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ABSTRACT

RNase P is a bacterial ribozymieat catalyzes the maturation of tRNA and is
conserved across Grapositive bacteria, including methicilliresistantStaphylococcus
aureus(MRSA). RNase P consists of a RNA component and a protein component, RnpA.

In Grampositive bacteria, RnpA itself psssses ribonuclease activitfhe Dunman
group demonstrated that inhibition of RnpA activity alone or as part of the RNase P
complex was sufficient to inhibit RNA degradation and exert antimicrobial activity in
MRSA. Because of its low amino acid homolagymammalian homologs, RnpA may
represent a novel, selective antimicrobial target for MRSA.

A high throughput screen by the Dunman group identified a number of
compounds which inhibit RnpA activity, including RNPA1000. However, RNPA1000
demonstrated cytokic effects at higher concentrations and required a high dose to
achieve efficacy in a murine model of MRSA infection. We therefore selected another
Ahito from the screen (RNPA2000), which <co
furan moieties, as #hstarting point for hit to lead activities.

We sought to replace these groups, as well as the isopropylphenoxy group, to
provide enhanced inhibitory potency against RNase P and RnpA, as well as lowered MIC
values against MRSA1000. We designed and syizb@snalogs posessing bioisosteres
for these moieties and evaluated their effects in an RNase P assay as well as a RNA
degradation assay. Compounds with acceptable results in both assays were tested for their

antimicrobial effects in MRSA cultures. As @sult of this work, several compounds with



improved potency for RnpA inhibition were identified, although improved MIC was not
seen. Two compounds demonstrated synergy with mupirocin, an isetBNAl
synthase inhibitor, which may represent a potentigl tearesensitize resistant bacteria

to mupirocin.
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CHAPTER 1
BACKGROUND AND INTRODUCTION
1.1 Staphylococcus aureus

Staphylococcus aureusfections are often associated with high rates of morbidity and
mortality! In 2005,S. aureusaused more deaths in the U.S. than HIV and ADS.
aureushas develogd resistance to all standasticare antibiotics, including

vancomycin, linezolid, methicillin, daptomycin and tigecycfirieSince their discovery

in 1961, methicillinresistant strains &. aureu§MRSA) have become a significant

issue to the healthoafield®® The incidence of MRSA has decreased since 2005 due to
increased awareness and careful aseptic praéfieesyvever, there has been an increase
in hyperresistant strains that respond poorly to both noélini and vancomycin, which
areoften wsed to treat MRSA. Therefore, there is an unmet need for new classes of

antibiotics that act through different pathways than antibiotics currently on the market.

1.1.1 RNA Rocessing inS. aureusi RNase P and RnpA

In S. aureusthe production of viruleze factors helps the bacteria to colonize host
tissue, evade immune responses, and respond to environmental chafiginges.
expression of these virulence factors is controlled by growth plegséated mRNA
turnover. This turnover may be catalyzed byriieRNA degradation proteins; thus
targeting MRNA degradation may represent a good antimicrobial tArg&NA

degradation in Gramegative bacterihasbeen well studied. I&. coli, degradation is
1



catalyzed by an RNA degradosome complex, which condi&blase E, polynucleotide
phosphorylase (PNPase), enolase (Eno) and RNase helicase B{RABRNase E is
an essential enzyme which catalyzes thelmatéing endoribonucleolytic event and is a
scaffold for assembling the other subunits of the dixgame'®!’ ¥ RNase E also
catalyzes the maturation of other RNA species, including tRNAs and riNARBNase
E is therefore a promising antimicrobial target in Graegative bacteria. However,

Grampositive bacteria do not have an RNAse E orthéog.

The Dunman group recently discovered thaaureusnRNA degradation is
likely catalyzed by an RNA degradosoitiiee complex, similar to that ddacillus
subtilis, which consists of enolase, RNA helicase, RNase J1, RNase J2, RNase Y,
PNPase, phosphofruitinase (Pfk) and Rnp&:?’ This complex is a good potential
antimicrobial target for several reasons. Firstly, at least five of the subunits, RnpA,
RNase J1, Rhse J2, enolase andckPare thought to be required for viabilf/Secondly,
the subunits ahmechanisms differ fundamentally from those of eukaryotic cells, which
could help in the development of therapeutic agents that selectively target Fdcteria.
Finally, these inhibitors would be firgt-class agents that would differ from current
antibioic classes and therefore would be less likely to be susceptible to the current

antibiotic resistance mechanisms employed by bacteria.

In addition to participating in the RNA degradosome complex, RnpA is involved
in tRNA maturation irS. aureus?® In GramnegativeE. coliand GrarpositiveB.

subtilisandS. aureusRnpA interacts witlinpB, a 350400 nucleotide RNA ribozyme, to

form RNase P (Figure 1), a ribonucleoprote

2



leader sequences from precursor tRNAs thholydrolysis of the phosphodiester bond,
leading to mature tRNA moleculé$® The enzyme complex is ubiquitous and contains
divalent metal ions such as magnesium and mang&hBdase P recognizes the tertiary
structure of t RICAsquensé®RmpA absista \gith thehbanding o6f
precursor tRNA tanpB, possibly through the differentiation of precursor tRNA from
mature tRNA2” RnpA is not essential under high salt conditions, so it is hypothesized
that it may block unfavorable electrostahteractions betweempB and the precursor
tRNA.3¢In eukaryotes the RNase P complex consists of 10 proteins and in arcbaea, 4
proteins3! In additionto its role in the maturation of tRNAn E. coliandB. subtilis

RNase P digests double strandédRemplates including guidBNA and 4.5s RNA,

and RnpA is required for this cleavatjié®*°Therefore, RnpA is a desirable
antimicrobial target as inhibitors may interfere with both RNA degradation and tRNA
processingThis dual role of RnpA inhibitorsiay mearthat bacterial resistanceay
develop slowly, as RnpA mutations may inactivate one holoenzyme (e.g., the RNA

degradosome) but be tolerated by the other holoenggmeRNase P).

Figure 1. Crystal Structure (left) and ddiel (right) of RNase PCrystal structure of
RNase P holoenzyme in complex with tRNA; RnpA is shown in purPigb Structure
(3Q1R)¥* Model of RNase P consisting nfpB (gold) and RnpA (teal) in complex with
tRNA (magentaf*


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNzR7KGk0cgCFQQ-PgodlLkMSw&url=http://www.rcsb.org/pdb/explore.do?structureId%3D3q1q&psig=AFQjCNHxikNIX7liK0TQojZOAB2cTU95NQ&ust=1445438519069768

RnpA contains 117 amino aciggmssessesnargininerich region for binding of
doublestranded RNA and has a ribonucleoprotein k e f ol d c-bnsi sting o

sandwich (Figure 2). Both RnpA anapB are essential i6. aureus®

Figure 2. Structure of RnpA (Pdb structure (1D6%))

1.2Known Inhibitors of RNase P

Direct inhibitors of RnpA have not been reported in the literature; however,
inhibitors of RNase P exist (FiguB}. There are many different strateg to inhibit
RNase P (Figure)4such as blocking binding of RnpA topB (i.e. with
peptidomimetics), blocking catalysis through the displacement f Mgs, inhibiting

bindingof the precursor tRNA substrate affecting the stability or folding ahpB.*3 44

One drategythat has receivechuchattentionis the blocking oimetal ionbinding
through molecules that bind to RNA. Aminoglycosides such as neomy&igére 3)
kanamycin A and kanamycin @Btructures not showimhibit RNase P activity by

displacing magnesium ions in the active site=(85-275 uM)*° Aminoglycoside
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arginineconjugates (Figure 3yere designetb block RNase P assembly, as RNA
binding proteins contain arginifrech sequences. Howeveather tharblock RNase
assemblythese compounds still inhibited RNase P activity through displacement of

magnesiumions (Igd 0. 54 OM) .

Message Pharmaceuticals developed a series of benzamide inhibitors which
contain guanylhydrazine moieties similar to the arggrmoieties of the aminoglycoside
arginine conjugates, indicating that the mode of inhibition may be similar. These
inhibitors, including MES 1060@-igure3), possessed potencies in the micromolar to
millimolar range*® However, compoundsat block metkion bindingare not very
selective, although some selectivity for bacterial RNase P enzymes over eukaryotic

RNase P enzymes has emergelhier generations of compountfs

Compounds that inhibit RNase P by blocking the binding of tRNA to RNase P

havebeen developed either through binding to the tRNA itself or through competing with
6



tRNA for its binding site on RNase P. The former includes a series of benzimidazole
compoundgFigure3) which displayed 16 values between 5.20.8 uM#’ Porphines,
suchas TAMPyP, and porphyrins, such as Protoporphyri(Figure3), are thought to
bind to tRNA, although the exact thed of inhibition is unknown sinagdey form 1:1

complexes withrnpB. These compoundshibit RNase Ractivity with Ki values of 0.8

4.1 V.48

Peptidyltransferse inhibitor puromycin (Figurg) mi mi etesminallCEA 3 6
sequence of tRNA and thus is a competitive inhibitor of tRNA precursor cleavage by
RNase P. Structurally similar compounds amicetin and blastici¢fig8re3) also
inhibit RNase P, although through a noncompetitive mechaftfistowever, all of these
inhibitors that blockhe binding of tRNA to RNise P show no selectivityr bacterial

over eukaryotic RNase P.

Retinoids, including acitretifFigure3) and retinol, inhibiRNase P
competitively in humans arfd. discoideun{Ki= 81475 pM)although the mechanism of

inhibition is unknowrp®

1.3High-Throughput Screen for RnpA Inhibitors

Since there was no structural precedence for RnpA inhibitors, the Dunman group
performeda high-throughput screen on a library of over 29,000 small mole¢Elgare

5) derived from the AtProb-25K and Natural Productdllections (TimTec Inc, Newark,



DE).12 They identified five confirmed molecules that inhibited Rrpgsociated RNA

degrading actity, including RNPA1000, RNPA2000 and RNPA3000 (Figbye

S NWAEOD D O
Coocooooo06 oo
. . .

% Substrate Remaining
o 4
(4]

10 15 20 25
Time (min)

Figure 5. High-ThroughputScreening Results for RnpA Inhibitors. The dark blue arrow
is substrate alone (negative control), the gray arrow is enzyme (positive control); the light
bluearronsae compounds that inhi?ited RnpA act.i

1.3.1. RNPA1000

RNPA1000 showed moderate antimicrobial actiuityitro against the
predominant MEBA lines in the U.S. (MIC = 26g/imL) and demonstrated selectivity for
RnpA over other ribonucleasegludingE. coli RNase HI, RNase A, RNase | agd
aureusRNase J1. The compound only hadaffget ribonuclease activity Btcoli
RNase Il with anCsoof 500750 uM.In S. aureugells RNPA1000 reduced mRNA
degradationin addition, he MIC of RNPALOOO in bacteria depleted of RnpA was 8
pg/mL, indicating that the mechanism of action has at least partial dependence on RnpA.

When tested of. aureusiofilms, the efficacy of RNPA1000 was equal to or greater



than that of daptomycin, linezolid and vanoeein. RNPA1000 also reducé&d aureus

pathogenesis vivoin a systemic mougsafection model, thus demonstrating that RnpA

OH
o}

N o)
A /k©\ s o OH
Ho | H o
Br N N I o)
S (o) N~ N 4
\©/ IS /\[g H HJ\E/) cl o| L =s

RNPA1000 RNPA2000 RNPA3000

Figure 6. RNPA1000, RNPA2000 and RNPA3000

inhibitors can be used as antimicrobial age@sett cytotoxicity of the compound was
measured usingni@MTT cell proliferation assay. After 24 hours of exposure, no human
HepG2 cell toxicity was observed but 48 hours of exposure showed mild cytotoxicity at
25 pg/mL, which is the minimum inhibitory ncentation formostof the MRSA cell
linestested? RNPA1000 is also unattractive as a potential drug as it contains a reactive
Michael acceptor (Figur&) and has a high effective dose. Another hit found in the

library, RNPA3000, dislayed a high MIC (128 gémL).

1.3.2 RNPA2000

RNPA2000 possessessivalues of 275 uM for RnpAand 140 uM for RNase P
(Table 3. The compoundemonstrated antimicrobial activity toward Grpwsitive
bacteria, including MRSAMIC= 16 pg/mL)and vancomycifiesistantS. aureus

(VRSA) (MIC= 8 pg/mL) and did not display significant mammalian cytotoxicity.
9



additionRNPA1000 is a bacteriostatic agé¢ptevents the growth of bacterjayhile
RNPA2000 is bactericidgkills bacteriajtowardsS. aureusRNPA2000 was evaluated

for its effect on tRNA processing, and the molecule has been shown to inhibit both
RnpA-mediated RNA degradation and tRNA maturation, while RNPA1000 only inhibits
RNA degradation. RNPA2000 displays no detectable spontaneous resistance frequency
(<1 x 10*3) and dd not showhuman HepG2 cell toxicitsit concentrations of up to 128
pHg/mL. RNPA2000 also demonstratadtimicrobial activity andnhibited RNase P

activity in efflux-deficient Gramnegative bacteri&. Thus, we selected RNPA00as the

starting poinfor our hit-to-lead studies.

Table 1 Biological Properties of RNPA2000

RnpA ICs0, pM*  RNase P 1Go, pM* MRSA1000 logP
MIC *, pg/mL
275 140 16 2.14

*Experimental for these assays are provided in Chapters 2 and 5

RNPA2000 possesses suitable dlikg propertes to serve as a startipgint for
optimization (Table 2 The compound is highly soluble in aqueous mediax{mam
aqueous solubility > 200M). The compound did not significantly inhibit the three major
human metabolizing CYP450 enzym(€YP3A4, CYP2D6CYP2C9)at concentrations
up to 10 M, suggesting a low probalyifor drugdrug interactionsThe compound is
highly permeable in the bidirectional Ca2aellular model and shows low potential for
p-glycoprotein efflux as indicatdoly no significant dference in the two directional
measurements. RNPA2000 did not inhibit the human etlgergo (hERG)related ion

chamel at concentrations up to 1Min a ThallosM assay’! The compound is highly
10



stable to oxidative and hydrolytic metabolism in humaerlmicrosomes {¢=57.9
minutes).The stability in mouse liver microsomes is moderate, and we will look to

enhance mouse metabolic stability as we prosecute the SAR studies.

Table 2 in Vitro ADME Data for RNPA2000.

Aqueous Human Liver  Mouse Liver CYP450 Caco2* hERG

Solubility Microsomes  Microsomes Inhibition Papp x Inhibition
ICs0 10°
> 200 M Clint = 23.9" Clint = 3A4>10,000 A-B= 7% @
ty2=57.9 min 108.02 nM 21.3 10 uM
ti2=14.5min 2D6 > 10,000 B-A=
nM 24.7
2C9 > 10,000
nM

AUnits for dint = pL/min.mg; * Units for Papp = cm/second.

1.4 Preliminary Data

Following the selection of RNPA2000 as the starting point for optimization, a
small number of commercially available analogs were purchased from Tim Tec, Inc.
(Newark, DE) and tested h€ limited availability of organized structural modification
made it impossible to pursue a systematic stepwise streattivety study where one
group in the RNPA2000 scaffold was altered and the effect on RnpA processing of
MRNA and RNase P processingtBNA determined (assay protocols provided in
ExperimentaSection) However, some overall trends in the SAR were suggé¢$edule

3).

The only direct analogs of RNPA2000 with the isopropylphenoxyacetic acid

moiety intact were ST5523314 (row 2), wherefilman group at the other end of the
11



molecule was replaced with a small cycloalkyl group (cyclopropyl) and ST5528839 (row
3), where the furan group was replaced with a long alkoxyahaihc These
modificatiors essentially eliminated both the RNase P #n@dRnpA inhbitory activities

of the scaffold, indicating the need for an aryl moiety in this position.

A number of analogs that maintained the furan in place and varied the
isopropylphenoxyacetic acid end of the noolle were obtained and test&libstititing
in the ortho position of the phenoxy ring (ST5524693, row 6) akteid RnpA inhibitory
activity, a trend that was seen with other phenoxy analogs withi gubstitution
(ST5682846, row 4nd ST5525958, row S5Additional lipophilic bulk in the 4position
(substituting the-butyl group in ST5524527, row 7 for the isopropyl group in
ST5524693, row 6) improved potency for RNase P activity slightly, while eliminating the
4-substituent on this ring entirely (ST5682778, row 8 and ST5522690, row ®)akaah
inhibitory activity for both targets. Likewise, rearranging the atoms in the
isopropylphenoxyacetic acid group to move the position of the phenyl ring relative to the
thiahydrazide group (ST5529685, row 10) also eliminated RnpA and RNase P ighibitor
activity. Our hypothesis that the lipophilic substitutent of the isoproylphenoxy ring and
the carbonyl of the acetic acid moieties must be forming specific binding interactions
with the target(s) is supported by the observation that shortening thiscdigtaws 11
15) eliminates both activities. Replacing the ether group with an amide and inserting a
phenyl ring (ST5524997, row 16), did increase activity at RNase P but slightly lowered

activity at RnpA.
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Table 3 RnpA and RNase P Inhibition of Commelly Available RNPA2000 Analogs

RNDA RNase
Row Identifier Structure P P ICso,
IC 50, UM ny

\)(J)\ H o1 PN
(@) N,N\n/N =~
1 RNPA2000 H g o 275 140
Q4 oH
o L AR
2 ST5523314 H g o > 500 > 500

O H H (@]
O\)J\N,N\H/N O/\/O\
3 ST5528839 Y@ "os o 500 >500
Cl (0] H H (@] I\
O\)J\ _N N =~
4  ST5682846 )ﬁj T >500 80
(o]
Br (@] O
o\)LN,“ HT\/[Q
5  ST5525958 NTI > 500 125
Cl
Br O (@]
O\)J\N,H\H/H \\
6  ST5524693 H s o > 500 350
Br O (o]
O\)J\N,H\H/H \\
7 ST5524527 H s o > 500 200
o~ O v ow PN
8  ST5682778 @( OJLH’NWS(NO = >500  >500
(0] (0]
H H \
(0] _N N N
9  ST5522690 ﬁ:( JJ\N e >500  >500
S (0]
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Table 3. RnpA and RNase P Inhibition of Commercially Available RNPA2000 Analogs

(continuel)
RNase
Row Identifier Structure ICRnpAM P 1Csq,
50, M UM
p
10 ST5529685 o @A >500 > 500
@vm §
11 ST5682126 7%3 500 > 500
QA §
12 ST5642600 YQ >500  >500
\H/OQ
13 ST5254069 ﬁ \Q/ >500  >500
\[p
X
14  ST4145527 O)L >500  >500
N~
\[‘/1(3
X
15 ST5254078 d P \[Qf >500  >500
O™
/@)L ,N Tp
ST5524997 300 70
16
0]
o
17 ST5523210 JJ\ 7(\/@ 45 110
18 ST5254083 w 7,/\/© 90 75
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Table 3. RnpA and RNase P Inhibition of Commercially Available RNPA2000 Analogs
(continued)

RNDA RNase
Row Identifier Structure P P 1Csq,
ICs50, UM ny

\)?\ H H | Mg
o N/NTN o
19 ST5524465 O H g 9 45 65

20 ST5522821 N
Cl

35 220

Whil e we cané6ét draw definitive concl usi
the scé#old were changed simultaneously because of the presence of multiple variables,
some intriguing increases in activity were observed which helped us formulate our SAR
strategies. Lengthening the distance between the terminal lipophilic groups and their
closest carbonyl moieties increased inhibitory potency for both RnpA and RNase P,
regardless of the group at the other end of the molecule (ST55232107 eowd 1
ST5254083, row 18)ncreasing the distance between the terminal lipophilic regions and
their clasest carbonyl groups at both ends provided the most potent analog of the
purchasead¢ompounds, ST5524465 (row 19here was also evidence that some
structural changes selectively affected one activity more than the other. For example, the
2,4-dichloro sulstitution pattern in ST5682846 (row 4) enhanced potency for RNase P
yet eliminated activity on RnpA, while another4sigbstitution pattern on the
phenoxyacetic acid ring combined with adding additional lipophilic bulk in the form of a

bromo group to theuran selectively enhanced RnpA potency (ST5522821, row 20).
15



These complex results, coupled with the possibility that we may be addressing different
SARs for two separate targets, convinced us that a systematic pharmacophoric approach
was needed wherein te&uctural requirements of a single region of the scaffold are
assessed and then the best results from those SAR studies are crossed with structural
changes to another region of the scaffold to arrive at the best molecules for inhibiting
both RnpA and RNse P. Three general regions of the RNPA2000 scaffold will be

examined to test the hypotheses presented below (Figure 7).

Hypothesis 1

(0] Hypothesis 3

S
AN
ARS
° ‘

Figure 7. Regions of RNPA2000 todModified.
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CHAPTER TWO

SPECIFIC AIMS, HYPOTHESES, DESIGN OF ANALOGS AND
RETROSYNTHETIC ANALYSIS

2.1 Specific Aimsand Hypotheses
Specific Aim 1 Design RNPA2000 analogs that do not possess the potentially

metabotoxic hydrazide, thiourea and furan moigbamprove affinity and MIC and

generate SAR data.

Hypothesis 1: Bioisosteric replacemaitthe isopropylphenoxgroupwill
provide analogs with similar or superior inhibitory potency against RnpA and
RNase P, lower MIC values against MRSA1000 and impravedro

microsomal stability in mouse liver micrososneompared to RNPA2000.

Hypothesis 2: Bioisosteric replacemeftheacyl hydrazideandthiourea
moieties willprovide analogs with similar or superior inhibitory potency against
RnpA and RNase P, lower MIC values against MRSA1000 and improweiio

microsomal stability in mouse liver microsomes compared to RNPA2000.

Hypothesis 3: Bioisosteric replacemeffithe furangroupwill provide analogs
with similar or superior inhibitory potency against RnpA and RNase P, lower
MIC values against MRSA1000 andpnovedin vitro microsomal stability in

mouse liver microsomes compared to RNPA2000.

Specific Aim 2 Develop synthetic routes to the proposed compounds.

17



Specific Aim 3 Test the synthesized molecules for inhibitory activity at RnpA and

RNase P, as well antimicrobial activity, cytotoxicity and physiochemical properties.

Specific Aim 4 Design phabaffinity labeled analogs of RNPA2000 in order to generate
information about the binding pocket of RnpA and allow the usé- i@y crystal

structures for struare-based design.

2.1.1Specific Aim 1

Specific Aim 1:Design RNPA2000 analogs that do not possess the potentially
metabotoxic hydrazide, thiourea and furan moigbamprove affinity and MIC and

generate SAR data.

Multiple functional groups in RNPA20Q#fre at risk for being metabolid¢o
toxic species (Figur8). Furans that are unsubstituted on the positions next taxigen
atom can undergo CYP450ediated oxygenation in those positions, leading to ring
opening and formation of reactive ediene Mchael acceptors (Figu®).>? If one of the
two acylhydrazide amide bonds were to be hydrolyzed, the resulting hydrazide might
pose a metabotoxic threat, given the known propensity for acyl hydrazides like
iproniazide to undergo a series of monoamine aséd\ associated oxygenations and
dehydrations to ultimately yield retive acyldiazonium species (Figuse>® Thioureas
are well known to display pulmonary toxicity due to their ability to be metabolized by
CYP450s or flavin monooxygenases to reactiv@rsa acids, which can further react
with endogenous bases to lose sulfur dioxide and give reactive carbodiimides (Figure

18



8).54%:56n addition, the isopropylphenoxy groapd the multiple amide moietiesay

represent metabolically labile grospWe will need to identify suitable bioisosteres for

all of these functional grougzefore the scaffold can be considered drke,.

/@ CYP450
Furans R - =

(@)

MAO
)J\ N A

Hydrazides

)k CYP450
\

FMO

Thioureas

Figure 8. Potential Metabotoxic étivaton of the Groups in RNPA2008urans

unsubstituted inhte 5position can be oxidized by CYP46@ give reactive engiones;

hydrazides can go through multiple oxidations/dehydrations to gactive
acyldiazonium specieshibureas can be oxidized by both CYP450s and flavin

monooxygenases to give reactivdfimic acids, which can also lose sulfur dioxide to give

reactive carbodiimides.

2.1.1.1 Hypothesis 1

Hypothesis 1Bioisosteric replacement of the isopropylphenoxy group will

provide analogs with similar or superior inhibitory potency against RnpA alag®P,

lower MIC values against MRSA1000 and improvweditro microsomal stability in

mouse liver microsomes compared to RNPA2000.
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The compounds in Table 4 were designed to test Hypothesis 1. Compound NL1
was designetb confirm the necessity of a lipbgic group in the 4position of the phenyl
ring. If an unsubstituted aryl ring is sufficient, then the logP would be lowered compared
to the isopropyl analo@reliminary data{able3, rows 8 and 9) suggest thatipophilic
substituent in the-position of this aryl ring is beneficial but the direct analog of
RNPA2000 with an unsubstituted ring was not examifiée data from testing NL1 will

confirm the need for substitution in thepdsition of this aryl ring.

Preliminary datgTable3, row 19) alsasuggesthat, if 4-substitution is necessary,
thenthe isopopyl group may not be optimalo understand the SAR of this position
better, the-butyl analog NL2and phenyl analog NL&ere designedlhere are examples
where tbutyl groups are stable to ogitive metabolismvhere isopropyl groups are st
Ethers would lower the logP of the molecule (although they would also increase the
chances of oxidative metabolic instability) so compounds NNL6 were synthesized
to further understand the SAR of tipissition. Compound NL7 also investigates the SAR
of the 4position with a methyl group, although the ethoxy group of RNPA2000 has been

replaced by a shorter methylene moiety.

Preliminary datgTable3, row 17) suggest thahasopropyl group in the-2
posiion of the phenyl ring (rather than thgdsition) may be beneficial, although the
fact that the furan end of the molecule was also modified in this preliminary example
makes it difficult to assess how impactful the switch frorisépropyl to 2isopropyl
really is.To better understand this result, syathesized compound NL8 containing-a 2

isopropyl grougwith the rest of the RNPA2000 scaffold intact), as well as the analogous
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Table 4 Analogs to Test Hypothesis 1

IS
. ~
R™ N
S O
Compound # R Compound # R
OH
NL1 ©\ NL11 ©/\
o
NL2 >k© NL12
o o~
NL3 O O NL13 CI\(EL
(@]
- Cl
NL4 HsC \©\ NL14
o > o\
HsC._O o
NL5 NL15
A0
NL6 HC O NL16 ©\/\
o
H;3C
NL7 \O\ NL17
=
NLS NL18 )\©\/\
O/\ =
NL9 NL19 %
o
NL10
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t-butyl derivative NL9. Substitution at thebsition is also investigated with groups that
would lower the logP, such as an ethyl ether (NL10) and a hydroxyl group (NL11).
Compainds NL14 and NL1®&xamne the effect of combining theopropyl group and

the chloro moiety in the-2and 4positiors of the phenyl ring, which wasdso

recommended from thareliminary datgTable3, rows 4 and 5).

Preliminary datgTable3, row 20) also support examining the effect of
substitution in the -position of the phenyling. To examine the effect offubstitution
and3,4-bis substitution welesigneccompounds NL12 and NL1&ntaining the 3
isopropyl group and the-i8opropyl group combined with thechloro substitutent,

respectively

As discussedpreliminary datgTable 3, rows 1115) support the need for at least
a 3atom distance between the phenyl group and the carbonyl of-the (4
isopropylpleroxy)acetyl group in RNPA2000:he carbon next to the oxygen of the
phenoxy group in RNPA200#s well as the aromatic positi® ortho to the position
containing the oxygerepresent potential sgéor oxidative metabolism. Therefoneg

designeccompound NL1Go determine if this ether oxygen is necessary.

Preliminary datgTable3, row 18) showthat rigidifying the conformabn of the
left-hand side of RNPA2000 can be beneficial, although it is not clear if adding the
isopropyl group will provide additional benefivVefirst synthesized compound NL17
which is similar taST5254083xcept the furan and phenyl group are noersed. We
alsosynthestedcompound NL18vhere the cinnamoyl group of ST5254083 is

substituted in the-position of the phenyl ring witan isopropyl grouplhe cinnamoyl
22



group is known to act as a Michael acceptaaking it a risk for toxicityWe therebre
designeccompound NL19vhere the double bond of the cinnamoyl group is replaced by

the known bioisosteric cyclopropyl moiety.

2.1.1.2 Hypothesis 2

Hypothesis 2Bioisosteric replacement of the acyl hydrazide and thiourea
moieties will provide analogsith similar or superior inhibitory potency against RnpA
and RNase P, lower MIC values against MRSA1000 and impriowatto microsomal

stability in mouse liver microsomes compared to RNPA2000.

Since there is no structural precedence for RnpA inhibitagsot clear what role
the three carbonyl groups and the hydrazine moiety in RNPA2000 play in its binding.
They could be forming actual binding interactions with the protein or they could be
serving essentially as a spacer group between the furaheddsbpropylphenoxy
functionality. We desigedand synthesidbioisosteres of the bigcylhydrazide that lack
the poentially metabotoxic componerisexamine the SAR of this regi@nd test

Hypothesis 2.

