ABSTRACT

HARRIS, TYLER LEE Small Molecule Suppression of Antibiotic Resistance Mechanisms.
(Under the direction of Dr. Christian Melanjler

The rise of multidrug resistant bacteria now considered one of the greatest threats
to mankind. Traditional dibiotics work through either a bactericidal or bacteriostatic
mechanism, which places an evolutionary pressure on the bacterium to develop resistance.
An alternative strategy for the development of antibioticat in theory would not summon
bacterial esistance is through the identification of compounds thi@rget antibiotic
resistance mechanisms in a moicrobicidal manner. These adjuvants could then be used in
combination therapies to restore the efficacy of previously identified antibioticeinHbe
synthesisand biological activityof novel 1,5substitutél 2-aminoimidazoles is described.
These initial screens resulted in the identification ofarnoimidazole/triazole conjugate
that displayed the wunique ability to suppress resistance ofthictien-resistant
Staphylococcus aureue oxacillin upwards of 5k#ld when cedosed at stiMIC levels.
Initial mechanism of amon studiesindicate thathis compound interferes wittiraSR twe
component systersignaling. Next, a 2aminoimidazole adjvant was shown to suppress
colistin resistance inmulti-drug resistant Acinetobacter baumanniiand Klebsiella
pneumoniae Colistin resistance iA. baumanniis known to be regulated by the PmrAB
two-component systemwhich controls a modification of tHeid A portion of the bacterial
membrane. This modification reduces the affinity of colistin towards the -Gegative
bacterial cell membrane. The identified adjuvant was shown to-degulate thgomrCAB

operon, andreverse the membrane modificationAdditionally, evolution experiments



indicate that thebacteria are unable to evolve resistance to the effects of the 2

aminoimidazole adjuvant.
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CHAPTER 1

INTRODUCTION TO B ACTERIAL R ESISTANCE MECHANISMS
1.1: Classifying Relevant Bacteria

Bacteria are prokaryotic organisms that are generally divided into two broad groups
based on cell wall structure. The differences in cell wall structure correlate with the reaction
to the Gram staing procedure that was developed in 1884 by Christian Gram. -Gram
negative bacteria are colored pink or red by the Gram staining technique, angh&iave
bacteria stain purple. The reason for this difference is that the -@oanive cell wall
contans a layer just outside of the plasma membrane known as the peptidoglycan layer
which is 20 to 80 nm thick. The Granegative cell wall contains the peptidoglycan layer
which is only 2 to 7 nm thick in addition to an outer membrane (7 to 8 nm thicky¢Figl).
The difference in the peptidoglycan layer equates to the pmmive cell wall being more

resistant to osmotic pressure, and thus retains the stain more effitiently.



Gram-positive cell wall Gram-negative cell wall
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Figure 1.1: Differences in bacterial cell wallstructure.

Two common Granpositive bacteria that are medically relevant today include
Staphylococcus aureusnd Staphylococcus epidermidisS. aureusappears as grapike
clusters ands common in humans, particularly on external skin surfacesratite nasal
passage.S. aureuss common in hospitals, and can cause serious problems when infecting
damaged tissue. As the bacteria fester in the wound they produce many toxins, including
exotoxin TSSTL. This toxin can cause toxic shock syndrome,cihs characterized by
fever, hypertension, scarlatiniform rash, and the involvement of the major organ sydfems.
left untreated the disease can be fatal. Other infections relat&l tureusinclude
osteomyelitis, endocarditis, and pneumoniaLadiams are a common class of antibiotics

used to treaS. aureudnfections, however resistant strains are now a major problems



now estimated that approximately 70% of &ll aureusstrains isolated in the clinic are
classified as methicillimesistant

S. epidermidiss common in mammalian mucous membranes and it is generally not
pathogenic. However, patients with compromised immune systems are at a muchiskgher
of infection. This is particularly true for patients with indwelling medical devices such as
catheters, as the bacterium can form a biofilm, thus making treatment very difficult.

