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SUMMARY

The multidrug-resistant bacteriuaseudomonas aerugino§@A) has recently gained a lot of attention

in research as well as from the general publichlfigbting the interest in finding new anti-infeatis

to weaken the bacterium’s severe effects to theamuoody. The pathogenicity of PA is controlled by

a cell-density dependent, intercellular commun@agystem. As the enzyme PgsD is involved in the
production of the utilized signal molecules, it cha targeted in an anti-virulence strategy to

specifically combat PA.

Using various biophysical methods, the bindingsséted binding modes of two PgsD inhibitor classes
were elucidated. The 2-nitrophenylmethanol densstiare binding and competing with the natural
substrate in the active center of PgsD, wherea2-thenzamidobenzoic acids act as channel blockers,

keeping the substrate away from its binding site.

Furthermore, in order to identify novel scaffolds\sng as PqsD inhibitors, three frequently used
screening strategies were evaluated. Two of thepeoaches used focused libraries, which were
arranged by consideration of target-associatedctstfeA direct screening of a fragment library,
covering a large chemical space, served as cormoparRegarding efficiency and efficacy, the
rationality-driven approaches outperform the unésad one, indicating this type of screening

represents a time-effective method.
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ZUSAMMENFASSUNG

Pseudomonas aeruginofaA) ist immer weiter in den Fokus der Wissenschaft sadeis offentlichen
Interesses gerickt, da die Notwendigkeit der Edlwitg neuer Wirkstoffe aufgrund der Multidrug-
Resistenz stetig angestiegen ist. Die Pathogemdgét PA wird durch ein Zelldichte-abhéangiges,
interzellulares Kommunikationssystem gesteuert. Bagym PqgsD ist an der Biosynthese der
bendtigten Signalmolekile beteiligt und eignet sleshalb als Target im Rahmen einer spezifisch auf

PA zugeschnittenen Anti-Virulenz Strategie.

Mittels biophysikalischer Methoden konnten die BRisttllen zweier PqgsD-Inhibitorklassen
identifiziert und deren Bindungsmodi aufgeklart demm. Wahrend die 2-Nitrophenylmethanol-
Derivate im aktiven Zentrum von PgsD binden und dem natirlichen Substrat kompetitieren,
agieren die 2-Benzamidobenzoeséuren als Kanalblarleverhindern so den Zugang des Substrates

Zu seiner Bindestelle.

Des Weiteren wurden zur Identifizierung neuer Pqsihibitoren drei haufig verwendete

Screeningstrategien evaluiert. In zwei der Ansétaeden fokussierte Bibliotheken getestet, die unter
Beriicksichtigung Target-assoziierter Aspekte zusangestellt wurden. Zum Vergleich diente ein
Screening einer Fragmentbibliothek, die strukturelbglichst unterschiedliche Verbindungen
beinhaltete. Die Effizienz und Effektivitat der icatal geleiteten Ansétze Ubertrifft die der

unfokussierten, wodurch deutlich wird, dass dieste#fektive Methoden darstellen.
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1 Grundlagen

1.1 Surface Plasmon Resonanc@&pektroskopie

Die Oberflachenplasmon Resonanz Spektroskdpigfdce Plasmon Resonance spectrosc§RR)

ist eine biophysikalische Methode, die auf der Teflexion von parallel polarisiertem Licht basiert
Sie ermdglicht die Analyse von Interaktionen in &elfit. Diese Studien sind insbesondere bei der
Entwicklung von neuen, potentiellen Arzneimittelefrggt, da aufgrund der hohen Sensitivitat
Wechselwirkungen zwischen den Wirkstoffen und denadressierenden Biomolekilen wie z.B.
DNA, RNA oder Proteinen labelfrei und mit hohem Ehsatz detektiert werden kénnen (1-3).

1.1.1 Physikalisches Prinzip der SPR
Das Prinzip der SPR beruht darauf, dass einfallgndear polarisiertes Licht durch ein Prisma auf
einen Sensorchip scheint, welcher mit einem dundetallfilm Uberzogen ist. Dieser Metallfilm

funktioniert wie ein Spiegel und bewirkt eine Reftn des Lichtes (Abb. 1).

Flusszelle

Sensorchip

Lichtquelle

Abb. 1: Schematischer Aufbau einer SPR: Linear nmitates Licht wird am Sensorchip, der auf einerisrRa
aufgelagert ist, reflektiert. Der reflektierte Listrahl wird vom Detektor erfasst. Findet eine fakdion
zwischen Analyt)und Liganden {) statt, fiihrt die Massenzunahme zu einer Andede®sBrechungsindexes
und fernerhin zu einer Veranderung des Winkels, den das Reflexionsintensitatsspektrum ein Minimum
aufweist (Verschiebung vdnnachll ) (modifiziert nachSzabo et al(4)).

Wird der Winkel des einfallenden Lichtes verandgibt es einen Winkel, bei dem ein deutlicher
Intensitatsverlust der reflektierten Strahlung zeolachten ist. Ausschlaggebend ist die durch
Absorption Ubertragene Energie der Photonen aufrdien Elektronen der Metallschicht, wodurch
diese zur Oszillation angeregt werden (= Resonamnd)ein elektromagnetisches Feld (= evaneszentes
Feld) erzeugt wird. Die oszillierenden Elektroneereen auch als Oberflachenplasmone bezeichnet

(5, 6).
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Am sogenannten SPR-Winkel ist der Intensitatsvedas reflektierten Lichtes am grof3ten (6). Dieser
Winkel ist abhéngig von den Brechungsindizes dedibte auf beiden Seiten der Goldschicht. Bei
Bindung von Proteinen oder Molekilen an die Serspaberfliche &ndert sich der Brechungsindex
auf der Seite des Metalls, wohingegen der Brechndgg auf Seite des Prismas konstant bleibt (6-8).
Diese Anderung fiihrt zu einer Verschiebung des BRikels, welche vom Detektor erfasst und in

ein Resonanzsignal umgewandelt wird (Abb. 2) (6).

Resonanzsignal

Winkel Zeit

Intensitat

~
r g

Abb. 2: Die Bindung von Molektilen an die Sensorobigrflache fuhrt zu einer Winkelverschiebuhg— 11),
die vom Detektor erfasst und in ein Resonanzsignmajewandelt wird (modifiziert nach Schasfoort andids

(6)).

Das Resonanzsignal wird gewdhnlich in der Einhd®esonance Unit“(RU) erfasst und ist

proportional zur Konzentration des Analyten. Anhamedperimenteller Untersuchungen zur

Korrelation zwischen Massenabsorption und Resoingmeisvurde folgende Beziehung ermittelt: (8)
1 RU =1 pg/mm?

Da die Penetrationstiefe des elektromagnetischdde&emit zunehmender Entfernung schwécher

wird, muss das Zielmolekiil relativ nah an der Settspoberflache fixiert werden (6).

1.1.2 Immobilisierung des Zielmolekiils

Der erste Schritt einer SPR-Messung beinhaltet Kijpplung des Targets (= Ligand) an die
Sensorchipoberflache. Dieser Prozess wird als Iniie@oung des Liganden bezeichnet, wobei der
Begriff Immobilisierung haufig als eine starre FExing des Targets missverstanden wird. Die
Beweglichkeit des Liganden wird jedoch durch Binglusn die flexiblen Carboxymethyldextran
(CMD)-Ketten der Sensorchipmatrix gewéahrleistet, dies unter Beibehaltung eines Grof3teils an
Rotations- und Translationsfreiheitsgraden gesthi@ieichzeitig wird die Zuganglichkeit des
Liganden durch die von der Sensorchipoberflachierie Positionierung verbessert. Darliber hinaus
Ubt die Matrix eine Schutzfunktion auf sensitivegamden vor Denaturierung aus, die durch
Austrocknen der Oberflache verursacht werden k&pn (

Experimentelle Vergleiche von geldsten und immelgliten Proteinen ergaben, dass in beiden Féallen
ahnliche Bindungsparameter erhalten wurden (10-D#s zeigt, dass durch die Immobilisierung

meistens keine entscheidende Veréanderung in dekt8trund damit in der Funktion des Liganden
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hervorgerufen wird und diese deshalb keinen Nachi@i Bestimmung von Reaktionskinetiken

darstellt.

Die Bindung des Proteins an den Sensorchip kann wdrschiedene Techniken erfolgen, wie zum
Beispiel der Amidkupplung, der Biotin-Streptavidfupplung oder einem ,Capturing” mittels
Antikérper. Die Amidkupplung stellt meist die ersWahl dar, da diese Technik zu stabilen
Bindungen und guten Ausbeuten flihrt (6). Der Natchdaser Fixierungsmethode liegt in der
zufélligen Orientierung des Liganden, was teilweise unzugénglichen Bindestellen fiilhren kann.

Daruber hinaus konnen die genutzten pH-Werte aktivierung des Proteins fihren (14).

Um ein Protein Uber die Aminogruppen der Oberflatysne an den Chip zu binden (Abb. 3),
werden zuerst die Carboxylsauregruppen der Matkitviart, woflr haufig EDC N-Ethyl-N"-

(dimethylaminopropyl)carbodiimid) verwendet wird4{l Bei pH-Werten zwischen 4,5 und 6,5 wird
ein  O-Acylisoharnstoff-Intermediat  gebildet, welches inAnschluss durch NHS N

Hydroxysuccinimid) unter Ausbildung von stabilerBftivesterintermediaten ersetzt wird (14). Im
Anschluss wird das Protein in einer Losung, derdAert eine Einheit unter dem isoelektrischen
Punkt liegt, injiziert. Dies soll bewirken, dasssdarotein positiv geladen vorliegt. Elektrostatesch
Anziehungskrafte filhren zu einer Akkumulierung d&®teins an den negativ geladenen CMD-
Ketten. Bei Anndherung des Proteins reagiert deAseinogruppe mit den aktivierten Estern unter
Freisetzung von NHS und Ausbildung einer kovalemdenidbindung (14). Der letzte Schritt der
Immobilisierung beinhaltet die Inaktivierung derldeungenutzten NHS-Ester mittels Ethanolamin

(15, 16), um eine unreaktive Sensorchipoberflachgezvahrleisten.

1. Aktivierung

0 N-Ri O Ry 0 o O R4
I NH NH
C .
OH + § —= 0—( +HO-N o-N ]+ o=
RN N NH
g R2 0 ¢} R;

Sensor chip
R1= CHQCH3; R2= (CH2)3N+H(CH3)QC|7

2. Immobilisierung
O O o} (0]
E O—N;xj + (R+NH, —= HN-R) + HO—N;>
o Ligand o
3. Inaktivierung
O O 0] (0]
O-N /\/OH _
+ H,N — HN—\_ + HO-N
OH
o} o}

Abb. 3: Ubersicht iiber die ablaufenden ReaktionenAmmidkupplung (modifiziert nach Fischer und Jadurs
(14, 17)).
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1.1.3 Das Sensorgramm

Wird ein Analyt in Losung injiziert und flie[3t Ubelen immobilisierten Liganden, kann es zu einer
Interaktion kommen. Die hieraus resultierende Masseahme fuhrt zu einer Verénderung des
Brechungsindexes, welche wiederum vom DetektordntZeit aufgezeichnet und in ein sogenanntes
Sensorgramm umgewandelt wird. Der Verlauf des Sgnsmms beschreibt die Interaktion zwischen

Analyt und Liganden und kann in mehrere Phasernrtaiitaverden (Abb. 4).

N
- 4 ¥
£ ¥ s
3 I L & 4]W%
| ¥x¥ m¥¥ X
é I V(b)
Time (s) g

Abb. 4: Schematische Darstellung eines vom DetektoEchtzeit aufgezeichneten Sensorgramms mit den
nacheinander ablaufenden Phasen: (I) AufzeichnwesyBRhselinesignals, (II) Assoziation, (lll) Steadate,
(IV) Dissoziation, (M) Regeneration und ¢y abschlieBende Aufzeichnung des Baselinesignatlifiniert
nach Schasfoort and Tudos (6)).

Am Anfang eines jeden Sensorgramms wird Blgeseline fir einige Minuten aufgenommen, wobei
lediglich Pufferldsung tber den Liganden flie3t.réVder Analyt injiziert, kommt es infolge der
Wechselwirkung mit dem Liganden und der darausltiesenden Brechungsindexverdnderung zu
einem Anstieg im Resonanzsignal. Diese Phase wlsd Agsoziation bezeichnet. Im sich
anschlieBendeBteady Statebesteht ein kontinuierliches Gleichgewicht zwistlssoziierenden und
dissoziierenden Analyten. Ist die Injektion des Kten beendet, findet keine weitere Assoziatioftt sta
und noch gebundener Analyt dissoziiert Dissoziatiorsphase). Diese Phase wird durch das
abfallende Signal charakterisiert. Moglicherweislauft die Dissoziation des Analyten aufgrund
starker Wechselwirkungen unvollstéandig. Durch ders&z von Sauren oder Basen, die eine pH-Wert
Anderung herbeifiihren, wird versucht, diese Intgoalen unter so milden Bedingungen wie moglich
aufzuheben (=Regeneration. Im Anschluss wird im optimalen Fall das Basativeau wieder

erreicht und ein neuer Analyt kann injiziert werden

1.1.4 SPR in der Wirkstoffentwicklung

Hochdurchsatzscreeningdigh Throughput ScreeningdTS) sind oft eine unerlassliche Komponente
in Drug DiscoveryProgrammen. Fur deren Erfolg ist es wichtig, dies Hu identifizieren, die am
besten fir die Optimierung geeignet sind (18-2h).dlesem Zusammenhang finden funktionelle
Screenings haufig Anwendung. Sie werden entwadeitro am isolierten Enzym odén cellulo bei

unbekanntem Target in der Zelle durchgefihrt. Di&seening-Methoden besitzen oft den Nachteil,
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dass sie sehr komplex und =zeitintensiv sind, wddudie Wahrscheinlichkeit, eine neue
Leitverbindung zu detektieren, limitiert ist (223)2 Aus diesem Grund ist die pharmazeutische
Industrie bestrebt, neue Methoden zu entwickel® die Suche nach geeigneten Kandidaten
erleichtern (24). Als eine dieser alternativen t8geen hat sich die SPR-Technologie bewéahrt. Diese
Methode ermdglicht eine freie Wahl der zu untersmcken Bibliothek, da aufgrund der hohen
Sensitivitat neben den grofReren, wirkstoffartiggdryg-like) Molekilen auch weniger affine
Fragmente getestet werden kdnnen (25-33). SPRrtmSereenings konnen die Forderungen nach
einfacher Handhabung, hoher Sensitivitat und grof@orchsatz bei gleichzeitig geringem

Materialverbrauch erfiillen und eignen sich daheaidls HTS-Methode (26).

Am Ende des Screenings werden Hits erhalten, daf maittels eines funktionellen Enzymsassays
validiert werden miuissen, um nicht zur Optimierungeignete Verbindungen aufzudecken, die
unspezifisch oder auf3erhalb der katalytischen Seitelen. (34, 35). Viele als promiskuitive
Verbindungen bezeichnete Substanzen entfalten ifrbitorische Wirkung durch unspezifische
Aggregationsbildung. Mittels SPR ist es mdglichckel Verbindungen zu identifizieren (36, 37).
Daruber hinaus kdnnen Molekiile, die unspezifisch Zielmolekil binden, mittels Bindungsstudien
detektiert werden. Dies kann entweder durch eiralfgdes Screening gegen das Target u@xdf-,
Targets erfolgen (27, 29, 32, 37) oder an einem an dendBstelle blockierten Zielmolekiil
stattfinden (10, 29, 31). Eine weitere Mdglichksiellt der Einsatz von Mutanten dar, bei denen
gezielt Aminosauren in der gewinschten Bindestellegetauscht wurden (29, 38, 39). Hierdurch
wird es ermdglicht, Verbindungen, die spezifischdéses Areal des Targets binden, zu identifizieren
(38).

Neben der Hitidentifizierung und Validierung erfoluf der letzten Ebene die Charakterisierung der
Hitverbindungen (Abb. 5). Anhand der gewonnenemrimftionen kann dann entschieden werden,

welche Verbindungen die vielversprechendsten Kaxtditzur Optimierung darstellen (40, 41).

Hit * Screening von
Identifizierung Substanzbibliotheken
SPRinder * Bindungspezifitat mittels

“:Irlfs::ff- HiC Al Reruiie . miﬁii Blockade
entwic ung
Referenzproteinen

Kinetik
Hit *  Thermodynamik
Charakterisierung * Stéchiometrie

Struktur-Wirkungs-Beziehung

Abb. 5: Einsatz von SPR in verschiedenen BereidemWirkstoffentwicklung (modifiziert nach Danielso

(30)).
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SPR kann in diesem Fall zur Bestimmung von kinbgsc Parametern, aber auch von

thermodynamischen Groé3en wie der Freien Enthalger der Entropie, sowie zur Bestimmung der

Stochiometrie eingesetzt werden. Daruber hinausiédrdie erhaltenen Bindungsparameter genutzt
werden, um Struktur-Wirkungs-Beziehungen (SAR) &daien (42-44).

1.2 Pseudomonas aeruginosa

Pseudomonas aeruginogRA) ist ein ubiquitar vorkommendes, Gram-negatifAathogen, welches
sich den Proteobakterien zuordnen lasst und sichieda Umweltbedingungen anpassen kann. Das
opportunistische Pathogen stellt die haufigste ¢hmsa fur nosokomiale Infektionen bei
immunsupprimierten Menschen dar und ist meist fiie dlorbiditdt und Mortalitdt von
Mukoviszidose-Patienten verantwortlich (45-48). tMiie Lunge der Patienten durch PA kolonisiert,
Zieht dies eine Verschlechterung der Lungenfunktiinsich (49-51). Die hohe Pathogenitat von PA
beruht auf der Bildung einer Vielzahl von Viruleakforen, die teilweise zytotoxische Aktivitaten
aufweisen (52) oder das Immunsystem des Wirtese#agrund schadigen (zusammengefasst in (53)).
Eine Behandlung mittels Antibiotikum ist aufgrundrchohen Resistenz des Bakteriums schwierig
(54-56). In diesem Zusammenhang ist unter andeierdellmembran von zentraler Bedeutung, denn
sie stellt eine schwer Uberwindbare Barriere fiitilfiatika dar (57). Von Liet al. konnte gezeigt
werden, dass die Wirksamkeit vieler Antibiotika cluiden Einsatz von Permeationsverbesserern wie
EDTA (Ethylendiamintetraessigsaure) erhoht werdmmk(58). Zusatzlich spielen Effluxpumpen eine
wichtige Rolle, da diese ein grolRes Substratspek@ufweisen und verschiedenste Antibiotika aus
der Zelle schleusen. Die Effluxpumpe MexAB-OprM v@tA ist in der Lage, Tetracycline,
Chloramphenicole, Trimethoprimp-Lactame sowiep-Lactamase-Inhibitoren aus der Zelle zu
pumpen, wodurch diese Medikamente zur BehandlualpiviPA Infektionen unwirksam geworden
sind (59-61). Daneben stellt die Biofilmbildung dakterien einen weiteren, zentralen Aspekt fur die
Unwirksamkeit vieler Antibiotika dar. Bakterien, edin einer mikrobiellen Gemeinschaft leben,
werden als Biofilm bezeichnet. Diese Gemeinsclsdfirreversibel mit einer Oberflache assoziiert,
wobei die einzelnen Zellen zusatzlich aneinandéteha Das kohéarente Zellcluster ist in eine aus
extrazellularen polymeren Substanzen bestehendexMangebettet, die die Zellen selbst produziert
(62, 63). Durch die Ausbildung eines Biofilms wathe Diffusionsbarriere gebildet, die den Bakterien
zusatzlichen Schutz vor Angriffen des Immunsystems der Behandlung durch Antibiotika verleiht
(64, 65).

PAist in der Lage, Uber ein Zell-zu-Zell-Kommurtikessystem die Produktion der Virulenzfaktoren,
die Expression der Effluxpumpen sowie die Ausbilgiumd Reifung des Biofilms zu steuern (66).
Dieses System wird als Quorum Sensing (QS) Systeszeithnet und beschreibt die
zelldichteabhangige, interzellulare Kommunikationonv Bakterien, welche Uber Kkleine,

diffusionsfahige Signalmolekile ablauft (zusammdags in (67)). Dieses Kommunikationssystem
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ermdglicht den Bakterien, die Zelldichte zu messed abhangig davon das kollektive Verhalten des

Zellverbandes zu steuern (66, 68-71).

1.2.1 Quorum Sensing irP. aeruginosa

Das erste QS System wurde in dem Meeresbakteviilmio fischeri entdeckt (72, 73), welches das
typische Schema der bakteriellen Zell-zu-Zell-Konmikation Gram-negativer Bakterien
reprasentiert. Die Bildung und Freisetzung von 8igiolekilen, sogenannten Autoinducern (Al), ist
die Basis des QS Systems (zusammengefasst in Z&llyerbande mit geringer Zelldichte bilden nur
ein minimales Level an Al. Wenn die bakterielle Rlapion wéachst, erhdht sich ebenfalls die
Konzentration an Signalmolekilen bis zum Erreicharer Schwellenkonzentration, bei welcher das
Signalmolekil an einen Al-abhéngigen Rezeptor hifdesammengefasst in (75)). Diese Bindung
I6st eine physiologische Antwort in allen Mitgliededer Population aus, was letztendlich zur
kollektiven Umprogrammierung der Genexpression tfiffi6), die entweder als Induktion oder als
Suppression spezifischer Zielgene erfolgt. Diesskdde ermdglicht den Bakterien in Abhangigkeit
von der Zelldichte die Expression spezifischer Gemekontrollieren und auf Veranderungen in der

Umgebung entsprechend zu reagieren (75).

PA besitzt drei verschiedene QS Systeme mittelerddie Produktion der Virulenzfaktoren und die
Biofilmbildung gesteuert wird. Daslas und das rhl System nutzen als Signalmolekile
Acylhomoserinlactone (AHL) und bestehen aus deneptezproteinen LasR und RhIR sowie den
Autoinducer-Synthasen Lasl und Rhll (77-79). Dutoduktion von LasR und Lasl erfolgt die
Synthese dekas eigenen Al, da®N-(3-oxododecanoyl)-L-homoserinlacton (3-oxo-C12-Hl.SBindet
dieses an den Transkriptionsregulator LasR, witgruanderem die Produktion der Virulenzfaktoren
Elastase, LasA Protease und der Exotoxine akti@i@it80, 81). Dashl System hingegen nutzt als Al
N-Butanoyl-L-Homoserinlacton (C4-HSL), dessen Syseh&hll vermittelt stattfindet. Analog zum
las System bindet C4-HSL an RhIR, wodurch dieser &tivwird und die Produktion von
Virulenzfaktoren wie Rhamnolipiden, Elastase, LadAotease, Cyanwasserstoff, Pyocyanin,

Siderophoren oder der cytotoxischen Lectine PAd BA-Il reguliert (79, 82-86).

Neben diesen zwei auf AHL basierenden Systemenzbd3h noch dagqgs System, welches die
4-Hydroxy-2-Alkylchinoline (HAQ) als Signalmolekilenutzt (87-90). Binden 3,4-Dihydroxy-
2-heptylchinolon Pseudomona®uinolone Signal, PQS) und 4-Hydroxy-2-heptylchimgHHQ) an
den membranassoziierten LysR-Typ Transkriptionsakdr PgsR, wird durch dessen Aktivierung
unter anderem die Produktion der Virulenzfaktoreyodyanin, Elastase, Phospholipase und
Rhamnolipide stimuliert (91-93). Zusatzlich wircedBiofilmbildung und dessen Reifung (94) sowie
die Expression von Effluxpumpen (95) und der OperpgsABCDEund phnAB PgsR-abhangig
gesteuert (89, 92, 93). Die polycistronischen OpengsABCDEund phnAB sind fur die HAQ-
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Synthese essentiell, dadurch ist PQS in der Laber BgsR seine eigene Synthese zu regulieren,

wodurch der sprunghafte Anstieg in der Signalmdlakizentration erméglicht wird (96).

Alle drei PA QS-Systeme sind stark miteinander g&in(s. Abb. 6) (97). Hierarchisch gesehen steht
daslas System an der Spitze dieses Netzwerkes, da ebeitlen anderen Systeme reguliert. Dies
erfolgt zum einen durch Transkriptionskontrolle delsSystems, indem die Expression vtR und

rhll durch den LasR/3-oxo-C12-HSL Komplex induziertdvizum anderen findet aber auch eine
negative, posttranslationale Regulation statt, demxo-C12-HSL weist eine Affinitdt zu RhIR auf
und kann dadurch die RhIR/C4-HSL Interaktion blec&n (84, 96, 98). Dapqgs System wird
ebenfalls vonlas reguliert, da der LasR/3-oxo-C12-HSL-Komplex zuktidierung von PgsR flhrt
und darliber hinaus das zur Umwandlung von HHQ zoterperen PQS bendtigte Enzym PgsH
kontrolliert (87, 89, 92, 99). Die Suppression ggs Systems findet hingegehl vermittelt statt. Die
Transkription degpgqsABCDEOperons kann durch den RhIR-C4-HSL-Komplex inhib@erden
(100). Dies dient zur Kontrolle der produziertenrige an PQS, denn hohe Konzentrationen fuhren zu
einer vermehrt stattfindenden Autolyse (101, 1@d¢ Produktion von PQS findet vor allem in der
spaten, logarithmischen Wachstumsphase statt wedckar ein Plateau, bei dem gleichzeitig eine
Hochregulation desrhl Systems erfolgt. Dies geschieht durch PQS-abhandigluktion der
Expression vonrhll sowie der Produktion vomhl-abhéngigen Exoprodukten (95, 97). Diese
Aktivierung bewirkt einen negativen Feedbackmecémmnis, wodurch dagpgs System herunter
reguliert wird (96). Demgegentber steht der ingggin MalRe mogliche, positive Einfluss qes
Systems auf die Transkription von LasR (97). Anhdieder Beziehungen wird deutlich, dass pigs

System die Position des Bindeglieds zwischen dateheAHL-abhangigen Systemen einnimmt.
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Abb. 6: Ubersicht der verschiedenen RegulationswiggeQuorum Sensing Netzwerk von PA sowie die
gegenseitige Beeinflussung der drei QS Systéaserhl undpgs(modifiziert nach (99))

1.2.2 pgqsQuorum Sensing System

Das pqsQS System produziert viele HAQs, die mittels einge-MS/MS Analyse in PAl4
identifiziert wurden und sich in funf verschieder€assen einteilen lassen (Abb. 7). Als
Unterscheidungsmerkmale dienen unter anderem dakolinen einer Hydroxylgruppe in
3-Position, eineN-Oxidgruppe anstelle des Chinolinstickstoffs und @éattigung der aliphatischen
Seitenkette (88, 89).

Die wichtigsten Vertreter dgmsQS Systems sind die Signalmolekile HHQ und PQ®eiBQS als
Hauptsignalmolekil den wichtigsten Regulator in 8&wulenz von PA darstellt (103), sowie das
antimikrobiell wirksame HQNO (4-Hydroxy-2-heptylcialin-N-oxid) (87-89, 95).
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Abb. 7: Chemische Strukturen der funf unterschain Verbindungsklassen von HAQs, die mittels LC-
MS/MS identifiziert wurden (modifiziert nach Dezit al (89)).

Die ersten Informationen dartber, welche Proteimadie Biosynthese der HAQs verantwortlich sind,
wurden in einem Transposon Mutagenese Screenirajtenh Dabei zeigte sich, dass die Gene des
phnAB und pgsABCD Operons essentiell fur die PQS Produktion sind).(2as phnAB Operon
vermittelt die Bildung von Anthranilsdure, welchasdVorlaufermolekil aller HAQs darstellt (89,
104). PgsA, eine Coenzym A Ligase, aktiviert Anthisiure zu einem Anthranilsaurethioester (105),
welcher mit PgsD reagiert (89, 106). Anhand einestélistruktur wird deutlich, dass Anthraniloyl
kovalent an Cys112 gebunden vorliegt, welches itivak Zentrum von PqgsD lokalisiert ist (106).
Der Anthraniloyl-PgsD-Komplex kann mit Malonyl-Co8las Intermediat 2-Aminobenzoylacetat
(2-ABA-CoA) bilden (107), welches aufgrund seinereriggen Stabilitdt spontan zu
2,4-Dihydroxychinolin (DHQ) und 2-Aminoacetophen@AA) zerfallen kann (Abb. 8) (108).

Lange wurde vermutet, dass die Bildung von HHQ ighrtu DHQ Uber PgsA und PgsD verlauft, da
PgsDin vitro die Reaktion von ACoA ung-Ketodecanséaure zu HHQ katalysieren kann (109,.110)
Dulcey et al. haben jedoch gezeigt, dass diese Umsetzung bsclognicht relevant ist. Die
Biosynthese von HHQ verlauft bis zum Schritt detdBng von 2-ABA-CoA analog zur DHQ
Biosynthese. Durch Umsetzung von 2-ABA-CoA zu 2-ABf£-Aminobenzoylacetat) und
anschlieRender PgsC-katalysierter Reaktion mit ridgfia welches aus dem Substrat Octanoyl-CoA
stammt, entsteht unter Decarboxylierung HHQ (10Bje Aufgabe von PgsB in diesem
Zusammenhang ist unklar, allerdings ist PgsC in édemheit von PgsB nicht in der Lage HHQ zu
bilden, wéahrend der coexprimierte Komplex Aktivitatigt. Demnach liegt die Rolle von PqgsB
moglicherweise darin, PgqsC zu stabilisieren undudad die korrekte Faltung des Proteins zu
gewabhrleisten (108). Das so gebildete HHQ wird iimee PqsH katalysierten Reaktion zu PQS
umgewandelt (89). Beide Signalmolekile sind in dege, an PgsR zu binden und diesen zu
aktivieren, wodurch die Expression dasnAB und pgsABCDEOperons erfolgt (89, 90, 92, 93, 96,
111). Allerdings ist PQS ca. 100fach potenter atH

HQNO, das dritte, wichtige HAQ, hemmt das Wachstwon Gram-positiven Bakterien und flhrt
dadurch zu einem Wachstumsvorteil fur PA (88). butcabeling-Experimente konnte gezeigt
werden, dass HHQ nicht das Vorlaufermolekil von HRMt. Demzufolge missen di-Oxide

Endprodukte eines alternativen Reaktionsweges saither PqsR unabhéngig reguliert wird (89).
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Neuere Studien zeigten, dass fiur die BiosyntheseNdexide die Monooxygenase PgsL bendtigt
wird, welche 2-ABA zu den Endprodukten wie HQNO eias (88, 89, 108).
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Abb. 8: Schematische Darstellung der Biosynthesesamalmolekile HHQ, PQS sowie von HQNO, DHQ und
2-AA (modifiziert nach Dulcet al. (108)).

1.2.3Inhibition des pgsQS Systems als Anti-Virulenzstrategie

Die Behandlung bakterieller Infektionen erfolgtsh®r mit Antibiotika, die das Bakterium téten oder
dessen Wachstum inhibieren. Die Problematik hiestealie rasche Entwicklung von Resistenzen, die
infolge des Eingriffes in die Viabilitat und desndi& verbundenen Selektionsdrucks ausgebildet
werden (112). Ursache fir die schnelle Resisteriztéimung in Gegenwart eines Antibiotikums liegt
darin, dass ein Bakterium, welches resistent isgreenormen Wachstumsvorteil gegentiber seinen

Konkurrenten in einer bakteriellen Population #gtusammengefasst in (113)).

Von der Entwicklung potenzieller Wirkstoffe, die tndiem QS System interferieren und dadurch die
Pathogenitat absenken, ohne die Viabilitdt zu Blemsisen, verspricht man sich einen verringerten,
selektiven Druck und damit keine bzw. eine langganf@esistenzentwicklung (114-117). Allerdings
besteht beim Eingriff in die AHL-basierenden Systewias Risiko, dass auch nicht pathogene
Bakterienstamme beeinflusst werden, da AHLs aucbram-negativen Bakterien weit verbreitet sind.
Aus diesem Grund stellt dagisQS System einen attraktiven Angriffspunkt darddsses einzigartig
fur PA undBurkholderiaspp ist (118). Dadurch ist es mdglich durch Inteme mit diesem System

eine spezifische Inhibition zu erreichen.

Da PA einen vollstandig funktionalen QS Kreislauf Entfaltung der vollen Virulenz benétigt (62,

119), gibt es mehrere, vielversprechende Ansatzpunik mit denpgsSystem zu interferieren. Dies
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kann durch Eingriff in die Biosynthese und damit Reduzierung der Signalmolekul-Verfigbarkeit
erreicht werden. Eine weitere Moglichkeit liegt der Erkennung des Signalmolekuls durch die

Empfangerzelle (76).

Auf Ebene der Signalmolekilerkennung kann durchcBdde des PQS-Rezeptors (PgsR) eine
Absenkung der Pathogenitat erreicht werden, demnwein Rahmeet al. gezeigt, ist diese in einer
PgsR Mutante im Vergleich zum PA-Wildtyp reduzigi®). Erste PqsR Antagonisten, die strukturell
von HHQ abgeleitet wurden, zeigten eine gute ami@jeche Aktivitat in einem PA
Reportergen-Assay und waren auch in der Lage, mbeuRtion des Virulenzfaktors Pyocyanin zu
senken (120). Dariber hinaus haben wir kirzlichemgz dass durch Behandlung mit PgsR-
Antagonisten die Mortalitat von PAl4-infiziertgBalleria mellonellaund Caenorhabditis elegans
verringert wird (120, 121).

PgsEwird ebenfalls durch dapgsABCDEOperon codiert. Die Funktion des Proteins ist kaum
verstanden, es scheint jedoch eine grof3e RolldiéiRegulation der Zell-zu-Zell-Kommunikation zu
spielen (91, 122). Experimentelle Untersuchungereiaer PqsE Mutante weisen darauf hin, dass
PgskE an der Produktion von Virulenzfaktoren wie d&smin, Lektinen und Elastase beteiligt ist (92,
95), aber keine Bedeutung fur die Biosynthese vétQHind PQS zu haben scheint, da bei einem
pgsE Knockoutstamm vergleichbare Signalmolekulkonzdiuman zum Wildtyp vorliegen (89, 92).
Durch Zugabe von PQS zu einer PqsE Mutante konetePrbduktion der Virulenzfaktoren nicht
wieder hergestellt werden (95), was darauf hinwelass PgsE entweder fur die Zellantwort auf PQS
bendtigt wird (92) oder aber in der Bildung eineshbr nicht identifizierten Signalmolekils involie

ist (123). Fernerhin scheint PgsE fiur die Biofilnveicklung bendtigt zu werden und eine negative
Regulation auf daggsABCDEOperon auszuliben (124), wodurch PgsE zusétzlich an Bedeutung
fur die Pathogenitat von PA gewinnt und ein hodhrstitives Target in einer Antivirulenzstrategie
darstellt. Die fehlenden Kenntnisse Uber die Fumktles Proteins erschweren die Entwicklung von

Inhibitoren erheblich, da eine Target-bezogene &ata@n derer nicht moglich ist.

Auf der Biosyntheseebene stellen PgsA, PqgsB, PaqelCRgsD attraktive Targets dar. So findet in
einer PgsA Mutante die Biosynthese von DHQ, HHQ B@5 nicht mehr statt und auch die Bildung
der extrazellularen Matrix, welche fir den Biofilmchtig ist, erfolgt nur noch in geringen Mengen
(94, 102). Mittels PgsA Inhibitoren war es mdgliclie Aktivierung von Anthranilsaure zu hemmen
und dadurch zu einer verringerten HHQ und damiha@®@S Produktion zu fuhren (104, 125). Bei
Infektion von Mausen mit einem PAl4-Stamm und Belhamg mit halogenierten Anthranilsdure-
Analoga ist die Uberlebensrate groRer als die demtidligruppe. Dies zeigt, dass eine reduzierte
Pathogenitat durch PgsA-Inhibition und der damitbuadenen Hemmung der PQS Biosynthese

erzielt werden kann (125).
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Neben PgsA sollten PgsB, PgsC und PgsD als Taggdfnet sein, da sie ebenfalls an der
Signalmolekiilbiosynthese beteiligt sind. Dementsipead sollte ein Ausschalten einer dieser drei
Proteine zu &hnlichen Effekten fuhren (106). Kistzlwurden erste Hinweise auf die Funktionen von
PgsB und PgsC erhalten (108). Da aber keine stellén Informationen wie zum Beispiel eine
Kristallstruktur vorhanden sind, erschwert dies Hi@wicklung von Inhibitoren. Fir PgsD ist eine
Kristallstruktur vorhanden (106) und fernerhin wirdeiner PqsD Mutante kein PQS mehr gebildet
(92). Wir konnten kurzlich zeigen, dass es miteztger, beschriebener PgsD Inhibitoren mdglich war
die Signalproduktion in PA zu verringern und gleieitig auch Auswirkungen auf die Biofilmmasse

zu erzielen, wodurch PqgsD ein hdchst attraktiveBviknlenztarget darstellt (126).
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2 Ziele der Arbeit

Der Bedarf an neuen Antiinfektiva steigt aufgrurest dunehmenden Resistenzbildung gegeniber den
herkdbmmlichen Antibiotika kontinuierlich an (zusammgefasst in (127)). Der zusétzliche Druck
durch die geringe Anzahl an neu zugelassenen AstoifEn sowie die teilweise sehr kurzen
Zeitspannen zwischen Markteintritt und dem Auftne¢éner ersten Resistenz verschérfen das Problem
(127-129). Konsequenterweise lassen sich bakiediglektionen immer schwieriger behandeln (130-
134). Die wenigen, neuen Antibiotika auf dem Masdihd oftmals Derivate von vorhandenen
Arzneistoffen, die aufgrund der Ahnlichkeit zu démastehenden Wirkstoff anfallig fur die bereits
existierenden Resistenzmechanismen sind. Aus di€&weimd sind neue Strukturen nétig, die andere
Wirkmechanismen aufweisen oder neue Targets adress{135-138). Idealerweise solche, die die
Resistenzentwicklung vermeiden oder zumindest wgmd Einer dieser Ansatze stellt die
Entwicklung von QS-Inhibitoren dar. Mittels died&rbindungen ist es moglich, die Pathogenitat des
Bakteriums zu vermindern, ohne gleichzeitig seinabilitat zu beeinflussen (114-117). Zu diesem
Zweck sollten im Rahmen des Projektes Inhibitoratwikelt werden, die Uber PqgqsD mit dem
pgsQS von PA interferieren und dessen Virulenz absenlohne dabei das Zellwachstum zu
beeinflussen (126, 139).

In einem Liganden-basierten Ansatz wurde eine néasbindungsklasse von PgsD Inhibitoren
entdeckt, die Hemmungen im einstellig mikromolaBemeich aufweisen (126). Diese und eine zweite
Klasse, die aufgrund der Homologie von PqgsD zu Faidentifiziert wurde (109), sind
vielversprechende Verbindungen, um Uber &asaeruginosaProtein PgsD mit denpqsQS zu
interferieren. Um die Effektivitat beider Substalagsen zu steigern, ist die Durchfiihrung weiterer
Optimierungsschritte notwendig. Zur Identifizieruygeigneter Partialstrukturen, an welchen das
Molekil optimiert werden kann, sind Einblicke irednhibitor-Protein-Wechselwirkungen essentiell.
Zu diesem Zweck war ein Ziel dieser Arbeit, die d@mechanismen beider Substanzklassen
aufzuklaren. Zur Identifizierung der Bindestellenurden unter anderem SPR Experimente
durchgefiuhrt. Diese erfolgten zum einen an Pgs;hes im aktiven Zentrum mittels des natirlichen
Substrats blockiert wurde, und zum anderen an Rgsfanten, deren Aminosauren in der Nahe des
aktiven Zentrums gezielt ausgetauscht wurden. Asltbeser Experimente konnen Aussagen dartber
getroffen werden, ob die Inhibitoren im aktiven Hem binden oder nicht. Die detailliertere
Aufklarung der Protein-Inhibitor-Wechselwirkungerfadgte tber den Einsatz von IT@séthermal
Titration Calorimetry, STD-NMR (Saturation Transfer Difference- Nuclear Magnetics&sancg
und molekularem Docking. Die durchgefuhrten Expernte zeigen sowohl die Aminosauren auf
Proteinseite, als auch die funktionellen Gruppeh dmr Molekilseite auf, die maf3geblich an der

Wechselwirkung beteiligt sind. Anhand dieser Eidkdi konnen nicht an der Interaktion beteiligte,
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funktionelle Gruppen ausgetauscht, eliminiert odeergroBert werden, um eine starkere

Wechselwirkung mit dem Protein und eine damit vadane, gesteigerte Aktivitat zu erreichen.

Im zweiten Teil der Arbeit stand die Identifizieqiron neuen Leitstrukturen im Fokus. Zu diesem
Zweck werden haufig SPR-basierte Screenings voRagrd@ibliotheken, bestehend aus einer Vielzahl
an strukturell unterschiedlichen Verbindungen, tgetthrt (28, 29). Oftmals sind die Hitraten sehr
gering und der Hitidentifizierungsprozess sehradivdndig. Um die Effizienz zu steigern, sind

Ansatze von besonderem Interesse, mittels deremé@glich ist, die Hitrate zu erhéhen und

gleichzeitig die GroRe der Bibliothek zu reduzierenter Bertcksichtigung dieses Aspektes wurden
drei haufig verwendete Screeningstrategien miteleanerglichen. Zwei dieser Ansatze beinhalteten
eine auf das Target bezogene Vorselektion der Imi8®R zu untersuchenden Verbindungen, wie
Inhibition eines homologen Proteins oder ein vocpeletes, virtuelles Screening. Demgegenuber
steht der dritte Ansatz, bei dem ein SPR Screeringr Fragment Bibliothek, die einen grof3en

chemischen Raum abdeckt, durchgefihrt wurde. Die &lis allen Screenings wurden anschliel3end

im funktionellen Assay auf ihre Fahigkeit PgsD amhibieren getestet.

Der Vergleich zwischen den verschiedenen Ansatakmgfzeigen, welche Strategie im Hinblick auf
Durchfuhrbarkeit und Effizienz zur Identifizierumgn neuen PgsD Inhibitoren am besten geeignet ist.
Daruber hinaus bieten die Ergebnisse aus SPR urktidoellen Assay eine Grundlage, um der Frage

nachzugehen, inwiefern SPR als Screeningmethodgngsast.
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3 Ergebnisse

3.1 Structure Optimization of 2-Benzamidobenzoic Aids as PgsD
Inhibitors for Pseudomonas aeruginosdnfections and Elucidation of
Binding Mode by SPR, STD NMR, and Molecular Docking

Elisabeth Weidel, Johannes C. de Jong, Christimmndgl, Michael P. Storz, Andrea Braunshausen,
Matthias Negri, Alberto Plaza, Anke Steinbach, Ralfller, and Rolf W. Hartmann

Reprint with permission frord. Med Chem2013 56(15) 6146-6155.
Copyright: © 2013 American Chemical Society.

Publikation A

Beitrag der Autorin zu Publikation A
Die Autorin plante und fuhrte alle SPR Bindungssnddurch. Zusatzlich trug sie signifikant zur
SAR Diskussion bei, die auf Basis des erhaltenemBigsmechanismus stattfand. Des Weiteren war

sie mal3geblich an der Planung des Konzeptes ursthmneiben des Manuskriptes beteiligt.
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ABSTRACT: Pseudomonas aeruginosa employs a characteristic

pgs quorum sensing (QS) system that functions via the signal

molecules PQS and its precursor HHQ. They control the
production of a number of virulence factors and biofilm

formation. Recently, we have shown that sulfonamide HO_ _.O
substituted 2-benzamidobenzoic acids, which are known
FabH inhibitors, are also able to inhibit PqsD, the enzyme
catalyzing the last and key step in the biosynthesis of HHQ.
Here, we describe the further optimization and characterization
of this class of compounds as PgsD inhibitors. Structural
modifications showed that both the carboxylic acid ortho to the
amide and 3'-sulfonamide are essential for binding. Introduc-
tion of substituents in the anthranilic part of the molecule resulted in compounds with IC;, values in the low micromolar range.
Binding mode investigations by SPR with wild-type and mutated PqsD revealed that this compound class does not bind into the
active center of PgsD but in the ACoA channel, preventing the substrate from accessing the active site. This binding mode was
further confirmed by docking studies and STD NMR.