Compound NLP (Figure9) evaluateghe necessy for a thiocarbonyl group. In
the event that a carbonrlke group is required in the position occupied by the
thiocarbonyl moiety in RNPA2000 we will be able to eliminate one of the metabotoxicity

risks if the carbonyl is a suitable replacement forthin@carbonyl.
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)\@L 0. 38
NL20

Figure 9. AnalogNL20 Testing the Neetbr a Thiocarbonyl Group

To examine the role of the hydrazine NH groupsdesignedhe two methyl
derivatives NI21 and NL2 (Figure10). The addition of these alkgroups will examine
if the presence of one or more of the hydrogen bonding NH groups is necessary and could
also affect the conformation of the molecule around the diacylhydrazide moiety due to
steric hindrance. An alternate approach to this strateggngpound NL23Figure 10
where the hydrazide nitrogens are incorporated inton@bered ring. This molecule
would constrain the carbonyl and thiocarbonyl into dikisconformation and the
incorporation of the hydrazine into the pyrazolidine ring Maliminate the possibility
of hydrolysis to a potentially metabotoxic primary hydrazide grivg.also designed
compound NL24Figure 10)to test the need for nitrogens by eliminatinghlydrazine
nitrogens completelput maintaining the distance betwethe furan and phenyl groups
by replacing them with carbonsh@ sulfur haslsobeen replaced bgn oxygen atom,

but compound NL2Wvill tell us if this is an acceptable substitution

We synthesized compound NL2Bigure10) to further study the need ftre
consecutive hydrogen bond donor group®ieht in the hydrazine moietyhe resulting
compound is not drulike, containing multiple amide bonds that will likely leactive to
hydrolytic enzymes. This molecuserves mainly as a tool to further assethe necessity

of the hydrazine group as well tsstudy the effect of moving the phenoxyacetyl
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Figure 10. Analogs of RNPA2000 to Study SAR of Hydrazine Moiety.

carbonyl closer to the thiocarbonyl grodmalog NL26 was also synthesized, which is
similar to NLZ but preserves the 2 atom distance between the phenyl ring and start of

the hydrazide moiety in RNPA2000.

Compounds NL27 NL30 (Table 5 explore the binding motif of the B region
carbonyls and determine if thare cisor require some degree of rotational freedom
when bndingto RnpA.The squarate moiety is a wéhown bioisostere for a number of
functional groups, including amino acids, ureas and phosptfdtesarbonyl groups are
hydrogen bond acceptored in the case of squaric acid amides, the NH groups are weak
hydrogen bond donors as in thedrgzine NH groups in RNPA200Thus, squaric acid
analogs should provide some information regarding the necessity of the carbonyl groups
and the NH groups of ¢hhydrazine as well as whether or not the carbonyl groustaee

be cisoid to eaclother. Because it is not clear which two of the three carbonyl groups
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would be mimicked by a squaric acid amide mowégyvariedthe length of the two

spacer chains L1 dr_2.

Table 5. Squaric Acd Amide Analogs

Compound # L1 L2
NL27 1 1
NL28 1 2
NL29 2 1
NL30 2 2

Compound NL3XFigure 1) resembles MES 10609 (Figus® a compound
reported to inhibit RNase P in the micromokamntillimolar range’® The structural
changes in NL3Eliminate both the potentially metabotoxic hydrazide and thiourea
moieties, although the impact of these structural chamgassisceptibility to hydrolysis is

unknown

Figure 11. MES 10609like Analog NL31and Descarbonyl Analog NL2.
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In compound NL3ZFigure 1) the third carbonyl has been removed. The results

from testing this compound should provide information on the role of the third carbonyl

group.

2.1.1.3Hypothesis 3

Hypothesis 3Bioisosteric replacement of the furan group will provide analogs
with similar or superior inhibitory potency against RnpA and RNase P, lower MIC values
against MRSA1000 and improvauvitro microsomal stability in mouse liver

microsomes compared to RNPA2000.

The compounds in Table 6 were designed to test Hypothesis 3. Compound NL33
evaluates the effect of attaching the furan at th@oSition instead of the-gosition.
Compounds NL34 and NL3&ssess the ipact of substituentsnathe 3 and 5 positions

of the furan.

According to the preliminary da{@able 3, rows 19 and 2(RnpA may prefer
liphophilic substituents on the furan group. Again, the comparison is not optimal since
neither of tke preliminary compounds contatime 4-isopropylphenoxy group on the left
hand side of the molecule like RNPA2000, but the impressive increase in potency
recommends testing the effect of substitution. Compounds NL36 and iN&Stigate
added lipophilicity in tle 5-position of the furan grqy including an aryl ring, and a

bromo moiety that will not raise the logl8 much as aryl rings.
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Table 6. Analogs to Test Hypothesis 3
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ﬁ :
e

Compound # R Compound # R
NL33 B NL51 /FQ
N
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NL34 /Z@ NL52 ”
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NL35 A g, NL53 /QQ
N
NL36 % NL54 { N
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N CH;
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H
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Table 6. Analogs to Test Hypothesis 3 (continued)

Compound # R Compound # R
HiC | N
NL44 \© NL62 N
X
NL45 )\\/j NL63 »
N N
X N\
NL46 ) NL64 |
7
NL47 ) NL65 \/Q
NL48 aw NL66 N
(@)
NL49 Z_Q NL67 W
© (¢}
NL50 /[Q
S

Compounds NB8i NL40 and NL45 NL47 determine the impact of nitrogen
atoms in the ring, either in ddion to the fura oxygen (NL38, NL3Yor in place of the
furan oxygen (NL®, NL457 NL47). The addition of nitrogen or substitution of nitrogen

reduca thelipophilicity of the moleculegsompared to the analogous furan derivatives

The exact role of the furan oxygen imp® and/or RNase P inhibitory activity is
not clear. It might be participating in a weak hydrogen bond, inducing electronegativity
into the aryl ring or simply serving as a Rbimding ring atomCompounds NL41 and
NL42 evaluate the placement of a sulfustead of an oxygen in the form of a thiophene

ring. Thiswill examine both the size of the ring and the electronegativity requirements
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Furthermore, compounds NL4#hd NL#4 assess whetherreteroatorrcontainingring

like the furan of RNPA&000 is needeahithis position oif the pharmacophore tolerates a
nontheteroatorrcontaning ring like a phenyl groug:he methoxy group in compound

NL44 further explores the effect of added ring electronegativity and possibly the
orientation of the phenyl ring relative the carbonyl group.€., the steric clash between

the orthemethoxy group and the carbonyl will force the phenyl ring into a perpendicular
conformation). If the phenyl derivative proves to be active but the methoxy analog does
not, metaand parametloxy analogs will be prepared to ungtandif the lack of activity

is caused by the electron donating effect or the induced perpendicular conformation.

Compounds N#8i NL64 build uponthe observatiom the preliminary data
(Table3, rows 19 and 20hataddition of lipophilic aromatic bulk to the terminal end of
the molecule enhances inhibitory potency. Fused andusad phenyl ringare
appended to various &nd 6membered ring heterocycles that presumably reside at or
near the mding site of the ftan group.Thecompounds were designaabetter
understand the structural requirements for what seems ttalgeathan anticipated or

additional lipophilic binding region.

Compounds NL6% NL67 help tofurther understand the proposed lipophilic
binding region described in the previous paragraph by studying the effect of lengthening
the distance between tterminalcarbonyl group and the furan/benzofuran moiety. This
distancas systematically lengthened ladding a methylene group (NLG% linear tras

double bond (NL6Kand a linear trans double bond coupled with the added lipophilic
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bulk of a benzofuran group (NLHT get an idea of the size of this proposed lipophilic

binding region.

2.1.2 Specific Aim 2

Specific Aim 2 Develop synthetic routes the proposed compounds.

2.1.2.1Synthesisof RNPA2000

RNPA2000 can be synthesized in one [@uthemel) using the general method
described by Li et a° The commercially available reage@t$uroyl chlorideand
ammonium thiocyanatare reacted to givthe intermediate fura®isothiocyanate, which
is then treated with the comneally available2-(4-isopropylphenoxy)acetohydrazite
provide the final product. This simple syntleestheme should sert@ synthesize most

of the required analogs thairtained the bisicylhydrazideamide core of RNPA2000.

0 o)
O nrson CH& . ‘
cl X N ~s + N\
0 CHoClPEG400 | Q[ O/T)( NH,

2-furoyl chloride 2-(4-isopropylphenoxy)acetohydrazide

/k@\ H i 0
N.

RNPA2000

Scheme 1Synthesis of RNPA2000
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2.1.2.2Retro-Synthetic Analysis ofCompounds NL1-NL19 and NL33-NL67

RONT T fe= R1)J\N’NHer CI)J\RZ
S O o H 3
| |
0] (0]

R1)4J\OH HO):Rz

Scheme2. RetraSyntheticAnalysis for CompoundbIL1 i NL19, NL3371 NL67

Compounds that have a bioisostere in place of the isopropylphenoxy group
(Hypothesis 1) or furan group (Hypothesis B)§cheme?) can be synthesizagsingthe
method described by Li et 2. from anappropriatehydrazide2 anda suitableacid
chloride3 by reacting themvith ammonium thiocyanatéf ammonium thiocyanate does
not give reasonable yields then potassium thiocyanate can be used in its place.
Hydrazide<? that are not commercially availalitan be deved fromthe couplingof
hydrazinewith therequiredacid4, and the acid chloridg@can be prepared from the acid

5 by treatment with oxalyl chloride

2.1.2.3Retro-Synthetic Analysis of CompoundNL20

N N.

NL20 RNPA2000

Scheme 3RetroSynthetic Analysis for Compound NL20

32



Compound NLD (Scheme B where the thiocarbonyl has been replaced by a
carbony] can be prepared from tieethod of Li et af®, wherén RNPA2000 is treated

with potassium iodate.

2.1.2.4Retro-Synthetic Analysis ofCompounds NL21 and NL22

Methyl derivative NL21 (Scheme 4an be synthesized fromf@royl chloride6

and hydrazid@ using thegeneraimethod of Li et a®. The required protected methyl

Scheme 4 RetreSynthetic Analysis for CompousdL21 and NL22
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hydrazine reager@ can be prepared through the use of protecting group chemistry. The
use of the BOQrotecting group addsn additional step but circumvents the potential
problem of biscouping to both ends of the hydrazidaring formation of the hydrazide

7. Compound? is formed from the coupling of ackiwith BOC protected methyl
hydrazined followed byremoval of the BOC protecting group. Compo@nd

synthesizedby the removal of thearboxybenzy(Cbz)groupof 10, which issynthesized

by addition of a BOC protecting group &, which isoriginally prepared from methyl
hydrazinel2 by treating itwith benzyl chloroformat& Compound NL22 can be

similarly preparedwith the exceptiothatthe isomerof BOC-protected methyl

hydrazinerequired to affect this synthessscommercially available.

2.1.2.5Retro-Synthetic Analysis ofCompound NL23

Pyrazolidineanalog NL23 (Scheme) Wvill require multiple steps to synthesize,
butcan bepreparedrom 2-furoyl chloride6, potassium thiocyanate and hydrazidé',
which can besynthesizedby the coupling of intermediates with commercially available
acid8. A similar protecting grop strategy to that described for the preparation of
compound\L21 is used here&Compoundl5is formed from removal of the
carboxybenzyl protecting group 06, which is synthesized from the doubly protected
hydrazinel7 by reaction with dibromopropane. Installation of the carboxybenzyl

protecting group on BO@rotected hydrazind 8 yields 17.
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Scheme 5RetreSynthetic Analysis of Compound NB2

2.1.2.6Retro-Synthetic Analysis ofCompound NL24

Compound NL24 can be synthesized (Scheme 6) from the coupling of commercially
available 2furamide (9) and acid?0. The furan in intermediatl is opened to give acid
20. Intermediate1 can be synthesized by removal of the protecting group for the
aldehyde in intermediat?, which is formed from the reaction of phenol with
intermediate23. Protection of the aldehyde in intermedidtegives intermediat@3.

Intermediate24 is formed from the chlorination ofBydroxymethylfurfural 25).
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NL24

SOy § i i (Yo
O/T\)Lukﬁ/) — HQNJ\LO) . QOWOH — OWH
19 20 ﬂ 21
o o o 0/\/\ @\ o/\/\
O s o)
HO/\Q)(H — CI/\@/‘(H — C|AWO/\/\ OAWO/\/\
25 24

23 22

Scheme6. RetraSynthetic Analysis of Compound NL24

2.1.2.7Retro-Synthetic Analysis ofCompounds NLZ and NL26

Compounds NL2%nd NL26can be producebly the Li et al. methotf (Scheme
7), usingpotassiumnthiocyanate, Zuroyl chloride and the urez6, which can be

synthesized from reacting ami@& with potassiuntyande.

0 (@]
)\Q\WH NN \\:> o + H
Y \ / o] N.__NH,
0O s o ”I
6

NL25 - NL26 ﬂ 26a-b

)\@\rrNHZ
n

27a-b

Scheme 7RetreSynthetic Analysis of Compounds NL2BL26
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2.1.2.8Retro-Synthetic Analysis ofCompoundsNL27 i NL30

Squaric acid compounds NL27NL30 can be prepared (Scheme 8) from

treatment of diisopropyl squara@@ sequentially withfuran-containing alkylamine&8

o O
o v
nN N 0] :%\Q\m/
H H +
% NH, )\o H%
27a-b Y%

NL27 - NL30 29a-b

l
e 3 H

28a-b

Scheme 8RetraSyntetic Analysis of Compounds NLZ7NL30

andisopropylphenycontaining alkylamine&7, according to the procedure of Kinney et
al %2 Diisopropyl squaate (a solid) is used instead of diethyl squarate (a liquid) to

minimize the volatility and risk of exposure to this known class of sensitizer.

2.1.2.9Retro-Synthetic Analysis ofCompound NL31

o o
H
)\Q\ N~ o] O )\©\ H
O N [ +
ﬁof Hk@ MOH 0N,
NL31 31 %,

H
H N/\/N OT< + )\Q\ OH
T oY

o
33 8

Scheme 9 RetreSyrnthetic Analysis of Compound NL31
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Compound NL3, where the thioacyl hydrazide group has been replaced by a
diaminoethane moiet{fscheme Y can be prepareoly couplingcommercially available
furan2-carboxylic acid31) to intermediateamine32, which is synthesed fromthe
coupling ofcommercially availablacid 8 with commercially availabl®OC-protected

ethylene diamine33d), followed by removal of the BOC groGp.

2.1.2.10Retro-Synthetic Analysis ofCompound NL32

S
*@ Wi, *@ ) .

o)
NL32 34 28a

2

Scheme 10RetroSyrthetic Analysis of Compound NL32

Compound NL3ZScheme 10¢an be prepared through the coupling of hydrazide
34 with furfuryl amine 28a) usingbis(1-benzotriazolyl)methanethione, a known

thiophosgene equivaleftt.

2.1.3 Specific Aim 3

SpecificAim 3: Test the synthesized molecules for inhibitory activity at RnpA
and RNase P, as well as antimicrobial activity, cytotoxicity and physiochemical

properties.
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Compounds wergested for their inhibition of RnpA and RNase tReir MIC
values againsMRSA1000 strainsand their overt cytotoxicity. Compounds were also
assessedn vitro for two physicochemical/ADME propertiestqueoussolubility and
stability in mouse and human liver microsomes. The ability of the compounds to inhibit
MRNA degradationwas examined using purifiedS. aureus RnpA obtained by
transfection irk. coli. Inhibitory effects on tRNA maturation by RiSe Pvere measured
in the presencef equimolar amounts of. aureusRnpA andrnpB. Antimicrobial
susceptibility testing using th8. aures UAMS-1 strain wasperformed according to
Clinical and Laboratory standards guidelines (CL@1)a 96well platform® Minimum
inhibitory concentrations (MICs) are defined as the lowest concentrations of test
compounds at which there is no visible baetegrovth. Overt cytotoxicity waassessed
in human HepG2 hepatocytes using the MTT method and a commercially available kit

from American Type Culture Collection (Manassas, YA\).

2.1.4 Specific Aim 4

Specific Aim 4:Design phataffinity labeled analogef RNPA2000 in order to
generate information about the binding pocketRuipA and allow the use of -Kay

crystal structurdeomology modelindor structurebased design.

The binding pocket of RnpA and/or RNase P for our compounds is currently
unknown. Idetification of these binding pocketsowld allow us to use the known-pdy
crystal structures of RnpA to pursue austurebased design approathOne method for

obtaining structural information about a binding pocket that has been used successfully is
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photoaffinity labeling. In this approach, a representative molecule that is thought to bind
to the site of interest is labeled with a tolerated group that is normally unreactive but upon
photolysis forms an extremely reactive intermediate that will covgldmtid to a
nucleophile in the binding pock&t.Proteomics can then be used to determine which
amino acid residue(s) formed covalent bonds with the labeling reagent. This information
can be used to focus molecular modeling docking studies aimed at degeddpnding

model for the chemical scaffold under investigation.

To generate potential photoaffinity labeling reagentskeptthe basic structure
of RNPA2000in order to retain binding to RnpA. RnpA contains a number of
nucleophilic side chaxcontainng amino acidssuch as arginine, lysine and serimeits
structure so there is a good likelihood that this approach will be successful. Without
knowledge of the exact binding motif it is difficult to predict where the phetctive
substiteent should b placedFrom thepreliminary binding datat seems that the region
of the protein around the furan ring prefers lipophilic substituents spagedthe
reactive substituent in thepbsition of the phenoxyacetyl ring since that position seems

to tolerde at least halogen groups which mayfbrming weak hydrogen bonds.

2.1.4.1. RetreSynthetic Analysis of Compound NL68

We designedhreephotoaffinity candidtes the 4azido,4-benzophenonand 4
diazirineanalog (NL68, NL69 and NL70, respectivelyAzides have been widely used

as a photolabeling substituent for many yé&&tspon irradiation, the azide forms a
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singlet nitrene which can lead to a triplet nitrene. The maximum absorption wavelength
for irradiation is less than 300 nm, which can causeadg@o biological system$he

azide compound (NLG&cheme 1)jicantheoreticallybe synthesized using the general
method of Li et aP’with 2-furoyl chloride 6), thiocyanate and hydrazi@s.

Intermediate85 shouldbe availableby coupling acid36 with hydrazine. The azideould
beinstalled on37 through diazotization chemistosing sodium nitrite and sodium azide

to yield36. Compound7 can beformed by deprotection aftermediated8, which is

synthesized from acetaminoph&9)and ethyl chloroacate.

ﬂ
T

39

Schemell. RetreSyrthetic Analysis of Compound NL68
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2.1.4.2 RetreSynthetic Analysis of Compound NL69

Another photoreactive group is the benzophemoaogety, whichis activated at
wavelengths in the 3560 nm rage.This range is actually preferred due to lessened
protein degradation. When it is irradiatéte benzophenone produces a triplet carbonyl
state thateacts with GH bonds (Figure 1)%° The fact that a-4henyl substituent on the

phenoxyacetyl ring drances activity bodes well for this analog serving as a good

photoaffinity reagent.
o o receptor-G
. + HO_ C-receptor
X hv \ receptor-CH OH
SRR NG oI )
Ligand Ligand | > Ligand

Z Ligand
Figure 12 Photoactivation of Benzophenone

Compound NL69can theoretically be prepared (Scheme )1&om 2-furoyl
chloride @), thiocyanateand hydrazide40. Intermediate40 should be available by

coupling hydrazine with acidl, whichwould beprepared frorcommercially available

phenol42.
(0]
¢ 1 ? ‘)(L‘
N O  E— (@) +
O H)K[/) Dt O O o/ﬁ(H N,
NL69 6 40 ©
o} o ﬂ
— .
OH O/ﬁf
42 41 ©

Scheme 12RetroSyrthetic Analysis of Compound NL69
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2.1.4.3 RetreSynthetic Analysis of Compound NL70

An alternative to azideand the bulky benzophenone is the diazirine group, which
can also function as a photoreactive substituent. Similar to benzophenones, diazirines are
irradiated at 356880 nm. Diazirines form a cagbe when irradiate@Figure 13 that can

form a covalent bond by-C, GH, O-H or X-H insertion.

N—N

N,
o L
R R' R R

target
R R' bonding

singlet carbene
Figure 13. Photoactivation of Diazirines

Compound NL7@antheoreticallybe prepeed (Scheme )3y bubbling ammonia
through a solution o3, followed by the addition diiydroxylamineO-sulfonic acid™

Intermediated3 shouldbe availablethrough the reaction of-firoyl chloride 6),

N=N o o
)@ H i (0] — )K@\ s o )b\ y o o
N O, H — N.
O/Ir ” NJKE/) O/*N\H)L”kﬁ)/) O/I( NHy + \ / . cl
o43 44
[e]
)K@O/ﬁ(OH

(e}

NL70

45

Scheme 13RetroSynthetic Analysis of Compound NL70
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thiocyanate and hydrazid&l, which can be formed through the coupling of hydrazine

with commercially availablecid45.

The three photoaffinity labelgeresynthesized and tested fifst their activity at

RnpA. The most potent one will be used for photaafii labeling.
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CHAPTER THREE
SYNTHESIS AND METHOD DEVELOPMENT
3.1 Synthesis of Compounds NL1 NL19 and NL337 NL67

The synthesifor compounds NLI NL19, where the furan group has been
replaced with bioisosteres, and compounds NLBR 67, where the isopropylphenoxy

group has been replaced with various bioisosteriéiye discussed individually.

3.1.1Synthesis of Compounds NILT NL19

Compounds NLI NL19 weresynthesized as shown in SchemewHereR is various
bioisosteres for the apropylphenoxy groupgMost of the hydrazide®a-o were not
commercially available and had to be synthesized. Initial attempts to produce hydrazides
2 involved couplingacid4 with hydrazineusing thecoupling agents

hydroxybenzotriazole (HOBt) andethyl3-(3-dimethylaminopropyl)carbodiimide

(EDC).”* However,hydrazide2 was never recovered after using this metAssuming

that biscoupling was taking place,ano BOGprotected hydrazine wakenused instead

of hydrazine, with ED@s the coupling agerdnd the BOGprotected hgirazide46 was
recovered? Deprotection with TFA irdichloromethangave hydrazide, which was

reacted with Zuroyl chloride and potassium thiocyanate according to the method of Li et
al.>to give compounds NL1L NL19 (overall yields: 414% Table J. NL3 (the 4phenyl
analog)couldnot be synthesizedlespite repeated attempiEs.enthough the hydrazide

was prepared, theroduct never formed. In a few cases, the acid chloride of the required
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Table 7. Synthesis of Compounds NILINL19

"\
JU RO R
RN
Compound R Yield Compound R Yield
i (%) i (%)
O CH
NL1 @ N 7 NL10 ©/\v ? 5
(0)
OH
NL2 >k© 9 NL11 @( 5
O/\
.0
NL4 MO Q 10 NL12 (EL 8
O RN
(@)
HyC._O
NL5 5 NL16 PN 4
o
TR
NL6 8 NL17 6
o™ Y%
HsC
NL7 L 9 NL18 *@\A 14
=
NL8 @ 7 NL19 % 11
o
NL9 5

S

*Compounds NL3, NL13 NL15 were not preared.
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acid4 wascommercially available, and this was readaeéctly with BOC-protected

hydrazine in methanol to give the B&Totected hydrazidé6.

1
_NH,
o A
O@\‘ I
V\\,\7)\'\,," 2a-o0
\’\'1:\\\ ’* e~/@“
Prae 0\10\0‘\
W,
(0] Q\’\’bc'
R” “OH
43'0 NH2_NH
N O 0
& >T o
O’Oc o) o) o] o]
% H TFA \ / ¢l H H \
R/U\N/NTOK Ewas RJKN,NHZ RJKN,NTN ~
H 5 H KSCN, CH3CN H & §
46a-o 2a-o0 NL1 - NL19

Schemel4. Synthesis of Compounds NLU1NL19

Most of the starting acidéare commercially available, but in some cases (NL13
NL15), the phenoxyacetical had to be synthesized. We attempted to prepare the
substituted phenoxyacetic acids for compounds NLMR 15 as shown in Scheme 15.

Oxone with potassium chloride as a chlorine source, can regioselectively chlorinate at the
paraposition to thehydroxy group”2 These reagents were used withs8propyl phenol

(47) toyield 48. In the case of NL1§63), the para position is blocked by the isopropyl
group, so chlorination occurs at the ortho positintermediate48 was reacted with
chloroacetic acidbut the reaction did not occur to for®. We switched the conditions

from sodium hydroxide and water to potassium carbonate and DMF, and heated the

reaction in the microwave but intermedid®@was still not formed. We also tried using
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ethyl chloroacetatenstead of chloroacetic acid, running a Finklestein reaction with

sodium iodide in the reaction so that the iodoacetic acid is generagidd and adding
18-crown-6 ether to the reaction so that a naked anion is formed. However, none of these
reactions were successful. As we could not form intermedd&eve also attempted to
chlorinate2-(4-isopropylphenoxy)acetohydrazi@@4) with oxone and potassium

chloride. No reaction occurred at room temperature, and after heating, an unknown side
product formedFor NL14, 5-chloro-2 -ydroxyacetophenorted was reacted with the

methyl Grignard reagent, followed by removal of the hydroxyl group using triethyl silane
and boron trifluoride etherate to gi%&.”* However, ve also were not able to form the
phenoxyacet acid52. With our inability to prepare intermediates 49, 52 and 55, the

synthesis of final targets NLI3NL15 was not accomplished.

CI\/COZH Cl
Oxong‘I ........ -
oH KC OH > NL13

OH NaOH, H,0

47

MeMgBr o
2) EtsSiH, > OWOH:> NL14
BF3Et,O NaOH, HZO 52 o

CI\/COZH Cl

Oxongg Y| 7 - X >
OH NL15
OH KCI O/\[( j
NaOH, H,O o
55

Scheme 15Unsuccessfubynthess of Substituted Phenoxyaceticilis for the
Preparattn of NL137 NL15
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3.1.2Synthesis of Compounds NB31 NL67

The method of Li et af provides a general ofot procedurdor synthesizing
analogs of RNP2000 with bioisosteric groups replacing the furan moiety (ScHene
In this method acid chloride8)(containing the furan bioisostere (purchased
commercially or prepared from the corresponding carboxylic ab)dss{ng oxalyl
chloride) are treated with a thioisocyanate $alfhe resulting acylisothiocyanate is not
isolated, but rather treated with(2isopropylphenoxy)acetohydrazid@4j to yield the
desired final compound®{ 331 NL67). Although we initially synthesized RNPA2000
with 90% yield, for other R groups,effound that in some cases higher yi€t69%,
Table § could be obtained whenefconditions originally used by Li et & (ammonium
isothiocyanate, PEG400, methylene chloride) were modified (potassium isothiocyanate,
acetonitrile). The indole substituted at tieposition with a fluorine (NL58 was not
synthesized as the productvee formed.Occasionallydepending on the R groupge
acid chloride 8) did not completely react with the isothiocyanate salt and a byproduct
(NL717 NL82) missing the thiocarbonyl group was obtaine8-67% yields(Scheme
16), especially with the usd ammonium isothiocyanate and PEG4B0r NL61, the
pyrrole with the phenyl ring attached, only the byproduct formed.

o
g CO,Cl, i KSCN or NH,SCN o y
R OH ’ R Cl > R)kN//C\\s + N. I
THF, DMF CH3CN o/ﬁ( NH,

5a - af 3a - af

*@ ¢ f 2 *CL ¢ 3

NL33 - NL67 NL71 - NL82

Scheme 16Synthesis of Compounds NB3 NL67 and NL71 NL82
49



Table 8 Synthesis of Compounds NL3NL67

)\@L « 5%
N.
TUWWR

Comzound R Yield (%) Comzound R Yield (%)
NL33 B 46 NL50 AFQ 14
(0] S

H4C,
NL34 B 11 NL51 5 47
By g
NLes L ), 27 NL52 Z;Q 14
H
I N
NL36 0 59 NL53 /NQ 14
H
NL37 A D, 13 NL54 /QQ 8
C
Hs
NL38 Y 58 NL55 4 Q 4
o) N CH,
O~CH,
N
NL /Y NL 1
39 e 6 56 Jg@ 3
NL40 A 6 NL57 J;QCI 9
H
" Cl
NL41 A 68 NL58 Fa®! 9
N
F
NL42 h 49 NL60 J_D 6
S N
H
‘ X
NL43 o 44 NL62 % 14
HaC
0 X
NL44 \© 26 NL63 | 12
N

50



Table 8 Synthesis of Compounds NLBNL67 (continued)

Compound
#

Compound

Yield (%) L

R Yield (%)

NL45

N
38 NL64 @ 14

69 NL65 N 6

O

R
o
NL47 i~ 27 NL66 S 11
L5
la®

NL46

NL48 40 NL67 W 49

(0]

NL49 8

Compounds NL59, NL61 were not prepared.