Acinetobacter baumanngindKlebsiella pneumoniaare two common Gra-negative
bacteria that are particularly relevant todag. baumanniiis responsible for a variety of
infections, including septicemia, urinary tract infections, pneumonia, and wound infections.
A. baumanniiinfections have become increasingly commaspeeially for soldiers of the
Afghanistan and Iraq wafs.The dinical significance ofA. baumanniihas grown rapidly
over the past decade due to its ability to acquire resistance determinants. Resistant strains to
all known antibiotics are now being reported.

K. pneumoniaés typically found on the skin, as well as the mouth and intestiies.
pneumoniaeénfections are some of the most frequgmbserved Gramegative infections in
the world, and include urinary tract infections and pneumbdriiais bacterium has received
much attention recently because of its ability to rapidly evolve resistance to the carbapenem
c | a s slactanf antibiotics. In 2008, a strain Kf pneumoniaenas isolated tht was
r esi st alactam andbiotic$ dxceffit monobactams.
1.2: Common Antibiotics and Bacterial Resistance

Bacterial resistance to commonly prescribed antibiotics is a major challenge facing

the world today. Bacterial strains resistant to many, or even all, currently available



antibiotics are ncreasingly common. To compound the problem, scientists have been
ineffective at discovering new classes of antibiotics in recent years. Almost all classes of
antibiotics wer e di scovered dur i ngloed)’h e A Go
Tyrothricin, penicillin, streptomycin, chloramphenicol, chlortetracycline, neomycin,
erythromycin, and more drugs were discovered during this era. These drugs were isolated
from soil microbes and proved to be efficient when first introduced, however bacterial
resisance has since rendered some completely useless.

Resistant strains of bacteria not only lead to increased mortality rates but also
increased economic costs. It is estimated that antibiesistant infections cost the United
States approximately 20 bdh dollars per yedt. A study involving New York City
hospitals showed that methiciltresistaniStaphylococcus auresIRSA) ledto a threefold
increase n the number of deaths and a twetwy percent increase in cost compared to
methicillin-susceptibleS. aureugMSSA)?

To understand how bacteria have evolved resistance to every known antibiotic, one
must understand the mechanism of action of the respectiN®@osic. Almost all antibiotics
work by targeting bacterial protein synthesis or bacterial-veall biosynthesis Some
antibiotics do operate under different mechanisms of action, such as inhibiting DNA
replication/repair, however these will not be diseed. A brief introduction to inhibitors of
protein synthesis is described next, followed by a more detailed description -vfatiell

biosynthesis inhibitors.



Protein Synthesis Inhibitors

As bacteria are prokaryotic organisms, the ribosome withicehas quite different
from the eukaryotic equivalent. The various classes of protein synthesis inhibitors target
different steps in ribosome action, which comes as no surprise given the large number of
molecular steps involved in initiation, elongaticand termination of protein synthesis.
Antibiotics of this class included aminoglycosides, macrolides, and tetracyclines; these bind
to various sites on the protein or on the ribosomal DNA of the bacterial 70S ribosome (Figure
1.2). For example, it hasebn shown that aminoglycosides bind the 30S ribosomal subunit,

but macrolides bind the 50S subulfit*

Tetracycline

Figure 1.2: Structures of common protein synthesis inhibitors.



Tetracyclines inhibit protein synthesis by preventing the bindiog
aminoacyltransfeRNA to the ribosome acceptor (A) site. This is accomplished by the
molecule binding to the 30S ribosomal subdhitResistance to tetracyclines occurs by the
proteins TET(M), TET(O), and TET(Q). It is thought that these proteins interact with the
ribosome, which allows protein biosynthesis to continue, emethe presence of bound
tetracycline’® Efflux pumps also play an important role in removing magnesihelated
tetracyclines from the ceith exchange for protons, this is particularly true for Graagative
bacteria-*

Cell-wall Biosynthesis Inhibitors

The bacterial cell wall contains a layer known as the peptidoglycanhenbarrier
protects bacteria from lysis related to high internal osmotic pressures and helps rnfantain
shape of the bacterial céfl. The peptidoglycan layer is comprised of a meshwork of peptide
and glycan chains. Theglycan chains are composed of a layer of alternating sugars, N
acetylglucosamine (NAG) and-&cetylmuramic acid (NAM) linked (1,4 in a long chain.

