgsaibgd dn Bsamples 18 viddied sqvayal new

| Al dded (Fi 1ZA) . VW i 3 i .
A R AR P 0.8 Byt s,
f OfERE trRlecURS atOdiiicRirgilyreldidy Rl dacldlothli: alrceonbéAnds iaght

panel ). The sane assay was run with strain PAC 1
( padcommy ketprgronp adjacent to the amino group that connects to the 3-0x0-Crz

side chain, and also have six- or five-membered ring structures. A particularly
intriguing discovery was that a very subtle change of the agonist 4 makes it an
25  antagonist; the hydroxyl group to ketone (3), saturated ring to unsaturated benzene

ring (3-0x0-Ci2-D10), and six-membered ring to five (2).

[0149] Despite the structural similarity of antagonists, the observed
activities were different. 3-0x0-Ci-(2-aminocyclohexanone) 3 (Figure 18), nearly
completely inhibited pyocyanin and biofilm, strongly inhibited both reporter

30  genes, and moderately inhibited elastase activity. However, 3-0x0-Cy2-D10
(Figure 18), found from the library screening, showed very good inhibition of the



exogenous autoi nducers were added. |nhibition of
biofilmformation in the wild type strain, P . :

WOGHKOHBP) (Figure 17B), was | ess obvi ous, blﬁ'%grtjrﬂ%ng:’msmz
was a noticeable difference in biofilmnorphol ogy
when grown in the presence of 78: 15 The above results
provi de additional evidence that conpound 3 interferes
with QS signaling and reduces the production of

i mprpottangenes (stipagre shanaBrasd snoderaierphibitian of elpstass BEingn
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the am no group that connects to the 3-oxo-Cl2 side
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25 2@ RARY AhG hriy iebdrodoehey kegillanony protelos fhenéiny the level of
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( 3agfktion of @fgg;enean"amg O FHPATR & iﬂrﬁ@e?l’écgr%ofe@j“?“ld be
[ 01398 oPRSAERHBR 15 ilHiGEbh Arnd ifdkédch b¥twRlen the capacity of
antagonists, the observe activities were different.
10 3- eadh-Ghiho(id wnihhibityspedifie vamene) fagtoffhgweeer18 ess gear-| If is

B
| NhiPi 4.6h-8l,351 Rafd BGh cWhirast, d WRKATisrupt tB¥ Dadil-A Difteraction.
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Veﬂ%e@ﬁw@ thewhil eaulncansstillhe apiivated gy@tboagh the las regulon is
PCT/ - .
CTLlRIRRREPARE el BRI AEeanogacha, pongermitae
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clear that the effect of %S transcription factors is .
de patudehbinding of A& tBIIR bl %pvsmarresest inguly 4-doldisacess (Kline
af fjni of ronpt er,. .
o o ol 08 IBTTAR o SNSRI iR A Bport
20 ITEB& Hﬁ%}l‘é@iﬂtﬂ@ l%nﬁféé’yv?dlq Afpar@ellyj ?&ﬂéﬁg’ﬂﬁfn—ﬁ&ﬂbi@llmhe same site
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oRS G b0 SE e BE 146 TR IR Ror e AP PYIeq EpRrTe
DeL WGP tsH firsGHRAL HIL Windille SRE Dr GRAMMAUR tnd RHIKINTRA s

speci fTc virulence tactors, wever, 1s less clear. |t
i s supported by the finding that Cy-(2-aminocylcohexanone) is a strong agonist of

A2, and 3 is a strong antagonist of AIl1 (Stoith et al., Chemistry & Biology 10:81-

25 89 (2003), which is hereby incorporated by reference in its entirety). It appears
that 3 may also antagonize the RhIR-AI2 interaction. This is a plausible
hypothesis, since this compound inhibited all the virulence factors tested. Since
the genes encoding elastase, pyocyanin, and biofilm are controlled by both LasR-
All and RhIR-AI2, it is likely that both R-proteins need to be effected to see the

30  strong inhibition observed in the presence of 3.