The byproducts thatere formed are shown in TableEight of these formed as
side products in the reaction (N2,7/NL73, NL767 NL81). Results published after this
project began indicated that the chemsxffold inherent in the byproducts can display
antimicrobial activity (mechanism not disclosed) and anticancer activity through the
inhibition of matrix metalloprotein® and-12.7%""-"8Therefore, NL71the analog of
RNPA2000 without the thiourea grougpe two thiophene analogs, N\d@nd NL5, and
analog NL&, were synthesized using the Li et al. reaction without potassium thiocyanate

and tested for antibacterial activity

The Li et al. method worked well when the acid chloride was an aryl or
cinnamoy acid chloride. However, compound NL65, theemologated thibydrazide
analog, did not form under these conditions. The byproduct, NL81, was isolated, but
running both steps of the reaction for multiple days and heating ugGoa@r the
addition of thenhydrazide did not yield NL65. We also tried to isolate the intermediate

51



Table 9. AnalogsSynthesizedvithout Thiourea Groupr Obtained as Byproducts

H
o/}(N R
O
Yield Yield
Compound # R (%) Compound # R (%)
(o)
!
NL71 \U 51 NL77 @ 17
HsC
NL72 ﬂ 23 NL78 JIQ 17
0 g,
NL73 AN 2 NL79 0 18
0 3 N CHy
NL74 /Q 11 NL8O % 8
H
NL75 h 13 NL81 »@ 19
S
HsC o
NL76 67 NL82 w 5
O
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from the reactiomf the acid chloride and potassium thiocyanate, and then proceed with
addition of the hydrazide, but this was also not successful. Instead of oxalyl chloride,
dichlorotriphenylphosphine was used to form the acid chloride; however, NL65 was not

formed.

Reaoning that the acidic protons on the methylene between the carboxyl group
and the furan moiety were interfering with the isothiocyanate formation, we developed an
alternate synthetic scheme to produce N{&&heme 17)2-(4-isopropylphenoxy)acetic
acid @) was converted to its acid chlori¢f5), with oxalyl chlorideand thertreatedwith
semicarbathiazide to give the resulting carbothioanbdg Wwhich wassubsequently
reacted wittsodium hydrideand then the acid chloride. Desired compoundIL65 was

isolated, albeiin low yield (6%).

X
cocl )\Q\ HzN N'NHZ s )

OH 2 cl H + NaH
oY 2 O omon Noy A T W

O THF, DMF U chgen O Y TN ONK, z

o)
8 56 57 58
N

o N" N

Y H H

Scheme 17Synthais of Homologated Compound NL65
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3.2 Synthesis of Compounds NL2@ NL32
3.2.1 Synthesis of Compound NL20

For compouds NL20i NL32, where thébis-acylhydrazidevasreplaced by
bioisosteres, various synthetic strategies were RIEEBA2000was pepared from as
shown in Scheme RNPA2000was refluxed with potassium iodate in wai®cheme
18)to give NL20in low yields (5%)°° To improve the yield, walso tried grinthg
RNPA2000with 30% hydrogen peroxide a mortar and pestle for 10matesaccording

to the method of Wang et &lut the reaction dinot proceed?

S O
d K.O/Ho)@ 9 3
N 3/ N.

reflux o
RNPA2000 NL20
Scheme 18Synthesis of CompoundL20

3.2.2 Synthesis of Compounds N21 and NL22

The methylatedhydrazidederivative NL22was synthesize(Gcheme 1P
beginning with(4-isopropylphenoxy)acetic aci@®), which was coupled with
commercially availabl8OC-protected methyl hydrazine using EDC. Deprotection with
trifluoroacetic a&id (TFA) led to hydrazid&3, which was reacted with-f2royl chloride

(6) and potassium thiocyanate to give L& 23% overall yield
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We were not able to synthesitetdher methylated derivative, NL2Where the
BOC-protected methyl hydrazine isonmiemot commercially availablgcheme 1P
Isolating the BO@rotected methyl hydrazin®)f®, proved to be a challenge. The
compound appeared to be volatile and its presence was hard to confirm. Moving forward
with the material we had isolated, and perforg the same reactions as those for RIL2
we were able to form what appeared to be Nt in very small yields (always less
than a milligram), anthe limited materialvas rever completely pure even after
reversegphase purification.

1. BOCNCHgNH,,
/YOH EDC, DCM (_7)( &CCN> N )k
(@) ' Cl CH3CN o
I /Y

2. TFA, DCM

8 13 NL22

o (0]

OJKQ CH3NHNH, OJKN,NHZ BOC,0, K,CO3 )L NT T< 10% PAIC ,HTO
2R — Ty 7<
@A TEA, DCM ! H,0, CH,CN MeOH o ¥

1

)\Q\ OH 1% EDC. e KSCN )\Q\ )k
O/If O/}r “NH, O/}(N )KEO/)

2. TFA, DCM C| CH4CN

8 7 NL21

Scheme 19Synthesis of Compounds NLZ&nd NL22

3.2.3 Synthesis of Compound NL23

Pyrazolidineanalog NL3 was synthesizeds shown in Scheni.

Commercially availabl8OC-protected hydrazineas protetedwith a
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carboxybenzyxy (Cbz)groupusing benzyl chloroformate andiNethyl morpholine
(NMM). The doubly protected hydrazidg was then reacted with sodium hydride and
dibromopropane to give intermedidi® Removal of the carboxybenzyl group with
hydrogenation yielded intermediat®,5! which was coupled with ¢4
isopropylphenoxy)acetic acid using EDC. Subsequent deprotection gave interrhédiate
which was reacted with potassium thiocyanai# 2furoyl chloride to give NL23n 2%

overall yield

NMM, THF

BOCNHNH,
OTCI - 5
o)

T N NaH, DMF

0
)k J< BrCH,CH,CH,Br ©k )k k 2 . HN*NXO/% +
g, L

8

17 16 15
o Y 2 7FA DCM o N-NH  + § /7 cl CHy.CN N-N" "N 0
o L : © (o ALy
o o]
14 6
NL23

Scheme 20Synthesis of Compound NB2

3.2.4 Synthesis of Compound NL24

We attemptedo synthesize compound NL24 shown in Schenfl. We first
chlorinated shydroxymethylfurfural 25) using hydrochloric acid and DCM to give
intermediate24. We then attempted to protect the aldehyde witiutanol and
hydrochloric acid to forn23 afterthe procedre of Chang et &, but the product was not
formed; instead, the butanol replaced the chlorine. We also tried to use a methoxy
protecting group with iodine and methanol to fos®) but similarly the chlorine was

replaced insteady methanalWe then decided to not protect the aldehyde and instead
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just reac4 with phenol and potassium carbonate in dimethylsulfoxide (DM&®@ich
provided intermediate21.8° We attempted to open the furanifby reacting it with

30% hydrogen @roxide®! however, intermediat20 was not formedwe then tried a
two-step ring opening procedure for whicleté was literature precedentée were ale

to oxidize 21 with metachloroperoxybenzoic acid (mMCPBA) dfichloromethané?

which did give intermediat60. However, all dtempts to open the ring by sonicating the
compound with zinc and acetic a@dcording to the method of Cottier efaproved

unsucessful.

(0]
\ cl /\m o Alkoxy
o 7 \/ /\/\ intermediate
o 23 formed
- \X,\)\@“ instead

0
o) o) l2 o)
—_— >~ NN e -
Ho© \ / H pem a” A\ _J H/\_ MeOHX C'/\@/%/ o
2
24 (0] 59 o, P02 ©\
25 >0, 3% P o OH
Q\Lﬁo = 0
20
mCF’BA
Ba— (L0
21 OAUO
60

v Zn
 AcOH

X
O,
NL24 O/Y\)'LOH
o

20

Scheme21. Attempted Synthesis of Compound AL

57



3.2.5 Synthesis of Compounds NL25 and NL26

To eliminate the hydrazide group we designed some analogs where one of
hydrazide nitrogens was translocated to a wsitloser to the isopropyl ring (NL25,
NL26). Since we were uncertain of the role of il\dH group in binding to RnpA we
adjusted the distance between the resulting extended urea group and the isopropyl ring

with one (NL25) and two (NL26) methylene mibéss.

Compound NL25Scheme 2Pwas synthesized beginning witlkcdmmercially
availableisopropylbenzylamine27a), which upon reaction with potassium cyanide gave
the ure&1.84 Reaction of the urea with-f2iroyl chloride and possium thiocyanate led
to NL25in 6% overall yield Compound NL26&vaspreparedn a similar mannein 3%
overall yield except the starting ami2&b was not commercially availabldt was
obtained by reducing-isopropylphenylacetonitriléd@) to therequiredamine with

boranedimethyl sulfide complex.

NH, HC| H2 Cl CH3CN T Y
27

NL25

)\@\/ (CH3),SBH; /k@\/\ )\@\/\ KSCN
N THE NH, HCI H0 QA CH,ON
*Q\A A

N” NN ©

H H H |/

NL26

Scheme 22Synthesis of Compounds Nb2and NL26
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3.2.6 Synthesis of Compounds NL2i7 NL30

As a potential bioisostere of the central core region of RNPA200@sigreed
and prepared a series of squaric acid amide analogsleBired compoundsere
synthesizedScheme 2Baccording to the method of Kinney ef4lVe useddiisopropyl
squaratda solid)as the starting material rather than diethyl squdealiguid), a known
irritant and skin sensitizeRiisopropyl squaraté30) wastreated withfuran-containing
alkylamines(28a- b) to generate intermedia®®a i b in 50-76% vyields followed by

treatment withsopropylphenycontaining alkylamineg7a - b) to yield NL27 7 NL30

o o Q O o o
L o™ s =
EtOH . NH
}\O 0/4 * Wn o N /O o2 N N o
7 [
30

EtOH .
28a-b 29a-b 27a-b
NL27 - NL30

Schene 23 Synthesis of Compounds NL2MNL30

in 8-54% yields (Table 10). The reaction of diisopropyl squarate withighethanamine
(28b), which wasused as a hydrochloridelsaequired a catalytic aountof 4-

dimethylaminopyridine (DMAP). Amin@7bwas synthesized according to Scheme 22.

Table 10 Synthesis of Compounds NL2MNL30

Compound # L1 L2 Overall Yield (%)
NL27 1 1 29
NL28 1 2 27
NL29 2 1 6
NL30 2 2 11
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3.2.7 Synthesis of Compound NL31

Compound NL31 replaces the thioacylhydrazide group with an ethylene diamine
moiety. The thiecarbonyl is eliminated altogeth€2ompound NL3Wwas synthesized
(Scheme 24by first couplingcommercially availabl®OC-protected ethylene diamine
(33) with 4-isopropylphenoxyacetic ac(8) usingthe coupling agent 44,6-Dimethoxy
1,3,5triazin-2-yl)-4-methylmorpholinium chloride (DMTMM) to give intermedistd.®
Deprotection yielded intermediaBd, which was coupled with furacarboxylic acid
(32) using Nmethyl morpholine (NMM) andBenzotriazoil-
yloxy)tris(dimethylamino)phosphonium hexafluorophospl{B@P)° to give NL31in

9% overall yield

0
H H
)\Q\ ~_N_O DMTMM)\©\ N~ L J< TFA H
O/YOHJFHZN I T< —»HF Oﬁf H 6]

T
8 % 33 o

mo NMM, BOP H o

Y N (o]

or DMF oY \/\H »
o}

32 NL31

Scheme 24 Synthesis of Compound NL31

3.2.8 Synthesis of Compound NL32

Compoumr NL32 tests the necessity of the carbonyl group next to the lipophilic
moiety (furan in the case of RNPA2000)ws synthesized usirms(1-
benzotriazolyl)methanethior{é5), a known thiophosgene equival¢Stheme 2b The

onepot method oKatritzky e al. did notprovideNL32.54 However, reactindpis(1-
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benzotriazolyl)methanethior{65) with furfurylamine 28a) andisolating intermediate
66, and therireating this activated thiourea witlydrazide34, led to NL32in 22%

overall yield

s
N -N
(o) N= DCM EtzN
N & 3
@/\NHZ * @[N N —— 0 NAN + H -
i \ ]| H N. DCM
s N=p o/ﬁ( NH,
28a 65 66

O

34
)\CL P

o NN 0

SRRV

NL32

Scheme 25Synthesis of Compound NP3

3.3 Synthesis of Photoaffinity Labeled Compounds
3.3.1 Synthesis of Compound NL68

For proposedizide NL68(Scheme 26)synthesis began with the reaction of
acetaminopher3Q) with ethyl choroaceta to form intermediat88, which was
deprotected to givaminophenoxyacetic acBr.2° The azide was formed by reactidg
with sodium nitrite, followed byreatment witrsodium azidé! A few times ve were
able to isolate what appeared to be the azitighnprecipitated oudf solution butat
other times no precipitant formedegardless of reaction temperaturégra
approximately two hourthe reactiorwould start to foam, whictve tookto be
degradation of the azide. When we were ablsdtateazide 36, we coupled it with mono

BOC-protected hydrazine, followed by removal of the BOC group. As azides are
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sensitive to acid, cerium ammonium nitrate was usethéeprotectior?® When we
reacted the hydrazidgb with 2-furoyl chloride and potassium tiayanate, wevere
never al# to identify or isolate compound NL6&s an alternative, @ralso attempted to
form the aziden the last step of the synthesisdinverting37 to the correspondingacyl
hydrazide(67) and then reacting this molecule witH#oyl chloride(6) and potassium
thiocyanateo give68. However, all attepts to converé8to the desired azide NL68

through treatment witeodium nitrite and sodium azidailed.

H N HoN N3
WN\©\ I~ W \©\ . \@\ NaNO,, NaN; \@\ o 1. BOCHNNH,
Q > o) o) R OH —_— H
o) - H0 o EDC, DO
o K2CO3, DMF o 2 S T /Y 2. CAN, CHyCN
39 3 O 37 ©

CH3CN

Ns\©\ y KSCN
o | M.
o o \CL ~dy k@
6

3% NL68

H

n HoN
N 2
W“K@\ oo~ Y \©\ HOI 1. BOCHNNH, 12N
—O0——> ¢ o o OH ———*
o on KaCOs, DMF o O RO o EDC,DCM O/W “NH

5 2. TFA, DCM
39 38 (0] 37 o7
N
(_74( Koy \O\ A v Q 0 59
N. [0 R » i - N
CH3CN O N N ~ o)
3 THN D e N
68 NL68

Schene 26. Attempted Syntheseof NL68

3.3.2 Synthesis of Compound NL69

Benzghenone NL6Qvassynthesized as shown in Schemef2Commercially
available hydroxybenzopheno(#2) was reacted witkthyl chloroacetate and potassium

carbonate in acetorte give inermediates9. Hydrolysis of the ester produced
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intermediated1, which was coupled witmono BOGprotected hydrazine.dfnoval of
the BOC group under acidic conditions generated hydrdfideeaction with potassium

thiocyanate and-furoyl chloride @) ledto NL69.

o

o)
Cl/\ ” 1M NaOH 1. BOCHNNH,

cho3 (CH3),CO O/\Tro\v/‘ THF o OH EDC DCM

60 S /\WT’ 2. TFA, DCM

)
ok
KSCN H
—
Oﬂf “NH, C| CH;CN Ny )KL)

40
6 NL69

Scheme 27Synthesis of NL69

3.3.3 Synthesis of Compound NL70

We attempted to synthesizedirine compound NL7QScheme 28beginning
with commercially availabld-acetylphenoxyacetic acid%), which was coujed with
mono BOGCprotected hydrazine and subsequently deprotected to form hyddadzide
Reaction with Zuroyl chloride and potassium thiocyanate formed intermediate
However, this compound was always formed in low yields and was very difficult to
isolate and confirmUnfortunately, vinen43 wastreatedwith ammoniagasin methanol,
followed by addition of hydroxylamin®-sulfonic acid and titrated with iodine in
methanol*#the diazirine product (NL70vas not formed Attemptsto form the
diazirineof thestarting materiadls, using the same conditioreso failed to provide

product We then attempted to formdldiazirine through the tosylated oxinvée first
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reacted 4acetylphenoxyacetic acid%) with hydroxylamine hydrochloride and sodium
acetag in ethanol to form oxim&0.°° We then attempted &electivelytosylate the

oxime, but reaction with tosyl chloride, pyridine and DM#Red to the ditosylated
product71. Sinceselectivelytosylating the oxim@roupin the presence of the carboxylic
acid was not possible, we then tried to protect the acid first. We redsteith methyl
iodide and potassium carbonate to form intermediafé When we attempted to form
the oxime on the protected compound, we igstead a side product that appearedbe
the hydroxamic acid3. This reaction had to be run in methanol because when it was run
in ethanol, the methyl esteansesterifiedo an ethyl ester. We attemptedctoccumvent
the presence of oxim&cid 70 during the tosylation step other mannes, including by
reacting oxime&Z0 with mono BOCprotected hydrazine to form intermedid@t as this
would have to be done later in the synthesis anywtgmpts to tosylate this molecule
to form intermediat&5 were unsuccessfllVe also protected theudboxylic acid with a
BOC group to form intermediaf,° which was then reacted to form oximgunder

the previous conditions. Attempts to tosylate this molecule to form interm&@atere
also unsuccessfulastly, weattempted to first form the tosyedhydroxylamineand

then add it to the starting materéd to give the tosylated oxime directijd-BOC
hydroxylamine 79) was tosylated with tosyl chloride and triethylamine to form
intermediate80 and removal of the BOC group gave taggthydroxylamine @1).%*
However, all #empts to react this compound witkadetylphenoxyacetic acid$)® to

form intermediaté2 were unsuccessful.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Tests of Hypotheses

The aims of this study were to design RNPA2000 analogs that do not possess the
potentiallymetabotoxic hydrazide, thiourea and furan moietiexder to improve the
affinity and MIC values and generate SAR data. Synthetic routes to these compounds
were deviped and the molecules were testedfibibitory activity at RnpA and RNase
P, as well as antimicrobial activity, cytotoxicityHepG2 cellsand physiochemical

properties The results section will present data that supports or refutes the hypotheses.

Hypothesis 1Bioisosteric replacement of the isopropylphenoxy group will
provide analogs with similar or superior inhibitory potency against RnpA and
RNase P, lower MIC vaks against MRSA1000 and improvedvitro

microsomal stability in mouse liver mi@omes compared to RNPA2000.

Hypothesis 2Bioisosteric replacement of the acyl hydrazide and thiourea
moieties will provide analogs with similar or superior inhibitory potency against
RnpA and RNase P, lower MIC values against MRSA1000 andiedin vitro

microsomal stability in mouse liver microsomes compared to RNPA2000.

Hypothesis 3Bioisosteric replacement of the furan group will provide analogs
with similar or superior inhibitory potency against RnpA and RNase P, lower
MIC values against MRSA1000 @mmprovedin vitro microsomal stability in

mouse liver microsomes compared to RNPA2000.
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4.1.1 Test of Hypothesis 1

Hypothesis 1Bioisosteric replacement tiie isopropylphenoxy group will
provide analogs with similar or superior inhibitory potency agampA and RNase P,
lower MIC values against MRSA1000 and improveditro microsomal stability in

mouse liver microsomes compared to RNPA2000.

4.1.1.1 Results

Analogs were synthesized whehe 4-isopropylphenoxy moiety wagplaced
with bioisosteres,sathis group has the potential to be metabolically labie. results

from the biological as well as physiochemical testing can be seen inIllable

4.1.1.2Discussion

Most of thechanges made to theigbpropoxy group resulted in analogs tluest
inhibitory activity for RnpA and RNase P. Removal of the isopropyl group (NL1), as well
as refacing the isopropyl group with alkoxy groups likethoxy (NL4) or ethoxy (NL5)
substitueneliminated the inhibitory activitjor RnpA and RNase Hhe analogvith at-
butyl groupin place of isopropy{NL2) had slightly be#r activity against RNase P, but
no inhibitory activity againgdRnpA. N-Propoxy (NL6) and methyl groups (NL7) in the 4
position had somactivity againsRNase Fout none againg®npA, with MICs in the 64

128 pg/mL range. Based on these results (and that fromheryl analog 19, Table 3),
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Table 11 Results for Compounds NLINL19
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Table 11 Results for Compounds NLIINL19 (continued)
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it seems that the isopropyl group may be occupying a highly lipophilic pocket on RNase
P and RnpAThe lipophilic pocket on RNase P may be somewhat larger than that on
RnpA, given the fact that thebutyl group was accommodated by RNase Ptbut i
presence @hinated activity versus RnpAthe presence of some activity (at least against
RNase Pyeen with the 1propoxy group (M6) argues that this SAR is more the result of
the lipophilicity of the R gr ¢tsopthempentlahte r

phenyl ring.

All of the 4-substituted analodgsad higher MIC values versus MR$000 that
that of RNPA2000 (32 g/mL). One analog, NL7, displayed some antimicrobial activity
despite being devoid of inhibitory activity against both RNaaadPRnpA.This
compound had a methyl group in place of the ispprmoiety of RNPA&000 and also
lacked theamethoxy bridge between the phenyl ring and the first carbonyl grouneof t
acylthiahydrazoneThe compound was not overtly toxic to HepG2 cellsgssgng that

some alternative antimicrobial activity could be coming into play for this analog.

Most of the 4substituted compounds displaysdilar microsomal stability
compared tahat seen with RNP2000 (i,2in mouse liver microsomés14.5 min; t,2in
human liver microsomes = 57.8 mifable 3 and the same trend of haviggeater
stability in the human systeaompared to the mouse systérhe one exception was the

ethoxy analog NL5, which was alsenstable in human liver microsomes.

Direct analogs bRNPA2000 with Rgroups in the osition of the phenyl ring
(instead of the $osition) &so gaventerestingresults.The 2isopropyl derivativeNL8

has some inhibitory activity againRnhpA but none versus RNaseGanversely, the-t
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butyl analog NL9 diplayed inhibitory activity against RNase P but none versus RnpA.
Neither compound showed appiable antimicrobial activityOne conclusion that could

be drawn from these results is thathRnpA and RNase P inhibition are recaarfor
antimicrobial aavity. When themethoxy linker between the phenyl ring and the

carbonyl of the acylthiahydrazone was removed (NL10 and NL11), we once again
obtained compounds that were devoid of inhibitory activity against RNase P and RnpA
but had antimicrobial activityThese results suggest that, like NL7, the two compounds
may be killing bactea through another mechanisithe data obtained from these 2
substituted compounds were disappointing based on the encouraging results seen with
ST53232190 (compound 17, Table Bjowever, ST55232190 also has structural
modifications to the opposite end of the molecBlased on these resulisseemdhat

the binding of this lefthand portion of the molecule s¢rongly affected by how the right
hand portion of the molecule bindce structural changes to that rigiaind portion had
much greater effects on RNase and RnpA activities than did the changes that we made to

the lefthand regior{discussed below for Hypothesis 3)

Microsomal stability assessment revedleat, n geneal, the 2substituted
analogs were more susceptible to human microsomal metabolism companatbgous
4-substituted analogs (e.gupfor isopropyl derivative NB = 3.7 min., compared tg4
for RNPA2000 = 57.8 minutes)he tbutyl analog NL9 was sprisingly stable to mouse
mi cr osomal met abolism, but t hspsoragaesus!| i kel y

solubility (< 2 M in phosphate buffered saline/1% DKy The good microsomal
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stability seen for the-Bydroxy compound NL11 indicates that ajanasite for

metabolism is in the alkyl moiety of thesRibstitutent in the mouse system.

Moving the isopropybroup to the dosition (NL12)eliminated infbitory
activity against RnpA anBNase P, as well as thatimicrobial activityagainst
MRSA1000 Replacing the oxygen in thether moiety with a carbon (NLY&moved
what little degree of inhibition of RNase P that was seenavitiogousompound NL1.
Interestingly, the presence of a propyl linkeNib16 eliminated the unexpected

antimicrobial actiity seen focompounds NL7, NL10 and NL1This result provides

some confidence that compounds possessing the ether linker group are exerting their

antimicrobial activity through inhibition of RNase P and RnpA and not through the

unknown mechanism thatides the antimicrobial activity of NL7, NL10 and NL11.

Substitution of @ransdoublebond for the ether moiegf RNPA2000(NL17 and
NL18) retainedsome inhibitory activity again®npA (NL18) and RNase PNL17 and
NL18). The MIC ofNL17 was surprisinglgood (64 jg/mL) consideng the lack of
RnpA activity.Perhaps this reflects a greater degree of penetration into the bacteria due
to the lower logP (1.68), although this assertion would need to be tested with a number of
conmpounds to be considered valithe MIC of NL18 cannot be interpreted since it
coincides with concentrations that alsosmuaytotoxicity in HepG2 cell§.hecompound
possessing a cycloproplyloisostere for theransdouble bond (NL1Phad naactivity
againstRnpA, yet alower MIC value(32 pg/mL) than the compounds with the double

bond.Again, it is not clear if these data are the result of a lower logP compared to
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RNPA2000 (1.66 for NL19 versus 2.14 for RNPA2000) and accompanying increases in

bacterial cell permeability or some othactor.

The 3isopropyl analog NL12 showed similar stability in mouse liver microsomes
compared to that of RNFP2®00and lower stability in human liver microsomes, despite
poor agueous solubility (4M). All of the analogs where the oxygen in the etherdink
was removed were more stable to mouse microsomal metabolism than RNPA2000, even
thed4-isopropyl derivative NL18Interestingly, the cyclopropyl compound NL19 was
somewhat more labile to human microsomal metabolism compared to RNPAZO@O (t

NL19 = 317 minutes, compared to 57.8 minutes for RNPA2000).

4.1.1.3Conclusions

Hypothesis igartially true

1 Bioisosteric analogwith increasednousemicrosomal stability were identified.
Those analogs had carbon linkers between the phenyl and the carbonybfgroup
the acylthiahydrazone.

1 Analogs possessing bioisosteric replacement groups forifuprbpyl moiety
did not show enhanced potency against RNase P and RnpA, nor did they show
superior MIC values compared to RNPA200@any changes to the R group
eliminated inhibitory activity for RNase P, RnpA or both.

1 The one compound that displayed more potent antimicrobial activity that that seen

with RNPA2000 (NL10) was not an inhibitof BNase P or RnpA processing.
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The antimicrobial activity was likely caused gme other mechanism which

resulted from changing theathoxy linker.

4.1.2 Test of Hypothesis 2

Hypothesis 2Bioisosteric replacement of the acyl hydrazide and thiourea
moieties will provide analogs with similar or superior inhibitory potency agaimsAR
and RNase P, lower MIC values against MRSA1000 and impriowatto microsomal

stability in mouse liver microsomes compared to RNPA2000.

4.1.2.1 Results

Since the thiourea and acyl hydrazide moieties are either metabotoxic or can lead
to metaboliteshat are further metabolized to give toxic species we decidedkddo
bioisosteric replacementénalogs were synthesized as described in ChapfEné

results from the biological and physiochealitesting are shown in Table.12

4.1.2.2Discussion

Replacement ddulfur with an oxygen (NL20) provided an analog that was twice
aseffective aRNPA2000at inhibiting boh RNase P and RnpAlowever, no
antimicrobial activity against MRSA1000 was seen with this compourpltdets

reasonable solubilityThe hydrogen bonding Ngroups of the hydrazir@soappeato
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Table 12 Results for Compounds NLAZ0NL32
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bebeneficialfor antimicrobial activity We were able to pregpe one of the two possible
analogswvhere the hydrazineNH was methylated@NL22). This compound displayed

weak RNase P inhibitory activity, was devoid of RnpA inhibitory activity and showed no
antimicrdoial activity up to 256 g/mL. When the hydrazine nitrogens were constrained

in a 5membered ring (NL32), activity against RnpA was retadbut RNase P activity

was lost.The overlap of antimicrobial activity and cytotoxicity make it impossible to
comment on the MIC of 256gimL. The urea analogs (NL25 and NL26) had better
activity against RNase P and retained some activity against Rrip& gase of NL25.

Unfortunately, neither compound possessed antimicrobial activity.

The bioisosteric replacement for the thiourea and hydrazine moieties that
imparted the most potent inhibitory activity against both RNase P and RnpA was the
squaric acicamide (compounds NL27NL30). Since we could not predict with any
certainty which two of the three carbonyl groups in RNPA2000 that the two carbonyls in
the squarate moiety would mimic we prepared a series of analogs-witkd 2 atom
spacers betweendlsquarate and the isopropylphenyl group on the left and the furan
moiety on the right. The analog with the shortest linker length (one atom on both sides of
the molecule, NL27), was the most potent inhibitor of RnpA (25 uM) and RNase P (50
M) of the seres, although the MIC value was an unimpressive 128 pg/mL. The
molecule with a linker of two atoms on both sides (NL30), had esvElue of 50 uM at
both RnpA and RNase P. With a linker length of two on one side of the molecule and one
on the other sideNL28 and NL29), the 165 values at RnpA and RNase P were both 250

MM, and there was no antimicrobial activity. Overall, the squaric acids were also

77



cytotoxic at concentrations eerebactericidalctivity was seen, making it impossible to

comment on whetleor not these molecules qualify as true antimicrobial agents

The analog whout the thiourea moiety (NL3Jossessed nahibitory activity
against RNase P and RnpA and was actually rimxie to HepG2 cells than to
MRSA1000 The analogvithout the thid carbonyl (NL32 had noactivity againsRnpA
but had an Igy value of 100 uM at RNage. The compound showed an mpressive

MIC value of 128 g/mL.

There wasatendencyfor compounds within this series that either had two
carbonyl groups in a ciike conformation (either by structural constraint or by hydrogen
bonding stabilization) to be fairly potent inhibitors of & PThis is not surprising
since RNase P is known to have two magnesium ions at the center of its catalytic site.
Based on this obseation, it is reasonable toypothesizehat at least part of the binding
of this class of molecule to RNase P may involve coordination of two of the three
carbonyl groups in the centefthe molecule to magnesiuifhe trend seen W the
squarates is dirent.RnpA inhibitory activity seems to be controlled more by the length
of the spacers than by the umia of center of the molecul&his could indicate that
binding to RnpA is driven more by the distance between the left hand substituted aryl
moiety aml the righthand aryl group and that the acylthiahydazide is serving more as a

spacer than an actual primary binding group.