S
R4—L
L

B INTRODUCTION very difficult to eradicate.” Because of the rising levels of
resistance to conventional antibiotics, there is an urgent need
for new therapeutic options.

The production of several virulence factors as well as biofilm
formation'™"" is coordinated by a cell density dependent
mechanism termed quorum sensing (QS) using a number of
QS signal molecules.'™"® This mechanism of communication
enables bacteria to coordinate the regulation of gene expression
with subsequent effects on metabolism, protein synthesis, and
virulence.'* Three different QS systems are known for P.
aeruginosa. The las'>"'¢ and rh' "' systems use 3-oxo-C12-HSL

The Gram-negative bacterium Pseudomonas aeruginosa is an
opportunistic pathogen that is commonly associated with
hospital-acquired life-threatening infections. Especially, patients
with severe burns and immunocompromised individuals," like
those undergoing chemotherapy or having HIV/AIDS,” are
highly susceptible to infections with P. aeruginosa. A wide
variety of infection sites can be observed, such as ocular, ear,
urinary tract, bloodstream, skin and soft tissue infections, and
hospital-acquired pneumonia. Furthermore, it is the dominant
cause of chronic lung infections in the majority of people with

cystic fibrosis (CF).*~> Because of the high intrinsic resistance (N-(3-oxododecanoyl) homoserine lactone) and C4-HSL (N-
of P. aeruginosa to many antimicrobial agents, antimicrobial butyryl homoserine lactone), respectively, as signal molecules,
therapy is challenging. The resistance arises from the whereas the pgs system utilizes the 2-heptyl-3-hydroxy-4(1H)-
combination of low outer membrane permeability and quinolone, called Pseudomonas quinolone signal (PQS) and its
resistance mechanisms such as efficient multidrug efflux immediate precursor 2-heptyl-4-quinolone (HHQ)."*" Both
pumps and f-lactamases.’ Treatment is further hampered

when the bacterium is growing in biofilms.”® As a consequence, Received: April 29, 2013

infections caused by bacterial biofilms are generally chronic and Published: July 8, 2013
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PQS and HHQ bind to the transcriptional regulator PqsR, the
receptor of the pgs system. Among other factors, this system is
involved in the regulation of multiple virulence determi-
nants**?? such as elastase, rhamnolll:lds, and pyocyanin and
also influences biofilm formation.>** Therefore, PgsD is
considered as an attractive therapeutic target for drug
development and treatment of P. aeruginosa infections. It is
believed that disrupting the cell-to-cell communication instead
of killing the bacteria will result in less selective pressure than
with conventional antibacterial agents such as antibiotics™ and
thus will circumvent the problem of resistance.

Using a ligand-based approach, we developed the first highly
potent competitive PqsR antagonists, which were able to
reduce the production of the virulence factor pyocyanin.***’ As
HHQ and PQS activate PgsR, inhibition of their synthesis
should lead to a decrease of virulence factor production without
interfering with bacterial growth.*®*® PqsD is an essential
enzyme in the biosynthesis of HHQ and PQS as it catalyzes the
last step in HHQ_formation, the condensation of anthraniloyl-
CoA (ACoA) with f-ketodecanoic acid (Scheme 1).*°

Scheme 1. Biosynthesis of Signal Molecules HHQ and PQS

O
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A NH:
ACoA p-ketodecanoic
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o OH
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Recently, we have shown for the first time that inhibition of
PgsD with a small molecule (compound I, Scheme 2) leads to a

Scheme 2. Structures of the PqsD Inhibitor I and the FabH
Inhibitors II, III, and IV As Well As the According PqsD
IC;, Values (V Represents the General Structure of
Synthesized Compounds)
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strong reduction of extracellular HHQ_ a.nd PQS levels and a
significant reduction of biofilm volume.? Stmcturally, PgsD
most closely resembles [-ketoacyl-ACP synthase (FabH),
having the same catalytic triad consisting of Cys112, His257,
and Asn287. Therefore, we postulated that inhibitors of FabH
might also act as PqsD inhibitors. For three FabH inhibitors
(compound 11, III, and IV, Scheme 2),%%%3 two of them were
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anthranilic acid derived, we could demonstrate that they indeed
inhibit PqsD.

In the current work, we report about the optimization of
compound II for which a series of 3-sulfonamide substituted
benzamidobenzoic acids (general structure V) were synthe-
sized. The binding mode of the potent inhibitors was
investigated using surface plasmon resonance spectroscopy
(SPR), molecular docking studies, and saturation transfer
difference nuclear magnetic resonance (STD NMR).

B RESULTS AND DISCUSSION

Chemistry. Reaction of amines 1, 3, 7—8, and 11—12 with
the appropriate acid chloride afforded the amides 2a, 4a, 9a—
10a, and 13a—14a (see Supporting Information). Subsequent
basic hydrolysis of the carboxylic ester groups yielded the
corresponding acids 2, 4, 9—10, and 13—14. Carboxamide 6
was prepared from 2-aminobenzamide (5) and 3-(N,N-
diethylsulfamoyl)benzoyl chloride (Scheme 3).

As outlined in Scheme 4, the synthesis of 3-sulfamoylbenzoic
acids 22—33 started from para-substituted benzoic acids 15—
17, which were converted into 3-(chlorosulfonyl)benzoic acids
18—20 by reaction with chlorosulfonic acid at 100 °C in 82—
88% yield.

Compound 21 was commercially available. The sulfonyl
chlorides 18—21 were then reacted with ammonia or a
secondary amine to afford 3-sulfamoylbenzoic acids 22—33.
Reaction of the carboxylic acids with thionyl chloride, either in
dichloromethane at room temperature or in toluene at 80 °C,
gave the corresponding acid chlorides, which were reacted
under standard conditions with the methyl ester of anthranilic
acids. The resulting compounds 34a—52a and $7a—64a (see
Supporting Information) were hydrolyzed with a mixture of 1IN
NaOH (aq), MeOH, and THEF, yielding the corresponding 2-
(3’-(sulfamoyl)benzamido) benzoic acids 34—52 and $7—64.
Phenyl substituted compounds $§3—56 were obtained in 60—
76% yield by means of a Suzuki reaction of methyl 5-bromo-2-
(3-(IN,N-diethylsulfamoyl) benzamido) benzoate (43a) with
phenylboronic acids. Under the reaction conditions used, the
intermediate methyl esters were already hydrolyzed to the
desired carboxylic acids.

PgsD Inhibition. To investigate the importance of the
carboxylic acid and the sulfonamide moiety of the 3'-
sulfonamide substituted benzamidobenzoic acids (general
structure V), 2-(3’-(N,N-diethylsulfamoyl)benzamido)benzoic
acid (2) and two regioisomers (4 and 9) were synthesized.
Furthermore, the carboxylic acid and sulfonamide were
replaced by a carboxamide (6 and 13, Scheme 5).

Compound 2 lacking the Br substituent showed reduced
activity compared to 34 (IC, = 19.8 vs 69 uM). The
carboxylic acid ortho to the NH turned out to be essential for
activity. Changing the position of the carboxylic acid to the
meta position (4) as well as replacement with a carboxamide
(6) led to a dramatic loss in activity. Shifting the N,N-
diethylsulfamoyl group from 3'-position to 4’-position™ (9)
also resulted in reduced activity, whereas replacement with an
N,N-diethylcarboxamide (13) gave an inactive compound. As
the structure of compound 2, having a carboxylic group next to
the amide and with the sulfonamide in 3'-position, seemed to
be optimal, we turned our attention to the introduction of
additional substituents on both aromatic rings (Table 1).

Binding Mode Characterization. SPR Measurements. To
gain some insight into the binding mode of the potent
inhibitors SPR experiments were performed. At first,

dx.doi.org/10.1021/jm4006302 | /. Med. Chem. 2013, 56, 6146—6155
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Scheme 3. Reaction of Benzoyl Chlorides with Methyl Aminobenzoates and 2-Aminobenzamide®
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4R'=H, R? = COOH 3R' R®=H, R?= C(O)OCH; 10R3=Br

6R'= C(O)NHZ RZ2=H 5R'= C(D)NHg, R%, R3=H
7R'=C(0)OCH3, R2 R®=H
8 R'=C(0)OCH3, R =H, R®=Br
11 R' = C(0)OCH,, R?, R®*=H
12 R'= C(O)OCH3, R? = H, R%= Br

“Reagents and conditions: (a) 3-(N,N-diethylsulfamoyl)benzoyl chloride 1, 3, K,CO;, N-methylimidazole, TMEDA, CH,CN; 5, toluene; (b) 4-
(N,N-diethylsulfamoyl)benzoyl chloride, K,CO;, N-methylimidazole, TMEDA, CH;CN; (c) 3-(diethylcarbamoyl)benzoyl chloride, K,CO;, N-
methylimidazole, TMEDA, CH,CN; (d) IN NaOH (aq), MeOH, THF (not §).

Scheme 4. Synthesis of 3’-Sulfonamide Substituted Benzamidobenzoic Acids and Their Intermediates®
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R ; 32R' = H, (CH;);0(CHz).
53 R = 3-C(O)NH, 33R' =H, R? = Et, R®= CH,Ph,
54 R = 4'-C(O)NH;
55R = 3-CO,H
56 R = 4-COH

“Reagents and conditions: (a) CISO3H, 100 °C, overnight; (b) HNR*R?, CH,Cl,; (c) (i) SOCl,, DMF (cat.), CH,Cl,, overnight or SOCl,, DMF
(cat.), toluene, 80 °C, 4h; (ii) methyl anthranilate; (iii) 1N NaOH (aq), MeOH, THF, rt; (d) phenylboronic acid, cesium carbonate, DME/water 1/
1, 100 °C, 3.5 h.

Scheme 5. Influence of Sulfonamide and Benzoic Acid Modifications on PqsD Inhibition
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compounds 43 and 48 were tested in absence of ACoA and known to result in an anthranilate—PgsD complex,®® in which
strong interactions with PqsD were observed (Figure 1A). In a the catalytic center is occupied by the covalent bound
second experiment, the PqsD loaded sensor chip was first anthranilate. Subsequent injection of compounds 43 and 48
treated with ACoA. Nucleophilic attack of Cysl12 to the resulted in Figure 1B, showing comparable signals for the
thioester of ACoA and subsequent elimination of CoA is ACoA-treated and the -untreated PqsD. This indicates that the
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Table 1. PgsD Inhibition by Compounds 10, 14, and 2-(3'-
Sulfamoyl)benzamido)benzoic Acids 2 and 34—64°

HO._.O 4 HO.__O 4
H —R? H —R2
16 N N 3 6 N X3
R
s~ O \ 0
4 R 4
P
2, 10, 14, 34-52, 57-64 3" 53-56
Compd R R* R’ 1Cs (M)
2 H 3-SO,NEL, 19845
34 n 4'-Br, 3-SO,NEt 69408
35 H 4'-Me. 3"-SO:NEL 273+19
36 H 4"-Et, 3'-SO,NEL 399+
37 4-Cl 3-SO,NEt 94+13
38 4F 3-SO:NED 80=12
39 4NO, 3-S0,NEty 63=1.1
40 5-Me 3'-SO:NEM; 184+32
11 5-CF; 3-SO,NEL, 124430
42 5-F 3-SO,NEt 11419
43 5-Br 3-SO,NEt 9.9+2.1
4 5-CN 3-SO,NED 262+104
45 5-NO; 3-SO,NEt 89+ 1.8
10 5-Br 4'-SO,NEt; 13.0+18
14 5-Br 3'-C(O)NEty 255455
16 5-F 4-Br, 3-SO:NEt, 6.6=0.1
47 5-Br 4'-Br, 3-SO,NEt, 38+1.0
438 5-Ph 3-SO,NEL, 3.0+0.7
19 6-OMe 3-SO,NEt, 44 9%+
50 6-Cl 3-SO,NEt, 39.0+1.9
51 6-F 3-SO,NEt 249440
52 6-OH 3-SO:NEl 12+0.1
53 3-SO,NEL, 3MC(O)NHy 3804
54 3-SO,NEL, 4-C(ONH:  1.9+0.1
55 3-SO,NEL, 3"-CO.H 1503
56 3-SO,NEL, 4"-CO.H 27403
57 H 3'-SO:NH; 43.6+13
58 H 3'-SO,NMe, 350*
59 1 3-SO;N(#-Pr) 54+1.0
]
60 H afi—n 47%*
o]
8 )
61 H 3 § 'S 14424
62 H ;T]sj]fuo 148424
Y
63 H §—§*N\_/O 16%*
64 H o 16.5+3.8
& N

“Data shown are mean + SD, n = 3. *Inhibition at 50 yM.

compounds do not occupy the catalytic site of PgsD. These
results are in contrast to what was observed for the sulfone (IV)
(Figure 1C, D). Performing the experiment in the same way, no
signal for IV was observed when injected after preincubation
with ACoA, indicating that this compound is competing with
anthranilate for the same binding site.

This also means that the two inhibitor classes have different
modes of action: compound IV is competing with the catalytic
triad, whereas the anthranilic acid derivatives are “channel
blockers”. Another SPR experiment was performed by inverting
the compound order. PqsD was preincubated with 48, and
ACoA was injected subsequently. The finding that in contrast
to the untreated surface no binding of ACoA to PgsD was
observed indicates that 48 blocks the ACoA channel and
prevents ACoA from reaching its binding site.

Further support for this mode of action comes from our
screening assay. In the standard procedure, purified PqsD was
first incubated with test compound. After 10 min, ACoA and f-
ketodecanoic acid were added and the enzyme activity was
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Figure 1. SPR binding studies of compounds 43, 48, and IV. (A)
Binding of 43 (blue) and 48 (red) to PgsD. (B) Binding of 43 (blue)
and 48 (red) after pretreatment of the chip with ACoA, which results
in a covalent anthranilate—Cys112—PqsD complex with part of the
active site being blocked. (C, D) Same experiments performed with
v.

monitored by measuring the amount of HHQ_being formed
during 40 min reaction time. In a modified assay procedure, a
30 min preincubated enzyme/ACoA mixture was first added to
the test compound. After 10 min, the reaction was started by
addition of f-ketodecanoic acid and the enzyme activity was
monitored as mentioned before. In contrast to experiments
with compound IV, very similar IC;, values were observed in
both settings, indicating that the benzamidobenzoic acids do
not compete in the active site of PgsD with the covalently
bound anthranilate (Table 2).

Table 2. Comparison of ICy, Values Obtained with Standard
Procedure (SP) and Modified Procedure (MP)“

Compd ICso [uM] SP ICyo [uM] MP
v 0.15 + 0.1 1.1 £ 0.1
2 19.8 + 4.5 194 + 0.8
43 99+ 21 70 £ 04
48 30+ 07 42 £ 03
52 1.2 + 0.1 1:1-£0.2
55 L5403 1.6 + 0.1
56 27+ 03 20+ 02
64 16.5 + 3.8 129 £ 0.1

“Data shown are mean + SD, n = 3.

For further binding mode investigation, additional SPR
experiments were performed with compounds 34, 43, and 48
differing in the size of the substituents in position S of the
anthranilate. To investigate how deep they reach into the
channel, the compounds were tested on wild-type and on three
PgsD mutants in which active site residues were exchanged
(Ser317Phe, Cys112Ala, and His257Phe). Notably, different
binding behaviors were observed. For compound 34, no
differences in binding signals were seen, indicating that the
binding is not influenced by the amino acid exchanges.
Increasing the size of the substituent (H to Br, 43) resulted
in slightly decreased binding signals compared to wild-type
PqsD. This observation is more pronounced for compound 48,
where the additional phenyl ring leads to strongly reduced
binding signals (Table 3).

These results suggest that bulky substituents on the
anthranilate are likely to reach the active center potentially
interacting with Ser317, Cys112, and His257. The decreased

dx.doi.org/10.1021/jm4006302 | /. Med. Chem. 2013, 56, 6146—6155
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Table 3. SPR Based Binding Studies with Wild-Type and Mutated PqsD (Ser317Phe, Cys112Ala, and His257Phe) for

Compounds 34, 43, and 48 (n = 2)

Compound Wild-type

Ser317Phe

Cysl12Ala His257Phe

T

e

HO.__O Br “ .
5 : :
NY@SP ¥ }:

T FSnee 10 s

: :

34 : .
! :

HO. .0
H
S
4 NEL,
I3 3
Br 5
43

HO._.O

n £
T & NE
®

48 . -

Responas
« 2 8 8 8 2

Yime.

binding signals observed in the mutants might either be due to
missing interactions caused by amino acid replacement or due
to conformational changes in the active site. The fact that the
three investigated compounds are differently influenced by the
amino acid exchanges is very likely to be caused by the size of
the substituents the more bulky ones reaching deeper into the
catalytic center.

Docking Studies. To rationalize the SPR experiments and to
establish a basis to explain the SAR of the PgsD inhibitors,
molecular docking studies were performed with selected
compounds. For compound 2, three main binding clusters
were found all localized within the ACoA channel (Figure 2 and
Supporting Information). In binding mode I (Figure 2I), 2 is
placed deep into the channel: it is stabilized by hydrogen bonds
to Cys112 (carboxylic acid) and Arg262 (sulfonamide oxy-
gens), CH—x interactions to Leul93 (anthranilic ring) and
Asn260 (N,N-diethylsulfonamidebenzene moiety), and hydro-
phobic interactions with further amino acids. In binding mode
I (Figure 2II), the inhibitor is placed more central in the
channel: hydrogen bonds are formed to Asn287 (carboxylic
acid) and Arg36/Arg223 (sulfonamide oxygens), -stackings to
Pro259/Met225 (anthranilic ring) and Met220 and Arg262
(sulfonamidebenzene), and additional hydrophobic interac-
tions. In mode IIT (Figure 2I1I), 2 is rotated 180°, placing the
anthranilic ring at the channel entrance: the carboxylic acid
binds to Arg262 and Arg36, while CH—x interactions with
Thr37, Pro259, and Ile263 stabilize the aromatic scaffold. The
N,N-diethyl group is buried into to the catalytic center, forming
hydrophobic interactions

In the most common pose of compound 48, the phenyl ring
in position 5 is sandwiched between Met225 and Pro259, as
seen for the anthranilic ring of compound 2 in binding mode IL
The rest of the molecule is slightly pushed outward (Figure 3
and Supporting Information Figure S1), with the anthranilate
forming hydrogen bonds to Arg262, Asnl54, or Asn260. In
contrast to compound 2, no hydrogen bonds are found to the
sulfonamide oxygens. 7-Stacking with Phe226 (anthranilic ring)
and Phe32 (diethyl-sulfonamide-benzene) and hydrophobic
interactions (Supporting Information Figure S1) further
stabilize the inhibitor.

For compound 48, a dissociation constant (Kj) of 5.2 uM
was determined by ITC (Figure 4). An explanation for these
results could be that the main interactions for this compound

6150

are hydrophobic. The low value of enthalpy could be due to a
desolvation penalty (AG = —7.2 kcal/mol, AH = —2.3 kcal/
mol, —TAS = —5.0 kcal/mol). In two of the PgsD structures
(PDB IDs 3H76 and 3H78), a water molecule is present
bridging to the catalytic residues Cys112, His257, and Asn287.
When this water molecule was included in the docking process
as part of the protein, compound 52 was found deeper in the
channel. The OH group forms an intramolecular hydrogen
bond to the carboxylic acid (maintaining its planarity), which
binds to Asn287, but also interacts via the structural water
molecule with Cys112 and His257 (Supporting Information
Figure S2). This would explain the strong increase in activity
and is further supported by the fact that for the methoxy
derivative less than 50% inhibition at 50 gM is observed.

STD NMR Studies. To identify the orientation and mode of
binding to PgsD, we recorded saturation transfer difference
(STD) NMR? spectra of 2, 48, 52, and 64 in the presence of
PgsD (Figure S and Supporting Information $4—S7). STD
NMR is a powerful technique that allows the precise definition
of binding epitopes on small molecule ligands. Samples
contained an 80-fold excess of the compounds relative to
PgsD with respective concentrations of 0.8 mM and 10 uM
were recorded at 298 K. As seen in Figure 5 for compound 2,
normalization of the signal of greatest intensity (H-6) in the
difference spectrum (red) to the one of the reference spectrum
(black) showed signals for the anthranilate protons H-5 (95%),
H-4 (86%), and H-3 (81%) to display the strongest
enhancements. Signals for the benzene protons H-2" and H-
4, H-§', and H-6" showed enhancements of ~70%, while
significantly reduced enhancements were observed for the
methylene (42%) and methyl protons (39%, Supporting
Information Figure $4). These results indicate that the protons
of the anthranilic acid ring of 2 are in closer contact to the
protein.

Similar epitope binding profiles were observed for 52, where
once again the anthranilate protons showed the strongest
enhancements (Supporting Information Figure $5). The STD
NMR spectrum of 64 in the presence of PgsD (Supporting
Information Figure S6) displayed the strongest enhancements
for anthranilate protons H-6 (100%), H-4 (99%), and H-3
(90%) for benzene proton H-5' (93%) and for the N-benzylic
proton H-4"(90%). It is worthwhile to note that enhance-
ments of 87 and 80% were observed for methylene protons H-

dx.doi.org/10.1021/jm4006302 | .. Med. Chem. 2013, 56, 6146-6155
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Figure 2. Three main binding modes I, II, and III of compound 2 in
the ACoA channel of PgsD and (IV) superimposition of the three
main binding modes of compound 2 shown as orange (binding mode
I), green (binding mode II), and cyan (binding mode IIT) sticks. The
main interacting amino acids are shown as lines, and key interactions
are highlighted as dotted lines (polar in yellow, hydrophobic in dark

cyan).

1” and methyl protons H-2, respectively. The spectra of 2, 52,
and 64 revealed a similar binding mode for all compounds,
which is independent of the substitution on the anthranilic acid

6151
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Figure 3. Docking pose of compound 2 (binding mode II, green) and
48 (magenta).
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Figure 4. ITC experiments with compound 48 and wild-type PgsD.
(A) Integrated heats (black squares) plotted against the molar ratio of
the reactants. (B) Thermodynamic profile of 48. Data shown are mean
+ SD,n =23

ring or on the sulfonamide moiety. Low signal-to-noise ratio
and spectral overlap did not allow to integrate individual peaks
corresponding to the benzene protons of 48 in the STD NMR
spectrum (Supporting Information Figure S7). However, it was
clear that the benzene protons together with the methylene
protons showed the highest intensities.

The results of SPR, STD NMR, and docking as presented are
consistent with binding mode II, where the methylene protons
are within van der Waals contact distances (2.5-3.5 A) to
Pro259 and Met225. In particular, the SPR experiment with
ACoA injection after pretreatment with inhibitor clearly speaks
in favor of a channel-blocking mechanism for these inhibitors.
Further, NMR results exclude binding mode III, where the
anthranilic ring is almost exposed at the entrance of the ACoA
channel (no correspondence between the intense signals and

dx.doi.org/10.1021/jm4006302 | /. Med. Chem. 2013, 56, 6146—6155
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Figure 5. Reference (black) and STD NMR difference (red) spectra of
2 in complex with PgsD. Samples contained an 80-fold excess of the
compounds relative to PqsD with respective concentrations of 0.8 mM
and 10 uM were recorded at 298 K. Overlaid spectra were normalized
to the signal for H-6 (8 7.90), which gave the strongest enhancement.

close enough residues), and disfavor binding mode I, where the
methyl groups are predicted to be in closer contact to the
protein.

SAR Discussion. From binding mode II of 2, it becomes
apparent that an important interaction partner is the carboxylic
acid group in ortho position to the NH, which forms hydrogen
bonds with Asn 287. Shifting to meta position (4) as well
derivatization to carboxamide (6) strongly reduces activity
(Scheme 5), as this interaction can no longer be sustained. Also
of high importance is the 3-position of the N,N-diethylsulfa-
moyl group to perfectly fit into the channel and which must not
be exchanged by N,N-diethylcarboxamide as only the sulfur
oxygens can establish hydrogen bonds with Arg 36 and Arg 223
(compounds 9 and 13, respectively, Scheme 5).

The finding that the sulfonamides lacking the diethyl residues
(57—64) exhibit weak or no inhibition can be explained by the
strong interactions between the methylene and methyl protons
with the protons of the protein as shown in the NMR
experiments. Introduction of substituents in 2 resulted in
different effects which are in accordance with the proposed
binding mode II. An example is the Br substitution ortho to the
sulfonamide group, which showed improved binding (34, 46—
47) compared to the unsubstituted parent compounds. In
binding mode II, the benzene ring is oriented in a way in which
the Br can build orthogonal halogen bonds with amino acids of
the protein backbone, for example, with Arg36 and Thr37
(Supporting Information Figure S8). A reduced activity
depending on the size of the substituents is observed when
they were introduced into the 6-position of the anthranilic acid
ring (49—51). This is possibly due to a steric interference with
the carboxylic acid group, which in turn can no longer optimally
interact with Asn287. 52 is an exception, where introduction of
OH in 6-position leads to a high inhibitory activity. As shown
above, a plausible reason for this could be the ability of the OH
group to build a hydrogen bond network with the carboxylic
acid group and the amino acid residues of the active site (ITC
and docking results). The introduction of small substituents in
4 and S position of the anthranilic acid ring leads to increased
PgsD inhibition (37—47). As shown in the SPR experiments
with mutated PgsD, the docking results and NMR experiments
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the anthranilic acid ring is oriented toward the active center,
whereby substituents at positions 4 and 5 reach deeper into the
channel and thus can form additional interactions. This effect is
more pronounced for 48, where a phenyl ring is attached in 5-
position, leading to a slight shift in the binding mode compared
to compound 2 (see above). Obviously, the gain in binding
activity by the phenyl ring sandwiched between Met225 and
Pro259 is higher than the loss of binding activity due to the
missing interactions of the sulfonamide ethyl groups. The
introduction of an amide or carboxylic acid group in meta or
para-position (53—56) to address Asn 287 and His257,
however, led only to slightly improved inhibition compared
to the parent compound 48.

B CONCLUSION

In summary, we synthesized a series of sulfonamide substituted
2-benzamidobenzoic acids which inhibit PgsD in the low uM
range. The carboxylic acid was essential for activity. Systematic
variation of substituents in 4- and S5-position of the 2-
aminobenzoic acid part of the scaffold resulted in the most
potent PgsD inhibitors. Activity was reduced significantly when
substituents were introduced in 6-position. However, intro-
duction of a hydroxyl group in this position resulted in a
compound with increased potency (IC;, = 1.2 uM). SPR, ITC,
modeling, and NMR experiments suggest these inhibitors to
bind within the ACoA channel of PgsD, thereby acting as
entropy-driven channel-blockers that prevent ACoA from
reaching the catalytic site. Further biological evaluation of our
compounds is under investigation.

B EXPERIMENTAL SECTION

Chemical Synthesis. General Methods. Chemicals were
purchased from commercial sources and used without further
purification. 'H NMR spectra were recorded on a Bruker DRX-500
(500 MHz) and a Bruker Fourier 300 (300 MHz) spectrometer.
Chemical shifts are given in parts per million (ppm), with the solvent
resonance as internal standard. Data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, bs = broad signal or as a combination of these, e.g. dd, dt,
etc.), coupling constants (Hz), and integration. '>C NMR spectra were
recorded on a Bruker DRX-500 (125 MHz) with complete proton
decoupling. Chemical shifts are given in parts per million (ppm), with
the solvent resonance as internal standard. Mass spectrometry
(HPLC/MS) was performed on a MSQ electro spray mass
spectrometer (Thermo Fisher). The system was operated by the
standard software Xcalibur. A RP C18 NUCLEODUR 100—5 (125
mm X 3 mm) column (Macherey-Nagel GmbH) was used as
stationary phase. The mobile phase was a mixture of CH;CN (0.1%
TFA) and H,0 (0.1% TFA). All solvents were HPLC grade. Flash
chromatography was performed on silica gel 60, 70—-230 mesh
(Fluka), and the reaction progress was determined by thin-layer
chromatography (TLC) analyses on silica gel 60, F,q, (Merck).
Visualization was accomplished with UV light and staining with basic
potassium permanganate (KMnO,). Melting points were determined
in open capillaries using a SMP3 melting point apparatus of Bibby
Sterilin Ltd. with a gradient of 2 °C/min. The reported yields are the
actual isolated yields of purified material, unless stated otherwise, and
are not optimized. Purities of all test compounds used in the biological
assays were determined by HPLC/MS using the area percentage
method on the UV trace recorded at a wavelength of 254 nm. All
compounds were found to have >95% purity. Yields and character-
ization of all compounds are provided in the Supporting Information.

General Procedure A for the Preparation of 3-Sulfamoylbenzoic
Acids. At 0 °C, the amine (30.0 mmol) was added to a stirred solution
of 3-(chlorosulfonyl)benzoic acid (2.21 g, 10.0 mmol) in dichloro-
methane (25 mL). After stirring overnight at room temperature, IN
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HCI (aq, 25 mL) was added. The organic solvent was removed by
evaporation under reduced pressure. The solid was isolated by suction
filtration, washed thoroughly with water, and dried under reduced
pressure at 50 °C.

General Procedure B for the Preparation of 3-Sulfamoylbenzoy!
Chlorides. Thionyl chloride (2.9 mL, 40.0 mmol) was added slowly to
a stirred solution of 3-sulfamoylbenzoic acid (4.00 mmol) in
dichloromethane (25 mL) followed by 1—2 drops of DMF. After
stirring overnight at room temperature, the solution was evaporated
under reduced pressure. The crude 3-sulfamoylbenzoyl chloride was
used without further purification.

General Procedures C for the Preparation of 2-Benzamidoben-
zoic Acid Methyl Esters. Procedure C1. 3-(N,N-Diethylsulfamoyl)-
benzoyl chloride (1.00 mmol) was added to a stirred solution of
anthranilic acid methyl ester (1.00 mmol) in pyridine (4 mL). After
stirring overnight, the solvent was removed by evaporation under
reduced pressure. The residue was stirred with 1IN HCI (ag, 4 mL).
The solid was isolated by suction filtration, washed with water, and
heated briefly with a small amount of methanol. After cooling to room
temperature, the product was isolated by suction fltration, washed
with some methanol, and dried under reduced pressure at 50 °C.

Procedure C2. 3-(N,N-Diethylsulfamoyl)benzoyl chloride (1.50
mmol) was added to a stirred suspension of anthranilic acid methyl
ester (1.00 mmol), potassium carbonate (207 mg, 1.50 mmol), N-
methylimidazole (8 mg, 0.10 mmol), and N,N,N',N'-tetramethylethy-
lenediamine (12 mg, 0.10 mmol) in acetonitrile (1 mL). After stirring
for 2.5 h at room temperature, IN HCI (aq) was added. The solid was
isolated by suction filtration, washed thoroughly with water, and
heated briefly with a small amount of methanol (2 mL). After cooling
to room temperature, the product was isolated by suction filtration,
washed with some methanol, and dried under reduced pressure at S0
i

Procedure C3. A solution of 3-(N,N-diethylsulfamoyl)benzoyl
chloride (3.00 mmol) and anthranilic acid methyl ester (3.00 mmol)
in toluene (10 mL) was heated to reflux for 1.5 h. The solvent was
evaporated under reduced pressure, and the residue was heated briefly
with a small amount of methanol. After cooling to room temperature,
the solid was isolated by suction filtration, washed with some
methanol, and dried under reduced pressure at 50 °C.

General Procedure D for the Hydrolysis of 2-Benzamidobenzoic
Acid Methy! Esters. A mixture of 2-benzamidobenzoic acid methyl
ester (1.30 mmol), THF/MeOH 2/1 (9 mL), and IN NaOH (aq, 2.6
mL, 2.6 mmol) was stirred overnight at room temperature. IN HCI
(ag, 2.6 mL, 2.6 mmol) was added, and the solid was isolated by
suction filtration, washed with water, and dried under reduced
pressure.

Procedure for the Synthesis of compound IV. 1,4-Naphthoqui-
none (31.6 mmol) was dissolved in DCM (45 mL). Then TFA (2.45
mL) and p-toluensulfinate (33.18 mmol) dissolved in water (30 mL)
were added and the mixture was stirred for 1 h. Solid precipitates were
obtained. The solution was purified over a column and stirred for
additional 5 h. The solid was filtered off and washed several times with
water and DCM.>**7

Screening Assay Procedure for in Vitro PgsD Inhibition. The
assay was performed monitoring the enzyme activity by measuring the
HHQ formation as described by Storz and co-workers.*' Quantifica-
tion of HHQ was performed analogous to Storz et al,* but with some
modifications: the flow rate amounted 750 xL/min and an Accucore
RP-MS column, 150 mm X 2.1 mm, 2.6 um (Thermo Scientific,
Waltham, Massachusetts, USA), was used. All test compound reactions
were performed in triplicate in three independent runs. In the
modified protocol, PqsD and the first substrate were preincubated for
30 min prior to adding them to the test compounds. Than f-
ketodecanoic acid was added, and the further steps were performed
analogous to the standard protocol.

Surface Plasmon Resonance. SPR binding studies were
performed using a Reichert SR7500DC instrument optical biosensor
(Reichert Technologies, Depew, NY, USA) and CMDS00 M sensor
chips obtained from XanTec (XanTec Bioanalytics, Diisseldorf,
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Germany). Scrubber software was used for processing and analyzing
data.

Preparation of PqsD Mutants. Ser317Phe, Cysl112Ala, and
His257Phe PqsD mutants were generated using the QuikChange
Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) according to
the manufacturer’s instructions using the pET28b(+)/pgsD plasmid as
a template. Briefly, pgsD gene was amplified through 16 cycles of PCR.
After treatment with Dpnl, the PCR product was transformed into
Escherichia coli strain XL1-Blue. Plasmid DNA was purified using the
GenElute HP Plasmid Miniprep Kit (Sigma-Aldrich, St. Louis, MO)
and sequenced to confirm the site-directed mutations. For the primer
sequence of the mutations, see the Supporting Information.

Expression and Purification of Recombinant PqsD Wild-Type and
Mutants in E. coli. E. coli BL21 (ADE3) cells were transformed with
plasmid harboring PqsD (PET28b(+)/pgsD).*® Overexpression,
purification, and storage of the Hisstagged PgsD was performed as
described by Storz et al.’' The expression and purification of
recombinant PqsD used for the NMR studies is described in the
Supporting Information

Immobilization of His;—PqsD. PqsD (38 kDA, >90% pure based
on SDS-PAGE) was immobilized on a CMD300 M (carboxymethyl-
dextran-coated) sensor chip at 12 °C analogous to the method
described by Henn and co-workers.”® The PgsD immobilization levels
were 2217 RU for the binding studies with ACoA and 3085 RU in the
mutagenesis studies to serve as reference. The PgsD mutants were
immobilized analogous to the wild-type at densities of 6789 RU
(Ser317Phe), 3903 RU (Cys112Ala), and 4272 RU (His257Phe).

Binding Studies. The binding studies were performed at a constant
flow rate of 50 yL/min in instrument running buffer (50 mM MOPS,
pH 8.0, 150 mM NaCl, 5% DMSO (v/v), 0.1% Triton-X 100 (v/v)).
IV (100 uM), 43, and 48 (20 M) were injected consecutively for 180
s association and 300 s dissociation times. Experiments were
performed twice. In the second experiment, ACoA (100 pM) was
injected for 40 min with a constant flow of 5 pL/min to reach
saturation of the ACoA binding site. Afterward, the flow rate was
increased to 50 yL/min (30 min) in order to flush all CoA away. Once
the baseline signal was stable, additional ACoA (10 uM) was injected
to ensure that the anthraniloyl binding site was completely saturated
(no additional signal was observed). Afterward, IV (100 4M), 43, and
48 (20 M) were consecutively injected.

In the experiment with inverted compound order, PgsD was
preincubated with compound 48, therefore the compound was added
to the running buffer (20 #M). The sensor chip surface was flushed for
several hours at a constant flow rate of 50 #L/min until the baseline
was stable. Afterward, the flow rate was decreased to 10 yL/min and
ACoA was injected (100 uM) twice for 120 s association and 15 min
dissociation. The binding studies with PqsD mutants were performed
analogously to the wild-type experiments. The compounds were
injected twice for 120 s association and 300 s dissociation time.

Molecular Docking. Molecular docking studies were performed
by means of GOLDv5.0°** using the CHEMPLP scoring function.
One hundred runs per molecule were performed. Default GOLD
parameters were used with carbons, halogens, and nonpolar sulfur
atoms matching hydrophobic regions. All three 3D-structures of PqsD
(PDB IDs 3H76, 3H77, 3H78) were used. For 3H77 (anthranilate—
Cys112) and 3H78 (Alal12), the residue 112 of both chain A and B
was mutated back into wild-type Cysl12. Before docking geometry
optimization of the enzymes has been performed using the LigX
module of the Molecular Operating Environment (MOE).*' The
active site was determined including all residues within 8 A of the
cocrystallized ACoA molecule of 3H77.

Saturation-Transfer Difference NMR. Experiments were re-
corded with the carrier set at —2 ppm for on-resonance irradiation and
40 ppm for off-resonance irradiation. Control spectra were recorded
under identical conditions on samples containing free compound 2 to
test for artifacts. Selective protein saturation (2 s) was accomplished
using a train of 50 ms Gauss-shaped pulses, each separated by a 1 ms
delay, at an experimentally determined optimal power (60 dB on our
probe); a T,, filter (25 ms) was incorporated to suppress protein
resonances. Experiments were recorded using a minimum of 2048
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scans and 32K points. On- and off-resonance spectra were processed
independently and subtracted to provide a difference spectrum. The
expression and purification of recombinant PgsD from E. coli for STD
NMR analysis is described in the Supporting Information.
Isothermal Titration Calorimetry. ITC experiments were carried
out using an ITC200 instrument (Microcal Inc., GE Healthcare). ITC
measurements were routinely performed at 25 °C in PBS-buffer, pH
7.4, 10% glycerol (v/v), and 5% DMSO (v/v). The titrations were
performed on 83—102 uM His,—PgsD in the 200 L sample cell using
2 uL injections of 1.0 mM ligand solution every 180 s. Raw data were
collected, and the area under each peak was integrated. To correct for
heats of dilution and mixing, the final baseline consisting of small
peaks of the same size at the end of the experiment was subtracted.
The experimental data were fitted to a theoretical titration curve (one
site binding model) using MicroCal Origin 7 software, with AH
(enthalpy change in keal mol™), K, (association constant in M™"),
and N (number of binding sites) as adjustable parameters.
Thermodynamic parameters were calculated from equation;

AG = AH — TAS = RT InK, = —RT In K,

where AG, AH, and AS are the changes in free energy, enthalpy, and
entropy of binding, respectively, T is the absolute temperature, and R
198 cal mol™' K. For compound 48, four independent
experiments were performed.

B ASSOCIATED CONTENT

© Supporting Information

Additional figures docking study and STD NMR, ITC
measurement, experimental details, biological methods, and
compound characterizations. This material is available free of
charge via the Internet at http://pubs.acs.org.
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ABSTRACT: Antivirulence strategies addressing bacterial patho-
genicity without exhibiting growth inhibition effects represent a
novel approach to overcome today’s crisis in antibiotic develop-
ment. In recent studies, we examined various inhibitors of PqsD,
an enzyme involved in formation of Pseudomonas aeruginosa cell-
to-cell signaling molecules, and observed desired cellular effects for
2-nitrophenyl derivatives. Herein, we investigated the binding
characteristics of this interesting compound class using several
biochemical and biophysical methods. The inhibitors showed
time-dependent activity, tight-binding behavior, and interactions

Two enantiomers with contrary
thermodynamic profile

(R) (s)
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with the catalytic center. Furthermore, isothermal titration calorimetry (ITC) experiments with separated enantiomers revealed
contrary thermodynamic signatures showing either enthalpy- or entropy-driven affinity. A combination of site-directed
mutagenesis and thermodynamic profiling was used to identify key residues involved in inhibitor binding. This information
allowed the proposal of experimentally confirmed docking poses. Although originally designed as transition state analogs, our
results suggest an altered position for both enantiomers. Interestingly, the main difference between stereoisomers was found in
the orientation of the hydroxyl group at the stereogenic center. The predicted binding modes are in accordance with
experimental data and, thus, allow future structure-guided optimization.

Antimicrobial resistance is a worldwide emerging problem since
current treatment becomes more and more inefficient." In P.
aeruginosa, which is considered as the major cause of mortality
in cystic fibrosis patients,l several resistance mechanisms
against commonly used antibiotics are known. For example,
the limited permeability of the outer membrane® in
combination with broad spectrum multidrug efflux sys'cems4
can result in a dramatically lowered intracellular drug
concentration. Thus, it is all the more important that the
compound blocks its target efficiently providing sufficient drug
residence time to achieve the desired effects. In the case of
competitive inhibitors interacting with the same binding site as
the substrate, effectiveness can be drastically diminished by
mass-action competition with the substrate. Thus, it was
proposed to avoid this unfavorable situation through (pseudo-)
irreversible inhibition.

Bacteria apply cell-to-cell communication to coordinate
group behavior, a phenomenon that became known as quorum
sensing (QS). Thereby, small diffusible signal molecules are

produced by bacterial cells and released into the environment.

\ "4 ACS Publications  © 2013 American Chemical Society 2794

The extracellular concentration reflects the cell density of the
population, which can be in turn measured by single members
of the colony. Once a special threshold is reached, the
population collectively alters its gene expression pattern.
Multiple QS systems based on various signal molecules are
present in beneficial as well as pathogenic bacteria. P. aeruginosa
utilizes the quinolone-based pgs system, which is characteristic
for particular Pseudomonas and Burkholderia species.® The pgs
system is reported to have crucial influence on biofilm
formation and virulence factor production.”® In this regard,
inhibition of the pgs system is an attractive strategy to
overcome biofilm-mediated resistance. Furthermore, QS
inhibitors might ideally address pathogenicity without affecting
bacterial cell viability. Hence, compared to the current
treatment by bactericidal and bacteriostatic antibiotics, less
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Scheme 1. PqsD-Mediated Formation of HHQ and PQS and Structures of Known PqsD Inhibitors”
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“ICy, values were taken from refs 11 and 12 and were measured using the screening procedure described in the methods section.

selection pressure to develop resistance against this novel mode
of action is expected.” Another advantage of pgs inhibitors is the
absence of quinolone signals in beneficial bacteria, and
therefore, the natural microbial flora should not be affected.

PgsD is a key enzyme in the biosynthesis of the pgs signal
molecules 2-heptyl-4-hydroxyquinoline (HHQ) and 2-heptyl-3-
hydroxy-4-quinolone (Pseudomonas quinolone signal, PQS)
(Scheme 1).'° For this reason, we consider PgsD as an
attractive target for the development of novel anti-infectives.""
We have identified the first PqsD inhibitors by testing known
inhibitors of FabH, a structurally and functionally related
enzyme.'"” Structural optimization decreased ICs, values to 1.2
UM (Scheme 1, 1 and 2)."* However, these compounds were
not capable of potently reducing the extracellular signal
molecule levels in P. aeruginosa PA14 (unpublished data).