To the carboxyl moieties of NAM, a pentapeptide chain is attached via an amide linkage.
This peptide, ensisting of l-Ala-D-Glu-L-Lys-D-Ala-D-Ala, is commonly referred to as the
stem peptide. The stem peptide has a pentaglycinelsae attached to the amino group of

the lysine Crosslinking (transpeptidation) between the lysine of the stem pepiidighe
displacement of the termin&-Ala of the stem peptide from another glycan chain via a
pentaglycine bridge completes the linkage between two separate glycan, dhams
strengthening the cell wall (Figure 1) Transpeptidation is catalyzed koell wall

transamidase known as the penitii-binding proteins or PBPs. The bacterial cell wall is



quite different compared to the outer layers of mammalian cells, thus providing an excellent

target for selective chemotherapy agénts.

Transgly cosylation
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Figure 1.3: Structure of the peptidoglycan layer of the bacterial cell wall.

PBPs target the {3la-D-Ala peptide sequence of the stem peptide chain attached to
NAM. The active site on the enzyme employs a serine hydroxyl groupatkk dhe peptide
chain. The terminal BAla is removed and a temporary covalent bond is formed between the

PBP and the remaining-Bla unit. The amino group of the pentaglycyl unit of another



glycan chain attacks the newly formed aegkyme complex. This e gener at es t he

activity and completes the linkage between two separate glycan ¢higiose 1.4)'8

terminal D-Ala-D-Ala /OH
: RHN_ .»
l S RN
/ RHN._ .
PRP -D-Ala J\
PBP R

0" N
. H
transpeptidase

Figure 1.4: Transpeptidation by PBP, R = LLys-D-Glu-L-Ala-NAM, R'= pentaglycyl
unit of a different glycan chain.

Most inhibitors of celwall synthesis are members of thelactam class of
antibiotics, this includes the penicillins, cehalogp®r carbapenems, and monobactams
(Figure 1.5). b-Lactams share a similar geometry to the acylateéld>D-Ala. The PBP
mi s t a k dastamtfdr #s ndrmal target and attacks the lactam ridgon hydrolysis of
the 4membered ring, there is a signifitdahermodynamic energy drop due to strain within
the bicyclic system being relieved. This makes the reverse reaction highly unfavored, thus
the substrate is irrever s (Figureyl.6bThe heterocycic t h e
ring that is covantly bound to the PBP is also believed tovide sufficient steric hindrae
to make nucleophilic attack unfavorable at the ester. Thus, the PBP is rendered inactive and
can no longer continue transpeptidation. This results in a very weak bacténahltéhat

ultimately succumbs to osmotic stréSs.

¢
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Figure 1.5: Basic structure of various -lactam class antibiotics.

Resistance to -lactams generally occurs by one of tw@&chanismsj -lactamases
and an altered form of PBPj-Lactamases are generally classified as either sérine
lactamases (SBL) or metallelactamases (MBL). Mechanistically, SBL inactivate the
antibiotic in a similar fashion as the PBPs, however in taise, water is a sufficient
nucleophile to yield the carboxylic acid and the free enzyités difference in reactivity is
thought to be due to subtle modifications within the active site, which activate the ester
towards hydrolysis This is accomplishethrough hydrogettbbonding from the protein to the
b-lactam carbonyl by the amide nitrogens of serine and aldhin®IBLs are Zn(ll)
dependent enzymes that ar@pable of hydrolyzing almost all knownlactam antibiotics.