Most of the compounds designed to eliminate the acylthiahydrazide group
displayed poor aqueous solubility, the exceptions beingribe where the amides could

not form a seriesf internal hydogen bonds (NL22, NL23, NL31Jhe squarate analogs
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had very low aqueous solubilityll of these analogs were not stable in the presence of
mouse liver microsomes and most were less stableRN&A2000 in the presence of
human liver microsomes, evdametpoorly soluble analog NL3The only exceptions to
this trend were NL20 and NL32, which had the unsubstituted acylthiahydrazide group

more or less intact.

4.1.2.3Conclusions
Hypothesis igartially true.

1 Several acylthiahydrazide bioisosteric molecules displayed more potent inhibitory
activity against RNase P and RnpA than that seen with RNPA2000 (NIL23,
NL27, NL30).

1 However, this increase in potency did not translate into more potemicrobial
activity.

1 Solubility for most of these analogs wasver than that seen with RNPA2000.
Also, with a few exceptions, microsomal stability for these compounds was lower

than that seen with RNPA2000.

4.1.3 Test of Hypothesis 3

Hypothesis 3Bioisosteric replacement of ther&in group will provide analogs

with similar or superior inhibitory potency against RnpA and RNase P, lower MIC values
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against MRSA1000 and improveédvitro microsomal stability in mouse liver

microsomes compared to RNPA2000.

4.1.3.1 Results

Analogs with bioisosteres tie furan moiety were synthesized to replace this
moiety as it is potentially metabotoxic. The results from the biological and

physiochemicktesting are shown in Table 13

4.1.3.2 Discussion

The SAR result$or the furan bioisosteres were complex. Attaching the furan in
the 3 position (NL33), as opposed to the did not affect activity for RNase P; however,
cytotoxicity was observed for thef@ryl compound. Adding lipophilisubstituentso the
2-furyl ring (NL34- NL37), improved potency against RnpA and retained or enhanced
potency for RNase P somewhat. This was particularly true for-gieebyl derivative
NL36. Unfortunately, higher MIC values were seen with all of these analogs compared to
that for RNPA2000. In addition, there was no separation between the MIC for NL36 and

the concentratiorat which cytotoxicity became evident in HepG2 cells.

The substitution of the furan for other fimeembered heteroaromatic rings,
including isoxazole and oxazal§L38, NL39), pyrrole (NL40) and-ghienyl (NL42),

eliminated inhibitory effects against RnpA, and the oxazoles and pyrrole displayed
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Table 13 Results for Compounds NL33NL67
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Table 13 Results for Compounds NL33NL67 (continued)
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Table 13 Results for Compounds NL33NL67 (continued)
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significant cytotoxicity. Interestingly, most of these analogs were reasonably potent at
inhibiting RNase P with # exception of the isoxazole derivative NL38. Despite a lack of
inhibition of both RNase P and Rnptheisoxazole derivative displayed similar
antibacterial potency to thaeen with RNPA2000 (MIC = 16g/mL), again suggesting
the possibility of aather atimicrobial mechanisnmlhe 2thienyl analog (NL41) showed
similar inhibitory potency against RnpA as that seen for RNPA2000, but had
significantly improved potency against RNase P. The compound with a phenyl ring
substituted for the-furyl group (NL43) bst inhibitory activity againdRnpA but retained
potency verssiRNase P. Like many of these furan bioisostergaining compounds,
NL43 did not show any separation beeneMIC and HepG2 cytotoxicity he 2
methoxyphenyl analog NL44 was designed to mitinefuran oxygen on a phdny

scaffold.Unfortunately, this compound was lgsstent than RNPA2000 in all tests.

The 3pyridyl and 4pyridyl derivatives (NL46 and NL47, respectively) both lost
their potency against RnpA, although they retaithed poteng against RNase Both
showed anbacterial activity against MRSKO00 but were less potent than RNPA2000.

Surprisingly, the 2vyridyl derivative NL45 showed increased potency against RnpA and

was one of the most potent RNase P inhibitors synthesizba@isttidy This compound

displayed atimicrobial activity (MIC = 32 jg/mL) and wasot cytotoxic to HepG2
cells.These results suggest that there is somethingegedabout structures containing

a lipophilic aromatic ring with a heteroatom in thed@stion.

Encouraged by the positive results obtained with furan derivatives containing a

lipophilic substituent in t 5-position (NL35, NL36, NL37), or next step was to
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examine compoundsh&re aromatic heterocyed were fused to phenyl ringsit turned

out that the furan ring was a requirement for this end of the molecule, we rationalized that
the presence of the fused phenyl ring (i.e. benzofuran) would eliminate theotogtab
potential of the furanWe therefore synthesized the benzofuran analogs8Nbd NL49

as well as the-benzothiophene derivative NL50ke the norfused analogs, the 3
benzofuran NL49 and theli#&nzothiophene NL50 were not asqdtas the -benzofuran

NL49. The 2benzothiophenderivativealso lost its antimicrobial potency, ggbly

because of thkigh logP value (logP = 4.56h fact, NL48was one of the most potent

analogs against both RnpA and RNase P that we identifiesithe potent Zoyridyl

derivative NL45, the -benzofuran NL48 showed a reasonable MIC v§B2g.g/mL)

and no cytotoxity in HepG2 cellsThese results suggested that either the lipophilic
binding pockets occupied by the furan group of RNPA2000 on both RnpA and RNase P
is longer than expected or that there may be a second lipophilic binding sitecdilstl t

interacting with the furan on both targets.

The addition of a fused aryl ring to the pyrrole group of NL40 confirmed the trend

seen with other monocyclic heteroaryl ringilee 2indolyl compound NL51 was the

most potent RNase P inhibitor preparedhis study (IGy = < 0.5 M) and was also a

potent inhibitor of RnpA. Furthermore, this compound was not cytotoxic apkhgisl a

similar MIC against MR81000as that seen with RNPA2000 (16/mL). Moving the

substitution to the-position of the indoleing (NL52) resulted in a less potent molecule
against both targets, as did adding a second nitrogen (to give the benzimidazole NL52)
andeliminating the weak hydrogen bond donati?dH group by méhylating the
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nitrogen (NL54)All of these indolebased isosteres showed varying degrees of

antimicrobial activity and were not appreciably cytotoxic in HepG2 cells.

We next studied the effect oftsstituents on the indole ringihe 5 and 6
methoxy indole derivatives NL55 and NL56 (respectively) were redsdy potent
inhibitors of both RNase P and RnpA, with thenBthoxy analog being slightly more
potent than the-enethoxy compound against RNase P, an advantage that manifested
itself in the form of slightlygreater antimicrobial potencyhe correspondinghloro
derivatives showed reduced potency against RnpA compared to the methoxy andlogs
the order of potencies for the two positional isomers were switcheplazethto the
methoxy compoundsurprisingly, the &hloroindole NL57 showed good antimicrobia
potency L6 pg/mL). The 5fluoro derivative NL59wvas also a reasonable inhibitdr
both RnpA and RNase P but that potency did not translate to good antimicrobial potency

for reasons that are not well understood.

To round out the SAR around the enc@img results obtained with the pyridine
bioisostere (NL45), we generated theabyl quinolines NL63 and NL64 as well as the 5
phenyt2-pyridyl analog NL62. All of these changes resulted in losses in potency against
both targets compared to NL45, whichnistated to a loss of antimicrobial activity. The
reasons for this diversion from the furan SAR are not clear, although it could indicate that
the aromatic ring of the-gyridyl ring binds in a different conformation compared to the

furan, thiophene and pyile rings.
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To get an idea of how long the furan binding pocket is, we homologated the furan
ring with a methylene group (NL65) and a trans double bond (NL66) and also
homologated the benzofuran ringtva trans double bond (NL6AII three
homologated @alogs displayedood potency against RNaseJurprisingly, the
methylenefuran derivative NL65 and the trans double béwetzofuran analog NL67
showed some of the most potent inhibitory potency against RnpA of all the compounds
prepared in this study. de ofthese homologated compounds weytotoxic to HepG2
cells and NL65 showechéimicrobial potency (MIC = 16 g‘'mL) which was eqal to that
seen with RNPA2000. Unfortunately, like RNP@00, NL65 also contains af@ran
group that has the potential to tnetabolized to toxic species (which would not show up
in the HepG2 cells because they have lost their ability to metabolize through the P450

enzyme systems).

The solubilities of these bioisosteric analogs tended to trébkdagP, as one
might expectThe higher the logP value the compound had, the lower its aqueous
solubility tended to be. However, with the possible exception of NL54 (theetiy|
indole derivativemaximum aqueous solubility < 24), the solubilites of all of these
compounds wersufficient to provide confidence in the microsomal stability data, where
the compounds are testat a concentration of IMu Most of the compounds displayed
poor to moderate stability in mouse liveicnoesomes, similar to RNPA200There were
a few exceptionsvhere t2values in mouse liver microsomes approached 60 minutes
(NL41, NL49, NL5Q NL56, NL63 NL67), but none of these more metabolically stable
analogs displayed high potency for RNase P and RngAyaad antimicrobial activity.
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One trend that was no&d was that compounds containing a sulfur atom (the thiophene
NL41 and the benzothiophene NL50) were maable to microsomal metabolisiim.
general, {» values in human microsomes tended to be moderate as well for these
compounds (in the range of R@5 min).None of the compounds that possessed potent
inhibitory activity against both RnpA and RNase P and reasonatieieobial activity

against MR®1000 were as stable in human liver microsomes as was RNPA2000.

4.1.3.3Conclusions

Hypothesis is trughut a molecule possessing good biological potency AND

suitable physicochemical/ADME properties was not identified.

Several bioisosteric replacements for thei®/l group imparted better inhibitory
potency against RnpA and\Rse R including2-benzofuran2-pyridyl and 2indolyl.
MIC value was never lowered below the initial MIC of RNPA2000, 16 pg/mit
several analogs displayed similar MIC values and the antimicrobial potency seemed to
correlate to potent inhibition of BOTH RNase P and RnpAyeneralthere seemed to
be an inversearrelation between MIC values dpgP, with higher lipophilic
compounds giving MIC values that were higher theamld be expected from their 4
values against RNase P and RnpAis is not unexpected, astibiotic agens, in
general, tend to have lower logP values than other therapeutic classes as well as a larger

number of heteroatoms that can form hydrogen bandsin the case of Granegative
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bacteria, promote their movement through aquaporin channels in the ddaetiri

walls.%6

Several compounds were identified that displayed good stability in both mouse
and human liver microsomes/{wvalues> 60 min).Unfortunately, none of these
metabolically stable analogs displayed suitable potency against RNase P apdor Rn

and reasonable antimicrobial potency against MRSA1000.

4.2 Analogs without Thiourea Moiety

4.2.1 Results

We obtained a number bi/productdrom our synthetic work in which the
thioisocyanate component did not participate in the reaction, but raghacyl chloride
coupled drectly to the acyl hydrazidd.hese byproducts were tested for their ability to
inhibit RNA processing by RnpA and RNase P as well as their antilzctetivity

against MR®1000. The results frontestingthesebyproductsare slown in Table 14

4.2.2 Discussion

Most of the compounds did not possess inhibitory activity against RnpA and
RNase PThe three exceptions to this trend were the indole Ntb¥6-methoxy indole
NL79 and the 2benzofuranyl analog with the trans doubtsd linker NL82. These three

furan bioisosteres also imparted good inhibitory activity agéestwo targets to the
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Table 14 Results for Compounds without Thiourea Moiety
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original acylthiahydrazide scaffold of RNPA20(However, unlike the

acylthiahydrazides, these compounds which were missing the thiocarbonyl group showed
little or no antimicrobial activityOf these three, only NL77 possessatimicrobial

activity, with anunimpressiveMIC valueof 128 pug/mL. In addion, most of the

molecules without the thiourea moiety were cytotoxic and had low microsomal stability.

4.2.3 Conclusions

Thepresence of all three carborgriougs in the linker (connecting the furan and
the isopropylphenyl moietiegppears to be imp@nt forimpartingRnpA and RNase P

inhibitory activity AND bestowingantimicrobial activity.

4.3 Squaric Acid Analogs
4.3.1 Results

As the squaric acid bioisostere was the best replacement for the tlraadrea
hydrazine moieties, we combined this bmstere with some of the best bioisosteres for

the furan groups. The results from these Isgsized compounds are in Table 15

4.3.2 Discussion

The 2pyridyl derivative NL84, the -benzofuranyl analog NL85 and the 5

methoxy2-indolyl compound NL87 retaimethe RnpA and RNase inhibitory potency
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Table 15 Results for Squaric Acid Analogs
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seen with the 2uryl analog NL27 (Table 12) but, like previous squaric acid derivatives,
were devoid of antimicrobial actiyit Except br NL84, all of the compounds had very
low solubility but good stability in mouse liver microsomes (which may have been
caused, to a certain extent, by the low solubility). Cytotoxicity was observed at higher
concentrations for all of the compounds. Mahyh@ compounds were labile to human
microsomal metabolism, which is similar to the fumtaining derivatives described

earlier (Table 12).

4.3.3 Conclusions

Although inhibitory potency for RnpA and RNase P were retaioechpounds
did not possesanyantimicrobial activitywere cytotoxi¢c showed poor aqueous
solubility and did not possess suitable stability in both mouse and human liver

microsomes

4.4 Mupirocin Synergy

Antibiotics that function within the same biochemical pathway often display
synegy. A classic example is the synergy seen between sulfonamides and trimethoprim
which both function within the folic acid biosynthesis pathWay@NPA200Q an
inhibitor of bacterial RNA processingwas previosly shown to synergize with
mupirocin, an inhilior of isoleucyhtRNA synthase usetbpically for decolonization.

However, the effectiveness of this approach has come into question due to the emergence
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of bacterial resistance to mupiroéhSince a synergistic approach represents a potential
means ofe-sensitizing resistant bacteria to mupirocin we explored the potential synergy
of the present series with mupirocin.

Compounds that displayed Rnp#nd RNase Rnhibitory activity, reasonable
antimicrobial activity (MIC< 64 ug/mL) and a lack of generalytotoxicity in HepG2
cells were examined for their ability to synergize with mupirocin as previously
describeé by determining their fractional inhibitory concentrafidimdex (FICI) using a
ichequer bo al% Todeteanpine if loth inhihitory aeities (RnpA and RNase
P) were required to effect the synergistic effect we tested RNase P inhibitors that did and
did not possess appreciable RnpA inhibitory effettslividual wells of a 9éwell
microtiter plate were inoculated with 1 x*1GFU of S. arreus UAMS-1. Each row
contained increasing concentrations of the test compoundald 2hcrements (0, 8, 1,
2,4, 8, 16, 32 g¢/mL). Each column contained increasing increments of mupirocin (0O,
0.03125, 0.0625, 0.125gfmL). The plates were incubatedrf18 hours at 3C and
growth wasmeasuredThe FICIs were determined using the formula: FICI = (MIC of
test compound in combination/MIC of test compound alone) + (MIC of mupirocin in
combiration/MIC of mupirocin alone)A potential synergistic combinat was defined
as showing an FIO 3% Results are summarized in Tatlg

Many of the compounds tested showed a tendency toward symwathby
mupirocin but compounds NL37 and NL#&&re shown to be truly synergistic based on
the recommended guidelin&8 exhibiting FICI values of < 0.5 at multiple stblC dose

combinationsThe superior synergy seen with these compounds compaRr#dR82000
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Table 16 Synergy of Compounds with Mupirocin

O
N/TT
H
S O

Compound # R group Conc. (ng/mL) Mupirocin (ug/mL)  FICI
77\ 1 0.125 0.56
RNPAZ2000 /49 4 0.0625 0.49
R 0.5 0.0625 0.53
NE35 QCH\@ 4 0.03125 0.5
0.5 0.125 0.515
NL37 /@\Br 2 0.0625 0.3125
8 0.03125 0.375
A 8 0.0625 0.625
NL42 /Q 16 0.03125 0.5
N 0.5 0.125 0.516
NL45 » 8 0.0625 0.5
N 16 0.03125 0.625
0.5 0.125 0.508
NL48 /(/_Q 4 0.0625 0.3125
© 8 0.03125 0.25
NL51 aY 1 0.0625 0.56
N 8 0.03125 0.75
5 1 0.125 0.53
NL>4 8 0.0625 0.5
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and the other analogs tested correlated most closely with their ability to more potently
inhibit both RnpA and RNase P activitie$his hypothesis is supported by two
obsevations. First, previously reported data shows tHRAINPA100Q which inhibits
RnpA-mediated mRNA degradation but does not prevent RNaassétiated tRNA
maturation, did not synergize with mupiroéhSecondly,compounds like NL4%nd

NL51 which showed potent RNase P inhibitory activity but lacked potent RnpA
inhibitory activity, also failed to show definitive synerigseffects (Table 16 Taken
together, these data suggest that both RnpA and RNase P inhibition must be present for

these analogs to synergize with mupirocin.

4.5 Photoaffinity Labeled Compounds

0
S O
H
N, L 0
o) N~ "N
SERRY
NL69
Table 17. Results folCompound\NL69
RnpA ICso (UM) | RNase P 1Go (UM) MIC (ug/mL) logP
>500 150 128 2.11

The biological results from the onpptentialphotoaffinityligandwe were able to
synthesizeNL69, are shown in Tabl&7. Unfortunately, the compound lost its inhibitory
activity againsRnpA, which meant that we could not use it to develop a binding model

for RnpA. It might still be considered for phaffinity labeling of RNase RHowever,
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several more potent inhibitood both RnpA and RNase P within different chemical
scaffolds were identified subsequent to the initial work on potential photoaffinity ligands
which should be considered for exploration before any latiensive proteomic studies

are performed with NL®.

4.6 Future Work

More compounds for Hypothesis 1 (isopropylphenoxy group) abas2 (
acylhydrazidegroup) should be synthesized, asugtable bioisostere for both of these
groups with good affinity, antimicrobial activity and drlige properties wasot

identified.

As the SAR for RNPA2000 is so complexh@mology model of the binding site
on the protan RnpA and the ribonucleotid@pb (where we presume these compounds
bind to inhibit RNase P activityyould help in the discovery of new analagsl n
unraveling two separate SARhat seem to diverge at tim@s described in the
background, a crystal structure of the RNase P holoenzyme exists, ascdgstala
structure of RnpA alone andnaodel of hernpb-RnpA-tRNA interaction.However, a
lack ofknowledge of the binding sites of our molecules makes any docking studies
purelyspeculativeln addition, thestructural model$or RNase P alinvolve rnpbbound
to RnpA and tRNAThere is nguarantee that the unbound monomers of the
holoenzyme will redin the same conformation as when in the bound #atgher

interesting molecule modeling approach that might enhance our understanding of the
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SARs of the various suficaffolds would be to use various compounds to develop a
pharmacophore model, perhapsough aComparativeMolecular Field Analysis
(COMFA) approach. Such a model cogbvide structural insight and enhance

compound design going forward.

Unfortunately we were not able to generate an RNPA20K® molecule with a
photoreactive group onéHefthand aryl ring (the one with theopropyl group in
RNPA2000).Some additional effort should be put into attempting to prepare the azide
(NL68) and the diazirine (NL70) since these small groups may be accommodated by the
binding pocket whre the beroyl group was notlthough the binding region that
accommodates the right hand heteroaryl ring seems to also prefer lipophilic groups, one

could explore attaching a photoreactive group to this end of the molecule.

Another issue that needs resolutiomvtsether we are looking at onetaro
molecular targets.iSce the SARs for inhibition of RnpA and RNase P seem to diverge at
points, and since RnpAds presence is requi
certain whether these molecules aralmg o one or both target$he photoaffinity
approach described above would help resolve this issuanbthierapproach might be to
install linker groups that could be used to connect RNPA2000 (or some more potent

anal og) to beads mro leixgteirn memttsh ato uil pdu lble ¢

Finally, anotherpossibleway to determine the binding site of RnpAd/orrnpb
would be to use sitdirected mutagenesis, where specific changedeanade to the
DNA encoding these targeisf c hanges iagtvitiesare seaoihneutadi | e s 0

versions of either target, then we could not only identify the biological target for these
o8



molecules but also use that data to hone in on the actual binding site and focus docking

studies to help arrive at a binding model.

Another issue that needs to be exet further is what other ah#cterial targets
these molecules may be acting through. In some cases we identified molecules that
possessed neither RnpA nor RNase P inhibitory activity yet were spilayles!
antibacteial activity. Once alternative mechanisms have been identified it will be
important to go back and screen all of the analbgsdisplay activity against
MRSA1000 against these alternativmeechanismso separate out their effects from those

induced by Rnp/RNase P inhibition.

4.7 Summary

Previous work by the Dunman group identified RNPA2000 as an agent to treat
bacteial infection, including MRSAThe compound inhibits the processing of mMRNA by
the protein RnpA and inhibits maturationtBfNA by the hobenzyme RNase P, two
novel antibacteal mechanismsThe overarching goal of this project was to identify
novel analogs of RNPA2000 that did not possess the potentially metabotoxic components
that were contained within its structure, namely the unsulestifuran group, the
thiourea moiety and the acylhydrazigeet maintain (or improvehhibitory activity

againstRnpA and RNase P as well agimicrobial activity against MR&1000.

We designed and synthesized over 80 derivatives examining bioisosteric
replacement on three regions of tiemical scaffoldModification to the left hand
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portion of the molecule (theidopropylphenyl group) revealed that lipophilic

substituents are preferred and that moving the substitutent fronrpibetin to the 2or
3-positionsresulted in a decrease in inhibitory potency against the two targets as well as a
loss of antibacterial activity. Bioisosteric replacement of the central core of the molecule
(the acylthiahydrazide) with the squaric acid amide moiety providezhpinhibitors of

both RnpA and RNase P actiitHowever, these compounds diot display

accompanying in@ases in antibacterial potendye greatest enhancement in both

RnpA and RNase P inhibitory potency was realized when-theyPgroup of

RNPA2@0 was replaced with fused heteroaryl rings (e.g., benzofuran, indole) or when a
small linker group was inserted between the furan bioisostere and the carbonyl group.
The most potent inhibitors of RNA processing were obtained by this approach, although

the antibacterial potency agaidRSA never exceged that seen for RNPA2000 (16

pg/mL).

While the best compounds from these efforts did not exceed the profile of
RNPA2000 as antibacterial agents, they did display superior synergism compared to
RNPA2000 wien combined with mupirocin, an agent used for nasabldnizationOur
data indicate that optimal synergism is achieved when the compound from our series
displays both RnpA and RNase P inhibitory activity. This finding somewhat mitigates the
fact that wewere unable to identify potent RnpA/RNase P inhibitors that displayed both
good antibacterial activity AND suitabie vitro physicochemical and ADME properties
to support systemic administration. Nasal decolonization is a topical application and

circumverns systemic metabolism.
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For future work, it would be advantageous to develop a homology model of the
binding sites for thislass of compound with RnpA amdpb (the ribonucleotide
component of RNase) ko drive future drug desigAlso, it will be impotant to
determine unequivocally if these moleculesyttarget RnpA, RNase P (i.enpb) or
both.Finally, some of our analogs displayed no inhibitory activity against RnpA and
RNase P yet were active the screen against MRSA100Mese results indicathe
presence of one or more alternative antimicrobial mechanisms that should be identified in
order to better understand the exact role of RnpA and/or RNase P inhibition as a potential

antimicrobial targest
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CHAPTER FIVE
EXPERIMENTAL SECTION

5.1 General

Reagents were purchased from commercial suppliers andwiteslt further
purification. Unless stated otherwise, reactions were run in the presence of normal
atmospheric conditiondH-NMR data (Appendix A) were collected on a Bruker 400
mHz Avance lll spectrometer at ambient tempamatin the identified solventPeak
positions are given in parts per million downfield from tetrametlayisi as the internal
standard LC-MS analysis was performed on an Agilent Technologies 1200 series LC
system oupled to a 6300 quadrapoMsS. Silica gel chromatography was performed
using a Teledyne ISCO Combiflash Rf system with UV detection at 220 nM and 254 nM.
Reverse phase chromatography was perforomed Gilson 281 automated HPLC system
using a Phenomenexu55emini G18 column and a gradient @B-100% acetonitrile in

water with 0.1% trifluoroacetic acid

5.2 Chemistry

5.2.1Synthesis of RNPA2000

S O
N A Ao
O N N
/\[( N H)‘i/)
@)
RNPA2000
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N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothioyl)furar2-carboxamile

(RNPA2000)

2-furoyl chloride (1.51 mL, 15.3 mmgol eq), ammonium thiocyanat&.979 g, 26.0

mmol, 1.7 eq) and 1 drop of PE®O0 in100 mL ofDCM were stirred for 1 hour.-@-
Isopropylphenoxy)acetohydrazide. @9 g, 14.9 mmeD.97 eq) was added andeth

reaction was stirred for 0.5 houilthe product precipitated out and was collected by

filtration to give the desired product as a white solid (4.8 g, 989NMR (DMSO-ds, )
 12.31 (s, 1H), 11.60 (s, 1H), 11.00 (s,
Hz), 7.19 (d, 2H, J= 8.6 Hz), 6.94 (d, 2H, J= 8.6 Hz), 6.77 (dd, 1H, J= 1.5 Hz, 3.6 Hz),

4.70 (s, 2H), 2.86 (m, 1H, J= 6.8 Hz), 1.19 (d, 6H, J= 6.8 Hz). (N\36RI)*

5.2.2Synthesis of Compounds 46- o

To the carboxylic acid (1 eq) idichloromethaneldCM), tertbutyl carbazate (2 eq) was
added, followed by -kthyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (1.02 eq).
The reaction was stirrddr 16 hours Additional DCM was added and the mixture was

washed with sat. aq. NaHG@nd brine, dried over MgSCxiltered and concentrated.



tert-Butyl 2-(2-phenoxyacetyl)hydrazing-carboxylate 46a)

Prepared from phenoxyacetic a¢kD mg, 0.329 mmol), tetiutyl carbazate (87 mg,
0.658 mmol) and EDC (64 mg, 0.336 mmol) in 2 mL of D@vbwn oil; quantitative

yield. 289 (M+Naj

tertButyl 2-(2-(4-(tert-butyl)phenoxy)acetyl)hydrazing-carboxylate 46b)

Prepared from 4ert-butylphenoxyacetic acid (50 mg, 0.240 mmol),-tartyl carbazate
(63 mg, 0.480 mmol), and EDC (47 mg, 0.245 mnoB mL of DCM Brown oil;
quantitative yield!H NMR (CDCls) 117.26 (d, 2H, J= 8.9 Hz), 6.79 (d, 2H, J= 8.9 Hz),

4.84 (s, 2H)1.42 (s, 9H)1.23 (s, 9H)345 (M+Nay

tert-Butyl 2-(2-(4-methoxy)phenoxy)acetyl)hydraziiecarboxylate 46c¢)
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Prepared from 4nethoxyphenoxyacetic aci8@ mg, 0.275 mmol), tetiutyl carbazate
(73 mg, 0.550 mmol) and EDC (54 mg, 0.281 mnmoB mL of DCM Yellow oil;

quantitative yield319 (M+Naj

tert-Butyl 2-(2-(4-ethoxyphenoxy)acetyl)hydraziflecarboxylate 46d)

Prepared from 4ethoxyphenoxyacetic acid (50 mg, 0.255 mmol);beutyl carbazate (67
mg, 0.510 mmol) and EDC (50 mg, 0.260 mmol2 mL of DCM Yellow oil;

guantitative yield. 333 (M+Na)

tertButyl 2-(2-(4-propoxyphenoy)acetyl)hydrazinel-carboxylate 46€)

Prepared from 4$ropoxyphenoxyacetic acid (50 mg, 0.238 mmol);lvertly| carbazate
(63 mg, 0.476 mmol) and EDC (47 mg, 0.243 mnmoB mL of DCM Brown oil;
guantitative yield. 347 (M+Na)
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46f
tertButyl 2-(4-methylbenzoyl)hydraziné-carboxylatg(46f)

To tertbutyl carbazate (43 mg, 0.326 mmol, 1.01 eq), and triethylarGihgal(, 0.485
mmol, 1.5 eq)n 2 mL of DCM at OC, p-toluoyl chloride (43 uL, 0.323 mmol, 1 eq) was
added. The reaon was warmed to room temperatorernight The reaction was

concentrated to give the desired product aowib oil; quantitative yield. 273 (M+Na)

tert-Butyl 2-(2-(2-isopropylphenoxy)acetyl)hydrazifiecarboxylate 469)

Prepared from -2sopropylphenoxyacetic acid (100 mg, 0.515 mmol);lbeityyl carbazate
(136 mg, 1.030 mmol) and EDC (101 mg, 0.526 mmol) in 2 mL of DCM. Yellow oil;
quantitative yield'H NMR (CDCls) 1i8.12 (s, 1H)7.28 (dd, 1H)7.20 (dt, 1H), 7.05 (dt,
1H), 6.84 (dd, 1H), 4.66 (s, 2H3,34 (m, 1H, J= 6.9 Hz).52 (s, 9H)1.28 (d, 6H, J=

6.9 Hz).331 (M+Na)
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tertButyl 2-(2-(2-(tert-butyl)phenoxy)acetyl)hydrazinrg-carboxylate 46h)

Prepared from -2ert-butylphenoxyacetic acid (100 mg, 0.481 mmol),-bertyl carbazate
(127 mg, 0.962 mmol) and EDC (94 mg, 0.491 mmol) in 2 mL of DCM. Yellow oil;
quantitative yield!H NMR (CDCls) 4 8.07 (s, 1H), 7.35 (dd, 1H), 7.2at, 1H), 7.03 (dt,

1H), 6.89 (d, 1H), 4.70 (s, 2H)1.57 (s, 9H)1.44 (s, 9H)345 (M+Na)

46j
tertButyl 2-(2-hydroxybenzoyl)hydraziné-carboxylate 46))

Prepared fron2-hydroxybenzoate (50 mg, 0.362 mg), Hfeutyl cabazate (96 mg, 0.724
mmol) and EDC (71 mg, 0.369 mmol) in 2 mL of DCM. Brown oil; quantitative yield.
H NMR (DMSO-ds) 1110.18 (s, 1H), 9.10 (s, 1H), 8.85 (s, 1R)66 (d, 1H), 7.26 (t,

1H), 6.73 (m, 2H), 1.24 (s, 9H}76 (M+Na}
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tertButyl 2-(2-(3-isopropylphenoxy)acetyl)hydrazifiecarboxylate 46k)

Prepared from-8&opropylphenoxyade acid (50 mg, 0.258 mmol), teloutyl carbazate

(68 mg, 0.516 mmol) and EDC (50 mg, 0.263 mmol) in 2 mL of DCM. Yellow oil; 68
mg (86%).1H NMR (CDCl) 1i8.22 (s, 1H), 7.25 (d, 1H), 6.93 (d, 1H), 6.84 (s, 1H), 6.75
(dd, 1H), 4.64 (s, 2H), 2.93 (m, 1H; 8.9 Hz), 1.51 (s, 9H), 1.26 (d, 6H, J= 6.9 831

(M+Na)"

46l
tert-Butyl 2-(3-phenylpropanoyl)hydrazingé-carboxylate 46l)

Prepared from hydrocinnamic acid (50 mg, 0.333 mmol)}ptetyl carbazate (88 mg,
0.666 mmol) ad EDC (65 mg, 0.340 mmol) in 2 mL of DCM. Yellow oil; quantitative

yield. 287 (M+Na)
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tertButyl 2-cinnamoylhydrazine-carboxylate 46m)

To tertbutyl carbazate (80 mg, 0.604 mmol, 1.01 eq), and triethylamine (124898 0.
mmol, 1.5 eq)n 2 mL of DCM at OC, cinnamoyl chloride (100 mg, 0.598 mmol, 1 eq)
was added. The reaction was warmed to room temperature ovefiightaction was

concentrated to give the desired product asllaw oil; quantitative yield. 284 (M+&)"

tert-Butyl (E)-2-(3-(4-isopropylphenyl)acryloyl)hydrazing-carboxylate 46n)

Prepared from 4sopropylcinnamic acid (50 mg, 0.263 mmol), #eutyl carbazate (69
mg, 0.526 mmol), and EDC (52 mg, 0.268 mg) in 2 mDGM. Yellow oil; quantitative

yield.
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tertButyl 2-((1R,2R}2-phenylcyclopropanéd-carbonyl)hydrazine.-carboxylate 460)

To tertbutyl carbazate (37 mg, 0.279 mmol, 1.01 eq), and triethylamine (58 uL, 0.414
mmol, 1.5 eg)n 2 mL of DCM at OC, trans2-phenyt1-cyclopropanecarbonyl chloride

(43 pL, 0.5276 mmol, 1 eq) was added. The reaction was warmed to room temperature
overnight. The mixture was filtered atite filtrate was concentrated to give the desired

product as &drown oil; quantitative yield. 299 (M+Na)

5.2.3Synthesis of Compouds 2a- o

The BOCprotected hydrazide was stirred imL of TFA and1 mL of DCM for one

hour. The reaction was then concentrated.