Recently, we have identified 2-nitrophenyl derivatives as
potent P?SD inhibitors in a ligand-based approach (Scheme 1,
35, 7)."" The most active compound of this series 3 was
capable of reducing the HHQ_ and PQS levels as well as the
biofilm volume in P. aeruginosa PAl4 without affecting cell
viability. In our original concept, (2-aminophenyl)methanol
derivative 6 was designed as transition state analog of the
reaction between PqsD and its primary substrate anthraniloyl-
CoA (ACoA) (Scheme 1). Since transition states are the most
tightly bound species of a catalytic reaction, transition state
analogs are a reasonable strategy to achieve high potenqr.]3
However, we unexpectedly observed no activity for 6, while the
corresponding nitro compound 7 effectively inhibited PgsD.
Thus, it is open to question how the optimized nitro compound
3 interacts with PqsD on a molecular level.

To address this question, we conducted a surface plasmon
resonance (SPR) competition experiment to validate the
binding site. Various modifications of the in vitro assay were
used to elucidate time dependency of inhibition as well as
functional reversibility. Mass spectrometry was applied to
investigate the nature of interaction between the protein and
the inhibitors. Site-directed mutagenesis in combination with
ITC analysis revealed key interaction features responsible for
affinity and astonishing differences in the thermodynamic
profile of the separated enantiomers. This information was used
to deduce plausible binding modes, which may explain the
efficacy of the compound class.

B RESULTS AND DISCUSSION

Binding Site Analysis by SPR. To investigate whether our
compounds bind in the active site, we performed binding
experiments using SPR. Compound 2, which was described as a
channel blocker interacting in the upper part of the tunnel
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and 3 were separately added to PqsD immobilized on an SPR
sensor chip. Figure 1A/B shows the resulting response curves,
indicating affinity to the enzyme for both compounds.
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Figure 1. Elucidation of the binding site by SPR. Addition of inhibitor
to native PgsD leads to response curves (A) and (B) for compounds 2
and 3, respectively. In contrast to compound 2 (C), no response curve
for 3 (D) is observed after addition to PqsD pretreated with ACoA.
(E) Binding pocket of PgsD and space-filling model of covalent
anthranilate adduct (wireframe). Picture was generated using the
crystal structure [Protein Data Bank (PDB) entry 3H77]."*

In a second experiment, the first substrate of PqsD, ACoA,
was added until saturation of all active-site Cysll2 by
formation of an anthranilate thioester was reached (Figure
1E). Noteworthy, the X-ray structure of this key intermediate
shows no significant conformational changes compared to
untreated PqsD,"* which eliminates the possibility of allosteric
effects. Addition of inhibitors 2 or 3 was subsequently repeated.
In the case of 2, response curves were very similar to those
obtained using unmodified enzyme (Figure 1C). Thus, affinity
of 2 is not affected by covalently bound anthranilate, which is
consistent with previous results."” In contrast, no response was
observed for 3 (Figure 1D), indicating that the binding site of 3
is blocked by anthranilate. Moreover, this experiment shows
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Figure 2. Mode of action analysis. (A) Time dependency of PgsD inhibition by 3 M of FabH inhibitor-derived compound 2 (M) and 6 4M of 2-
nitrophenyl derivative 3 (®) compared to untreated control (¥). Values are given in the Supporting Information. (B) Reversibility of PgsD
inhibition by compounds 2—35. Centrifugal filter devices with a molecular weight limit of 10k were used to remove at least 95% inhibitor by three
diafiltration steps as controlled by HPLC analysis, while PgsD was retained. (C—E) HPLC-ESI mass spectra of untreated PgsD (C) and after
preincubation with § mM ACoA (D) or 2.5 mM of compound 3 (E), respectively.

that the binding pocket around Cys112 is the only target site of
3. This is supported by a 1:1 interaction stoichiometry
determined in the ITC experiment.""

To gather further evidence for the proposed binding site, we
preincubated PgsD with ACoA prior to continuation of the
original assay procedure. In the case of the FabH inhibitor-
derived compounds 1 and 2, no significant differences in ICy
values determined by both procedures were observed (ICsp 04
values in Supporting Information (SI) Table S2). In contrast to
this, the IC, values of 3—5 were increased at least 3-fold when
PqsD was preincubated with the substrate. This provides
further evidence that nitrophenyl derivatives and the
anthraniloyl moiety share a common binding site.

Time-Dependent Inhibition and Reversibility. To
investigate the time dependency of PqsD inhibition by 3, the
protein was added to a mixture of substrates and inhibitor
before HHQ formation was measured at different time points.
Figure 2A (blue) shows decreasing HHQ production over time
compared to the untreated control, indicating slow binding
kinetics for 3. For reference compound 2 (red), a nearly
constant HHQ_formation rate is observed, which is due to a
rapid establishment of binding equilibrium with the enzyme.

Inhibition by 3 has not reached the equilibrium after 10 min,
which is the standard preincubation time in the in vitro assay.
Consequently, IC;, data and structure—activity relationships
derived in this compound class are dependent on the rate of
complex formation. Furthermore, the potency is under-
estimated compared to the FabH inhibitor-derived compound
class. This becomes apparent when the preincubation period
was extended from 10 min (ICsp) to 30 min (ICs,, values in
SI Table S2). While the inhibitory potency of 1 and 2 did not
increase, the ICyy ., of 3—5 showed significantly lowered values.
This effect is most pronounced for the alcohol 3, which is
probably due to the slowest binding kinetics.

There are two general modes of interaction between enzyme
and inhibitor resulting in time-dependent inhibition. First, the
enzyme inactivation is practically irreversible, for example by
covalent binding. As the reaction progresses, enzyme inhibition
will be increased. In the second case, slow binding kinetics can
lead to an equilibrium establishment of a reversible inhibition,
which is slow compared to enzyme turnover. To address this
issue, we examined the reversibility by modification of our in
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vitro functional assay. Therefore, PqsD was preincubated with
inhibitor and the remaining HHQ_formation was quantified
with and without removal of unbound inhibitor by diafiltration.
After preincubation with 7 uM of the FabH inhibitor-derived
compound 2, 46% of HHQ_ formation remained compared to
the untreated control. After removal of unbound inhibitor,
PgsD activity was fully restored, since binding of the inhibitor is
nonpermanent (Figure 2B). In the case of the 2-nitrophenyl
derivatives 3—5, PqsD activity was not significantly increased.
However, providing reversible inhibition, HHQ_ formation
should be very sensitive to changes in inhibitor concentration,
since the dose-inhibition curves are very steep at the
concentrations used (SI Figure S1 for compound 3). Hence,
inhibition by this compound class is apparently irreversible.
However, it should be mentioned that the time available for
dissociation between the diafiltration steps is limited due to
enzyme denaturation (f;, ~ 100 min at RT). Thus, the
irreversible behavior of 3—5 may be restricted to the time
period that is covered by the experiment.

To distinguish between irreversible inhibition by formation
of a covalent bond or tight-binding characterized by slow off-
rates, mass spectrometry (MS) techniques were applied. First,
PqsD was incubated with or without ACoA as well as
compound 3, and the samples were subjected to HPLC-ESI
analysis (Figure 2C). In absence of any additives, the main
signal was observed at m/z = 36688.1, which corresponds to
the calculated average mass of PqsD (36688.1 Da). Formation
of the anthranilate—PqsD complex by addition of the substrate
led to the expected mass shift of +119.2 toward 36806.9
(calculated: 36807.2). In presence of a 100 fold excess of
inhibitor 3, no covalent adduct or oxidation product was
observed. This was also the case when any reductive reagents
were avoided (SI Figure S2). Thus, we exclude a redox-based
inhibition mechanism.

To exclude a possible dissociation during HPLC, we also
analyzed PgsD with or without compound 3 by Maldi-TOF
after tryptic digestion. In the case of unmodified PqsD, more
than 99% of the sequence was covered by the peptides
observed in the mass spectra. (Results are shown and discussed
in detail in the Maldi-TOF section of the Supporting
Information.) Thus, apart from 6 of 340 amino acids, which
are unlikely to be involved in inhibitor binding, the
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modification should be captured by this technique. However,
no novel signal appeared after preincubation of PqsD with
compound 3 (SI Table S4). The only difference compared to
untreated PqsD is the disappearance of one fragment, which is
not involved in substrate or inhibitor binding, since it is located
far away from the active site. This fragment is also unresolved in
the X-ray structure of PqsD, which is probably due to
conformational flexibility. Thus, possible allosteric effects are
unlikely. Considering both experiments, we exclude covalent
binding, simultaneously denoting 3 as a tight-binding inhibitor.

Elucidation of the Binding Mode. The data presented so
far were obtained using a racemic mixture of 3, since we have
already shown that both enantiomers possess very similar ICs,
values.'' The SPR experiment using the separated stereo-
isomers revealed that both enantiomers bind near the active site
residues deep in the binding channel and in an exclusive
manner with respect to one another (SI Figures S9).
Furthermore, (R)-3 and (S)-3 showed the same behavior as
the racemic mixture 3 in the diafiltration experiment (SI Figure
$10). However, when we analyzed the thermodynamic profile
of binding to PqsD by ITC, surprising differences between both
enantiomers were observed, even though very similar values for
AG were determined (Figure 3 and Table 1).

(R)-3 (S)-3

uidG
uidH
= -TAS

keal mol

b Y d d bk e NS o e

Figure 3. ITC analysis of thermodynamic profiles of enantiomers
binding to PqsD wild-type.

Whereas the affinity of (R)-3 is driven enthalpically, (S)-3
shows a pronounced entropic binding profile. The combination
of the values obtained for both enantiomers is in accordance
with the balanced profile determined for their racemic mixture
(AH = —3.47 kcal mol™!, —TAS = —3.20 kcal mol™"). The
differences in the thermodynamic profiles are evident, even if
uncertainties in AH, and thus also in TAS, of ~24% have to be

expected for the technique (value determined by an
interlaboratory comparison).'®

With respect to the dissimilar thermodynamic profiles, we
were interested whether differences in the interaction with the
amino acid residues are detectable. Because of a lack in
cocrystal structure, we decided to execute a combined approach
of site-directed mutagenesis and ITC as a promising method to
identify specific spots of interaction.'” Due to the SPR results,
the binding site of both enantiomers should be located near the
catalytic triad characterized by Cys112, His257 and Asn287.
Furthermore, the adjacent Ser317 represents another possible
interaction partner. Thus, we mutated the aforementioned
amino acids. Only S317A possessed catalytic activity com-
parable to the wild-type. C112S retained 8% activity, whereas
all other mutations led to inactivity (SI Table S1). However,
the aforementioned PqsD variants allowed to investigate the
contribution of the respective residue side chains to inhibitor
binding.

ITC analyses using (R)-3 revealed Cys112 and His257 as
mainly interacting residues, since mutation led to a loss of
affinity by more than factor 2.3, as measured by deterioration in
AG by more than 0.5 kcal mol™" (Table 1). Binding affinity of
(S)-3 does not seem to be significantly changed by any of these
mutations with the exception of a small loss in affinity for both
Ser317 mutants. For C112A standard deviations in AG are too
high for a reliable interpretation.

Based on these results, we docked both enantiomers to
propose binding poses. Calculation of the protonation state
revealed that the Cys112 and His257 residues exist in a neutral
form at physiological pH. In all high-ranked docking poses, the
scaffold of both enantiomers had the same position, whereas
one phenyl ring was located directly adjacent to the bottom of
the channel and the other oriented toward the tunnel entrance
(Figure 4A). For (R)-3, the nitro group was observed at both
phenyl rings. However, since both enantiomers retained
comparable inhibitory activity even for elongated substituents
instead of phenyl (data not shown), we concluded that the
nitro-phenyl moiety is apparently located at the bottom of the
channel. Thereby, the nitro group forms an asymmetrical
bifurcated hydrogen bond (2.85 and 3.10 A) to the backbone
NH of Ser317 (Figure 4B)."® The hydroxyl group is involved in
a hydrogen bond network between the side chains of Cys112
(3.07 A) and His257 (2.90 A). The observed distances are
typical for weak hydrogen bonds,'* which explains the loss in
affinity and enthalpy for the C112A and H257F mutants. The

Table 1. Effects of Mutated Amino Acids on Thermodynamic Profiles of the Enantiomers of 3¢

(R)-3" (8)-3"
AG [kcal mol™] AH [keal mol™] —TAS [kcal mol™'] AG [keal mol™] AH [keal mol™] —TAS [keal mol™]
WT —6.56 + 0.14 —6.99 + 1.02 043 + 1.15 —6.13 + 0.20 —1.11 + 0.34 —5.02 + 0.18
AAG [keal mol™] AAH [keal mol™] —TAAS [keal mol™] AAG [keal mol™] AAH [keal mol™] —TAAS [keal mol™]
Cl12A —0.82 + 0.11° —5.36 + 0.60° 4.54 + 0.86° 0.10 + 0.40 —0.30 + 0.53 0.40 + 0.22
Cl1128 —0.75 + 0.14° —5.87 + 0.78° 512 + 0.86° —0.03 + 0.10 —0.39 + 036 0.36 + 0.36
S317F —0.58 + 0.14° —6.09 + 0.72° 5.51 + 0.86° —0.30 + 0.10° —0.78 + 0.22° 0.40 + 0.20
S317A 0.10 + 0.10 —1.10 + 0.67 1.26 + 0.76 —022 + 0.10° 0.14 + 0.36 —0.36 + 0.36
N287A —=0.18 +0.10 —1.16 + 0.61 098 + 0.70 =002 + 0.10 —=0.02 + 020 —=0.01 + 0.20
H257F —0.61 + 0.30° —5.83 + 0.67° 522 + 0.76° 0.03 + 0.30 —0.19 + 0.36 0.22 + 0.36

“AAG, AAH, and —TAAS are AGywr — AGuuune AHwr — AH,yune and —T(ASyr — AS,u), respectively. Negative values indicate a loss;
positive values, a gain compared to wild-type. Significance: effect of the mutations on thermodynamic parameters of ligand binding compared to
wild-type indicates a difference in interaction. "Absolute configurations were derived from measurement of the optical rotation and comparison to
literature."* “p < 0.05.

2797 dx.doi.org/10.1021/ch400530d | ACS Chem. Biol. 2013, 8, 2794—2801



32 | Ergebnisse

ACS Chemical Biology

His257

Ala289

Figure 4. (A) Superimposition of the covalent anthranilate—PqsD complex (PDP entry 3H77) and docking poses for both enantiomers. Observed
hydrogen bonds and CH-7 interactions of R-enantiomer (B) and the S-enantiomer (C/D) of compound 3 in PgsD wild-type. Nitrogen, blue;
oxygen, red; sulfur, yellow; carbons of PgsD, gray; carbons of R-enantiomer, light blue; carbons of S-enantiomer, orange; hydrogen left out for clarity.

C112S mutant showed strongly reduced affinity, which is
probably due to the shorter van der Waals radius of oxygen
compared to sulfur,® leading to an interruption of the
hydrogen bond network. No interaction was observed with
the side chains of Asn287 and Ser317, which is in accordance
with the collected ITC data (Table 1). However, introduction
of a bulky phenyl ring in S317F probably results in sterical
hindrance.

In the case of (§)-3, docking results were unambiguous with
respect to the positioning of the nitro group, since in all high-
ranked poses a short hydrogen bond between NO, and NH of
Ser317 was observed (Figure 4C/D). However, the hydroxyl
group was involved in different interactions, either facing
toward Asn287 or His256/Cys112. We speculate that no
singular mutation of the aforementioned residues significantly
reduced affinity, since the hydroxyl group is able to switch to an
alternative interaction mode. Noteworthy, this is not possible
for the R-enantiomer due to the different orientation of the OH
functionality.

Recently, two enantiomers with similar binding affinity for
acetylcholinesterase but different thermodynamic profiles were
reported.”” X-ray cocrystal structures revealed multiple
conformations stabilized by weak interactions for one
enantiomer, leading to a gain in TAS of 24 kcal mol™
compared to its counterpart. A similar effect might be
contributing to the significant change in TAS of 5.3 kcal
mol ™! for our compounds. Furthermore, a gain in entropy is
characteristic for the classical hydrophobic effect.” Thereby,
the release of ordered water from well-solvated hydrophobic
pockets upon ligand binding increases the water molecules
degree of freedom.** However, we were not able to identify
such a displacement of water when comparing our docking
results with the published X-ray structures.
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Since small changes in structure without significant effect on
AG can lead to large changes in AH and TAS, the
phenomenon of entropy-enthalpy compensation may also
help to explain the contrary thermodynamic profiles of the
enantiomers.”® The physical origin of the compensation is still
not fully understood, and it has been repeatedly discussed
whether a structural interpretation is even possible.***
According to this, the altered position of OH may well be
the source of the shift in thermodynamic contributions.

Nevertheless, besides the interpretation of the thermody-
namic profile, the proposed models should enable us to
perform structure-guided optimization. Thus, the docking
poses have to be in accordance with previous structure—
activity relationship observations.'" First, as soon as the amino
group of 6 was substituted by nitro, the compounds turned
active. As has been described above, (2-nitrophenyl)(phenyl)-
methanol 3 was originally designed as transition state analog.
However, in the transition state, which has formed by attack of
Cysl12 on the thioester bond of ACoA, the generated
oxyanion is stabilized by backbone nitrogen atoms of Cys112
and Ser317.'* In our model, this position is in each case rather
occupied by the nitro group (Figure 4A), which cannot be
mimicked by the corresponding amine geometrically and
spatially. As a consequence, this compound does not interact
with PgsD as expected for a transition state analog.
Furthermore, it is noteworthy that the nitrophenyl moiety
aligns quite accurately with the benzoate moiety in an X-ray
structure of anthranilate bound to a C112A mutant.'* This
indicates the preference for this kind of isoelectronic groups at
this point of the channel. Second, a carbonyl linker between
both phenyl rings, which conjugates the 7-systems, leads to
inactivity. This can now be explained, as the banana-shaped
bottom of the channel is not able to accommodate the planar
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molecule anymore. Furthermore, substitution of the methylene-
H abolished inhibitory activity, either due to a steric clash with
Asn287 (R), or because a substitution is followed by a twist of
the molecule, which destabilizes the biological active con-
formation (S). Hence, the experimental results are in good
accordance with our binding model.

Conclusions. 2-Nitrophenyl derivatives and FabH inhibitor-
derived compounds show similar IC, values, but only
congeners of the former class are capable of significantly
reducing signal molecule production and biofilm formation in
P. aeruginosa PA14. We have shown that both inhibitor classes
possess fundamentally different profiles regarding binding site,
time-dependent inhibition and reversibility. Besides possible
advantages in cell permeability of the (2-nitrophenyl)methanol
derivatives due to their low molecular weight, the deeply buried
binding site at the bottom of the substrate channel and the
apparent irreversibility could be crucial factors for their
intracellular efficacy.

Furthermore, the calorimetric characterization of two
enantiomers revealed remarkable differences in their thermody-
namic signatures. The detailed binding modes were examined
by a combined approach using site-directed mutagenesis, ITC,
and docking. This enabled us to propose binding poses for both
enantiomers only differing in the position of the hydroxyl
group. Notably, the nitro group occupies the oxyanion hole
forming strong interactions with the enzyme backbone.
However, this site was expected to accommodate the
aforementioned hydroxyl group. Hence, the position of the
scaffold is altered compared to the transition state (Figure 4A).
The predicted enzyme—inhibitor complexes explain the
reported structure—activity relationship and, therefore, enable
the structure-guided design of PgsD inhibitors toward
improved inhibitory activity.

B METHODS

Preparation of PqsD Mutants. PqsD mutants were generated
using the QuikChange Site-Directed Mutagenesis Kit (Stratagene)
according to the manufacturer’s instructions using the pET28b(+)/
pgsD plasmid as a template. Briefly, pgsD gene was amplified through
16 cycles of PCR. After treatment with Dpnl, the PCR product was
transformed into E. coli strain XL1-Blue. Plasmid DNA was purified
using the GenElute HP Plasmid Miniprep Kit (Sigma-Aldrich) and
sequenced to confirm the site-directed mutations. For the primer
sequence of the mutations see Supporting Information.

Expression and Purification of Recombinant PqsD Wild-type
and Mutants in E. coli. E. coli BL21 (ADE3) cells were transformed
with plasmid harboring PqsD (pET28b(+)/pgsD).'® Overexpression,
purification, and storage of the Hisq-tagged PgsD was performed as
described recently.'!

Screening Assay Procedures for In Vitro PgsD Inhibition.
The standard assay for determination of ICs, values was performed
monitoring the enzyme activity by measuring the HHQ concentration
as described recently.'’ PgsD was preincubated with inhibitor for 10
min prior to addition of the substrates ACoA and f-ketodecanoic acid.
The concentration of PqsD applied in the assay was 0.1 pM.
Quantification of HHQ was performed analogously, but with some
modifications: The flow rate was set to 750 4L min~' and an Accucore
RP-MS column, 150 X 2.1 mm, 2.6 um, (Thermo Scientific) was used.
All test compound reactions were performed in sextuplicate. Synthesis
of ACoA and f-ketodecanoic acid was performed as described in the
Supporting Information. In the modified protocol used for the
determination of ICsy .4 PqsD and the first substrate ACoA were
preincubated for 30 min prior to adding them to the test compounds.
Then, f-ketodecanoic acid was added and the further steps were
performed identical to the standard protocol. ICy,, values were

2799

determined analogously to the normal ICy, values, with the sole
exception that PqsD was preincubated with inhibitor for 30 min.

Surface Plasmon Resonance (SPR) Spectrometry. SPR
binding studies were performed using a Reichert SR7500DC
instrument optical biosensor (Reichert Technologies) and CMDS500
M sensor chips obtained from XanTec Bioanalytics. PgsD was
immobilized on a CMD500 M (carboxymethyldextran-coated) sensor
chip at 12 °C using standard amine coupling conditions according to
the manufacturers’ instructions. PqsD was diluted with sodium acetate
buffer (10 mM, pH 4.5) to a final concentration of 100 g mL™", PgsD
was immobilized at densities of 2217 RU and 2918 RU.

SPR Competition Study. The binding studies were performed at
a constant flow rate of 50 4L min~' in instrument running buffer (50
mM MOPS, pH 8.0, 150 mM NaCl, 5% DMSO (v/v), 0.1% Triton X-
100 (v/v)). 10 mM stock solutions of compounds 2 and 3 in DMSO
were directly diluted to a concentration of 500 M (50 mM MOPS,
pH 8.0, 150 mM NaCl, 0.1% Triton X-100 (v/v)) and then diluted to
a final concentration of 100 #M (3) and 20 M (2) in running buffer.
Before the compounds were injected, six warm-up blank injections
were performed. Buffer blank injections and DMSO calibration were
included for double referencing, The compounds were injected for 180
s association and 300 s dissociation times. Experiments were
performed twice with two independently prepared PgsD coated
CMDS500 M sensor chips. Scrubber software was used for processing
and analyzing the data.

Compounds 2 and 3 were first tested in the absence of ACoA. In
the second experiment ACoA (100 M) was injected for 40 min with a
constant flow of 5 L min™' to reach saturation of the active-site
Cys112. After this, the flow rate was increased to 50 4L min™' for 30
min in order to remove residual reagents. Once the baseline signal was
stable, additional ACoA (10 uM) was injected to ensure that the
anthranilate binding site is completely saturated (no additional signal
was observed). Afterward, compounds 2 (20 M) and 3 (100 M)
were consecutively injected.

Elucidation of Time-Dependent PqsD Inhibition. The assay
was performed analogously to the screening assay procedure for in
vitro PqsD inhibition described above, except that inhibitor and
substrate were mixed and the reaction was started by addition of
enzyme. The reactions were stopped after 3, 6, 9, 12, 15, 20, 25, and 30
min by addition of methanol containing 1 #M amitriptyline as internal
standard. The percentage of inhibition was determined as the mean
value of duplicates and HHQ concentrations measured without
inhibitor at each time point were set to 100%. The uncertainty was
calculated assuming uncorrelated standard deviations of the HHQ
levels with or without inhibitor using a first-order Taylor series
expansion. Percentages of inhibition are given in the Supporting
Information.

Examination of Reversibility by Diafiltration. The diafiltration
experiment was performed using identical conditions as for the
screening assay procedure, but with doubled enzyme concentration
(0.2 uM). PgsD was preincubated with inhibitor for 10 min, and the
solutions were divided into two fractions. While the first one was
stored under 4 °C, the second was diafiltrated (3x) at 1200g for 6 min
at 4 °C using Nanosep Centrifugal Devices equipped with a Omega
membrane (MWCO 10 K), which were obtained from Pall
Corporation. Between diafiltration steps, the samples were diluted
from 30 pL to S00 uL with buffer (identical chemical composition as
used for preincubation). The enzyme inhibitor complex was allowed to
dissociate for 1 min at RT. Afterward, the substrates ACoA and f-
ketodecanoic acid were added to both fractions and the assay was
continued as described in the screening assay procedure.

HPLC-ESI Experiment. PqsD (25 pM) was preincubated with
compound 9 (2.5 mM) for 60 min at 37 °C in Tris-HCI buffer (50
mM, pH 8.0) with 0.5% DMSO (v/v). Dithiothreitol was added, and
the samples were analyzed by HPLC-ESIL. All ESI-MS-measurements
were performed on a Dionex Ultimate 3000 RSLC system using an
Aeris Widepore XB-C8, 150 X 2.1 mm, 3.6 pym dp column
(Phenomenex). Separation of 2 uL samples were achieved by a linear
gradient from (A) H,O + 0.05% TFA (v/v) to (B) ACN + 0.05% TFA
(v/v) at a flow rate of 250 yL min~' and 45 °C. The gradient was

dx.doi.org/10.1021/cb400530d | ACS Chem. Biol. 2013, 8, 2794—2801
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initiated by a 1.0 min isocratic step at 15% B, followed by an increase
to 80% B within 4.5 min to end up with a 6 min step at 80% B before
re-equilibration with initial conditions. UV spectra were recorded by a
DAD in a range from 200 to 600 nm. The LC flow was split to 75 uL
min~" before entering the maXis 4G hr-ToF mass spectrometer
(Bruker Daltonics) using the standard Bruker ESI source. In the
source region, the temperature was set to 180 °C, the capillary voltage
was 4000 V, the dry-gas flow was 6.0 | min™", and the nebulizer was set
to 1.1 bar. Mass spectra were acquired in positive ionization mode
ranging from 600 to 1800 m/z at 2.5 Hz scan rate. Protein masses
were deconvoluted using the Maximum Entropy algorithm (Copyright
1991—2004 Spectrum Square Associates, Inc.).

Maldi-TOF Experiment. PgsD (10 uM) was preincubated with
compound 3 (2.5 mM) for 60 min at 37 °C using identical buffer
composition as in the screening assay procedure (S0 mM MOPS, pH
7.0 with 0.005% (v/v) Triton X-100 and 0.5% DMSO (v/v)). The
buffer was exchanged by an NH,HCO; buffer (50 mM, pH 8.1) in
three diafiltration steps. Diafiltration was performed at 1200 g for 6
min at 4 °C in Nanosep Centrifugal Devices (MWCO = 10 K) of Pall
Corporation. The protein was digested with trypsin overnight and
dithiothreitol was added. a-Cyano-4-hydroxycinnamic acid was used as
matrix component. Analysis of the peptides were performed on a 4800
TOF/TOF Analyzer mass spectrometer (Applied Biosystems) in
positive reflector mode using a pulsed 200 Hz solid state Nd:YAG
laser with a wavelength of 355 nm. Laser energy was set to 2000—2300
units for standards and to 2700—3200 units for real samples. Source 1
voltage was set to 20 kV with a grid voltage of 16 kV. Reflector
detector voltage was 2.19 kV. Spectra of standard peptides used for
wide range calibration ranging from 0.8 to 4 kDa (des-arg1-bradykinin,
angiotensin I, glul-fibrinopeptide B, ACTH 1-17 clip, ACTH 18—39
clip and ACTH 7—38 clip) were measured with a delay time of 600 ns.
One single mass spectrum was formed from 20 subspectra per spot
using 25 accepted laser impulses each. From the standard peptides,
exclusively monoisotopic ions were used with a minimum signal-to-
noise (S/N) ratio of 20 and a resolution >10000. Mass tolerance was
set to 0.3 Da with maximum outlier of 5 ppm. Accepted calibration
settings were used to measure real sample spectra in the range 1-3.5
kDa with a minimum S/N range of 10 and a resolution >8000. An
internal algorithm defined the isotope cluster area subsequently named
intensity (I), based on the peptides’ molecular weight and their general
elemental composition. MALDI-TOF MS resulted in pmfs consisting
of mass-intensity spectra (m/z—Ly,, ).

Isothermal Titration Calorimetry (ITC). ITC experiments were
carried out using an ITC200 instrument (Microcal Inc., GE
Healthcare). Final ligand concentrations were obtained by dilution
1:20 (v/v) in the experimental buffer resulting in a final DMSO
concentration of 5% (v/v). Protein concentration was determined by
measuring the absorbance at 280 nm using a theoretical molarity
extinction coefficient of 17 780 M™' cm ™. DMSO concentration in the
protein solution was adjusted to 5% (v/v). ITC measurements were
routinely performed at 25 °C in PBS-buffer, pH 7.4, 10% glycerol (v/
v), 5% DMSO (v/v). The titrations were performed on 83—102 uM
PqsD-His, and mutants-His, in the 200 pL sample cell using 2 uL
injections of 3.5 mM ligand solution every 180 s. Raw data were
collected, and the area under each peak was integrated. To correct for
heats of dilution and mixing, the final baseline consisting of small
peaks of the same size at the end of the experiment was subtracted.
The experimental data were fitted to a theoretical titration curve (one
site binding model) using MicroCal Origin 7 software, with AH
(enthalpy change in kecal mol™"), K, (association constant in M™'),
and N (number of binding sites) as adjustable parameters.
Thermodynamic parameters were calculated from equation

AG = AH — TAS = RT In K, = —RT In K;,

where AG, AH, and AS are the changes in Gibbs free energy,
enthalpy, and entropy of binding, respectively. T is the absolute
temperature, and R = 1.98 cal mol™" K™'. For every mutant, three
independent experiments were performed.

In Silico Experiments. Docking poses of PqsD inhibitors (R)-3
and (S)-3 were generated with YASARA structure (YASARA

2800

Biosciences) using the AMBERO3 force field on an Intel Core i7-
2600 workstation with eight virtual cores.””** Receptor coordinates
were prepared using a crystal structure of the PgsD-anthraniloyl
complex (PDB entry 3H77)."*

First, the covalent and noncovalent ligands were removed without
altering the dihedral angle of the Cysl112 side chain and protonation
states were assigned automatically at pH 7.4. Then, a grid box of 27 X
20 X 20 A’was set up around the residues forming the active site
tunnel of PqsD. Finally, the binding mode of the ligandswas calculated
using the flexible local docking procedure of the implemented
AutoDock 4 algorithm with 999 docking runs.*® In every case, at
least the five highest-ranked poses were found to belong to one cluster.
Predicted PqsD-inhibitor complexes were further refined by an
additional energy minimization step with fixed receptor backbone
atoms )a}r}]d then analyzed using MOE 2012 (Chemical Computing
Group).
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4 Zusammenfassung der Ergebnisse

Die ersten, beschriebenen PgsD Inhibitoren stammosnder Klasse der 2-Benzamidobenzoesauren.
Die Identifizierung dieser Verbindungsklasse isgdbmis einesme-tod Ansatzes, bei dem sich die
strukturelle Ahnlichkeit von PgsD und dgiKetoacyl-Acyl Carrier Protein Synthase Ill (Fabk)
Nutze gemacht wurde. Der urspringliche von Mieal. synthetisierte FabH Inhibitor zeigte eine
moderate PgsD-Hemmung im funktionellen Assay nriegi IGo-Wert von 65 uM (109, 140). Nach
Optimierung wurde die Aktivitat bis in den einsigdin, mikromolaren Bereich gesteigert und ein
ICso-Wert von 1,2 uM erhalten (Verbindur&®) (139). Gleichzeitig wurde die Substanzklasse der
2-Nitrophenylmethanol-Derivate entwickelt, die vdibergangszustand des natirlichen Substrates
ACO0A abgeleitet wurden. Im initialen Optimierungspess wurde hier Verbindur®) erhalten, die
einen IGgeWert von 3,2 uM aufweist (126).

Wahrend im funktionalen Assay ahnlich gute Hemmevéiit beide Strukturklassen erhalten wurden,
waren die Wirkungen im Bakterium sehr unterschadl{Tab. 1). Die 2-Nitrophenylmethanol-
Derivate zeigten sowohl eine Reduktion des Biofiovnens, als auch eine Absenkung der
Signalmolekile HHQ und PQS (126), hiwgegen keine Effekte der

2-Benzamidobenzoeséauren zu beobachten waren.

Produktion der

Tab. 1: Ubersicht (ibed und52 sowie deren Ergebnisse in den biologischen Assays

2-Nitrophenylmethanole

2-Benzamidobenzoesauren

Prominentester Vertrete

ICs-Wert
HHQ Hemmung
PQS Hemmung

Reduktion Biofilmmasse

h

=

NO, OH
3

3,2+0,7 uM

38 + 6% @ 250 UM

37 + 6% @ 250 pM
38% @ 500 pM

HO._O
H
HO NW‘/@SP
PN

lo) o
52

1,2+0,1 pM
keine Inhibition @ 2080
keine Inhibition @ g™
keine Redukt@®ri25 uM

Die Ursache fur die Ineffektivitat der 2-Benzamidahoesauren kann mdoglicherweise auf die hohe
Lipophilie der Verbindungsklasse und damit restdtieler Permeationsprobleme zurtickgefiihrt
werden. Eine andere Moglichkeit ware, dass diesebiW@ungsklasse durch Effluxpumpen
ausgeschleust wurde. Durch Identifizierung derelTdies Molekils, die an der Interaktion mit dem
Protein beteiligt sind, konnten die Verbindungerhidgehend optimiert werden, dass nicht zur
Aktivitat beitragende Teile des Molekils eliminieder ersetzt werden und dadurch die Lipophilie
gesenkt wird. Gleichzeitig konnte dies zu einerbésserung der Permeation fihren und dadurch zu

einer erhéhtem cellulo Aktivitat.
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Dem gegeniiber stehen die vom Ubergangszustandeitbtgt 2-Nitrophenylmethanol-Derivate, die
in cellulo Effekte aufwiesen. Der Frage, ob diese Verbindklagse im aktiven Zentrum bindet, wie
von Ubergangszustandsanaloga zu erwarten ist, wmittels SPR nachgegangen. Dariiber hinaus
kann die Identifizierung der Bindestelle und derdan Interaktion beteiligten, funktionellen Gruppen

aufzeigen, an welcher Stelle die Optimierung voogemen werden kann.

4.1 Aufklarung der Bindungsmodi von PgsD Inhibitoren

Zur ldentifizierung der Bindestellen wurden SPRibde Kompetitionsexperimente durchgefihrt.
Dabei wurde das aktive Zentrum von PgsD mit derirtielhen Substrat ACoA vorinkubiert, wodurch
eine kovalente Beladung mit Anthraniloyl erreichtirde. Im Anschluss wurde Uberprift, ob die
Verbindungen noch binden kdnnen. Beide Substaretaszeigten dabei ein unterschiedliches
Verhalten (s. Publikationen A und B).

Nach der Anthraniloyl-Beladung des aktiven Zentrurbieben die SPR-Signale fur die
2-Benzamidobenzoesauren unverdndert. Dies deuteteufdhin, dass diese Substanzklasse eine
Bindestelle aufweist, die durch den gebundenen raniloyl-Rest nicht beeinflusst wurde. Eine
Verdrangung des Substrates und ein daraus resulties, unverandertes Signal ist unwahrscheinlich,
da der Anthraniloyl-Rest kovalent an PgsD gebunderiegt (106). Die 2-Nitrophenylmethanol-
Derivate hingegen zeigten nach der Vorinkubatiome&eBindung mehr. Der Verlust der Affinitat
aufgrund einer durch die Anthraniloyl-Bindung auégten Konformationsanderung kann durch den
Vergleich der Kristallstrukturen von PgsD und PgsDKomplex mit Anthraniloyl ausgeschlossen
werden (106). Dies zeigt, dass die 2-Nitrophenyrarbl-Derivate an die Anthraniloyl-Bindestelle

oder zumindest in unmittelbarer Ndhe von dieseddan

Ahnliche Ergebnisse wurden im funktionellen Assalatten, in welchem die Verbindungen mit
unterschiedlichen Protokollen getestet wurden. han&ardprotokoll wurde das Protein mit dem
Inhibitor vorinkubiert und anschlieRend mit den Swdten ACoA ungh-Ketodecanséure versetzt und
die gebildete Menge an HHQ bestimmt. Im modifizarProtokoll hingegen wurde die Reihenfolge
so geandert, dass das Enzym mit ACoA vorinkubierde und anschlielend dann zuerst der Inhibitor
und danach dig-Ketodecansaure zugefiigt wurden. Die 2-Benzamidaiesi@uren zeigten in beiden
Assay Setups ahnliche J@Werte (Tab 2). Dies unterstitzt die Annahme, datisse
Verbindungsklasse aufRerhalb des aktiven Zentrumslebi Fernerhin deutete die unveranderte
Hemmung darauf hin, dass die Inhibition der HHQ tBgee unabhangig von der ACoA Bindung ist
und moglicherweise auf einer Hemmung der Kondemsstéaktion mit dem zweiten Substrat

S-Ketodecansaure basiert.
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Tab. 2: Vergleich der I§-Werte ausgewahlter 2-Nitrophenylmethanole und AzRenidobenzoesauren bei
Anwendung des Standardprotokolls und des modifemeProtokolls.

ICs-Werte ICs-Werte
Standardprotokoll modifiziertes Protokoll
3 3,2+0,1 uM 24,6 +6,2 UM
2-Nitrophenyl-
methanole 49 1,8+0,9 uM 37,8 +1,9 uM
63 1,8 £0,5 uM 2,8+0,3 uM
34 19,8 +4,5 uM 19,4 +0,8 pM
2_Benzamido- 43 99+2,1uM 7,0+£0,4 uM
benzoesauren g 3,02 0,7 uM 42 +0,3 uM
52 1,2+0,1 pM 1,1+0,2 uM

*Im modifizierten Protokoll wurde die Reihenfolgerdakubation verédndert (siehe Text).

Demgegeniber stehen die starken Zunahmen dgi€rte vieler 2-Nitrophenylmethanol-Derivate,
die wahrscheinlich darauf zurtickzufuhren sind, dhss/erbindungen aufgrund der Anwesenheit des

Anthraniloyl-Restes wahrend der Prainkubationspings® mehr binden konnten.

Anhand der durchgefiihrten Experimente konnte gezedgden, dass die 2-Benzamidobenzoeséaure-
Derivate nicht im aktiven Zentrum von PgsD bindéme Bindung im Kanal, die vom dem kovalent
gebundenen Anthraniloyl-Rest unbeeinflusst ist,nkpedoch nicht ausgeschlossen werden, weshalb
zusatzliche SPR Experimente durchgefiihrt wurdeerzdi wurde PgsD mit Verbindurt, welche
dem SPR-Laufpuffer zugefiigt wurde, um einen permi@me Uberschuss der Verbindung zu
gewabhrleisten, vorinkubiert und anschlie3end diedBng von Verbindun@ und ACoA untersucht
(Abb. 9). Weder3 noch ACoA waren in der Lage zu binden, wodurcheelnteraktion der
2-Benzamidobenzoeséauren im Kanal sehr wahrschieigischeint. Bei umgekehrter Reihenfolge,
wenn PgsD miB vorinkubiert und48 anschlieRend injiziert wurde, war eine Bindung eoliachten,

die aber im Vergleich zum unbehandelten Proteirclygdcht war. Dieses Ergebnis zeigt, dass
Verbindung48 im Kanal bindet und diesen blockiert. Die Abschiudmy im Bindesignal durch
Anwesenheit von Verbindurg die raumlich anspruchsvoller als das kovalenugdkbne Anthranilat

ist, spricht daftir, dass die 2-Benzamidobenzoegdareen unteren Teil des Kanals ragen. Um dies
zu Uberprufen, wurden weitere Untersuchungen zummddBigsmodus mit verschiedenen,
biophysikalischen Methoden wie SPR, NMR und ITCctigefihrt (Publikation A).
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Abb. 9: SPR-basierte Bindungsstudien nach Vorinkoharon PgsD mi#t8 und 3. Die Bindungssignale vo8

sind in blau dargestellt. In A) sind die Signale @iner unbehandelten PgqsD Oberflache und in B) nach
Vorinkubation von PgsD mit8 zu sehen. Die Signale von ACoA an C) der unbehé&@&qsD Oberflache und
D) nach Vorinkubation von PqsD n4B sind in schwarz dargestellt. Die Bindungssignalie 48 (rot) sind in E)

an einer unbehandelten PgsD Oberflache und ind¥) Xarinkubation mi8 gezeigt.

4.1.1 Charakterisierung des Bindungsmodus der 2-Beamidobenzoesauren

Um der Frage nachzugehen, ob die 2-Benzamidobefiz@sim Kanal so positioniert sind, dass sie
in den unteren Abschnitt des Kanals ragen, wurdembknierte Experimente aus SPR und
zielgerichteter Mutagenese durchgefihrt. Hierfurdem drei Verbindungen der Klasse ausgewahlt,
die unterschiedlich gro3en Raumbedarf in 5-PosiionAnthranilsaurerest besitzen (Abb. 10). Diese
wurden anschliel3end mittels SPR auf ihre Bindun@a@sD Mutanten untersucht, bei denen selektiv
Aminosauren im oder in der Néhe des aktiven Zerdgr@ysl12Ala, Ser317Phe und His257Phe)

ausgetauscht worden waren.
HO (0] Br HO (0] HO (0]
H H
N 2 N\n)i)\ P N\HQ\ 2
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Abb. 10: Strukturen der 2-Benzamidobenzoesauree, idi den Bindungsstudien an den PqgsD Mutanten
eingesetzt wurden, sowie von Verbinduhglie im molekularen Docking verwendet wurde.
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Die Bindung der drei Benzoesaure-Derivate wurdedem verschiedenen Mutanten unterschiedlich
stark beeinflusst (s. Publikation A, Tab. 3). Walitedie am Anthranilsdurering unsubstituierte
Verbindung 34 an allen Mutanten dasselbe Bindeverhalten zeiwgta, eine Abschwachung der

Bindesignale von43, welche in 5-Position ein Bromid aufweist, zu bedfiten. Die starkste

Beeinflussung der Bindung wurde im Fall v48 erhalten, die einen zuséatzlichen Phenylring besitz
Diese Beobachtungen weisen darauf hin, dass didReGdes Substituenten in 5-Position von
Bedeutung ist. Da sich die ausgetauschten Aminesdum aktiven Zentrum befinden, deutet dies
stark darauf hin, dass die Benzoesauren so ausggrgind, dass der Anthranilsdurering in Richtung
des aktiven Zentrums orientiert vorliegt, so dassgidReren Substituenten mit den dort lokalisrerte

Aminosauren interagieren kbnnen.

Die schwacheren Signale von Verbind#igund48 an den verschiedenen Mutanten kdnnen entweder
aus dem Fehlen wichtiger Interaktionspartner, dewnstdusch gegen die sterisch anspruchsvolle
Aminosaure Phe oder aus einer durch den Austawsttizierten Konformationsdnderung herrihren.
Da sich Ser317 oberhalb des aktiven Zentrums betfiftht die Mutation zu Phe wahrscheinlich zur
Abschirmung des aktiven Zentrums gefihrt, woduréiglnherweise Interaktionspartner unerreichbar
geworden sind. Ahnliche Ursachen diirften fir didwsicheren Signale der His257-Mutante
vorliegen. Die verringerten Signale an der Cysli2Mutante sind allerdings aufgrund der
anndherungsweise vergleichbaren Grof3e der beidéno&éauren auf fehlende Interaktionen mit dem

Cys zurtickzufihren.