[0151] In contrast, both 3-0x0-C5-D10 and 2 inhibited the reporter genes

but were less effective at inhibiting virulence factors. It is suspected that these



proposed that it is due to the ability of 3 to
ant agoni ze both LasR-All and Rh1R- Al 2. 3-o0x0-Cl

2-D10
WORAR4/HA6213y contrast, can only disrupt the LasRGA(}2003/025102
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interaction. Therefore, the rhl regulon can still be
activated even though the |as8®egulon is

significantly inhibited, resulting in induction of

virul ence factors. Evidence 15 supporting this . .
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of AIl (Smth et al., Chemstry & Biology 10:8
( 2oayinoshipehddleionstralpy. Dawiss powlasrediSiner patlchayeshown that
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R-proteins need to be effected to see t

i rdfngadly disrapbsearmebbipfilmh develomuenicatioigB it chiks Thmbletely
(oo! .I:pfﬁ)t.d bot h_3-0x0-Cl12-D10 and 2 inhibited the

r epo er %lgjn gmatﬂ)% were |less effective at inhibiting
virul ence factors. It is suspected that these WO
2004/ 016213 PCT/ US2003/ 025102 -80 two conpounds

eljcit their_effects, through LasR al one, and do not
i m&&-t Retexmipationglthe Chirgliiy of 8d and Copapounds 2-4
observation that neither C4-(2- am noc t anol)

|
(SHRT et ~alThe rgnaii 4 ad asamingitodwnd 8 (Bigumdl §) 200ayynthesized
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activate Rl R it ens.l.ess. likely that the sanme .

a 6390683%%%& thgt 83?&3%1@1 i5IBEF iR MOERY g poqRarily true

RthdR thé bt ofidiaBshifiah& antagonists bear the same chirality to All or that
either chirality has greater activity. This is a particularly interesting issue for

antagonists. Thus, both L-and D-forms (S- and R-configurations of the 2-amino
carbon center) of each molecule were synthesized. Moreover, in 2 and 4, there are
cis and trans geometry of the aminoalcohol’s stereochemistry. Thus, the cis

molecules were synthesized as well.

[0154] The chemistry was very straightforward. The highly
enantioselective epoxidation catalysts developed by Jacobsen were used (Figure

19). The remaining procedures are known in the literature (Jacobsen, dcc. Chem.



[0152] Additional support for this hypothesis that
conmpound 3-0x0-Cl2- D 10 can inhibit.LasR but not Rh}R
C'lrgrsz(ms 025102
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aerugi nosa | ast deletion strains. Davies et al. and
Sauer et al. have shown that 8last nutant P. aerugi nosa
are still able to forma biofilmbut maturation into
the proper biofilmnorphology is altered (WIson et

alRes. 33(6)421-43 1nG20A0), BHicksy Berpby incorppodes by mderanceds its

al ... J. Bacteriqgl ., 184: 1 ' :
bt At TseRAtty AT 38 s fHed U Bt e,
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nor mal bi ofi | m devel opnent, al t hough it cannot ;

c BAD-P2 (wfasiTaRpBin), endriperPEBed R cgeéw.lbeé@gﬁﬁ fo dptermine the
Det er.ni nat.i Lrall Al and Conpounds 2-4
[@%%%‘ftafﬁageﬁa%g%% %%tﬁlgy%égcgrﬁogégﬁﬁ%ts 2 and 3 (Figure

18) were synthesized 20 in racemc m xtures. Although
HSL in Al | is known to be the natural L-form based on

AL e RSB BT
i nactive. MfslpbexaneandCyelopentansSEeleton (rue  that
thg1ss(nt het irg i@g eRudpie ARE n‘glirat&%spm sheghaas id teeeapanded

chiralfity to All or that er chirality has greater

adasad dnythe BtriguiesofR vdi3: Theyrthssis ofithe Berebnyil] keprafarged

25 antagoni sts. Thus. . bo - ando:
RER SR TR art e el Skt A B Bidickcibod i Figure 2.
eqHR I RGULELNE koupjabesita de aniho georgr connectidg dred3-dxo-
there are  cis and trans ge rretr¥, of the_am.no ,

