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Lay Abstract
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Abstract

As antimicrobial,stanidatrandce e@an onleinft sr dtoes bact e
ineffective. Adéedboet hspthbeerntforafactions and d
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Anti biotics and Antibiotic Resistance

Al t hough they can wusually be treated with ine
respongihel é7c0fasrl 6§ on-adij s1& Wyieldirtsy fge o BBhdge in 20
infections are most -tdvpegaéenphyhogessdibygl ddi h

grobdpt ¢€ér ococ cSusapfhayd micwhicaulss iaailr leaAspinreaitmona atee r

baumagPsneuwdomonas akamduegriosbpascetieers) , whi ch often ¢
to ant?Abtomicsobi al resistance (AMR) was the
2019, and has steadi I3yAMR1 corcecausresd \ohvgemr e lspaacstd & rdi ea

acquire factors that cause antibacterials to

infections.

There are multiple classes of antibactYérials
One of the ol dest armd améosamswi deahy bused hel ass e
binding proteins (PBPs), essenti al enzymes in
Ot her classes of antibi dtikey, sltiekpes dglny pempdp tdio
bi osynthesis, while newer antibiotics |ike th

Ansamycins targeS$SewRdNAalsyanltdheses of anti bioti cs

targeting the 30S (aminoglycosides, tetracycl
streptogramins) ribosomal subunits. These <cl a
producerdo d®drygariicsms during microbial cempetitic
synthetics, synthetic compounds based on natu
antibacterials |ike sulfonamides, quinolones,
relication, and protein synthesis, respectivel
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Sulfonamides p-lactams Chloramphenicols Tetracyclines
Sulfamethoxazole Penicillin Chloramphenicol Tetracychine
H Ho-_ ¢ OH i " b o
o) o] ~0 P
s N Yy >EN 7 o cl /OL %@l ° O
= 3 J ; = ~ = & = NH,
Weslta Yo o Yy PRRC A
1930s 1940s
Aminoglycosides Macrolides Streptogramins Ansamycins
Streptomycin Erythromycin Pristinamycin Rifamycin
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o | oH - X
d’? “ i/\/L OH N QV
oy O N PEN
e " | S
HZN’L\NQN : QN\?{O m
HA J\ \/"N_H ) o
H,NNH, J*\HJS_N
HO- ¢y
Ne=f
1950s
Glycopeptides Quinolones Oxazolidinones Lipopeptides
Vancomycin Ciprofioxacin Linezolid Daptomycin
\/ _( o o o . NH,
on .,, FMOH O(jg\l W o
= N oL~ Sy J;rp
TNH H 0 oEHZO L/ H)_O H@ A \g = it o }N" o O rﬁ\ﬂ HN o
N N N '2
H " R T i N \,N\J\NL Qm
N /[ “~oH M\g g ! H O Ao
?/ //‘L_/{NH O\O Mo HN oH
HO/\I (o HZN‘/ y INH " Hn:go\g
Do i
CL H o
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1960s 1990s 2000s
FigaMaj or antibacterial c¢classes. Twelve major
di scovery (left to right, top to bottom). Str
antibacteri al names are italiice zedmpo Ch@&sa® SO |
to a natur al product are highlighted in boxes
and Brown ®a®hd Wright

Despite these diverse mechanisms of action, r
antibiotics. Resistance mechanisms vary,; Ssome
encode for efflux pumps t oi Iree nootvhee rasntarbe onho rces
antibioticds mBomanspecobésamuiane the antibi of
or increase its copy number, effectively dil u
pat hhways to gccampfusbtboonsp thus bypassing t

bacteria may acquire genes that encode for en

most <clinically used antibiotics are natur al
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mechani sms -itnot oaxviociadt isoenl fand competing species

mechani sms over a peAMRdAdI 9ftmed é¢fiomes ad yrai o
predates model®Whidnret ishoinoet ibcacuseer.i a are naturall
through intrinsic factors, others acuire res
Bacteria may also spontaneously develop resis
come to make up ntihal emapuledtyi i whdmcdarti bi ot i
growth of susceptible individuals. While ofte
become stable when compensatory mut altti ons mak
Resistance genes often cluster together on mo
devel ogpr mgltesi stance, further detTrasowngr tr e:;
and misuse of antibiotics therefdreenminanttrhiebut

continued use of this valuable class of medic
appropriate stewardship to ensure existing an

devel opment of new treat menneadpy i winde ¢ pr avehd .c h

Thee Wal | Hast arVat u &mtliebTao get

Bacteri al cell wall synthesis

The bacteri al cell wall i snmbont e seeretnitali nc cemgkaoa
making it an ideal target for antibiotics. Wh
cel | wal | cGloimploes ke ds tofarcd o ssf peptidoglycan,

its biosynyhesens$erR®ethirdagiiilycan biosynthesis (F
fructtpdhsoesphate i s converNadettyglurdasheNte phwBp

which is then-Nacevglmad ambcURRB)YXp d UDPpepti de
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i's synt hesMuzeNdAcon aUDR r wleind ha ptetpd i Mwer NAc t r ansf
undecaprenyl phosphate molecule, forming the
pentapeptide stem differs betwelal apiece ese diud
Gl cNAc f4HGOb@mNBLDPi s then added to lipid I, form
peptidoglycan building block; it is flipped t

monomers are polymeri zedPiBiasnod aS EgD S wi snhga pgd ,y ceal

division, and $PBPslaotmen)nprwoei havours: aPB]
glycosyltransferase domain to polymerize |ipi
crosslink glycan strands, and bPBPs, which on

gl ycosyl t rvansyf eorfasteheact icHDGEDSRBBEDSI ps odree ni. n
cel | division or elongation, while aPBP$% are

| . a,uirpeiuds 'l i s modified prior to its transpoc
enzymes FemX, FemA, and FemB seqlulensimaé !l ye aidd
of the pentape®phiisepd it aalryeci2Bél.ibmkidige drmd iil 3 t

requi Bedatwbab®B!lity.

Many @oamtive organisms also produce wall tei
the peptidoglycan (Figure 2C). These strands

phosphate) aret ®aymdgdrss zede byedthievel y, using s
substrates that are us?Tdhe ne npzeypme dToagr| Oy coarn ThaigaC
transfer of @&lccNNAcc ftroomanUDiPhdecaprenyl N-phospha
acetyl mannosamine (ManNAppomomasel ¢l w8e 1t dile noma

ribitol phosphates are added to complete the



Ph. D. TVheEi sCol es; Mt Bliasd ree miUnti vyerand yBi omedi

membr ane and anchored to aWMAs NlAte recnasse nmni
i mportant roles in gf®Wwehp, adevievohyedndnvsha
withshaopled sBecikbulbde kamitnd isspheri cal in their
enzymes involved in peptidogl yX.ana;usryemtdsh ¢ fiey

provide protection from KH&Sthei mmu ree bdffacdMTaNss i In
resistance is fenrt Tdar eexplDersed tien t@apt struct
acids, which are anchored to the membrane and

synthesized vid°a separate pathway.

Many antibiotics target different *Fmrects of
example, fosfomycin inhibits Mur AsMutr N&cf if r ®tm
UDRI c NPAec.ycl oseri Daltabgdans nehéi gase and the
racemase, which are requir €dutno caynytch exsii névithh

which catalyzes the awntNipesitapefptliidei aga@nld fumar

phosphatter estingly, iitngalWA bhithéx oTared,i shl oc k
moenomycins, and glycopeptides represent key
bi osynthesis; the following sections describe



Ph. D. TVheEi sCol es; Mt Bliasd ree miUnti vyerand yBi omedi

g £ Undecaprenyl ophosphate
0 0 0 0 T 0 ? prenyl pyrophosp

Q

Q
o]

.ManNAc

Glycopeptides E Peptide stem

™

O Glycine

; Poly(ribitol phosphate)

88
Lipid | Lipid Il 2
Phospholipid bilayer 35
Poly(glycerol phosphate)
e
MurG bPBP SEDS

MraY
OH / -|-
OH UDP NH
HO i b OH ?E — c/j;o ’ p-lactams
N = H Transpep
g o ans
N D-cycloserine -tidation
N T
R on

Glycosylation

o
)‘M;:}“/U\ o™ C%‘ MurC-F

——— Moenomycins

Tunicamycin uoP—> «— UDP—»
MurAB 1‘
2 o
/L\\'IDEBH fructose-6-phosphate
6 aPBP
Fosfomycin

S. aureus peptidoglycan linkage

Wall teichoic acid

Lipoteichoic acid
Lipopolysaccharide

dom o bt
Hil

o

A O
UM Y FR-
@]
XK G ORI
Q.8 () Q
g® () g0
XK CXTED

Gram-positive cell Gram-negative cell

bi o-&pyma shpelsa tse i( SA }@ IderNukcat toesce ¢

FigaPeptidogl ycan
and -MDPNAc, which are atpgyrchehldodmh atne unarerciagir
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(bottom) to formMames ecapeépsti dogtl ycasn.of speci
of antibiotic classes that inhilbi.t apueptuiddodgl! y
modi fied with a pentaglycine br-iidgli fgvht h &t cii s
synthesized by enzymes FemX, FemA, and FemB.

of Gpasn tive (-hefga)i aad( Grgohots)i tsipveec isepse.c i @rsa pr

twei pepardoghgbbanedand | i potei

teichoic aci ds,
the membrane.

anchored to

b-l act anmbd andm resi stance

Penicbl dé¢nhama was among the first antibiotics

massive i mpact on human health in the decades
were i solated or synthesizedmsinahwadicag btalpe ne
(Figure 3). While carbapenems resemble penici
thiazolidine ring. Cephalosporins have a char
monobactams | ibk e cd atmr @ ¢ nnaod tht elfras g l@-ldhagd. toaTrwsd anya k e
over half of all/l anti bi ostp eccsb-lrparod sasanrsi lma e icre nGa

empi ri cTthheeyr apw.al ently bind and inactivate th

preventing peptidoglycan crosslinking and ind
and degradation, exYausting cellular resource
(0]

R H R, H \//40}4 R
H,N / R
0 }_Nr 0 J;Nr _ Ng ﬂ“ W
(0] (0] R2 S (0]
OH (e} OH
0” "OH 3 N

o} N (0]
”S\(OO H
(0]

Penicillins Cephalosporins Monobactams Carbapenems

FigBCere structur esblofctkaenys. subgroups of

Some species arfel acetsansst adhute ttoo ctelret aprfesence of
| actamases, enzyfeact atr oggu gfiloyra seaxtahmep | e,
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omosomal Iy aenambese tAMmM C, 8Sndabeedasaoaqsirad

plasmid encoding Blaz, both of which hydrolyz

| es

cep

cep

s suwdaepgtaims] ¢ i ke pipér@hileéioamabadpeneéeims caim
hal osporins retain activity in these strai

hal ospor i nasspeesc,b-lramd aenvab-esdtméikwe a | ess viab

opti%m.redpbaosamasditormi di&kei ¢l hawd abeen deve

gi v

act

en in combination, c¢l| avbdlaaniaomaascisd irrerse weri
i voil ax t@aims | i k% amoxicillin.

er al ot her mechambiamsamé§ hasesbaevnechgnaos
ahaeaesacquired mutations that result in o

i r afflfacnti®&mys ifrocr easing number méc strains he
aphyl ococcal megssatimebiche ogen eimecg AeWwleimemt
odes an exogenous bPBP, PBP2A (shemeti mes c
t“AMhs | e initially idestsfaeatd,tbebhdi mgthbctih
ter mrest it aanl@tMR®S) , -cRBBR2A ni ng sbltachamare
i stant. These strains al so ex@pdieatsedthesi Pt
en termed fem (factosistansent oal ke (matxhil
semi maehhaormb ooufri ng strains is a severe gl oba

ponsi ble foral3I90, 000 deaths gl ob
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enomycins

enomycins, natur al products first isolated
volved in peptidoglycan synthesis, includin
so have activity against mgnaofuwcrhc taiso nrSglt Ag layn
| so calSlLeauMBwts liack activilfy'Bgdanhsbi BEDS |
sential glycosyltransS8er a,gaemaenmamync iorf s tairee oc
xi c alone. blTaAetcamlvad yr agtaomest MRSA, making

tibiotics; however, they are not u*de® clini

ycopeptides and vancomycin resistance
e current standard of care antibiotic for t

ycopept-tdeat bat|l pobbD-adasbylhaenitee mi emaildues of

ntapeptide stem of I|ipid I1l, preventing tra
chanism of action is conserved -saynmotnhge toitcher
rivatives, teicopl anAinnt oaxn d atte |lepnv, a dvoacnect osnilybcai an

tered pent apebpaliaddy dsctt Ak afdfy ¢e ii hleer | mpedi ng
ncody aiddPh gg.sbirdne vancomycin resistance firs

8%MAsi.ke producers, th-esesistaatnEnbérevancomyexk

VanA, along with regulatory system VabSR and |

al

co

de

au

ab-yll ani ne &md apiyddca@@recomycin resistance i s
ncern in strains btlhaactt aanr  easlirseda aachyt . e Xl tne nt shiev d
creasedt sutsegewdn dao rhy c i°AT ewane df ivraitctoeme/Bae diit @ d e

reveSA), these strains develop mutations in
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presence ofMomecoemgennly, MRSA s tmaaifmse tch auts the:
were isolated, representi Aipeapsignicbncannst bu
ri sing resistance rates, vancomycin use has o
considered an antibiotic of-rlasttmpeassdIGti amused
infections, vanomwmmyeciln blreasaldeen inmnxcddidi ng use

prophylactic useenmturmamtsiuvy @&Pyf ¢ ot porey.