Um eine Vorstellung dariiber zu erhalten, wie diemdBng an das Protein erfolgt und welche
Aminosauren an der Interaktion beteiligt sind, vauen molekulares Docking der unsubstituierten
2-Benzamidobenzoesaure (Verbindur®) durchgefiihrt. Die drei am hochsten bewerteten
Bindungsmodi stimmten insofern miteinander Ubergiass in allen das Benzamidobenzoesaure-
molekil im Kanal gebunden vorlag. Unterschiede wgesloch zum einen in der Orientierung des
Anthranilsaurerings zu finden, aber auch darin, tiéé die Bindestelle in den Kanal hineinreicht.
Wahrend in den Bindungsmodi | und Il das Molekit eem Anthranilsdurerest in Richtung des
aktiven Zentrums orientiert ist, lag die VerbindungModus Il um 180 Grad gedreht vor, wodurch
der Anthranilsaurerest in Richtung des Tunneleiggateigte. Modus | unterschied sich von Modus I
insofern, dass hier das Molekul tief in das akidemtrum ragte, wahrend es in Il mehr zentral ptatzi
war. Anhand der SPR Beobachtungen, dass die Suddtin des Anthranilsdurerings in der Lage
sind, mit den Aminosauren des aktiven Zentrums mgragieren, konnte Bindungsmodus Il
ausgeschlossen werden. Dartiber hinaus liefertenSHiR Versuche einen Hinweis darauf, dass
Bindungsmodus Il wahrscheinlicher ist, da im Fal® Bindungsmodus | aufgrund der Position des
Molekiils tief im aktiven Zentrum die Bindung alerbindungen an den Mutanten héatte beeinflusst

sein missen.
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Um weitere, experimentelle Hinweise auf den vodiegen Bindungsmodus zu erhalten, wurden
STD-NMR Experimente (141) dieser Verbindungsklaamsd®qsD durchgefihrt. In einem STD-NMR
Spektrum zeigen die Protonen des Liganden die kéichatensitaten, die den engsten Kontakt zum
Protein aufweisen. Im Fall der 2-Benzamidobenzaestwurden die hochsten Intensitaten bei den
Protonen des Anthranilsdurerings beobachtet. iridungsmodus Il diese Protonen kaum mit den
Aminosauren des Tunneleingangs interagieren, spreebisétzlich zu den SPR Daten auch die NMR
Ergebnisse gegen diesen Bindungsmodus. Die geriBmmalstirke der Methylgruppe des
Sulfonamides widerlegt Bindungsmodus |, da durcm dmgen Kontakt der Protonen der
Methylgruppe zum Protein starkere Signale zu eewmargewesen waren. Nur im Falle von
Bindungsmodus Il spiegeln die STD-NMR Signale di@mliche Lage des Liganden im Protein

wider, wodurch dieser Bindungsmodus experimenteknstiitzt wird.

Anhand der SPR, NMR und Docking Ergebnisse konime &lare Vorstellung dartber erhalten
werden, welche funktionellen Gruppen der Inhibitoen der Interaktion mit den Aminosauren des
Proteins beteiligt sind. Die Bindungsabstande umdiéngswinkel des mit den SPR- sowie STD-
NMR-Ergebnissen Ubereinstimmenden Bindungsmoduanlemhe, dass die Carboxylatgruppe Uber
eine Wasserstoffbriicke mit Asn287 interagieren kamoh die Substituenten in 5-Position in der Lage
sind, mit den Aminosduren Cysl112 und His257 zu weltirken. Darlber hinaus singz-
Interaktionen zwischen dem Anthranilsdurering ureh dAminosauren Pro259 und Met225 zu
beobachten. Auf der anderen Seite des Molekiilsagiert der Sulfonamidbenzenring mit denen in
der Mitte des Kanals lokalisierten Aminosauren N2€t2und Arg262. Die in Richtung des
Tunneleingangs orientierte Sulfonamidgruppe isdén Lage, Wasserstoffbriicken mit Arg36 und

Arg223 auszubilden.

AbschlieRend kann festgehalten werden, dass eslsniibphysikalischer Methoden mdglich war den
Bindungsmodus der 2-Benzamidobenzoesduren aufeukl®ie Ergebnisse zeigen, dass die PgsD-
Hemmung drauf zurlckzufiihren ist, dass diese Vddrgsklasse als Kanalblocker agiert und
dadurch verhindert, dass das natirliche SubstraiAA&h seine Bindestelle gelangt. Die gewonnenen
Kenntnisse Uber die Interaktion der Verbindungsdasit dem Protein bieten eine gute Grundlage fir
zukiinftige Optimierungsprozesse. Diese kénnten Berapiel am Anthranilsaurering erfolgen, da im
aktiven Zentrum noch Platz fur weitere Substituent@rhanden ist, wodurch mdglicherweise

zusatzliche Wechselwirkungen erzielt werden undudaddie Aktivitat verbessert wird.

4.1.2 Charakterisierung des Bindungsmodus der 2-Nibphenolmethanole
Die 2-Nitrophenylmethanol-Derivate wurden als Ammlodes Ubergangzustandes designt und
dementsprechend ist eine Bindung im aktiven Zentzunerwarten. Um dies zu untersuchen wurden

kombinierte Experimente aus SPR und zielgerichtdMetagenese durchgefuhrt. Hierfir wurden



Finale Diskussior} 43

unterschiedliche Verbindungen der Substanzklaséd.(Al) an drei verschiedenen PgsD Mutanten
(Cys112Ala, Ser317Phe und His257Phe) getestet.

NO, OH NO, OH NO, OH

O
J O L)
HIPS 50 HIPS 52 HIPS 205

Abb. 11: Strukturen der 2-Nitrophenylmethanole, idielen Bindungsstudien an den PqsD Mutanten e@tges
wurden.

Im Vergleich zu den 2-Benzamidobenzoesauren wuatlerdrei 2-Nitrophenylmethanol-Derivate an
den jeweiligen Mutanten gleich beeinflusst (Abb). I2ies deutet darauf hin, dass alle Verbindungen
die gleiche oder eine ahnliche Bindestelle aufweigei Austausch von Ser317 gegen Phe konnten
alle Substanzen noch binden. Die Bindungen waren signifikant schlechter als am Wildtyp. Dies
ist wahrscheinlich darauf zurtickzufihren, dassZlggang zum aktiven Zentrum durch den sterisch
anspruchsvollen Phe-Rest eingeschrankt wurde, wainer schlechteren Bindung gefuhrt hat. Keine
Bindung war mehr zu beobachten, wenn die Aminosaime aktiven Zentrum (Cysl112Ala und
His257Phe) ausgetauscht wurden. Dies deutet ddmayf dass His257 und Cysl112 wichtige
Interaktionspartner der 2-Nitrophenylmethanol-Datévsind.
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Abb. 12: Vergleich der mittels SPR erhaltenen Birghsignale zwischen dem PqgsD Wildtyp und den PqgsD
Mutanten (Ser317Phe, Cys112Ala und His257Phe) éebikdungerB, 49 und63.
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Da es sich bei Verbindung um ein racemisches Gemisch handelt, ist es nicseuschlieRen, dass
beide Enantiomere unterschiedliche Bindestellenvaisen. Im vorangegangenen SPR Versuch, bei
welchem das aktive Zentrum mit kovalent gebundekahranilat beladen wurde, hat das racemische
Gemisch keine Bindung mehr gezeigt. Dies sprichgege unterschiedliche Bindestellen der
Enantiomere, denn wirde eines der Enantiomere lalBedes aktiven Zentrums binden, wéare ein
Signal zu beobachten gewesen. Um eine grofRere Gwitiszu erlangen, wurden die SPR
Experimente mit getrennten Enantiomeren wiederhoitinitialen Test zeigten beide Enantiomere
eine Bindung an PgsD. Wurde das aktive Zentrum dain Anthraniloylrest beladen, war keine
Bindung der Enantiomere zu beobachten, wodurchatigistwird, dass beide im aktiven Zentrum
binden. Dartber hinaus erfolgte nach Vorinkubation dem §)-Enantiomer keine Bindung des
(R)-Enantiomers, wodurch deutlich wird, dass beidebirelungen dieselbe Bindestelle aufweisen. Es
kann aber nicht ausgeschlossen werden, dass digi@nare mit verschiedenen Orientierungen mit
dem Protein interagieren bzw. mit unterschiedlicAemnosauren wechselwirken. Zur Identifizierung
wichtiger Interaktionspartner wurden ITC Experineerdan verschiedenen Mutanten durchgefihrt
(Cyl12Ala, Cysll2Ser, Ser317Phe, Ser317Ala, AsnBihd His257Phe) (Publikation B). In
diesem Fall wurden die beiden Enantiomere von Vildoig 3 an verschiedenen PgsD Mutanten
untersucht, wobei nur fir daR)(Enantiomer signifikante Unterschiede in der Affih zu beobachten
waren. So fihrte der Austausch von Cysl112 und HisZbeinem Affinitatsverlust von Faktor 2,3.
Dieser Verlust ist ein Indiz dafur, dass es sichi lthesen zwei Aminosauren um

Hauptinteraktionspartner handelt.

Beide Enantiomere wurden gedockt und die Ergebnisite dem Wechselwirkungsprofil der
Verbindungen verglichen. In beiden Fallen war deird\substituierte Phenylring am Kanalende
platziert, wahrend der zweite Phenylring in Riclgufrunneleingang orientiert vorlag. Im Falle des
(R)-Enantiomers interagierte die Nitrogruppe uber ¥eastofforiicken mit der NH-Gruppe des Ser317
und bildete Giber die OH-Gruppe ein Wasserstoffletoketzwerk mit Cys112 und His257 aus. Fur das
(9-Enantiomer war die Bindung in Bezug auf die Rositund Wechselwirkung der Nitrogruppe
gleich. Der groRRte Unterschied zurR){Enantiomer lag in der Orientierung der OH-Grupgdes
sowohl mit Asn287, als auch mit His257 und CysIritRragieren konnte. Dies ware eine Erklarung
daflrr, dass bei den durchgefiihrten ITC-Experimekiine Affinitatsverluste an den Cys112- und

His257-Mutanten beobachtet wurden.

Wahrend der Durchfiihrung der Kompetitionsexperimemittels SPR fiel auf, das8 nicht
vollstandig dissoziiert. Wie aus dem SensorgrammAbb. 13 zu entnehmen ist, zeigte die
Verbindung nach Beendigung der Injektion eine langs und Uber den Beobachtungszeitraum

unvollstandige Dissoziation, welche charakteristiio irreversible Binder ist (30, 142).
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Abb. 13: Sensorgramm va@h(200 uM) mit unvollstandiger Dissoziationsphase

Diesem Hinweis auf Irreversibilitdt wurde in Expeenten zur zeitabhangigen Hemmung v®n
nachgegangen. Hierbei erfolgte eine Zunahme debitrdm mit groRer werdendem Zeitintervall,
welche erst nach mehreren Minuten ein Plateau obteei Im Vergleich zeigte die als
Kontrollverbindung eingesetztd8 eine konstante Inhibition. Das zeitabhangige Ezese der
Hemmung kann auf zwei Mechanismen zurickgefihridemr Zum einen kdnnte eine irreversible
Bindung dafir verantwortlich sein. Zum anderen Kénauch eine Bindung mit sehr langsamer
Bindungskinetik in Frage kommen. Um der Revergddilider Bindung nachzugehen, wurden
Diafiltrationsexperimente durchgefihrt. Hierfur werPgsD mit dem Inhibitor vorinkubiert und die
HHQ Bildung sowohl vor als auch nach dem Entfernem ungebundenem Inhibitor durch
Diafiltration gemessen. Im Gegensatz48konnte die Enzymaktivitat nach Vorinkubation @iicht
wieder hergestellt werden, was auf eine Irreveligibihindeutet. Zur Uberpriifung einer mdglichen
kovalenten Bindung wurden sowohl Maldi-TOF als atfffLC-ESI-MS Messungen durchgefihrt. In
beiden Methoden konnte jedoch kein kovalentes Atldekektiert werden, wodurch eine irreversible

Bindung ausgeschlossen werden kann.

Diese Ergebnisse zeigen, dass die 2-NitrophenybnetkDerivate eine langsame Reaktionskinetik
besitzen, wodurch der Eindruck eines irreversitderdeverhaltens entsteht. Daher handelt es sich bei
dieser Verbindungsklasse um ,tight binder”, dieaktiven Zentrum binden und aufgrund der gleichen

Bindestelle mit dem natirlichen Substrat kompettie

4.1.3 Finale Diskussion der Bindungsmodi

Durch den Einsatz von biophysikalischen Methoden @gamdglich, das Bindeverhalten der beiden
Verbindungsklassen zu charakterisieren. Dartbesusirkonnten mittels SPR, ITC, STD-NMR und
molekularem Docking die Bindestellen der Verbindemgé&her beschrieben werden, wahrend anhand
von enzymatischen Assays und massenspektrometniddleghoden die Art der Enzymhemmung
klassifiziert werden konnte. Wie durch Tab. 3 debtl wird, handelt es sich um zwei
Verbindungsklassen mit stark unterschiedlichen WYdekhanismen. Die 2-Nitrophenylmethanol-
Derivate weisen eine langsame Dissoziation auf wmthindern durch Bindung an die

Anthraniloylbindestelle im aktiven Zentrum die Pgk&talysierte Umsetzung des Substrates. Dem
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gegenuber stehen die 2-Benzamidobenzoesaurenyfdigirad ihrer reversiblen Bindung im Kanal zu

einer Blockade fiihren und dadurch die Zuganglidhtkei Substratbindestelle vermindern.

Tab. 3: Charakterisierung des Bindeverhaltens deDRnhibitoren

2-Nitrophenylmethanole 2-Benzamidobenzoesauren
Bindestelle im aktiven Zentrum im Substrat-Zugangskanal
Art der Hemmung »ight binding” reversibel
Dissoziation langsam schnell

Blockade des Kanals und damit

Wirkmechanismus Kompetition mit ACoA der Zuganglichkeit der Bindestelle

Wie anhand der prasentierten Ergebnisse deutlicihd, wkonnte mit Hilfe verschiedener,
biophysikalischen Methoden die Aufklarung der Widahanismen der beiden Verbindungsklassen
erreicht und wichtige Interaktionspartner aufgetzeigrden. Die dadurch gesammelten Informationen
kdnnen dazu genutzt werden, die Verbindungsklassktsrell weiter zu optimieren und dadurch die
Aktivitat zu steigern. DarUber hinaus liefert déabierte SPR-Testsystem eine einfache und schnelle
Mdglichkeit, um erste Informationen zur Bindestelts neuen Inhibitoren zu erlangen (143-145). Die
Identifizierung der unterschiedlichen Bindestelligr zwei PgsD Inhibitorklassen eréffnet fernerhin
die Mdoglichkeit, diese Verbindungen als Tool-Kompoten zur Erweiterung des etablierten

Testsystems zu nutzen (144).

4.2 SPR Screenings

Dieser Teil der Arbeit befasst sich mit der Idanig#rung von PgsD Inhibitoren mit neuen Strukturen,
die einen geeigneten Startpunkt zur Optimierungtdden. Hierfir wurden drei haufig verwendete
Screeningstrategien angewendet und in HinblickEdtektivitat miteinander verglichen. Die Ansétze
unterscheiden sich darin, wie die zu untersuchent&bindungen ausgewahlt wurden. Neben dem
haufig durchgefihrten Fragmentscreening, in welchdien Bibliothek aus strukturell méglichst
unterschiedlichen Verbindungen besteht und welatféwals geringe Hitraten aufweist (31, 37),
wurden zwei fokussierte Strategien evaluiert. Iresdn Ansatzen erfolgt die Auswahl der
Verbindungen unter Berlicksichtigung von Target-aigsden Aspekten, wodurch héhere Hitraten bei

gleichzeitiger Reduktion der Anzahl an Testverbimgkn erreicht werden sollten.

Zu diesen ,fokussierten® Strategien zahlt unteremach der bereits bei den 2-Benzamidobenzoeséauren
angewendeteme-tod Ansatz, der auf der strukturellen Ahnlichkeit deitiven Zentren von PgsD

und FabH basiert. Diese Strategie hatte bereitsrer vielversprechenden Verbindungsklasse gefiihrt
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(139), weshalb in den nachfolgenden Untersuchumggtere, literaturbeschriebene FabH Inhibitoren
als Ausgangspunkte gewahlt wurden. Dariber hinawslevin einem zweiten Ansatz ein virtuelles
Screening an einem Pharmakophor-Modell durchgeftierbei wurden aus einem Verbindungspool
von Uber 900 Verbindungen die Substanzen ausgewdibltim Rahmen des Modells die besten

»Bindingscore$erreichten, und zu einer Bibliothek zusammengefig

Die erstellten Bibliotheken der drei Ansatze wurdeerst mittels SPR auf PgsD Bindung untersucht
und anschlieBend in einem zellfreien, funktionelldesay auf PqgsD Inhibition Uberprift. Im
Gegensatz zu bisherigen Studien, die nur auf theoher Basis erfolgten und deren Daten daruber
hinaus aus unterschiedlichen Assays an verschiad&aegets stammen (146), wurden alle drei
Ansadtze am selben Target durchgefuhrt. Dies geeitet eine maximale Vergleichbarkeit und
ermoglicht so eine Gegenuberstellung der unterdsbieen Strategien in Hinblick auf Effizienz und
Durchfuihrbarkeit.

4.2.1 ,me-tod Ansatz

Im klassischen Sinn beschreibt dene-tod Ansatz die Nachahmung eines bereits auf dem Markt
vorhandenen Arzneistoffs (zusammengefasst in (1@finals werden diese Ursprungsverbindungen
in ihrer Struktur leicht modifiziert und dadurchrdieine neue, potente Verbindung erhalten. Der
Nachteil einer solchen Strategie besteht darins dées Resistenzbildung haufig sehr schnell einsetzt
Der Grund hierfirr liegt in der Ahnlichkeit der Sttur und dem daraus resultierenden, gleichen
Wirkmechanismus. In unserem Ansatz wird die Bezmicly ,me-tod auf die Enzymebene
Ubertragen, indem ausgenutzt wird, dass es einqs® Behr &hnliches Enzym (FabH) gibt, fir das
Inhibitoren beschrieben sind. Voraussetzung is¢ stnukturelle Ahnlichkeit der beiden Enzyme, die
hier durch die sehr ahnliche dreidimensionale Rrf#kung, bei einer Sequenzhomologie von ca.
40% sowie der gleichen Aminosauren in den aktivent®n gegeben ist (106, 148, 149). Hieraus
wurde geschlossen, dass Inhibitoren von FabH eleiriader Lage sein sollten, PgsD zu inhibieren
(139).

Basierend auf den Strukturen einiger, literaturbesbener Inhibitoren der bakteriellen
Fettsduresynthese (140, 150-154) wurde eine Suisbdiothek aus zwolf Verbindungen
zusammengestellt, die zusatzlich auch von den &irerk abgeleitete Derivate beinhaltete (Strukturen
s. Publikation C, S. 2060). Alle Verbindungen wurd®wohl mittels SPR auf ihre Bindung an PgsD
Uberprift, als auch im funktionellen vitro Assay evaluiert. Mit Ausnahme va@x6 wurden fir alle
Substanzen Bindesignale erhalten. Auffallend warhdihe Signalstarke vakill, was auf eine starke
Bindungsaffinitdét zu PqsD hinweist. Im funktionellen vitro Assay war fir neun der zwolf
Verbindungen eine Hemmung der HHQ Biosynthese nb&ehten, wobei sich sechs als starke PqsD
Inhibitoren herausstellten (>80% Inhibition bei b®1).



48 | Finale Diskussion

Der Vergleich zwischen Bindesignalen und Hemmwerteigt, dass eine Korrelation besteht.
Ausnahme hiervon igk11, die zwar das hdchste Bindesignal ergab, abenimbitionsassay weniger
aktiv als zum BeispielAl war. Innerhalb einer Verbindungsklasse ist jed@the deutliche
Korrelation erkennbar. Am ausgepragtesten ist dieserend in der Klasse der
Benzamidobenzoesauren. Hier stiegen SPR Signalaniiaitorische Aktivitat in der Reihenfolge
von A9 iiberA12 undA10 zu A1l an. Diese Tendenz war auch in den anderen Verbgsklassen zu
beobachten, in welchen immer die Verbindung mit d&chsten Signal die starkste Inhibition zeigte
(A2-A4 und A5-A7). Die geringe Korrelation zwischen Verbindungen teuschiedlicher
Strukturklassen ist wahrscheinlich auf die SPR &mreuriickzufihren und mit unterschiedlichen
Bindestellen zu begrinden. Dies bedeutet, dassgdmessene Inhibition nicht nur von der
Targetaffinitat abhangt, sondern auch von der Réitigdie Substrat-Enzym-Interaktion zu stéren und
damit die katalytische Umsetzung des Produkts. idrmgen, die ahnliche Affinitaten besitzen, aber
unterschiedliche Bindestellen besetzen und damisciedene Mechanismen aufweisen (z.B.
vollstandige oder teilweise Blockade der Bindestelller aber allosterische Inhibition), werden sehr
wahrscheinlich unterschiedliche Aktivitaten in @imeSubstrat-abhédngigen Enzymassay zeigen. In
vorangegangen Studien wurde beobachtet, dass ‘derimen, deren Bindestelle tief im aktiven
Zentrum von PqgsD liegt, geringere Signalstarkerwaisen als Verbindungen, deren Bindestellen
leichter zugénglich sind. So zeigte das 2-Nitrophaethanolderivat (Verbindun, Bindung im
aktiven Zentrum) im Vergleich zur 2-Benzamidoberstage (Verbindungt8, Bindung im Kanal
oberhalb des aktiven Zentrums) eine hdhere AktiuttBEnzymassay, aber geringere Bindesignale im
SPR Experiment¥ 15 RU bei 100 uM.48 50 RU bei 100 pM). Daruber hinaus wird eine
verminderte Resistenzbildung bei Inhibitoren asedzidie die gleiche Bindestelle wie das natieich
Substrat aufweisen. Aus diesem Grund ist die l@etiung der Bindestelle von gré3tem Interesse,

da dies zusatzlich als Kriterium zur Wahl des zptif@ierung geeignetsten Inhibitors dienen kann.

Aufgrund der hohen Anzahl an Inhibitoren, die eReduktion der HHQ Biosynthese bewirkten,
wurde im weiteren nur noch auf die Charakterisigruder vielversprechendsten Verbindungen
durchgefuhrt, welche in diesem Fall und A1l waren, da beide einen §CWert von <5 puM
aufwiesen. Fir diese Verbindungen wurden mittel® ,Séhalog zu den Publikationen A und B,
Experimente zur Identifizierung der Bindestellerrahgefiihrt. Diese ergaben eine Bindestelle im
aktiven Zentrum von PqgsD fiAl, wohingegenAll vermutlich im Kanal oberhalb des aktiven
Zentrums bindetAl scheint die geeignetste Verbindung zur Optimierangsein, da sie dieselbe
Bindestelle wie das natirliche Substrat besitztesDivird mit einem verminderten Risiko der
Resistenzentwicklung assoziiert, da die Einfihrumig Mutationen in der Bindestelle dazu fuhrt, dass
neben dem Hemmstoff auch das natirliche Substcat mehr binden kann. Es zeigte sich jedoch,
dass das Hydrochinon instabil ist. Wird die Verhing tGber einen langeren Zeitraum an der Luft
gelagert, entsteht durch Oxidation das Chinon, mexideine Aktivitdt gegenlber PgsD besitzt. Aus

diesem Grund wird diese Verbindung zunachst niaitex verfolgt.
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Bei A1l handelt es sich um ein Benzamidobenzoesauredenwedthes sich im Vergleich zu den in
Publikation A beschriebenen PqgsD Inhibitoren im <Siltionsmuster am Benzamidoring
unterscheidet. Die hohe strukturelle Ahnlichkeitefdite erwartungsgemaRR ein gleiches
Bindungsverhalten. Wie bereits in Publikation A bachtet, wurde auchAl11 nicht in der Bindung
durch ACoA beeinflusst, zeigte aber ebenso einelachung der Bindung, wenn Aminosauren im

aktiven Zentrum ausgetauscht wurden. Dies spriafitrddass aucAl11 als Kanalblocker wirkt.

4.2.2 Fragmentscreening

Im Fragmentscreening wurden aus einer kommerzigliildichen Substanzbibliothek (Maybridge
Library) 500 Fragmente ausgewahlt, die gRule of Three” erfillen und die strukturell sehr
unterschiedlich sind. Die Wabhrscheinlichkeit in d&ubstrattunnel zu passen, ist aufgrund der
Einfachheit der Strukturen fur Fragmente hoher.(22)s diesem Grund fiel die Entscheidung darauf
Fragmente zu testen. Die Bindung aller 500 Verbmggm an PgsD wurde mittels SPR Uberprift. Es
zeigte sich dabei, dass nahezu 60% =zu einem Bomdsifihrten. In Hinblick auf die
literaturbeschriebenen Bindungsraten von 1-4% 83} st die hier erhaltene Rate von 62% (312 von
500 Fragmenten zeigen eine Bindung) ungewohnliaihhGrinde hierfir kbnnten darin liegen, dass
die Fragmente sehr einfache Strukturen aufweisém, ntit verschiedenen Seiten des Proteins
schwache Wechselwirkungen eingehen kénnen und digrumd der hohen Sensitivitat des SPRs

detektiert werden konnten.

Um den Assayaufwand auf einem vertretbaren Niveauhalten, war ein Selektionskriterium
essentiell. Aus diesem Grund wurden nur die 22 Mdtmgen im funktionellen Assay getestet, deren
Bindungssignale mindestens 40% des Signals detiasitrolle betrugen. Drei der 22 Fragmente
fuhrten zu einer moderaten Hemmung (>50% @ 100 midhjngegen der Grof3teil der Verbindungen
PgsD nicht oder nur schwach inhibierte (Struktuserd in Publikation C auf S. 2063 abgebildet).
Dies ist sehr wahrscheinlich darauf zurtickzufihdass die Fragmente mit dem Target aul3erhalb des
aktiven Zentrums interagieren. Die hohe Anzahl atnfunktionalen Bindern ist ein wesentlicher
Nachteil dieser Strategie. Die geringen Molekulaighte der Fragment-dhnlichen Strukturen flihren
dazu, dass die Wabhrscheinlichkeit Hits zu idengéfien, die eine hohe inhibitorische Aktivitat
besitzen, sehr gering ist (155). Dennoch konntd-elgment identifiziert werden, welches eineg,{C

Wert im einstellig mikromolaren Bereich zeigt.

Die geringe Hitrate von 13% (3 aus 22 aktiv) kans dem gewahlten Auswahlkriterium (mind. 40%
Bindung im Vergleich zur Positivkontrolle) resuttidhaben, wodurch mdglicherweise andere PgsD
Inhibitoren libersehen wurden. Die zur Uberpriifumgfiinktionellen Assay getesteten Nicht-Binder
zeigten keine Hemmung, wahrend die Inhibition derBihdungen, die das maximal mdgliche Signal

(Rwax) Uberstiegen, auf unspezifische Effekte zurlickgefiverden konnte. Dies bestétigt, dass deren
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Ausschluss zulassig war. Es besteht jedoch dakdRidass schwachere Binder, die moglicherweise
eine hohere Inhibition aufweisen, durch die willidhr auf 40% gesetzte Grenze ausgeschlossen
wurden. Da jedoch mittels dieses Ansatzes dreirfeade identifiziert werden konnten, die zu einer

Inhibition von PqgsD fihrten, wurde dies nicht usterht.

Zwei der drei Verbindungen stellen aufgrund ihrehén Liganden Effizienz (156) vielversprechende
Kandidaten zur Optimierung dar (Abb. 14). SPR bésiéntersuchungen ergaben, dass sich die
Bindestelle vonB91 im aktiven Zentrum von PgsD befindet, wodurch e&egragment einen sehr
interessanten Startpunkt zur Optimierung bietee [Dargetaktivitat, die fir eine Leitverbindung
notwendig ist, kdnnte durch Anwendung voRragment Linking“ oder JFragment Growing“
Strategien erzielt werden (157-159).

NH /N
g&s Q\@

B91 B282
|C§0: 4,7 HM |C50: 31,8 pM
LE: 1,07 LE: 0,53

Abb. 14: Strukturen und Ligandeneffizienz der zpeientesten Fragmente. Die Berechnung der LE eefolg
unter Verwendung folgender Gleichuig = —1,4 * log(ICs0) / N (Anzahl der Nicht-Wasserstoffatome) (156).

4.2.3 Virtuelles Screening

Im dritten Ansatz wurde ein virtuelles Screeningatigefiuhrt. Diese Strategie wird haufig dann
eingesetzt, wenn bereits Informationen Uber diegdtatruktur vorhanden sind. Anhand eines
erstellten Pharmakophormodells kénnen Bibliotheken mehr als 10Verbindungen gescreent und
evaluiert werden, wodurch neben dem Vorteil dertedsparnis auch eine Reduktion der

Verbrauchsmaterialen und von Kosten erzielt witds@@nmengefasst in (160)).

In dieser rational-geleiteten Strategie wurde emeidimensionales Pharmakophormodell unter
Verwendung der vorhandenen Kristallstrukturen vge®im Komplex mit dem natirlichen Substrat
ACoA (PDB ID 3H77) und ohne Ligand (PDB ID 3H76%®lIt (106). Zusatzlich flossen die Docking
Posen der 2-Nitrophenylmethanol-Derivate und dBe8@zamidobenzoesauren (139, 161) mit ein, um
eine bestmdgliche Vorhersagekraft des Modells zuwéapeeisten. Anhand des erstellten
Pharmakophormodells wurde eine Bibliothek bestehend ca. 900 Verbindungen virtuell
durchmustert und die Verbindungen gemaf dem ermadt@indingscoré eingestuft. Die besten 102
Verbindungen (Bindingscoré > 60) wurden zu einer Bibliothek zusammengefligt mitdels SPR
evaluiert. Fur ca. 60% der Verbindungen wurde eBimdung beobachtet, was als gute
Vorhersagekraft des Pharmakophormodells zu wersdn Mdglicherweise besteht aber noch

Spielraum fur Verbesserungen durch VerfeinerungMiedells und der Bewertungskriterien.
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Aufgrund der hohen Anzahl bindender Substanzen evurdur die 18 im funktionellen Assay
untersucht, deren Bindesignale mindestens 30% dgsalS der Positivkontrolle entsprachen.
Insgesamt zeigten 12 Verbindungen eine inhibitbes@ktivitdt, was einer Hitrate von 67%
entspricht. Auffallend war, dass vier der sechepigsten Inhibitoren (>50% Inhibition bei 50 pM)
ein 2-Aminopyrimidin-Motiv aufwiesen. Dieses strukglle Feature schien sich vorteilhaft auf die
Inhibition von PgsD auszuwirken. Aus diesem Grumfblgte eine Neubewertung den silico
Vorselektionsmethode, aber auch des SPR-Rankimgszuitiberprifen, ob eventuell Verbindungen
falschlicherweise aussortiert wurden. In der ursgliéhen Bibliothek, die fir das virtuelle Screanin
genutzt wurde, befanden sich 115 weitere 2-Aminiopgine. 12 dieser Verbindungen wurden
aufgrund einer fehlenden Bindung im SPR (vier Viedongen) oder einer zu schwachen Interaktion
(acht Verbindungen) ausgeschlossen. Der funktienafisay ergab, dass die Nicht-Binder und die
schwachen Binder im Wesentlichen auch inaktiv waherEinzelfallen wurde eine PqsD Inhibition
von 40% bei 50 uM erreicht, wodurch deutlich widdss deren Ausschluss vertretbar ist, da aktivere

Inhibitoren identifiziert wurden.

Im virtuellen Screening wurden 103 Verbindungengauwfid eines zu geringerBindingscores*
ausgeschlossenen, von denen aber ca. 80% keinewdeine schwache Inhibition (<50% bei 50 uM)
zeigten. FUr neun der Verbindungen wurde jedoclk &gsD-Hemmung von Uber 80% bei 50 uM
erhalten. Dies verdeutlicht das Problem, dass dith&ftsagekraft des Pharmakophormodells stark von
optimal gewéhlten Parametern innerhalb ¢8coring Function* und dem genutzten Kraftfeld
abhangt. Da jedoch durch kritische Begutachtung iditialen Hits der positive Einfluss des 2-

Aminopyrimidin-Grundgerustes erkannt wurde, korditses Defizit kompensiert werden.

4.2.4 SPR Evaluierung

Der imvirtuellen Screeninggenerierte Datensatz von Hemm- und Bindewerten kan Bewertung,

ob ein SPR-basiertes Screening eine geeignetee@tatur Identifizierung von neuen PqsD
Inhibitoren darstellt, genutzt werden. Die erhadteriErgebnisse legen dar, dass zwischen dem SPR
Bindungsassay und dem funktionellen Assay eine Hoteelation existiert. So zeigten nahezu 80%
der Verbindungen entweder eine Bindung und Inhibit{55%) oder keine Bindung und keine
Inhibition (25%). Nur in wenigen Féllen (ca. 10%g)nkte eine Bindung beobachtet werden, die nicht
zu einer Hemmung von PgsD flhrte. Grinde hierféigdin mdglicherweise in einer zu schwachen
Interaktion, die nicht ausreicht um mit dem natiimin Substrat zu konkurrieren. Eine andere Ursache
kdnnte eine Bindung an Proteinareale sein, diet @older katalytischen Reaktion beteiligt sind (zum
Beispiel die Proteinoberflache). Die verbleibend€® waren in der Lage, die HHQ Bildung zu
reduzieren, zeigten aber keine Bindung an PgsD litigweise waren die genutzten SPR-Parameter
nicht optimal gewahlt (162). Vorstellbar wéare audass die Verbindungen an das Substrat ACoA

binden und dadurch verhindern, dass dieses zu Hid@esetzt wird. Da keine dieser Verbindungen
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eine groRRe Aktivitat aufwies (12-27% bei 50 uM)igtalies, dass es vertretbar war, Verbindungen,

die kein SPR-Signal zeigten, zu vernachlassigen.

Eine &hnliche Tendenz erhalt man auch bgne-tod Ansatz, in welchem die Korrelation zwischen
SPR und funktionellem Assay bei 83% liegt. 75% \derbindungen zeigten sowohl Bindung als auch
Inhibition, wahrend 8% keine Bindung und keine Hamgp aufwiesen. Der Anteil an Verbindungen,
fur die eine Bindung detektiert, aber keine Hemmhbagbachtet werden konnte ist vergleichbar zum

virtuellen Screening (17%).

Eine andere Korrelation liegt jedoch beFragmentscreeningsvor. Hier wurden ca. 290 aus 500

Verbindungen als Binder identifiziert, denen nureeiZahl von 3 Inhibitoren gegentbersteht. Dieses
Verhéltnis muss jedoch insofern korrigiert werddass nicht alle 290 Fragmente auf ihre Inhibition
getestet wurden, sondern nur die 22 mit den sekSignalen, wodurch eine Korrelation von 13%

zustande kam.

Diese Ergebnisse zeigen, dass insbesondere fifioklissierten Ansatze die SPR-Technologie ein
probates Mittel darstellt, um die Anzahl der poighgn Inhibitoren auf eine praktikable Menge zu
reduzieren, die dann im Anschluss mittels funktieme Assay evaluiert werden. In Bezug auf das
Fragmentscreening zeigte der Einsatz von SPR Sttendauf, aber auch hier war durch das
verwendete Auswabhlkriterium die ldentifizierung vdrei Inhibitoren méglich. Dies zeigt, dass die
SPR-Technologie unabhéngig von der Strategie défioBiekszusammenstellung besonders im

Hinblick auf Zeit- und Materialersparnisse eine@gite Screeningmethode darstellt.

4.2.5 Finale Diskussion der Screeningansatze

Der ,me-too* Ansatz, der sich die strukturelle Ahnlichkeit dEsrgets PgsD und des homologen
Proteins FabH zu Nutze gemacht hat, stellte silsethr erfolgreiche Strategie heraus. Durch die hoh
Ahnlichkeit der Enzyme konnten neun PgsD Inhibiosus zwolf Testverbindungen identifiziert
werden. Dies zeigt die Effektivitdt einer vor dengestlichen Screeningschritt vorangestellten,
Struktur-geleiteten Verbindungsauswahl. Dieser #n&ann jedoch nur dann verfolgt werden, wenn
ein oder mehrere homologe Proteine vorhanden umithitaren dieser beschrieben sind. Dies kann
gleichzeitig zum Auftreten von Selektivitatsproblem fuhren, welche durch nachfolgende
Optimierungsprozesse Uberwunden werden muissen.irfgaFabH Inhibition nur einen geringen
Einfluss auf die Viabilitét vonP. aeruginosaausiubt (163, 164), dirften in diesem Fall keine
ungewollten,off-Target“ Effekte zu beobachten sein. Die der Strategieundgliegende Annahme,
dass FabH Inhibitoren ebenso in der Lage sind, RPgsiikemmen, wird dadurch bestétigt, dass in jeder
der getesteten, literaturbeschriebenen Struktis&ladg&erbindungen identifiziert werden konnten, die
ebenso PgsD hemmen. Letztendlich muss jedoch hymlvoben werden, dass trotz einer Hitrate von

82% am Ende nur ein zur Optimierung geeigneter Kimtderhalten wurde. Die anderen acht
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Verbindungen wurden entweder aufgrund einer geramgéktivitat oder chemischer Instabilitat nicht
weiter verfolgt. Die HitverbindungAll weist eine strukturelle Ahnlichkeit zu einer besei
publizierten Verbindungsklasse (139) auf, weleheellulo inaktiv ist. Moglicherweise kénnte durch
weitere Optimierung die gewunschte Aktivitat erneéioverden. Da in den anderen Strategien

Kandidaten erhalten wurden, die leichter zu optienesind, stellA11 nicht die erste Wahl dar.

Beim durchgefuhrterFragmentscreening ist die Ausbeute von nur einer potenten Verbindung
gemessen an der GroRRe der getesteten Bibliotheke sev Anzahl an erhaltenen priméaren Hits
gering. Dennoch stellt die Verbindurg91 aufgrund der vielversprechenden Inhibition undeein
Bindung im aktiven Zentrum prinzipiell einen geestgn Ausgangspunkt zur Optimierung dar. Da die
Aktivitat dieses Fragments im Vergleich zu den éedhhibitoren aus Ansatz C geringer ist, wurde
diese Verbindung vorerst nicht berticksichtigt. Brealtene Hitrate von 13% ist bezeichnend fir die
geringere Effizienz dieser Strategie. Eine Moglehkn Zukunft die Anzahl der nicht funktionellen
PgsD-Binder zu reduzieren, konnte die zusatzlichesdvdng aller Kandidaten gegen PqgsD sein,
welches am aktiven Zentrum blockiert ist. Die Belagl des aktiven Zentrums kann einerseits mittels
des naturlichen Substrates ACoA (139), aber aucbhdeinen Inhibitor, der kovalent oder pseudo-
irreversibel an das Protein bindet (144), erfolgeieses Vorgehen wirde die direkte Identifizierung
von Fragmenten ermdglichen, die im aktiven Zenthinaden, wodurch die Wahrscheinlichkeit erhéht
wird, dass die dort stattfindende Enzymreaktioregeint wird.

Im virtuellen Screening konnte eine Hitrate von 67% erzielt werden, weldsn Erfolg dieses
Ansatzes widerspiegelt. Insgesamt wurden 30 Vednigdn identifiziert, die starke PgsD-Inhibitoren
darstellen. Die Mehrheit dieser Verbindungen weise 2-Aminopyrimidinstruktur auf. SPR-basierte
Bindestudien ergaben, dass diese Strukturklasd# mmn einer Blockade des aktiven Zentrums
beeinflusst wird. Da aber auch hier durch zieldedte Mutagenese der Aminosauren im aktiven
Zentrum eine Reduktion der Signalstarke erfolgteges wahrscheinlich, dass sich deren Bindestelle
im Kanal oberhalb des aktiven Zentrums befindete @emeinsame 2-Aminopyrimidinstruktur
ermoglicht es eine SAR abzuleiten, wodurch diesebiidungsklasse aufgrund der Menge an

Informationen als vielversprechendster StartpunkiQGptimierung erscheint.

Beim Vergleich der unterschiedlichen Ansatze méager wird deutlich, dass die fokussierten den
.rfandom“ Screeningmethoden deutlich Uberlegen sind. DiedduSsfolgerung wurde bereits in

einem von Valler und Green auf theoretischer Bakischgeflihrten Vergleich erhalten, dessen
Grundlage verschiedene Studien an unterschiedlitlaegets bilden (146). Der intrinsische Nachteil
in Bezug auf die Vergleichbarkeit dieser Studierdvin der hier vorgestellten Arbeit behoben, da all

Experimente am selben Zielprotein durchgefihrt wardDennoch sind Schlussfolgerungen, die auf
dieses bestimmte Protein zutreffen, moglicherwaigght auf andere Zielmolekile Ubertragbar.
Trotzdem muss berlcksichtigt werden, dass die ®kusen Screeningmethoden nur deshalb

durchfuhrbar waren, weil Vorarbeiten zur Aufklaruser Targetstruktur und Wechselwirkungen mit
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dem Substrat bzw. Inhibitoren existierten. Auf die&rundlage war es mdglich, die Homologie der
aktiven Zentren von PgsD und FabH festzustellers,(1165) und eingme-too” Strategie zu

verfolgen. Zur Erstellung des Pharmakophormodebsew diese strukturellen Kenntnisse ebenfalls
essentiell (106, 139, 161, 165). Oftmals sind deser nicht vorhanden, so zum Beispiel zu Beginn
einer Screening Kampagne gegen ein bis dato unb&@arrarget. In diesen Féllen kénnen die
fokussierten Ansétze nicht verfolgt werden und Besgmentscreening rickt in den Vordergrund.
Diese Methode bedingt keine Kenntnisse uber Targ&tsr oder das Vorhandensein von bereits
entwickelten Inhibitoren benttigt. Die Ergebnissesdr Arbeit zeigen deutlich, dass die Wahl der

geeigneten Screeningmethode stark von der vorlesgeAusgangssituation abhéngt.

4.3 Fazit

In der vorliegenden Arbeit konnten vielfaltige EatmmOglichkeiten der SPR erfolgreich zur

Identifizierung und Charakterisierung vpgsQS-Inhibitoren genutzt werden.

Zum einen war es moglich mittels SPR und weiteriephysikalischen Methoden (NMR, ITC sowie
molekularem Docking) die Bindungsmodi von PqsD lhoren aufzuklaren. Hierbei haben
insbesondere die SPR-basierten Experimente zutifidezrung der Bindestellen einen erheblichen
Beitrag geleistet. Die dabei entwickelten Testsyststellen aufgrund der einfachen Handhabung gute
Hilfsmittel dar, um in weiterfihrenden Arbeiten ®euPqsD Inhibitoren hinsichtlich ihrer
Bindungsmodi zu charakterisieren. Wie bereits vahrigret al. gezeigt, konnten durch Einsatz eines
modifizierten Testsystems wichtige Informationen Zureidothiophen-Derivaten und ihrer
Bindungsorientierung im PgsD-Substrattunnel gewarnwerden. Auf dieser Grundlage konnte die

Substanzklasse erfolgreich hinsichtlich Affinitétioniert werden (144).

Zum anderen wurden mittels SPR drei verschiedeneree8ingstrategien zur Identifizierung
potentieller PgsD-Inhibitoren durchgefihrt, diehsien Target-basierten Anséatzen zuordnen lassen.
Diese Strategien beinhalten im Gegensatz zum PyiSmreening oftmals das Problem, dass die
erhaltenen Hitverbindungen unzureichende, zellulEffekte aufweisen. Dennoch wurden in allen
Anséatzen Verbindungen identifiziert, die eine Akfit im biologischen System besitzen. Insbesondere
die 2-Aminopyrimidin-Klasse, die im virtuellen Serdng Ansatz erhalten wurde, stellt einen
vielversprechenden Startpunkt dar und wird dergeiter hinsichtlich ihrer zellularen Aktivitat

optimiert.