This class of -lactamase has become quite relevant in recent years due ten€gative



bacteria possessing plasmid encoded MBLs. Upon acquisition of these plasmids, numerous
resistance genes can be expressed thus making someabaegistant to the majority of

lactam antibioticg?

O S

\/):*

COH

COQH

20

6

CoH
T H,0

R
0 S

S aae 6

Figure 1.6:i -lactams bind irreversibly to PBP, but are inactivated by -lactamases.

Methicillin-susceptibleS. aureudMSSA) possessesur PBPs. Te entire function

of each PBP is not completely understood, but it is thought that the high molecular weight

10



PBPs (PP1, PBP2, and PBP3) are involved in transpeptidation and transglycos$tation.
PBP4 is thoughto be involved in a secondary crdsiking reaction related to the synthesis

of the peptidoglycan layéf. PBP2a is known to be present in methiciligsistantS. aureus
(MRSA), and it confers a 56@Id increase in minimum inhibitory concentration (MIC) for
penicillins?® PBP2a has a higher rate of release of bound drugs and a lower binding affinity
compared to other PBPs. This allowgattake over the role of cro$isking the glycan
chains, while other PBPs are inactiVe.

The glycopeptide antibiotic vancomycin is another importantveall biosynthesis
inhibitor (Figure 1.7). The spectrum of activity of vancomycin is limited to Gpasitive
pathogens, and it has become the antibiotic of choice for thengetiof MRSA infections.
Vancomycin acts on the peptidoglycan by binding to the terminalaBD-Ala residues of
the stem peptide, via five hydrogen bonds. The antibiotic effectively "cups” the uncross
linked pentapeptide, and prevents transglycosyl&tanspeptidation. This makes the

bacteria more susceptible to lysis from osmotic preséure.

11
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Figure 1.7: Structure of the glycopeptide antibiotic vancomycin.

Resistance to vancomycin occurs by the alteration of t#daED-Ala units on the
peptidoglycan cell wall precursors to-Ala-D-lactate. This change reduces vancomycin's
affinity for the new depsipeptide linkage, and thus allowsmal transglycosylation and
transpeptidation activity to occur within the bacterial cell WallTranscription of the genes
responsible for this modification are controlled by a-temponent system (TCS), and will
be discussed in detall later.

1.3: Biofilms Impact on Society

Bacteria can exist as planktor(icee floating bacteria) or in microbial communities

known as biofilms. Planktonic bacterial infections are much easier to treat, compared to

bacterial biofilm infections, for reasons that are described below. Discovering novel ways to

12



eradicate biofilns, and ultimately provide new solutions to the growing problem of antibiotic
resistance has been the focus of much work within the Melander Lab over the pasttiecade.
32

In the 1970s, Costertoet al. reported on the significance of biofilms. They stated
that the majority of bacteria grow in matexclosed biofilms that are capable ofalting to
surfaces® Today, a biofilm is typically defined as a sessile communitynimioorganisms
characterized by cells that are embedded in a matrextracellular polymeric substances
(EPS) that are irreversibly attached to a surface, and exhibit an altered phenotype with
respect to growth rate and gene transcriptfonBacteria within biofiims are inherently
insensitive to antiseptics and host immune responses, and residing within the biofilm state
confers resistance to conventional antibiotics upwardsO0@0 ltimes that of planktonic
bacteria. This is an alarming fact considering biofiims have been attributed to many
ailments, such as lung infection in cystic fibrosis patients, otitis media, periodontitis,
infections caused by surgical implants, urinaagtinfections, and many othéefrs.

The large increasm antibiotic resistance that is observed for bacterial biofilms can
be attributed its complex three dimensional structure and the EPS matrix that surrounds the
cells (Figure 1.8). The EPS matrix is a complex structure of polysaccharides, small peptides,
and nucleic acids. This mixture of highly polar compounds is believed to act as an adsorbent
for charged compounds. It has been shown that some aminoglycosides are adsorbed by the
EPS matrix that is produced frofseudomonas aeruginoda.The inability of antibiotics to

pendrate all areas of the biofilm has been shown in various stéfdes.