Whil e glycopeptide antibiotiposidrne ecisrmpreen telsy
options are monheghtmveegatbogé&nam which have
peptidoglycan that is shielded bpodygsactcédar mnd
t hat bl ocks the entry of | arge or hydrophobic
targetne@maimve species must therefore adhere t

properties to ensufP®e®their uptake into the ce

Bi of DelcmsAmtsiebSucstcie@t i Goinhpiltilyc eariedne n t

Virulence factorsienjvafvoet bacteompli E€atnegstr.
species these can include surface appendages
secretion systems |ike the type |11 secretion
ability to forhBipofoitlems i ¥aree bd @éhad anbiaect eed dfa s ut
envel opepr odhuaedeéxtracell ular matrix of prot

exopolysacchari des aseePdS)a n tTihbeiyo tpirco vp rdoet d cntciroen
growth stated,asmakiimd ekcitd foinlsm e v e®AT hmosr & ndcirfefaisce

tolerance is due to decreased penetrance of a

11
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erogeneous growth rates, and increased pro

iofilm infections e®fTehne wirtoht eacnttiivbei oetnivci rtornenaetn

O provide more opportunity for the devel op

rease resistance.

terial biofilm formation

addition to beiPhg acenr ugS AoRB diedt hiowwg ndrmyani
transitions from a planktonic to biofilm I
face (Figur edependermtughs viil mmgiedd aan-d swar mir
endent (twiet ateigrud ) emdotfiolri ttyhedd hiettalansi &age
m reversible polar attachment to irreversi
reased production of EPS, %*whesd mrondes bag e:

t regul ated by cbpohges dngduicepPl)ev atmsi of ( 86

racell ul ar secondary messenger synthesized
| ase®®Wineymesl. ony formation is markeB®d. by i n
ug,i nionscal udes the production of alginate, Pe

ies by strd@r®vandtemeir mmnmeontcol onies devel

ntually disperse wiltshamhle agglreagsae¢e ecf whlean k
nutrient availability, such as succinat e,
environment al nitric oxide stimulates -dihe act

GMP7'% on regul ation al so pl aysi raonr oelnev iirno nbmeonft

such as those induced by the addition of <chel

decreased biofilm formati %°nNM% my sosti Hpd ry preidc

12
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pat hogensS.i malrwdaisig@rm biofilms. Since it | ack
flagellum and tPypaer,bgpialeiceae@snanidnadheres to

adhesins,-asebti sued apgeoteins that Bi’8d to or g:

A Motility
y c-di-GMP
Antibiotic

susceptible % Dispersal
F
5 Low iron
Fe
J “
Swimming Planktonic growth

motility ®
Fe  Fe j % &C
. o TB e S
Fe
. | A D |
Fe
Reversible Irreversible Microcolony formation Macrocolony biofilm Antibiotic
attachment attachment formation -
High iron
4 EPS production
Swarming and v Motility
twitching motility A c-di-GMP

Figdmeée biofiBmofifFmchyotmati on begins when pl
surface and for m aenntciabsieod iccoltoonlieersa.ntGe Imast rfirxon
di sperse in response to environmental cues an
Biofilms in the clinic

Bacteria or fungi growing as biofilms cause i
l ungs of cystic fibrosis pati einmpl,anthed umed dhiaa e
devices and 'plrhoessteh ebtiiocf ijlomisntasr.e often polymicr
outcoéMas. exception is prosthetic joint infect

only one speci®s,ambBsaplcymmondt ¢ dOsn ee pried ehrondi d ios

treat -blmisefdi imfections is physical rermdval of

13
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Anti biotics are often prescribed but while th

t hey
infec
revis
t he h
Surgi

of in

may not CTRias ithetymifealk-hpsbdbSe ataaustee ufsor
tions, for which devikce tkeRewovaseiasf uBlilas
ion of the infefttB¥%Wc guwsientofi sl itnyiptiecdaltlrye art
igh morbidity resulthagedriomf scatrigeny, i pr
cal anti septaindadd bamd i gxrso pHylyaat imaj or r ol e
dwel |l i ng medical devices and prosthetics
rns ab§BRvredvipstngmeceoécil m smahti mol ecul es
I m formation and resensitize bacteria to
egy f or. akhiyne ceititocho esonhawdi odehmi Coempoandt
ding those that target tragusdantioptsi mrali rr
i guany!l at’é'8hynadli doeyen hemapi es that targe
e dispersion are also in development, in

er , -bnaos ebdi otfrielanit ment s HKave made it to the

ite their importance in establishing rese

ptibility, biofilms are rarely considere
ntrations required t® teirmals chait@hdrn otf h 4 Mmst

ntration reqi®Biediflor fora@kti omi ¢ scelslpeci

ider 1 n contexts where antibiotics may no

pl e speci es enx pperroideuncctei oinn cirne arseesdp obni soef itlo
ntrati o®Bsi ooffi lamm tpirboidoutcitcison is stimul at ed

rent cl asses of antibiotics. | t does not

14
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does occur in response to antibiotics that ha
suggesting the presence of an antibiotic itse
activate a stress response tthhaits ppraotnhow aeys ibsi onfc
under&tfohoedr.e ar e -dnaud driipded wedtthods for measur.i
such as the Calgary biofilm device; however,

for deter miningbianittéydmniong cbisafsiclemtproducti on |

a clini %l ntext

Appr oatdeenst iNEo AN g bi o No wc&lr wiet Is

One approach to treating resistant infections
not yet become resistant; however, regulatory
recent deaades yf of aeasons, including | arge p
abandoni m@etshpa tfei esledv.er al reports and calls to

years, few new treat meatesdpsttianns pari®dt s vtayi |paabt|h
Extensive research is stildl being done to ide
companies and academic | abs, however; | imited
identifying antibioticseichnaldadg et adroilndg es mia
but, although incredibly effectiviedeinniitfiiaeldl,y,

limiting the utWhilty mdt hhhds tappredehe replic:

i mpl ement ed, only one novel natur al product ¢
cenfUM&§di cinal chemistry has allowed for the
cl asses, resul ting +Hamdt e ndeadwad li oppomamtt | dfi od e cx
thewve Ibecome ineffective i AMdder f axser edniimg ra
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i ncl ude rhoiugghh pluidr get s
genomi c

compoundsiwi ehivgédeaedy.

Whil e natur al product

to synthesize or modi

wi despread in microbi

smal | mol ecul es are e

Homing in on a useful

hit rate for ol nei asdi sn

chemical i aries we

rul es, which are not

currently wused anti bi

approved since the di

of fers an exciti

ng
manual |y en |

st ald&%d.ne

SCre ar ge

way to i

compounds previously

activity since compou

Anot her way to increa

which better mi mi c

bacteri al genome

represent possibl e
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creeni with a focus on

ng

of te

S represent the majority

due to their-r structur

fy

al commnuwmipteitd®Stdpbsnt .laetr ies p

asier to produce and der

scaffold from an arbitr

g nanat ilbiabcrtaerryi aof smal |l mo

re d-eskgnéedatoresenfaochm &

necessarily e gt if eav o

otics are from synthetic

scovery of the oxazolidi

styhne

numbers of compounds; h

he hit rate in a gr

demonstrated to have bio

nds active foandedt ndi c

se hit rated iims ttead snede e

phys-iiomoged amedioadi ailoarsge:l

betlimes ee svardtiitdalonfadr ygreswtem
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For example, recent work from our | ab has sho
previously thought to -postythaeespeti @®st yamgaal
certaimegGrtainve speci esr alneea ndpehiytsoabtl ibtmsc.al | y
Conversely, traditional bacterial growth medi
which is naturally present at high | evels in

antibiotics and buwflfiadres Yték'd 5d fafneccet. s of mac

Even when new antibiotics are discovered, com
small part to untfhvioluer aebxl pee nesciovneo mioc sdevel op, n
to treat relatively uncommon resistant infect
approved, are infrequently prescribed. Creat.i
Subsicamagted model aim to protect the investmen
programs | i ke t hedsees prreemadi.n far from w

Antibiotic adjuvants

As the supply of new antibiotics with novel m
the usability of existing antibiotics with an
antibiotics are often usetd rcombomhi hansonftan
noantibiotic drugs also have th¥Apgdpueanial cha
act through a variety of different mechani sms
proteins in gtheatdelilo,t iicnteifdiltuixn % rA8f nucvraenatssi n g
can also enhance antibacterial activity by bo

bacterial virulence factioms¥titthidds'+®ontri bute t

17
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A classic and clinically prbotaen aevasmpli@ahofoi am
Foll owing the successfcdlaviudtarndia afela aigt € feana 1o x

i nhi bitor pairs have come tecotrhkheomasléttiynanihl

me a n sb-l talhcebtlaanct amase i nhi bitor combinations mak
anti bliAst iome of the few areas in antibiotic de
b-l ac-blaanct amase i nondidomi cambinkaeili st of new
pi pellfbenepi te this notable success, antibiotic

bet ween. While coegmedn &k atdbamomésitstance are |

|l iterature, many target the same pat hP#®dly% and

126

Pur poseadBhdThesi s
The main objectives of this thesis were to id

antibiotic adjuvants with activity against pr

biofilms, both as a screeningi abetl whtdhasnhegp
Based on fPindenpgohbem formation is-stimulate
inhi bitory concentrations of antibiotics, pre
stimulate biofil mpboemat abnaatthedbbtesmrsipanleaa d thia

screening for compounds that stimulate biofil
bacteri al growth, would allow us to capture m
by using a |ibrary ofi wiotmp.ouWwhdisl ewinoht kmeocwens sha r
these hits could be optimized through medicin

the-iaadftliammat 408 2BAY nl1lt his chapt&r0,82wa nadondlsud
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synthetic analogues |l i kely have a novel me c h a
druougsi stant isolates. These fibmadiendgschetemi agn
add a new scaffold to our arsenahl aotfti kndbwnaga
pathogens. Our -T0&2iing d@ hmpat SAtY Lldahi bi tbor of |
| actams extended our interest in the mwlecule
|l actamase inhveibeenadgdentantsetta I n Chapter TI
mechani sm of synergy. bbManyakeowgaposéenMR&AOAGE!
bi osynthesis. We show that, |Iike these other |

synergy,e bnuatn,y uontlhiekr previously reported poten

compoundés activity. Thi-iswlcasmpopotde maiyatrempr tels a
activity of an inexpensive and effective cl as
Il n Chapter Four, we examine biofilms not only
infection treatment and prevention. We | ook s|

antiseptics chlorhekbdi ne (bBHB) igar hoowkht pho vainddo nbe o
formation of priority pathogens, justifying t
examine the antibiotic vancomycin, which is i
confirming its abtievispecagaindhe sheswepdtt hat s
of both the antibiotiPc apdbigpbkiolmt psepgtctcisost
i mperative to determine ewduwrcd i wse ,c oencreadiraltliy

wheR.e aermay nlosapresent .
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Chapter Five discusses the importance of meas
antibiotics and antiseptics arienhuisbeidt carty t he ¢
concentrations can have the unintoeinddd cednsed
hatdreat growt-basedtecr Beoifng mshould continue
rates; our efforts thus far have focused on s
in screening nat wrcalaldryo du mtc ee xstorl auctti so,n se soff  mi
|l ess active than fractionated samples, meanin
traditional screen. Optimizing this screening
pr oduactt si 8thhi dateftis Il m f or mati omeedad dbii afeinlt mfiyn
for use during orthopedic surgeries, decreasi

remain about the mechani mé s a wda tpiadire nddfia cB AeYr ilal

7082 and its related analogues. This chapter
adjuvants to extend the I|ifespan of safe, ava
continually devel opi ngsnewtamttiilailo tniexs, sared si

this scaffold fits into the existing body of
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Abstract

Exposure ofegtalh @ v@P speaut dhoongoenna st oa asrudbg ibn d a y
concentrations of antibiotics increases for ma
identify molecules with pot ématsiealt haagthg mpot ob i
screen.-i Nffhleammatiory c¢coOlndddodedBeAdeorsdeent bi of i | m
stimulation, indicative of anti/b8RCtenihabiasctig
oP. aeragdnoslaer priority prartehsoi&Getmapnhtyil oclobodus
aur eMRSA). We synthesized 27 structural anal o

scaf f(plheny | -8pyfa@aniyhécarbonitrile (PSPC)-, 10 o

St aphylaccddoaaly. Because the parent mol ecul e i
Containing 3 (NLRP3) inflammasome, we measur e
lfpproduction in mammalian macrophagesgtiivdietnyt i f
rel ati arhsehiiapftifiommat ory and anti bacteri al pr ope

could evolve stably resistant MR®SBZ2ZmamnantPsS PWi,
their | ack of shared mutations sugtigasgetds.t hat
Finally, we sHiH®OWMeEd atnldati tBAYanlall ogues synergi ze
MRSA, suggesting that this scaffold may serve

devel opment of antibiotic adjuvants.

Keywor ds

Met hi-ce ¢ iISttreapnhty | ococbuwfadmeusanti biotics; drug
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The overuse and misuse of antibiotics has sel
preval encesiost amtugi nfections. As resistance r ¢
effective, there is a need f otro tthree adte vtel cospemeinr
particularly thosd&ndauoedclrSu st piheydEoSckKpdaPcEu s( aur €
Kl ebsi el |l aA@inreautmonad atdes e bbdaaummamanyg i aamrd uegri onboascat e r
species) " Pas hpogenshi souabeof newdanapmicrobi al
Drug Administration (FDA) has decreased in re
(rifapent i e, fpwpirmupgrni,stmoxi fl oxacin, gatifl ox
ertapenem, agnedmidfalpatxoantyicni,n) ap@EBlve dr ebted waefe na d@
increased slightly within the | ast ten years,
(ceftaroline, fidaxomicin, bedaquil-ine, dal ba
tazobaotamef-dwizhaldtmem) being -@appbovedwbeeweenft
only three (cefttazrodlaicrt ea,m, c-afnidb e dméz i alri aneact i
ESKAPE pathogens and only one (bedalgubiioaere) &
a novel mechanism of action, with the rest be

resistance i s* well characterized.

For the ESKAPE pathogens, devel opment of nove

met hi-rca d ilS.thaanMBRB84) i s crucial. Sinceb-strains
|l actam resistant, treatment options are scarc
tetracyclines, and rifampin, though rifampin

rabésresi st an’dMRSde Vv slod mmerst resi stant to vanco

linezolid have alreafd nde ehri gdhb 3 eart wesd oif n atdhvee r s
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linezolid furthé€Theoeapiscaherefenemanheed for
MRSA compounds with novel antimicrobial me c h a

observed.