Ko oRige Baigraidisdiehiner ud the qubstihions P8 theristw ] b

Vel engyit hesi zed as wel|. [0154] The chem stry was

very s%(r'ai ghtforward. The highly 30 enanti osel ective

e i dation -
CHPA | 05 PR B RSB b op el At gt ed
t Renihddcpclahenene (I beolkswied Aith thaveiminn® el Ve Ca-side

PCT/ US2003/ 102 81 Res. 33(6):421-431 . i£h

| ShRB Bt %fg} RaBeATS i b PR ?‘éﬁﬁg@%ﬁ PR fha s
Orf AL 56 85 sl iaRMYEnedlh HRbmpRSI SoHtdeeshZiBekell Fithe choice
D- honoserine, and coupled with the 3-o0xo0-Cl2-side

¢ lediinmledRém dylteonativelya s ragsintg forrecandye ysed b scapen antagonist

PAO- J.P2 sl -4 VAgf 0 oA
By Ll e o A e R ATRE o8 Syl fhnocns
a@ffisyiutiyn phaseaBEMEOITP Qe dlefixeiliieanxidized tofeppaids, which fives

| as Ant agoni st Focused _Li braries. Based OP t he .
the blanching point material. Nucleophilic substifution of various organometallic

alkyl and aryl groups or Lewis acid aided substitutions of various nucleophiles
will yield various molecules in the library. Oxidation of the resulting molecules
by Dess-Martin reagent will convert the corresponding ketones. The individual
molecules can also be synthesized in solution phase, although such synthesis is
more laborious but still feasible for smaller collections of molecules. Similarly,
the same library construction can be performed for cyclopentane derivatives,

starting from 3-amino-cyclopentene.

[0157] The individual molecules will be tested using the las reporter to
determine the agonist or antagonist activities for the las circuit (for antagonist

assays, 1 uM ATl will be used for competition). Once hits are identified, these



Cycl ohexane and Cycl opent ane Skel eton [0155] In this

exanple, the library of |las antagonists is tq. b
WO&?B&E‘&%‘& 10 based on the structure of 2 and P§.T?[ﬁ% 03/025102

synthesis of the library will be performed based on

the previously devel oped sol r§2phase approach
described in Figure 2. The hydroxyl or keto group

adj acent to the am no Qraup, conpecti t he_3- oxo- )
c1zn<§miesaaaitﬂe%q fe-sprat @5@1 IPﬁPfieétPnaﬁ%?et Aefurther evaluation. The
subshibduits @S@;g {a8teli I #ion 3¢ the A bi.ffétﬁéjushlﬂg'stg[e Pia8horter.

To diversi nmol ecul ar structures in the |l brary
badfndinddg rterdmntnganipis) thaewdhbe tasted foethen gffbedmitftence
th% resin-i. bilized 3-o0xo0-Cl3-side chain (Figure

20 ?‘?torf-ngrhl BOAEESe is conmercially available in

both Rand S_ forns, s that the results. obtained i 2
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Olsfielde bl S 1B ik Pof THRE oSS BpGilO TG R PR
to screen antagonist 20 structure, and then the
enahbripesubstihtbd kgfione (Figunn20Bh whik aise be yastddesi zed by

means of solution phase chem stry. The olefin will be
oxi di zed to epoxide, which gives the blanching point

mat eri al . Nucl eophilic substitution of various

or gaafiRé #4-l Bxpadtibil lof AB-8%LC, JLIBHASY Basddeom 3-agfihéiphenol or

10ai ded substi ioihicP Amiige BakifAies nucl eophiles will
yield various nolecules in the library. Oxidation of
t

hd0¥8%ul ti ndt hasibeew AetsrmpigedsihatdoxoWae-DIA if maerpntesithan 3
ron il S R AP B e B o Sl 1Pt R ggoonive
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st Pt B R b of Pepelicd SR Bro e aiad orto-

15 Pe AP HERGs b titufedCIrRRRE (PiBEreda A V A10! @fpansDhdtiing GizkAMNbe
3-am no-cycl opent ene. 30 [ 0157] The i ndi vi dual
o kxsswined (Kigyde 2d8)t est ed using the las reporter to
determ ne the agoni st or antagonist activities for the
| 20160t cui t Becausantmugher sf aniliss agscommptciilly aniilabld ghe

us for co tition). hits are identified, ,these
W AR T oo iy Rl moleles Agpin Sither
t heslidghak € aswTtib@agi2Z@tholutiof ghateiRhglhw3ia-if@iobillideder
eval uation. The nolecules will also be tested for, .