Anhand der durchgeflihrten Experimente wird deutlitiiss der Einsatz von SPR in verschiedenen
Bereichen der Wirkstoffentwicklung ein wertvollesliTdarstellt, um Prug Discovery“ Kampagnen

zu erleichtern bzw. auch zu beschleunigen.
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6  Supporting information

6.1 Supporting Information der Publikation A

Die vollstandige Supporting Information ist onlinerfiigbar unter:
http://pubs.acs.org/doi/suppl/10.1021/jm4006302

Additional figures docking studies

e 9 ole

Figure S1Two dimensional representation of the interactietwleen compounda (A-C), 48 (D), 64 (E), 52 (F) and53 (G)
and PgsD. Amino acids within 5.5 A are shown arel kby interactions are highlighted. Polar aminaiscire colored in
purple and hydrophobic amino acids in green cir(l4QE).
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Figure S2Docking pose of compouri®. In presence of a structural water molecule (dyall) a hydrogen bond network is
formed between the hydroxyl group and the carboxyloiety of52 and the catalytic residues Cys112, His257, and &8n2
bridged by the water molecule.

Figure S3Docking pose of compouriB (orange sticks).
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Additional figures STD NMR study
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Figure S4 Reference (red) and STD NMR difference (blue) speofr2 in complex with PgsD. Samples containing 80:1
2/PqsD were prepared in 20 mM sodium phosphate, dONaCIl, 5 mM MgC}, pH = 7.0, and spectra were recorded at 298
K. Overlaid spectra were normalized to the signaH-6 (© 7.90), which gave the strongest enhancement.
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Figure S5.Reference (red) and STD NMR difference (blue) speot52 in complex with PgsD. Samples containing 80:1
52/PqsD were prepared in 20 mM sodium phosphate, BONaCl, 5 mM MgC}, pH = 7.0, and spectra were recorded at
298 K. Overlaid spectra were normalized to thedidor H-5 ¢ 6.65), which gave the strongest enhancement.
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Figure S6.Reference (red) and STD NMR difference (blue) speaf64 in complex with PgsD. Samples containing 80:1
64/PqsD were prepared in 20 mM sodium phosphate, ONaCl, 5 mM MgC}, pH = 7.0, and spectra were recorded at
298 K. Overlaid spectra were normalized to thedifor H-6 ¢ 7.90), which gave the strongest enhancement.
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Figure S7.Reference (red) and STD NMR difference (blue) speatd8 in complex with PgsD. Samples containing 80:1
48/PqsD were prepared in 20 mM sodium phosphate, BONaCl, 5 mM MgC}, pH = 7.0, and spectra were recorded at

298 K.
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Figure S8.Docking pose of the 2-Benzamidobenzoic acid cotesire (white sticks). Balls represent possiblesstients
that form specific interactions with amino acidstof active site.

Chemistry
Syntheses of 3-(chlorosulfonyl)benzoic acids 18-20

4-Bromo-3-(chlorosulfonyl)benzoic acid (18} A solution of 4-bromobenzoic acid§, 5.03 g, 25.0 mmol) in
chlorosulfonic acid (28 mL) was heated overnightl@® °C. After cooling to room temperature the tieec
mixture was added very slowly onto ice. The whitéidswas isolated by suction filtration, washed hwvater
and dried under reduced pressure; 6.12 g, 82%.yiéld material was used without further purificatio

3-(Chlorosulfonyl)-4-methylbenzoic acid (19% A solution of 4-methylbenzoic acid§, 3.00 g, 22.0 mmol) in
chlorosulfonic acid (25 mL) was heated overnightl@® °C. After cooling to room temperature the tieec
mixture was added very slowly onto ice. The whitéidswas isolated by suction filtration, washed hwtater
and dried under reduced pressure; 6.12 g, 82%.yigld material was used without further purificatio

3-(Chlorosulfonyl)-4-ethylbenzoic acid (20}**A solution of 4-ethylbenzoic acid .7, 3.00 g, 20.0 mmol) in
chlorosulfonic acid (25 mL) was heated overnightl@® °C. After cooling to room temperature the tieec
mixture was added very slowly onto ice. The whitéidswas isolated by suction filtration, washed hwvater
and dried under reduced pressure; 4.57 g, 88%.yiéld material was used without further purificatio

Syntheses of 3-sulfamoylbenzoic acids 22-33

4-Bromo-3-(N,N-diethylsulfamoyl)benzoic acid (22J* The title compound was synthesized from 4-bromo-3-
(chlorosulfonyl)benzoic acidl@) and diethylamine according to General Procedurd.22 g, 91% yield'H
NMR (500 MHz, DMSO€): ¢ 1.06 (t,J = 7.1 Hz, 6H), 3.33 (q] = 7.1 Hz, 4H), 7.97 (dd} = 8.2 Hz, 1H), 8.00
(dd,J =8.2, 1.9 Hz, 1H), 8.48 (d,= 1.9 Hz, 1H).

3-(N,N-Diethylsulfamoyl)-4-methylbenzoic acid (23) The title compound was synthesized from 3-
(chlorosulfonyl)-4-methylbenzoic acid9) and diethylamine according to General Procedur@.85 g, 76%
yield. *H NMR (500 MHz, DMSO#dg): § 1.04 (t,J = 7.1 Hz, 6H), 2.58 (s, 3H), 3.26 @@= 7.1 Hz, 4H), 7.57 (d,

J = 7.9 Hz, 1H), 8.05 (dd] = 7.9, 1.9 Hz, 1H), 8.33 (d,= 1.9 Hz, 1H), 13.34 (bs, 1HY¥C NMR (125 MHz,
DMSO-dg): 6 13.59, 19.82, 40.65, 128.97, 129.36, 133.03, 133138.78, 141.95, 166.07; LC/M®&/z =
271.83 [M + H, 312.87 [M + H + CHCN]", 542.54 [2M + H], tz = 9.35 min, 98.9% pure (UV).

3-(N,N-Diethylsulfamoyl)-4-ethylbenzoic acid (24) The title compound was synthesized from 3-
(chlorosulfonyl)-4-ethylbenzoic aci®@) and diethylamine according to General Procedurand purified by
flash column chromatography (silica gel, ethyl atsh-hexane): 1.11 g, 39% yieldH NMR (500 MHz,



Supporting Informatior} 71

DMSO-dg): § 1.20 (t,J = 7.1 Hz, 6H), 1.33 (1] = 7.6 Hz, 3H), 3.12 (q] = 7.5 Hz, 2H), 3.39 (g] = 7.1 Hz, 4H),
7.50 (d,J = 7.9 Hz, 1H), 8.18 (dd] = 7.9, 1.6 Hz, 1H), 8.50 (d,= 1.6 Hz, 1H)*C NMR (125 MHz, DMSO-
ds): 0 14.00, 14.89, 26.07, 41.49, 127.03, 130.11, 131.38.57, 139.46, 150.09, 170.61; LC/Mf/z= 285.90
[M + H]*, 326.81 [M + H + CHCN]*, 570.56 [2M + H], tg = 10.11 min, 96.9% pure (UV).

3-Sulfamoylbenzoic acid (25)The title compound was synthesized from 3-(chlofosyl)benzoic acid and
ammonium hydroxide (28-30%) according to a publisipeocedur® and purified by crystallization from
methanol/water: 1.25 g, 62% yieftH NMR (300 MHz, DMSOk): 6 7.48 (s, 2H), 7.68 (] = 7.3 Hz, 1H), 8.07
(d,J=7.8 Hz, 1H), 8.14 (dl = 7.6 Hz, 1H), 8.43 (s, 1H), 13.28 (bs, 1H).

3-(N,N-Dimethylsulfamoyl)benzoic acid (26)° A solution of dimethylamine (40% in water, 45.3 oljnwas
added to a stirred suspension of 3-(chlorosulfdrgioic acidZ1, 1.00 g, 4.53 mmol) in water (15 mL). After
stirring overnight the solution was acidified wittN HCI (aqg.). The solid was isolated by suctiordiion,
washed thoroughly with water and dried under redymressure to yield the title compound: 637 mg, 61€id.
'H NMR (500 MHz, DMSO«d): ¢ 2.76 (s, 6H), 7.70 (dt] = 7.9, 0.6 Hz, 1H), 8.04 (ddd,= 7.9, 1.9, 1.3 Hz,
1H), 8.35 (dtJ = 7.9, 1.4 Hz, 1H), 8.51 (§,= 1.6 Hz, 1H).

3-(N,N-Diethylsulfamoyl)benzoic acid (27 The title compound was synthesized from 3-
(chlorosulfonyl)benzoic acid2() and diethylamine according to General Procedur@.A9 g, 94% yield'H
NMR (300 MHz, CDC}): 6 1.15 (t,J = 7.1 Hz, 6H), 3.29 (q] = 7.1 Hz, 4H), 7.64 (1) = 7.7 Hz, 1H), 8.07 (d]
=7.5Hz, 1H), 8.29 (d] = 7.5 Hz, 1H), 8.53 (s, 1H), 10.44 (bs, 1H).

3-(N,N-Di-n-propylsulfamoyl)benzoic acid (28) The title compound was synthesized from 3-
(chlorosulfonyl)benzoic acid2() and din-propylamine according to General Procedure A: 23787% vyield.
'H NMR (300 MHz, DMSO#ds): § 0.79 (t,J = 6.6 Hz, 1H), 1.46 (sextel,= 7.0 Hz, 4H), 3.04 (tJ = 6.6 Hz,
4H), 7.74 (tJ = 7.7 Hz, 1H), 8.04 (d] = 7.6 Hz, 1H), 8.19 (d] = 7.6 Hz, 1H), 8.24 (s, 1H), 13.51 (bs, 1H).

3-(Pyrrolidin-1-ylsulfonyl)benzoic acid (29) A solution of 3-(chlorosulfonyl)benzoic aci@k 1.16 g, 5.26
mmol) in dichloromethane (15 mL) was added to aesti solution of pyrrolidine (3.74 g, 52.6 mmol) in
dichloromethane (10 mL) over a period of 30 minufeter stirring overnight at room temperature 1KIHagq.)
was added and the aqueous phase was extractedwitiicdichloromethane. The combined organic layeese
dried over sodium sulfate, filtered and evaporateder reduced pressure to yield the title compodnid g,
82% yield."H NMR (500 MHz, DMSO#dg): 6 1.65 (m, 4H), 3.15 (m, 4H), 7.78 (dt= 7.7, 0.6 Hz, 1H), 8.05
(ddd,J = 7.7, 1.9, 1.3 Hz, 1H), 8.22-8.25 (m, 2H), 13(65, 1H);*C NMR (125 MHz, DMSQd,): J 24.68,
47.84, 127.60, 130.15, 131.17, 131.88, 133.40,7636.66.06; LC/MSm/z= 296.92 [M + H + CHCN]", g =
7.98 min, >95% pure (UV).

3-(Piperidin-1-ylsulfonyl)benzoic acid (30} The title compound was synthesized from 3-
(chlorosulfonyl)benzoic acid?() and piperidine according to General Procedurg.28 g, 85% yield'H NMR
(500 MHz, DMSO¢): 6 1.35 (m, 2H), 1.53 (m, 4H), 2.90 (m, 4H), 7.79)(t 1.6 Hz, 1H), 7.97 (ddd} = 7.6,
2.8, 1.6 Hz, 1H), 8.18 (] = 1.6 Hz, 1H), 8.23 (dddl = 7.6, 1.6, 0.9 Hz, 1H), 13.54 (bs, 1HjC NMR (125
MHz, DMSOg): § 22.69, 24.63, 46.50, 127.68, 130.08, 131.39, B311.83.46, 136.16; LC/MSn/z= 270.09
[M + H]¥, 310.57 [M + H + CHCN]", 538.43 [2M + H], tz = 9.10 min, 97.3% pure (UV).

3-(Azepan-1-ylsulfonyl)benzoic acid (31 he title compound was synthesized from 3-(chlolfosyl)benzoic
acid £1) and hexamethyleneimine according to General RieeA: 2.55 g, 90% yieldH NMR (300 MHz,
DMSO-dg): 6 1.48 (m, 4H), 1.61 (m, 4H), 3.21 (m, 4H), 7.74)(t 7.6 Hz, 1H), 8.02 (d] = 8.0 Hz, 1H), 8.19
(d,J=7.7 Hz, 1H), 8.22 (s, 1H), 13.54 (bs, 1H).

3-(Morpholinosulfonyl)benzoic acid (32f° The titte compound was synthesized from 3-
(chlorosulfonyl)benzoic acid7j and morpholine according to General Procedurg.25 g, 79% yield'H NMR
(300 MHz, DMSO#): 6 2.89 (m, 4H), 3.63 (m, 4H), 7.82 (dt= 7.9, 0.6 Hz, 1H), 7.98 (ddd,= 7.9, 1.9, 0.9
Hz, 1H), 8.18 (dtJ = 1.6, 0.6 Hz, 1H), 8.27 (ddd,= 7.9, 1.6, 0.9 Hz, 1H), 13.57 (bs, 1H); LC/M8iz=
312.91 [M + H + CHCN]", 542.44 [2M + HJ, tg = 7.22 min, >99.9% pure (UV).
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3-(N-Benzyl-N-ethylsulfamoyl)benzoic acid (33) The title compound was synthesized from 3-
(chlorosulfonyl)benzoic acid2() and N-ethylbenzylamine according to General Procedurefollpwed by
crystallization from toluene: 1.38 g, 43% vyietth NMR (500 MHz, DMSOds): § 0.84 (t,J = 7.1 Hz, 3H), 3.15
(q,J =7.1Hz, 2H), 4.36 (s, 2H), 7.26-7.36 (m, S5HY77(t,J = 7.7 Hz, 1H), 8.11 (ddd,= 7.9, 1.9, 1.3 Hz, 1H),
8.23 (dt,J = 7.9, 1.3 Hz, 1H), 8.30 (§,= 1.7 Hz, 1H), 13.54 (bs, 1H)C NMR (125 MHz, DMSOd): § 13.35,
42.57, 50.52, 127.15, 127.53, 127.94, 128.43, B330.81, 131.97, 133.25, 136.80, 140.26; LC/Mi#z =
319.71 [M + HJ, 360.69 [M + H + CHCN]", 638.46 [2M + H], t; = 10.68 min, 96.7% pure (UV).

Syntheses of 3-sulfamoylbenzoyl chlorides 22a-33a

4-Bromo-3-(N,N-diethylsulfamoyl)benzoyl chloride (22a)The title compound was synthesized from 4-bromo-
3-(N,N-diethylsulfamoyl)benzoic acid2@, 1.20 g, 3.57 mmol) according to General Procedur&ghe product
was analyzed as the corresponding methyl esteiBCi/z= 349.50 and 351.54 [M + HJtz = 11.68 min.

3-(N,N-Diethylsulfamoyl)-4-methylbenzoyl chloride (23a)The title compound was synthesized fromN\3N-
diethylsulfamoyl)-4-methylbenzoic aci@3, 2.04 g, 7.52 mmol) according to General Proce@uréhe product
was analyzed as the corresponding methyl esteBCin/z= 285.85 [M + HJ, 326.84 [M + H + CHCN]",
570.49 [2M + HJ, tz = 11.28 min.

3-(N,N-Diethylsulfamoyl)-4-ethylbenzoyl chloride (24a)The title compound was synthesized fromN3\-
diethylsulfamoyl)-4-ethylbenzoic aci®4, 1.11 g, 3.92 mmol) according to General Procedur&he product
was analyzed as the corresponding methyl esteiyI5C/z= 300.02 [M + HJ, 341.05 [M + H + CHCNJ, tx
=12.61 min.

3-Sulfamoylbenzoyl chloride (25a)° 3-Sulfamoylbenzoic aci®, 1.25 g, 6.21 mmol) was dissolved in thionyl
chloride (10 mL), followed by the addition of 2 ¢ of DMF. The solution was heated to reflux ovghti
After cooling to room temperaturehexane was added and the white solid was isolayesluction filtration,
washed withn-hexane and dried under reduced pressure at 56HQNMR and LC-MS showed the title
compound together with a small amount of\B¢(dimethylamino)methylene)sulfamoyl)benzoyl chitei The
product was used without further purificatidhl NMR (300 MHz, DMSOdg): 6 7.65 (t,J = 8.0 Hz, 1H), 7.95
(d,J = 7.6 Hz, 1H), 8.07 (d) = 7.6 Hz, 1H), 8.24 (s, 1H), 10.02 (bs, 1H). Theduct was analyzed as the
corresponding methyl ester; LC/M&/z= 256.91 [M + H + CHCN]", 430.75 [2M + H], t; = 6.59 min.

3-(N,N-Dimethylsulfamoyl)benzoyl chloride (26a)Thionyl chloride (915 mg, 7.69 mmol) was addedwjoto

a stirred suspension of 8L(N-dimethylsulfamoyl)benzoic acid2¢, 630 mg, 2.75 mmol) in toluene (6 mL),
followed by 1 drop of DMF. The reaction mixture wasated at 80 °C for 4 h. After stirring overnigiitroom
temperature the solution was evaporated under eedugressure. The residue was redissolved in
dichloromethane (6 mL). Thionyl chloride (3.27 @,.2 mmol) and 1 drop of DMF were added. After sigr
overnight at room temperature the solution was eratpd under reduced pressure to yield the tithapmund.
The product was analyzed as the corresponding mestgr; LC/MS:m/z= 243.94 [M + H], 284.98 [M + H +
CH5CNY*, tgr = 9.46 min.

3-(N,N-Diethylsulfamoyl)benzoyl chloride (27a) The title compound was synthesized from N3N-
diethylsulfamoyl)benzoic acid2f, 2.19 g, 8.51 mmol) according to General Procedurdhe product was
analyzed as the corresponding methyl ester; LCM@= 272.04 [M + HJ, 313.04 [M + H + CHCN]", 542.98
[2M + H]", tg = 11.48 min.

3-(N,N-Di-n-propylsulfamoyl)benzoyl chloride (28a)The title compound was synthesized fromN\N3N-di-n-
propylsulfamoyl)benzoic acid28, 1.14 g, 4.00 mmol) according to General Procedirdhe product was
analyzed as the corresponding methyl ester; LCM@= 300.11 [M + H]J, 340.78 [M + H + CHCN]", 598.79
[2M + H]", tg = 12.97 min.

3-(Pyrrolidin-1-ylsulfonyl)benzoyl chloride (29a) Thionyl chloride (1.43 g, 12.1 mmol) was addedmjoto a
stirred suspension of 3-(pyrrolidin-1-ylsulfonylyimic acid 29, 1.10 g, 4.31 mmol) in toluene (9 mL), followed
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by 1 drop of DMF. The reaction mixture was heatéd3@ °C for 4 h. After stirring overnight at room
temperature the solution was evaporated under eedpressure to yield the title compound. The proeas
analyzed as the corresponding methyl ester; LCM@= 269.95 [M + H]J, 311.00 [M + H + CHCN]", 538.79
[2M + H]", tg = 10.25 min.

3-(Piperidin-1-ylsulfonyl)benzoyl chloride (30a)Thionyl chloride (2.81 g, 23.6 mmol) was addedmjoto a
stirred suspension of 3-(piperidin-1-ylsulfonyl)lzeic acid 80, 2.15 g, 8.42 mmol) in toluene (17 mL),
followed by 1 drop of DMF. The reaction mixture wasated at 80 °C for 4 h. After stirring overnigiitroom
temperature the solution was evaporated under eedupressure. The residue was redissolved in
dichloromethane (20 mL). Thionyl chloride (10.084.2 mmol) and 1 drop of DMF were added. Afterristg
overnight at room temperature the solution was eratpd under reduced pressure to yield the tithapmund.
The product was analyzed as the corresponding fnestgr; LC/MS:m/z= 283.81 [M + HJ, 324.88 [M + H +
CH3CN]", 566.47 [2M + HJ, tz = 11.01 min.

3-(Azepan-1-ylsulfonyl)benzoyl chloride (31a)The title compound was synthesized from 3-(azepan-
ylsulfonyl)benzoic acid31, 1.13 g, 4.00 mmol) according to General Proce@uréhe product was analyzed as
the corresponding methyl ester; LC/M8B/z= 297.86 [M + HJ, 338.84 [M + H + CHCN]", tg = 12.28 min.

3-(Morpholinosulfonyl)benzoyl chloride (32af° Thionyl chloride (2.80 g, 23.5 mmol) was addedwjoto a
stirred suspension of 3-(morpholinosulfonyl)benzadid @2, 2.28 g, 8.40 mmol) in toluene (17 mL), followed
by 1 drop of DMF. The reaction mixture was heatéd3@ °C for 4 h. After stirring overnight at room
temperature the solution was evaporated under eedugressure. The residue was redissolved in
dichloromethane (20 mL). Thionyl chloride (9.9984.0 mmol) and 1 drop of DMF were added. Afterrstg
overnight at room temperature the solution was eratpd under reduced pressure to yield the tithapmund.
The product was analyzed as the corresponding mestgr; LC/MS:m/z= 285.80 [M + HJ, 326.79 [M + H +
CHsCNJ*, 570.31 [2M + H], tz = 8.84 min.

3-(N-Benzyl-N-ethylsulfamoyl)benzoyl chloride (33a)The title compound was synthesized fron\N3benzyl-
N-ethylsulfamoyl)benzoic acid3g, 1.35 g, 4.23 mmol) according to General Procedurdhe product was
analyzed as the corresponding methyl ester; LCM8= 334.01 [M + HJ, tz = 12.85 min.

Syntheses of methyl esters 2a, 4a, 9a-10a, 13a-13&8-52a, 57a-64a

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)benzoate (2a)The title compound was synthesized from
methyl anthranilate (236 mg, 1.56 mmol) andN3-diethylsulfamoyl)benzoyl chloride2fa 430 mg, 1.56
mmol) in pyridine (5 mL) according to General Prdaee C1: 526 mg, 86% yieldH NMR (500 MHz, CDC)):

0 1.17 (t,J= 7.1 Hz, 6H), 3.32 (gl = 7.1 Hz, 4H), 3.96 (s, 3H), 7.15 (ddds 7.9, 7.3, 1.3 Hz, 1H), 7.62 (ddd,

= 8.5, 7.3, 1.6 Hz, 1H), 7.67 @,= 8.0 Hz, 1H), 8.02 (ddd, = 7.9, 1.9, 1.3 Hz, 1H), 8.10 (ddi= 7.9, 1.6 Hz,
1H), 8.21 (dddJ = 7.9, 1.9, 1.3 Hz, 1H), 8.47 ¢~ 1.9 Hz, 1H), 8.89 (dd] = 8.5, 0.9 Hz, 1H), 12.20 (bs, 1H);
%C NMR (125 MHz, CDGJ)): § 14.23, 42.28, 52.51, 115.25, 120.36, 123.07, 125199.65, 130.08, 130.76,
131.01, 134.93, 136.08, 141.42, 141.49, 163.95,1069. C/MS: m/z= 390.79 [M + HJ, 431.79 [M + H +
CH5CNJ*, 780.76 [2M + H], tz = 14.16 min.

Methyl 3-(3-(N,N-diethylsulfamoyl)benzamido)benzoate (4a)The title compound was synthesized from
methyl 3-aminobenzoate (151 mg, 1.00 mmol) and\,BHdiethylsulfamoyl)benzoyl chloride2{a 414 mg,
1.50 mmol) in acetonitrile (1 mL) according to GealeProcedure C2. After workup the product waseféd
over a short pad of silica gel (ethyl acetateéxane 1/1). The solvent was evaporated undercegdpressure
and the residue was crystallized from MeOH: 113 2895 yield."H NMR (500 MHz, CDCJ): 6 1.09 (t,J = 7.1
Hz, 6H), 3.23 (gJ = 7.1 Hz, 4H), 3.88 (s, 3H), 7.44 {t= 8.0 Hz, 1H), 7.60 (1) = 7.9 Hz, 1H), 7.82 (d]1 = 7.6
Hz, 1H), 7.92 (dJ = 7.9 Hz, 1H), 8.00 (d] = 7.6 Hz, 1H), 8.09 (d] = 7.9 Hz, 1H), 8.22 (s, 1H), 8.26 (s, 1H),
8.36 (bs, 1H);*C NMR (125 MHz, CDGJ): ¢ 14.13, 42.18, 52.27, 121.45, 124.94, 125.27, B5129.24,
129.79, 129.94, 131.02, 131.35, 137.83, 141.18,4164 66.60; LC/MSm/z= 358.86 [M — OMe], 390.81 [M

+ H + CH,CN]", 780.97 [2M + HJ, tz = 11.99 min.
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Methyl 2-(4-(N,N-diethylsulfamoyl)benzamido)benzoate (9a)The title compound was synthesized from
methyl anthranilate (151 mg, 1.00 mmol) and\¥N-diethylsulfamoyl)benzoyl chloride (414 mg, 1.50 woijnn
acetonitrile (4 mL) according to General ProcedG& After stirring overnight and workup the prodweas
heated with MeOH (2mL). After cooling to room temgteire, the solids were isolated by filtration, tvad with
cold MeOH and dried under reduced pressure: 28473% yield.'H NMR (500 MHz, CDCJ): 6 1.13 (t,J =
7.1 Hz, 6H), 3.26 (q) = 7.1 Hz, 4H), 3.96 (s, 3H), 7.15 (ddds 8.2, 7.6, 1.3 Hz, 1H), 7.61 (ddil= 8.8, 7.6,
1.6 Hz, 1H), 7.94 (AB-systend,= 8.5 Hz, 2H), 8.09 (dd] = 8.2, 1.9 Hz, 1H), 8.14 (AB-system,= 8.5 Hz,
2H), 8.88 (dd,) = 8.5, 0.9 Hz, 1H), 12.16 (bs, 1HJC NMR (125 MHz, CDGJ)): ¢ 14.43, 42.38, 52.87, 115.53,
120.71, 123.40, 127.68, 128.36, 131.29, 135.23,513841.67, 143.78, 164.33, 169.45; LC/MBz= 390.97
[M + H]", g = 13.72 min.

Methyl 5-bromo-2-(4-(N,N-diethylsulfamoyl)benzamido)benzoate (108} The title compound was
synthesized from methyl 2-amino-5-bromobenzoat® (28, 1.00 mmol) and 4N-diethylsulfamoyl)benzoyl
chloride (414 mg, 1.50 mmol) in acetonitrile (3 nmdgcording to General Procedure C2. After stirergrnight
and workup the product was heated with MeOH (2nmAfjer cooling to room temperature, the solids were
isolated by filtration, washed with cold MeOH anded under reduced pressure: 359 mg, 76% yieldNMR
(500 MHz, CDC{): ¢ 1.13 (t,J = 7.1 Hz, 6H), 3.26 (q] = 7.1 Hz, 4H), 3.97 (s, 3H), 7.70 (ddi= 8.8, 2.5 Hz,
1H), 7.94 (AB-system] = 8.8 Hz, 2H), 8.12 (AB-systend,= 8.5 Hz, 2H), 8.21 (d] = 2.5 Hz, 1H), 8.82 (d] =

8.8 Hz, 1H), 12.07 (bs, 1HJ?C NMR (125 MHz, CDG)): § 14.16, 42.12, 52.93, 115.60, 116.80, 122.11,
127.48, 128.10, 133.60, 137.68, 137.84, 140.43,774364.04, 168.06; LC/M3n/z= 470.88 and 471.86 [M +
H]*, tg = 15.11 min.

Methyl 2-(3-(diethylcarbamoyl)benzamido)benzoate (3a) The title compound was synthesized from methyl
anthranilate (151 mg, 1.00 mmol) and 3-(diethyleanbyl)benzoyl chloride (360 mg, 1.50 mmol) in acdttde

(3 mL) according to General Procedure C2. Aftaristy for 2 days and workup the product was cryiged
from MeOH. After cooling to room temperature, tlwdids were isolated by filtration, washed with céltOH
and dried under reduced pressure: 185 mg, 52%. yi¢ltlMR (500 MHz, CDCJ): 6 1.14 (bs, 3H), 1.25 (bs,
3H), 3.27 (bs, 2H), 3.56 (bs, 2H), 3.94 (s, 3H)127(ddd,J = 7.9, 7.3, 1.3 Hz, 1H), 7.54-7.61 (m, 3H), 8.0883
(m, 3H), 8.89 (ddJ = 8.5, 0.9 Hz, 1H), 12.07 (bs, 1HC NMR (125 MHz, CDGJ): § 12.85, 14.17, 39.33,
43.37, 52.49, 115.25, 120.49, 122.81, 125.63, 127189.13, 130.04, 130.95, 134.83, 135.02, 137194,64,
164.90, 169.01, 170.26; LC/M81/z= 355.40 [M + HJ, 709.07 [2M + H], tz = 12.34 min.

Methyl 5-bromo-2-(3-(diethylcarbamoyl)benzamido)berzoate (14a)The title compound was synthesized
from methyl 2-amino-5-bromobenzoate (230 mg, 1.08of and 3-(diethylcarbamoyl)benzoyl chloride (360
mg, 1.50 mmol) in acetonitrile (3 mL) accordingGeneral Procedure C2. After stirring overnight avatkup

the product was heated with MeOH (2mL). After coglito room temperature, the solids were isolated by
filtration, washed with cold MeOH and dried undeduced pressure: 360 mg, 83% yiéld.NMR (500 MHz,
CDCly): 6 1.13 (bs, 3H), 1.25 (bs, 3H), 3.27 (bs, 2H), 315§ 2H), 3.95 (s, 3H), 7.55 (dt,= 7.6, 0.6 Hz, 1H),
7.58 (dt,J=7.6, 1.6 Hz, 1H), 7.68 (dd,= 9.1, 2.5 Hz, 1H), 8.00-8.03 (m, 2H), 8.19J¢; 2.5 Hz, 1H), 8.82 (d,

J = 9.1 Hz, 1H), 11.99 (bs, 1H}*C NMR (125 MHz, CDG)): § 13.14, 14.44, 39.61, 43.68, 53.07, 115.48,
117.03, 122.41, 125.89, 127.85, 129.43, 130.48,7633.34.93, 137.80, 138.29, 140.93, 165.12, 168.18.41;
LC/MS: m/z= 432.90 and 434.39 [M + H]tg = 14.05 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)-4-methylbenzamido)benzoate (35ajhe title compound was synthesized
from methyl anthranilate (151 mg, 1.00 mmol) an@\N-diethylsulfamoyl)-4-methylbenzoyl chlorid23a
290 mg, 1.00 mmol) in pyridine (4 mL) according@General Procedure C1: 220 mg, 54% yiek NMR (500
MHz, CDCk): 6 1.21 (t,J = 7.1 Hz, 6H), 2.71 (s, 3H), 3.43 @= 7.1 Hz, 4H), 3.97 (s, 3H), 7.14 (ddbs 7.9,
7.3, 0.9 Hz, 1H), 7.47 (d,= 8.2 Hz, 1H), 7.61 (m, 1H), 8.08 (di= 7.9, 2.2 Hz, 1H), 8.09 (dd,= 7.9, 1.3 Hz,
1H), 8.46 (d,J = 1.9 Hz, 1H), 8.89 (dd] = 8.5, 0.9 Hz, 1H), 12.13 (bs, 1HJC NMR (125 MHz, CDGJ)): 6
14.19, 20.51, 41.69, 52.52, 115.21, 120.40, 122197,36, 130.56, 130.99, 132.85, 133.34, 134.88,813
141.53, 141.82, 164.08, 169.07; LC/MB/z= 404.57 [M + HJ, 445.72 [M + H + CHCN]", 808.44 [2M + H],

tg = 13.75 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)-4-ethylbenzamido)benzoate (36aJhe title compound was synthesized
from methyl anthranilate (151 mg, 1.00 mmol) an(N3N-diethylsulfamoyl)-4-ethylbenzoyl chlorid®4a, 304
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mg, 1.00 mmol) in pyridine (4 mL) according to Gexid’rocedure C1: 117 mg, 28% vyieldl. NMR (500 MHz,

CDCly): 6 1.21 (t,J= 7.1 Hz, 6 Hz), 1.32 (1 = 7.4 Hz, 3H), 3.12 (q] = 7.4 Hz, 2H), 3.43 (g] = 7.1 Hz, 4H),

3.95 (s, 3H), 7.13 (ddd,= 7.9, 7.3, 1.3 Hz, 1H), 7.53 (d~ 7.9 Hz, 1H), 7.60 (ddd, = 8.5, 7.3, 1.6 Hz, 1H),
8.08 (dd,J = 8.5, 1.7 Hz, 1H), 8.11 (dd,= 7.9, 1.9 Hz, 1H), 8.39 (d,= 1.9 Hz, 1H), 8.88 (dd] = 8.5, 0.9 Hz,
1H), 12.11 (bs, 1H)}*C NMR (125 MHz, CDGCJ): 6 14.41, 15.01, 25.98, 42.03, 52.52, 115.21, 120.22,92,

127.02, 130.58, 131.01, 131.59, 132.55, 134.90,68B3941.56, 147.90, 164.13, 169.11; LC/MSz= 418.70

[M + H]", 459.72 [M + H + CHCN]", 836.60 [2M + HJ, tz = 14.40 min.

Methyl 4-chloro-2-(3-(N,N-diethylsulfamoyl)benzamido)benzoate (37aJhe title compound was synthesized
from methyl 2-amino-4-chlorobenzoate (289 mg, 1rb@ol) and 34,N-diethylsulfamoyl)benzoyl chloride
(273, 430 mg, 1.56 mmol) in pyridine (5 mL) according General Procedure C1: 340 mg, 51% yield. The
material was used as such for the next step (hysieobf methyl ester).

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-4-fluorobenzoate (38aJhe title compound was synthesized
from methyl 2-amino-4-fluorobenzoate (169 mg, 1tnol) and 3-4,N-diethylsulfamoyl)benzoyl chloride
(27a 303 mg, 1.10 mmol) in pyridine (4 mL) accordimgGeneral Procedure C1. Purification by flash calum
chromatography (silica gel, EtOAshexane 20/80 followed by 30/70): 526 mg, 86% YidtINMR (500 MHz,
CDCl): 6 1.15 (t,J = 7.1 Hz, 6H), 3.30 (q] = 7.1 Hz, 4H), 3.94 (s, 3H), 6.82 (ddbs= 10.1, 7.3, 2.5 Hz, 1H),
7.66 (t,J = 8.0 Hz, 1H), 8.01 (ddd, = 7.9, 1.9, 1.3 Hz, 1H), 8.10 (ddi= 8.8, 6.3 Hz, 1H), 8.18 (ddd,= 7.9,
1.9, 1.3 Hz, 1H), 8.44 (df = 1.9, 0.6 Hz, 1H), 8.69 (dd,= 12.0, 2.8 Hz, 1H), 12.32 (bs, 1HJC NMR (125
MHz, CDCL): 6 14.24, 42.29, 52.60, 107.63 @ = 28 Hz), 110.42 (dJcr = 22 Hz), 111.43 (d)cr = 3 Hz),
129.75, 130.33, 130.75, 133.34 {dr = 11 Hz), 135.62, 141.60, 143.63 §dr = 13 Hz), 164.10, 166.40 (dsr

= 255 Hz), 168.47; LC/MSm/z= 408.78 [M + HJ, 449.77 [M + H + CHCN]", 816.64 [2M + HJ, t; = 14.42
min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-4-nitrobenzoate (39a)The title compound was synthesized
from methyl 2-amino-4-nitrobenzoate (110 mg, 0.56at) and 3-N,N-diethylsulfamoyl)benzoyl chloride2{a,
232 mg, 0.84 mmol) in acetonitrile (2 mL) accordiogGeneral Procedure C2. After stirring overnightoom
temperature, workup was performed as described.iSdtated product was heated with MeOH (6 mL), edol
to room temperature, filtered and the solids waieddunder reduced pressure: 157 mg, 64% yi#¢ldNMR
(500 MHz, CDC}): 6 1.15 (t,J = 7.1 Hz, 6H), 3.30 (¢] = 7.1 Hz, 4H), 4.02 (s, 3H), 7.68 &= 7.9 Hz, 1H),
7.93 (dd,J = 8.8, 2.2 Hz, 1H), 8.03 (ddd,= 7.9, 1.9, 1.3 Hz, 1H), 8.25 (d= 8.5 Hz, 1H), 8.44 (1) = 1.6 Hz,
1H), 9.76 (d,J = 2.5 Hz, 1H), 12.22 (bs, 1H}¥C NMR (125 MHz, CDG)): 6 14.22, 42.27, 53.34, 115.32,
117.12, 119.48, 125.92, 129.88, 130.61, 130.78,1832135.08, 141.76, 142.31, 151.38, 164.11, 167.73
LC/MS: m/z= 435.85 [M + HJ, 476.76 [M + H + CHCN]", 870.51 [2M + H], tz = 13.80 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-5-methylbenzoate (40ajhe title compound was synthesized
from methyl 2-amino-5-methylbenzoate (165 mg, 1mMol) and 3-,N-diethylsulfamoyl)benzoyl chloride
(278 414 mg, 1.50 mmol) in acetonitrile (1 mL) accoglto General Procedure C2. After stirring overhigth
room temperature, workup was performed as describleed isolated product was heated with MeOH (3 mL),
cooled to room temperature, filtered and the salidse dried under reduced pressure: 360 mg, 89%d. yid
NMR (500 MHz, CDC)): ¢ 1.15 (t,J = 7.1 Hz, 6H), 2.35 (s, 3H), 3.30 (@= 7.1 Hz, 4H), 3.94 (s, 3H), 7.41
(dd,J =8.5, 2.2 Hz, 1H), 7.64 (§,= 8.0 Hz, 1H), 7.88 (m, 1H), 7.99 (ddb+ 7.9, 1.9, 1.3 Hz, 1H), 8.18 (ddd,
=7.9, 1.9, 1.3 Hz, 1H), 8.44 (dit= 1.9, 0.6 Hz, 1H), 8.76 (d,= 8.5 Hz, 1H), 12.07 (bs, 1H)*C NMR (125
MHz, CDCk): 6 14.25, 20.74, 42.29, 52.45, 115.12, 120.33, 125129.62, 129.99, 130.72, 131.13, 132.71,
135.64, 136.20, 139.04, 141.43, 163.76, 169.15MSCim/z= 372.86 [M — OME], 445.82 [M + H + CHCNJ",
808.69 [2M + HJ, tg = 14.60 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-5-(trifluoromethyl)benzoate (41a)The title compound was
synthesized from methyl 2-amino-5-trifluoromethyieaté™ (219 mg, 1.00 mmol) and BN-
diethylsulfamoyl)benzoyl chloride2fa 414 mg, 1.50 mmol) in acetonitrile (1 mL) accoglito General
Procedure C2. After stirring for 2.5 h at room temgiure, workup was performed as described. THatésb
product was heated with MeOH (2 mL), cooled to rommperature, filtered and the solids were driedeun
reduced pressure: 296 mg, 65% yiétd.NMR (500 MHz, CDC)): § 1.17 (q,J = 7.1 Hz, 6H), 3.32 (q] = 7.1
Hz, 4H), 4.02 (s, 3H), 7.79 (@,= 7.9 Hz, 1H), 7.85 (dd] = 8.8, 2.2 Hz, 1H), 8.04 (ddd,= 7.9, 1.9, 1.3 Hz,
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1H), 8..21 (dddJ = 7.9, 1.9, 0.9 Hz, 1H), 8.37 (ddi= 1.6, 0.6 Hz, 1H), 8.58 (§,= 1.9 Hz, 1H), 9.06 (d] = 8.8
Hz, 1H), 12.33 (bs, 1H)C NMR (125 MHz, CDGJ): ¢ 14.22, 42.27, 52.98, 115.10, 120.60, 123.54¢g=
272 Hz), 125.00 (gJcr = 33.9 Hz), 125.99, 128.35 (& = 3.4 Hz), 129.81, 130.48, 130.81, 131.49Xg =
3.7 Hz), 135.43, 141.70, 144.13, 164.20, 168.17MK m/z= 458.75 [M + HJ, 499.70 [M + H + CHCN[J",
916.64 [2M + HJ, tz = 14.93 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-5-fluorobenzoate (42aJhe title compound was synthesized
from methyl 2-amino-5-fluorobenzoate (264 mg, 1raéhol) and 3-4,N-diethylsulfamoyl)benzoyl chloride
(27a 430 mg, 1.56 mmol) in pyridine (5 mL) accordingGeneral Procedure C1. The material was usedchs su
for the next step (hydrolysis of methyl ester).

Methyl 5-bromo-2-(3-(N,N-diethylsulfamoyl)benzamido)benzoate (43aJhe title compound was synthesized
from methyl 2-amino-5-bromobenzoate (362 mg, 1.5Moth and 3-N,N-diethylsulfamoyl)benzoyl chloride
(278 414 mg, 1.50 mmol) in toluene (10 mL) accordingGeneral Procedure C3. After reflux for 2 h the
solvent was evaporated under reduced pressureisdlag¢ed product was heated with MeOH (3 mL), cddke
room temperature, filtered and the solids wereddueder reduced pressure: 545 mg, 77% yieldNMR (500
MHz, CDCk): ¢ 1.15 (t,J = 7.1 Hz, 6H), 3.30 (¢J = 7.1 Hz, 4H), 3.96 (s, 3H), 7.65 &= 8.2 Hz, 1H), 7.69
(dd,J = 8.8, 2.5 Hz, 1H), 8.00 (ddd,= 7.9, 1.9, 0.9 Hz, 1H), 8.15 (dd#i= 7.9, 1.9, 0.9 Hz, 1H), 8.20 (d~=
2.5 Hz, 1H), 8.43 (t) = 1.9 Hz, 1H), 8.80 (d] = 8.8 Hz, 1H), 12.09 (bs, 1H)*C NMR (125 MHz, CDG)): §
14.23, 42.27, 52.86, 115.54, 116.77, 122.02, 125190.73, 130.27, 130.74, 133.58, 135.70, 137.86,44,
141.59, 163.92, 167.98; LC/M81/z= 509.79 and 511.77 [M + H + GBN]", 936.65, 938.73 and 940.72 [2M +
H]", tz = 15.26 min.

Methyl 5-cyano-2-(3-(N,N-diethylsulfamoyl)benzamido)benzoate (44aJhe title compound was synthesized
from methyl 2-amino-5-cyanobenzodte(176 mg, 1.00 mmol) and B(N-diethylsulfamoyl)benzoy! chloride
(27a 414 mg, 1.50 mmol) in acetonitrile (1 mL) accoglito General Procedure C2. After stirring for ath
room temperature, workup was performed as describleed isolated product was heated with MeOH (3 mL),
cooled to room temperature, filtered and the salidse dried under reduced pressure: 294 mg, 71%d. yid
NMR (500 MHz, CDC}): ¢ 1.15 (t,J = 7.1 Hz, 6H), 3.30 (q] = 7.1 Hz, 4H), 4.00 (s, 3H), 7.68 {t= 7.9 Hz,
1H), 7.84 (dd,) = 8.8, 2.2 Hz, 1H), 8.03 (ddd~= 7.9, 1.9, 1.3 Hz, 1H), 8.18 (ddilz 7.9, 1.6, 0.9 Hz, 1H), 8.40
(d, J = 2.2 Hz, 1H), 8.45 (&) = 1.6 Hz, 1H), 9.05 (dJ = 8.8 Hz, 1H), 12.36 (bs, 1H)*C NMR (125 MHz,
CDCly): 6 14.23, 42.26, 53.21, 106.54, 115.55, 117.83, IR1926.02, 129.89, 130.67, 130.84, 135.13, 135.45,
137.78, 141.82, 144.82, 164.26, 167.63; LC/M8Bz= 416.06 [M + HJ, 456.85 [M + H + CHCN]", 830.80
[2M + H]", tg = 14.93 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-5-nitrobenzoate (45a)he title compound was synthesized
from methyl 2-amino-5-nitrobenzoate (196 mg, 1.0@at) and 3-N,N-diethylsulfamoyl)benzoyl chloride2{a,

276 mg, 1.00 mmol) in toluene (5 mL) according tenéral Procedure C3. After reflux for 1 h the sotweas
evaporated under reduced pressure. The isolatelligiravas stirred with MeOH (3 mL), filtered and thalids
were dried under reduced pressure: 304 mg, 70%l.yiBhe material was used as such for the next step
(hydrolysis of methyl ester).