Traditional met hods for identifying new antib
compounds for growth inhibition, % eaviflrequent
exploited historic techniques including scree

novel mo | e c utl hersg u gvthp U te $ha rgehéair iged suoifngn fails
with significacnetl |laéasDsvaytsyay nt avhion®r ease the | i
uncovering hit compotnds mel bgulbesngi bcl udi ng
antibiotic indications, diTacenbiretasatesr achkans
identifying new ant i mi cbraosbei da |ass, stahye ofdogrta phui bgphe d
screening -@agprmpowed odursuggs and compounds Pwith ki
aerughbinofdfislumdfasac®ci ated communitieprofduadt er i
extracel iattas aataixensitive proxy fiotr idset ect |
stimul at ed piem dae nd o ssamiebri tboyr ys ucboncenflriag i ons
phenotype all ows us to screen compounds for g
while alerting us to compounds that may have
Compounds with weaker anti bhrodugh amddivditryalc amt

optimization, ensuring we miss fewer potentia

Using the biofilm stimul-abhf bammar @O 2Bas 1den

having antibacteri al activity agaioms2t imsulat i pl
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synt heitnfcl ammdat ory that -eBhh(iH tgathwaypwuaheat h é
Family Pyrin Domain Cohtianfli afpm&Bts ¢imsd RoPr30)p/ ocsaesdp
by bl &B-Bpmogsphoryl ati on but may have alternat e
mechani sm r emaBAY¥ -7u0h8k2n ohvans. al so been proposed
protein tyrosine phosphatases (PTPs)!%evhi ch a
rsynthesi zZreOdB 2BAAYn dl lbegan a medi ci nal- chemistry
St aphylacddowaddaly and det er mi-ancet itvhiet yc ormgploautnidadrss s
ulti mately transi t i-(opnheedn ytloe2-pay ifsai onyimlgacra r sbcoanfi ftorli d
and identified 10 aMRISAguaed i wi tly, liimpyt ooda dbii @ogfti

stimulation as a tool for novel antibiotic di

Resul ts

BAY -71a18 2 stkP.mudearttkegohobm f or npaottieonAMRaBMdA atca s vi ty
Using a previousl!l y'2dh&ssrcireedelli af llimrasyawy,f 3
bi ologically active compounds. CompoR.nds wer e
aerugkPA@ilsna a dilute media comprising 10% | ysog
buffered saline (PBS) (hereafter 10% RB). The
aeruggammomwtah to | ess than 50% of the vehicle (I
formation to |l ess than 5@%edf bibéi tontfoolmat amw
of the’@mentoafolt.hese Dbiofitimfdtaimmaltartof28 AWad 1t h
(Figure 1A), which we explored further here d

activity.r&spogse desay (Figur e -710B)2, swe nctud maftie
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biofilm formation at | Rw aceorngcgeomtiorisaataito nhsi gahnedr i

concentrations.

To explore its antibacteri al potency and spec
mi ni mal i nhi bitory condentarapigamoGRXCpther 1%
priorityApabaoBmamisii uEsshéti,t.hksmn &wmdamidada wo

strains Saf aMiB®A & and USA300) (FY¥Qg82edil€pl aWwead
modest actHh.viatey (&g @ioshat0 0 OM, 20. 73né&gamiLyesand
was particularlpopgot ewdeisag aNRRSA (GMlaGn 0. 78 OM,
l eading us to focus ouf0&Z fasStam barnadieeme k. a pNen g
al so determined the -Mi €hi gr  owbt hs me ddliantdoLrBu and
Broth (MHB) (Figure S1). BaSedaabeh®oMeELC in

aureg8a300 as the strain of choice for compari

baseline MIC would allow us to see a greater

To test wh-0B&28r hBAYat1l irwistiystagai mdtr ad rnsg we e
activitEy @«@diuiset the Anti bi ot i?éa Reoslilsetcatnicoen Polfa
hyperpermeabl €. eBYWRhighdeBoECeaitns carrying gel
confer resistance to a wide variety of antibi
Hi nton Agar ( MHA)7 Oc82n taati n2i5n,g 5BOAY drl 10B. OM ( Fi
colhyperper meabl e st r ainncse nwerraet | aobnlse atso | gorwo va sa t2
indicati-h@8 BAiYs1a4n effective antibiotic even i

el ement s.
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is required for antibiotic activittOyd®whlircdhl,uded
|l i ke HBMAMWB2L,1 has -irnefploarnmneadt ba&Fyt ichett @ rvmitrye i f t he a
essential for antimicrobial activity, suggest
target at that pdshrtouognh, hwed rsoygnetnhaetsiiozne dover pa

potent Sanal ogue

Onlbgnghad i mproved potency aga-ros8e. MRISAi agmp a o
met hyl gr oupbotro-htetbg htr easedepotency, | ikely b
for the mol ecuBarwhiacrhg elta c kSe dnisluabrsltyi,t uent s on
potent tHOHB2BAWiI Il the sUr @amiasioggesx we pthi csubas
t han-basttydrtgroup, including the bicyclic heter
to steric hinderamcgeat ®Athé wmohetwlbhel ggonaep w
right side of the molecule were also | ess act
potent anti micr obil@laca&cetdi vainttyi.miAcsr oebxipael c taecdt,i v i

concentration tested of 100 OM.

39



Ph. D. TVheEi sCol es; Mt Bliasd ree miUnti vyerand yBi omedi
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e
@5\/\4 NH,
FyC

"

MIC (uM): 1.56 3.13 6.25 12.5 12.5 > 100
EE———

FigasSgnthesis (top) and anti baC82md ailt acanmnal a:q

519Structures are arranged in ordefS.ofAureaoseas

15981 grown in MHB.

To further explore the moleculeds SAR we tran:
ring, offering new site$phenytfupefaniyh¢adroon,i
(PSRP@)ue to its structdmO812 anmi liacsa dvicpwirttye dBAY
against MKRSMoi makbdne mat @d e giamiéelcits osnc arfofdeell d a |
the advantaglkluoé al acai @ed $7M0ed o ntehatn BoAwl d 1l ead
We first conf i raneB.d taheartlnigfoShHoG s tfiomurat i on and h
spectrum of antibacterial activity, including
synthesi zed28Ho®|l dmnavli ogueaener al Procedure B (S
whercehlarocarbonitri2apycambneedr wpyh2 di sal fo
(Figure 3). PSPC7 M8 Z fley st He oand BiAtYi dd of a pyr e
and the nitrile. While al/l anal oguesd rodt ai n t
pyradB3de (to assess the effect of alternate he
success with tBe wel udoersiingen eadn aalnoagiluoegues wi t h ha

para positiohd4202 833t30%, besZ@walelh(as meta fluorine
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anal ogues with two fluori m¢3 BWlRhs2atmidu@ntas patr ad
trifluoromethyl group. 2 ad son exxpd@pleg e @mf ma 1t «

el ectron withdrawing substituent.

Na,SO Y. _CN
cl o 6 H,0,80°C, 16 h yeEe e
Y=CorN ts

21 22 23

[“I‘;‘“@ [N:@@ t“fl@ e
4

E“I:“@ z”fi@ [“1:3@ m@

N_ _CN CF N__CN

( Iy@ | (X5 @
30
N CN N CN
(X3 J%) (g
o)
31
MIC (uM): 0.78 1.56 3.13 > 100

Fig8Sgnthesis (top) and antibD@odeital2dadal ogute
Structures are arranged in ordefS.oblbBB&easin
grown in MHB.

Anal o2g8B$!| exhibit®&M®SAnaceasetdyaqrt®idat ane t dheb

parent compound PSPC, with MICs as | ow as 0.7

of anal ogues, the addition of a Wahggewmbaoet i ot
on the benzene ring increased potency, though
effect. Pyr33dnldeaakadogiukeasct eri al activity wup

tested of 100tOMhiilneditchaet ipryg atzh ne itself is n
actitTast yn -BOA82 1dnd 5-adahegadditi on of a more be

abrogates activity.
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Evolving mutant s-7l068i satnan tP StPcC BAY 11

To

t

h

5

0]

0]

A .

—

under s t7a0n8d2 BaAntyd 1IASPCG6s mechanism of action
e two scaffolds shared a common t@argatrnrews
981. While we initially isoMbB€Ce@l6Xobaondi 8X N
ncentrati-bh&2,0ft BAXe 1dol onisd g edikde dn otn ¢ rr ceve hy
ntaining the compounds. We wer estsamié.d asrallyi u
baumaNenihiad mor e succmwtsa rdtesy ed yo pd &rgi alelsy sp
reea981 cultures in |Iliquid media containing
BA0&82 or PSPC for 14 days. After purificat
|l onies were selected for fufohdas@avuimk uMit Con

mpared to the parent strain {{BB8BQude spARnyebhllu

sistance to PSPC and vice versa, suggesting
ti bactreirsmal ( meghrae 4B). To test whether resi
|l ective pressure, the six mutants were ser.
mpoundsdé6 MIC was recorded each day. Over f i
digc arteisni st ance is stably inherited (Figure 4
owed shorter | ag times and increased final

passaged parent strain (p <0.0GG%X) inFifgumes
sulting from passage. To ensure these mutan
neral, we determined the MICs to tetracycld:i
e mutants compared tootihdemptairfentt se r@aemet(iFc
sponsible for these7hm8RaanhdoPE®PE sivanpart i

nomi c DNA froBf.thabpaAateandsthai si x mutants.
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mut ants | acked shared genetic changes that <co

(Table S1), forcing us to pursue other strate:

@ S aureus 15981
> BI13
204 & B8
> B3

S. aureus 15981 S. aureus 15881

MIC

S. aureus B13 S. aureus B13

S. aureus B16 S. aureus B16

S. aureus B36 S. aureus B36

1 2 3 4 5
Days without exposure to BAY 11-7082

0 078 156 313 625 125 25 0 078 156 313 625 125 25

[BAY 11-7082] (M) [PSPC] (uM)
[T C T ) e s s
20 40 80 8 100 20 40 60 80 100 < Pt
20 P3M
% of control (OD,,,) % of control (OD,) : PEM

MIC

E—

S. avreus 15981 S, aureus 15981

S. aureus P11 S, aureus P11 *—eo—o—o—o

S. aureus P3M S aureus P3M 1 2 3 4 5
Days without exposure to PSPC

§. aureus P6M S. aureus P6M
15 —— & aureus 15981 =
0 078 156 3.13 625 125 25 0 078 1.56 3.13 625 125 25 o B13
[BAY 11-7082] (uM) [PSPC] (M) 316
[ T T 4 835
20 40 60 80 100 20 40 60 80 w00 & - P11
% of control (OD,,,) % of control (OD,,) © 0.5 : — P3M

- PEM

e e e N I p |
0 2 4 6 8 10 12 14 16
Time (h)

FigdMet ants resi-BG&tarn(dA)BMCalnlkt oni ¢ gr owt h (
600 nm as a percentS.ofautbheeB &¢D M@ OB@IYo pLyil-pr o PSP
resistant (bottom) mutants grown with increas
selection. (B) Planktonic growth (optical den
S. aLb588% andO8BRYop)l nesPSP&nt (bottom) mutant
i ncreasing concentrations ofSthalb®@&rocompou
resistant mutants determined each day for fiwv
compound (Phowlt Ankophnical SderadibBPianDrod0@snmy)
mutants over 16 h. **** p<0.0001.

Exploring inhibition of TAT secretion as a pot

BAY -7182 was previously identifid&®d araghinbsian
twin arginine transilmdcapendelAlT) psgtseéiem, exap Set
transporting folded proteilP¥Wbi her 3AF it ehfclytop:

we were curiousl0O8&hewhelr SBIAMNIKARBIusyshem and i f
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provide insight into its antibacteri al me c han

prokaryotes but its protein c®mpasriiATonosarie

system compritsathg,t Bhmal Ewlhgidne stslifjesiem compri ses

(t aaAtda)t ,C wad midae€sential for proteif®® Wér ansl oca

determined the-7TDdBt2e mayd dfSalPEB adgdapi onssa®. mut ant s

aerugkPMmibbs,a from the PA14NRbS&tngit radSABBON

(

mut 8

from the Nebraska fthadsphwdbd Bncaetiski bnasgns

177082 and PSPC rel atti vaerpggivpbdat §pe dhl g Wwas

with the fact that we-rsebhwted gene/dsl8&2ncainhde g 84Y

PSRCesi stant mut ants of MRSA and all owed

proteins exportedphbbwyntdlsed MPAtem in the co

P. aeruginosa PA14

P. aeruginosa PA14 tatC::Tn mutant

T T T T T
0 1.56 3.13 6.25 125 25 50 100

[BAY 11-7082] (uM)

S. aureus USA300

S. aureus USA300 tatC::Tn mutant

| 1 1 1 I I
0 156 3.13 6.25 125 25 50 100
[BAY 11-7082] (uM)

T

20 40 60 80 100
% of control (OD,

600)

FigbPéanktonic growth (optical density at
parentt. saeabflhosBamdCansposon mutant grown
parentS.staudsibtB@ 66 0tandaasposon mutant gr own
presence of increasi-ng82oncentrations of

4 4

m

us

600

n

n

BAY
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|l nsight i-hG®&2®@sAYudttake and effect on the protc
Given the chall en-ge8a2nod HBPG atang BAYabhils and
i sol at e muteantesf ovlihdam nacrdease i n MIC, plus the
changes in the mutants -Fr68Rated, P&#PCwhbadeneto
MOA, such as inhibition of the proton motive
prot gr agpiHgntand an etpeWwhicb pboeecei &l cpordinat
el ectrochemical gr ad e ntte satc rtotsiss tihcke ane mbea adeet. €
BAY -71A8 2 and PSS.PCalnbgead énhsith pH adj A3t eBoMHBBAFI
177082 and PSPC displayed reduced potency in m
more acidic conditions, similgrHtoompdmarcty,cl i
suggesting7d®2ataBAYPSIPC mogyHdepbeodexpemnuipemake a

cytoplasmic membrane.