20 ndicarbof Bnidsrrepgrat fq eprey ercthe coupdinggan he upsdy Thegsmaming

ygp{chaﬁgkg;@?ggglgggdgsgﬁ HosLs. they will be tested

err ect on virulence factor and
bi of i | mpr oducti on. -

Example 15 -- Synthesis and Screening of Libraries for the r/zl Quorum
Sensing Circuit

25  [0161] Although the las circuit is the master regulatory system for QS, the
above results indicate that the inhibition of both circuits may be critical to shut
down the entire QS system to see the same effectiveness as the genetic knockout
QS strains. This working hypothesis leads to the construction of a library for the

rhl circuit, i.e. Cs-side chain library.

30 [0162] = Unfortunately, the molecules in the Cs-focused library constructed

in Figure 13 did not antagonize the #Al QS circuit. However, the studies shown in



5 [0158] In addition to the conpetitive inhibitors

' -above, discovery suicide knhibitors.j
wc?ﬁ@%%’?fsd Therefore, the epoxide nol ecul e as %#@Séa@smsmz
the <chlorine-substituted ketone (Figure 20B) w |

al so be tested. Exanple 14--- E&pansu on of the
3-0x0-C12 Library Based on 2-am nophenol or 10 G her

Aniline_ Derivatives, [0159] It has been det t hat
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bejpssafl. ThepigiBirdighGut REQBRGUWaR bb Barie8 oBRFR a@Snists and
deécrl ed above. Exarrgl 15 -- Synthesis and Screeni n
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sho in WD Zf&i‘?gé 016213 PCT/ US2003/ 025102 -83 Figure
140 HPLOskP FRYSri cr oenvi ronment in the
aut oi nducer binding sites of |lasR and RhIR i,s

s| [URT y di f Aihepgh prefredembedapenthavihiven Aenieied aud described
that %&Bﬂ% éﬁ,t Mol balk I%{I@ﬁfetﬁ st BRlie AR (RO PEEAR bA TRt RBdous

not o ant ag Rhl1R strongly. Thus it is
20 nemedifmatjorspaddiieis; gdistittdions, land thedikeznad bs apasierwithout depfuting

from the spirit of the invention and these are therefore considered to-be within the

scope of the invention as defined in the claims which follow.



5 antagonists. To this end, a C4-library simlar to
the original 3-oxo-Cl2-library (Figure 4) has been
constructed. The synthesis of such a library is
acconpl i shed by coupling various amnes with butyric
chl ori de under aqueous basic conditions or anhydrous
DVAP- Et 3N condi tions. [0163] &l gh throughput screening
can be carried out for ag8hists and 10 antagonists
using the rid reporter. For the antagonist assay, | M
Aflaiggd 10 M Al't can be used to conpete for the
rhl-controlled G-P expression, since this
concentration likely mmcs well, the wild-type

s'r?t u‘g??%?’}n "F@T’@ﬂﬁ“gt@ﬁ&@agw’ﬁihamg &ﬁrﬁrﬁﬁgﬁl st activity
fromthe library are identified, the double

ant agoni st conpeting conditions using 3-o0xo-Cl2-D10
and the C4 15 antagoni st in tb@ preggnce of Al and
Al2 can be used. The ability f oNatrenits e

circuits. [0165] Althgugh preferred nboélnents have
been depicted and desgki bed # Merein, it wll
be apparent to thoge skithe el evant art that
various 20 nodifications, addi ubstitutions,
and the like can be made withofft de@grting fromthe
spirit of the invention and tHese aré therefore
considered to be within the scope of the invention as
d ef mhextin X i heleatedafiors thatsionh consistiogpt i) ang@HKpis gefected from