Methyl 2-(4-bromo-3-(N,N-diethylsulfamoyl)benzamido)-5-fluorobenzoate (46a)The title compound was
synthesized from methyl 5-fluoro-2-aminobenzoate69(1 mg, 1.00 mmol) and 4-bromo-B;\-
diethylsulfamoyl)benzoyl chloride2@a 400 mg, 1.13 mmol) in pyridine (5 mL) accordimgGeneral Procedure
C1: 130 mg, 27% yieldH NMR (500 MHz, DMSO«dg): ¢ 1.08 (q,J = 7.1 Hz, 6H), 3.38 (q] = 7.1 Hz, 4H),
7.58 (dddJ=9.1, 8.2, 3.2 Hz, 1H), 7.70 (d#l= 9.1, 3.2 Hz, 1H), 8.03 (dd,= 8.2, 2.2 Hz, 1H), 8.11 (d,= 8.2
Hz, 1H), 8.25 (dd) = 9.1, 5.4 Hz, 1H), 8.50 (d,= 2.2 Hz, 1H), 11.28 (bs, 1HYC NMR (125 MHz, DMSO-
ds): 6 13.78, 41.25, 52.77, 116.66 (@ = 24.7 Hz), 120.75 (dlcg = 21.2 Hz), 121.74 (dlcr = 7.3 Hz), 123.56,
124.79 (d,Jce = 8.2 Hz), 129.84, 132.00, 133.80, 135.14 ¢, = 2.7 Hz), 136.46, 139.98, 157.83, 162.95,
166.39; LC/MSm/z=527.41 and 529.40 [M + H + GBN]", 974.22 [2M + H], tz = 14.10 min.

Methyl 5-bromo-2-(4-bromo-3-(N,N-diethylsulfamoyl)benzamido)benzoate (47a)he title compound was
synthesized from methyl 5-bromo-2-aminobenzoate 0(28ig, 1.00 mmol) and 4-bromo-BL{\-
diethylsulfamoyl)benzoyl chloride2Ra 400 mg, 1.13 mmol) in pyridine (5 mL) accordimgGeneral Procedure
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C1: 165 mg, 30% yieldH NMR (500 MHz, DMSO#d):  1.08 (q,J = 7.1 Hz, 6H), 3.38 (q] = 7.1 Hz, 4H),
3.85 (s, 3H), 7.88 (ddl = 9.1, 2.5 Hz, 1H), 8.02 (dd,= 8.2, 2.2 Hz, 1H), 8.06 (d,= 2.5 Hz, 1H), 8.12 (d] =

8.2 Hz, 1H), 8.29 (dJ = 8.8 Hz, 1H), 8.50 (d] = 2.2 Hz, 1H), 11.42 (bs, 1H)’C NMR (125 MHz, DMSOdy):

0 13.80, 41.28, 52.85, 115.74, 121.14, 123.73, T24.09.79, 131.97, 132.73, 133.68, 136.51, 136.38,18,
140.03, 162.94, 166.39.

Methyl 4-(3-(N,N-diethylsulfamoyl)benzamido)-[1,1'-biphenyl]-3-carloxylate (48a)The title compound was
synthesized from methyl 4-amino-[1,1-biphenyl]&moxylaté** (227 mg, 1.00 mmol) and M]N-
diethylsulfamoyl)benzoyl chloride2{a 276 mg, 1.00 mmol) in pyridine (4 mL) accordimgGeneral Procedure
CL1. Purification by flash column chromatographyi¢ai gel, EtOAch-hexane 90/10 followed by MeOH/DCM).
The isolated product was stirred with MeOH (3 miiljered and the solids were dried under reducezssure:
84 mg, 18% yield*H NMR (500 MHz, CDC)): 6 1.16 (t,J = 7.1 Hz, 6H), 3.32 (q] = 7.1 Hz, 4H), 3.99 (s, 3H),
7.36 (m, 1H), 7.45 (m, 2H), 7.60 (ddi= 8.5, 1.3 Hz, 2H), 7.67 (§ = 7.7 Hz, 1H), 7.85 (dd] = 8.8, 2.5 Hz,
1H), 8.02 (dddJ = 7.9, 1.9, 0.9 Hz, 1H), 8.21 (ddil= 7.9, 1.9, 1.3 Hz, 1H), 8.33 (d~ 2.2 Hz, 1H), 8.48 (1]

= 1.6 Hz, 1H), 12.20 (bs, 1H}*C NMR (125 MHz, CDGCJ): 6 14.26, 42.30, 52.65, 115.62, 120.84, 125.93,
126.78, 127.61, 128.94, 129.37, 129.70, 130.15,7830.33.35, 136.02, 136.03, 139.44, 140.52, 141.63.94,
169.10; LC/MSm/z=507.54 [M + H + CHCN]", 932.67 [2M + H]J, tg = 15.18 min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-6-methoxybenzoate (49a The title compound was
synthesized from methyl 2-amino-6-methoxybenzoayerdchloride (218 mg, 1.00 mmol) and I8/{-
diethylsulfamoyl)benzoyl chloride2{a 303 mg, 1.10 mmol) in pyridine (8 mL) accordimgGeneral Procedure
CL1. Purification by flash column chromatographyidai gel, EtOAch-hexane 30/70 followed by 40/60) yielded
an oil. The crude material was used as such fonéxe step (hydrolysis of methyl esteljif NMR (500 MHz,
CDCly): 6 1.14 (t,J = 7.1 Hz, 6H), 3.29 (gl = 7.1 Hz, 1H), 3.86 (s, 3H), 3.94 (s, 3H), 6.75X¢ 8.5, 1H), 7.46
(t, J=8.5Hz, 1H), 7.63 (] = 7.9 Hz, 1H), 7.98 (ddd,= 7.9, 1.9, 1.3 Hz, 1H), 8.10 (dd#i= 7.9, 1.9, 1.3 Hz,
1H), 8.23 (d,J = 8.5 Hz, 1H), 8.36 (tJ = 1.7 Hz, 1H), 10.96 (bs, 1H}*C NMR (125 MHz, CDGJ)): § 14.22,
42.26, 52.63, 56.35, 107.70, 113.60, 120.04, 125126.67, 130.07, 130.70, 133.66, 135.96, 139.94,45,
159.64, 163.70, 169.14; LC/M8&/z= 429.50 [M — OCH+ CHCN]*, 461.71 [M + H + CHCN]", 840.55 [2M
+ H]", tg = 11.38 min. Purity: 91% by UV (254 nm).

Methyl 2-chloro-6-(3-(N,N-diethylsulfamoyl)benzamido)benzoate (50aJhe title compound was synthesized
from methyl 2-amino-6-chlorobenzoate (186 mg, 1Mol) and 34,N-diethylsulfamoyl)benzoyl chloride
(273 414 mg, 1.50 mmol) in acetonitrile (2 mL) accoglito General Procedure C2. After stirring for attD
°C, workup was performed as described, yieldingihnAttempts to crystallize the product from MeQ&lled

to give a solid. Therefore the crude material wasduas such for the next step (hydrolysis of megsyr).
LC/MS: m/z= 424.66 [M + HJ, 465.71 [M + H + CHCN]", 848.52 [2M + H], tz = 12.31 min. Purity: 85% by
UV (254 nm).

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-6-fluorobenzoate (51aJhe title compound was synthesized
from methyl 2-amino-6-fluorobenzoate (169 mg, 1éol) and 3-44,N-diethylsulfamoyl)benzoyl chloride
(274 414 mg, 1.50 mmol) in acetonitrile (1 mL) accoglto General Procedure C2. After stirring overhigth
room temperature, workup was performed as describleed isolated product was heated with MeOH (3 mL),
cooled to room temperature, filtered and the salidse dried under reduced pressure: 340 mg, 83%d. yid
NMR (500 MHz, CDC}): ¢ 1.15 (t,J = 7.1 Hz, 6H), 3.30 (q] = 7.1 Hz, 4H), 3.98 (s, 3H), 6.89 (ddbs= 11.0,
8.2, 0.9 Hz, 1H), 7.53 (df,= 8.5, 6.0 Hz, 1H), 7.65 (§,= 7.9 Hz, 1H), 8.00 (ddd,= 7.9, 1.9, 0.9 Hz, 1H), 8.15
(ddd,J = 7.9, 1.9, 1.3 Hz, 1H), 8.41 (= 1.7 Hz, 1H), 8.62 (d] = 8.5 Hz, 1H), 11.80 (bs, 1HY¥C NMR (125
MHz, CDCk): § 14.06, 41.87, 112.37 (der = 23 Hz), 113.52 (d)cr = 16 Hz), 119.22 (dJce = 4 Hz), 125.29,
129.82, 130.05, 131.32, 132.86 (& = 11 Hz), 135.05, 138.75 (der = 5 Hz), 160.46 (dJce = 252 Hz),
163.70, 165.88; LC/MSn/z= 376.84 [M — OME], 449.83 [M + H + CHCN]", 816.77 [2M + HJ, tg = 14.93
min.

Methyl 2-(3-(N,N-diethylsulfamoyl)benzamido)-6-hydroxybenzoate (52a The title compound was
synthesized from methyl 2-amino-6-hydroxybenzo8terfig, 0.56 mmol) and N(N-diethylsulfamoyl)benzoyl
chloride 7a 171 mg, 0.62 mmol) in toluene (5 mL) accordingsteneral Procedure C3. After reflux for 1 h the
solvent was evaporated under reduced pressurdasdlaged product was stirred with MeOH (1 mL). Twids
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were filtered, washed with MeOH (1 mL) and driedlenreduced pressure: 150 mg, 66% yitiINMR (500
MHz, CDCk): ¢ 1.13 (t,J = 7.1 Hz, 6H), 3.27 (q] = 7.1 Hz, 4H), 4.15 (s, 3H), 6.76 (m, 1H), 7.45 (0= 8.2,
3.2, 1H), 7.65 (dt) = 7.9, 1.6 Hz, 1H), 7.96 (m, 1H), 8.17 (m, 1HRSB(m, 1H), 8.35 (m, 1H), 10.43 (bs, 1H),
11.13 (bs, 1H)*C NMR (125 MHz, CDG)): 6 14.16, 42.17, 53.47, 101.71, 111.84, 113.52, 124129.94,
131.47, 136.15, 140.28, 141.35, 162.08, 163.59,5169. C/MS:m/z= 447.77 [M + H + CHCN]’, 813.01 [2M
+HJ, tg = 12.21 min.

Methyl 2-(3-sulfamoylbenzamido)benzoate (57a)The title compound was synthesized from methyl
anthranilate (302 mg, 2.00 mmol) and 3-sulfamoy#logth chloride 25a 659 mg, 3.00 mmol) in acetonitrile (2
mL) according to General Procedure C2. After stgrior 2 h at 0 °C, workup was performed as desdrifi he
isolated product was heated with MeOH (15 mL), eddb room temperature, filtered and the solidsevazied
under reduced pressure: 350 mg, 52% vyield. As thi@ypwas below 95% the compound was heated for a
second time with MeOH (5 mL): 220 mg, 33% yield. NMR (500 MHz, DMSO¢): J 3.88 (s, 3H), 7.28 (m,
1H), 7.55 (bs, 2H), 7.70 (m, 1H), 7.83Jt= 7.7 Hz, 1H), 8.00 (ddl = 8.2, 1.6 Hz, 1H), 8.08 (ddd,= 7.9, 1.9,
1.3 Hz, 1H), 8.16 (ddd) = 7.9, 1.9, 0.9 Hz, 1H), 8.42-8.44 (m, 2H), 11(65, 1H);**C NMR (125 MHz,
DMSO-dg): 6 52.54, 118.27, 121.47, 123.84, 124.78, 128.94,71R929.77, 130.60, 134.05, 134.97, 139.40,
144.88, 163.62, 167.72; LC/M$®/z= 389.71 [M + HJ, 430.65 [M + H + CHCN]", 778.24 [2M + H], tg =
9.81 min.

Methyl 2-(3-(N,N-dimethylsulfamoyl)benzamido)benzoate (58aYhe title compound was synthesized from
methyl anthranilate (151 mg, 1.00 mmol) and\3N-dimethylsulfamoyl)benzoyl chloride26a 303 mg, 1.00
mmol) in pyridine (4 mL) according to General Prdaee C1: 100 mg, 28% yieldH NMR (500 MHz, CDCJ):

0 2.77 (s, 6H), 3.95 (s, 3H), 7.15 (ddds 7.9, 7.3, 1.3 Hz, 1H), 7.61 (dddl= 8.8, 7.6, 1.9 Hz, 1H), 7.70 (dt=

7.9, 0.6 Hz, 1H), 7.96 (ddd,= 7.9, 1.9, 1.3 Hz, 1H), 8.09 (ddi= 6.3, 1.6 Hz, 1H), 8.24 (ddd,= 7.9, 1.9, 1.3
Hz, 1H), 8.43 (dtJ = 1.9, 0.6 Hz, 1H), 8.88 (dd,= 8.5, 0.9 Hz, 1H), 12.21 (bs, 1HJC NMR (125 MHz,
CDCly): 6 38.20, 52.81, 120.63, 123.40, 126.86, 129.96,031.31.30, 131.47, 135.23, 136.46, 137.06, 141.65,
164.16, 169.39; LC/MSn/z= 403.65 [M + H + CHCN]", 724.38 [2M + H], t; = 12.07 min.

Methyl 2-(3-(N,N-dipropylsulfamoyl)benzamido)benzoate (59a)rhe title compound was synthesized from
methyl anthranilate (151 mg, 1.00 mmol) and\N3N-di-n-propylsulfamoyl)benzoyl chloride28a, 303 mg, 1.00
mmol) in pyridine (4 mL) according to General Pridgee C1. The product was crystallized from MeOH2 23
mg, 55% vyield'H NMR (500 MHz, CDCJ): § 0.87 (t,J = 7.4 Hz, 6H), 1.57 (sextel,= 7.5 Hz, 4H), 3.14 (m,
4H), 3.94 (s, 3H), 7.14 (m, 1H), 7.60 (ddds 8.8, 7.6, 1.6 Hz, 1H), 7.65 (= 8.0 Hz, 1H), 7.99 (ddd,= 7.9,
1.9, 0.9 Hz, 1H), 8.08 (dd, = 8.2, 1.6 Hz, 1H), 8.20 (ddd,= 7.9, 1.9, 0.9 Hz, 1H), 8.45 @,= 1.6 Hz, 1H),
8.88 (dd,J = 8.5, 1.3 Hz, 1H), 12.18 (bs, 1H)}C NMR (125 MHz, CDG)): § 11.17, 22.14, 50.22, 52.55,
115.26, 120.38, 123.07, 125.84, 129.62, 130.18,8230.31.03, 134.93, 136.01, 141.27, 141.43, 163.69.09;
LC/MS: m/z= 418.76 [M + H], 459.78 [M + H + CHCN]", 836.75 [2M + H]J, tz = 15.18 min.

Methyl 2-(3-(pyrrolidin-1-ylsulfonyl)benzamido)benzoate (60a)The title compound was synthesized from
methyl anthranilate (217 mg, 1.44 mmol) and 3-(pkdin-1-ylsulfonyl)benzoyl chloride29a, 393 mg, 1.44
mmol) in pyridine (5 mL) according to General Prdgee C1 The product was crystallized from MeOH: 108
mg, 27% yield.'H NMR (500 MHz, CDC}): 6 1.77 (m, 4H), 3.31 (m, 4H), 3.93 (s, 3H), 7.13 (tH), 7.60
(ddd,J = 8.8, 7.3, 1.6 Hz, 1H), 7.68 (d&t= 7.9, 0.6 Hz, 1H), 8.00 (ddd,= 7.6, 1.6, 0.9 Hz, 1H), 8.07 (dd~
7.9, 1.6 Hz, 1H), 8.21 (ddd,= 7.9, 1.9, 1.3 Hz, 1H), 8.46 @,= 1.9 Hz, 1H), 8.86 (dd] = 8.5, 0.9 Hz, 1H),
12.18 (bs, 1H)*C NMR (125 MHz, CDGJ)): ¢ 25.28, 48.01, 52.52, 115.22, 120.31, 123.07, 126129.62,
130.51, 131.00, 134.91, 136.16, 138.20, 141.36,.966369.08; LC/MSm/z= 588.59 [M + HJ, 429.71 [M + H

+ CH;CN]", 776.38 [2M + HJ, tg = 12.61 min.

Methyl 2-(3-(piperidin-1-ylsulfonyl)benzamido)benzate (61a) The title compound was synthesized from
methyl anthranilate (151 mg, 1.00 mmol) and 3-(pighe-1-ylsulfonyl)benzoyl chloride 30a, 287 mg, 1.00
mmol) in pyridine (4 mL) according to General Pridgee C1. The product was crystallized from MeOHO0 10
mg, 26% yield’H NMR (500 MHz, CDC}): 6 1.42 (m, 2H), 1.65 (quinted,= 5.8 Hz, 4H), 3.06 () = 5.5 Hz,
4H), 3.94 (s, 3H), 7.15 (m, 1H), 7.61 (ddds 8.5, 7.3, 1.6 Hz, 1H), 7.68 (= 8.0 Hz, 1H), 7.94 (ddd,= 7.6,
1.6, 0.9 Hz, 1H), 8.09 (dd,= 8.0, 1.7 Hz, 1H), 8.22 (dd,= 7.9, 1.9, 1.3 Hz, 1H), 8.39 (dt= 1.9, 0.6 Hz, 1H),
8.88 (dd,J = 8.5, 0.9 Hz, 1H), 12.20 (bs, 1H)IC NMR (125 MHz, CDG)): § 23.47, 25.18, 47.04, 52.54,
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115.25, 120.36, 123.12, 126.53, 129.62, 130.69,043131.12, 134.97, 136.11, 137.48, 141.42, 16369.12;
LC/MS: m/z= 443.59 [M + H + CHCN]*, 804.43 [2M + HJ, tz = 13.56 min.

Methyl 2-(3-(azepan-1-ylsulfonyl)benzamido)benzoatg62a) The title compound was synthesized from
methyl anthranilate (151 mg, 1.00 mmol) and 3-(arep-ylsulfonyl)benzoyl chloride3(a 302 mg, 1.00
mmol) in pyridine (4 mL) according to General Pridgee C1. The product was crystallized from MeOH7 24
mg, 59% yield'H NMR (500 MHz, CDCJ): 6 1.59 (m, 4H), 1.73 (m, 4H), 3.34 (t= 6.0 Hz, 4H), 3.94 (s, 3H),
7.14 (m, 1H), 7.60 (dddl = 8.8, 7.6, 1.6 Hz, 1H), 7.65 @,= 7.7 Hz, 1H), 7.98 (dddl = 7.9, 1.9, 1.3 Hz, 1H),
8.08 (ddJ=8.2, 1.6, 1H), 8.19 (ddd,= 7.6, 1.6, 0.9 Hz, 1H), 8.43 (= 1.7 Hz, 1H), 8.87 (ddl = 8.5, 0.9 Hz,
1H), 12.18 (bs, 1H)}*C NMR (125 MHz, CDCJ): § 26.88, 29.19, 48.41, 52.53, 115.22, 120.34, 12303.71,
129.64, 130.06, 130.75, 131.02, 134.94, 136.06,624Q41.42, 164.00, 169.10; LC/MBVz= 416.73 [M +
H]*, 457.75 [M + H + CHCN]", 832.80 [2M + H], tz = 14.70 min.

Methyl 2-(3-(morpholinosulfonyl)benzamido)benzoate(63a) The title compound was synthesized from
methyl anthranilate (151 mg, 1.00 mmol) and 3-(rholmosulfonyl)benzoyl chloride3Ra 290 mg, 1.00
mmol) in pyridine (4 mL) according to General Pridgee C1. The product was crystallized from MeOH6 14
mg, 36% yield™H NMR (500 MHz, CDC)): 6 3.09 (m, 4H), 3.77 (m, 4H), 3.96 (s, 3H), 7.17 (H), 7.63 (m,
1H), 7.73 (tJ = 7.9 Hz, 1H), 7.96 (ddd, = 7.6, 1.6, 0.9 Hz, 1H), 8.10 (dd~= 7.9, 1.6 Hz, 1H), 8.28 (ddd,=
7.9, 1.9, 1.3 Hz, 1H), 8.42 (,= 1.6 Hz, 1H), 8.89 (dd] = 8.5, 0.9 Hz, 1H), 12.23 (bs, 1HJC NMR (125
MHz, CDCk): 6 46.08, 52.54, 66.08, 115.22, 120.33, 123.18, 1726129.83, 130.76, 131.05, 131.55, 134.99,
136.32, 141.35, 163.73, 169.17; LC/MB/z= 445.67 [M + H + CHCN]", 808.37 [2M + H], tg = 11.94 min.

Methyl 2-(3-(N-benzyl-N-ethylsulfamoyl)benzamido)benzoate (64a)he title compound was synthesized
from methyl anthranilate (151 mg, 1.00 mmol) an{N3senzylN-ethylsulfamoyl)benzoyl chloride38a 290
mg, 1.00 mmol) in pyridine (4 mL) according to GealeProcedure C1. The product was crystallized from
MeOH: 118 mg, 26% yieldH NMR (500 MHz, CDC}): 6 0.94 (t,J = 7.3 Hz, 3H), 3.27 (q] = 7.1 Hz, 2H),
3.91 (s, 3H), 4.44 (s, 2H), 7.15 (ddis 7.9, 7.3, 0.9 Hz, 1H), 7.25-7.33 (m, 5H), 7.6dd,J = 8.5, 7.3, 1.3 Hz,
1H), 7.68 (tJ = 7.7 Hz, 1H), 8.03 (dddl = 7.9, 1.9, 0.9 Hz, 1H), 8.09 (ddi= 8.2, 1.6 Hz, 1H), 8.23 (ddd,=
7.9, 1.9, 1.3 Hz, 1H), 8.50 (@,= 1.6 Hz, 1H), 8.89 (dd] = 8.5, 0.9 Hz, 1H), 12.22 (bs, 1HJC NMR (125
MHz, CDCk): ¢ 13.42, 42.60, 51.31, 52.56, 115.25, 120.38, 123128.91, 127.81, 128.24, 128.59, 129.78,
130.17, 131.05, 134.99, 136.21, 136.28, 141.44,996369.16; LC/MSm/z= 452.67 [M + HJ, 493.62 [M + H

+ CH;CN]", 904.55 [2M + H]J, tg = 14.35 min.

Syntheses of test compounds 2, 4, 6, 9-10, 13-14+63

2-(3-(N,N-Diethylsulfamoyl)benzamido)benzoic acid2) The title compound was synthesized from methyl 2-
(3-(N,N-diethylsulfamoyl)benzamido)benzoat2a( 506 mg, 1.30 mmol) according to General Procedre
using THF/MeOH 2/1 (9 mL) and 1N NaOH (ag., 2.6 mLhe solution was acidified with 1N HCI (ag., 2.6
mL). The organic solvent was evaporated under rediyressure The solid was isolated by suctiorafitin,
washed with water, redissolved in MeOH and evapadr& dryness under reduced pressure: 394 mg, 8dlét y
mp: 218.1-219.7 °C*H NMR (500 MHz, DMSOd): 6 1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 7.24 (t,
J=7.6 Hz, 1H), 7.68 (dt] = 7.9, 1.6 Hz, 1H), 7.83 (§,= 7.8 Hz, 1H), 8.06 (m, 2H), 8.22 (@= 7.9 Hz, 1H),
8.33 (s, 1H), 8.66 (d] = 8.3 Hz, 1H), 12.3 (bs, 1H), 13.9 (bs, 1FC NMR (125 MHz, DMSQdy): 6 14.10,
41.95, 117.11, 120.13, 123.37, 124.93, 129.96,4P30.31.06, 131.24, 134.26, 135.46, 140.63, 14068,17,
170.04; LC/MS: m/z = 417.88 [M + H + GBN]", 752.73 [2M + H], tz = 12.53 min, 99.8% pure (UV).

3-(3-(N,N-Diethylsulfamoyl)benzamido)benzoic acid4) The title compound was synthesized from methyl 3-
(3-(N,N-diethylsulfamoyl)benzamido)benzoaféa, 486 mg, 1.24 mmol) according to General Procedre
using THF/MeOH 2/1 (6 mL) and 1N NaOH (ag., 2 mLChe solution was acidified with 1N HCI (ag., 4 mL).
Water was added and the solid was isolated byaudiliration, washed with water and dried undedueed
pressure: 379 mg, 81% vyield; mp: 231.5-233.6 #*CNMR (500 MHz, DMSOds): 6 1.06 (t,J = 7.1 Hz, 6H),
3.23 (9,J = 7.1 Hz, 4H),7.85 (1) = 7.7 Hz, 1H), 8.08 (d] = 8.5 Hz, 1H), 8.11 (ddl = 8.8, 2.2 Hz, 1H), 8.22 (d,
J=7.9 Hz, 1H), 8.33 (s, 1H), 8.41 (@= 1.9 Hz, 1H), 8.82 (d] = 8.8 Hz, 1H), 12.53 (s, 1H}°C NMR (125
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MHz, DMSO-g): ¢ 14.11, 41.96, 105.46, 117.86, 120.52, 125.07,3830130.57, 131.26, 134.87, 135.36,
137.52, 140.75, 144.17, 163.69, 168.60; LC/MS: m/376.75 [M + HJ, 417.76 [M + H + CHCN]", 752.70
[2M + H]", t = 10.16 min, 95.7% pure (UV).

N-(2-Carbamoylphenyl)-3-(N,N-diethylsulfamoyl)benzamide (6). A solution of 2-aminobenzamid®, (136
mg, 1.00 mmol) and 3N,N-diethylsulfamoyl)benzoyl chlorid&fa, 276 mg, 1.00 mmol) in toluene (5 mL) was
heated at 88 °C for 30 minutes. After cooling tormotemperature the solid was isolated by suctittration.
Purification by flash chromatography (ethyl acetateexane 60/40) yielded the title compound (78 nitf62
yield); mp: 148.9-152.2 °CH NMR (500 MHz, DMSO¢): § 1.13 (t,J = 7.1 Hz, 6H), 3.27 (q] = 7.1 Hz, 4H),
6.88 (bs, 1H), 7.17 (ddd,= 7.9, 7.3, 1.3 Hz, 1H), 7.53 (bs, 1H), 7.57 (d#id,7.6, 7.3, 1.6 Hz, 1H), 7.64 =
7.7 Hz, 1H), 7.67 (dd] = 8.2, 1.6 Hz, 1H), 7.97 (ddd,= 7.9, 1.9, 1.3 Hz, 1H), 8.27 (dd#i= 7.9, 1.9, 1.3 Hz,
1H), 8.43 (tJ = 1.6 Hz, 1H), 8.89 (ddl = 8.5, 1.1 Hz, 1H), 12.90 (bs, 1HJC NMR (125 MHz, DMSOdy): ¢
14.18, 42.25, 118.14, 121.15, 123.27, 125.06, K27.89.74, 129.88, 131.92, 133.69, 136.15, 1401.819,96,
163.58, 172.38; LC/MS: m/z = 375.92 [M +Hy50.92 [2M + H] tg = 10.87 min, 98.2% pure (UV).

2-(4-(N,N-Diethylsulfamoyl)benzamido)benzoic acid9) The title compound was synthesized from methyl 2-
(4-(N,N-diethylsulfamoyl)benzamido)benzoaf®a, 274 mg, 0.70 mmol) according to General Procedyre
using THF/MeOH 2/1 (4 mL) and 1N NaOH (ag., 2 mLChe solution was acidified with 1N HCI (ag., 4 mL).
Water was added and the solid was isolated by@udiliration, washed with water and dried undedueed
pressure: 248 mg, 94% yield; mp: 219.4-220.8 #*CNMR (500 MHz, DMSOdy):  1.06 (t,J = 7.1 Hz, 6H),
3.22 (9,0 =7.1 Hz, 4H), 7.25 (ddd,= 7.9, 7.6, 1.3 Hz, 1H), 7.68 (dd#i= 7.9, 7.6, 1.6 Hz, 1H), 8.01 (d~ 8.8
Hz, 2H), 8.06 (ddJ = 8.2, 1.6 Hz, 1H), 8.13 (d,= 8.8 Hz, 1H), 8.64 (dd] = 8.5, 0.9 Hz, 1H), 12.21 (bs, 1H),
13.81 (bs, 1H)*C NMR (125 MHz, DMSOdy): 6 4.13, 41.93, 117.17, 120.24, 123.43, 127.34, 128.31.23,
134.26, 137.97, 140.55, 142.79, 163.46, 169.88M/m/z = 376.59 [M + H] tg = 11.80 min, 99.3% pure
(UV).

5-Bromo-2-(4-(N,N-diethylsulfamoyl)benzamido)benzoic acid(10)*** The title compound was synthesized

from methyl 5-bromo-2-(4N,N-diethylsulfamoyl)benzamido)benzogtEda 350 mg, 0.75 mmol) according to
General Procedure D, using THF/MeOH 2/1 (4 mL) &NdNaOH (ag., 1.5 mL). The solution was acidified
with 1IN HCI (aqg., 3 mL). Water was added and thkdsweas isolated by suction filtration, washed witlater
and dried under reduced pressure: 318 mg, 94%; yigid 232.8-235.6 °C'H NMR (500 MHz, DMSOds): ¢
1.06 (t,J=7.1 Hz, 6H), 3.21 (gl = 7.1 Hz, 4H), 7.87 (dd}= 9.1, 2.5 Hz, 1H), 8.01 (d,= 8.8 Hz, 2H), 8.12 (d,
J=8.5Hz, 2H), 8.12 (d] = 2.5 Hz, 1H), 8.57 (d] = 8.8 Hz, 1H), 12.11 (bs, 1H), 14.2 (bs, 1HE NMR (125
MHz, DMSOdg): 6 14.12, 41.93, 114.92, 119.62, 122.47, 127.36,1128133.25, 136.67, 137.67, 139.65,
142.92, 163.55, 168.49; LC/MS: m/z = 454.76 and.3%M + HJ', tx = 13.20 min, 98.6% pure (UV).

2-(3-(Diethylcarbamoyl)benzamido)benzoic acid13) The title compound was synthesized from methy8-2-(
(diethylcarbamoyl)benzamido)benzodtE8a 175 mg, 0.49 mmol) according to General Proceddraising
THF/MeOH 2/1 (3 mL) and 1N NaOH (aq., 1 mL). Thdéuson was acidified with 1N HCI (aq., 2 mL). Water
was added and the solid was isolated by suctitnatfibn, washed with water and dried under reduymredsure:
155 mg, 92% yield; mp: 162.6-164.0 °&& NMR (500 MHz, DMSOds): § 1.07 (bs, 3H), 1.17 (bs, 3H), 3.20
(bs, 2H), 3.46 (bs, 2H), 7.23 (= 7.7, 1.3 Hz, 1H), 7.62 (dj,= 7.6, 1.4 Hz, 1H), 7.66 (d,= 7.6 Hz, 1H),
7.68 (m, 1H), 7.89 (1) = 1.4 Hz, 1H), 8.02 (d} = 7.9, 1.4 Hz, 1H), 8.06 (dd,= 7.9, 1.6 Hz, 1H), 8.68 (dd,=
8.5, 1.0 Hz, 1H), 12.20 (s, 1H), 13.82 (bs, 1% NMR (125 MHz, DMSQdy): 6 12.78 (bs), 14.00 (bs), 42.89
(bs), 116.81, 120.05, 123.14, 124.61, 127.60, B129129.69, 131.24, 134.58, 137.90, 140.86, 163168,02,
170.03; LC/MS: m/z = 340.98 [M + H]382.00 [M + H + CHCN]", tz = 10.49 min, 99.0% pure (UV). Mp:
162.6-164.0 °C.

5-Bromo-2-(3-(diethylcarbamoyl)benzamido)benzoic dad (14) The title compound was synthesized from
methyl 5-bromo-2-(3-(diethylcarbamoyl)benzamido)eate (148 350 mg, 0.81 mmol) according to General
Procedure D, using THF/MeOH 2/1 (4.5 mL) and 1N Na@g., 1.6 mL). The solution was acidified with 1N
HCI (ag., 3.2 mL). Water was added and the solid walated by suction filtration, washed with waded dried
under reduced pressure: 298 mg, 88% yield; mp:61690.3 °C;'"H NMR (500 MHz, DMSOds): § 1.07 (bs,
3H), 1.17 (bs, 3H), 3.20 (bs, 2H), 3.46 (bs, 2H§27(dt,J = 7.6, 1.6 Hz, 1H), 7.66 (di,= 7.6, 0.6 Hz, 1H), 7.86
(dd,J = 8.8, 2.5 Hz, 1H), 7.88 (8, = 1.6 Hz, 1H), 8.00 (dy = 7.9, 1.6 Hz, 1H), 8.11 (d,= 2.5 Hz, 1H), 8.62
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(d, J = 8.8 Hz, 1H), 12.09 (s, 1H), 14.19 (bs, 1HC NMR (125 MHz, DMSQdy): 6 12.79 (bs), 14.01 (bs),
42.91 (bs), 114.58, 119.24, 122.29, 124.68, 1271@9,29, 129.83, 133.23, 134.31, 136.68, 137.99,953
164.05, 168.63, 168.98; LC/MS: m/z = 418.84 and.g2(M + HJ", 459.92 and 461.88 [M + H + GBN]', tx
=12.04 min, 99.2% pure (UV).

2-(4-Bromo-3-(N,N-diethylsulfamoyl)benzamido)benzoic acid(34) The title compound was synthesized as
described by Niet al ; mp: 190.9-192.4 °CH NMR (500 MHz, DMSOd): 6 1.08 (t,J = 7.1 Hz, 6H), 3.38 (q,
J=7.1Hz, 4H), 7.25 (ddd, = 7.9, 7.6, 1.3 Hz, 1H), 7.68 (dddi= 8.2, 7.6, 1.9 Hz, 1H), 8.04 (ddi= 8.2, 2.2
Hz, 1H), 8.06 (ddJ = 7.9, 1.6 Hz, 1H), 8.11 (d,= 8.2 Hz, 1H), 8.64 (d] = 2.1 Hz, 1H), 8.76 (ddl = 8.5, 1.0
Hz, 1H); **C NMR (125 MHz, DMSQdy): 6 13.78, 41.25, 117.20, 120.24, 123.50, 123.58,489131.22,
131.96, 134.10, 134.28, 136.58, 140.09, 140.47,6062470.00; LC/MSm/z= 453.17 and 455.18 [M + H]tz
=12.48 min, >99% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)-4-methylbenzamido)benzoic acid35) The title compound was synthesized from
methyl 2-(3-,N-diethylsulfamoyl)-4-methylbenzamido)benzoatg54 220 mg, 0.54 mmol) according to
General Procedure D, using THF/MeOH 2/1 (3 mL) aNdNaOH (aqg., 1 mL). The solution was acidifiedtwit
IN HCI (ag., 2 mL). The organic solvent was evapataunder reduced pressure The solid was isolaged b
suction filtration, washed with water and dried enceduced pressure: 197 mg, 93% yield; mp: 17046aL°C;

'H NMR (500 MHz, DMSO#ds): 6 1.07 (t,J = 7.1 Hz, 6H), 2.61 (s, 3H), 3.31 @= 7.1 Hz, 4H), 7.23 (m, 1H),
7.67 (m, 2H), 8.06 (dd] = 8.0, 1.7 Hz, 1H), 8.08 (dd,= 7.9, 2.2 Hz, 1H), 8.37 (d,= 2.2 Hz, 1H), 8.68 (dd]

= 8.5, 1.0 Hz, 1H), 12.28 (bs, 1H), 13.87 (bs, 155 NMR (125 MHz, DMSOdg): 6 13.79, 19.80, 40.90,
116.78, 120.01, 123.22, 127.10, 130.77, 131.25.483233.60, 134.32, 139.17, 140.80, 141.18, 163.16.08;
LC/MS: m/z = 431.72 [M + H + CKCN]", 781.12 [2M + H]J, tz = 11.98 min, 98.0% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)-4-ethylbenzamido)benzoic acid36) The title compound was synthesized from
methyl 2-(3-{,N-diethylsulfamoyl)-4-ethylbenzamido)benzoa®®4 103 mg, 0.25 mmol) according to General
Procedure D, using THF/MeOH 2/1 (1 mL) and 1N Na(lg., 0.3 mL). The solution was acidified with 1N
HCI (aq., 2 mL). The organic solvent was evaporateder reduced pressure The solid was isolateditjos
filtration, washed with water and dried under restlipressure: 79 mg, 80% yield; mp: 135.5-138.5'FOYMR
(500 MHz, DMSO#g): 6 1.08 (t,J = 7.1 Hz, 6H), 1.24 (i) = 7.4 Hz, 3H), 3.00 (¢ = 7.4 Hz, 2H), 3.34 (g] =
7.1 Hz, 4H), 7.15 (dt) = 7.6, 1.3 Hz, 1H), 7.54 (di,= 7.9, 1.7 Hz, 1H), 7.67 (d,= 7.9 Hz, 1H), 8.09 (dd] =
7.9, 1.6 Hz, 1H), 8.16 (dd,= 7.9, 2.0 Hz, 1H), 8.31 (d,= 1.9 Hz, 1H), 8.69 (dd] = 8.4, 0.8 Hz, 1H), 13.85
(bs, 1H);"*C NMR (125 MHz, DMSOd,): § 14.24, 15.13, 25.26, 41.56, 119.21, 122.57, 126.30.74, 131.27,
131.97, 132.48, 132.70, 138.98, 140.84, 146.76,8462170.26; LC/MS: m/z = 445.70 [M + H + GEN]",
808.42 [2M + HJ, tz = 12.86 min, 96.5% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-4-fluorobenzoic acid37) The title compound was synthesized from
methyl 2-(3-N,N-diethylsulfamoyl)benzamido)-4-fluorobenzoat87§ 141 mg, 0.35 mmol) according to
General Procedure D, using THF/MeOH 2/1 (3 mL) &aNdNaOH (ag., 1 mL). The solution was acidifiedtwit
1IN HCI (aqg., 2 mL). Water was added and the solig weolated by suction filtration, washed with watead
dried under reduced pressure. As the hydrolysisim@smplete the procedure as described above vpasied:
108 mg, 79% vyield; mp: 241.2-243.7 & NMR (500 MHz, DMSO#d): 6 1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] =
7.1 Hz, 4H), 7.08 (ddd] = 16.7, 8.8, 2.8 Hz, 1H), 7.84 (= 7.9 Hz, 1H), 8.07 (m, 1H), 8.14 (d#i= 8.8, 6.6
Hz, 1H), 8.21 (m, 1H), 8.32 (§,= 1.6 Hz, 1H), 8.52 (ddl = 12.0, 2.8 Hz, 1H), 12.54 (bs, 1H), 14.04 (bs);1H
3C NMR (125 MHz, DMSOde): ¢ 14.10, 41.96, 106.54 (dgr = 28 Hz), 110.31 (dler = 22 Hz), 113.19 (dlcr

= 3 Hz), 124.91, 130.24, 130.54, 131, 11, 134.004¢g= 11 Hz), 140.72, 142.88, (dgr = 13 Hz), 164.99 (d,
Jor = 250 Hz), 169.44; LC/MS: m/z = 435.67 [M + H + G@HN]", 788.65 [2M + HJ, tg = 12.62 min, 97.1%
pure (UV).

4-Chloro-2-(3-(N,N-diethylsulfamoyl)benzamido)benzoic aciq38) The title compound was synthesized from
methyl 4-chloro-2-(34{,N-diethylsulfamoyl)benzamido)benzoat@86, 340 mg, 0.80 mmol) according to
General Procedure D, using THF/MeOH 2/1 (9 mL) aNdNaOH (ag., 3 mL). The solution was acidifiedwit
1IN HCI. The organic solvent was evaporated undéuaed pressure The solid was isolated by suctiation,
washed with water, dried under reduced pressureceystiallized from MeOH: 102 mg, 31% yield; mp: 222
223.5 °C;'H NMR (500 MHz, DMSOsd): 6 1.07 (t,J = 7.2 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 7.29 (dd} = 8.5,
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2.2 Hz, 1H), 7.84 (t) = 7.7 Hz, 1H), 8.06 (m, 2H), 8.20 (@3= 7.9 Hz, 1H), 8.31 (s, 1H), 8.76 (@= 2.2 Hz,
1H), 12.38 (s, 1H), 14.1 (bs, 1HFC NMR (125 MHz, DMSOdy): ¢ 14.09, 41.95, 115.66, 119.40, 123.22,
124.93, 130.21, 130.50, 131.12, 132.90, 135.00,643840.72, 141.71, 163.44, 169.38; LC/MS: m/z52.29
[M + H + CH,CN]", 820.69 and 822.76 [2M + HJtz = 12.72 min, >99.9% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-4-nitrobenzoic acid(39) The title compound was synthesized from
methyl 2-(3-(,N-diethylsulfamoyl)benzamido)-4-nitrobenzoa8®§ 157 mg, 0.36 mmol) according to General
Procedure D, using THF/MeOH 2/1 (3 mL) and 1N Na@H., 1 mL). The solution was acidified with 1N HCI
(ag., 2 mL). Water was added and the solid waatedlby suction filtration, washed with water amigd under
reduced pressure: 119 mg, 78% vyield; mp: 229-23T;:3H NMR (500 MHz, DMSOe): ¢ 1.07 (t,J = 7.1 Hz,
6H), 3.23 (qJ = 7.1 Hz, 4H), 7.86 (] = 7.7 Hz, 1H), 8.03 (dd] = 8.8, 2.5 Hz, 1H), 8.08 (m, 1H), 8.22 (m, 1H),
8.26 (d,J = 8.8 Hz, 1H), 8.34 (1] = 1.6 Hz, 1H), 9.43 (d] = 2.5 Hz, 1H), 12.33 (bs, 1H)’C NMR (125 MHz,
DMSO-dg): 6 14.12, 41.98, 114.66, 117.64, 122.88, 125.03,3430130.54, 131.23, 132.65, 134.79, 140.72,
140.98, 150.11, 163.70, 168.56; LC/MS: m/z = 46JM8 H + CH;CN]*, 842.38 [2M + HJ, tg = 12.27 min,
99.0% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-5-methylbenzoic acid40) The title compound was synthesized from
methyl 2-(3-,N-diethylsulfamoyl)benzamido)-5-methylbenzoat##04 360 mg, 0.89 mmol) according to
General Procedure D, using THF/MeOH 2/1 (6 mL) aNdNaOH (ag., 2 mL). The solution was acidifiedtwit
1IN HCI (ag., 4 mL). Water (10 mL) was added and gbhéd was isolated by suction filtration, washeiihw
water and dried under reduced pressure: 330 mg, \8é&fi mp: 226.8-228.6 °CH NMR (500 MHz, DMSO-
dg): 0 1.06 (t,J = 7.1 Hz, 6H), 2.33 (s, 3H), 3.22 @7 7.1 Hz, 4H), 7.49 (d] = 8.2 Hz, 1H), 7.82 (§ = 7.9 Hz,
1H), 7.87 (s, 1H), 8.04 (d,= 7.6 Hz, 1H), 8.20 (d] = 7.9 Hz, 1H), 8.31 (s, 1H), 8.54 @ 8.5 Hz, 1H), 12.17
(s, 1H), 13.79 (bs, 1HJ’C NMR (125 MHz, DMSOdg): 6 14.10, 20.24, 41.94, 120.24, 124.87, 129.88, 180.4
131.00, 131.27, 132.59, 134.78, 135.52, 138.22,6B4062.95, 170.03; LC/MS: m/z = 390.75 [M +'H}31.90
[M + H + CH;CN]", 780.63 [2M + HJ, tg = 12.64 min, 99.4% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-5-(trifluoromethyl)benzoic acid (41) The title compound was
synthesized from methyl 2-(}N(N-diethylsulfamoyl)benzamido)-5-(trifluoromethyl)erate 41a 157 mg,
0.36 mmol) according to General Procedure D, u3iH§/MeOH 2/1 (6 mL) and 1N NaOH (ag., 2 mL). The
solution was acidified with 1N HCI (aq., 4 mL). Thelid was isolated by suction filtration, washeidhwvater
and dried under reduced pressure: 232 mg, 81%; yigid 192.5-193.8 °C'H NMR (500 MHz, DMSOds): ¢
1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 7.84 () = 7.7 Hz, 1H), 8.01 (ddl = 8.8, 1.9 Hz, 1H), 8.07 (d,
J=7.9 Hz, 1H), 8.23 (m, 1H), 8.29 @= 1.9 Hz, 1H), 8.34 (m, 1H), 8.86 (@~ 8.8 Hz, 1H), 12.79 (br.s, 1H);
13C NMR (125 MHz, DMSOdg): 6 14.03, 41.91, 18.08, 120.42, 123.04Jg:; = 32 Hz), 123.73 (qJcr = 272
Hz), 125.02, 127.81 (dlcr = 4 Hz), 130.18, 130.43, 131.09, 134.99, 140.68(.13, 163.51, 168.77; LC/MS:
m/z = 444.59 [M + H), 485.65 [M + H + CHCN]", 888.77 [2M + H]J, tz = 13.28 min, 96.1% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-5-fluorobenzoic acid42) The title compound was synthesized from
methyl 2-(3-{,N-diethylsulfamoyl)benzamido)-5-fluorobenzoatd2g 337 mg, 0.83 mmol) according to
General Procedure D, using THF/MeOH 2/1 (9 mL) aNdNaOH (ag., 3 mL). The solution was acidifiedtwit
1N HCI. The organic solvent was evaporated undguaed pressure The solid was isolated by suctiratfon,
washed with water, dried under reduced pressureceygtallized from MeOH: 86 mg, 26% yield; mp: 232.
213.9 °C;"H NMR (500 MHz, DMSO#dg): 6 1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 7.56 (dt] = 8.5,
3.2 Hz, 1H), 7.76 (dd] = 9.1, 3.2 Hz, 1H), 7.82 (§,= 7.9 Hz, 1H), 8.05 (d] = 8.2 Hz, 1H), 8.20 (d] = 8.2 Hz,
1H), 8.32 (s, 1H), 8.61 (dd,= 9.1, 5.0 Hz, 1H). 12.03 (bs, 1HJC NMR (125 MHz, DMSOd,): § 14.1, 41.9,
117.0 (dJcr = 23.8 Hz), 119.7 (dlcr = 6.4 Hz), 121.0 (d)cr = 2.2 Hz), 122.7 (d)cr = 8.2 Hz), 125.0, 130.0,
130.4, 131.1, 135.3, 136.9, 140.7, 157.2 Xg, = 242 Hz), 163.1, 168.7; LC/MS: m/z = 435.83 [MH++
CH5CNJ*, 788.64 [2M + H], tz = 11.68 min, 100% pure (UV).