To determi-n®68Rf aBAYPBPC affected the PMF, we
di propylthiadicarspbryananel uodeseefDi e sens
(Figure 6B). The dye is taken qygpompdnetnanswbe
it accumulgauteensc haensd fslewypfs e s nbnbetedf dye does n
resul ncngasedi fl uogpdHs d snden,hiwhitleaed ,i ft he cel | c
flux tpyresghting in decreaised fhilgeriescicencand Vi
cyanicdhel omophenyl hydrazineag€Cwe®)ealusedi asi pa
control s. Unl i ke the co7t08BQ@I mofpPBEPCOBGL)YnNnirnme.i
Di (&) fluorescence (p>0.9999), depéndennting t ha

themsel ves do not destabilize the PMF.
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pol ymerase inhibitor rifampin, and the trans|l
7082 did not affect the activity of antibioti
tetraaqgplkdepreendlent) apydepgentdaemicORégseasten?Z AWwi t h
observations that it -doé&23 dotd mabtesynhbaegPME. w
cell wall synthesisbliadt &d&mt et vidnic laliEmid 0o r wh |
is intrinsicallyverstidtanwe (Fawutrlee 7At)EForGgest
7082 and penicillin G, we tested some bof our

| actam. We sel7ddBt2efd atrdaei nBEAYMHLE&S bgaWwBE5AR6 0 :

12. 5a0OM) t be opnama -tarnd | paorrao met h 215 nRI§AVE Casn a loarg u €
S. ausAaBe0: 6.25 OM); both potentiated penici

17082 (FICl: 0.19) (Figure 7B)

A 100 100 . 100
= FICI: 019 = FICI: 0.25 = FICI: 0.50 oo FICI: 0.50
125 a0 125 s 125 w0 - 125 80
E 3625 Sezs 3 s
& 60 o 60 B = 60
§ 212 § a1 60 § EX
= = 166 s T 14
> 0 5 a0 0 3 40
E & o8 g ore ES
20 20 0.38 20 20
]
0 0 o 0
© 042 0.23 047 0.95 1.87 3.74 748 ¢ 0z 0.4 OF 15 29 53 116 0 09 19 38 76 152 30.4 608 0 2 5 9 18 38 75 150
[Penicillin G] (M) [Piperacillin] (LM) [Rifampin] {ni) [Thiostrepton] (M)
100 100
100 ) 100 )
265 25 FICI: 0.75 FIG: 1.0
FICI: 0.56 FICI: 0.62
125 126 = 80
s o o * Eax
E 6.25 3 6. E .
= = 80
60 80 X312
2 3 2 3, &0 4
z 1 z 1 o 40
=g ¥ - >
% s 40 TS
XS &o £
20 20 20 0.39 20
o
[4} ]
0 0 0 0.04 0.08 016 0.33 0.65 1.31 262 0 0.01 0.02 0.04 0.08 0.17 0.34 0.68
0.0 04 08 1.6 33 66 13.1 263 0 11 21 42 B4 169 338 675 [Gentamicn] (bt [Vancomycin] (u)
[Methicillin] (M) [Tetracycling] {nM) H
B 00 N CN .. Br N CN .. CFy
Ny CON oy o
SN CcN | o | | ” ‘ 0 | ”
e D
N s N7 ™8
F e} Q
100 100 100
R FICI: 0.19 ® FICI: 0.19 = FICI: 0.19
80 12,6 80 125 80
. 625 6.26
= 80 = 80 = 80
32 g 3 ‘EJ‘ 312
= Iy g
@ 1.56 o & s B8 40
076 0.78
20 039 ey 0.39- 20
o
0 0 0
0 0.2 0.23 0.47 0.93 1.87 3.74 .48 0 012 0.25 0.47 0.93 1.37 3.74 7.48 0 012 0.23 0.47 0.92 1.87 3.74 7.48
[Penicillin G] (uh) [Penicillin G] (M) [Penicillin G] (M)

FiguCblecker lISaaradis A®8f®0 pl anktonic growth (opti
percent of the DMSO control) grown i-hO8MHB wi't
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(A) or its analogues 5, 25, or 26 (B) with an
represented in blue text while indifference (
represent an average of at | east three indepe

Antinfl ammatory pr e/@er2t iaensd dft sBAYhralllogues

Since the o702 natmBAlYmdllamsmaaotriy activity, w:
alterations made to the scaifrfollammwatud dy adnddw
antimicrobial propertieserWeetdr enatcBEd phalgees lvo
Olllt Bgopolysaccharide (LPS-Jbpamdlurcitgemi,ciars an
effector cytokine produced by -pbriimfilngmmaasioae.t
the presence o0f 08R2s eamae foFulrBAWNMdIPlo g re guf e 8) .
expected, treatOQBhtatwilt harBdAY2.13 OM siglhi ficant
producti on c ctntpeaatende nto cadret rnool .5chhues emo tae rsti ma n
reduct tlopnr adhu cltki on at both 1 (p=0.0057) and 2.
antimi tfxiOaOD{1p<0. 0001). As expected, there
di fferelbpreoduwmctiiLon bet M®emwhtirchat mekts wintt h mi cr
to the reductiatn 2f5 t®GM arddketntee no treat ment
treatment with 1 OM actual |l ylbpresdid dteidon n( p= 0s.i(
supporting our notion that <cova-ieht atmadonyg i
activbuygprisingly, whrebht mbaltdwhiMgRenrd t-han t hai
7082e,sul ted in a greater, thoughlbpobdsescghobohi at
2.5 OM compav7@82toi BAYchting tduwi rted-nfinral amtiit
infl ammatory potency. This result suggests t h.
antimicrobial that does not also target the i

anitmfl ammatory compouthdomwitthe amirerdaltiea@dme .mpac
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LPS + LPS + LPS +
Nigericin Nigericin Nigericin
5000 1 5000 1 5000+ —
0P 0 8%
___ 4000 ~FCN . 4000+ ~F~cN . 4000+ ~ ~FSCN
g WA J Nl E &
5, 3000+ . ) 3000+ e S 3000+ .
= g : 2
& 2000+ s = 2000 . < 20004 .
4 - . = .
1000 1000 1000+ .
ND : |_1_| . ]
o o BBl Lo B Fen
Control 0 1 2.5 Control 0 1 25 Control 0 1 25
BAY 11-7082 1 (uM) 5 (uM) 12 (uM)
LPS + LPS +
Nigericin Nigericin
50001 1 5000+ 1
o’ - 00
4000+ A~ N 4000 . . T ~en
TEI Me/©/ g _EI r'©/
S 3000 T 30001 :
& *dkkdk 3 .
= 2000 < 2000
= =
1000+ 1000
o LND ND 0.
Control 0 1 25 Control 0 1 2.5
17 (uM) 19 (uM)
Fi g8Peoduct-ilbdry dfonledemarveda macrophages sti mul
LPS and 10 OM nigericin in7@®h2, poreseEh@dgamal ad!
od&at 1 orCohts oOM.cell s did not receivenaot i mul ¢
detected)-1bil redied st drl It hat condition were belo
standard cur v-éthcgerematread i fomrr FEF p<0. 01, ****
Di scussi on
Biofilm stimulation occedurnshiibn troesyp ccrosnec etna reaxt p
antibiotics, i ndéphrkdegt idaf at huesief uMOA, 00l wi t h
traditional growth assays. The biofilm assay
screening concentration, alerting us to hits
previ ouso weadP k hagaetr migo hiolsm production is a usef.

activity, both f-Psemaoadommp osupnedcst raunnd afnotri br oad
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l i ke the ant i?Miestei ovet ltioB.d i ar enedigpatfhicalstam st i mul at i
t he-ianrftliammat 08 2BAY 110 OM signalled its antin

variety of species, including MRSA.

BAY -71A&5 anotihnefrl aactmmat ory and str-01@82y awasnal oi
recently identified as a®. aaan@aredri odbai Al bwictam s
Similar to ou#70Bbntiacged FBAYaierlatghl.naopgsae mmo ni ae
strains up to 2&te.awedM, uannadb | Ees7cOofb5aiss it aatng  BrAM
oS. awurlauisng vancémyaVR8teshey ahdund an MIC of
and showed-7t0B8&t i BiAY bl itt € da cdarleln ts warnfda doa od i | m f
eradicated established biofilms in brain hear
|l nterestingly, they did not r-MIp@rdorbderftirant isdr

BAY -71aL8 5 .

When initiall y7082cahné&/iOoB3gpYoBANalndalinmat or yetacti vi
al suggested t heB-Umtcds prhi ar ylraetvieort iinrgi tli ated by
necr osdUSTNfER)c,é ®ul t i ng-oB mnacltdaweart idM and nucl ear
it regul at esB tsreagnusecnrci epst iwint ha fiviatryi,o ucse | rl o Iseusr viinv
apoptoses. afPi epaceéd8BAXNHAIOBAY cladul d i nhi bit a
ki nase upBlbrueandiodd ordoet aprspeci fic target. Subse
BAY -7182 binds and irreversibly inhibits mamma
cysteine in thédSamggemedngdd@hiade BsAdivt ahacteri al

be a PTP. I n bacteri a, cl assical PTPs play r o
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mol ecul ar weight PTPs are primd®8.il ygoomvail ve d
two | ow molecular weight PTPs, 3PWep Aalasnad Pt pB,
considered the TAT s y7s0t8e2m waass ap rteavri gdeuts,l ya si dBeAnvt
aerugTATosianhi bi tor, where it was al %% suggest e
However, another stu@82 rfegpiolrd ck dt d hian hEBRAIXtoldir ot
TAT sy wemher, | oss of thes TATS 2byhcbmygihmenh e svd
the antimicrobi-a082actnerirtwasfi BRAYadOABUSL Yy di -
mut ant (Figure 3). Finally, we saw no inserti

in PTPretaTAH genes in mutants -iwd8h omcP®RGCed

(Table S1), consi stent -7wWidt2hd so tuaernr ticiadnac MOA i ios W
either of these systems. Given our-7i0B2hi lwiet y
sggest that the mechanism is |Iikely complex a

the potenti al promi-§680Paum scad rufreart reedd shuyl fBoMYy 11,1

absent in PSPC, suggesting iMOAoOes not play a

TheBunsaturated cent e#,eachadrvec tMd rcihsateil c accfc elpit golr

7082 an wunlikely drug candidate. Compounds <co
considered problematic i n dr ugahbdielvietlyo, p naenndt cdoun
the compounds coudtadrigertepemnsiebing . biHodveofefr, vi
Mi chael acceptors and other dpanteocul emodyfier

anti caniwirt hs psaecveer al o Ve matt uegxad mpl e€esar bonyl s ul
devel fferits. approach wdrrksathersat avdhemarntheny!l b

and bioclmgommdn yt arget , reducing theargkel i ho
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binding. Despite our efforts, we were unabl e

7082, suggesting the compound enacts its ant.
al so unable to idenT08% Ilaadnkinmajnnaanito royf aBEAY vlilt
retaining antibiotic-amohéhaymaWhbhirlyecomaplouandisi |
interesting concept and, indeed, many &htibio
this does raise concer rRefscerarpgdt dmrtoima It hei da ueft
devel oping reversible cysteine residue inhibi
olefins increases thiol reactivity reversibil
t hUo bp osiotfi oanc r y42d*ti tirsi liemp.ort ant to note that
and the devel opMBdntweofs hamdbdo g s r athed center

required fMRSAoacetnitv iatnyt.i

Beyond-iintfd aamtait or y -a@82 vhas , adtAidbed&dl eesr,, aandt i

neuroprot ect®8vte ipy otpreud irest.eworthy thasiiisep:
species could prove problematic should the co
as it has potential to i mpact the microbi ome.
target s. Il ndeed, a receditrettudg €@ougd £d%t el &
at |l east one bacttea imilc rsteic een d otninotna dwa dtlo g u ¢
an$taphylomacoali aisnfdtamomag oarytiacti vity, sugge

to separate the activities through careful de

Due to i tdg apagtedn teifdle cd fsf, perhaps a better use

as a | ead for adj uvabdtasc tuasmesd tion tcroenmabti nVBRISIAo n nw
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BAY -718 2 disde nmsatt irzee MRSA strain USA300 to met
MI C of penicillin Gid rfdofm B .r7e4d Odvt iton .0 . MBI sOM o r
17082 is well bel osnd athei nloeBdiMhiodmp boftigiitat Con,
above the concentration that significantly re
(Figure 6f)oransdomenemakKinmahggaensnt PTBst hat even at t
concentrations afforded by odambmarnyatri®ecetth drna po
effects. -7T0h8e2 BaAa hldlgtuulee PSPB nalGdlsogsgner gi zed
penicillin G and can be used @andev0Oe.n33500W rf ocro
andp than7BBY 1D achieve the same @mnaeOM MI C
have the advanlBgeabofirbhheki ngnt®&2Fomdadkiing BA
them the most promising candidates for develo
Whil e we sawcgmboeokdentyg ©D nvalc8 20 pahnadg eist sf oarn aB
our NLRP3 inflammasome assays, more conclusiyv

further pursue these compounds as | eads.

Concl usi on

A hdighoughput Pscaerelnigofsiolshnag st i mul ati on as an i
activity led to -vrdeat aési pmeadbtirouand oaf n tBiAWiI cdrlobi al |
against multiple priorThiys padthlogeasf iims! bido i
a useful screening method f or Wedewetrief ya bnlge ctoom
i mprove upon the/0oB®Rt éborycyswaft cBhPAYhgllt o a new che
mol ecul e PSPC,UBwhs a&tbudrlaaekset hehat magrpet asso

effects and t oxXimcnddpy.t eQuri aa nedbiit caged easns | Vil kg Pén
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to reduce the concentration needed to inhibit
therefore represent an interesting starting p

for the treat ment of MRS A.

Met hods

Bacterial strains, culture conditions, and ch
Bacterial strainsPusadr BAONSh 5 sa LshtedBy, somokt udes
16%%E. K-db2i W3IALO bauATaQ if7 9 &A d pne MKPLiDBe

aer ugkhAlos aaqggdhtiClmensposon mutant were from the
mut ant?®nshr amaysAB 60 gqinadt @ahnesposon mutant was f
transposon 2@utcaretr ilailbrcaurlt.ur es were grown in |
(10% LB, 90% 1X phosphatHad nbbuwfoftehr e(dVHsBa)l.i nSeo)l,i do
solidified with 117-252% Za@davre.r eCesmmd thredss zed for t
hundred mM stock solutions-2@eft€omkdsoi nt DMBO
tetracycline (EMD Millipore), piperacillin (S
Analytica), rifampin (Sigma, 1 mg/ mL stock so
mM stock solution priepaft@ayiman DMMBSOMI, c anles h, cg ¢t
(BioShops), and vancomycin (Sigma, stock soluwu

mg/ mL i n-i ®neé elkexddeept wher e -hdtA@. and stored a

Compound screening
The McMaster Bioactive compound collection wa

as previou*ly described.
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|l nhi bitory concentration assays

Al | bacterial str#&80nACwglgciemmdulsatoed sf iomo 5
with shaking, 200 rpm, UlAQrfedr i n6 ah.l: GWIOt wWri
4 h, and dilutedsedormf f~r és hl, medciean tdd laurnt e@D 1: 500
concentration val uvesl wepleatdeds ef Mume)d uni ®9G c o1
in DMSO. Each well had a final volume of 150
correspomdidn® Lo tDieShQ cwhei lceont r ol well s cont ai
bacterial culture and 2 OL DMSO. Pl ates were
200 rpm, 37 A& 1Ipd alt.esThvemsOD ead using a Mul t|
Scientific) and used to calculate the inhibit
2 and Figure 3 Sverel icBotndd ugcrtoewdn wiit hMHB and ar e
experiments preformed in duplicate. Al ot her
medi peas fs$ed and i s based on at | east three i
MI C values were defined as < 20% of tHR% vehic
Where specifiadjumeddauwasgpBd N sodium hydr ox

chl ori de.