13
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Figure 1.8 Bacterial cells living in a microbial community known as a biofilm.

Another reason for the increase in antibiotic resistance within a biofilm, is that there
are numerous microenvironments that have pH variations and anaerobic pockets. It is
thought that this could aid in the degradation of various antibitttiésdditionally, biofilms
have a heterogeneous population of cells that exist in different metabolic states. Cells that
are deep within # biofilm might grow at a slower rate due to lack of nutrients, and this
could also reduce the effectiveness of an antibfotic.

Biofims can also lead to accumulation of slime and invertebrates on the bottom of
ships. This is known as biofouling and can lead to a loss of drag beneath ships. This leads to
increased fuel costsvhich is a major burden on shipping indiedrand the military. In

years past, agents such as bis(tributyltixide wereutilized in paints on the bottom of ships

14



to counter biofoulind? However, these chemicals are toxic by nature and can have dramatic
effects on various aquatic ecosystems, as such they are rarely used today.

The summation of these two problems, antibiotic resistance and biofouling, have had
a dramatic impactro society. It is estimated that the United States Navy spends between
$300- 500 million per year on fuel and cleaning costs related to biofotfligdditionally,
it is estimated that the United States alone spends approximately $20 billion per year on
antibioticresistant infection8. The National Institutes of Health (NIH) has stated that over
80% of microbial infections that occur in the human body are mediated by bidfilms.
Indeed, bacterial biofilm infections are a very serious problem due to the ineffectiveness of
antibiotics that would otherwise be more effective towards planktonic bacteria.
1.4: The Biofilm Devebpment Cycle

The formation ofP. aeruginosa, Escherichia colgnd Vibrio cholerabiofilms has
been studied extensively?® This has led to the development of a stepwise model to explain
the different stages of the biofilm lifecycle (Figure 1.@9nce the community has reached a
certain population, the biofilm undergs a dispersion stage whereby the bacteria can spread

to infect nearby areas.

15



Figure 1.9: Biofilm development model.

The first step in biofilm formation involves the reversible attachment of planktonic
bacteria to a surface. In the second stepebat cells begin to release exopolymeric
substances and attachment to the surface becomes irreversible. -difiteasional
architecture forms in the third step, and is denoted as early maturity. The morphology and
topography of the biofilm become veristinct during the fourth step. Pillar shapes protrude
from the biomass, so waste disposal and nutrient adsorption can be maxiGexgiies 0
form throughout the biofilm anthese are used as a transportation system through the biofilm
matrix. Themovement of water and planktonic bacteria through the matrix signify the
maturity of the biofilm. The last step in the development model involves detachment or
dispersion of bacterid. This occurs ashe hollow cavities within the biofilm fill with
hypermotile cellsthese cellsire released when these channels are ogénéells released

in this stage are phenotypically similar to the planktonic cells involved in the initial steps of

16



biofilm development. This hypothesis is supported witpores that these cells are
antibioticsusceptible when treated with antimicrobial agéhtéfter dispersion occurs the
free-floating bacterial cells colonize new areas and the process is repeated. One way in
which dispersion is initiated is by a process known as quorum sensing (QS).
1.5: Modulating Bacterial Biofilms

QS (cell to cell communication) pathways are know influencevirulence factors,
bioluminescence, antibiotic productiosporulation, competence forDNA uptake and
biofilm formation***° QS involves the release of smaiblecules that relay inforation
about population density and alter gene expression within the biofilm commivhaist QS
studies have involved Granegative bacteria such asgibrio fischeri, P. aerugirmsa,
Burkholderiacepacia, V.cholera, and Yersinia pesf. It has been shown thamany
intraspecies signaling molecules are comprised edcd homoserine lactone (AHL)
derivatives, varying only at the acyl functionality (Figure 1.10pnce the molecule is
released, it binds to a cognate cytoplasmic receptor protein reserved appgédicAHLS of
a given acyl sidehain. This binding is thought to induce a conformational change and
multimerization of the receptor protein, this is followed by DNA binding which activates or

represses the transcription of targeted géhes.
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Figure 1.10 Common quorum sensing molecules.