5-Bromo-2-(3-(N,N-diethylsulfamoyl)benzamido)benzoic acid43) The title compound was synthesized from
methyl 5-bromo-2-(38,N-diethylsulfamoyl)benzamido)benzoatd3g 368 mg, 0.78 mmol) according to
General Procedure D, using THF/MeOH 2/1 (9 mL) a4l NaOH (ag., 3 mL). The organic solvent was
evaporated under reduced pressure. 1N HCI (aq.L¥ was added and the solid was isolated by suction
filtration, washed with water, dried under redupedssure and crystallized from MeOH: 70 mg, 20%dyimp:
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206.5-209.0 °C*H NMR (500 MHz, DMSO#d): 6 1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 7.81 (m,
2H), 7.82 (m, 1H), 8.13 (d, = 2.5 Hz, 1H), 8.21 (m, 1H), 8.32 &= 1.7 Hz, 1H), 8.60 (d] = 8.8 Hz, 1H), 12.8
(bs, 1H):3C NMR (125 MHz, DMSOdq): 6 14.11, 41.96, 114.70, 120.78, 122.09, 125.03,0080130.41,

131.04, 133.31, 135.36, 136.04, 139.76, 140.66,185368.53; LC/MSm/z= 495.76 and 497.48 [M + H +
CH5CNJ*, 910.86 [2M + H], tz = 12.69 min, 100% pure (UV).

5-Cyano-2-(3-(N,N-diethylsulfamoyl)benzamido)benzoic acid44) The title compound was synthesized from
methyl 5-cyano-2-(3N,N-diethylsulfamoyl)benzamido)benzoatd4g 237 mg, 0.59 mmol) according to
General Procedure D, using THF/MeOH 2/1 (4 mL) aNdNaOH (ag., 1 mL). The solution was acidifiedtwit
1IN HCI (ag., 2 mL). Water (10 mL) was added and gbéd was isolated by suction filtration, washeithw
water, dried under reduced pressure and crystlfizen MeOH: 137 mg, 60% yield; mp: 195.3-196.6 *8;
NMR (500 MHz, DMSO#dg): ¢ 1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 7.85 (t) = 7.7 Hz, 1H), 8.08
(ddd,J=7.9, 1.9, 1.3 Hz, 1H), 8.12 (ddl= 8.8, 2.2 Hz, 1H), 8.22 (ddd=7.9, 1.9, 1.3 Hz, 1H), 8.33 &t~ 1.6
Hz, 1H), 8.41 (dJ = 2.5 Hz, 1H), 8.82 (d] = 9.1 Hz, 1H), 12.54 (bs, 1H)*C NMR (125 MHz, DMSOd,): ¢
14.11, 41.96, 105.46, 117.90, 118.07, 120.54, B25.80.40, 130.58, 131.28, 134.89, 135.37, 137180Q,75,
144.17, 163.71, 168.61. LC/MS: m/z = 401.63 [M +,H}j42.73 [M + H + CHCN]", 802.54 [2M + H], tg =
11.77 min, 96.2% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-5-nitrobenzoic acid(45) The title compound was synthesized from
methyl 2-(3-{,N-diethylsulfamoyl)benzamido)-5-nitrobenzoatib§ 304 mg, 0.70 mmol) according to General
Procedure D, using THF/MeOH 2/1 (3 mL) and 1N Na(lg., 0.7 mL). The solution was acidified with 1N
HCI (ag., 4 mL). Water was added and the solid isakated by suction filtration, washed with watdrjed
under reduced pressure and crystallized from MeDQl5: mg, 39% vyield; mp: 216.6-218.8 °&) NMR (500
MHz, DMSOdg): 0 1.07 (t,J = 7.1 Hz, 6H), 3.23 (q] = 7.1 Hz, 4H), 7.86 (§ = 7.8 Hz, 1H), 8.09 (di] = 8.3,
1.5 Hz, 1H), 8.24 (dtJ = 7.9, 1.6 Hz, 1H), 8.34 (§ = 1.6 Hz, 1H), 8.53 (dd]l = 9.3, 2.9 Hz, 1H), 8.78 (d,=
2.8 Hz, 1H), 8.90 (dJ = 9.3 Hz, 1H), 12.67 (s, 1H}*C NMR (125 MHz, DMSOd,): 6 14.12, 41.98, 48.56,
117.44, 120.34, 125.11, 126.52, 129.12, 130.50,613031.32, 134.76, 140.77, 141.70, 145.87, 163.68.55;
LC/MS: m/z = 421.89 [M + H] 462.94 [M + H+ CHCN]*, 842.83 [2M + H], t; = 12.31 min, 99.5% pure
(UV).

2-(4-Bromo-3-(N,N-diethylsulfamoyl)benzamido)-5-fluorobenzoic acid 46) The title compound was
synthesized from methyl 2-(4-bromo-R;N-diethylsulfamoyl)benzamido)-5-fluorobenzoat§ 110 mg, 0.23
mmol) according to General Procedure D, using THHIW 2/1 (3 mL) and 1N NaOH (ag., 1 mL). The solutio
was acidified with 1N HCI (aq., 2 mL). The orgamiclvent was evaporated under reduced pressuredlide s
was isolated by suction filtration, washed with evaénd dried under reduced pressure: 88 mg, 82b; yrg
226.7-228.7 °C*H NMR (500 MHz, DMSOde): 6 1.07 (t,J = 7.1 Hz, 6H), 3.37 (q] = 7.1 Hz, 4H), 7.56 (ddd,
J=09.1, 8.2, 3.2 Hz, 1H), 7.75 (ddl= 9.5, 3.2 Hz, 1H), 8.03 (dd,= 8.2, 2.2 Hz, 1H), 8.10 (d,= 8.2 Hz, 1H),
8.52 (d,J = 2.2 Hz, 1H), 8.56 (dd] = 9.1, 5.0 Hz, 1H), 12.02 (bs, 1H), 14.14 (bs, ;1 NMR (125 MHz,
DMSO-dg): 6 13.77, 41.24, 117.04 (dgr = 23.8 Hz), 119.89 (dcr = 6.4 Hz), 120.95 (dlce = 22.0 Hz), 122.85
(d, Jcr = 7.3 Hz), 123.58, 129.54, 131.99, 133.96, 136154,69, 140.06, 157.30 (ds = 241.91Hz), 162.59,
168.65; LC/MS: m/z = 472.45 and 474.47 [M +'H313.44 and 515.35 [M + H + GBN]", 946.30 and 948.34
[2M + H]", tg = 12.40 min, 99.7% pure (UV).

5-Bromo-2-(4-bromo-3-(\,N-diethylsulfamoyl)benzamido)benzoic acid (47) The title compound was
synthesized from methyl 5-bromo-2-(4-bromoh8N-diethylsulfamoyl)benzamido)benzoaterg 145 mg, 0.26
mmol) according to General Procedure D, using THHIW 2/1 (3 mL) and 1N NaOH (ag., 1 mL). The solutio
was acidified with 1N HCI (aq., 2 mL). The orgamiclvent was evaporated under reduced pressuredlide s
was isolated by suction filtration, washed with evaénd dried under reduced pressure: 110 mg, 78%; ynp:
218.6-220.0 °C'H NMR (500 MHz, DMSOs): d 1.07 (t,J = 7.1 Hz, 6H), 3.37 (q] = 7.1 Hz, 4H), 7.85 (dd}
=9.1, 2.5 Hz, 1H), 8.02 (dd,= 8.2, 2.5 Hz, 1H), 8.11 (d,= 8.2 Hz, 1H), 8.11 (d] = 2.5 Hz), 8.51 (d) = 2.2
Hz, 1H), 8.55 (dJ = 8.8 Hz, 1H), 12.18 (bs, 1H}’C NMR (125 MHz, DMSOde): § 13.78, 41.25, 114.99,
119.59, 122.44, 123.75, 129.52, 131.99, 133.23,8P33136.60, 136.68, 139.57, 140.10, 162.67, 168.62
LC/MS: m/z = 532.38 and 534.07 [M + HPB75.22 and 577.26 [M + H + GBNJ", tz = 13.36 min, 98.7% pure
(UV).
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4-(3-(N,N-Diethylsulfamoyl)benzamido)-[1,1'-biphenyl]-3-cartoxylic acid (48) The title compound was
synthesized from methyl 4-(N(N-diethylsulfamoyl)benzamido)-[1,1"-biphenyl]-3-cantylate é8a 84 mg,
0.18 mmol) according to General Procedure D, usiH§/MeOH 2/1 (1.5 mL) and 1N NaOH (aqg., 0.42 mL).
The solution was acidified with 1N HCI (ag., 1 mLhe organic solvent was evaporated under reduced
pressure. The solid was isolated by suction fittrgtwashed with water and dried under reducedspres 60
mg, 74% yield; mp: 217.6-219.2 °@4 NMR (500 MHz, DMSO#de): 6 1.07 (t,J = 7.1 Hz, 6H), 3.23 (¢] = 7.1

Hz, 4H), 7.39 (t)J = 7.4 Hz, 1H), 7.49 (} = 7.6 Hz, 2H), 7.70 (d] = 7.3 Hz, 2H), 7.84 ({] = 7.9 Hz, 1H), 8.01
(dd,J=8.7, 2.5 Hz, 1H), 8.06 (m, 1H), 8.23 (m, 1HB®(d,J = 2.5 Hz, 1H), 8.35 (m, 1H), 8.76 (@~ 8.8 Hz,
1H), 12.32 (s, 1H)**C NMR (125 MHz, DMSOdy): 6 14.12, 41.97, 117.64, 120.77, 124.95, 126.36,6127.
128.91, 129.07, 130.02, 130.47, 131.08, 132.28,9634135.39, 138.60, 139.86, 140.67, 163.16, 169.95
LC/MS: m/z = 493.75 [M + H + CKCN]", 904.57 [2M + H]J, tz = 13.49 min, 99.8% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-6-methoxybenzoic acid49) The title compound was synthesized
from methyl 2-(3-N,N-diethylsulfamoyl)benzamido)-6-methoxybenzoat84d) according to General Procedure
D, using THF/MeOH 2/1 (3 mL) and 1N NaOH (aq., 1)mLN HCI (aq., 2 mL) was added and the organic
solvent was evaporated under reduced pressureprEbmitate was isolated by suction filtration amystallized
from MeOH (2 mL) containing a small amount of wa{ér5 mL). The white solid was isolated by suction
filtration, washed with cold MeOH/water 1/1 andedtiunder reduced pressure:110 mg, 27% yield ogtes;
mp: 133.8-136.4 °C*H NMR (500 MHz, DMSO#d): 6 1.06 (t,J = 7.1 Hz, 6H), 3.21 (q] = 7.1 Hz, 4H), 3.83
(s, 3H), 7.01 (dJ = 8.2 Hz, 1H), 7.29 (d] = 7.9 Hz, 1H), 7.46 ( = 8.2 Hz, 1H), 7.77 (1 = 7.7 Hz, 1H), 8.01
(d,J = 7.9 Hz, 1H), 8.17 (d] = 7.9 Hz, 1H), 8.29 (s, 1H), 10.58 (s, 1H), 12(B8, 1H);"*C NMR (125 MHz,
DMSO-dg): 6 14.16, 41.95, 56.04, 109.14, 117.60, 118.58, 1IR5129.63, 129.90, 130.95, 131.42, 135.29,
136.40, 140.30, 157.24, 163.92, 167.25; LC/MS: mA06.64 [M + H, 429.69 [M - OH + CHCN]", 812.53
[2M + H]", tg = 11.05 min, 96.1% pure (UV).

2-Chloro-6-(3-(N,N-diethylsulfamoyl)benzamido)benzoic acid50) The title compound was synthesized from
methyl 2-chloro-6-(34{,N-diethylsulfamoyl)benzamido)benzoat&06) according to General Procedure D,
using THF/MeOH 2/1 (6 mL) and 1N NaOH (ag., 2 mLhe organic solvent was evaporated under reduced
pressure. 1N HCI (ag., 4 mL) was added. A thick guas formed. The water was decanted and MeOH (2 mL)
was added to the residue. The mixture was stirtedo@am temperate yielding a white solid, which was
crystallized from EtOH: 31 mg, 8% yield over 2 stemp: 184.3-186.3 °CH NMR (500 MHz, DMSOdg): ¢
1.06 (t,J = 7.1 Hz, 6H), 3.21 (¢ = 7.1 Hz, 4H), 7.22 (dd} = 8.0, 1.1 Hz, 1H), 7.33 (§,= 8.2 Hz, 1H), 7.78 (,

J = 7.7 Hz, 1H), 8.01 (m, 1H), 8.06 (br.d, 1H), 8(b& 1H), 8.30 (tJ = 1.6 Hz, 1H), 12.17 (bs, 1H)*C NMR
(125 MHz, DMSO€): 0 14.13, 41.96, 120.62, 125.53, 125.75, 129.17,689.30.07, 130.87, 131.21, 135.42,
137.51, 140.52, 163.10, 166.80; LC/MS: m/z = 41@6d 412.66 [M + H] 822.55 [2M + HJ, tz = 10.90 min,
96.1% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-6-fluorobenzoic acid51) The title compound was synthesized from
methyl 2-(3-(,N-diethylsulfamoyl)benzamido)-6-fluorobenzoaté1g 170 mg, 0.42 mmol) according to
General Procedure D, using THF/MeOH 2/1 (3 mL) aNdNaOH (ag., 1 mL). The solution was acidifiedwit
1IN HCI (ag., 2 mL). Water was added and the solig weolated by suction filtration, washed with weded
dried under reduced pressure: 152 mg, 93% yield;28B.1-215.5 °C*H NMR (500 MHz, DMSO#d): 6 1.07
(t, J=7.1 Hz, 6H), 3.22 (¢] = 7.1 Hz, 4H), 7.15 (dd] = 9.8, 8.8 Hz, 1H), 7.60 (dd,= 8.2, 6.3 Hz, 1H), 7.80
(t, 3= 7.9 Hz, 1H), 7.83 (d] = 8.5 Hz, 1H), 8.04 (d) = 7.9 Hz, 1H), 8.20 (d] = 7.9 Hz, 1H), 8.31 (s, 1H),
11.23 (s, 1H), 13.70 (bs, 1H)'C NMR (125 MHz, DMSOd,): § 14.06, 41.87, 112.37 (der = 23 Hz), 113.52
(d, Jcr = 16 Hz), 119.22 (dlcr = 4 Hz), 125.29, 130.05, 131.32, 132.86-E¢ 11 Hz), 135.05, 138.75 (4= 5
Hz), 160.46 (dJcr = 252 Hz), 163.70, 165.88; LC/MS: m/z = 394.71 f\H]", 788.78 [2M + H], tg = 11.79
min, 99.6% pure (UV).

2-(3-(N,N-Diethylsulfamoyl)benzamido)-6-hydroxybenzoic acid(52) The title compound was synthesized
from methyl 2-(3-N,N-diethylsulfamoyl)benzamido)-6-hydroxybenzoé@a 120 mg, 0.42 mmol) according to
General Procedure D, using THF/MeOH 2/1 (3 mL) aNdNaOH (aqg., 1 mL). The solution was acidifiedtwit
1N HCI (ag., 3 mL) and extracted with dichlorometbdthree times). The combined organic extract®weed
over sodium sulfate, filtered and evaporated une@uced pressure, yielding a slightly yellow o#dtlisolidified
upon standing. The product was crystallized fronOWe 75 mg, 65% yield; mp: 175.8-176.7 “& NMR (500
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MHz, DMSOg): 6 1.06 (t,J = 7.1 Hz, 6H), 3.22 (q] = 7.1 Hz, 4H), 6.71 (dd] = 8.2, 0.9 Hz, 1H), 7.39 (§,=

8.2 Hz, 1H), 7.79 (t) = 7.9 Hz, 1H), 7.82 (dd] = 8.2, 1.3 Hz, 1H), 8.02 (ddd,= 7.9, 1.9, 0.9 Hz, 1H), 8.19
(ddd,J = 7.9, 1.9, 1.3 Hz, 1H), 8.30, (,= 1.7 Hz, 1H), 10.87 (bs, 2H), 12.14 (s, 1HC NMR (125 MHz,
DMSO-dg): 0 14.12, 41.93, 106.98, 112.13, 112.80, 125.20,6%9130.16, 130.99, 133.38, 135.84, 139.84,
140.53, 160.93, 163.20, 171.45; LC/MS: m/z = 392188 H]", 433.92 [M + H + CHCN]", 784.83 [2M + H],

tr = 10.51 min, 97.5% pure (UV).

3'-Carbamoyl-4-(3-(N,N-diethylsulfamoyl)benzamido)-[1,1'-biphenyl]-3-cartoxylic acid (53) A solution of
methyl  5-bromo-2-(3N,N-diethylsulfamoyl)benzamido)benzoate 456 219 mg, 0.48 mmol), (3-
carbamoylphenyl)boronic acid (119 mg, 0.72 mmolj aaesium carbonate (470 mg, 1.44 mmol) in a mixtdre
DME/water 1/1 (20 mL) was degassed. A catalytic amf tetrakis(triphenylphosphine)palladium wasledl
The reaction flask was put into a pre-heated dih {420 °C) and heated for 3.5 h under a nitrogeroaphere.
After cooling to room temperature water was addadithe solution was acidified with 1N HCI (aq.).elwhite
solid was isolated by suction filtration, washedhmvater and briefly heated to reflux with a few 'silof
methanol. The solids were isolated by suctiondiion, washed with a small amount of methanol arnedd
under reduced pressure to yield the title compo8@ mg, 76% yield); mp: 259.3-259.8 °C (de¢t;NMR
(500 MHz, DMSOdp): ¢ 1.07 (t,J = 7.1 Hz, 6H), 3.23 (@) = 7.1 Hz, 4H), 7.46 (bs, 1H), 7.57 {t= 7.7 Hz,
1H), 7.83-7.90 (m, 3H), 8.06-8.09 (m, 2H), 8.17,(bd), 8.21 (tJ = 1.6 Hz, 1H), 8.24 (d] = 7.6, 1.3 Hz, 1H),
8.35 (t,J = 1.7 Hz, 1H), 8.38 (d] = 2.2 Hz, 1H), 8.78 (d] = 8.8 Hz, 1H), 12.37 (bs, 1H), 14.06 (bs, 1HE
NMR (125 MHz, DMSOs): 6 14.12, 41.97, 117.80, 120.80, 124.97, 125.31,7R6129.07, 129.10, 130.04,
130.46, 131.09, 132.40, 134.35, 135.03, 135.38,583840.07, 140.67, 163.19, 167.67, 169.95; LC/M& =
495.99 [M + HT, 436.84 [M + H + CHCN]", 990.95 [2M + H]J, tz = 11.23 min, 95.7% pure (UV).

4'-Carbamoyl-4-(3-(N,N-diethylsulfamoyl)benzamido)-[1,1'-biphenyl]-3-cartoxylic acid (54) A solution of
methyl  5-bromo-2-(3N,N-diethylsulfamoyl)benzamido)benzoate 436 341 mg, 0.75 mmol), (4-
carbamoylphenyl)boronic acid (186 mg, 1.13 mmol) aesium carbonate (733 mg, 2.25 mmol) in a mixadre
DME/water 1/1 (15 mL) was degassed. A catalytic amf tetrakis(triphenylphosphine)palladium wasledl
The reaction flask was put into a pre-heated dih {400 °C) and heated for 3.5 h under a nitrogeroaphere.
After cooling to room temperature water (15 mL) vealled and the solution was filtered over a thyedaof
Celite. The filtrate was acidified with 1N HCI (dgThe white solid was isolated by suction filtcatj washed
twice with water and heated to reflux with methaf89 mL). After cooling to room temperature theidgelwere
isolated by centrifugation and dried under redupesssure to yield the title compound (224 mg, 60etdy;
mp: 282-285 °C'H NMR (500 MHz, DMSOsd): § 1.07 (t,J = 7.1 Hz, 6H), 3.24 (q] = 7.1 Hz, 4H), 7.40 (bs,
1H), 7.81 (dJ = 8.5 Hz, 2H), 7.85 (§ = 7.9 Hz, 1H), 7.99 (d] = 8.5 Hz, 2H), 8.04 (bs, 1H), 8.08 (m, 2H), 8.24
(ddd,J =7.6, 1.9, 1.0 Hz, 1H), 8.35 (1= 1.6 Hz, 1H), 8.37 (d] = 2.5 Hz, 1H), 8.78 (d] = 8.8 Hz, 1H), 12.41
(bs, 1H);*C NMR (125 MHz, DMSOde): 6 14.61, 42.46, 118.24, 121.28, 125.46, 126.60, 7E28129.61,
130.56, 130.97, 131.59, 132.94, 133.70, 134.43,8435140.79, 141.18, 141.61, 163.70, 167.92, 170.38
LC/MS: m/z = 495.97 [M + H] 536.89 [M + H + CHCN]", 991.01 [2M + H]J, tg = 11.12 min, 97.8% pure
(UV).

4-(3-(N,N-diethylsulfamoyl)benzamido)-[1,1'-biphenyl]-3,3'-dcarboxylic acid (55) A solution of methyl 5-
bromo-2-(3-(,N-diethylsulfamoyl)benzamido)benzoaté36 341 mg, 0.75 mmol), (3-carboxyphenyl)boronic
acid (187 mg, 1.13 mmol) and cesium carbonate (#832.25 mmol) in a mixture of DME/water 1/1 (15 mL
was degassed. A catalytic amount of tetrakis(tmgtEhosphine)palladium was added. The reactiork flagas
put into a pre-heated oil bath (100 °C) and he&ie®.5 h under a nitrogen atmosphere. After captim room
temperature water (15 mL) was added and the saolutims filtered over a thin layer of Celite. Theréite was
acidified with 1N HCI (aqg.). The white solid waslated by suction filtration, washed twice with emagnd
heated to reflux with methanol (30 mL). After cagi to room temperature the solids were isolated by
centrifugation and dried under reduced pressungetd the title compound (235 mg, 63% yield); m@B52-
267.3 °C;"H NMR (500 MHz, DMSOsdg): 6 = 1.07 (tJ = 7.1 Hz, 6H), 3.23 (q] = 7.1 Hz, 4H), 7.62 (1 = 7.7
Hz, 1H), 7.84 (tJ = 7.7 Hz, 1H), 7.94-7.98 (m, 2H), 8.04-8.07 (m,)28121 (t,J = 1.7 Hz, 1H), 8.23 (m, 1H),
8.32 (d,J = 2.2 Hz, 1H), 8.35 () = 1.6 Hz, 1H), 8.78 (d] = 8.8 Hz, 1H), 12.33 (s, 1H), 13.15 (bs, 1H), 24.0
(bs, 1H);**C NMR (125 MHz, DMSOdy): 6 = 14.12, 41.97, 117.69, 120.87, 124.96, 126.88,41% 128.99,
129.48, 130.04, 130.46, 130.76, 131.09, 131.59,383233.93, 135.35, 138.91, 140.23, 140.67, 163.69.13,
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169.85; LC/MS: m/z = 496.90 [M + H]537.77 [M + H + CHCN]", 992.79 [2M + H], tz = 12.02 min, 95.1%
pure (UV).

4-(3-(N,N-diethylsulfamoyl)benzamido)-[1,1'-biphenyl]-3,4'-dcarboxylic acid (56) The title compound was
synthesized from methyl 5-bromo-2-(B;N-diethylsulfamoyl)benzamido)benzoat436 341 mg, 0.75 mmol)
and (4-carboxyphenyl)boronic acid (187 mg, 1.13 mrasing the same procedure as described for congpou
55. The product was purified by heating with methafitiered and isolated as a white solid: 251 migfo6 mp:
282.4-283.3 °C'H NMR (500 MHz, DMSO#d): § = 1.07 (tJ = 7.1 Hz, 6H), 3.23 (] = 7.1 Hz, 4H), 7.83-7.87
(m, 3H), 8.03-8.09 (m, 4H), 8.23 (@= 7.9 Hz, 1H), 8.34 (d] = 1.7 Hz, 1H), 8.39 (d] = 2.2 Hz, 1H), 8.79 (d,
J=8.5Hz, 1H), 12.37 (s, 1H), 13.02 (bs, 1HE NMR (125 MHz, DMSOd,): § 14.12, 41.97, 117.64, 120.76,
124.95, 126.42, 129.23, 129.70, 130.07, 130.46,0831.32.52, 133.62, 135.30, 140.53, 140.67, 142.63.20,
167.03, 169.85; LC/MS: m/z = 537.70 [M + BH;CN], 992.84 [2M+ H), t; = 11.07 min, 96.6% pure (UV).

2-(3-Sulfamoylbenzamido)benzoic acid(57) The title compound was synthesized from methyl32-(
sulfamoylbenzamido)benzoat&7@ 220 mg, 0.66 mmol) according to General Proce@yresing THF/MeOH
2/1 (3 mL) and 1N NaOH (ag., 1 mL). After stirrifigr 2 days at room temperature 1N HCI (ag., 4 mBsw
added and stirring continued overnight. The sola$wsolated by suction filtration, washed with wated dried
under reduced pressure: 176 mg, 84% vyield; mp:284°C;'H NMR (500 MHz, DMSOd,): 6 7.24 (m, 1H),
7.36 (s, 2H), 7.69 (m, 1H), 7.82 &= 7.9 Hz, 1H), 8.07 (m, 2H), 8.16 (m, 1H), 8.44)(t 1.7 Hz, 1H), 8.67
(dd, J = 8.5, 1.0 Hz, 1H), 12.28 (s, 1HYC NMR (125 MHz, DMSQd): 6 117.01, 120.19, 123.37, 124.51,
129.06, 129.90, 129.93, 131.24, 134.31, 135.11,654044.95, 163.44, 170.02; LC/MS: m/z = 361.78+{N4

+ CH,CNJ*, 640.62 [2M + HJ, tz = 8.75 min, 95.3% pure (UV).

2-(3-(N,N-Dimethylsulfamoyl)benzamido)benzoic acid58) The title compound was synthesized from methyl
2-(3-(N,N-dimethylsulfamoyl)benzamido)benzoa&86 100 mg, 0.28 mmol) according to General Proce@iyre
using THF/MeOH 2/1 (1.5 mL) and 1N NaOH (ag., 0.B)nirhe solution was acidified with 1N HCI (aq., 1
mL). Water was added and the solution was extragiill ethyl acetate (three times). The combinecdapig
extracts were washed with 1N HCI (aqg.), dried osedium sulfate, filtered and evaporated under reduc
pressure. The residue was stirred with a small amofiwater. The solid was isolated by suctionrdiion,
washed with water and dried under reduced presddrang, 46% yield; mp: 226.6-229.5°44 NMR (500
MHz, DMSOdg): 6 2.68 (s, 6H), 7.25 (d§ = 7.6, 1.3 Hz, 1H), 7.69 (di,= 7.9, 1.6 Hz, 1H), 7.89 (§,= 8.0 Hz,
1H), 8.01 (dd, 7.9, 1.4 Hz, 1H), 8.06 (ddb= 7.9, 1.6 Hz, 1H), 8.26 (m, 2H), 8.67 (ddz 8.5, 0.9 Hz, 1H),
12.31 (bs, 1H), 13.89 (bs, 1HYC NMR (125 MHz, DMSQdy): 6 37.55, 117.08, 120.13, 123.41, 125.64,
130.42, 130.77, 131.27, 131.58, 134.31, 135.51,663940.62, 163.18, 170.06; LC/MS: m/z = 389.69{M

+ CHCNJ*, 696.57 [2M + HJ, tz = 10.35 min, 98.4% pure (UV).

2-(3-(N,N-Dipropylsulfamoyl)benzamido)benzoic acid59) The title compound was synthesized from methyl
2-(3-(N,N-dipropylsulfamoyl)benzamido)benzoat9é 217 mg, 0.52 mmol) according to General Proce@yre
using THF/MeOH 2/1 (3 mL) and 1N NaOH (ag., 1 mChe solution was acidified with 1N HCI (ag., 2 mL).
Water was added and the solid was isolated byaudilitration, washed with water and dried undedueed
pressure: 195 mg, 93% vyield; mp: 213.0-213.8#CNMR (500 MHz, DMSOds): 6 0.81 (t,J = 7.4 Hz, 6H),
1.49 (sextet) = 7.4 Hz, 4H), 3.08 () = 7.6 Hz, 4H), 7.24 () = 7.6 Hz, 1H), 7.68 (dj = 7.7, 1.4 Hz, 1H),
7.84 (1, = 7.9 Hz, 1H), 8.06 (, 2H), 8.22 (d,= 7.9 Hz, 1H), 8.33 (s, 1H), 8.67 (@~ 8.2 Hz, 1H), 12.30 (bs,
1H), 13.86 (bs, 1H)**C NMR (125 MHz, DMSQdy): 6 10.94, 21.57, 49.61, 117.06, 120.15, 123.38, 125.0
130.04, 130.40, 131.00, 131.24, 134.29, 135.40,4P4140.63, 163.18, 170.03. LC/MS: m/z = 445.78{M

+ CH,CN]", 808.72 [2M + H],tg = 13.20 min, 98.8% pure (UV).

2-(3-(Pyrrolidin-1-ylsulfonyl)benzamido)benzoic acil (60)°** The title compound was synthesized from
methyl 2-(3-(pyrrolidin-1-ylsulfonyl)benzamido)bevete 60a 82 mg, 0.21 mmol) according to General
Procedure D, using THF/MeOH 2/1 (1.5 mL) and 1N Na@g., 0.42 mL). The solution was acidified witR 1
HCI (ag., 1 mL). The solid was isolated by suctidtration, washed with water and dried under restlic
pressure: 33 mg, 42% yield; mp: 226.6-227.8#CNMR (500 MHz, DMSO#d,): 6 1.67 (m, 4H), 3.20 (m, 4H),
7.25 (m, 1H), 7.69 (m, 1H), 7.87 @,= 7.9 Hz, 1H), 8.06 (m, 1H), 8.08 (m, 1H), 8.26, (thl), 8.33 (m, 1H),
8.67 (dd,J = 8.5, 0.9 Hz, 1H), 12.3 (bs, 1HJC NMR (125 MHz, DMSQdy): 6 29.96, 53.14, 122.40, 125.36,
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128.64, 130.67, 135.67, 135.76, 136.50, 136.70,5239.40.69, 142.35 145.87, 168.46, 175.29; LC/M& =
415.67 [M + H + CHCNJ', 748.42 [2M + H], t = 10.85 min, >99% pure (UV).

2-(3-(Piperidin-1-ylsulfonyl)benzamido)benzoic acid61)**® The title compound was synthesized from methyl
2-(3-(piperidin-1-ylsulfonyl)benzamido)benzoa&l § 146 mg, 0.36 mmol) according to General Proce@yre
using THF/MeOH 2/1 (1.5 mL) and 1N NaOH (aq., OmD). The solution was acidified with 1N HCI (aq., 1
mL). The solid was isolated by suction filtratiomashed with water and dried under reduced presS0reng,
48% vyield; mp: 224.4-227.0 °CH NMR (500 MHz, DMSOd): § 1.34 (m, 2H), 1.55 (m, 4H), 2.95 (m, 4H),
7.25 (dt,J = 7.6, 1.3 Hz, 1H), 7.69 (di,= 7.9, 1.6 Hz, 1H), 7.88 (§,= 8.0 Hz, 1H), 7.99 (dd, 7.9, 1.4 Hz, 1H),
8.07 (dd,J = 7.9, 1.6 Hz, 1H), 8.26 (m, 2H), 8.67 (did 8.5, 0.9 Hz, 1H), 12.32 (bs, 1H), 13.88 (bs,;1FQ
NMR (125 MHz, DMSOsdg): 6 22.72, 24.65, 46.58, 117.10, 120.12, 123.41, 1125180.39, 130.66, 131.27,
131.47, 134.31, 135.45, 136.45, 140.61, 163.16,067Q.C/MS: m/z = 429.72 [M + H + CJ&N]", 776.56 [2M

+ H]", t = 11.72 min, 99.3% pure (UV).

2-(3-(Azepan-1-ylsulfonyl)benzamido)benzoic aci@62) The title compound was synthesized from methyl 2-
(3-(azepan-1-ylsulfonyl)benzamido)benzoa62g 230 mg, 0.55 mmol) according to General Proceddye
using THF/MeOH 2/1 (3 mL) and 1N NaOH (ag., 1 mLChe solution was acidified with 1N HCI (ag., 2 mL).
Water was added and the solid was isolated by@udiliration, washed with water and dried undedueed
pressure: 209 mg, 94% yield; mp: 210.7-211.8 *€CNMR (500 MHz, DMSOd): 6 1.50 (m, 4H), 1.64 (m,
4H), 3.26 (tJ = 5.8 Hz, 4H), 7.24 (df] = 7.6, 1.3 Hz, 1H), 7.68 (m, 1H), 7.84Jt 7.7 Hz, 1H), 8.04 (m, 1H),
8.07 (dd,J = 7.9 Hz, 1H), 1.6 Hz, 1H), 8.22 (m, 1H), 8.31Jt= 1.7 Hz, 1H), 8.66 (dd) = 8.5, 0.9 Hz,
1H),12.30 (bs, 1H), 13.87 (bs, 1HYC NMR (125 MHz, DMSOdy): ¢ 26.28, 28.52, 47.79, 117.09, 120.14,
123.38, 124.83, 129.91, 130.42, 131.07, 131.25,2834.35.44, 139.85, 140.63, 163.19, 170.04; LCM£& =
443.79 [M + H + CHCNJ", 804.62 [2M + H], tz = 12.66 min, 97.8% pure (UV).

2-(3-(Morpholinosulfonyl)benzamido)benzoic acid(63)>*° The title compound was synthesized from methyl

2-(3-(morpholinosulfonyl)benzamido)benzoa&84 146 mg, 0.36 mmol) according to General Procedre
using THF/MeOH 2/1 (3 mL) and 1N NaOH (ag., 1 mChe solution was acidified with 1N HCI (ag., 1 mL).
Water was added and the solution was extractedethityl acetate (three times). The combined orgaxiracts
were washed with 1N HCI (aqg.), dried over sodiuifiese, filtered and evaporated under reduced presdine
residue was stirred with a small amount of watére $olid was isolated by suction filtration, washéth water
and dried under reduced pressure: 85 mg, 60% yiefd;245-248 °CH NMR (500 MHz, DMSO#d,): 6 2.94
(m, 4H), 3.65 (m, 4H), 7.25 (d1,= 7.6, 1.3 Hz, 1H), 7.69 (di,= 7.9, 1.6 Hz, 1H), 7.90 (§,= 7.7 Hz, 1H), 8.00
(dd, 7.9, 1.4 Hz, 1H), 8.07 (dd= 7.9, 1.6 Hz, 1H), 8.27 (m, 2H), 8.66 (dds 8.5, 0.9 Hz, 1H), 12.34 (bs, 1H),
13.89 (bs, 1H);"®C NMR (125 MHz, DMSOdg): § 45.88, 65.23, 117.24, 120.13, 123.42, 125.92, 5130.
130.84, 131.26, 131.81, 134.25, 135.35, 135.68,5940163.15, 170.00; LC/MS: m/z = 431.70 [M + H +
CH5CNJ*, 780.44 [2M + HJ, tz = 10.23 min, >99.9% pure (UV).

2-(3-(N-Benzyl-N-ethylsulfamoyl)benzamido)benzoic acid(64) The title compound was synthesized from
methyl 2-(3-N-benzylN-ethylsulfamoyl)benzamido)benzoat®4é 118 mg, 0.26 mmol) according to General
Procedure D, using THF/MeOH 2/1 (3 mL) and 1N Na@H., 1 mL). The solution was acidified with 1N HCI
(ag., 1 mL). Water was added and the solution waieted with ethyl acetate (three times). The coeth
organic extracts were washed with 1N HCI (aq.)edirover sodium sulfate, filtered and evaporatedeund
reduced pressure. The residue was stirred with @l samount of water. The solid was isolated by isunct
filtration, washed with water and dried under resthpressure: 70 mg, 61% yield; mp: 182.0-183.9'F(\MR
(500 MHz, DMSO#€): 6 0.86 (t,J = 7.1 Hz, 3H), 3.19 (q] = 7.1 Hz, 2H), 4.40 (s, 2H), 7.25 (dt= 7.6, 1.3 Hz,
1H), 7.29 (m, 1H), 7.34 (m, 4H), 7.69 (dt= 7.9, 1.6 Hz, 1H), 7.86 (§,= 8.0 Hz, 1H), 8.06 (ddl= 7.9, 1.6 Hz,
1H), 8.13 (m, 1H), 8.25 (m, 1H), 8.38 {t= 1.7 Hz, 1H), 8.67 (dd] = 8.5, 0.9 Hz, 1H), 12.31 (bs, 1H), 13.87
(bs, 1H);*C NMR (125 MHz, DMSQdg): § 13.49, , 42.74, 50.68, 117.17, 120.19, 123.42,994127.54,
128.00, 128.43, 130.12, 130.52, 131.26, 131.31,2834135.54, 136.89, 140.52, 140.61, 163.16, 170.03
LC/MS: m/z = 438.73 [M + H], 479.66 [M + H + CHCN]’, 876.53 [2M + H]J, tg = 12.71 min, 99.7% pure
(UV).
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Biological Methods

Expression and purification of recombinant PqsD fran E. coli for STD NMR analysis. Following the
expression procedure described above, the ceditpglis resuspended in 80 mL binding buffer (20 noléliem
phosphate, pH 7.0, 50 mM NaCl, 5 mM MgC20 mM imidazole) and lysed tsonication for a total process
time of 4.0 min. Cell debris were removed by céagation (18500 rpm, 40 min, 4 °C) and the supemmiavas
filtered through a syringe filter (0.20m). The clarified supernatant was immediately aaplio a Ni-NTA
column, washed with binding buffer and eluted v&thmM sodium phosphate, pH 7.0, 50 mM NaCl and 250
mM imidazole. The protein containing fractions wdreaffer-exchanged into storage buffer (20 mM sodium
phosphate, pH 7.0, 50 mM NaCl, 5 mM MgQlising a PD10 column. Subsequently the His-tag neamved

by thrombin cleavage using 1 unit thrombin per motgin in presence of 2.5 mM Ca@br 16 h at 16 °C. The
protein was separated from any uncleaved or Hisataing protein by running the mixture through drestNi-
NTA column under the same conditions as the finset The cleaved protein was buffer-exchanged sitoage
buffer using a PD10 column and further purifiedabiLoad 16/600 Superdex 200 column and storagiebas
eluent. The protein containing fractions were pdplncentrated using a Vivaspin 20, 10K MWCO tinal
concentration of 37j@M and stored in aliquots at -80 °C.

Synthesis of ethyl3-oxodecanoat&'’ At 0 °C octanoyl chloride (24 mL, 141 mmol) wasdad slowly by
means of a syringe to a stirred solution of Meldruatid (20.0 g, 139 mmol), 4-dimethylaminopyridif#0 g,
32.7 mmol) in a mixture of pyridine (150 mL) anclklioromethane (350 mL). The cooling bath was rerdove
and the reaction was stirred for 5% h at room teatpee. Dichloromethane (50 mL) was added and dhéien
was extracted with 2N aqueous HCI (4 x 250 mL). Tnganic layer was dried over sodium sulfate and
evaporated under reduced pressure. The residudisssved in ethanol (150 mL) and refluxed overhigihe
solvent was evaporated under reduced pressurepiukict was purified by column chromatography (SiO
petroleum ether/ethyl acetate 20/1) to give tHe tibmpound as a yellow oil: 25 g, 83% yieldh NMR (500
MHz, CDCk): 6 0.84 (t,J = 7.0 Hz, 3H), 1.23-1.28 (m, 11H), 1.54 (quintkt 7.0 Hz, 2H), 2.49 (t) = 7.0 Hz,
2H), 3.39 (s, 2H), 4.16 (m, 2H).