Bi ofilm modul ation assays

Biofilm assays were pr &fBarinddd ywagesr BoyrOehvoisass | y d
inocul a8@dA€rgmycer ol stocks into 5 mL 10% LB
37 AC for 16 hculCulrntedeisnwaerke: Sa® dil ution, g
medi a tepofan~ OD. 1, then diluted 1:500. Pl ates v

concentration assays. Biofilms were formed on
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which were placed on assay p

Fol |l owi ncubati on, | i ds

ng i

were Iimmersed in 1X phosphat

to the | ids were stained in

i mmer si he | ids ni,n

ti mes. dried f oa re-vine G kh

acetic we l | for 5

we |l | was read usi

ng

experiments were preformed i

stand rror of the i nkdewre

Liquid serial passage assays

S. albsefs

shaki 200 37AC for 2

ng, rpm,

suppl

OMna grown with shaki 200

ng

into fresh MHB

previous day. This seri al

purified on MHA with or with

Genome assembly and identifi

Genomic DNA was purified usi

sequenced via Il lTumina seque
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| at es or to 16

pri
pl

e buffered saline

0.1% crystal viol

vba snt
eml amea ec a mrtaanisrfienr g
t osop 0dfubti he z@6

Mul ti scan GO ( Th

n triplicate and

bi ol ogi cal

nocul ated into 5

4 h. One hundred

(B13, B16, and P

rpm, 37AC for 24

suppb8meat eBSRRCt At BAMelsame <co

gcassagesc wetr

out compound.

cation of SNPs
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accomplished using Galaxy through FASTQC for
reads, Trimmomatic to trim poor quality reads
FASTQG nmeer | acter. Cont iSgs awebreel $a sgseennobnee du sfi onrg
and genomes were mapped to referé&ncaugemsemes

USA300 and USA500, wusing BreSegq.

Growtthves

S. alLbb588% and t-h@8o2ri xRSEPAY stlant mutants (B1l3,

P3M, P6M) we#8® ®tA&kenh ot ksem inoculated into 2 m
200 rpm, 37AC for 16 hc.ulQvuerrendi gihnt ac ufl:d5%u0r@e sdiw eu
and diluted insbofes-h Omeld,i at teon achi IODt ed 1: 500.

each sampl e wael ladplealt ¢ oamd 9i6ncubated with moc
Synergy 4 Pl at esoRR&sedwsru)r eadndatt BeD D n i ntervals
replicates were averaged and the experi ment w
mean and standard error of t he ivnad eupeesn dneenrte b i

cal cul atommayu sANOQQVAa and Tukeyds multiple compa

Di §(C5) assays

The Hi59Cassay was preformed in aedétaddance wi't
met hod ey %pwmintdh some mo®i f ati8B8BO60Os waBr-iakkewn, |
80 AC stock, l nocul ated into 5 mL MHB, and gr
Cul tur escuwetruer esdubin a 1:500 dilution and gr own

three times in buffer, Gl1IMMMWgEBE®O4gs aindm 2p0o snvh
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7.0), then resuspoated. (5)bDinaGeradidedamton OM
stabilize at room temperat w/r08 2i,n PtSHPeC, d avrald i fnoorm
nigericin, and CCCP were diluted i-motDM&®, aa
wel | pl ate ( Colsamg ,wiCtolr nd emlgl 4d .ncVYehiacl e contr ol
and 148 OL bacteria suspended in buffer with
4 Pl ate Reader) at @20 exmidrad i am evmivedieorgtwa e
the start time, then every 50 s for 10 min an
standard error of three technical replicates

val ues wtirmg cas$vicauyy afaN@wWre and Tukeyds multiple

Checkerboard assays

Checkerboard assays were set up identically t
compounds wer es eadtdieawe¢dofl agml B& S8 wi th i ncreasi n
one compoundaxacsr oasnsd tihnecrXx asi ng concentrations
Yaxis. Plates were incubated wiéiobh ehakesgwagl
using a Multiscan GO (Thermo Fisher Scientifi
averaged for each checkerboard. Synergy was d
fractional i nhibitory comesnkr &t SoggegipnedengFli

> 4 represéfht antagonism
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NLRP3 inflammasome assays

|l Mouse male wild type C57BL/6 J mice (Jackson
humanely sacrificed to generate bone marrow d
descPBbedfly, bone marrow was isolated by fl u
sterile saline. Cells recovered from femur f|
16bcell s/ mL in L929 differentiation media at 37
added and cell s -weelrlteeglramd fienm o A ttdady2d4otr o aanlolt d
mat uration of BMDMs. L929 media was removed f
and Dul beccods Modified Eagle Medium (DMEM) (
with B/A8Z2Z lor anmdlogaesceant maafi obh. oblll :aBdd 2. 5
LPS dilutedriere aundatao xiumr e water atand final co
incubated at 37 AC for 3 h. Nigericin diluted
OM and cieddwsbateadc for an additional 45 min. Ez¢
bi ol ogi cal replicates in BMDMs from a single
removed from each -fbslklcrandohr cpehdubeiSlmebbsur e
ELI SA, MibU 8l 21 L R&D Systems), *Medpraewiasusliy ud e

1:10 ratio in ELI SA reagent dilute (1% BSA in

test conditions. Media fromSt hei gemitcioh, comdt |
was diluted in a 1:1 ratio in ELI SA r-walglent d
pl ate following ELISA was read and values at

correct for optiibcaVvel mpeofeesponding to the s
were determined by interpol ati Allgc d momeam tar asttiammnds

ranging from O pg/ mL to 1000 pg/ mL. The mean
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bi ol ogi cal rewlail aetse sveire <ladwauyl a®RNOVEA wanidn gruk e

mul tiple comparison test.
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Gener al Pfwcediure fAr mati on of acrylonitriles,
sul fones:

\ 7/

0 0
\ 7/
S. Br Na,CO S =
X7 oNa  + T LN R,
R Br Riu
— Rz DMF ¥

2 3 80 °C,16 h 4

Adapted from aepri’adteduscei bysioigausno Iswi o ecadiev .()2
anMaCQ(2 eqgDM¥F.Q. 25 M) 2wdisb aadmepr o pcaanreb onxi a mii d ee

omet hyl ¢dt erqu( ¥) ) . The resulting mixture wa
overnight. The crude mixture was cooled to r oc¢
Et OAc (3x). The organic | ayers were MgoSzfbi ned
filtered and concesnsumaéeéedPunidercaedocedaprexed

chromatography.

General PrHwomaedtthree oBumbonghcafbonitrile pyrazi

. (Yj:CN E/R2 Na,SO4 ] (Yj:gN
1T + - 1T
Cl I
e Sy ﬁ/RZ
21 23 O

0] H,0, 80 °C, 16 h
22

To a stirroanhl crodadaribbon oryirli ai per € A0LHNeSQ and

(1.3 eHO( 0.2 M) walsf amdyle dd hll. 2r iedqaui (v23). The r e
was heated to 100 AC and stirred overnight. T
and extracted with Et OAc (3x). The 0r@hx) cathae
brine (1x), sdriiedt eved Mg&Oconcentrated under
execut ed by reverse phasechchtfomatiognaplwe,r eca
dryness, taken into nanopure water, frozen, a

70



Ph. D. TVheEi sCol es; Mt Bliasd ree miUnti vyerand yBi omedi

Synt heB-Btsooy!l dcrylonitrile (1):

\©\s/0Na

(0]
Br
N32003 \©\ (0]
Br\)\ 4

s~
CN  DMF, 80 °C, 16h SRR

Foll owing the AemefadaB mgodez wdd mommdpr cofaneni
purification affor@&e3d osy0d amgayyd 8ol whietl & ) s @lfi d.
from O to 20% Et OAc/ hexanes)

IH NMR (700 MHa)d QHIJSr §f dbr fz, J2HB, 07 H41 Jed), 7
= 15.7 Hz,J=lH)S5. 76.+6z1, (ldH), 2.48 (s, 3H).

1& NMR (176 MHa)0 QM9 r4sf,orlm6. 68, 134.35, 130.
21.93.

HRMS {(DESI MedNladul atidéN@®SKNar=C230.02462 m/z; foun

Synt heB-BGcH4d4fuor ophenyl )sulfonyl)acrylonitrile

F
( j\ _ON
S a

0 F
Br
Na2C03 \©\ 0o
BI’\)\ S//

CN  DMF, 80 °C, 16h AN

N

Foll owing the AemefkadaB mgodez bdd mommdpr copfaneni
purification affor dB-8( (14 udr mph é Yl ys elbhfd) mylf) a
white solid. (Gradient from O to 20% Et OAc/ he

IH NMR (700 MHz)i Qh19.6Imf@HM,J=7839, (8, 0 Bz, 2H)
= 15.6 Hz,J=lH)5. 6 .z6, (1dH) .

1€ NMR (176 MHZ)U awl7od®f orl®m5. 93, 148.81, 131.
HRMS (0ESI MerdNladul e dN&SNar =C233. 99952 m/ z; foun
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Synt heB®-B-Gc (b u(t yl ) phenyl )sul fonyl )acrylonitril

-ON
)<©\S )

o CN
Br Na,COj ~
St
o

CN DMF, 80 °C, 16h

Foll owing the Ageme2h2. Prmog e d kdBi€dr onmooplr)o pafneni
purification affor dB-8( (bebttmd ) Ph@r%yyi) aslud)f omfy |
as a white solid. (Gradient from O to 20% Et O

IH NMR (700 Mz, 8 OMBD(Hz ,151.H)7,. 872. 8(6m, i 72 H)2, (7m,7 6
2H), 6.89 (d, J = 15.6 Hz, 1H), 1.31 (s, O9H).

1€ NMR (176 Myiz,1DMS8O2, 149.85, 135.07, 128.51
31.13.

HRMS (ESI[MaHlcul GtheddSEoR50. 08958 m/ z; found =
HRMS {(DESI MerdNlad ul ateNddSNar =C272. 07152 m/ z; foun

Synt he®-Bcnaphtdydlseud f onyl )acryl amide (7):

1l
)
Br Na,COj Jo
BI'\)\”/NHZ / NH2

S
DMF, 80 °C, 16h i ¢

0 o)

Foll owi ng t he geAneornal 2 3@r.®cedmgr e (1.D03 mmol
di bromopropan,ec grulraxamiadd on affordedE)-256. 9
(napht2wdlseul f onylasacar ywhanmiedesol i d. (Gradient fr

IH NMR (700 Mz, 8dMBQ(. 9 Hz, Jd=H)8 . 18,. 214. 2 dHlz,, 1 H
(= 8.7 Hzj81Mg , (M@, 12H), 8J=048.(7s,, 1L M) ,HF7,. 819H)(,
= 8.2, 6.8, 1.3 Hz.,1,1t0).,8,7.17.23 (HizdX=1HJ ., 07HB9 (
1H), 7=035(0, Hz, 1H).

'€ NMR (176 MKz, 1D8SO0S8, 139. 02, 135. 81, 135.
129. 71, 129.58, 129.49, 127.98, 127.93, 122. 4

HRMS ()ESI MerdNlaqu!l ateNdQSNar =C284. 03522 m/ z; foun
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Synt heB-Bsphédny!l sul fonyl )acrylonitrile (8):

(j\ .ON
s a

o) CN
\j'\r Na,CO; ~
Br:
CN  DMF, 80 °C, 16h O’/S\‘o

Foll owing the Ageme2h2. Prmog e d kdBi€dr onmooplr)o pafneni
purification &B)-3(opherdy |75ul6f amgyslo)faa cbrryolwonn istorliilde.
from O to 20% Et OAc/ hexanes)

Synthesi sg)8f omgt hgty(ate (9):

(l _ON
S a

o
Br Na,COs S/,O

Br: OMe = OMe
\)\W DMF, 80 °C, 16h ¢

le} (0]

Foll owing the Apean r3@0Il. 9p rmygc ghelu Dyd3i nbrmoolmo pafop anat
purification affor denetliBE)B3-t5dsnyd a@8 Y% a yweha It &) sa
(Gradient from O to 20% Et OAc/ hexanes)

IH NMR (700 Mg HI NMKRO (700 MHH, 7DBISTL (R2H), 7.7
(s 15.2 Hzi,7.48) (m7. BH)15.62 7Bz ,(dlH), 3.73 (s,

'€ NMR (176 Mdiz,lOdMSI0O6, 145.95, 143.73, 135.76
21. 63.

HRMS (ESIMaH]cul G HedS=f 41. 05288 m/ z; found = 2
HRMS (ESI MedNlagul atHedSNaor= @263. 03482 m/ z; founoc
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Synt hesi sg)8f nmph b2WwH Is@ud f onyl )acryl ate (10):

o
ﬁ ONa
(0]
Br Na,CO3 0
Br\)\ﬂ/OMe

DMF, 80 °C, 16h O,/S\/\[ro\
o (0]
Foll owing the Apexn @rl&l. 8p rmagc gelu Oywd i nmod Mo pafopanat
purification aff or chetdhB-8(.0a pnigt2hfddlsaunyfi em dls) aadr y
a white solid. (Gradient from O to 20% Et OAc/

IH NMR (700 MHz)I Gh8s®IMDf@H)I7. 9906 m, 2H)§. Z. 95
Hz H) ,J=7884&,(dd,9 H3s 8H}, 6.91 iTdBdHZ m,1H)H)
7. 40L-(d .1 Hz,J=lH)5. 16 .H829, (1dH), 3.80 (s, 3H).