2-Phenoxyacetojdrazide ga)

Prepared from6a (88 mg, 0.329 mmol). Yellow solid; quantitative yield. 167 (M¥H)
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2b

2-(4-(tert-Butyl)phenoxy)acetohydrazid @)

Prepared from6b (77 mg, 0.240 mmol). Brown oil; quantitative yielth NMR
(CDCI3) t7.25 (d, 2H, J=8.8 Hz), 6.78 (d, 2H, J= 8.8 Hz), 4.56 (s, 2H), 1.21 (s228).

(M+H)*

0
N
o/ﬁ( “NH,
o)

2c

2-(4-Methoxyphenoxy)acetohydrazid2dj

Prepared frord6c (81 mg, 0.275 mmol). Brown oil; quantitative yield. 197 (M+H)

2-(4-Ethoxyphenoxy)acetohydrazidad)

Prepared frond6d (79 mg, 0.255 mmol). Brown oil; quantitative yield. 211 (M+H)
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2-(4-Propoxyphenoxy)acetohydrazides(

Prepared frord6e (77 mg, 0.238nmol). Brown solid; quantitative yield. 225 (M+H)

H
N.
NH»

O
2f

4-Methylbenzohydrazide2f)

Prepared from6f (81 mg, 0.323 mmol). Yellow oil; quantitative yield. 151 (M+H)

H
(e

2g
2-(2-Isopropylphenoxy)aetohydrazide Zg)

Prepared from6g (159 mg, 0.515 mmol). Brown solid; quantitative yietd. NMR
(CDCl3) 1 7.31 (m, 1H), 7.21 (m, 1H), 7.06 (m, 1H), 6.83 (m, 1H), 4.74 (s, 2H), 3.35 (m,

1H, J= 6.9 Hz), 1.29 (d, 6H, J= 6.9 H2R9 (M+H)
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2h

2-(2-(tert-Butyl)phenoxy)acetohydrazid@K)

Prepared from6h (155 mg, 0.481 mmol). Yellow solid; quantitative yield. NMR
(CDCls) ' 7.25 (dd, 1H), 7.11 (dt, 1H), 6.92 (dt, 1H), 6.70 (d, 1H), 4.64 (s, 1H), 1.31 (s,

9H). 223 (M+HY

o~
H
N.
NH>

o
2i

2-Ethoxybenzohydrazidei)

To 2-ethoxybenzoyl chloride (42 pL, 0.270 mmol, 1 eq) in 1 mL of methanol, hydrazine
(17 pL, 0.540 mmol, 2 eq) was added. The reaction was stirred@f&00.5 hoursThe
reaction was concentratéo give the desired product asrawn oil; quantitative yield.

181 (M+HY
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2-Hydroxybenzohydrazide?|)

Prepared frord6j (91 mg, 0.362 mmol). Brown oil; quantitative yield.

H
OWN\NHZ
0

2k
2-(3-Isopropylphenoxy)acetohydrazidgk)

Prepared frord6k (68 mg, 0.221 mmol). Yellow oil; quantitative yield. 209 (M+H)

H
N.
NH,

@)
2|

3-Phenylpropanehydrazidal)

Prepared frord6l (88 mg, 0.333 mmol). Brown oil; quantitative yield.

114



Cinnamohydrazide2fm)

Prepared frord6m (157 mg, 0598 mmol). Yellow solid; quantitative yield. 163 (M*H)

N
“NH,
o)

2n
(E)-3-(4-Isopropylphenyl)acrylohydrazidi)

Prepared frord6n (80 mg, 0.263 mmol)Yellow oil; quantitative yield. 205 (M+H)

0]
\\‘JJ\N/ NH2
H

20

(1R, 2R}2-Phenylcyclopropané-carbohydrazide20)
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Prepared from60 (76 mg, 0.276 mmol). Brown oil; quantitative yielt NMR
(DMSO-dg) U'7.22 (t, 2H, J=7.2 HZ), 7.14 (d, 1B 7.2 HZ), 7.08 (t, 2H, J= 7.2 HZ2),

2.31 (m, 1H), 1.90 (m, 1H), 1.36 (M, 2H)7 (M+H)"

5.2.4Synthesis of Compounds NLT NL19

2-Furoyl chloride(1 eq) and potassium thiocyanate (1.7 eq) in@¥were stirred for 1

hour.The hydrazid€0.97 eq) wasdded and the reaction was stirred for 0.5 hours.

SIS

N. O

(@) N~ N

SER Y
NL1

N-(2-(2-Phenoxyacetyl)hydrazin&-carbonothioyl)furar-carboxamideNL1)

Prepared from -2uroyl chloride (34 pL, 0.339 mmol), potassium thiocyanate (56 mg,
0.576 mmol) an@a (55 mg, 0.329 mmol) in 2 mL of G&N. The reaction was
concentrated and purifiday reverse phase chromatograpmpdifier of 0.1% NHOH,
XBridge BEH300 Prep €18 column) to give the desired product as a white solid (7 mg,
7%)."H NMR (DMSO-de) ti 12.29(s, 1H), 11.58 (s, 1H), 11.00 (s, 1H), 8.07 (d, 1H, J=

1.6 Hz), 7.84 (d, 1H, J= 3.6 Hz), 7.32 (m, 2H), 7.00 (m, 3H), 6.75 (dd, 1H, J= 1.6 Hz, 3.6

Hz), 4.71 (s, 2H)320 (M+H)'

116



e
N. o)
N

NL2

N-(2-(2-(4-(tertButyl)phenoxyacetyl)hydrame-1-carbonothigl)furan-2-carboxamide

(NL2)

Prepared from -2uroyl chloride (24 pL, ®47mmol), potassium thiocyanate (41 mg,
0.420 mmol) an@b (53 mg, 0.240 mmol) in 2 mL of GE&N. The reaction was
concentrated and purifiday reverse phase chromataghyto give the desired product as
a white solid (8 mg, 9%}H NMR (CDCk) & 7.60 (d, 1H, J= 1.4 Hz), 7.42 (d, 1H, J=3.4
Hz), 7.26 (d, 2H, J= 8.9 Hz), 6.88 (d, 2H, J= 8.9 Hz), 6.59 (dd, 1H, J= 1.4 Hz, 3.4 Hz),

5.35 (s, 2H), 1.22 (s, 9H3}76 (M+H)'

/O S O
T i i,
SERRY

NL4

N-(2-(2-(4-Methoxyphenoxy)acetjthydrazinel-carbonothigl)furan-2-carboxamide

(NL4)

Prepared from -2uroyl chloride (28 pL, 0.284 mmol), potassium thiocyanate (47 mg,

0.482 mmol) an@c (54 mg, 0.275 mmol) in 2 mL of G&N. The reaction was
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concentrated and purifidaly reverse phase chromatograpbyive the desired product as
a yellowsolid (10 mg, 10%):H NMR (DMSO-ds) 1111.58 (s, 1H), 10.94 (s, 1H), 8.07
(d, 1H, J= 1.4 Hz), 7.84 (d, 1H, J= 3.6 H&)95 (d, 2H, J= 9.2 Hz), 6.87 (d, 2H, J= 9.2

Hz), 6.76 (dd, 1H, J= 1.4 Hz, 3.6 Hz), 4.64 (s, 2H), 3.71 (s, 30 (M+H)"

N L o
NL5

N-(2-(2-(4-Ethoxyphenoxyacetyl)hydrazinel-carbonothigl)furan-2-carboxamide

(NL5)

Prepared from -2uroyl chloride (26 pL, 0.263 mmol), potassium thiocyanate (43 mg,
0.447 mmol) an@d (54 mg, 0.255 mmol) in 2 mL of GE&N. The reaction was
concentrated and purifiday reverse phase chromatograpbygive the desired product as

a white solid (5 mg, 5%}H NMR (DMSO-dg) 1112.03 (s, 1H)11.68 (s, 1H), 10.94 (s,
1H),8.09 (d, 1H, J= 1.5 Hz), 7.84 (d, 1H, J= 3.6 Hz), 6.92 (d, 2H, J= 9 Hz), 6.87 (d, 2H,
J=9 Hz), 6.76 (dd, 1H, J= 1.5 Hz, 3.6 Hz), 4.63 (s, 2H), 3.96 (m, 2H, J= 6.8 Hz), 1.30 (t,

2H, J= 6.8 Hz)364 (M+H)'
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NL6

N-(2-(2-(4-Propoxyphenoxjyacetyl)hydrazinel-carbonothigl)furan-2-carboxamide

(NL6)

Prepared from -2uroyl chloride (2 puL, 0.245mmol), potassium thiocyate (40 mg,

0.417 mmol) and2e (53 mg, 0.238nmol) in 2 mL of CHCN. The reaction was
concentrated and purifiday reverse phase chromatograpbyive the desed product as
a yellowsolid (7 mg, 86). *H NMR (DMSO-ds) 1112.30 (s, 1H), 11.58 (s, 1H), 10.94 (s,
1H),8.07 (d, 1H, J= 1.6 Hz), 7.84 (d, 1H, J= 3.7 Hz), 6.92 (d, 2H, J= 9.2 Hz), 6.87 (d,
2H, J= 9.2 Hz), 6.76 (dd, 1H, J= 1.6 Hz, 3.7 Hz), 4.63 (s, 2H), 3.87 (t, 2H, J= 6.5 Hz),

1.70 (m, 2H, J= 6.5 Hz, 7.4 Hz), 6.9, 3H, J= 7.4 Hz)364 (M+H)'

N-(2-(4-Methylbenzoyl)hydrazind-carbonothioyl)furar2-carboxamideNL7)

Prepared from -2uroyl chloride (33 pL, 0.333 mmol), potassium thiocyanate (55 mg,
0.566 mmol) an@f (49 mg, 0.33 mmol) in 2 mL of CHCN. The reaction was
concentrated and purifiday reverse phase chromatograpbygive the desired product as
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ayellow solid (9 mg, 9%)*H NMR (MeOD) i 7.75 (d, 1H, J= 1.4 Hz), 7.73 (d, 2H, J=
8.1 Hz), 7.40 (d, 1H, J= 3.6 Hz), 7.24 (d, 2H, J= 8.1 Hz), 6.61 (dd, 1H, J=1.4 Hz, 3.6

Hz), 2.33 (s, 3H)304 (M+H)"

O

S
H
@ e
(@) N~ N
/\gH Ho g
NLS8

N-(2-(2-(2-Isopropylphenoxy)acetyl)hydrazirlecarbonothioyfuran-2-carboxamide

(NL8)

Prepared from -2uroyl chloride (53 pL, 0.531 mmol), potassium thiocyanate (88 mg,
0.903 mmol) an@g (107 mg, 0.515 mmol) in 2 mL of GBN. The reaction was
concentrated and purifiday reverse phase chromatography (gradie®0ef00%
acetonitrilein water)to give the desired product as a white solid (13 mg, T0NMR
(DMSO-db) 1112.62 (s, 1H), 11.73 (s, 1H)1.02 (s, 1H)8.16 (d, 1H, J= 1.4 Hz), 7.94 (d,
1H, J= 3.5 Hz), 7.32 (dd, 1H), 7.24 (dt, 1H), 7.05 (m, 2H), 6.85 (dd, 1H, J= 1.4 Hz, 3.5

Hz), 4.84 (s, 2H), 1.29 (d, 6H362 (M+H)"
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N-(2-(2-(2-(tert-Butyl)phenoxy)acetyl)hydrazing-carbonothioyl)furar2-carboxamide

(NL9)

Prepared from-2uroyl chloride (84 pL, 0.853 mmol), potassium thiocyanate (141 mg,
1.449 mmol) an@h (184 mg, 0.827 mmol) in 4 mL of GEN. The reaction was
concentratedrad purified by reverse phase chromatograf@mgdient of 56100%
acetonitrilein water)to give the desired product as a white solid (16 mg, S%NMR
(DMSO-db) 1112.54 (s, 1H), 11.62 (s, 1H), 11.03 (s, 1H), 8.07 (d, 1H, J= 1.4 Hz), 7.85 (d,
1H, J= 3.4 Hz), 7.20 (m, 2H), 6.95 (m, 2H), 6.76 (dd, 1H, J= 1.4 Hz, 3.4 Hz), 4.76 (s,

2H), 1.37 (s, 9H)376 (M+H)*

0
¥ 1S
N.
WY
0 /
NL10

N-(2-(2-Ethoxybenzoyl)lgdrazinel-carbonothioyl)furar2-carboxamideNL10)

Prepared from-2uroyl chloride (28 pL, 0.285 mmol), potassium thiocyanate (47 mg,
0.485 mmol) an@i (50 mg, 0.276 mmol) in 2 mL of GE&N. The reaction was

concentrated and purifidaly reverse phase chmatographyo give the desired product as
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a white solid (5 mg, 5%}¥H NMR (DMSO-ds) 1 13.65 (s, 1H), 11.83 (s, 1H), 11.57 (s,
1H),8.08 (d, 1H, J= 1.5 Hz), 8.06 (dd, 1H, J= 1.8 Hz, 7.8 Hz), 7.87 (d, 1H, J= 3.7 Hz),
7.62 (dt, 1H, J= 1.8 Hz, 8.5 Hz), 7.29 (d, 1H, J=8.5 Hz), 7.16 (t, 1H, J= 7.8 Hz), 6.77

(dd, 1H, J= 1.5 Hz, 3.7 Hz), 4.33 (@H, J= 7 Hz), 1.56 (t, 3H, J= 7 HBB34 (M+H)

NL11

N-(2-(2-Ethoxybenzoyl)hydraziné-carbonothioyl)furar2-carboxamideNL11)

Prepared from -2uroyl chloride (37 pL, 0.373 mmol), potassium thiocyanate (61 mg,
0.634 mmolyand2j (55 mg, 0.362 mmol) in 2 mL of GJEN. The reaction was
concentrated and purifiday reverse phase chromatograpbygive the desired product as
a white solid (6 mg, 5%}H NMR (DMSO-ds) 1113.43 (s, 1H), 11.93 (s, 1H), 11.77 (s,
1H),8.09 (d, 1H, J= 1.4 Hz), 7.97 (dd, 1H), 7.87 (d, 1H, J= 3.5 Hz), 7.47 (dt, 1H), 7.02

(m, 2H), 6.77 (dd, 1H, J= 1.4 Hz, 3.5 H3D6 (M+H)'
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N-(2-(2-(3-Isopropylphenoxy)acetyhydrazinel-carbonothioyl)furar2-carboxamide

(NL12)

Prepared from -2uroyl chloride (23 pL, 0.228 mmol), potassium thiocyanate (38 mg,
0.388 mmol) an@k (46 mg, 0.221 mmol) in 2 mL of GE&N. The reaction as

concentrated and purified by reverse phasernatographyo give the desired product as

a white solid (6 mg, 8%JH NMR (DMSO-dg) Ui 13.08 (s, 1H)8.06 (d 1H), 7.74 (d,

1H), 7.24 (t, 1H), 6.96 (s, 1H), 6.91 (m, 2h), 6.77 (dd, 1H), 5.51 (s, 2H), 2.87 (m, 1H, J=

7 Hz), 1.19 (d, 6H, J= 7 Hz}362 (M+H)

NL16

N-(2-(3-Phenylpropanoyl)hydrazirg-carbonothiof)furan-2-carboxamide NL16)

Prepared from-2uroyl chloride (34 pL, 0.343 mmol), potassium thiocyanate (57 mg,
0.583 mmol) an@l (55 mg, 0.333 mmol) in 2 mL of GE&N. The reaction was

concentrated and purifidmy reverse phase chromatograpmpdifier of0.1% NHOH,
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XBridge BEH300 Prep €8 Column and repurifiedoy reverse phase chromatography
(modifier of 0.1% TFA)o give the desired product as a white solid (4 mg, 4BNMR
(DMSO-dg) 11 12.23 (s, 1H), 11.31 (s, 1H), 10.71 (s, 1H), 7.89 (d, 1H, J= 1.6 Hz), 7.66 (d,
1H, J= 3.6 Hz), 7.09 (m, 5H), 6.58 (dd, 1H, J= 1.6 Hz, 3.6 Hz), 2.71 (t, 2H, J= 8.3 Hz),

2.42 (t, 2H, J= 8.3 HzB18 (M+H)

NL17

N-(2-Cinnamoyllydrazinel-carbonothioyl)furarR-carboxamideNL17)

Prepared from Zuroyl chloride (60QuL, 0.616mmol), potassium thiocyanate (102 mg,
1.480mmol) and2m (98 mg, 0.598nmol) in 2 mL of CHCN. The reaction was
concentrated and purifiday reverse phase amatographyo give the desired product as

a white solid {1 mg, 86). H NMR (DMSO-de) 1111.58 (s, 1H), 11.24 (s, 1H), 8.12 (d,

1H, J= 15.2 Hz), 8.08 (d, 1H, J= 1.3 Hz), 7.85 (d, 1H, J= 3.6 Hz), 7.63 (m, 3H), 7.45 (m,

2H), 6.96 (d, 1H, J= 15.2 Hz), 6.76 (dd, 1H, J= 1.3 Hz, 3.6 BEH(M+H)"
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(E)-N-(2-(3-(4-1sopropylphenyl)acryloyl)hydrazing-carbonothioyl)furar2-

carboxamideNL18)

Prepared from Zuroyl chloride (27uL, 0.271mmol), potassium thiocyanate (45 mg,
0.461mmol) and2n (54 mg, 0.263nmol) in 2 mL of CHCN. The reaction was
concentrated and ptied by reverse phase chromatograpbygive the desired product as
a white solid {3 mg, 14%). *H NMR (DMSO-ds) 1112.82 (s, 1H), 11.57 (s, 1H), 11.21 (s,
1H),8.08 (d, 1H, J= 1.6 Hz), 7.85 (d, 1H, J= 3.6 Hz), 7.57 (d, 1H, J= 15.9 Hz), 7.55 (d,
1H, J= 8.2 Hz), 7.33 (d, 1H, J= 8.2 Hz), 6.92 (d, 1H, J= 15.9 Hz), 6.76 (dd, 1H, J= 1.6

Hz, 3.6 Hz), 2.93 (m, 1H, J= 6.9 HA).22 (d, 6H, J= 6.9 HZ}58(M+H)*

N-(2-((1R, 2R}2-Phenylcyclopropané-carbonyl)hydrazind-carbonothioyl)furar-

carboxamideNL19)

Prepared from-2uroyl chloride (28 pL, 0.284 mmol), potassium thiocyanate (47 mg,
0.483 mmol) an@o (49 mg, 0.276 mmol) in 2 mL of G&N. The reaction was
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concentrated and purifidaly reverse phase chromatograpbyive the desired product as
a white solid (10 mg, 11%JH NMR (DMSO-ds) 119.30 (s, 1H), 9.00 (s, 1H), 7.53 (d,
1H, J= 1.6 Hz), 7.32 (d, 1H, J= 3.6 Hz), 7.21 (m, 3H), 7.05 (d, 2H), 6.56 (dd, 1H, J= 1.6

Hz, 3.6 Hz), 4.69 (m, 1H), 2.58 (m, 1H), 1.71 (m, 2880 (M+H)'

5.2.5Synthesis ofCompoundsNL20 i NL32

geuEy
N
O N N =
e R RY
NL20

N-(Furan2-carbonyl}2-(2-(4-1sopropylphenoxy)acetyl)hydraziffecarboxamide

(NL20)

RNPA2000 (361 mg, 1.000 mmol, 1 eq) and potassium iodate (321 mg, 1.500 mmol, 1.5
eq) in 8 mL of water were stirred at PQ0for 0.5 hours. The product prpitated out and

was collected by filtration. The precipitant wasreverse phase chromatographygive

the desired product asyallow solid (16 mg, 5%)*H NMR (CDCl) 110.01 (s, 1H),

8.52 (s, 1H), 8.37 (s, 1H), 7.50 (d, 1H, J= 1.4 Hz), 7.30 (d, 1H, J= 3.6 Hz), 7.11 (d, 2H,
J=8.6 Hz), 6.81 (d, 2H, J= 8.6 Hz), 6.54 (dd, 1H, J= 1.4 Hz, 3.6 Hz), 4.58 (s, 2H), 2.81

(m, 1H, J= 6.9 Hz), 1.16 (d, 6H, J= 6.9 H3}6 (M+H)"
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tertButyl 2-(2-(4-1sopropylphenoxy)acety)-methylhydrazinel-carboxylate

To 4lsopropylphenoxyacetic aci@,(100 mg, 0.515 mmol, 1 eq) in 2 mL of DCM, 1
Boc-1-methylhydrazine (153 uL, 1.031 mmol, 2 eq) was added, feitblay EDC (101
mg, 0.525 mmol, 1.02 eq). The reaction was stifoed. 6 hours2 mL of DCM was

added and the mixture was washed with 2 mL of sat. aq. Nald@Dbrine, dried over
MgSQ;, filtered and concentrated to give the desired product esnnlil; quantitative
yield. *H NMR (CDCl) &1 7.09 (d, 2H, J= 8.7 Hz), 6.79 (d, 2H, J= 8.7 Hz), 4.50 (s, 2H),

3.10 (s, 3H), 2.81 (m, 1H, J= 6.9 Hz), 1.41 (s, 9H), 1.16 (d, 6H, J= 6.B4&M+Na)*

OWN\”/
(0]
13

2-(4-1sopropylphenoxyN émethylacetohydrazidel 8)

tertButyl 2-(2-(4-1sopropylphenoxy)acety)-methylhydrazinel-carboxylatg114 mg,
0.515 mmol)n 1 mL of DCM and 1 mL of TFA was stirred for 1 hour. The reaction was

concentrated to givéhe desired product asbrown oil;quantitative yield.'"H NMR
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(CDCl) 117.16 (d, 2H, J= 8.6 Hz), 6.85 (d, 2H, J= 8.6 Hz), 4.65 (s, 2H), 2.98 (s, 3H),

2.86 (M, 1H, J= 7 Hz), 1.20 (d, 6H, J= 7 HZ}3 (M+H)'

O

S
H
*@L N\)LJ\@
(@) N N
TN
NL22

N-(2-(2-(4-1sopropylphenoxy)acety}-methylhydrazinel-carbonothioyl)furar-

carboxamide NL22)

2-Furoyl chloride(53 pL, 0.531 mmoll eq) and potassium thiocyana®® (ng, 0.903

mmol, 1.7 eq) in2 mL of CHsCN were stirred for 1 hout.3 (115 mg, 0.515 mmol, 0.97

eq) was added and the reaction was stirred for 0.5 hours. The reactioonwestrated
purified by reverse phase chromatograpbyive the desired product as a white solid (45
mg, 23%)H NMR (DMSO-ds) 110.72 (s, 2H), 7.97 (d, 1H, J= 1.4 Hz), 7.46 (d, 1H),

7.01 (d, 1H, J= 3.6 Hz), 6.99 (d, 2H, J= 8.2 Hz), 6.73 (d, 2H, J= 8.2 Hz), 6.71 (dd, 1H, J=
1.4 Hz, 3.6 Hz), 4.52 (s, 2H), 3.52 (s, 3H), 2.46 (m, 1H, J= 6.8 Hz), 1.14 (d, 6H, J= 6.8

Hz).376 (M+H)'
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1-Benzyl 2(tertbutyl) hydrazinel,2-dicarboxylate 17)

To tertbutyl carbazate (150 mg, 1.137 mmol, 1 eq) anaéihyl morpholine (NMM)

(123 pL, 1.137 mmol, 1 eq) in 6 mL of THF &) benzyl chloroformate (162 uL, 1.13
mmol, 1 eq) was added dropwise. The reaction was warmed to room temperature
overnight. The mixture was filtered and the filtrate was concentrated. The oil residue was
purified by chromatography on silica ga$inga gradient oD-100%ethyl acetate in

hexanesto givethe desired product asclear oil (220 mg, 73%)H NMR (CDCl) i

7.38 (m, 5H), 5.20 (s, 2H), 1.49 (s, 9HB9 (M+Nay

1-Benzyl 2(tert-butyl) pyrazolidinel,2-dicarboxylate 16)

To sodium hydride (66ng, 1.654 mmol, 2 eq) in 5 mL of DMF &i@ 17 (220 mg,
0.827 mmol, 1 eq) in 5 mL of DMF was added, followed byditBomopropane (84 L,
0.827 mmol, 1 eq). The reaction was warmed to room temperature overnight and then

concentrated. The solid residuesadissolved in 5 mL of EtOAc and washed with 4 mL
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of 0.1 M citric acid, ag. NaHC£J2 mL sat. ag. NaHC&+ 2 mL HO), and brine, dried
over MgSQ, filtered and concentrated. The oil residue was purlfiedhromatography
on silica gelusinga gradient oD-100%ethyl acetate in hexan&s givethe desired
product asa clear oil (120 mg, 47%)H NMR (CDCls) i 7.36 (m, 5H), 5.16 (s, 2H), 3.92

(m, 2H), 3.24 (m, 2H), 2.02 (m, 2H), 1.43 (s, 9829 (M+Na)

O
HN—NJ\OJ<
L
15

tertButyl pyrazolidine1-carboxylate 15)

16 (120 mg, 0.392 mmol, 1 eq) and 10% palladium on carbon (8 mg, 0.0392 mmol, 0.1
eq) in 3 mL of methanol were st&a under a hydrogen atmosphere for 16 hothie

mixture was filtered through celite and the filtrate was cotraged to givehe desired
product as brown oil (53 mg, 79%fH NMR (CDCls) 113.30 (t, 2H, 2.89 (t, 2H), 1.89

(m, 2H),1.34 (s, 9H).

tertButyl 2-(2-(4-Isopropylphenoxy)acetyl)pyrazolidiriecarboxylate
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To 4Isopropylphenoxyacetic acid (60 mg, 0.308 mmol, 1 eq) in 2 mL of DIENG3

mg, 0.308mmol, 1 eq) was added, followed by EDC (60 mg, 0.314 mmol, 1.02 eq). The
reaction was stirretbr 16 hours2 mL of DCM was added and the reaction mixture was
washed with 2 mL of sat. aq. NaHg@nd brine, dried over MgSQfiltered and
concentratedl5 was stillremainingso an additional 35 mg ofidopropylphenoxyacetic
acid and 35 mg of EDC were added in 2 mL of DCM. The reaction was dorr&é

hours 2 mL of DCM was added and the reaction mixture was washed with 2 mL of sat.
ag. NaHCQ@ and brine, ded over MgSQ), filtered and concentrated to gitree desired

product as brown oil (81 mg, 76%B50 (M+H)"

O/W/UH

@)
14

2-(4-1sopropylphenoxy)l-(pyrazolidinl1-yl)ethanl1-one (4)

tert-Butyl 2-(2-(4-1sopropylphenoxy)acetyl)pyraadine-1-carboxylatg81 mg, 0.233
mmol)in 1 mL of TFA and 1 mL of DCM was stirred for 1.5 hours. The reaction was

concentrated to givihe desired product as a brown giljantitativeyield. 249 (M+H)
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N-(2-(2-(4-1soprogylphenoxy)acetyl)pyrazolidiné-carbonothioyl)furar2-carboxamide

(NL23)

2-Furoyl chloride(24 pL, 0.240 mmoll eq) and potassium thiocyanad® (ng, 0.408
mmol, 1.7 eq) in CHCN were stirred for 1 houi.4 (58 mg, 0.233 mmol, 0.97 eq) was
added and theenction was stirred for 0.5 hours. The reaction was concentrated and
purified by reverse phase chromatograpbygive the desired product as a white solid (10
mg, 11%)H NMR (CDCl) 119.23 (s, 1H), 7.49 (d, 1H, J= 1.4 Hz), 7.26 (d, 1H, J= 3.6
Hz), 6.99 )d, 2H, J= 8.6 Hz), 6.75 (d, 2H, J= 8.6 Hz), 6.54 (dd, 1H, J= 1.4 Hz, 3.6 Hz),
4.77 (s, 2H), 2.75 (m, 1H, J= 6.9 Hz), 2.14 (m, 2H), 1.80 (m, 4H), 1.11 (d, 6H, J= 6.9

Hz). 402 (M+H)

)\©\/N\”/NH2

O
61

1-(4-1sopropylbenzyl)ureatl)
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To 4isopropylbenzylamine2(fa, 108 uL, 0.671 mmol, 1 eq) in 1 mL of 1N HCI,
potassium cyanide (82 mg, 1.007 mmol, 1.5 eq) in 0.5 mLGf\Mas added. The
reaction was stirred f@4 hours Theproduct precipitated out and was washed wig®H
and diethyl ether to givihe desired product aswhite solid (92 mg, 71%)H NMR
(MeOD) Ui 7.21 (d, 4H), 4.27 (s, 2H), 2.89 (m, 1H, J= 6.9 Hz), 1.24 (d, 6H, J= 6.9 Hz).