Primer sequence of mutations

Primer
Mutant

forward 5’ 2> 3’ reverse 3’ 25’

S317F GCTGGTCCTGACCTACGGTITTGGCGCGACCTGGGGCG | CGCCCCAGGTCGCGCCAAAACCGTAGGTCAGGACCAGC

C112A | GCTGGATATCCGGGCACAGGCGAGCGGGTTGCTGTACG | CGTACAGCAACCCGCTCGCCTGTGCCCGGATATCCAGC

H257F CGACCATGTGATCTGCITTCAACCGAACCTGC GCAGGTTCGGTTGAAAGCAGATCACATGGTCG
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6.2 Supporting Information der Publikation B

Die vollstandige Supporting Information ist onlinerfiigbar unter:
http://pubs.acs.org/doi/suppl/10.1021/cb400530¢kie/cb400530d_si_001.pdf

6.2.1 Primer Sequence of Mutations

Primer

Mutant
forward 5’ 2> 3’ reverse 3’25’

S317F GCTGGTCCTGACCTACGGTTTITGGCGCGACG CGCCCCAGGTCGCGCCAAAACCGTAGGTCA

CTGGGGCG GGACCAGC

C112A GCTGGATATCCGGGCACAGGCGAGCGGGT, CGTACAGCAACCCGCTCGCCTGTGCCCGGAT
TGCTGTACC ATCCAGC

H257E CGACCATGTGATCTGCTTTCAACCGAACCT | GCAGGTTCGGTTGAAAGCAGATCACATGGT

GC CG

C112S GCTGGATATCCGGGCACAGAGCAGCGGGT| CGTACAGCAACCCGCTGCTCTGTGCCCGGAT
TGCTGTACG’ ATCCAGC

S317A GCTGGTCCTGACCTACGGTGCGGGCGCGA CGCCCCAGGTCGCGCCCGCACCGTAGGTCA
CCTGGGGCG GGACCAGC

N287A CGTCTGGGCGCGATGGCTTCGGCC GGCCGAAGCCATCGCGCCCAGACG

6.2.2 Table S1: Catalytic Activity of PgsD Wild-typeand Mutants?

wild-type S317F C112A H257F C112s S317A N287A

Formed HHQ [nM] 2154 15 1 18 171 2182 7

®Reactions were performed according to the screeamssgy procedure described in the Methods Sectiog D uM of
P. aeruginos&qsD.

6.2.3 Synthesis of Substrates Used in the Enzymatithibition Assays

Synthesis of anthraniloyl-S-CoA thioester® Anthraniloyl-CoA (ACoA) was synthesized from isatcmhydride and
coenzyme A (CoA) using a previously described metidbA was purified by HPLC (Agilent 1200 series dsting of a
quaternary pump, a fraction collector and an MWDilént Technologies) after freeze drying of the emus reaction
mixture (25 ml) and resuspending of the dried n@sith 3 ml of a mixture of 50% methanol and wateév)( A 10 pm RP
C18 150-30 column (30 x 100 mm, Agilent) was usem@lwith a mobile phase consisting of water coimgii%. TFA (A)
and acetonitrile containing 1% TFA (B) with a floate of 5 ml mif'. The following gradient was used: 0-35 min, linear
gradient 10% — 100% B/f); 35—-42 min, 100% B; 42—-43 min, 10% B\ (initial conditions). ACoA containing fractions
were pooled and freeze dried.

Synthesis ofp-ketodecanoic acid®? Ethyl 3-oxodecanoate (300 mg, 1.4 mmol) was stiwih NaOH (56 mg, 1.4 mmol) in

2 ml of water overnight. Any remaining ester wamoged by washing with BD (10 ml). The aqueous layer was cooled and
acidified with 32% HCI/v) to pH = 6. After filtration the 3-oxodecanoic davas driedn vacuoand obtained as white
solid (100 mg, 38%)'H-NMR (500 MHz, CDC}) § 0.86 (t,J = 7.0, 3H), 1.25-1.29 (m, 8H), 1.58 (m, 2H), 2(§4 = 7.5,
2H), 3.49 (s, 2H). LC/MS (ESh/z242.0, 99% (UV).

Synthesis of ethyl 3-oxodecanoaf€ To a THF solution of 2 M LDA (20 ml, 40 mmol) wadded ethyl acetoacetate (2.16
g, 16.6 mmol) at 0°C. The deep yellow clear soluti@s stirred at 0°C for 1 h. To this solution themdehexane was added
(4.20 g, 19.81 mmol) at -78°C. The temperature Wasvad to reach an ambient temperature over 14dhttaa solution was
stirred at room temperature for 2 h. To the solutias added 200 ml of 10% HCI (v/v) and the mixtwes extracted with
Et,O (4 x 250 ml). The combined organic layers weiecdover NaSQ,, filtered, and the filtrate was concentraird/acuo
The residue was purified by column chromatographlyexane/ethyl acetate, 30/1) to give ethyl 3-oxadeate as a yellow
oil (1.98 g, 55%)*H-NMR (500 MHz, CDC}) 6 0.84 (t,J = 7.0, 3H), 1.23-1.28 (m, 11H), 1.54 (m, 2H), 249 = 7.0,
2H), 3.39 (s, 2H), 4.16 (m, 2H). LC/MS (E$Myz458.0, 87% (UV).
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6.2.4 Table S2: Comparison of IG, Values Determined by Different Assay Procedures

Oy _OH Br
H
N\”/©[S/NEt2
dd

0]

1

O_OH
H
N\”/©\S/NEt2

/,
O o oo
o,

shclcans o
3 X=CHOH 6 Y=NH,
4 X=CHOMe 7 Y=NO,
5 X=S0,

Cmpd. IC s [uM]* IC 50,moa [HM] IC 50,0 [UM] ™
1 1.2+0.1 1.1+0.2 1.8+04
2 3.0x0.7 42+0.3 7615
3 3.2+0.1 246 £6.2 1.0£04
4 43+1.0 19.7 £8.9 2.6 0.5
5 14.8+2.9 >50 9.7+1.4
6 n.i. n.d. n.d.

7 7.9+£07 n.d. n.d.

an.i. no inhibition (<10% at 50 uM); n.d. not detémed.bPgsD and inhibitor were preincubated for 10 mimptd addition
of the substrateeModified procedure including additional 30 min pretbation of enzyme and ACodPreincubation time

of PgsD/inhibitors was extended to 30 min.

6.2.5 Percentages of Inhibition and Uncertainty othe Time Dependency Experiment

Table S3 HHQ formation in presence of compouriiand3 relative to untreated control.

time control [%] ?(): um|\r/|)d[0/f] uncertainty [%]
3 min 100 60.37 2.95

6 min 100 59.36 8.27

9 min 100 60.21 8.09
12 min 100 58.95 8.34
15 min 100 61.99 8.16
20 min 100 72.15 5.19
25 min 100 63.28 7.17
30 min 100 64.18 10.05
time control [%)] Cmpd. 3, uncertainty [%)]

6 UM [%]

3 min 100 71.17 4.33

6 min 100 46.38 291

9 min 100 41.85 4.49
12 min 100 36.40 4.36
15 min 100 31.98 4.58

20 min 100 25.39 241

25 min 100 27.01 3.60

30 min 100 26.07 4.82
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6.2.6 Figure S1: Dose-response Curve of PgsD Inhiioin by Compound 3
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Figure S1 Inhibition of PgsD by compounglis plotted against the concentration (log scd)@ta were generated using the
screening assay procedure forvitro PgsD inhibition as described above. Compouhd@snd5 show similar curve shapes

(data not shown).

6.2.7 Further HPLC-ESI MS Experiments
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Figure S2 (A-D) PqsD containing a Higag was incubated in absence (A) or in presence{Bpmpound3. Thereby, no
anti-oxidative reagent was present. Samples webgesied to HPLC-ESI MS analysis, whereas no relewmnounts of
oxidation products were observed. Subsequent addifian excess of maleimid resulted in a shift®82 (corresponding to
a 6-fold addition of the labeling agent regardle$sthe presence of compourdl(C: PgsD; D: PgsD pretreated with
compound 3). Maleimid labels all available cystegsidues present in PgsD, indicating that no aysteas oxidized
previously. (E-H) C112S mutant containing ag-tg was treated in absence (E) or in presencef(@mpound3 using the
same procedure as described above. Subsequenbaddian excess of maleimid resulted in a shift-485 (corresponding
to a 5-fold addition of the labeling agent regasdl®f the presence of compouBdG: PqgsD; H: PgsD pretreated with
compound3). In all spectra, signals with a shift of +178 ¥are observed. This is probably due to spontaneeNss-
Phosphogluconoylation of the Hitag inE. coli (S4).
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Figure S3 Maldi-TOF spectra of native PgsD after tryptigeition. Blue labeled fragments bear one missesadea(MC).
Fragments generated by complete digestion (MC=0¢ Vedreled in black.

Figure S4 Sequence of the PgsD. 334 of 340 amino acidsisitde in at least one peptide observed by Mal@FT when
native PgsD has been digested. Amino acids notredden the experiment are Thr4l, Gly42, Val43, #gGly156 and
Arg157. (Numbering refers to the sequence of Pgs2lun the experiment; in the X-ray structure dedas Thr37, Gly38,
Val39, Arg40, Gly152, Argl53 (A. K. Bera et &iochemistry2009,48, 8644).
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A

Figure S5 Molecular surface of the PqsD binding channel sidé chains of the uncaptured amino acids Thr444%;
Val43, Arg44, Glyl56 and Argl57. The alkyl residugsGly42, Val43 and Glyl56 are unable to form dewé bonds.
Thr4l, Arg44 and Argl57 are located at the tunmétamce, too far away from the binding site of connpd 3, which is
located deep in the active site near the cataljieative Cys116 (in the construct used for X-rayalysis denoted as

Cysl112).

Table S4 Comparison of peptide masses (calculated and \aabdry Maldi-TOF analysis) formed by tryptic digest of
untreated PgsD and PgsD treated with comp@&und

(

/

R44

43993320 | 4398.8813 | 4398.8477 | 65-105 | QAIEAAGLLPEDIDLLLVNTLSPDH
(MC=0) | HDPSQACLIQPLLGLR

3155.5353 | 3155.1638 | 3155.1670 | 187-216 | LGADGNYFDLLMTAAPGSASPTF
(MC=0) | LDENVLR

3052.5342 | 3052.1948 | 3052.1858 | 240-216 | IAGEMLVAHELTLDDIDHVICHQP
(MC=0) | NLR

2853.5203 | 2853.1819 | 2853.1846 | 158-186 | NLSILLGDGAGAVVVSAGESLED
(MC=0) | GLLDLR

2688.3272 | 2688.0015 | 2687.9995 | 289-313 | LGNMASASTPVTLAMFWPDIQPG
(MC=0) | QR

22251495 | 2224 8645 | 22248713 | 4564 | TRYHVEPEQAVSALMVPAAR
(MC=1)

1968.0007 | 1967.7450 | 1967.7517 | 47-64 | YHVEPEQAVSALMVPAAR
(MC=0)

1898.0170 | 1897.7700 | 1897.7756 | 314-331 | VLVLTYGSGATWGAALYR
(MC=0)

1795.9523 | 1795.7039 | 1795.7120 1-18 GSHMGNPILAGLGFSLPK
(MC=0)

1688.9329 | 1688.6915 | 1688.6960 | 267-281 | ILDAVQEQLGIPQHK
(MC=0)

1628.8325 | 1628.6193 | 1628.6277 | 226-239 | GRPMFEHASQTLVR
(MC=0)

1510.7505 | 1510.5491 | 1510.5503 | 114-127 | AQCSGLLYGLQMAR
(MC=0)




Supporting Informatior} 95

1438.8198 | 1438.6234 | 1438.6323 | 137-149 | HVLVVCGEVLSK
(MC=1)

1322.6586 | 1322.4747 | 1322.4774 30-40 INTSDEFIVER
(MC=0)

1282.7187 - - 137-148 | HVLVVCGEVLSK
(MC=0)

1280.6818 | 1280.4948 | 1280.5020 19-29 RQVSNHDLVGR
(MC=1)

1124.5807 | 1124.4222 | 1124.4231 60-69 QVSNHDLVGR
(MC=0)

1071.5251 | 1071.3695 - 332-340 | KPEEVNRPC
(MC=0)

995.4615 | 995.3211 | 995.3254 | 217-225 | EGGGEFLMR
(MC=0)

962.5781 | 962.4323 | 962.4278 106-113 | HIPVLDIR
(MC=0)

898.5468 | 898.4139 | 898.4203 128-136 | GQILAGLAR
(MC=0)

882.3556 | 882.2406 | 882.2174 149-155 | RMDCSDR
(MC=1)

807.4359 | 807.3143 | 807.3203 | 282-288 | FAVTVDR
(MC=0)

All fragments without missed cleavag®4$d=0) with m/z >800 are listed. Fragments withC=1 contributing to coverage of

the amino acid sequence were added.
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Figure S6.Maldi-TOF spectra of PqsD/compouBdfter tryptic digestion. Blue labeled fragmentsrbmae missed cleavage
(MC). Fragments generated by complete digestion (MGwée labeled in black. Compared to untreated PipeDonly
difference is the disappearance of the peptiteof 1071.

Figure S7.Amino acids observed after preincubation of Pgs$th eompound3. Compared to untreated PqgsD the red labeled
peptide at th€-terminus disappeared, maybe because of an oxidatithe terminal Cys340.
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6.2.9 Separation of 3 into the EnantiomersR)-3 and (S)-3 by Chiral-HPLC

The separation was performed using an Agilent 1B@Q.C system equipped with an MWD triggering an
automated fraction collector (Agilent Technologigs)time based” mode. ChemStation® software wadusr
control and report. The sample was manually ingbcge Chiralpak IE® 5um (250 / 10 mm) column (DAICEL
Corporation) was used as stationary phase. Themsodystem consisted ofhexane (A) andso-propanol (B).
HPLC-Method: Flow rate 2.4 ml mifh Isocratic run of 7% of B in Av{v).

Determination of enantiomeric excess was performegiddg a Chiralpak IE® 5pum (250 / 4.6 mm) column
(DAICEL Corporation) as stationary phase. The sa\system consisted ofheptane (A) angso-propanol (B).
HPLC-Method: Flow rate 1 ml mih Isocratic run of 7% of B in AW{v). The % ee ofR)-9 and -9 was
determined using the relative peak areas in the MvdEe.
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Figure S8 HPLC analysis of enantiomeric purity. (A) Racemitre 9, (B) S-enantiomer () 08 (>99.9% ee) and ((G3-
enantiomer (+) of9 (87.2% ee). Absolute configurations were deriveasimf measurement of the optical rotation and

comparison to literaturé®
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6.2.10 Figure S9: Binding site analysis oR)-3 and (§)-3 by SPR
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Figure S9 Binding site analysis ofR)-3 and §-3 by SPR. Addition of 250 and 125 pNR)(3 (blue) or §-3 (orange),
respectively, to native PqgsD resulted in responsees (A) and (B). When added to PgsD pretreatett Wwi€oA, no
response was observed in (C) and (D). WH®m3(was added until saturation, subsequent additiq®)e3 did not affect the
observed response (E). The results indicate tleabitiding sites of both enantiomers are blockedriiranilate.

6.2.11 Figure S10: Reversibility of PgsD Inhibitiorby the Enantiomers R)-3 and (S)-3
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Figure S1Q PgsD was preincubated with enantiom&)s3 and §)-3 and the remaining HHQ formation was quantified with
and without removal of unbound inhibitor by diafition. Centrifugal filter devices with a moleculaeight limit of 10k
were used to remove at least 95% inhibitor by thtiediltration steps as controlled by HPLC analysidile PgsD was
retained.



6.2.12 Representative ITC Curves
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Figure S11 Representative ITC titrations & enantiomer against PgsD wild-type and mutants035® of compound
against: a) PgsD wild-type (347uM), b) S317A (35)uk) N287A (347uM), d) C112A (350uM), e) C112S (3BYuf)

H257F (352uM), g) S317F (345uM). The recorded changheat is shown in units atal sec' as a function of time for
successive injections of the ligand (upper panetegrated heats (black squares) plotted agairestntblar ratio of the
binding reaction. The continuous line represenésrdsults of the non-linear least squares fittihghe data to a binding
model (lower panel).
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Figure S12 Representative ITC titrations &enantiomer against PqsD wild-type and mutants035M of compound
against: a) PgsD wild-type (347uM), b) S317A (35)ul) N287A (347uM), d) C112A (350uM), e) C112S (@54, f)
H257F (352uM), g) S317F (345uM). The recorded changheat is shown in units atal sec' as a function of time for
successive injections of the ligand (upper panetegrated heats (black squares) plotted agairestntblar ratio of the
binding reaction. The continuous line represenésrdsults of the non-linear least squares fittihghe data to a binding
model (lower panel).
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6.3  Supporting Information der Publikation C

Die vollstandige Supporting Information ist onlimerfigbar unter:
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S1: SPR SensorgramsCompounds ‘““Me-too’Approach
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S1. First row: left:Sensorgrams oAl and right: A2-A4 (light greyA2, greyA3, and black lind4). Second row:
left:Sensorgrams o&A5-A7 (A5grey, A6light grey, andA7black line) and righA8-(grey line). Last row: Sensorgrams/A9
-A12 (light greyA9, dark greAl10, blackAl11, and grey linA12).

S2: Conversion to percentage of the response of thesitive control and calculation of Rmax

Conversion of the analytes response into percermtiie response of the positive control

RAnalyte

%A= 100 X .
Rpositive control

%A: Percentage of the response of the analyte ageddo the positive control’s response
Ranaiyte Response of the analyte
Rpositive control Response of the positive control

Calculation of Rmax:

MrAnalyte
RMax= RLIgandx Wg:—md
Rmax Maximal theoretically possible response
Riigand immobilization level
M analyte Molecular weight analyte

M igand Molecular weight ligand



S3: Inhibition values of the identified hit compourds
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Cmpd. MW Structure Inhibition Response Cmpd. MW Structure Inhibition Response
CH,
B11 98.10 LAl <10% 135 B182 14321 jﬁvm <10% 16.7
3 HC™ g
N NH,
B48 130.15 ©i ) 15% 13.9 B185 133.15 (/;©/ <10% 15.2
N
SN
‘ /N\ OH
B62 144.18 - <10% 13.4 B186 166.20 S 58% 14.8
NH,
L €
BO1 116.14 s >99% 13.8 B189 108.10 h 20% 16.3
CH, N cH
o e,
CH,
N
B93 128.19 Il -, <10% 12.8 B190 126.16 m <10% 15.0
HC N
N‘\N‘ CH,
B106 112.13 HECQ\/"“ <10% 17.7 B199 158.20 © <10% 15.7
NH, NH,
= F C\N
B122 147.54 10 <10% 14.7 B276 176.26 <10% 18.9
CI \N
o
/ ] NH,
B159 152.19 29% 22.6 B282 159.19 o 85% 14.4
[e]
NH OH
B171 97.12 [{ <10% 15.1 B284 112.13 [ o <10% 14.2
° by
OH OH
N
B173 112.13 K}f <10% 16.3 B300 199.27 ~ <10% 19.2
‘CH; N Sal
oH H,C. ; ‘
B180 129.18 ” Aﬂ\f 31% 21.4 B336 110.16 o <10% 15.4
N S CH,
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S4: Inhibition values of the unspecific and non biders

Cmpd. MW Structure Inhibition Response Cmpd. MW Structure Inhibition Response
H,C.
B79 82.11 W <10% 17.5 B59 101.15 [ol NH, <10% Non Binder
N
NS G CIH
\ " IaN .

B252 170.21 Z . 99% 34.6 B88 147.61 N N, <10% Non Binder

&,

o fooe

N,

B379 86.09 (f 52% 16.2 B100 167.21 ”“MOA% 18% Non Binder

© CH,
B102 157.21 O“QioAml <10% Non Binder

S
B108 128.56 _ <10% Non Binder
Cl N
B109 128.19 LA ., <10% Non Binder
BN F

B117 112.11 | <10% Non Binder

HN" N
B133 144.56 woo )@“\ <10% Non Binder

O N Cl
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S5: Concentration dependent measurements of compodiB252 by SPR
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S6: Inhibition values of 2-aminopyrimidine derivatives excluded by virtual screening (n=103).
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S7: Structures of the identified PqsD inhibitors inthe virtual screening approach and inhibition in % tested at 50 pM.
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S8: SPR plot: response of the 103 compounds excladey virtual screening
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S10: 1G5 values of all hitcompounds identified in strategyA, B, and C

Compound [
Al 0.15+0.1 uM
A4 15.0 +3.3 uM
A5 15.7+ 2.3 uM
A8 8.6+ 0.8uM
All 4.4 +0.6uM
B91 4.7 +1.3uM
B186 47.0 £14.1 uM
B282 31.8+3.3uM
c2 42.1+ 8.7 uM
c9 33.2+ 1.4 uM
C25 2.6£0.3 uM
C36 31.8+5.7 uM
ca1 6.8+ 0.1 uM
C49 15.5+2.3 uM
C54 4.3+0.1 M
C66 11.6 +1.6 uyM
c67 29.9 £5.3uM
C69 5.0 M
C79 40.9 0.6 uM
c81 34.8+3.9 M
C86 446 +11.1 pM
C90 443 +5.1uM
C96 30%*
C103 5.0 £ 0.9uM
C104 28.3+1.8uM
c111 8.7+ 3.4 uM
C139 17.9+ 2.4 uM
C142 22.4+ 2.0 uyM
C143 41.1+9.4 uM
C151 6.5+0.3 uM
C156 25.3+ 3.9 uM
C169 63%*
C170 21.2+53uM
C174 53.2 + 4.6uM
C244 18.5+8.2 uM
C330 30.0 pM
C347 33.3+£9.1uM
C542 18.4 +1.3uM




S11: SPR sensorgrams: Binding to PqsD wildtype arfélgsD mutants
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Compound order is as followed from up to dowd; Al11, B91, C25, andC54.

S12: LC-MS spectra of a freshly prepared DMSO stoclsolution of A1 (1uM) after 60 min (top) and after

24 hour (bottom)
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S13. Chemistry
a) General directions

Chemical names follow IUPAC nomenclature. Startingterials were purchased from Sigma-Aldrich, Acros,
Maybridge, Combi Blocks, Fluka, ABCR, Alfa Aesampdllo and were used without purification.

Column chromatography (CC) was performed on siiela(63-200 um) and reaction progress was monitored by
TLC on Alugram SIL G U\s, (Macherey-Nagel).

'H NMR and**C NMR spectra were recorded on a Bruker AM500 spewter (500 MHz and 125 MHz) at 300
K in CDsOD, CDCE or DMSO4s. Chemicals shifts are reporteddwvalues (ppm), the hydrogenated residues of
deuterated solvents were used as internal starf@&DD: & = 3.31 ppm intH NMR andd = 49.2 ppm in*C
NMR, CDCkL: & = 7.27 ppm intH NMR andd = 77.0 ppm in°C NMR, DMSO-¢: & = 2.50 ppm intH NMR
andd = 39.5 ppm in*C NMR). Signals are described as s, br. s, d, tddd, dt and m for singlet, broad singlet,
doublet, triplet, doublet of doublet, doublet ofuthet of doublet, doublet of triplet and multipleg¢spectively.
Coupling constants]) are given in Hertz (Hz).

The reported yields are the isolated yields offjdimaterial and are not optimized.
Purity of compoundal1 to A12 was determined using LC/MS as follows:

The SpectraSystems®-LC-system consisted of a pamgutosampler, and a UV detector. Mass spectrgmetr
was performed on a MSQ® electro spray mass speetayniThermo Fisher, Dreieich, Germany). The system
was operated by the standard software Xcalibur®RA ®RL8 NUCLEODUR® 100-5 (125 x 3 mm) column
(Macherey-Nagel GmbH, Duehren, Germany) was usatbéisnary phase. All solvents were HPLC grade.

Solvent system:

In a gradient run the percentage of acetonitrii@ining 0,1 % triflouro-acetic acid) in 0,1 %flsuro-acetic
acid was increased from an initial concentratiod &6 at 0 min to 100 % at 15 min and kept at 10@f% min.

The injection volume was 10 pL and flow rate waistee800 pL/min. MS analysis was carried out apeag
voltage of 3800 V, a capillary temperature of 3% &nd a source CID of 10 V. Spectra were acquired i
positive or negative mode from 100 to 1000 m/z an@&54 nm for the UV trace.
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b) Synthesis schemes

Scheme S1Synthetic route to compound &Y

0 OH
TL e
° o+ I L0
0%Na® S5
o] O O OH
AM

Reagents and conditions: (a) TFA, £Hp, HO, rt.

Scheme S2Synthetic route to compounds AR45?

cl cl cl
Br Br
o o
o)
a b V c V
Cl e SCNH, — SONH  — S NH
0 | hf% 2 | N/V \h%
cl 0 0 HO
o) o) o)
A2 A3 A4

Reagents and conditions: (a) 1.) 3-chlorobenzaldehfQtBu, THF, 60 °C, 2.)thiourea, acetone, reflux; (b) 2-
bromoacetyl chloride, TEA, Ci&l,, 0 °C - 1t; (¢c) 1 N NaOH, H,0, 60 °C.

Scheme S3Synthetic route to compounds A&7

cl cl
0 0 o) 0
; - T ; - T
cl N o/ cl N OH
— cl

b Cl

E——

HO 0
A . A6 o A7 o
T~
H
cl
o 0
; - T
cl N o
H
ASb
CJ
cl cl
0 0 o 0
T T
cl N oo/ c N OH

—_

L

0 0]

Cl Cl
A5 A5
2 kO QO

Reagents and conditions: (a) 2, 6-dichlorobenzigrate, CsCO;, DMF, rt; (b) 1 N NaOH, H,0, THF, MeOH,
reflux; (¢) chloropiperonyl chloride, NaH, DMEF, rt; (d) 3 N KOH, H,O, THF, EtOH, reflux.
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Scheme S4Synthetic route to compound &8

(@)
Br S
N\
Br
O HO
a b c O
- > O - > - >
i e (]
o9 0”0
A8b A8a A8

Reagents and conditions: (a) Pd(pRholylboronic acid, NgCOs;, MeOH, toluene, reflux; (b) NBS, benzoyl
peroxide, CCl, reflux; (¢) 4-hydroxy-3,5-dimethyl-bi-thiophen-2-one, LHMDS, THF, -78 °C.

Scheme S5Synthetic route to compounds A81259

_0._0 _0_0 N HO.__O N

a H || SR b H || SR
1|\NHZ 1|\N - 1|\N —
R R ) o R o}

= =
A09a R'=4,5-diOMe; R?=4-Ph A09 R'=4,5-diOMe; R?=4-Ph
A10a R'=F; R2=3-OPh A10 R'=F; R2=3-OPh
A11a R'=Br; R2=3-OPh A11 R'=Br; R?=3-OPh
A12a R'=4,5-diOMe; R%=3-OPh A12 R'=4,5-diOMe; R2=3-OPh

Reagents and conditions: (a) [1,1'-biphenyl]-4-cagbahloride or 3-phenoxybenzoyl chloride, TEA, &Hb, rt; (b) 5 M
NaOH, THF, MeOH, HO, rt.

c¢) used methods of synthesis and spectroscopic data

OH
O O OH

2-tosylnaphthalene-1,4-diol (Al)was prepared using the procedure describedltgmadsheh et &%

'H NMR (500 MHz, CQOD) & = 8.26 (ddd,) = 8.2, 6.9, 1.6 Hz, 1H), 8.13 (dd#i= 8.2, 1.3, 0.6 Hz, 1H), 7.84
(d,J=8.2 Hz, 2H), 7.59 (ddd,= 8.2, 6.9, 1.3 Hz, 1H), 7.53 (dd#l= 8.2, 6.9, 1.6 Hz, 1H), 7.33 (d~ 8.2 Hz,
2H), 6.90 (s, 1H), 2.34 (s, 3H) ppm.

3C NMR (125 MHz, CROD) & = 148.2, 146.3, 140.6, 131.1, 130.6, 129.9, 12B28,1, 127.5, 124.5, 123.6,
117.8, 103.9, 21.6 ppm.

LC/MS: m/z = 393 [M + H + CH;SOCHj]; tg = 12.19 min; 99 % pure (UV).
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methyl 2-amino-5-(3-chlorophenyl)thiazole-4-carboxiate (A2) was prepared using the procedure described
by Al-Balas et alwith slight modification$>?.

3-Chlorobenzaldehyde (1 equiv) was added to airgfirsolution of methyl 2,2-dichloroacetate (1 equiv
dissolved in anhydrous THF at O °C before dropwiddition of KQBu (1 equiv; dissolved THF). The mixture
was allowed to reach room temperature over a pearidb h. HO was added followed by an extraction with
EtOAc. The combined organic layers were washed wiB and dried over N&O,. The solvent was removed
under reduced pressure and thiourea (1 equiv; ldesson acetone) was added to the remaining séifter
stirring the mixture at 60 °C for 14 h the formag@gpitate was filtered off and washed with acettmerovide
the title compound; yield: 86 %.

'H NMR (500 MHz, DMSO#dy) & = 9.17 (br. s., 1 H), 7.67.54 (m, 1 H), 7.497.41 (m, 3 H), 3.67 (s, 3 H)

%C NMR (125 MHz, DMSOdg) & =166.7, 160.1, 132.8, 131.7, 130.7, 130.4, 13029,3, 128.8, 128.4, 52.1
ppm.

LC/MS: m/z = 269 [M + H]; tg = 8.59 min; 95 % pure (UV).

Cl
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methyl 2-(2-bromoacetamido)-5-(3-chlorophenyl)thiaale-4-carboxylate (A3) was prepared using the
procedure described By-Balas et alwith slight modification$®?.

Methyl 2-amino-5-(3-chlorophenyl)thiazole-4-carbtatg (1 equiv) was added to a stirring solution of
anhydrous ChLCI, and TEA (2 equiv) at 0 °C before dropwise additafri2-bromoacetyl chloride (1.2 equiv;
dissolved in CHCI,). The mixture was allowed to reach room tempeeatwer a period of 16 h.,@ was added
followed by an extraction with EtOAc. The combineryanic layers were washed with® and dried over
NaSQ,. The solvent was removed under reduced pressar¢harproduct was purified by CC (PE/EtOAc 7:3)
and by washing with small portions of acetone;d;igR2 %.

H NMR (500 MHz, DMSO#€) & = 13.04 (s, 1 H), 7.677.60 (m, 1 H), 7.547.43 (m, 3 H), 4.42 (s, 2 H), 3.70
(s, 3 H) ppm.

3C NMR (125 MHz, DMSOd,) & = 165.8, 161.8, 155.3, 137.2, 135.2, 132.8, 13180,1, 129.5, 128.7, 128.6,
51.8,42.1 ppm.

LC/MS: m/z = 329 and 331 and 333 [MCOOCH]; tz = 11.40 min; >99 % pure (UV).
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2-(2-bromoacetamido)-5-(3-chlorophenyl)thiazole-4-arboxylic acid (A4) was prepared using the procedure
described byl-Balas et al 2.

'H NMR (500 MHz, DMSOgg) & = 12.96 (br. s., 2 H), 7.69.58 (m, 1 H), 7.537.43 (m, 3 H), 4.41 (s, 2 H)

¥C NMR (125 MHz, DMSOdg) 5 = 165.7, 162.9, 155.1, 136.7, 136.0, 132.8, 13188,1, 129.5, 128.5, 128.5,
42.1 ppm.

LC/MS: m/z = 329 and 331 and 333 TMCOOH]; & = 10.02 min; 97 % pure (UV).
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1-((6-chlorobenzofl][1,3]dioxol-5-yl)methyl)-5-((2,6-dichlorobenzyl)ox)-1H-indole-2-carboxylic acid (A5)
was prepared using the procedure describebaiyes et al®® with several modificationS>.

In a first step, ethyl 5-((2,6-dichlorobenzyl)oxdft-indole-2-carboxylateA4b; synthesized as described above
in “A2") (1 equiv) was added to a solution of NaHg equiv; rinsed with hexane) in DMF. After stirgi the
mixture for 1 h at room temperature, chloropipetarijoride (1 equiv, solved in a small amount of BMvas
added and the stirring was continued for furthdr. Ihe reaction mixture was poured intgCHand extracted
with EtOAc. The combined organic layers were washél H,O and dried over N&Q,. The producAda was
purified by CC (PE/EtOAc 95:5).

In a second step, ethyl 1-((6-chloroberdtfd],3]dioxol-5-yl)methyl)-5-((2,6-dichlorobenzyl)gy-1H-indole-2-
carboxylate Ada) (1 equiv) in THF/EtOH was treated with 3 M KOHO(&quiv) and refluxed for 1.5 h.
Subsequently the reaction mixture was acidifiechwivnc. HCI and extracted with EtOAc. For purifioatthe
compound was recrystallized from acetone; yiel#h.7

'H NMR (500 MHz, DMSOde) & = 12.98 (br. s, 1H), 7.56 (d,= 8.2 Hz, 2H), 7.46 () = 8.2 Hz, 1H), 7.42 (d,
J=2.1Hz, 1H), 7.32 (d] = 9.1 Hz, 1H), 7.13 (s, 1H), 7.30 (s, 1H), 7.0d,@= 9.1, 2.1 Hz, 1H), 5.96 (s, 2H),
5.79 (s, 2H), 5.56 (s, 1H), 5.25 (s, 2H) ppm.

¥C NMR (125 MHz, DMSQdg) & =162.6, 153.6, 147.0, 146.9, 136.1, 134.54, 13134,5, 129.2, 128.73,
128.66, 125.9, 122.4, 116.8, 111.9, 110.2, 1093,7], 104.3, 102.0, 65.4, 45.1 ppm.

LC/MS: tz = 15.12 min; >99 % pure (UV).
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ethyl 1-(2,6-dichlorobenzyl)-5-((2,6-dichlorobenzybxy)-1H-indole-2-carboxylate (A6). A solution of 5-
hydroxy-1H-indole-2-carboxylic acid ethyl ester (1 equiv)dny DMF was treated with G8O; (1.5 equiv)
followed by 2,6-dichlorobenzyl chloride (1.1 equiThe reaction mixture was stirred at room tempeeator 14

h. The reaction was diluted with EtOAc, washed witl© and the organic phase was dried ovesS@a The
solvent was evaporated and the resulting solidgjsting ofA2 andA4b) was separated by CC (PE/EtOAc 98:2
- 95:5); yield A2): 48 %.

'H NMR (500 MHz, CDCJ) & = 7.36 (dJ = 8.2 Hz, 2H), 7.31~7.29 (m, 3H), 7.24 {c5 2.2 Hz, 1H), 7.23 (dd,
J=8.5, 7.6 Hz, 1H), 7.16 (dd,= 8.5, 7.6 Hz, 1H), 7.02 (d,= 9.1 Hz, 1H), 6.91 (ddl = 9.1, 2.5 Hz, 1H), 6.30
(s, 2H), 5.26 (s, 2H), 4.41 (4= 7.3 Hz, 2H), 1.43 (1] = 7.3 Hz, 3H) ppm.

%C NMR (125 MHz, CDGCJ) & =162.5, 153.7, 137.1, 136.1, 134.9, 132.5, 13230,3, 129.8, 129.3, 129.0,
128.4,126.5, 116.9, 112.1, 110.2, 104.8, 65.%,681.5, 14.4 ppm.

LC/MS: m/z = 522 and 524 and 526 [M +]Htz = 17.65 min; >99 % pure (UV).
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1-(2,6-dichlorobenzyl)-5-((2,6-dichlorobenzyl)oxy)tH-indole-2-carboxylic acid (A7).A solution of ethyl 1-
(2,6-dichlorobenzyl)-5-((2,6-dichlorobenzyl)oxyHiindole-2-carboxylate A2) (1 equiv) in THF/MeOH was
treated with 1IN NaOH (60 equiv) and refluxed foh.1Subsequent acidification of the reaction mixtwith
conc. HCI led to precipitation of the crude prodwehich was filtered off and washed with water. iffcation
by CC (EtOAc 100%) provided the pure compound;dyi€B %.

'H NMR (500 MHz, DMSO€g) & = 13.00 (br. s., 1 H), 7.57.52 (m, 2 H), 7.497.43 (m, 3 H), 7.377.32 (m, 2
H), 7.21 (dJ = 0.6 Hz, 1 H), 7.00 (d] = 9.1 Hz, 1 H), 6.89 (ddl= 9.1, 2.5 Hz, 1 H), 6.21 (s, 2 H), 5.19 (s, 2 H)
ppm.

%C NMR (125 MHz, DMSOd,) & = 163.2, 153.2, 136.1, 135.0, 134.2, 132.1, 13139,4, 130.3, 130.2, 129.3,
128.7,126.1, 116.0, 111.6, 109.6, 104.3, 65.3) ppm.

LC/MS: m/z = 494 and 496 and 498 [M +]Htr = 15.14 min; >99 % pure (UV).
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methyl 4'-((3-hydroxy-2,4-dimethyl-5-ox0-2,5-dihydiothiophen-2-yl)methyl)-[1,1'-biphenyl]-4-carboxylate
(A8).

The precursor compounds8b andA8a were prepared as described befGfe The conversion oA8a to A8
was performed using the procedure describe8dmwjor et al’®),

'H NMR (500 MHz, CROD) 6 =8.05 (d,J = 8.5 Hz, 2H), 7.69 (d) = 8.5 Hz, 2H), 7.55 (d) = 8.2 Hz, 2H),
7.33 (d,J=8.2 Hz, 2H), 3.91 (s, 3H), 3.24 (@= 13.6 Hz, 1H), 3.16 (d] = 13.6 Hz, 1H), 1.70 (s, 3H), 1.58 (s,
3H) ppm.

3C NMR (125 MHz, CRQOD) & = 197.2, 181.6, 168.5, 146.8, 139.7, 138.0, 13133,1, 130.0, 127.9, 127.5,
111.5, 59.2, 52.6, 45.0, 26.3, 7.4 ppm.

LC/MS: m/z = 410 [M + H + CH,CN], 737 [2M + H]; tg = 12.06 min; >99 % pure (UV).

2-([1,1'-biphenyl]-4-ylcarboxamido)-4,5-dimethoxyb@zoic acid (A9) was prepared using the procedure
described byinsberger et af*®).

'"H NMR (500 MHz, DMSOdg) & = 14.78 (br. s, 1 H), 8.54 (s, 1 H), 8-B408 (m, 2 H), 7.787.73 (m, 2 H),
7.72-7.61 (m, 3 H), 7.567.33 (m, 3 H), 3.81 (s, 3 H), 3.74 (s, 3 H) ppm.

%C NMR (125 MHz, DMSOdg) & = 163.4, 150.5, 143.2, 142.9, 139.0, 135.7, 13&9,0, 128.1, 127.8, 126.8,
126.8, 117.6, 117.4, 114.3, 102.6, 55.5, 55.4 ppm.

LC/MS: m/z = 378 [M + H]; tg = 12.37 min; 96 % pure (UV).

HO.___O

ZT

5-fluoro-2-(3-phenoxybenzamido)benzoic acid (AlOwas prepared using the procedure described by
Hinsberger et al®®,
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'H NMR (500 MHz, DMSOds) & = 12.02 (br. s, 1 H), 8.62 (dd= 9.4, 5.2 Hz, 1 H), 7.74 (dd,= 9.4, 3.2 Hz, 1
H), 7.727.68 (m, 1 H), 7.59 (dd] = 7.9, 7.9 Hz, 1 H), 7.56.50 (m, 2 H), 7.497.39 (m, 2 H), 7.27 (ddd], =
7.9, 2.6, 0.9 Hz, 1 H), 7.23.16 (m, 1 H), 7.147.04 (m, 2 H) ppm.

3C NMR (125 MHz, DMSOdk) & = 168.7 (dJcr = 1.8 Hz), 163.8, 157.3, 157.0 (@ = 242.0 Hz), 156.0,
137.2 (dJer = 1.8 Hz), 136.3, 130.8, 130.2, 124.1, 122.3)g,= 7.3 Hz), 122.0, 121.6, 120.9 (@ = 22.0
Hz), 119.4 (dJer = 7.3 Hz),119.1, 117.0 (der = 22.0 Hz), 116.9 ppm.

LC/MS: m/z =351 [M + H], 392 [M + H CHsCN]J; tg = 12.87 min; 96 % pure (UV).

HO.___O

ZT

Br

5-bromo-2-(3-phenoxybenzamido)benzoic acid (Allwas prepared using the procedure described by
Hinsberger et al®®®),

'H NMR (500 MHz, DMSO#dg) & = 12.05 (br. s, 1 H), 8.59 (d,= 9.1 Hz, 1 H), 8.10 (d] = 2.5 Hz, 1 H), 7.83
(dd,J = 9.1, 2.5 Hz, 1 H), 7.72.67 (m, 1 H), 7.637.57 (m, 1 H), 7.537.50 (m, 1 H), 7.477.40 (m, 2 H),
7.30-7.26 (m, 1 H), 7.247.17 (m, 1 H), 7.147.06 (m, 2 H) ppm.

%C NMR (125 MHz, DMSOd,) & = 168.6, 163.9, 157.3, 156.0, 140.0, 136.7, 1383,2, 130.8, 130.2, 130.1,
124.1,122.2,122.1,121.6, 119.0, 116.9, 114.5.ppm

LC/MS: m/z = 409 and 411 [M - tg = 13.90 min; 95 % pure (UV).

HO___O

ZT

4,5-dimethoxy-2-(3-phenoxybenzamido)benzoic acid (&) was prepared using the procedure described by
Hinsberger et al®®®),

'H NMR (500 MHz, DMSO#d) = 12.29 (br. s, 1 H), 8.45 (s, 1 H), 7=7066 (m, 1 H), 7.59 (dd] = 7.9, 7.9
Hz, 1 H), 7.527.49 (m, 1 H), 7.497.41 (m, 3 H), 7.27 (ddd,= 8.2, 2.5, 0.9 Hz, 1 H), 7.21 (&= 7.5, 1.0 Hz,
1H), 7.147.06 (m, 2 H), 3.84 (s, 3 H), 3.78 (s, 3 H) ppm.

%C NMR (125 MHz, DMSOd,) & = 169.8, 163.6, 157.4, 155.9, 153.3, 143.8, 13638,5, 130.8, 130.3, 124.1,
121.9,121.3, 119.2, 116.7, 112.8, 107.8, 103.5,55.6 ppm.

LC/MS: m/z =394 [M + H], 435 [M + H CHsCN]; tg = 12.32 min; 97 % pure (UV).
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S14. Defined features used in the pharmacophore med

Feature Type

F1 Hyd|Aro

F3 Don

F5 Acc&Don

F7 Aro|Hyd

F13 Acc|Acc2&CN2
F14 Don

F15 Hyd|pi

F19 Acc|Ani&Acc
F20 Acc|Ani&Acc
F21 Don&Acc

F23 Acc|Don|pi|Aro
Projections (potential interaction partners on protin side)
F2, F4 PiN

F8 Don2 /Acc2/PiN
F9 Acc2&Don2
F10 Acc2

F11 Acc2

F12 Acc2&Don2
F16 Don2

F17 PiN&(Don2|Acc2)
F18 PiN

F22 PiN

F24 Acc2

F25 PiN

Primary features (from ligands): Acc — H-bond at¢ogpDon — H-bond donor, Hyd — hydrophobic centrdido — aromatic
center, Ani — anionic atom, pi — planar atom, CN2GN+ center;

Projections: Acc2 —H-bond acceptor projection, Dekl2bond donor projection, PiN — aromatic or porirenter;
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ich dir dafiir, dass du stets ein offenes Ohr hiatied fur die vielen anstrengenden Laufeinheiten.

Ein besonderer Dank gilt Michael Storz, der mirhminur ein fundiertes FuRBballwissen vermittelt
hat, ohne ihn wiisste ich immer noch nicht was ,daleche 9“ ist®, sondern der mir auch die

Vorzige der Schwabischen Kuche naher gebrachshat Maultaschenkreuzzug hat auch vor mir
nicht Halt gemacht). Ich danke dir dafir, dass Vegifige Birozeiten quasi nie vorhanden waren
und ,uns” (bzw. dir ;-)) auch nach drei Jahren k&imema zu doof war, um nicht driiber zu
diskutieren. Dariiber hinaus danke ich dir fir demgagiertes Korrektur lesen, die Beantwortung

meiner Fragen, deine Hilfsbereitschaft sowie ingbdsre deiner Freundschatt.

Zu guter Letzt mochte ich noch bei meiner Famihd bei meinen Freunden fir ihre unermudliche
Unterstltzung und ihren Stolz auf das was ich lteeanken. lIhr wart mir ein grof3er Rickhalt auf

den stets Verlass war.