QS in Grampositive systems is less well understood. There are many siragariti
between Grammegative and Grarpositive QS but there are important differences also. QS
molecules in Granpositive bacteria are pestanslationally modified peptides called
autoinducing peptides (AlPglrigure 1.10) AIPs do not diffuse across thellcmembrane,
thus transmembrane proteins are the receptors instead of cytoplasmic proteins. Once the AIP
signal is bound by the receptor kinase, activation of complex phosphorylation events within
the cell inducesr represses genenscriptiorn’

A third class of QS molecule alledautoinduces2 (Al-2). Al-2 is produced by a
variety of bacteria and is thought to enable interspecies communitatiothe Al-2
synthase, LuxS, produces a molecule calleddihydroxy-2,3-pentanedione (DPD). From
this compound various species of bacteria produce uniqu2s Ahrough a series of

spontaneous reangement$Scheme 1.1) R-THMF andSTHMF-borate are the active Al
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2 signals inV. harveyiand Salmonella entericaserovar Typhimuriu, respectivefy. The
bacteriaare then able to diffentiate between their particulat-2s>? It should be noted that
some bacteria are able to produce-28l and consume other &5 produced from other
species. E. coli does this efficiently, which leads teeighboring species underestimating
their own population density. The result is that other species fail to initiate or incorrectly

terminate quorum sensing.

o Ho $eh 10"
o 4.\CH3 HQO HO = ~“€) 3 -2 H20 O/ \O
O i} HG! ‘. . ’CH
. + B(OH)4 et
HO HC HO™
/ S - THMF - borate
QH O
oH O H-C
HsC HO®*Y..OH
~OH HZO HOW
DPD 0{30 0
HO\C HO\‘
R - THMF

Schemel.1: The DPD precursor is used to form different At12s depending on the
bacterial species.

Targeting QS mechanisms to modulate bacterial biofilms and reduce virulence has
received much attention over the past de¢ade* Most of these efforts have focused on
the AHL mediated signaling ceade, as it is the best studied QS circuit. This has led to the
use of various AHL analogs, most of these compounds are structurally similar to the

naturally occurring signals. Modifications have included extending/shortening the acyl
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chain, the additiorof aromatic substituents, and variations of the oxidation pattern (Figure

1.11)454
0 ﬂ 0 H 0
Mot Yty Y
n OH O 0 O
n=1-15
0
H i N’( :o
| \ o m
H

Figure 1.11 Modified AHLs used to study quorum sensing pathways.

Another approach to identify novel compoundst tiidulate biofilm activity, is to
draw inspiration from nature in the form of natural products. Many marig@nisms have
evolved the ability to produce extremely toxic compounds as a means of chemical defense.
These compounds are released into watdrthen rapidly diluted, thus it is required that they
possess very high potency. It is hoped that the diverse populations within the oceans will
yield promising biologically active compountfs The marine red algaBPelisea pulchra
produces a class of natural products known as halogenated furanones (Figure 1.12). These
compounds have been shown to not only disrupt biofilms but they also semitize

aeruginosabiofilms to the effects of the antibiotic tobramyéin.
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Figure 1.12 Structures of the halogenated furanae family of natural products.

Other marine natural products that incorporateaanihoimidazole moiety have been
shown to inhibit the formation of bacterial biofiim#$4any marinespongs are soft bodied
and live sedentary lifestyles. This leavesyoal few options for selflefense against
predatorsand/or parasites. Bromoageliferdnl and oroidin1.2 were isolated from the
spongeAgelas coniferaand these compounds were effective at inhibiting the formation of
biofilms by Rhodospirillum salexiges (Figure 1.13) It is thought that the sponge exploits

these compounds as abtbfouling agents®
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Figure 1.13: Structure of Bromoageliferin and oroidin.