193 (M+H)"

NL25

N-(((4-1sopropylbenzyl)carbamoyl)carbamothioyl)furdrcarboxamide N L25)

2-Furoyl chloride(49 pL, 0.494 mmoll eq) and potasgin thiocyanate&1 mg, 0.840

mmol, 1.7 eq) in CHCN were stirred for 1 hou61 (92 mg, 0.479 mmol, 0.97 eq) was

added and the reaction was stirred overnight. The reaction was concentrated and purified
by reverse phase chromatograpbygive the desired pduict as a white solid (15 mg,

9%).H NMR (DMSO-de) 118.06 (d, 1H, J= 1.6 Hz), 7.49 (d, 1H, J= 3.6 Hz), 7.23 (s,

4H), 6.78 (dd, 1H, J= 1.6 Hz, 3.6 Hz), 4.35 (s, 2H), 2.87 (m, 1H, J= 6.9 Hz), 1.19 (d, 6H,

J= 6.9 Hz)346 (M+H)
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27b
2-(4-1sopropylphenyl)ethati-amine @7b)

To 4isopropylphenylacetonitrile, 312 pL, 1.887 mmol, 1 eq) in 3 mL of THF under a
nitrogen atmosphere, borane dimethyl sulfide complex (2 M in THF, 1.038 mL, 2.076
mmol, 1.1 eq) was added. The reaction was refluxed®at &% 3 hours. The reaction

was corentrated and 5 mL of methanol was added. Aftdrblinghad stopped, the
mixture was filtered and the filtrate was concentrated tottj@elesired product as

yellow oil; quantitative yield164 (M+H)

Iz

NH,

63
1-(4-1sopropylplenethyl)ureag?3)

To 27b (309 mg, 1.887 mmol, 1 eq) in 3 mL of 1N HCI, potassium cyanide (228 mg,
2.832 mmol, 1.5 eq) in 1.5 mL of.8 was added. The reaction was stirf@d16 hours.
The product precipitated out and was collected by filtration tothselesired product as
a white solid (307 mg, 79%3H NMR (MeOD) 11 7.04 (m, 4H), 3.39 (q, 2H, J= 6.7 Hz),
2.76 (m, 1H, J= 6.9 hz), 1.13 (d, 6H, J= 6.9 Hz), 1.10 (t, 2H, J= 6. 2BZXM+H)
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N-(((4-1sopropylphenethyl)carbamoyl)carbamothioyl)fui2searboxamide N L26)

2-Furoyl chloride(152 pL, 1.536 mmoll eq) and potassium thiocyana2®3 mg, 2.611
mmol, 1.7 eq) in CHCN were stirred for 1 hou63 (307 mg, 1.490 mmol, 0.97 eq) was
added and the reaction was stirred@drhours The reaction was concentrated and the
solid residudoy reverse phase chromatograpbygive the desired product as a white
solid (24 mg, 4%)*H NMR (DMSO-ds) 118.06 (d, 1H, J= 1.7 Hz), 7.47 (d, 1H, J= 3.6
Hz), 7.18 (m, 4H), 6.78 (dd, 1H, J= 1.7 Hz, 3.6 K232 (t, 2H, J= 7 Hz), 2.86 (m, 1H,

J=6.9 Hz), 2.74 (t, 2H, J= 7 Hz), 1.19 (d, 6H, J= 6.9 B@Y. (M+H)"

=4

29a

O
/D

3-((Furan2-ylmethyl)aminoj4-isopropoxycyclobuB-enel,2-dione @9a)

Diisopropyl squarate3Q, 41 mg, 0.207 mmol, 1 eq) and furfuryl ami@&g, 19 pL,
0.207 mmol, 1 eq) were stirred in 2 mL of THF 63 hoursThe reaction was
concentrated and purifidny chromatogaphy on silica gelisinga gradient 00-100%

ethyl acetate in hexanés givethe desired product aswhite solid (37 mg, 76%)H
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NMR (CDCl) 117.32 (d, 1H, J= 1.8 Hz), 6.28 (dd, 1H, J= 1.8 Hz, 3.2 Hz), 6.23 (d, 1H,
J=3.2 Hz)5.37 (s, 1H), 4.53 (s, 2H), 1.71 (m, 1H, J= 5.2 Hz) 1.37 (d, 6H, J= 5.2 H2).

236 (M+H)"

NL27

3-((Furan2-ylmethyl)amino)4-((4-isopropylbenygl)amino)cyclobut3-ene1,2-dione

(NL27)

2% (31 mg, 0.131 mmol, 1 eq) andsgbpropylbenzylamine2a, 21 uL, 0.131 mmol, 1
eqg)were refluxedn 2 mL of EtOHfor 16 hours The product precipitated out and was
collected by filtration to givéhe desired mduct asa white solid (16 mg, 38%JH NMR
(DMSO-db) 11 7.64 (d, 1H, J= 1.8 Hz), 7.23 (s, 4H), 6.42 (dd, 1H, J= 1.8 Hz, 3.2 Hz), 6.34
(d, 1H, J= 3.2 Hz), 4.72 (s, 2H), 4.67 (s, 2H), 2.87 (m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9

Hz). 325 (M+H)"
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NL29

3-((Furan2-ylmethyl)amino)4-((4-isopropylphenethyl)amino)cyclob3tene1,2-dione

(NL29)

2% (37 mg, 0.156 mmol, 1 eq) adb (26 mg, 0.157 mmol, 1 eq) were refluxed in 2

mL of EtOHfor 16 hours 1 mL of hexanes was added to aid in product precipitation and
the product was collected fiiltration to give the desired product as a white s¢fiang,
8%).H NMR (DMSO-de) 11 7.53 (d, 1H, J= 1.9 Hz), 7.24 (s, 4H), 6.37 (dd, 1H, J= 1.9
Hz, 2.7 Hz), 6.16 (d, 1H, J= 2.7 Hz), 4.65 (d, 2H, J= 3.9 Hz), 3.77 (d, 2H, J= 3.9 Hz),

2.89 (s, 2H), 2.88 (m, 1H, J= 6.8 Hz), 1.19 (d, 6H, J= 6.8 389.(M+H)'

D=4

29b

0
~{
3-((2-(Furan2-yl)ethyl)amino}4-IsopropoxycyclobuB-ene1,2-dione @9%)

Diisopropyl squarate3Q, 76 mg, 0.384 mmol, 1 eq) and@anethanamine
hydrochloride 28b, 57 mg, 0.384 mmol, 1 eq) with a catalytic amount of DMAP were

refluxed in 2 mL of THRor 64 hours The reaction was concentrated and puribigd
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chromatography on silica gasinga gradient oD-100%ethyl acetate in hexané&s give
the desired product aswhite solid (48 mg, 50%3IH NMR (CDCl) 117.36 (s, 1H), 6.33
(s, 1H), 6.13 (s, 1H), 5.44 (s, 1H), 3.75 (t, 2H, J= 6.4 Hz), 2.98 (t, 2H, J= 6.4 Hz), 1.71

(m, 1H, J= 6.1 Hz), 1.45 (d, 6H, J= 6.1 H250 (M+H)'

NL28

3-((2-(Furan2-yl)ethyl)amino}4-((4-isopropylbenzljamino)cyclobut3-ene1,2-dione

(NL28)

2% (48 mg, 0.192 mmol, 1 eq) andsbpropylbenzylaminefa, 31 pyL, 0.92 mmol, 1
eqg)were refluxed in 2 mL of EtOH for 16 hourBhe product precipitated out and was
collected by filtration to givéhe desired prattt asa white solid (35 mg, 54%JH NMR
(DMSO-de) 117.64 (d, 1H, J= 1.8 Hz), 7.16 (m, 4H), 6.43 (dd, 1H, J= 1.8 Hz, 2.9 Hz),
6.33 (d, 1H, J= 2.9 Hz), 4.70 (t, 2H, J= 5.2 Hz), 3.73 (s, 2H), 2.85 (m, 1H, J= 6.9 Hz),

2.80 (t, 2H, J='5.2 Hz), 1.18 (d, 6H, J= 6.9 F889 (M+H)
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3-((2-(Furan2-yl)ethyl)amino}4-((4-isopropylphenethyl)amino)cyclobd3tene1,2-

dione (NL30)

2% (38 mg, 0.152 mmol, 1 eq) a@db (82 mg 0.500 mmol, 3.2q(impure) were

refluxed in 2 mL of EtOHor 16 hoursThe product precipitated out and wadlected

by filtration to givethe desired product aswhite solid(12 mg, 22%)H NMR (DMSO-

de) Ui 7.55 (d, 1H), 7.15 (m, 4H), 6.38 (dd, 1H), 6.16 (d, 1H), 3.65 (m, 4H), 2.81 (m, 4H),

1.77 (m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9 853 (M+H)

tert-Butyl (2-(2-(4-isopropylphenoxy)acetamido)ethyl)carbamdid) (

4-1sopropylphenoxyacetic acid(50 mg, 0.258 mmol, 1 eq) andBbc-ethylenediamine
(33,45 pL, 0.284 mmol, 1.1 eq) in 2 mL of THF were stirred for 10 minut¢4,&
Dimethoxy1,3,5triazin-2-yl)-4-methylmorpholinium chloride (DMTMM) (79 mg, 0.284
mmol, 1.1 @) was added and the reaction was stirred for 3 hours. 5 mkids

added and the product was extracted wik23mL of diethyl ether. The combined

139



organic layers were washed sequentially with 3 mL of sat. ac®saH-0, 1 N HCI,

H20 and brine, driedver MgSQ, filtered and concentrated to gitree desired product

asa white solid (72 mg, 83%3)H NMR (CDCls) 11 7.09 (d, 2H, J= 8.7 Hz), 6.79 (d, 2H,
J=8.7 Hz), 4.40 (s, 2H), 3.39 (q, 1H, J= 5.6 Hz), 3.23 (g, 2H, J= 5.6 Hz), 2.80 (m, 1H, J=

6.9 Hz), 136 (s, 9H), 1.16 (d, 6H, J= 6.9 HBB9 (M+Na}

H
)\Q\OWN\/\NHZ
@)

31
N-(2-Aminoethyl}2-(4-isopropylphenoxy)acetamid8X)

64 (67 mg, 0.199 mmglin 1 mL of TFA and 1 mL of DCM was stirred for 1 hotihe
reaction was concentratéal givethe desired product as a yellow ajljantitative yield
H NMR (CDCl) t17.19 (d, 2H, J= 8.6 Hz), 6.83 (d, 2H, J= 8.6 Hz), 4.54 (s, 2H), 3.72

(m, 2H), 3.35 (M, 2H), 2.89 (M, 1H, J= 6.9 Hz), 1.24 (d, 6H, J= 6.9237)(M+H)

*Q 3
O N\/\NJKLO)
TV D

NL31

N-(2-(2-(4-1sopropylphenoxy)acetamido)ethyl)fur@rcarboxamideN L3 1)
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To31(47 mg, 0.198 mmol, 1 eq) in 2 mL of DMF, (benzotriatol
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP, 88 mg, 0.198 mmol,
1 eq), 2furoic acid 32, 27 mg, 0.238 mmol, 1.2 eq) andmethyl morpholine (NMM,

87 uL, 0.792 mmol, £q) were added. The reaction was stifedl6 hours4 mL of 0.2

N NaOH was added and the mixture was stirred for 0.5 haaradditional 2 mL of 0.2

N NaOH was added and the mixture was again stirred for 0.5 hours. The product
precipitated out and wallected by filtration to givéhe desired product aswhite solid

(7 mg, 11%)*H NMR (CDCL) t17.38 (d, 1H, J= 1.7 Hz), 7.08 (d, 2H, J= 8.7 Hz), 7.03

(d, 1H, J= 3.4 Hz), 6.86 (s, 1H), 6.78 (d, 2H, J= 8.7 Hz), 6.42 (dd, 1H, J= 1.7 Hz, 3.4 Hz),
4.41 (s2H), 3.53 (m, 4H)2.79 (m, 1H, J= 6.9 Hz), 1.15 (d, 6H, J= 6.9 H683

(2M+Na)

N-(Furan2-ylmethyl)}-1H-benzo[d][1,2,3]triazolel-carbothioamideqb)

To bis(1-benzotriazolyl)methanethior(é5, 40 mg, 0.144 mmol, 1 eq) 2 mL of DCM,
furfurylamine @8a, 13 pL, 0.144 mmol, 1 eq) was added. The reaction was shinrédd
hours The reaction wasoncentrated and the solid restdwas dissolved in 3 mL of
EtOAc and washed sequentially with 2 mL of 10% ag(@, H-O and bine, dried

over MgSQ, filtered and concentrated to gitree desired product asbrown solid (29
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mg, 78%)XH NMR (CDCl) i9.22 (s, 1H), 8.85 (d, 1H, J= 8.3 Hz), 8.04 (d, 1H, J= 8.3
Hz), 7.59 (t, 1H, J= 8.3 Hz), 7.43 (t, 1H, J= 8.3 Hz), 7.41 (d, 1H,4+1), 6.38 (d, 1H,

J=3.2 Hz), 6.33 (dd, 1H, J= 1.4 Hz, 3.2 Hz), 4.97 (s, 2H).

N-(Furan2-ylmethyl)-2-(2-(4-isopropylphenoxy)acetyl)hydrazirlecarbothioamide

(NL32)

To66(29 mg, 0.112 mmol, 1 eq) in 2 mL of DCMy&
isopropylphenoxy)acetohydrazi¢ig4, 23 mg, 0.112 mmol, 1 eq) was added, followed by
triethylamine (31 pL, 0.224 mmol, 2 eq). The reaction was stfoeil6 hours The

reaction was concentrated and theaas dissolved in 3 mL of EtOAd he mixture was
washed sequentially with 2 mL of 10% aq..8&s, 1M HCI, H:O and brine, dried over
MgSQ;, filtered and concentrated. The oil residue was purliieceverse phase
chromatographyo give the desired product as a white solid (11 mg, 28%NMR

(CDCl) 1i7.29 (d, 1H, J= 1.8 Hz), 7.11 (d, 2H, J= 8.7 Hz), 6.84 (d, 2H, J= 8.7 Hz), 6.42
(d, 1H, J= 3.2 Hz), 6.26 (dd, 1H, J= 1.8 Hz, 3.2 Hz), 5.32 (s, 2H), 5.06 (s, 2H), 2.81 (m,

1H, J= 6.9 Hz), 1.16 (d, 6H, J= 6.9 H8%8 (M+H)
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5.2.6Synthesis of Compound®NL33 1 NL67

General Method AThe acid chloride (1 eq), ammonium thiocyanate (1.7 eq) and 1 drop

of PEG400 in DCM were stirred for 1 hour:(2-Isopropylphenoxy)acetohydrazide

(0.97 eq) was added and the reaction was stirred for 0.5 hours.

General Method BThe acid chloride (1 eq) and potassium thiocyanate (1.7 eq) in

CHsCN were stirred for 1 hour-@-Isopropylphenoxy)acetohydrazide (0.97 eq) was

added and the reaction was stirred for 0.5 hours.

General Method for Synthesis of Acid Chlorid&s.the acid (¥q) in 1 mL of THF and

1 drop of DMF at @C, oxalyl chloride (1.2 eq) was added. The reaction was stirred under
nitrogen for 1.5 hours and then the solution was concentrated. The acid chloride was

continued to the next step.

N.
O
NL33

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirlecarbonothioyl)furar8-carboxamide

(NL33)

Prepared using General Method B frorfuBoyl chloride (13 mg, 0.0991 mmol),
potassium thiocyanate (16 mg, 0.168 mmol) aifd-Bopropylphenoxy)acetohydrazide

(20 mg, 0.0962 mmol) in 2 mL of G&N. The product precipitated out and was
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collected by filtration to give the desired product as a white solid (16 mg, 4d%)MR
(DMSO-ds) 1251 (s, 1H), 11.65 (s, 1H), 10.99 (s, 1H), 8.70 (s, 1H), 7.84 (t, 1H, J=1.5
Hz), 7.17 (d, 2H, J= 8.6 Hz), 7.06 (d, 1H, J= 1.5 Hz), 6.92 (d, 2H, J= 8.6 Hz), 4.68 (s,

2H), 2.84 (m, 1H, J= 6.Biz), 1.18 (d, 6H, J= 6.8 Hz362 (M+H)'

)\@\ y )SJ\ o
N. o)
NL34

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirlecarbonothioyl3-methylfuran2-

carboxamideNL34)

Prepared using General Method B frorm@thylfuran2-carbonyl chloride (12 pL, 0.101

mmol), potassium thiocyanate (17 mg, 0.171 mmol) at 2

isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL afdBHThe

mixture was concentrated apdrified by reverse phase chromatographgitee the

desired product as a white solid (4 mg, 11%)NMR (CDCk) 4 12. 98 (s, 1H)
1H), 8.95 (s, 1H), 7.33 (d, 1H, J= 1.5 Hz), 7.06 (d, 2H, J= 8.6 Hz), 6.79 (d, 2H, J= 8.6

Hz), 6.33 (d, 1H, J= 1.5 Hz), 4.56 (s, 2H), 2.74 (m, 1H, J= 6.9 Hz), 2.3H)s1.10 (d,

6H, J= 6.9 Hz)376 (M+H)'
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N. 0]
NL35

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirlecarbonothioyl5-methylfuran2-

carboxamideNL35)

Prepared using General Method B frorm&thylfuran2-carbonyl chloride (12 pL, 0.101
mmol), potassium thiocyanate (17 mg, 0.171 mmol) a 2
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL aCCH The

product precipitated out and was collected by filtration to give the desired product as a
white solid (10 mg, 27%fHNMR (DMSOds) G 12.32 (s, 1H), 11. 4
1H), 7.76 (d, 1H, J= 3.4 Hz), 7.17 (d, 2H, J= 8.6 Hz), 6.92 (d, 2H, J= 8.6 Hz), 6.40 (d,
1H, J= 3.4 Hz), 4.67 (s, 2H), 2.84 (m, 1H, J= 6.8 HAB (d, 6H, J= 6.8 HzR76

(M+H)*

)\@\ H)SJ\O
N. o]
YN N,

NL36

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydraziffecarbonothioyl5-phenylfuran2-

carboxamideNL36)
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Prepared using General Method B fromlienylfuran2-carbonyl chloride (21 mg, 0.101
mmol), potassium thiocyanate (17 mg, 0.171 mmol) afd 2
isopropylphenxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL oCN. The

product precipitated out and was collected by filtration to give the desired product as a

white solid (25 mg, 59%)H NMR (DMSO-dg) i 12. 44 (s, 1H), 11.

1H), 7.99 (d, 2H, J= 7.2 Hz), 7.84 (d, 1H, J= 3.8 Hz), 7.51 (t, 2H, J= 7.2 Hz), 7.45 (m,
1H), 7.25 (d, 1H, J= 3.8 Hz), 7.18 (d, 2H, J= 8.6 Hz), 6.94 (d, 2H, J= 8.6 Hz), 4.69 (s,

2H), 2.85 (m, 1H, J= 6.9 Hz), 1.18, 6H, J= 6.3Hz). 438 (M+H)'

5-Bromo-N-(2-(2-(4-isopropylphenoxy)acetyl)hydrazirlecarbonothioyl)furas2-

carboxamideNL37)

5-bromofuran2-carbonyl chloridg3e) was prepared using the general method frem 5
bromao2-furoic acid (20 mg, 0.105 mmol) and oxatylloride (11 pL, 0.126 mmol).

NL39 was prepared using General Method B frda{22 mg, 0.105 mmol), potassium
thiocyanate (17 mg, 0.179 mmol) and®isopropylphenoxy)acetohydrazide (21 mg,
0.102 mmol) in 2 mL of CECN. After addition of the hydrazide, the reaction was stirred
for 16 hours. Thenixture was concentrated apdrified by reverse phase

chromatographyo give the desired product as a white solid (6 mg, 13%NMR
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(CDCl) U 12.76 (s, .86(H)H), 7.96.(d) IH, JE 8.6 Hz)l HOL (d, 28,
J= 8.6 Hz), 6.74 (d, 2H, J= 8.6 Hz), 6.40 (d, 1H, J= 3.6 Hz), 4.50 (s, 2H), 2.70 (M, 1H, J=

6.9Hz), 1.05 (d, 6H, J= 6.9 Hz340 (M+H)

N o
(@) N N N

o

NL38

N-(2-(2-(4-1sopropylphenoxy)acebjhydrazinel-carbonothioyl)isoxazol&-carboxamide

(NL38)

Prepared using General Method A frorsbxazolecarbonyl chloride (196g, 0.202

mmol), ammonium thiocyanate (26 mg, 0.342 mmol) ai(d 2

isopropylphenoxy)acetohydrazide (40 mg, 0.196 mmol) il.iDCM. Themixture

was concentrated amalirified by reverse phase chromatographygive the desired

product as a white solid (41 mg, 58#).NMR (DMSO-ds) U 12. 11 (s, 2H),
1H), 8.86 (d, 1H, J= 1.9 Hz), 7.64 (d, 1H, J= 1.9 Hz), 7.17 (d, 2H, J= 8.6 Hz), 6.92 (d,

2H, J= 8.6 Hz), 4.68 (s, 2H), 2.85 (m, 1H, J= 62,H.18 (d, 6H, J= 6.9 HZ363

(M+H)*
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N

O/\@IN\H)J\H)J\EO

NL39

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydraziiecarbonothioyl)oxazolks-carboxamide

(NL39)

5-Oxazolecarbonyl chloridé8g) was prepared using the general method frem 5
oxazolecarboxylic acid (20 mg, 0.177 mmol) and oxalyl cti&(18 pL, 0.212 mmol).

NL39 was preparedsing General Method B froBg (22 mg, 0.177 mmol), potassium
thiocyanate (18 mg, 0.177 mmol) andfisopropylphenoxy)acetohydrazide (36 mg,

0.171 mmol) in 2 mL of CECN. Themixture was concentrated apdrified by reverse

phase chromatography givethe desired product as a white solid (4 mg, 6#4)NMR

(CDCk) U 8.08 (s, 1H), 8.02 (s, 1H), 7.22 (d

4.71 (s, 2H), 2.91 (m, 1H, J= 6:&), 1.25 (d, 6H, J= 6.9 HZ363 (M+H)'

N. N
SEERY

|
NL40
N-(2-(2-(4-1sopropylphenoxy)acetyl)hydraziffiecarbonothioyh1H-pyrrole-2-

carboxamideNL40)
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Pyrrole 2-carbonyl chloride3h) was prepared using the general method from py&ole
carboxylic acid (40 mg, 0.360 mmol) and oxalyl chloride (37 pL, 0.432 miNaB0

was prepared using General Method B fi@im(46 mg, 0.360 mmol) and potassium
thiocyanate (59 mg, 0.612 mmol), which were stirred for 16 hours2-¢§d
isopropylphenoxy)acetohydrazigé3 mg, 0.349 mmol) i2 mL of CHsCN. Themixture
was concentrateandpurified by reverse phase chromatograpbygive the desired
product as a white soli@ mg, 6%)H NMR (DMSO-ds) 1271 (s, 1H), 12.02 (s, 1H),
11.34 (s, 1H), 10.96 (s, 1H), 7.4%(1H), 7.18 (d, 2H, J= 8.6 Hz), 7.16 (m, 1H), 6.92 (d,
2H, J= 8.6 1), 6.23 (m, 1H), 4.69 (s, 2H), 2.84 (m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9

Hz). 361(M+H)*

N S
SEEaY
NL41

N-(2-(2-(4-Isopropylphenoxy)acetyl)hydraziffiecarbonothioyl)thiophené-

carboxamideNL41)

Prepared using General Method A fr@thiophene carbonyl chloride (14.6 L, 0.136
mmol), ammonium thiocyanate (18 mg, 0.231 mmol) aifé 2
isopropylphenoxy)acetohydrazide (27 mg, 0.132 mmol) in 2 mL of DCM. The product
precipitated out and was collected by filtration to give the desiretlipt@s a white solid

(34 mg, 68%)H NMR (DMSO-ds) 1240 (s, 1H), 11.84 (s, 1H), 10.99 (s, 1H), 8.36 (d,
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1H, J= 3.9 Hz), 8.06 (d, 1H, J=5 Hz), 7.25 (dd, 1H, J= 3.9 Hz, 5 Hz), 7.17 (d, 2H, J= 8.6
Hz), 6.93 (d, 2H, J= 8.6 Hz), 4.68 (s, 2H), 2.85 (m, 1#6.8Hz), 1.18 (d, 6H, J= 6.8

Hz).378 (M+H)

N.
S
NL42

N-(2-(2-(4-Isopropylphenoxy)acetyl)hydraziffiecarbonothioyl)thiophen8-

carboxamideNL42)

Prepared using General Method A from thioph&rmarbonyl chloride (14.8 mg, @1

mmol), ammonium thiocyanate (13 mg, 0.171 mmol) aifd 2
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL of DCM. The product
precipitated out and was collected by filtration to give the desired product as a white solid
(18 mg, 49%)H NMR (DMSO-ds) 1259 (s, 1H), 11.63 (s, 1H), 11.02 (s, 1H), 8.73 (s,
1H), 7.68 (d, 2H, J= 2 Hz), 7.17 (d, 2H, J= 8.6 Hz), 6.92 (d, 2H, J= 8.6 HZ), 4.69 (s, 2H),

2.84 (m, 1H, J= 6.9 Hz), 1.17 (d, 6H, 68 Hz).378 (M+H)"



N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirlecarbonothioyl)benzamidéN( 4 3)

Prepared using General Method B from benzoyl chloride (12 pL, 0.0992 mmol),
potassium thiocyanate (16 mg, 0.169 mmol) 2+fd-isopropylphenoxy)acetohydrazide

(20 mg, 00962mmol)in 2 mL of CHCN. The product precipitated out and was

collected by filtration to give the desired product as a white solid (16 mg, 44%)MR
(DMSO-ds) 1258 (s, 1H), 11.80 (s, 1H), 11.03 (s, 1H), 7.95 (m, 2H), 7.66 (M, 1H),
7.53 (m, 2H), 7.18 (d, 2H, J= 8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 4.70 (s, 2H), 2.85 (m, 1H,

J=6.9 Hz), 1.18 (d, 6H, J= 6.9 HA72(M+H)*

o Yo

N.
oY N Hk©
o
NL44

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothioyl2-methoxybenzamide

(NL44)

Prepared using General Method A frorm2thoxybenzoyl chloride (15 pL, 0.101 mmol)
and ammonium thiocyanate (13 mg, 0.171 mmol) in 2 mL of DCM, which were stirred
for 16 hous. 2-(4-isopropylphenoxy)acetohydrazide (20 m@3¥.8mmol) was added

and the reaction was stirred for 1 hour. The mixture was filtered and the filtrate was
purified by chromatography on silica gesinga gradient o0-10% methanol in

dichloromethaneThe solid residue was repurifiby reverse phase chromatograpby
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give the desired product as a white s¢lid mg, 26%)H NMR (CDCk) 1828 (s,

1H), 10.86 (s, 1H), 10.02 (s, 1H), 8.04 (dd, 1H, J= 1.8 Hz, 8 Hz), 7.41 (dt, 1H, J= 1.8 Hz,
8 Hz), 7.01 (¢d2H, J= 8.6 Hz), 6.97 (t, 1H, J= 8 Hz), 6.86 (d, 1H, J= 8 Hz), 6.75 (d, 2H,
J=8.6 Hz), 4.51 (s, 2H), 3.91 (s, 3H), 2.70 (m, 1H, J= 6.9 Hz), 1.05 (d, 6H, J= 6.9 Hz).