1& NMR (176 MHa),i Ar6l3ardsdf,orlm3.51, 135.61, 135.
130.04, 129.80, 129.54, 128.08, 127.99, 122.5

HRMS ()ESI MerdNlagul atdegdSNaor= @299. 03482 m/ z; founc

Synt heBBGsc(4tfri(fl uoromethyl )phenyl )sul fonyl )acr

5 FsC
il Na;COg O »
Br\)\ﬂ/ NH, S

DMF, 80 °C, 16h g \%\[rNHZ
) 0
Foll owi ng t he geAneornal 2 3@r.®cedmgr e (1.D03 mmol
di bromopropanecpubox amiade on affor de(d-3(208 . 5 m
(trifluoromethyl )pheasyl aswhfidreylsalcird/.] a(nGdadi
Et OAc/ hexanes)
'H NMR (700 MHlz,sOMEXR. 2 Hz, J2HB, 38H@g Q#), 8.

7.73 (s, JEH)5.D. Hez ,(@d H)5. 07 .Hz7, (1dH) .

'€ NMR (176 MKz, 1BDBSO3, 12373D5, 1884673, 129
123.01.

HRMS (OESI'MaHlcul atl€sdQS o 280. 02498 m/ z; found
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Synt he®-Bcsquwif#8¢gl sol fonyl )acrylonitrile (12):

-

Br
N32CO3
Br\)\CN CN

DMF, 80 °C, 16h

Foll owing the Ageme2h2. Prmog e d kdBi€Or onmooplr)o pafneni
purification aEF3rquad8ygT 06 f mgylbpaacray lbornoiwnr i d ce
(Gradient from O to 20% Et OAc/ hexanes)

IH NMR (700 MHa)i OHlddr @f.or,m 1. 7 Hlz=, 711),, 18 .55 Hz|
1H), 8J=318.(x,d,1. 8i84z1,7 1(H),, 28H)2&. 2., 74 .@ddHz, 1H)
J= 8.3, 4.2 HBz,183H9,HS, 7DHY d,

'€ NMR (176 MHz)lI Qrbl2cb6roBfdoer,m 144 . 02, 136. 96, 1
129. 14, 126. 00, 122. 92, 114. 01, 111. 55.

HRMS 0DESI Merdllad ul atd@,SNar =C267.01982 m/ z; foun

)

Synt hesi sgE)@f (fheutohryoph(enyl )sul fonyl )acryl ate (1

i: ~ /ONa
S

& F
Br Na,CO, fo
Br\)\ﬂ/OMe s’

o = o\
DMF, 80 °C, 16h g \/\[r

o o}

Foll owing the Apein rddbl. 9p rmagc gedu Dgd3i nbomoolmo pafopanat
purification affordeat HEBB(.(@®4 mgr ¢6pHAGNYI psd) f oh
as a white solid. (Gradient from O to 20% Et O

IH NMR (700 MHa)i CGhTocemd f @ Hin, J=7 .1BL 2( Hzi,7. 2B) , 7
(m, 2H)J=618.31 (Hz, 1H), 3.79 (s, 3H).

1€ NMR (176 MHZ),U Qamwl7arlef,orln65. 68, 163. 94, 143.
52.99.

HRMS (ESI MedNladgu!l atiEd@SNaor=C267. 00982 m/ z; foun:
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Synthesi seg)@f gme#8gVybnon( fonyl )acrylate (14):

=
I |
O N
Br N22003 ,/O
Br\)\ﬂ/OMe S

= OMe
DMF, 80 °C, 16h i
0

Foll owi ng t he geAnernal 24psr.d@cedmgr e (1.203 mmol
di bromopropanecpubbkamadeon affor dedhB-B9(4 mg
(qui Byl snol f onyls) acbyloavtne sol i d. (Gradient from

IH NMR (700 MHiz,9dBMSOEA. 2, 1. 8i8Hz59 1(H),, 18H)6,3 8. .
= 7.3, 1.4 Hz=, 811),, 18.44Hz(d&H} ,HB, DEHBRJ17. 873
Hz, 1H),J=787@&,(dd,2 Hz,183H} 6 HB, 92HYX d,3.72 (s,

1€ NMR (176 Mpzn, 1DMSQ8, 152.51, 144.21, 143.
131.77, 131.65, 129.18, 126.60, 123.46, 53.16

HRMS (ESIMaH]cul atHeNdQSf er 2€8. 04818 m/ z; found =
HRMS {(ESI MerdNladul apeNdQSNar =C300. 03012 m/ z; founc

O

Synt heB-Bcquwif#8gl sol fonyl )acryl amide (15):

'y

N32CO3
Br NH,
DMF, 80 °C, 16h

0 NHz
Foll owi ng t he geAneornal 230r.c®c edmgr e (1.2,6063 mmol
di bromopropanecmgumbiofxiaenatdieon af f o(E)B3d dju4d4 38-03 i mg (
yl sul fonyla)saca yblraoowndesol i d. ( Gradient from 0 t

IH NMR (700 Mz, 9 ®DBMBOE. 2, 1.7 H=, 81H), 18 .86 Hz( d
8.45 Jeddd, 6, 7.8, 1.5 HzJ= 21).,2 8.z0 5J%Hsp,, 217H)8,6
7.3

Hz, 1H),J=787@&,(dd,2 Hz, 1HfE, 1B5.@7Hgs, 1HM), 7.1

1€ NMR (176 Myzn, 1BD®S69, 152.41, 143.52, 140.
135.98, 131.32, 129.19, 126.56, 123.40.

HRMS O ESI MerdNlad ul abHieNgOsSfNoar =C 285. 03042 m/ z; foun
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Synt he®-BsH4d fuo(rophenyl )sul fonyl )acrylamide (16

F
( j\ _.ON
S a

1l F

Br

Na,CO4 0O
Br\)\ﬂ/NHZ < NH
DMF, 80 °C, 16h 2
Y

0]

0
Foll owi ng t he geAnernal 230r.c®9c edmgre (1.26063 mmol
di bromopropanecpubox amiade on affor ded-3(12%6 .0 m
fluorophenyl ) sudsf oan ywh)iatcer ysloalmidd.e ( Gradi ent frc

IH NMR (700 MHiz,s DMESDH])7. B9 0@2m, 2H),i7.%BD (m,
2H), W=495(0, Hz, J=1 H)5. 06 .Hz8, (1dH) .

1€ NMR (176 Mz, 1OdOMS2, 163. 50, 139. 41, 135. 89
HRMS (ESI'MaH]cul GHeNEGf 0230. 02818 m/ z; found =

Synt heB-Btsooy!l dcryl amide (17):

1}
(0]
O
Br NazCO3 \©\S//

_~__NH
Br NH, P 2
\)\[f DMF, 80 °C, 16h $Y

0]

Foll owi ng t he geAneornal 2 3@r.®cedmgr e (1.D03 mmol
di bromopropan,ec grulraxamiadd on affordedE)-E80. 5
tosylaceangl amwdete solid. (Gradient from 0O to

IH NMR (700 MHiz,s dDMBEDH) J=7789 HdA, 2H), J= 67 (s
8.0 Hz, 2M),157.14Hz(ds1H)4. % .25 (dH), 2.41 (s,

1& NMR (176 Mjiz,l®dMSIO4, 145.09, 139.30, 135.096
HRMS 0OESI Medlladul ateNdQSNar =C248. 03522 m/ z; foun

77



Ph. D. TVheEi sCol es; Mt Bliasd ree miUnti vyerand yBi omedi

Synt hesi sgE)@f ((ertihfylluo(r omet hyl ) phenyl )sul fonyl)

_ONa
(.S). FsC
Br Na,CO; \©\ 9
Br\)\ﬂ/OMe

S A0
DMF, 80 °C, 16h g

0] 0]

Foll owing the Apean rddbl. 9p rmygc gelu ywd i nhnod mo pafop anat
purification afforded 129. Ometrmy IE)-3-( §4 % y
(trifluoromethyl ) phesnyda) swhliftoeny$ ohbhicdyl!| a(tGxr adi e
Et OAc/ hexanes)

IH NMR (700 Myiz,s8iBMEE @H)S8.8610m, 2H)15.72 98z
1H), @&=8a5(@&, Hz, 1H), 3.74 (s, 3H).

'€ NMR (176 MpzZ, 1BDBS0O4, 142. 71, 142. 53, 134.
123.63, 53.19.

HRMS (ESI'MaH]lcul GHeegDsSEOR95. 02468 m/ z; found =
HRMS (ESI MerdNlaqul at#s®dSNar =C317. 00662 m/ z; foun

Synt hegifdl wdr dphenyl )sul fonyl )propanenitrile (

2.0 2.0

NC/A§§/S Pd/C, H, atm. NC/A\V/é
\©\ EtOH, rt., 48h \©\
F F
110 mg (0.M®BB(HAHodogr cofbhenyl ) sul fwansy |d)iascsroyllvoendi tir
et hanol and 20% w/w Pd/ C was added. The reac

hydrogen atmosphere for 48 h and filtered thr
100 mg (903 (¥4 eabddpbenygl )sul &sngl Wpropasehi tr

IH NMR (700 Myu, siDMB® (2H)i7.B156m, 2H)6. B.HB, (
2H), 2=86.9tHz, 2H).

1& NMR (176 Mjlz,1®OMS®9, 134.79, 131.86, 118. 14
HRMS (OESI Medladul aMseNM&SNar =C236. 01522 m/ z; foun
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Synthegipheafyl 3ul f-8agddDepyrtazihe (20):

@\ 0
S//
d, ~cl N\ CN
[ I P
N //S
(0]

[N\:[CN N82803
N H,0, 80 °C, 16h

Foll owing the Bpenndr0d®|l mmgr e &i2o enonw3ta)aarabfonrei t r i | ¢
purification afford&@dpRényl sl fadnsyu ) winadsitadzgi In e f
white solid. (Gradiedt from 5 to 100% MeCN/ H

IH NMR (700 MHa)U Ghdigbr ®f. Br miz, JEH)2,. 38 .H&Z2 (1, ,
8.16 (m, 23) ,8.77.,737.(4ddiZ..H1HZA,m, 1RH,) .7.65

1€ NMR (176 MHzZ)I Qrbl7arlodf,orlm 7. 06, 145. 92, 137.
113. 05.

HRMS (ESI"™™MaH]cul aHsDSf egr 286. 03318 m/ z; found =
HRMS ()ESI MeradNlaqul aHMB:«.SNar =C268. 01512 m/ z; founc

Synt h&6 tcghloofr ophenyl ) sclafrroynli tpydazi(ie) :

Cl
Tl
S
O/, \C| N\ CN
[NICN Na,SOs3 [NIS//O
N e H,0, 80 °C, 16h O/'\©\
Cl
Foll owing the Bpenndr0dl mmgr e &i2o enanw3ta)aarabfonrei t r i | ¢

purification afford&e@ihldbr 6pmgnyl6)s2wlafedroyli fopfy d ¢
as a white solid. (Gra&dient from 5 to 100% Me

IH NMR (700 Mz, 9oiDME® (LH)i9.09104m, 1+#H)8. B.KA5B, (
2H), W=88.@dHz, 2H).

'€ NMR (176 Mpz, 1BBS001,471L48.,63,40. 65, 135. 34,
126.82, 113.80.

HRMS () ESI MraNladu! aH€ s Da € 301.97612 m/z; foun
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Synt h &6 thdr oofophenyl ) s u2cfaarbyln)ipyridzi n(e5) :

Br
\©\O

S

" C I

[NICN Na,SO3 //
N >cl H,0, 80 °C, 16h

Foll owing the Bpeandr0®d| mgr e &Vi2o enonw3ta)aarabfonnei t r i | ¢
purification affor3ed @ahophemgy I( 4duudgfacerbydihn)i poyfri d z
as a white solid. (Gradient from 5 to 100% Me

IH NMR (700 Mylg, 9odOMS02. 3 Hz, JEHR, 39 HEZ 7083, 7.
( m, 4H) .

'€ NMR (176 MKz, 1BEBS64, 149. 10, 147. 91, 136.
127. 29, 114. 28.

Br

HRMS (VESI MtaNlaqu !l aHeB dENa € 345. 92562 m/ z; foun

Synt he-6 (4t roff lI3uor omet hyl ) p-Bearyd g rsiutl rfiolne/ | () D6/ )r:a z i

e
/7
//S ~cl N CN

NaySO w
[ I a2 3 N //S//
" H,0,80°C, 160 o \©\
CF

Foll owing the Bpenndr0dl mmgr e tVi2o enanw3ta)aaraifonrei t r i | ¢
purification aff or d3€ ¢(4t2rdi.f0l unog o(met B yy i) @BeE&nNyoddh s
carbomist ai lwhi te solid. (Gradient from 5 to 10

IH NMR (700 M$liz, 9 OMSX. 2 Hz, J=H)2,. 39,. 013. O dHiz,, 1 H
J= 8.2 Hz, J2HPB, 28HT2 Q).

'€ NMR (176 MpzZ, 1BMS6S8, 148. 77, 147. 44, 140.
127.14, 126.92, 113.77.

HRMEESI [MaH]lcul abHEN:OBEor 814. 02057 m/ z; found
HRMS 0VESI MtadNladu!l aHeEN:O.EDNa € 336. 00252 m/ z; foun

3
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Synthets{(&,dfil udrophenyl 2satboniyt)plheaglnpg:

F
Q,,o
S
O/, ~cl N\ CN
N el H,0, 80 °C, 16h o”\©\
F
Foll owing the Bpenndrdl mgr  &e &i2o enonm3ta)aaradfonrei t r i | e

purification afforded3(32@2,i&3 | mgr o(phEWy lyR-d ldf) o n
carbomistrai white solid. (Gradient from 5 to 10

IH NMR (700 Mz, oiDMEB (LH)i9.9407Tm, I1#H)8. B.HB, (
1H), 7J=670(t3d, 1.9 HZ=, 10H), BH.88 @ddd,Hz, 1H).

'€ NMR (176 MKz, 1BMSO6, 166. 40, 161. 23, 159.
133. 62, 126. 74, 121. 07, 113. 48.