1.6: Bacterial Two-Component Systems

To survive in the various harsh environments that bacteria routinely inhabit, they
must be able to respond to particular stimuli such as pH, nutrient level, osmotic pressure,
redox state, quorum siglsaand antibiotics. To accomplish this, bacteria have evolved two
component signal transduction systems (TCS) that control gene expressieth tieehedrious
processes (Table.l). TCS are generally comprised of two proteins: a memidyaued
sensor higdine kinase (HK) and a cytoplasmic DNAnding response regulator protein
(RR)>" The cytoplasmic @erminal domain of the HK contains a conservedidiize which
is autophosphorylated in response to an external signal. Additionally, the cytoplasmic region
of the HK contains a catalytic domain with an ABiading site that is quite different from
the serine/threonine/tyrosine kinase found in eukarymtanisms® Phosphotransfer from

the histidine residueof the HK to an aspartic acid residue on the RR results in a
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conformational rearrangement of the RR. This rearrangement generally leads to dimerization

of two RRs, followed by DNA binding and thus changes in gene exprg&sre 1.14.>°

Table 11: Various cellular processes controlled by a TCS.

Proteins Involved Proces Regulated
CheA, CheY, CheB bacterial chemotaxis
EnvZ, OmpR osmoregulation
KinA, SpoOF sporulation
ArcB, ArcA regulation of genes involved in anaerobic respiration
NtrB, NtrC nitrogen regulation
PhoR, PhoP, CreC phosphate regulation
NarX, NarQ nitrate regulation
VirA, BvgS virulence
LemA pathogenicity
Rpf C synthesis of extracellular enzymes and polysaccharides
NifR1 nitrogen fixation
DegS extracellular protease synthesis
RteA, RteB regulation of tetracycline resistance elements
VanR, VanS vancomycin resistance

TCSs are found in many prokaryotdésngi, yeast, and some plantgywever none
have been identified in organisms belonging to the animal king8¥mimportantly, these
systems have been reported to exist within many pathogenic bacteria inclading
aeruginosa, E. coli, S. enterica, Aatmannii, K. pneumoniaendS. aureus®®*® As such,
bacterial TCS have been targeted for the development of novel antibacterial

compounds./ %
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Many TCSs are not required for bacterial survival but aid significantly when the
bacterium placed under an external stress such as an antibiotic. Thus TCSs represent an
excellent target for the dewgiment of an adjuvant that could be used in combination with
known antibioticS® This strategy would have the following advantages: 1) Selectively
target bacterial HKs in the presence of mammalian HKs. 2) Restore the efficacy of an
antibiotic by disrupting proper gene expression. 3) If the inhibitor oparatis a nortoxic

mechanism, the acquisition of resistance to the TCS inhibitor would be diminished.

External
Stimuli
PI99TLPPPR PPIVOT HOPOOD
%66&6@&6666 N oleelo/ele] @6&66&
His His—P
Sensor ATP ADP
Kinase
GAsp—P Phosphotransfer @ASF’
Response
Regulator

Figure 1.14 Overview of a TCS signal transduction pathway.
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1.7: The Role of a TCS in Antibacterial Resistance

Various TCSs are known to playportant roles in coordinating a response to
antibiotics in pathogenic bacteria, and thus are an attractive target for the identification of a
small molecule inhibito(Table 12). Exposure to the particular antibiotic generally results in
up-regulationof genes encoding a phenotypic modification. For example, the PmrAB TCS is
responsible for the addition of phosphoethanolamine on the lipid A component of the
lipopolysaccharide portion of the bacterial membrand.ilbaumannii This modification
reduceghe net negative charge of the membrane, reducing the affinity of cationic antibiotics,
resulting in a less susceptible strain of bacteria. Studies involirgaumanniigenetic
knockouts of the PmrAB TCS resulted in the reversal of this phenotypéhasdrestored

susceptibility to the cationic antibiot?é®®

Table 1.2: Various TCSs with a role in antimicrobial resistance.