402 (M+H)*

N.

I
N~

NL45
N-(2-(2-(4-1sopropylphenoxy)acetyl)hydraai-carbonothioyl)picolinamideNL45)

Prepared using General Method B fromidinecarbonyl chloride hydrochloride (18

mg, 0.101 mmol), potassium thiocyanate (20 mg, 0.202 mmol)-&#d 2
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL afdBHThe

product precipitated out and was collected by filtration to give the desired product as a

white solid (14 mg, 38%}H NMR (DMSOds) 4 11. 10 ( s, 1H) , 10. 8
1H, J= 4.5 Hz), 8.23 (d, 1H, J = 7.6 Hz), 8.15 (dt, 1H, J= 1.5 Hz, 7.67t80) (dt, 1H, J=

1.5 Hz, 4.5 Hz), 7.17 (d, 2H, J= 8.7 Hz), 6.93 (d, 2H, J= 8.7 Hz), 4.68 (s, 2H), 2.85 (m,

1H, J= 6.™Hz), 1.17 (d, 6H, J = 6.7 HZ373 (M+H)
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SRR A
(@] N/
NL46

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothiof)nicotinamide NL46)

Prepared using General Method B fromygidinecarbonyl chloride hydrochloride (18

mg, 0.101 mmol), potassium thiocyanate (20 mg, 0.202 mmol)-&#d 2
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL o0BHThe

productprecipitated out and was collected by filtration to give the desired product as a

white solid (25 mg, 69%fH NMR (DMSO-ds) & 12. 44 (s, 1H), 12.0
1H), 9.09 (s, 1H), 8.83 (d, 1H, J= 4.9 Hz), 8.37 (m, 1H), 7.63 (dd, 1H, J= 5.6 Hz, 8 Hz),

7.18 (d, 2H, J= 8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 4.70 (s, 2H), 2.85 (m, 1H, Bz)5.8

1.18 (d, 6H, J= 6.8 HZR73 (M+H)'

O

S
H
XQ i A
> X
o] _N
NL47
N-(2-(2-(4-Isopropylphenoxy)acetyl)hydraziriecarbonothioyl)isonicotinamideN(47)

Prepared usg General Method B from-gyridinecarbonyl chloride hydrochloride (18
mg, 0.101 mmol), potassium thiocyanate (20 mg, 0.202 mmol)-&#&d 2

isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL of0BHThe
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product precipitated out and was collechy filtration to give the desired product as a

white solid (10 mg, 27%fHNMR (DMSOds) @ 11.04 (s, 1H), 8.

7.83 (d, 2H, J= 6Hz), 7.18 (d, 2H, J= 8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 4.69 (s, 2H), 2.85

(m, 1H, J= 6.7 Hz), 1.18 (d, 68z 6.7 Hz). 373 (M+H)

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothioyl)benzofurag-

carboxamideNL48)

Prepared using General Method A from benzoft#aarbonyl chloride (18 mg, 0.101
mmol), ammonium thiognate (13 mg, 0.171 mmol) ang4
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL of DCM. After

addition of the hydrazide the reaction was stirred at room temperature for 16 hours and
then at 48C for 24 hours. Thenixture was concentratea@purified by chromatography
onsilica gelusing a gradient of-Q0% methanol in dichloromethane to give the desired
product as a white solid (16 mg0%). 'H NMR (DMSO-ds) 127 (s,21H), 11.81 (s,

1H), 11.01 (s, 1H), 8.22 (s, 1H), 7.85 (d, 1H, J= §,HZ75 (d, 1H, J= 8 Hz), 7.56 (t, 1H,
J=7.8 Hz), 7.40 (t, 1H, J= 7.8 Hz), 7.18 (d, 2H, J= 8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 4.68

(s, 2H), 2.85 (m, 1H, J= 6.9 1.18 (d, 6H, J= 6.9 HZ}12 (M+H)
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NL49

N-(2-(2-(4-1sopropyphenoxy)acetyl)hydrazing-carbonothioyl)benzofuraB-

carboxamideNL49)

Benzofurar3-carbonyl chlorid€3q) was prepared using the general method from
benzofurar3-carboxylic acid (40 mg, 0.247 mmol) and oxalyl chloride (25 pL, 0.296

mmol). NL49 was prepeed using General Method B fro8g (44 mg, 0.247 mmol),

potassium thiocyanate (41 mg, 0.420 mnaoljl 2(4-isopropylphenoxy)acetohydrazide

(50 mg, 0.240 mmol) in 2 mL of GE&N. The mixture was concentrated and purifigd

reverse phase chromatograbygive the desired product as a white s¢idng, 8%)H
NMR(DMSOds) U 12.27 (s, 1H), 11.63 (s, 1H), 1
1H, J= 1.5 Hz, 7 Hz), 7.50 (dd, 1H, J= 1.5 Hz, 7 Hz), 7.21 (dt, 2H, J= 1.5 Hz, 7 Hz), 6.95

(d, 2H, J= 8.7 Hz), 6.70 (d, 2H, J= 8.7 Hz), 4.47 (s, 2H), 2.62 (m, 1H, J= 6.9 Hz), 0.95 (d,

6H, J= 6.9 Hz)412 (M+H)
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NL50

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothioyl)benzo[b]thiopheriz

carboxamideNL50)

Prepared using General Method A from benzo[b]thiopt#oarbonyl chloride (22 mg,

0.116 mmo), ammonium thiocyanate (18 mg, 0.236 mmol) as{d-2
isopropylphenoxy)acetohydrazide (20 mg, 0.0962 mmol) in 2 mL of DCM. After

addition of the hydrazide, the reaction was stirred &€ 46r 16 hours. The product

precipitated out and was collected byrétion to give the desired product as a white solid

(5.8 mg, 14% yieldtH NMR (CDCk)4i 12. 98 (s, 1H), 10.00 (s,
(s, 1H), 7.85 (t, 2H, J= 7.6 Hz), 7.45 (m, 1H), 7.42 (m, 1H), 7.13 (d, 2H, J= 8.6 Hz), 6.86

(d, 2H, J= 8.6 Hz), 4.6@, 2H), 2.82 (m, 1H, JZ Hz), 1.18 (d, 6H, J= 7 H228

(M+H)*
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NL51

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydraziflecarbonothioyl) 1Hindole-2-

carboxamideNL51)

1H-Indole2-carbonyl chloridg3s) was prepared using themeral method from indole
2-carboxylic acid (20 mg, 0.124 mmol) and oxadiloride (13 pL, 0.149 mmolNL51

was prepared using General Method B fr@$122 mg, 0.124 mmol), potassium

thiocyanate (20 mg, 0.211 mmoWyhich were stirredor 16 hoursand 2(4-
isopropylphenoxy)acetohydrazide (25 mg, 0.120 mmol) in 2 mL c&fGBH The product
precipitated out and was collected by filtration to give the desired product as a white solid

(23 mg, 47%)'HNMR(DMSOde) & 12.59 (s, 1H), 11.97 (s,
(s, 1H), 7.80 (s, 1H), 7.69 (d, 1H, J= 8.1 Hz), 7.48 (d, 1H, J= 8.1 Hz), 7.30 (t, 1H, J = 7.8

Hz), 7.18 (d, 2H, J = 8.6 Hz), 7.10 (t, 1H, J= 7.8 Hz), 6.94 (d, 2H, J = 8.6 Hz), 4.70 (s,

2H), 2.84 (m, 1HJ = 6.7Hz), 1.19 (d, 6H, J = 6.7 HZ11 (M+H)'
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NL52

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirflecarbonothioyl) 1Hindole-3-

carboxamideNL52)

1H-Indole 3-carbonyl chloridg3t) was prepared using the general methodhfindole

3-carboxylic acid (20 mg, 0.124 mmol) and oxadiloride (13 pL, 0.149 mmolNL52

was prepared using General Method B frdini22 mg, 0.124 mmol), potassium

thiocyanate (20 mg, 0.211 mmol) andfisopropylphenoxy)acetohydrazide (25 mg,

0.120mmol) in 2 mL of CHCN. Themixture was concentrated apdrified by reverse

phase chromatography give the desired product as a white solid (7 mg, 14%NMR

(DMSOdy) @ 12.83 (s, 1H), 12.10 (s, 1H), 11.2
(d, 1H, J= 7.2 Hz), 7.45 (d, 1H, J = 7.2 Hz), 7.18 (m, 1H), 7.17 (m, 1H), 7.14 (d, 2H, J=

8.6 Hz), 6.90 (d, 2H, J=8.6 Hz), 4.66 (s, 2H), 2.80 (m, 1H, J=6)9H14 (d, 6H, J= 6.9

Hz).411 (M+H)
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N-(2-(2-(4-1sopropylplenoxy)acetyl)hydraziné-carbonothioyl)1Hbenzo[d]imidazole

2-carboxamideNL53)

1H-Benzimidazole2-carbonyl chloridg3u) was prepared using the general method from
1H-benzimidazole-carboxylic acid (20 mg, 0.123 mmol) and oxalgloride (13 pL,

0.148 mmol). NL53 was prepared using General Method B ffau(22 mg, 0.123

mmol), potassium thiocyanate (20 mg, 0.209 mmol) a(w 2

isopropylphenoxy)acetohydrazide (25 mg, 0.119 mmol) in 2 mL c&f3BH The product

precipitated out and was collected by filtratim give the desired product as a white solid

(7 mg, 14%)HNMR (DMSO-d)ti 11.04 (s, 1H), 7.73 (s, 2H
2H, J= 8.6 Hz), 6.94 (d, 2H, J= 8.6 Hz), 4.68 (s, 2H), 2.85 (m, 1H, J= 6.9 Hz), 1.18 (d,

6H, J= 6.9 Hz). 412 (M+H)
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NL54

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothioyl} 1-methylt 1H-indole-2-

carboxamideNL54)

1-Methyl1H-indole-2-carboxylic acid3v) was prepared using the general method from
1-methylindole2-carboxylic acid (20 mg, 0.105 mmol) and oxallglaride (11 pL, 0.126
mmol). NL54 was prepared usingeneral Method B fror3v (22 mg, 0.114 mmol),
potassium thiocyanate (19 mg, 0.194 mmol) aifd-Bopropylphenoxy)acetohydrazide
(23 mg, 0.111 mmol) in 2 mL of GEN. After addition of the hydrazide, the reaction
was stirred for 16 hours. Tmeixture was oncentrated and purifidaly reverse phase
chromatographyo give the desired product as a white solid (4 mg, 8%NMR
(DMSOds) U 12.22 (s, 1H), 11.51 (s, 1H),
1H), 7.38 (d, 1H, J= 8.2 Hz), 7.16 (m, 118)95 (d, 2H, J8.6 Hz), 6.92 (m, 1H), 6.71 (d,
2H, J=8.6 Hz), 4.48 (s, 2H), 3.77 (s, 3H), 2.63 (m, 1H, J=H&z 0.96 (d, 6H, J=6.9

Hz). 425 (M+H)"

Also isolated from the reaction was:
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N &2-(4-1sopropylphenoxygcetyl}1-methyl1H-indole-2-carbohydrazideNL78)

White olid (7 mg, 126). *H NMR (DMSO-ds) 11 10.40 (s, 1H), 10.22 (s, 1H), 7.67 (d,
1H, J= 7.9 Hz), 7.56 (d, 1H, J= 8.3 Hz), 7.32 (t, 1H, J= 8.3 Hz), 7.21 (s, 1H), 7.19 (d, 2H,
J=8.7 Hz), 7.13 (t, 1H, J=FHz), 6.95 (d, 2H, J= 8.7 Hz), 4.63 (s, 2H), 3.99 (s, 3H),

2.85 (m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9 Hz). @d6H)*

N. N

TN N Uy
o 0
NL55

N-(2-(2-(4-Isopropylphenoxy)acetyl)hydrazirlecarbonothioyl6-methoxy1H-indole-

2-carboxamideNL 55)

6-Methoxy1H-indole-2-carbonyl chlorid€3w) was prepared using the general method

from 6-methoxy1H-indole-2-carboxylic acid (20 mg, 0.105 mmol) and oxaliloride

(11 pL, 0.126 mmol)NL55 was prepared using General Method B frém(22 mg,

0.105 mnol), potassiunthiocyanate (17 mg, 0.179 mmol), which were stirred for 16

hours,and 2(4-isopropylphenoxy)acetohydrazide (21 mg, 0.102 mmol) in 2 mL of

CHsCN. Themixture was concentrated apdrified by reverse phase chromatograpby

give the deised pioduct as a white solid (2 mg2#®). '\HNMR (DMSO-dg) U 12. 62 (s,

1H), 11.78 (s, 1H), 11.64 (s, 1H), 11.01 (s, 1H), 7.76 (s, 1H), 7.56 (d, 1H, J=8.7 Hz), 7.18
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(d, 2H, J=8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 6.90 (s, 1H), 6.75 (d, 1H, J=8.7 Hz), 4.70 (s,

2H), 3.80 (s, 3H), 2.85 (m, 1H, J=6.2)}1.18 (d, 6H, J6.9 Hz).441 (M+H)

Also isolated from the reaction:

N &2-(4-1sopropylphenoxy)acetyy-methoxy1H-indole-2-carbohydrazideNL79)

White solid (7 mg, 1%). H NMR (DMSO-ds) i 11.53 (s, 1H), 10.29 (s, 1H), 10.18 (s,
1H), 7.51 (d, 1H, J= 8.8 Hz), 7.18 (d, 2H, J= 8.7 Hz), 7.17 (s, 1H), 6.95 (d, 2H, J= 8.7
Hz), 6.89 (d, 1H, J= 2.2 Hz), 6.71 (dd, 1H, J= 2.2 Hz, 8.7 Hz), 4.63 (s, 2H), 3.77 (s, 3H),

2.85 (m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9 Hz). @d2H)*

NL56 o)

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydraziffecarbonothioyl5-methoxy1H-indole-
2-carboxamideNL56)
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5-Methoxy1H-indole-2-carbonyl chloridg3x) was prepared using the general method

from 5-methoxy1H-indole-2-carboxylic acid (20 mg, @05 mmol) and oxalythloride

(11 pL, 0.126 mmol)NL56 was prepared using General Method B fréx{(22 mg,

0.105 mmol), potassium thiocyanate (17 mg, 0.179 mmol) gdd 2
isopropylphenoxy)acetohydrazide (21 mg, 0.102 mmol) in 2 mL ofGBH Themixture

was concentrated amglrified by reverse phase chromatograpbygive the desired

product as a white solid (6 mg, 13%8LNMR (DMSO-ds) UG 12. 70 (s, 1H),
1H), 11.78 (s, 1H), 11.11 (s, 1H), 7.79 (s, 1H), 7.46 (d, 1H, J= 8.9 Hz), 7.27 (d, 2H, J=

8.6 Hz), 7.21 (s, 1H), 7.05 (d, 1H, J= 8.9 Hz), 7.02 (d, 2H, J= 8.6 Hz), 4.79 (s, 2H), 3.87

(s, 3H), 2.94 (m, 1H, J= 6182), 1.27 (d, 6HJI=6.8 Hz)441 (M+H)'

O cl
NL57
6-Chloro-N-(2-(2-(4-isopropylphenoxy)acetyl)hydraziffecarbonothioyl1H-indole-2-

carboxamideNL57)

6-Chloro-1H-indole-2-carbonyl chloridg3y) was prepared using the general method
from 6-chloro-1H-indole-2-carboxylic acid (20 mg, 0.102 mmol) and oxatgloride (11
pL, 0.122 mmol)NL57 was prepared using General Methofrdn 3y (22 mg, 0.102

mmol), potassium thiocyanate (17 mg, 0.173 mmol) afw 2
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isopropylphenoxy)acetohydrazide (21 mg, @@%nmol) in 2 mL of CHCN. The

mixture was concentrated apdrified by reverse phase chromatograpbyive the

desired product as a white solid (4 mg, 9%)NMR (DMSO-d¢) U 12. 54 ( s, 1H
(s, 1H), 11.87 (s, 1H), 11.02 (s, 1H), 7.83 (s, 1H), Td74H, J= 8.5 Hz), 7.50 (s, 1H),

7.18 (d, 2H, J= 8.7 Hz), 7.11 (d, 1H, J= 8.5 Hz), 6.94 (d, 2H, J= 8.7 Hz), 4.69 (s, 2H),

2.84 (M, 1H, J= 6.9 Hz), 1.18 (d, 6H, 8:9 Hz).445 (M+H)

NL58 Cl

5-Chloro-N-(2-(2-(4-isopropylphenoy)acetyl)hydrazinel-carbonothioyl1H-indole-2-

carboxamideNL58)

5-Chloro-1H-indole-2-carbonyl chlorid€3z) was prepared using the general method

from 5-chloro-1H-indole-2-carboxylic acid (20 mg, 0.102 mmol) and oxalyl chder(11

pL, 0.122 mmol)NL58 was prepared using General Method B fidnf22 mg, 0.102

mmol), potassium thiocyanate (17 mg, 0.173 mmol) af 2

isopropylphenoxy)acetohydrazide (21 mg, 0.0989 mmol) in 2 mL o0BHThe
mixturewasconcentrated angurified by reverse phase chromataghyto give the

desired product as a white solid (4 mg, 9%)NMR (DMSO-dg)ti 12. 54 (s, 1H),

(s, 1H), 11.84 (s, 1H), 11.03 (s, 1H), 7.78 (s, 2H), 7.49 (d, 1H, J= 8.8 Hz), 7.30 (d, 1H, J=
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8.8 Hz), 7.18 (d, 2H, J= 8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 4.70 (s, 2H), 2.85 (m, 1H, J=

6.7Hz), 1.17 (d, 6H, J= 6.7 HZ345 (M+H)

NL60 F

5-Fluoro-N-(2-(2-(4-isopropylphenoxy)acetyl)hydrazisffecarbonothioy1H-indole-2-

carboxamideNL60)

5-Fluoro-1H-indole-2-carbonyl chloridg3aa) was prepared using the general method

from 5fluoro-1H-indole-2-carboxylic aa (20 mg, 0.112 mmol) and oxalghloride (12

pL, 0.134 mmol)NL60 was prepared using General Metho8d& (22 mg, 0.112

mmol), potassium thiocyanate (18 mg, 0.190 mmol) a( 2

isopropylphenoxy)acetohydrazide (23 mg, 0.109 mmol) in 2 mL afGBHmixture was
concentrated and purified by reverse phase chromatogtagne the desired product as

a white solid (3 mg, 6%}HNMR (DMSOd¢) U 12.56 (s, 1H), 12.07
1H), 11.03 (s, 1H), 7.78 (s, 1H), , 7.21 (s, 1H), 7.18 (d, 2H, J= 8.7t (d, 2H, J=

8.7 Hz), 4.70 (s, 2H), 2.85 (m, 1H, J= 618), 1.18 (d, 6H, J= 6.8 Hz329 (M+H)"
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NL62
N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirfecarbonothioyl6-phenylpicolinamide

(NL62)

6-phenylpyridine2-carbonyl chbride (3ab) was prepared from the general method using
6-phenylpicolinic acid (20 mg, 0.101 mmol) and oxalyl chloride (10 pL, 0.121 mmol).
NL62 was preparedsing General Method 8om 3ab (11 mg, 0.0505 mmol), potassium
thiocyanate (9 mg, 0.0855 mmol) a&d4-isopropylphenoxy)acetohydrazi&0 mg,
0.0489 mmol) in 2 mL of CECN. The reaction was stirrédr 16 hours The reaction

was concentrated and purifiegt reverse phase chromatographygive the desired
product as gellow solid (3 mg, 14%)H NMR (CDCl) 189 (s, 1H), 10.15 (s, 1H),
8.15 (dd, 1H), 7.96 (m, 4H), 7.46 (m, 3H), 7.13 (d, 2H, J= 8.6 Hz), 6.88 (d, 2H, J= 8.6

Hz), 4.64 (s, 2H), 2.81 (m, 1H, J= 7 Hz), 1.17 (d, 6H, J= 7 89 (M+H)*

N. N
0] N N N
RERRGS
=
NL63

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirgé-carbonothioyl)quinoline€-carboxamide

(NL63)
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Prepared using General Method B from quinaldoyl chloride (19 mg, 0.101 mmol),
potassium thiocyanate (17 mg, 0.171 mmol), 2¢¢d-isopropylphenoxy)acetohydrazide

(20 mg, 0.0978 mnipin 2 mL of CHCN. The reaction was concentrated and purified
reverse phase chromatograftbygive the desired product aslae solid (5 mg, 12%}H

NMR (DMSO-de) 11111 (s, 1H), 11.07 (s, 1H), 8.73 (d, 1H, J= 8.5 Hz), 8.28 (dd, 2H),
8.18 (d, 1H, J= 8.5 Hz), 7.95 (dt, 1H), 7.84 (dt, 1H), 7.18 (d, 2H, J= 8.6 Hz), 6.94 (d, 2H,

J=8.6 Hz), 4.70 (s, 2H), 2.85 (m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.%REJM+H)*

NL64

N-(2-(2-(4-1sopropylphenoxy)acetyl)hydrazirlecarbonothioyl)quinoline3-carboxamide

(NL64)

3-Quinolinecarbonyl chloridé3ad) was prepared using the general method frem 3
quinolinecarboxylic acid (20 mg, 0.115 mmol) andglykchloride (12 pL, 0.139 mmol).
NL64 was prepared using General Method B fréawal (17 mg, 0.0863 mmol), potassium
thiocyanate (14 mg, 0.147 mmol) a2d@4-isopropylphenoxy)acetohydrazid&7 mg,
0.0840 mmol) in 2 mL of CECN. The reaction was concengdtand purifiedy reverse
phase chromatography give the desired product aslae solid (5 mg, 14%}H NMR

(DMSO-ds) 1253 (s, 1H), 12.18 (s, 1H), 11.08 (s, 1H), 9.27 (d, 1H, J= 2 Hz), 9.06 (d,
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1H, J= 2 Hz), 8.17 (d, 1H, J= 8.4 Hz), 8.12 (d, 1H8Y=Hz), 7.95 (dt, 1H), 7.76 (dt,
1H), 7.18 d, 2H, J= 8.6 Hz), 6.94 (d, 2H, J= 8.6 Hz), 4.71 (s, 2H), 2.85 (m, 1H, J= 6.9

Hz), 1.18 (d, 6H, J= 6.9 HZA23(M+H)*

NL65

2-(Furan2-yl)-N-(2-(2-(4-isopropylphenoxy)acetyl)hydram-1-carbonothioyl)acetamide

(NL65)

(4-1sopropylphenoxy)acetyl chloride (53 mg, 0.258 mmol) and thiosemicarbazide (40

mg, 0.438 mmol) were stirred in 2 mL of @N for 16 hours. The solution was

concentrated and purifiday reverse phase chromatograpbgive the intermediatés?7)

as a white solid (22 mg, 32%). The intermedi&té 22 mg, 0.0821 mmol) was

dissolved in 1 mL of THF and sodium hydride (3 mg, 0.0821 mmol) was added. The

reaction was stirred for 1 hourRuranacetyl chloride (12 mg, 0.082Inol) was added

and the reaction was stirred at6Cdor 16 hours. The solution was concentrated and

purified by reverse phase chromatograpbyive the desired product as a white solid (2

mg, 6%)HNMR(CDCk) 4 12.77 (s, 1H), 9.91 (s, 1H),

Hz), 7.11 (d, 2H, J= 8.6 Hz), 6.82 (d, 2H, J= 8.6 Hz), 6.34 (dd, 1H, J=2 Hz, 3.2 Hz), 6.28
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(d, 1H, J= 3.2 Hz) 4.90 (s, 2H), 3.72 (s, 2H), 2.80 (m, 1H, J¥$)91.15 (d, 6H, J= 6.9

Hz). 376 (M+H)*

)\@\ y )S]\ o
N. = 0]
O/\fof \ ”%
NL66

(E)-3-(Furan2-yl)-N-(2-(2-(4-isopropylphenoxy)acetyl)hydrazirie

carbonothioyl)aylamide (NL66)

3-(2-furanyl}-2-propenoyl chlorid€3ae was prepared using the general method frem 3
(2-furyl)acrylic acid (20 mg0.145 mmol) and oxalyhloride (15 pL, 0.174 mmol).

NL66 was prepared using General Method B fréae (23 mg, 0.145 mmol), potassium
thiocyanate (24 mg, 0.247 mmol) andfisopropylphenoxy)acetohydrazide (29 mg,

0.141 mmol) in 2 mL of CECN. Themixture was concentrated apdrified by reverse

phase chromatography give the desired product as a white solid (6 mg, 1llNMR
(DMSOdg)i 12.50 (s, 1H), 11.76 (s, 1H), 10.97
15.6 Hz), 7.17 (d, 2H, J= 8.6 Hz), 7.Q0 1H, J= 4 Hz), 6.92 (d, 2H, J= 8.6 Hz), 6.74 (d,

1H, J= 15.6 Hz), 6.68 (m, 1H), 4.67 (s, 2H), 2.85 (m, 1H, J= 6.8 Hz), 1.18 (d, 6H, J= 6.8

Hz). 387 (M+H)
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NL67
(E)-3-(Benzofurar2-yl)-N-(2-(2-(4-isopropylphenoxy)acetyl)hydzine 1-

carbonothioyl)acrylamideNL67)

(2E)-3-(1-benzofurar2-yl)prop-2-enoyl chloride(3af) was prepared using the general

method from (2EB-(1-benzofurar2-yl)prop-2-enoic acid (20 mg, 0.106 mmol) and

oxalyl chloride (11 pL, 0.128 mmoINL67 was prepred using General Method B from

3af (22 mg, 0.106 mmol), potassium thiocyanate (10 mg, 0.106 mmol)-éfd 2
isopropylphenoxy)acetohydrazide (21 mg, 0.103 mmol) in 2 mL c&fGBH The product
precipitated out and was collected by filtration to give therddgroduct as a white solid

(22 mg, 49%)'HNMR (DMSO-de) & 12.47 (s, 1H), 11.86 (s,
1H), 7.74 (d, 1H, J= 15.3 Hz), 7.64 (d, 1H, J= 7.7 Hz), 7.45 (t, 1H), 7.43 (d, 1H), 7.31 (t,

1H, J= 7.5 Hz), 7.18 (d, 2H, J= 8.6 Hz), 7.631H, J= 15.3 Hz), 6.92 (d, 2H, J= 8.6 Hz),

4.68 (s, 2H), 2.85 (m, 1H, J= 6:&), 1.18 (d, 6H, J= 6.9 Hz338 (M+H)"

5.2.7Synthesis of Compounds NL71 NL77, NL801 NL82

O/\WN\” \ O/

O

NL71

N &2-(4-1sopropylphenoxy)acetyl)fura@-cabohydrazide NIL71)
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Prepared using General Method A froAfu2oyl chloride (10 pL, 0.101 mmol) and(2-
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL of DCM. The product

was collected by filtration and purified by chromatographitioa gelusing a gradient

of 0-10% methanol in dichloromethane to give the desired product as a white solid (15

mg, 51%)HNMR (DMSOds) G 10. 35 (s, 2H), 8.02 (d, 1t
3.2 Hz), 7.29 (d, 2H, J= 8.6 Hz), 7.04 (d, 2H, J= 8.6 Hz), 6.78)dd.4 Hz, 3.2 Hz),

4.72 (s, 2H), 2.96 (m, 1H, J= 6:&), 1.29 (d, 6H, J= 6.9 HZ303 (M+H)

e
N. O
(@) N
Y 5@
NL72

N &2-(4-Isopropylphenoxy)acety3-methylfuran2-carbohydrazideNL7 2)

Prepared using General Method A frorm@&thylfuran2-carbonyl chloride (12 uL, 0.101

mmol), ammonium thiocyanate (13 mg, 0.171 mmol) aifé- 2

isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol) in 2 mL of DCM. The

precipitant was purifiety reverse phase chromatograpbygive the desired product as a

white solid (7 mg, 23%)H NMR (DMSO-dg)ti 10. 07 (s, 2H), 7.75 (
7.18 (d, 2H, J= 8.6 Hz), 6.93 (d, 2H, J= 8.6 Hz), 6.55 (d, 1H, J= 1.5 Hz), 4.58 (s, 2H),

2.85 (m, 1H, J=6.9 Hz), 2.29 @H), 1.18 (d, 6H, J= 6.9 HZ}317 (M+H)
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NL73

N &2-(4-1sopropylphenoxy)acetybb-methylfuran2-carbohydrazideNL73)

Prepared using General Method A frorm&thylfuran2-carbonyl chloride (12 uL, 0.101
mmol), ammonium thiocyanate (13 mg, 0.171 mmol) aid-2
isopropylphenoxy)acetohydrazide (20 mg, 0.0978 mmol)mL2f DCM. The

precipitant was purified by chromatograpiry silica gelusing a gradient of-Q0%

methanol in dichloromethane to give the desired product as a white solid (8 mgl26%).
NMR(DMSOds) U 10.06 (s, 1H), 10.03 (s, 1H),
3.4 Hz), 6.83 (d, 2H, J= 8.6 Hz), 6.20 (d, 1H, J= 3.4 Hz), 4.50 (s, 2H), 2.75 (m, 1H, J=

6.9 Hz), 2.26 (s3H), 1.08 (d, 6H, J= 6.9 HZ317 (M+H)'

O/\WN\” \ S/

O

NL74
N &2-(4-1sopropylphenoxy)acetyl)thiopherBecarbohydrazideNL7 4)

Prepared using General Method A froahbphene carbonyl chloride (21.6 uL, 0.202
mmol) and 2(4-isopropylphenoxy)acetohydrazide (40 mg, 0.196 mmol) in 2 mL of
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DCM. The precipitant wasysified by reverse phase chromatograpbygive the desired
product as a white solid (7 mg, 11%9LNMR (DMSO-dg) U 7. 96 (d, 2H, J-=
7.29 (dt, 3H, J=8.7 Hz, 4.6 Hz), 7.04 (d, 2H, J= 8.7 Hz), 4.73 (s, 2H), 2.96 (m, 1H, J=7

Hz), 1.29 (d, 6H, J= 7 HZR19 (M+H)'

H O
N.
o S

NL75
N &2-(4-1sopropylphenoxy)acetyl)thiopherBcarbohydrazideNL75)

Prepared using General Method A from thioph8rmarbonyl chloride (29.6 mg, 0.202

mmol) and 2(4-isopropylphenoxy)acetohydrazide (40 mg, 0.196 mmol) in 2 mL of

DCM. The precipitant was purifiday reverse phase chromatographyive the desired

product as a white solid (8 mg, 13%H NMR (DMSO-dg) i 10. 34 (s, 1H), 8
J= 2.9 Hz), 7.73 (dd, 1H, J= 2.9 Hz, 5 Hz), 7.63 (d, 1H, J= 5 Hz), 7.27 (d, 2H, J= 8.6 Hz),

7.02 (d, 2H, J= 8.6 Hz), 4.71 (s, 2H), 2.94 (m, 146.8Hz), 1.27 (d, 6H, J= 6.8 Hz).