HRMS 0VOESI KMtadNladu !l aHsEN:O 6 Na € 303.99632 m/ z; foun

Synt hegifel wdr Bphenyl ) saclafroonoynli)tpryirlaez i(n2e8) :

F
e
S
g e Ny
[Nj:CN Na,SO3 [NIS//O
N el H,0, 80 °C, 16h O/'\©\
F
Foll owing the Bpeandr0d®d|l mgr e &Vi2o enonw3ta)aaradfonrei t r i | ¢

purification afforded 3QC&4d7uomgpheEeha%) s lefldny |
car bomistrai lwhi te solid. (Gradi ent from 5 to 10

IH NMR (700 Myiz, 9 dDMB0O?. 3 Hz, JEHR, 39 HZ28@1H), 8.
(m, 2H)7,. 55. §1m, 2H) .

1& NMR (176 Mdiz,166MS02, 155.30, 147.99, 132.79
HRMS () ESI MeradNlagu! aHENO:SNMa =€ 286. 00572 m/z; foun
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Synt h&6 tcdy aonfophenyl )s@chobwph) pyrbaei 629) :

NC
e
S
g e Nx
N el H,0, 80 °C, 16h o"\©\
CN
Foll owing the Bpenndrdl mgr  &e &i2o enonm3ta)aaradfonrei t r i | e

purification affor &€ e&dydh.op hreqy(32Bchioblpt) pyf b
as a white solid. (Gre&dient from 5 to 100% Me

IH NMR (700 MHlz, 9 OMBEOZ. 4 Hz, JEHR, 49 HZ3 JEH), 8.
8.4 Hz, 4H).

1€ NMR (176 Myzn, 1BMS67, 148.82, 147.41, 140.
117.50, 117.34, 113.74.

HRMS {(ESI MetradNladu !l aHeblsD,SNar =C293. 01032 m/ z; founc

Synt he-§$¢f&@ uoofr o03phenyl ) 2clafr dboynl Y pytazi( 836) :

QLP

S

/ \Cl N CN

F O h

[NICN Na,SO; [NIS/,O F
N el H20,80°C, 16h d'\©

Foll owing the Bpeandr0d®d|l mgr e &Vi2o enonw3ta)aaradfonrei t r i | ¢

purification affor8e@d2 2aDrd2pmegniyl) Boepirdlog) ¥ py it :
as a white solid. (Gra&dient from 5 to 100% Me

IH NMR (700 Myi, 9DMBA. 8 Hz, J1H)2. D, 05. Jiddz, 1t
8.10 (m,i7LH)0, (7m,950H) 7.7, 58. 8¢t Hiz=, 10H)2,, B..H3 Hzd

1€ NMR (176 Mz, 1BEMISQ6, 154.72, 149.14, 147.
125.71, 124.40, 117.69, 113.48.

HRMS (VESI MtadNlaqu!l aHeE O SNMa =C 286. 00572 m/ z; foun
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Synthet{(®,dfl udrophenyl 2satboniyt)plheagBhep:

F

F
2
S

O//\CI N\ CN
| 0
[N;[//S//
(6]

[NICN N32803
N H,0, 80 °C, 16h

Foll owing the Bpeandr0d®l mmgr e &i2o enonw3ta)aarabfonrei t r i | ¢
purification afforded3(4&.i4 1 mgr o(phedylyR-uldf) o n
carbomist ai lwhi te solid. (Gradient from 5 to 10

IH NMR (700 M@la, 9dMBEO2. 3, 1.1 HE=s 21.H),, 19..003Hz(,
8. 14 Jed@ds, 7.0, iZ.D6HZ,m, LH)8)1, 8(70,B6LH) .

'€ NMR (176 Mpz, 1BMSO1, 154. 63, 153.17, 150.
12v7.70, 126.94, 119.30, 113.77.

HRMS (ESI MradNladu!| aHsEN:O.8Na € 303.99632 m/z; foun

F

F

Synthes{(®,6f udrophenyl 2esatboniyt)plheagBaep:

N
o, I
Ny ON Na,SOs AL

_ o /
N cl H,0, 80 °C, 16h 0 \©/

F

Foll owing the Bpeandr0d®|l mgr e tVi2o enonw3ta)aaradfonrei t r i | ¢
purification afforded3(44l,8 | mgr oph2%y lyR-eu ldf) o nc
carbomist ai lwhi te solid. (Gradient from 5 to 10

IH NMR (700 Mz, 9dMBE0OZ. 3 Hz, JEHR, 39 HE4 7083, 7.
(m, 1H)7,. 777. §2m, 2H) .

1€ NMR (176 Mpzn, 1DP®MSO6, 161.52, 154.38, 148.
113.72, 111.30.

HRMS (VOESI MtadNlaqul aHsEM:O6Na € 303.99632 m/ z; foun
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Synt heg ifdl wdr op hen-§me tshuy If mingdt)i noni trile (33):

F
\©\//O

SN
O// Cl N CN
- CN Na,SOs AP

| NS
— ° /
N el H,0, 80 °C, 16h o \©\
F

Foll owing the Bpandd®dl mgr ¢ ®e I6i66-mentohly)l noifc ot i noni
purification afforded 552-(9¢f4 mgropgiBand| ys ell fo
met hyl ni c atsi rmo iwihti tiel e ol i d. (GraOdhi ent from 5 t

IH NMR (700 MHz)Ii Gh8dMHf @rHm , J=8 .80.40 (Hlz,, JEH), 7.
8.0 Hz, iTHR22 ¢m282H), 2.66 (s, 3H).

1& NMR (176 MHa),U armléarsdf,orln63. 49, 159.09, 143,
116.71, 114.15, 105.52, 24.89.

HRMS (ESI'MaH]lcul athiddNO.Bor £77.04418 m/z; found
HRMS ()ESI MetdNlaqul atf tHO:SMa £ 299 . 02 621929 .nt¥ 227, 3 & onu/n:

Synt hegitfdl wdr 2phenyl )sul fonyl )nicotinonitrile

F
\©\§/°
0
| X ON Na,SOs5 N //s"
N“ el He0,80°C, 16h o \©\
F

Foll owi ng t he Beomerla0 0 pmgepc €0aaBl omnoonli)c,odbf non
purification affordeadH®d3o08ombgen 2BPs vyli &ed Ml )orfi
white solid. (Gradiedt from 5 to 100% MeCN/ H

IH NMR (700 Myu, s dMWSO@. 7, 1.6 HI=s 71H),, 18..66 7THz(,
8.18.08 (m, 2JH),7.D,906.@dMz54 1(H),, 27H)5.9

1€ NMR (176 Mz, 1D®SQ@8, 158.76, 153.31, 145.
117.61, 114.46, 107.35.

HRMS (ESI'MaH]lcul aHs£E 803 o 263. 02848 m/ z; found
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(E)-3t osyl acrylonitrile (1)
'H NMR (7C0! MHD)f or m

zhanx142-20171205.10.fid 2R §53¢% 38 2
X2-4-114 repurified 1H NMR SRS i "
1H CDCI3 /USERdata/magolan zhanx142 6 VN N !

T T T T T T T T T T T T T T T T T T T T
35 100 95 90 85 80 725 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

(E)-3t osyl acrylonitrile (1)
'€ NMR (176 MHa), Chloroform

zhanx142-20171205.11.fid
XZ-4-114 repurified 13C NMR
13Cpg CDCI3 /USERdata/magolan zhanx142 6

-—149.48
—146.68
—-134.35
_~13073

—128.73
—11354
—11025

2193

'i ‘ | i

T T T T T . T ; T T T T T T : . . T T : . . T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0
f1 (ppm)
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(E)-3-( (f4 uorophenyl )sul fonyl )acryl
M H ),

'H NMR (700 Chloroform

Zhanx142-20171120.30.fid
X2-5-7 F3 1H NMR R
1H CDCI3 /USERdata/magolan zharxid 2 B

S

wvyerand yBi omedi

tril e

(5)

oni

T T
5 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

o7 200=

(E)-3-( (f4l uorophenyl )sul fonyl )acrylonitrile

'€ NMR (176 MHa), Chloroform

zhanx142-20171120.31.fid ?
XZ-5-7 F3 13C NMR 5
13Cpg CDCI3 /USERdata/magolan zhanx142 ﬁ

~-165.93
14881
13163
—11753

_~11319
—110.92

1.0 0.5 0.0

(5)

T T
110 100 90 80 70 60 50 40

f1 (ppm)

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120
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(E)-3( (Mebut yl )phenyl )sul fonyl)acrylonitrile (6)
'H NMR (700 MHz, DMSO

Sep20-2021-darveaup.10.fid
MLLB-1802

T T T T T T T T T T T T T
15 100 95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

(E)-3-( (bebutyl )phenyl )sulfonyl)acrylonitrile (6)
1€ NMR (176 MHiz, DMSO

Sep20-2021-darveaup.11.fid

MLLB-1802
g g 5 #% o
2 ¢ uoan i o4
L S - o a9 ad
| | (Y Il

(@]
1.0
NG S Sy
/;”\‘_ ra

1L

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T T T T T T T T T
80 70 60 50 40 30 20 10 0
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(E)-3-( napht2ydlsaud f onyl )acryl amide (7)
'H NMR (700 MHz, DMSO

zhanx142-20171214.10 fid
xz-5-36 repurified 1H NMR ]

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

(E)-3-( napht2ydlsaud f onyl )acryl amide (7)
'€ NMR (176 M#Hz, DMSO

zhanx142-20171214.11.fid
xz-5-36 repurified 13C NMR
13Cpg DMSO JUSERdata/magolan zhanx142 4

—163.08

!

T T T T T T T T T T T T T
220 210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
fl (ppm)
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Ph. D. iVheki

met hB)-8t dsyl acryl at e

'H NMR

Sep17-2021-darveaup.20.fid
MLLB-1703

(700

sCol es;

(9)

Mdiz, DMSO

Mt Bliacs d lee miUnti vyerand yBi omedi

0.0

)5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 20 15 10 05
f1 (ppm)
met hB)-8-t dsyl acryl ate (9)
€& NMR (176 MH§lz, DMSO
Sepl7-2021-darveaup.21.fid
MLLB-1703
g 2R BRERG - @
z 29 HREERR o =
| NS
N T
o Xy
| ,L o] |
\O/ \\/}_//_i‘-.g =
I
e} |
I
i ‘
20 200 190 180 170 160 150 140 130 120 110 100 90 80 70 0 10 0

f1 (ppm)
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Ph. D. TVheEki sCol es;

Met hB)-B-(fapht2ydlseud f onyl )acryl ate (10)

'H NMR (700 MH«#), Chloroform

zhanx142-20171204.60.fid 3 Q

XZ-5-26 F3 1H NMR o
1H CDCI3 /USERdata/magolanE%nx1423r LT

1380

(il [
| /
I

|
|
|

I IJLL

1.00-x p—
3.04-J

4 107=x

T T T T T T T T T T T T T T T
70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

T T T
100 95 9.0 8.5

Met hB)-B-(fapht2ydlseud f onyl )acryl ate (10)

'€ NMR (176 MHa), Chloroform

zhanx142-20171204.61.fid
13Cpg CDCI3 /USERdata/wright kotevak 3

—52.79

163.93

T T T
120 110 100 90 80 70 60 50 40

T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130
f1 (ppm)

90
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Ph. D. TVheEki sCol es;

(E)-3-( €¢(4t ri fluoromethyl )phenyl )sul fonyl )acryl ami

IH NMR (700 M#iz, DMSO

Sep22-2021-darveaup.10.fid
MLLB-1710

L J
AR, I
BRE R 8
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

(E)-3-( ((4trifluoromethyl)phenyl )sulfonyl )acryl ami
Mz, DMSO

1
& NMR (176
Sep22-2021-darveaup.11 fid o o
MLLB-1710 £ £
2 R 2nofEes
2 FERFARN gegfang
ANANEN
|
]
210 200 190 180 170 160 150 140 130 120 110 100 S 80 70 60 S0 40 30 20 10 0
f1 (ppm)
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(E)3-(qui 89l snl fonyl )acrylonitrile (12)
'H NMR (700 MH«#), Chloroform

zhanx142-20171207.20 fid -]
XZ-5-5 1H NMR REPURIFIED g
1HICDEIR SERAt/ Mageian R EE T TRBE Y g Y

P L e kR ke E R A L N L

|
l l [w L " _J\_A_)qj;
i L as 8 q
2 585 &5 8
- = g =
T T T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

E)3-(qui 89l snl fonyl )acrylonitrile (12)
'€ NMR (176 MHa), Chloroform

zhanx142-20171207.21.fid 2%
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Met hB)-B-( ¢f4l uor ophenyl ) su yl)acryl ate (13)
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Met hB)-B-( qui 89l snl fonyl )acryl ate (14)
'H NMR (700 MHz, DMSO
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(E)X3(qui #8gl snl fonyl )acryl amide (15)
'H NMR (700 MHz, DMSO
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(E)-3-( (f4l uorophenyl )sul fonyl )acryl amide (16)
'H NMR (700 MHz, DMSO
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Met hB)-B-( (4t ri fl uoromethyl )phenyl )sulfonyl )acryl
'H NMR (700 MHz, DMSO
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3( fdl uorophenyl )sul fonyl )propanenitrile (19)

IH NMR (700 M#iz, DMSO
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3(phenyl sul f-a2agd beryirtazi ne (20)
'H NMR (700 MH«#), Chloroform
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3( ¢cdhl or ophenyl ) s2iclaf robnoynl i)tpryirlaez i (n2e4 )
'H NMR (700 MHz, DMSO
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3( (bdr omophenyl ) s u2darnb/dniptyrrialze n(e25)
'H NMR (700 MHz, DMSO
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(4 ri fluoromet hyl tfPeaybpasulttfohel @¥BH)azine
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3((Ajid 1l uorophenyl Y2suwlrfoaomy lt) pyreai2rive
'H NMR (700 MHz, DMSO

PD-02-27.10.fid

2.50 DMSO

e - - TN N N N R A A A N N N

L B

17
17
17
06
06
06
21
20
20
19
18
69
69
68
67
67
66
66
66
50
49
.49
.48
a8
48
47
47
332 H20
-3.30 H20

0.95-T e——

0.95-T  ———m—

0.98-T  ———
t

0.92-=
o | n.9-=

T T T T T T T T T T T T T T
0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

3((Aji4dluorophenyl Y2<wlrfbomy lt)pyreazi2ive
'€ NMR (176 MH§z, DMSO

PD-02-27.11.fid

—133.62
—126.74
—121.07
—11348

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

104



Ph. D. TVheEi sCol es; Mt Bliasd ree miUnti vyerand yBi omedi

3( (f4dl uorophenyl ) saclafraonoynli)tpryirl aez i(n2e8 )
'H NMR (700 MHz, DMSO
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3( f2l uorophenyl ) saclafraonoynli)tpryirlaez i(n3e0 )
'H NMR (700 MHz, DMSO
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3((djidl uorophenyl Y2suwlrfoaomy It) pyrea i3re
'H NMR (700 MHz, DMSO
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F((diFluorophenyl Y2suwlrfoaomy lt) pyreai3rR2e
'H NMR (700 MHz, DMSO
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2-( ¢f4d uor ophengrhetshuy If mingydt)i noni tril e (33)
'H NMR (700 MH«#), Chloroform
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2-( ¢(f4dl uorophenyl )sul fonyl)nicotinonitrile (34)
'H NMR (700 MHz, DMSO
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Abstract
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70&2 actam synergy. We provide evidence that i
compounds previously identified in the I|itera

t he many f achlloarcst anmaroeetswied i n
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Il ntroduction
bl actams are the most widely uséed ndlianggs pafoten!
(PBPs), essential enzymes that polymerize sub

synthesis. The broad b$ pe ¢ ta mebnudaen ¢t rol otwh etiorx iicnmpto

treatment of infections; howevefll,actthaemars eust,i | i
enzymes that Dilmdtamd . i nbacatcit wdmaalans @s sber ed wi
bl act amase i nhiebirtosabol extyendhts is one of t|
examples of an antibiotic adjuvant, a therape

antibiotic. While s®tmepsyirad e@emccubdl etthraenpsat h pge

ot hers caecgtearer yt tahte encbldest d me n PIBPi2\Ae RBP ca

crosslinking glycan st acdamevenaki mgt hdegrese
especially difficult to treat.-rbeangittseSr.tahe sglo
aur eMRSA), no antibioti c adfluavcatnamsssetxhparte srse sncgu

strains have yet been approved.