S By %5 OF JERARBRIE R £l oy

|s s@smﬁcfﬂ,r@msfﬁé) Rjr SRIpNBo AR NRGR 0 COQRaradksbH, X2
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of J:jqan@*ﬂ;trcﬁlﬂalo @-H_, ancfSEdJaceMH% shbdﬁtqenthlﬁbﬁﬁmetﬂmlqaﬂaﬂ &hA to
cycl oa) kyl en het er oar
h)e/t éF%Jg?’%/%?}B? gﬂgyﬁl Pfé fo %P%%‘?ﬁ? Sonprisig Larbon atoms

and fom 1 to 6 heteroatoms selected from the group consisting of N, 8, and G,

and an aryl or heteroaryl ring having 3 to 8 members, wherein R! and R? are
selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, aryl,

heteroaryl, carbonyl, and sulfonyl and n is 0 to 4; and wherein R is selected from
the group counsisting of CnHame, whereinm is 1 to 14,

2. The autoinducer agonist or antagonist according to claim 1, wherein the autoinducer
is produced by an organism selected from the group consisting of Pseudomonas
aeruginosa, Aeromonas hydrophilia, Aeromonas  salmonicida,  Yersinia
pseudotuberculosis, Helicobacter pylori, Agrobacterium tumefaciens, Vibrio fischeri,
Vibrio harveyi, Erwinia carotovora, Rhizobium leguminosarum, Rhodobacter

sphaeroides, and Escherichia coli.

3. The autoinducer agonist or antagonist according to claim 2, wherein the autoinducer

is a Pseudomonas aeruginosa autoinducer.



cyano, nitro, hal ogen, and, adjacent X3 substituents
conbi ned, a cycloalkyl of 3 to 8 carbon atons, a

het er ocycl oal kyl of 3 to 8 nenbers conprising carbon
atons and from1l to 6 heteroatons selected fromthe
group consisting of N, S, and O, and an aryl or
heteroaryl ring having 3 to 8 nenbers, wherein R and
R2 are selected fromthe @soup consisting of H,

al kyl', cycloal kyl, alkenyl, aryl, heteroaryl,

carbonyl and sulfonyl and n is O to 4; and mhereln R

i & sel edhe @UINgHEer (38BN FUPTAEONST SCPHEIEOP TP Ay herein the

wher ei o domonast Rrthosd autdif@icaUt SdIEMACHRIm @ﬁ%%tﬁ}t coRfisting of
ant agoni st accordlb&ﬁ}o claim1, wherein t

aut oi nd(iGetxodpdscane d@amwmsﬁac&n@a’}’rb%%og@ éerp%ﬂ?er lastpne,
t he gqu@gggﬁ§u§5yﬁquflﬂ§g&gononas aer ugi nosa,

Aer ononas hydr ophi | ieronnnas sal noni ci da, Yersinia
pseudot uber cul osi s, Fbllcobacter pylori, Agrobacterium

t uef aciyg Nwoidubdrl feohist ©F Qbdagonisy! Edr@ink a6 Vi@atn, 4,E6brBinathe
carotovora, Rhizobiumleg un1nosaru odobact er

sphaer dieHsEmongs JaEUTRASE | %‘Fﬁ"&i‘“i"(‘jl ip N-g-oxpedeganogh-hogmeperine
agoni stjadpeant agoni st according to claim?2, wherein
t he autoinducer 1is a Pseudonbnas aerugi nosa

aut oi nducer. 85 4. The autoi nducer agoni st or

ant agoni st according to claim 3, wherein the
Pseudononas aer ugi nosa aut oi nducer is selected from
the group consisting of

N- ( 3- oxododecanoyl ) - L- honoseri ne | act one,

N- but yl oyl - L- honpserine | actone, and

2- heptyl - 3- hydr oxy- 4- qui nol one. 5. The aut oi nducer
agoni st or antagoni st according to claim4, wherein
the Pseudonobnas aerugi nosa autoi nducer is

N- ( 3- oxododecanoyl ) - L- honpbserine | actone.