319 (M+HY
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NL76

N &2-(4-1sopropylphenoxy)acety2-methoxybenzohydrazid®&(76)

Prepared using General Method A frorm2thoxybenzoyl chloride (15 pL, 0.101

mmol), ammonium thiocyanate (13 mg, 0.171 mnaoijl 2(4-
isopropylphenoxy)acetohydrazi§20 mg, 0.0978 mmol) i@ mL of DCM. After

addition of the hydrazide the reaction was stirred for 16 hours and then for 24 hours at
45°C. The mixture was filtered and the filtrate was purifigcchromatography on silica
gelusinga gradient 00-10% methanol in dichloromethat®give the desired product as

a white solid (22 mg, 67%)H NMR (DMSO-ds) U 10.39 (s, 1H), 9.95 (s, 1H), 7.74 (dd,

1H, J= 1.8 Hz, 7.6 Hz), 7.53 (dt, 1H, J= 1.8 Hz, 7.6 Hz), 7.18 (m, 1H), 7.17 (d, 2H, J= 8.7
Hz), 7.07 (t, 1H, J= 7.6 Hz), 6.93 (d, 2H, JZ 81z), 4.60 (s, 2H), 3.89 (s, 3H), 2.85 (m,

1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9 H8X3 (M+H)*

N &2-(4-1sopropylphenoxy)acety) H-indole-2-carbohydrazideNL77)
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1H-indole-2-carbonyl chloridg€3s) was prepared usingdtgeneral method from indele

2-carboxylic acid (20 mg, 0.124 mmol) and oxadkloride (13 pL, 0.149 mmoINL77

was prepared using General Method B fr@$1122 mg, 0.124 mmol), potassium

thiocyanate (12 mg, 0.124 mmol) andfisopropylphenoxy)acetohydrae (25 mg,

0.120 mmol) in 2 mL of CECN. The reaction mixture was concentrated and purified

reverse phase chromatograpgbygive the desired product as a white solid (7 mg, 17%).

IHNMR (DMSOde)ti 11.72 (s, 1H), 10. 42H,(0s83 1H), 1
Hz), 7.44 (d, 1H, J= 8.3 Hz), 7.22 (m, 2H, J= 7.4 Hz), 7.19 (d, 2H, J= 8.7 Hz), 7.06 (t,

1H, J= 7.4 Hz), 6.96 (d, 2H, J= 8.7 Hz), 4.65 (s, 2H), 2.85 (m, 1H, J44,8.18 (d,

6H, J= 6.8 Hz)352 (M+H)'

(@]
My O
NLS8O

N &2-(4-1sopropylphenoxy)acetyy-phenyt1H-pyrrole-2-carbohydrazideNL80)

5-phenytlH-pyrrole-2-carbonyl chloridg3ag) was prepared using the general method
from 5-phenyt1H-pyrrole-2-carboxylic acid (40 mg, 0.214 mmol) and oxalyl chloride
(22 pL, 0.257mmol). NL80 was prepared using General Method B frédag (44 mg,
0.214 mmol), potassium thiocyanate (35 mg, 0.364 mmolRadd

isopropylphenoxy)acetohydrazi@@3 mg, 0.208 mmol) in 2 mL of GE&N. The reaction
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was concentrated and purifibgl reverse phse chromatographty give the desired
product as avhite solid (6 mg, 8%):H NMR (DMSO-ds) 1111.84 (s, 1H), 10.13 (s, 1H),
9.96 (s, 1H)7.82 (d, 2H, J= 7.4 Hz), 7.38 (t, 2H, J= 7.4 Hz), 7.24 (t, 1H, J= 7.47H8,
(d, 2H, J= 8.6 Hz), 6.96 (M, 1H), 6.9d, 2H, J= 8.6 Hz), 6.62 (M, 1H), 4.63 (s, 2H), 2.85

(m, 1H, J= 6.9 Hz), 1.18 (d, 6H, J= 6.9 HZJ8(M+H)*

H § 9N
)\Q\O/\[O(N\”J\/@

NL81
2-(Furan2-yl)-N &2-(4-isopropylphenoxy)acetyl)acetohydrazidd g81)

2-Furanacetyl chlorid€58) was preparedsing the general method frorf@anacetic

acid (30 mg, 0.238 mmol) and oxalyllehide (24.5 pL, 0.286 mmoINL81 was

prepared using General MethodrAm 58 (30 mg, 0.209 mmol), ammonium thiocyanate

(27 mg, 0.356 mmol) and-@-isopropylphenoxy)acetollyazide (42 mg, 0.203 mmol) in

2 mL of DCM. The reaction was stirred for 16 hout$e precipitant was purifialy

reverse phase chromatograpbygive the desired product as a white solid (12 mg, 19%).
IHNMR(DMSOds) U 10. 17 (s, 1(d)lH, J=A8BHL,Z.15(d 2H, 1 H) ,
J=8.6 Hz), 6.89 (d, 2H, J= 8.6 Hz), 6.39 (m, 1H, J= 3.2 Hz), 6.27 (dd, 1H, J= 3.2 Hz, 8.3
Hz), 4.56 (s, 2H), 3.57 (s, 2H), 2.83 (m, 1H, J= 69,H.17 (d, 6H, J= 6.9 HZ}317

(M+H)*
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NL82

U-3-(Benzofurar2-yl)-N &2-(4-isopropylphenoxy)acetyl)acrylohydrazid€l(82)

(2E)-3-(1-benzofurar2-yl)prop-2-enoyl chloride(3af) was prepared using the general
method from (2EB-(1-benzofurar2-yl)prop-2-enoic acid (20 mg, 0.106 mmol) and
oxalyl chloride(11 uL, 0.128 mmol)NL82 was prepared using General Method B from
3af (22 mg, 0.106 mmol) and@-isopropylphenoxy)acetohydrazide (21 mg, 0.103
mmol) in 2 mL of CHCN. The precipitant was purifiday reverse phase
chromatographyo give the desired progdt as a white solid (2 mg, 5%H NMR

(DMSOds) U 10.32 (s, 2H), 7.69 (d, 1H, J=
Hz), 7.41 (t, 1H, J= 7.7 Hz), 7.30 (m, 2H), 7.18 (d, 2H, J= 8.6 Hz), 6.92 (d, 2H, J= 8.6
Hz), 6.74 (d, 1H, J= 15.6 Hz), 4.61 §$), 2.85 (m, 1H, J= 6.8 Hz), 1.18, 6H, J= 6.8

Hz). 379 (M+H)"
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5.2.8Synthesis of Compounds NL83 NL87

0 0
/Lo N
Ho Q
Y
3-Isopropoxy4-(((5-methylfuran2-yl)methyl)amino)cyclobuB-ene1,2-dione
Diisopropyl squarate3Q, 42 mg, 0212 mmol, 1 eq) and-&ethylfurfurylamine (23 pL,
0.212 mmol, 1 eq) in 2 mL of THF were stirred for 16 hours at room temperature and
then refluxed for 24 hours. The reaction was concentrated and the oil residue was purified

by chromatography on silica gesinga gradient oD-100%ethyl acetate in hexan&s

give the desired product as a white solid (38 mg, 72%)(I25®)*

O O
N N
)\Q\/\H Ho) 0
Y
NL83
3-((4-1sopropylphenethyl)amined-(((5-methylfuran2-yl)methyl)amino)cyclobuB-ene

1,2-dione (NL83)

3-Isopropoxy4-(((5-methylfuran2-yl)methyl)amino)cyclobuB-ene1,2-dione(38 mg,
0.152 mmol, 1 eq) an&7b (117 mg, 0.713 mmol, 4.7 eq (impure)) in 2 mL of ethanol
were refluxed foB8 hours The product precipitated out and was collected by fittrato

give the desired product as a white solid (18 mg, 33%NMR (DMSO-ds) 7.29 (m,
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4H), 6.32 (d, 1H, J= 2.9 Hz), 6.15 (d, 1H, J= 2.9 MZJ7 (m, 2H), 3.86 (s, 2H), 2.95 (m,

2H), 2.92 (m, 1H, J= 7 Hz), 2.37 (s, 3H), 1.31 (d, 6H, J= 7 BE3(M+H)*

0] @)

*@wuj;ﬁok
3-Isopropoxy4-((4-isopropylphenethyl)amino)cyclobdtene1,2-dione
Diisopropyl squarate3Q, 95 mg, 0.479 mmol, 1 eq) a@db (79 mg, 0.479 mmol, 1 eq)
in 4 mL of THF were stirred fa84 hours An additional 48 mg 027bwas added and the
reaction was stirred for 7 hours, followed by an additional 48 n27lofind the reaction
was stirred for 64 hourd he reaction was concentrated and puriigdhromatography
on silica gelusinga gradient oD-100%ethyl acetatén hexanes to give the desired
product as a white solid (139 mg, 97%J.NMR (CDCkL) 720 (d, 2H, J=7.7 Hz), 7.12
(d, 2H, J= 7.7 Hz), 4.37 (t, 2H, J= 7.4 Hz), 2.52 (t, 2H, J= 7.4 Hz), 2.29 (m, 2H), 1.45 (d,

6H), 1.24 (d, 6H). 302M+H)*

NL84

3-((4-1sopropylphenethyl)amined-((pyridine-2-ylmethyl)amino)cyclobuB-ene1,2-

dione (NL84)
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3-Isopropoxy4-((4-isopropylphenethyl)amino)cyclob@ene1,2-dione (30 mg, 0.0993
mmol, 1 eq) and-picolylamine (10 pL, 0.0993 mmol, 1 eq) 2L of ethanol were

refluxed for64 hours The mixture was filtered and the filtrate was purifogdreverse

phase chromatography give the desired product as a white s¢figng, 20%)H NMR
(MeOD) 866 (d, 1H, J= 5.5 Hz), 8.22 (t, 1H, J= 7.8 Hz), 7.74 (d, 1H, J= 7.8 Hz), 7.67
(t, 1H, J= 5.5 Hz), 7.17 (m, 4H), 3.88 (s, 2H), 3.57 (M, 2H), 2.92 (m, 1H, J= 6.9 Hz), 2.89

(m, 2H), 1.22 (d, 6H, J= 6.9 HA50(M+H)*

o. 0
)\o N
N 0

3-((Benzofurar2-ylmethyl)aminoj4-isopropoxycyclobuB-ene1,2-dione

Diisopropyl squarate3Q, 72 mg, 0.364 mmol, 1 eq) anebgnzofurar2-ylmethanamine
hydrochloride (67 mg, 0.364 mmol, 1 eq) in 2 mL of ethanol were stirred at room
temperature for 16 hws and then refluxed for 5 hours. A catalytic amount of DMAP was
added and the reaction was refluxed for 16 hours. The reaci®concentrated and
purified by reverse phase chromatograpbyive the desired product as a white s¢lié

mg, 15%)H NMR (MeOD) 7.%8 (d, 1H, J= 6.8 Hz), 7.47 (d, 1H, J= 8 Hz), 7.30 (t,

1H, J= 6.8 Hz), 7.22 (t, 1H, J= 8 Hz), 6.77 (s, 1H), 4.76 (s, 2H), 1.47 (d, 6H).
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Iz

I

NL85

3-((Benzofurar2-ylmethyl)aminoj4-((4-isopropylphenethyl)amino)cyclob@tenel1,2-

dione (NL85)

3-((Benzofurar2-ylmethyl)aminoj4-isopropoxycyclobuB-ene1,2-dione (16 mg,

0.0559 mmol, 1 eq) ar@l’b (59 mg, 0.357 mmol, 6.4 eq (impure)) in 2 mL of ethanol
were refluxed for 16 hours. 2 mL of hexanes was added to aid in pagoipiof the
product and the product was collected liydtion as a white solid (4 mg, 18%H NMR
(DMSO-ds) 762 (d, 1H, J= 7 Hz), 7.56 (d, 1H, J= 7.8 Hz), 7.29 (dt, 1H, J= 1.3 Hz, 7
Hz), 7.24 (dt, 1H, J= 1.3 Hz, 7.8 Hz), 7.14 (m, 4H), 6.80 (s, 1H), 4.87 (m, 2H), 3.74 (s,

2H), 2.82 (m, 2H), 2.80 (m, 1H, J= 6.9 Hz), 1.16 (d, 6H, J= 6.9389(M+H)*

3-(((1H-benzo[d]imidazo2-yl)methyl)amino)4-((4-isopropylphenethyl)amino)cyclobut

3-enel,2-dione (NL86)
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3-Isopropoxy4-((4-isopropylphenethyl)amino)cyclob@ene1,2-dione (30 mg, 0.0993
mmol, 1 eq) and-2aminomethyl)benzimlazole dihydrochloride (22 mg, 0.0993 mmol, 1
eq) in 2 mL of ethanol were refluxed for 3 days. The product precipitated out and was
collected by filtration. Additional product was recovered by purifying the filtogite
reverse phase chromatograpgbygive the desired product as a purptdid (7 mg, 18%).

IH NMR (MeOH) 7.80 (dd, 2H, J= 3.2 Hz, 6.2 Hz), 7.63 (dd, 2H, J= 3.2 Hz, 6.2 Hz),
7.19 (m, 4H), 5.32 (s, 2H), 2.94 (t, 2H), 2.85 (m, 1H, J= 7 Hz), 1.22 (d, 6H, J= 389z).

(M+H)*

o. 0
/Loj N
N
0

3-Isopropoxy4-(((5-methoxy1H-indol-2-yl)methyl)amino)cyclobuB-ene 1,2-dione

Diisopropyl squarate3Q, 142 mg, 0.717 mmol, 1 eq) af(8-methoxy1H-indol-2-
yl)methyllJamine methanesulfonate (195 mg, 0.717 mmol, 1 eq) with a catalytic amount
of DMAP in 4 mL of ethanol were refluxed for 16 hours. The reaction was concentrated
and purifiedby reverse phase chromatographgive the desired product as a white solid
(166 mg, 74%)'H NMR (DMSO-ds) 10186 (s, 1H), 7.22 (d, 1H, J= 8.7 Hz), 6.98 (d,

1H, J= 2.4 Hz), 6.70 (dd, 1H, J= 2.4 Hz, 8.7 HZ), 6.24 (s, 1H), 5.26 (M, 1H, J= 6.2 Hz),

3.73 (s, 3H), 1.35 (d, 6H, J= 6.2 HBL5(M+H)"
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NL87

/O

3-((4-1sopropylphenethyl)ami)-4-(((5-methoxy1H-indol-2-yl)methyl)amino)cyclobut

3-enel,2-dione NL87)

3-Isopropoxy4-(((5-methoxy1H-indol-2-yl)methyl)amino)cyclobuB-ene 1,2-dione

(166 mg, 0.529 mmol, 1 eq) a@db (88 mg, 0.537 mmol, 1.02 eq (impure)) in 2 mL of
ethanol were iftluxed for 16 hours. An additional 247 mgaitbwas added and the
reaction was refluxed for 16 hours. The product precipitated out and was collected by
filtration. Impurities were dissolved in a water/acetonitrile mixture and the product was
obtained byiftration as a white solid (18 mg, 8%4H NMR (DMSO-ds) 1@.92 (s, 1H),
7.23 (d, 1H, J= 8.8 Hz), 7.15 (m, 4H), 6.99 (d, 1H, J= 2.5 Hz), 6.71 (dd, 1H, J= 2.5 Hz,
8.8 Hz), 6.25 (s, 1H), 4.82 (m, 2H), 3.73 (s, 2H), 2.84 (m, 2H), 2.81 (m, 1H, J= 6.7 Hz),

1.17 (d, 6H, J= 6.7 Hz418(M+H)*
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5.2.9Synthesis ofCompound NL69

O

OO e

o
69

Ethyl 2-(4-benzoylphenoxy)acetaté9)

4-Hydroxybenzophenoné, 200 mg, 1.010 mmol, 1 eq), ethyl chloroacetate (216 pL,
2.020 mmol, 2 eq) and potassi carbonate (836 mg, 6.060 mmol, 6 eq) in 8 mL of
acetone were refluxed for 16 hours. 10 mL of water was added and the product
precipitated out and was collected by filtration to give the desired product as a white solid
(227 mg, 79%)*H NMR (DMSO-ds) 7.74 (d, 2H, J= 8.9 Hz), 7.67 (m, 3H), 7.56 (t,

2H), 7.10 (d, 2H, J= 8.9 Hz), 4.92 (s, 2H), 4.19 (q, 2H, J= 7.1 Hz), 1.23 (t, 3H, J= 7.1

Hz). 285(M+H)*

SRCH

41 0

2-(4-Benzoylphenoxy)acetic acid )
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To 69 (227 mg, 0.796 mmol, eq) in 4 mL of THF, 1 M NaOH (7.965 mL, 7.965 mmol,

10 eq) was added. The reaction was stirred for 16 hours. 3 mL of acetic acid was added
followed by 6 mL of water. The product was extracted with 2 x 10 mL of ethyl acetate.
The combined organic layerseve dried over MgS# filtered and concentrated to give

the dsired product as a white soligantitative yieldH NMR (DMSO-ds) 7.03 (d,

2H, J= 8.8 Hz), 7.68 (m, 3H), 7.55 (t, 2H), 7.05 (d, 2H, J= 8.8 Hz), 4.73 (s23H).

(M+H)*

)

0tk

tert-Butyl 2-(2-(4-benzoylphenoxy)acetyl)hydraziriecarboxylate

To 41 (205 mg, 0.796 mmol, 1 eq) in 4 mL of DCkéyt-butyl carbazate (210 mg, 1.592
mmol, 2 eq) was added, followed by EDC (156 mg, 0.812 mmol, 1.02 eq). The reaction
was stirred for 16 hours. 2 mL of DCM was added and the mixture was washed with 2
mL of sat. ag. NaHCg&and brine, dried over MgS¢Xiltered and concentrated to give

the desired product as a brown oil (269 mg, 91#4NMR (CDCkL) 812 (s, 1H), 7.78

(d, 2H, J= 8.9 Hz), 7.68 (m, 2H), 7.51 (m, 1H), 7.42 (t, 2H), 7.26 (s, 1H), 6.94 (d, 2H, J=

8.8 Hz), 4.64 (s, 2H), 1.44 (s, 9FBO3 (M+Ng*
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2-(4-Benzoylphenoxy)acetohydrazidéOj

tertButyl 2-(2-(4-benzoylphenoxy)acetyl)hydraziriecarboxylate (269 mg, 0.725
mmol) in 1 mL of TFA and 1 mL of DCM was stirred for 2 hours. The reaction was
concentrated to give thesired product as a yellow oil; quantitative yiéld NMR
(CDCL) 717 (d, 2H, J= 8.61z), 7.65 (m, 2H), 7.52 (m, 1H), 7.42 (t, 218)95 (d, 2H,

J=8.6 Hz), 4.71 (s, 2HR71(M+H)*

O

NL69

N-(2-(2-(4-Benzoylphenoxy)acetyl)hydraziriecarbonothioyl)furar2-carboxamide

(NL69)

2-Furoyl chloride (74 uL, 0.747 mmdl, eq) and potassium thiocyanate (123 mg, 1.271

mmol, 1.7 eq) in 4 mL of C¥CN were stirred for 1 houd0 (197 mg, 0.725 mmol, 0.97

eq) was added and the reaction was stirred for 1.5 hours. The reaction was concentrated

and purifiedby reverse phase chratographyto give the desired product as a white solid
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(10 mg, 3%)H NMR (CDCl;) 9:89 (s, 1H), 8.93 (s, 1H), 7.68 (d, 2H, J= 8.8 Hz), 7.60
(m, 2H), 7.44 (d, 1H, J= 1.7 Hz), 7.30 (m, 1H), 7.30 (t, 2H), 7.23 (d, 1H, J= 3.6 Hz), 6.88

(d, 2H, J= 8.8 Hz), @6 (dd, 1H, J= 1.7 Hz, 3.6 Hz), 4.61 (s, 264 (M+H)*

5.3Biological Testing

RNA Degradation Assay.RnpA-mediated RNA degradation assays are performed by
incubating either 1 pg of totaéh. aureusRNA or 1 pmol ofin vitro-synthesizedspa
MRNA with 20pmol of RnpA at 37C for 15 to 30 min in reaction buffer (50 mM T+is

HCI [pH 8.0], 2 mM NaCl, 2 mM MgQ) in the absence or presence of the indicated
compound. The reactions are stopped by adding an equal volume of 2x RNA loading dye
(95% formamide, 0.025%DS, 0.025% bromophenol blue, 0.025% xylene cyanol FF,
0.5 mM EDTA), run on a denaturing 1.0% agar0%6 M formaldehyde gel, and stained
with ethidium bromide. The RNA substrates and corresponding degradation products are
visualized using a FluorChem @3 system (Alpha Innotech, San Leandro, CA). The
inhibitory effects of the test compounds are measured using the ImageJ densitometry
software (National Institutes of Health, Bethesda, MD) to quantify the signal intensity of
the RNA band(s) in the negatigentrol (RNA alone), positive control (RnpA plus RNA

plus dimethyl sulfoxide [DMSOQ]), and experimental samples (RnpA plus RNA plus test
compound). The percent enzyme inhibition of the test compounds is calculated using the
following equation: percent inhifion = [(experimental signali positive

control)/(negativecontrol signal positivecontrol signal)] x 100.
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RNase P ptRNA Processing Assays. aureuskRNase P activity assays are performed
under the conditions previously used to mea&ursubtilisRNaseP-mediated cleavage

of precursor tRNA™ 5 6 | e a d-saft buffen (501 ndvWTrisHCI [pH 8.0], 5 mM
MgCl2) or in highsalt buffer (50 mM TrisHCI [pH 8.0], 200 mM MgC, 800 mM
NH4CI).8* For all the reactions, ptRNA, tRNA™ or rnpB RNA species ardirst
denatured by heating to 5 for 3 min and then being slowly cooled to room
temperature. RNase P is reconstituted by mixing an equimolar ratigppBfand RnpA

for 15 min at 37C. The precursor tRNA processing reactions (20 uL) are performed by
mixing 1.25 pmol of RNase P (RnpA plugpB), RnpA orrnpB with an equal volume of

2x low-salt buffer or 2x higsalt buffer and 10 pmol of ptRNA. The mixtures are
incubated for 15 min at 8C. The reactions are stopped by adding 20 uL of 2x RNA
loading dye(95% formamide, 0.025% SDS, 0.025% bromophenol blue, 0.025% xylene
cyanol FF, 0.5 mM EDTA), and 30 pL of each sample is electrophoresed in a 7-M urea
8% polyacrylamide gel and then stained with ethidium bromide (0.5 pg/mL). Where
indicated, the reactiongearepeated in the presence of the indicated amount of putative
RnpA inhibitors or dimethyl sulfoxide (DMSO). A FluorChem 5500 imaging system is
used to visualize the RNA, and the relative abundance of the maturd¥RidAd in the
positive control (RNas® plus DMSO) or in samples containing the test compounds is
measured using ImageJ densitometry software (NIH). The percent RNase P activity is
then calculated using the following equation: (test compound {RNs#ignal/ positive

control tRNA™" signal) x100.
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Antimicrobial Susceptibility Testing. MIC testing is performed according to Clinical
and Laboratory Standards Institute (CLSI) guidelfffeBriefly, individual wells of a 96

well microtiter plate are inoculated with ~ 1 x°1GFU of the indicated ganism,
containing 2fold increasing concentrations (0 to 256 pg thbf the indicated antibiotic

or putative RnpA inhibitor, and incubated af@7or 18 h in MuelleiHinton broth. The
assays are also performed in the presence of 2.5% bovine serumnalbbmiMIC is
defined as the lowest concentration of antibiotic at which there was no visible bacterial

growth in the wells.

Calculated logP. Predicted octanol/water partition coefficients (logP) were calculated
using the Marvin calculator plugin availabn MarvinSketch from ChemAxon
(Budapest, Hungary). The logP calculator employs a varfatornthe atomic fragment

method originally described by Viswanadhan éfal.

Solubil ity SAd udy dpietry ocasnealy sssameg Mil-l i por e
PFC Filter Pl ates designed for solub-ility
wel | pl ates consistyof ftwbtehambenfgaursrdepd a a

using E¥V&ANUSpan and MTD workstationof(Per ki

drug solutions (10 mM i mp hDbM$DU tfaee ree dan dsdeaeldi rt e

top chamber to give a final DMSO concentr a
concentration of 200 uM. Pl ates are gent.|
vacuumlnsoluble drug is captured on the fi
9ével | Griener UV StaAEdainahys®8s. pLaties, (Q0
uL of acetonitrile. The drug conlte&mde ati o
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on a SpectromaxE Plus microplate reader (M
Softmax Pro software v. 5. 4.39.0, Ab2s0o r b3a4nOc, e :
360 nMumaree eratgenhe UV peghaltmepglAis@atys. ar
Standardgemnevas ear &y adding 4 ulL of 50x of
compounds in DMSO to 40 ulL of acetonitrile
phosphuatfeer ed saline. plemdloyamesd arsd nggt aGtriagpth
v.5..04 Data are reported as the maxi mum conc
Mi crosomal SThbitl &gr anndcse ionf ntoeusste cboinvpeoru mi
determi‘Ced AsedFoeondudeem wal |19 6plodtyeps.op yT eesnte
compnds (& uMeudated in 0.5 mL of 1200 mM p
7.4) with 0.5 mg/ mL pool e miwver ( Imi fce o Beanter
Grand | sl and,s®N¥i)ym2NADPH edanmd 3 mM magnesi
mi nut eswiat h 3geiCt | e shakisng.75 AutL foifwe etaicrhe oj
transfesheaeldl oo @611 stop plates on ice con;
0.1 uM proprablenoeaacti €ContEel pekifng MeADPH) aa
mannerohetdame NADPH dependemay acfuroecmpdwmn
compouredgeaner ateantursatnigorns crioem pluepd e csaded 4N
but wiitnhc uzbeartoi on trmecen$Stropupglkdtas @, 000 x
tdin 0l 0L of thegesupearnmsdteantesd @ o0 a Waters AQ
well sample plate with cap mat (Waters, Mi
remaining insthgeasuperedthnptLC/ MS/ MS using

(el ectrosprea)y @owpltdd et anoad Wat ers Aqui tyE L

190



uM, 2.1 x 50 cm, grad%efndr mifc azeitsb)nuste®d &g :
as the idnatredr.nalGrsatpshnPsdbEsRdi $mrvn®dn04niear f

cour se datCd itnot gveanl eureast.e
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