Whil e PBP2A blsactegqmim&di doaietatsi $ nnot sufficien
sever al auxiliary factors that contribute to
adjuv&®@mese factors include genes murFo,l ved in
assembly of the pentaglycinéemA)l Bg&eltlhadi wir ®is
ft9A, Zand prosep’Bnisiebireoi ®nof FtsZ, an essent.
plays a role in PBP2 |l ocalization

, and the ty

protein secretion through t he %Schean dadlAilv asrytss
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inhibit auxiliary factors target the biosynth

chains anchored to the peptidoglycan.

Whil e not Ses saarrrtaiball i ft gy, WTAs stabilize the ce
peptidoglycan from dedrmgongangkpt sSWIAkehayes ol
in PBP Il ocalization, which $.s astqmudagred Ifaoakipmg
WTA biosynthetic machinery have abnor mal PBP4
peptidogl yc&WTArbbsebydkhamrndaudeart aBaicisltlrias ns ¢
subtislicarried out byt agreesst € iFr'dfueeecfaidresdt beyn zt yhnee
pat hway, Tar O, reversibly catalyzes the transi
phosphate. Tar O inhibitors, including tunicam

their own but serm$iacitlH&fisiMRS A tteo saeargtea iWViTA bi os

tar BDAréeKSauxi |l i ary factors that, when nbut ated,
|l actams, but inhibitors of the fl ibppasaenmdSar G,
are | etth&hiasl omse.l i kely due to a depletion of
peptidoglycan synthesis and can be alleviated

proteins T&BY bevé&amfhing this condet aaldaEl y |
Hal featwiyallent ibiliaecd atntheadj uvant s-5&I5d®i€8 menmn @ heama , V
which has antibacteri al activity on its own,
di phosphate syntthhhes eaVadiplpdShi,| iltiymiafi nwndecaprer
required for both WTA!WAGS 9%4926 diomgH iykciatns styme hr
regul ator Gr aR,dIwhA&g@®rroeng urleastpeosn stbkhel anf ne e a6 &

on WTPA2!
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? Undecaprenyl phosphate

{_ GleNAc

O MurNAc
@ ManNAc

@ Glycerol phosphate

@ Ribitol phosphate
@ Hexose
e D-alanine ester
¥
See LAt
N /N
Peptidoglycan )
Imkage ST
Targocil
TarGH
Peptidoglycan
biosynthesis
o <«— DItABCD
[NEPZE I NP NG ~_/
O O / TarO TarA TarB TarF TarLlTarK TarS/TarM D-alanylation
=
T !
Clomiphene a TarD TarJ /O’
s
CLw A Iﬁk
Ticlopidine Tarl
MAC-545496
Figawall teichoic aci d&.biacAsdyanptsheedt ifcr epra tshwmodbyo di a

Pasqgei.h%@$t ructures of «chl onbidpsh4ednbe,, atnidc |t oaprigdoicn e
as example iIinhilbilataeamy | aft i bpmp S,an™barfT@r G, respec
We previously empbhaoayed sacmeoerilindiagpdomach to i
suwibnhi bitory &AMei bhidetnit ¢ -f anetliamimay . 4MBi2BAY lhilavi n
activity against a wide range of paotshdgers, w

species inédMWedwegeMBRBADbl e to identify its spe

action, concluding its activity magebei mukesf
MRSADbBtactams | i ke @geaucilhiar&stenewkehi s comp:¢
anal ogues as potenti al antibiotic adjuvant s.
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Resul ts

BAY -71182 syneblgaceamswithat primarily target th
binding protein PBP2

To define the anti bi700t8 2c,s wpeo tpernetviiaotuesd yb yc oBhAdYu cC

assays against the auRtSIAbisdtriad -1 fUSAMB 0 wartihet y

aminoglycosides, tetracyclines,bltahcitodpnesp.t i de s,
|l nterestingly, while we observed synergy (as
i ndex ( FPMGIt)hbltdlce5dms penicillin G (FICI=0.19)

we saw no synergy (FI Cl =9.. 56086 A8i6tOh inse tihnitcriilnlsii
resi?dMoamte.tt er understand this 0Oiacreampaontcygst ave
enconfplaascst ams t hat predominantl!l y bS.nda,ueraecuhs o f
pPBP1, 2, 3, and 4 (Figure 2, Figure S1). To t
checkerboard assays and calcul ated FIndcAal ue
(Figure 2B, FigusenS®)ia@MBIB Anetstircaild imMTCC 292

does not (Figure 2C, FiT@dBr2e s§yh)ehlgh ateamevs tt tha g |

primarily target PBP2 (amopeoaemmlioxaamplcnlI| p
penicill im a&)t,anbsutt hnaott pri marily inhibit PBPL1
ceftazidime, cloxacillin, and methicillin) (F

el iminated in the MSSSA ssot reaxipil @@FRidlg uBaddy i 2L@)t .y Wo

t wo -bAoanct am anti biotics that target cedl|l wall
7082 failed to synergize with vancomycin, whi
transpeptidattiemmibryalbi aardiimag ddhieds of [ ipid 11,
glycosyltransferase i nflidbdttaoms .t hat al so syner
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A
ir ‘ibiref'ir
B. ﬁp & C
cJ*\Qe}q é‘;\o\ v‘@q

Amoxicillin - 0.8

Ampici.lli.n- MRSA

Cefoucin ] 06- MSSA

Ceftazidime4 . - 1 | __ _ ___4=a_ ]

sorpmen 5 0]

Imipenem 4

et

Penicillin G

Piperacillin 4 0.0 T T T T T T T

Moenomycin - \@\\0 \(}\\ G‘?‘@ é\@@ rb'%\o .\'\\QO ,bé.\\.\\Q

Vancomyin - —— ?‘&& v{\‘Q OO{\Q \<{\\Q o o & QQ?}

L PPN LS Y
FICI

Fi ga@BAY -71A82 synergtzaagkita ntypga MBPag@A)N sMRIMRS A.
expresses five PBPs, PBP1, PBP2, PBP2A, PBP3,
on MRSA USA300 grown i-h0O8 heampd esremtclee rofa lBtAiYDb il ¢
<0.5 represent synderrgeypr evsad rnuteasnab eitditaesermm rodd. 50 mt,
antagoni sm. Bars are col our ed bacaccaradn,n ga st os htohn
Abl actams that primari |l yl ufalragcetta niPsB Pt2h aatr ep rsihnoaw
PBP1 and/ or PBP3 afrleacsthaonwsn tihnatg rpereinmarainidy t ar g
l ight blue. (C) FIWLIAI®@O u(emi rblka)s eadn d nMIMRS AATCC
grown in the pfFE&S2rmtmdod MBAYWall syneld&2 ziers wi t
MRSA. Data represent an average of three inde

These findings were not unexpectSedauawiuttBP2 i
both transpeptidase and glycosyltransferase a
PBP1 and PBP3 are transpeptidases that coordi
and sporulation) proteinogkFtysWnasyg nRoheEAitso dfua
division and el ®BR2 oRBP4 espradtPBR2A,functi or
produce highly crossfPihkedt papspepygl Jgaae comai
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capabl e of crosslinki ngblpaemttdanso;glhycvaenyv d@rn, tFhBP 2
glycosyltransferase domain, necessitating coo
PBPPZ W& predict-708atmBAYi bhhibit the glycosyltr
similar to the antibiotic moenomycin, or resu
coordinasieosi andi ng-aMRBIAagt toraMBP2To dE70&2mi ne |
acts similarly to moenomyainnh, pwevused| gnskREA
resistance082 (BRY¥31L1 along with a mutant sel ec
structur alpreamy loywyef @8niymdcar bonfWhile (FPSPC) (
mi ni mum inhibitory concentdi @f i domi QgMleC) i of bmo é&
it is in the parent stioaisnstmaaictehers uyutsSan i ndyi

and moenomycin act via ).istinct mechanisms (F

Wall teichoic acid synt hesBbdsa antaggm pd yaryeragy ol e
Compounds that inhibit FtsZ and WTA biosynt he:
|l actams against MRSA by causing PBPOBRshotal b.
one of théséMpaechwhygFO®8RBRA¥Y 1mpact on WTA bi os
measured acgiaoemdyad®gaabdsBAB880, which [ acks the
catalyzes the fitf e Bhbhpbihothi s /yPBLn & ma ttihen
g as®rain was similar Itoowitnhgatu so ft o {/cfo8n2cdl suednet BA
antibacteri al activity is not dependent on WT,
i nhi bitory concentratiofhoodttd gpasDai@alilni {f FGgdirep
I nteresti-in@Bg, nBAYohher potentigtaesdD rpacinni ci | | i

(FICIl =0.62) (Figure 3B)70 8&2dgsg easnttiinbga ctthearti aMmh ialc
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to WTA biosynthesis, the pol ybrhearc tiampsa c tT ictos f
these phenotypes remained consi®G&82ntwd oal sad r u

measured the activity -aonfaltohgeu-2pOo§ieling urcen |l D) i nat

A.

HO\(O o O\ /O N\ CN Cl
ﬂf ? J©/§\/\0N [N]’:g’@/
=AY y 5
MRSA USA300 MRSA USA3004 MRSA USA300-
MRSA USA300 AfarO- MRSA USA300 AtarG+ MRSA USA300 AfarO-
é n,lzs 0‘47 OIBS '\,;37 3‘74 7:18 (I) OI78 1‘56 3‘12 6‘25 12‘,5 2‘5 LIJ 0‘78 1|56 3,‘12 8,‘25 12‘5 2‘5
[Penicillin G) (M) [BAY 11-7082] (UM} [MLLB-2002] (uM)
| 1 | Il | 1
20 40 60 80 20 40 60 80 100 20 40 60 80 100 120
% of control (OD,,.} % of control (0D, % of control (OD,}
B.
25 o 100 25 F 100 25 = 100
’2;12.5- 80 3112.5— L 4380 §12'5_ 80 ¢
= 6.254 = 6.25-] 3 6.25 <3
ganz- 80 %3.12- 6o & 3121 60 8
~ ~ =1 s
:f 1.56 0 i 1.56 L a0 g 1.56 ” e
% 078 > 0.7 %‘ 0.78+ 28
£ .30+ 20 £ 30- F 420 ~ 0.39-] 20 &=
0 MRSA USA300 o 0-{ MRSA USA300 AtarQ L 04 MRSA USA300 AfarO Ll
TP PP SRS E PSS CEE SRS
[Penicillin G] (M) [Penicillin G] (uM) [Penicillin G] (M)
FigBmeée absence of WTA -d082 a(A) vAdpaarckt dBrAiYc 1dr
(optical density at 600 nmSasalS5pAped C gamaard@®4d t h
mutant grown in the presence of incr2@&2 ng co
(middl e), or t2h0e0 2a n(arliogghute) MLOMYS. (aBUB ABhGeOc k er b o
(leftggam@t ant (mi ddl e and right) grown with i:
and BAY8121 or20M2LB where<@Gymerigy n(é&prCésented in
indi fference (FI CI10O0.5) is represented in blu
experi ments.
These phenotypes are similar to those observe

sensitizé&babMR8&Mst but retains i tsThics irvditsyed nt
guestion of -Wwh&2 hiemh iBRAiYt 4 1an upstream enzyme (
peptidoglycan biosynthesis. Il nhi bitors that d
synthesis antagoni ze thecialctbwiltiymiotfi ndper da0 G

WTA biosynthesis antherrtak&iprgtictdd0oy®d Baivd 1ot
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i mpact targocil activity (FF®@IB821 .d50)e s( Friogtu rree ddu
bi osynthesis. We also measured the activity o
the pentagl§.ciapee pptra ddaggel vicnan, since strains | &
to lysostaphin than wild type (Figure 4B, D) .
presence-7TOf82BAYI1ClIl =0.53) (Figure 4C). Taken t

177082 nbdes mpact WTA | evel s.

Fi gdBAY -71A82 does not ( AmpacCheWKkR.r lbauasAdd 6o0f

grown with increasi R7/g0 8c20 nacnedn ttrhaet i Toanr Go fi nBhAYb iltlo
Lysostaphin is an endopeptidaSe apmapusdealvecsar
Cells producing WTA are |l ess sensitive (left)

CheckerBopaadB8a860 grown with incre&di8g (QdM)c e
and lysostaphin (O0g/ mL) .en(sh)t yPlaatn k6t0oOn incm garso wat
vehicle Sonau®HAd6 lodqaaamh@bant grown in the prese
concentrations of lysostaphin (Og/ mL) . Dat a i
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