Organism TCS Observed Antibiotic Resistance

A. baumannii, P. aeruginos PmrAB Polymyxins, antimicrobial peptide:

Enterococcus faecium VanRS Vancomycin

S. aureus VraRS | -lactams, glycopeptides,
daptomycin

P. aeruginosa PhoPQ Polymyxins, antimicrobial peptide:

K. pneumoniae PhoBR Carbapenems

S. aureus BraRS Antimicrobial peptides

The VanRS TCS confers resistance to the glycopeptide antibiotic vancomycin in

enterocacal bacterid’ Vancomycin normally binds to the-atylD-Ala-D-Ala termini of
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an uncrossed lirdd pentapeptide via five hydrogen bonds, and disrupts cell wall

biosynthesi€® The vanRSHAXoperon is comprisd of five genesand upon activation

induces the biosynthesis of altered -sedlll intermediategTable 13)2* At the present, it is

unclear whether vancomycin is acting directly or indirectly as the external stimuli to activate

this TCS. Transcription of the operon results in an alteedidnall, which differs from a

normal bacterial cell wall by exchanging an amide for an ester. This results-acy-D-

Ala-D-lactate termini which has a 1086ld decrease in binding constant for vancomycin

compared to the normal-bcylD-Ala-D-Ala.®®

Table 1.3: The role of each protein encoded by theanRSHAXTCS.

Protein Activity Function

VanS Transmembrane histidine Sensor protein
kinase

VanR Response regulator Accepts P@ from VansS, activates

vanH,A,Xtranscription

VanH D-S p e ¢ ikétd acid U Generates Blactate for VanA
reductase

VanA Depsipeptide ligase for{Bla-  Generates an ester in competition with
D-lactate the normal amide

VanX Zn** dependent BAla-D-Ala Removes PAla-D-Ala, allowing

dipeptidase

accumulation of PAla-D-lactate

The genome of. aureusencodes 16 pairs of TCS, of these, VraRS TCS has been

shown to control the expression of a variety of genes that are related to resistance to cell wall

acting antibiotics® " This system is known to be induced by exposgaureusto

inhibitors of cell wall synthgis, and it has been shown that disruptionraRSthrough the
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use ovfaSsaain gesulted in MIC reductions for both oxacillin and vancomiin.
Presently it is unclear what the exact stimuli is, but it is hypothesized that the sensor kinase
responds to the damage of eehll structure or inhibition of celvall biosynthesis.
Utilizing DNA microarrays, Kurodaet al successfully established that 139 genes were up
regulated by incubation with vancomycin, these included genes associated witlalcell
peptidoglycan synthesis such@2, sgtBmurZandfmtA™

Transcripts forsgtB encode a putative glycotraesfise’> murZ encodes UDN-
acetylglucosamine -tarboxylvinyl transferase 2, while fmtA encodes an accessory PBP
wi t h | ow -&dtams’nAll bfithese are ifnportant for the strength associated with
the bacterial céwall (Figure 1.1%. UDP-N-acetylglucosamine and UBR-acetylmuramic
acid-pentapeptide are synthesized by MurZ in the cytopla8mqmembrane carrier molecule
is then attached to the peptidoglycan precursor via-ghaosphate bridge, which allows
transportation of the molecule across the cytoplasmic membrane. Lastly, the
transglycosylases (PBP2 and SgtB) and transpeptidases (Bmtig other enzymes not
transcriptionally controlled by VraSR) complete the symgptide chains thus completing the

synthesis of the peptidoglycan layerSnaureug®
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Figure 1.15: The VraSR TCS is known to regulate gene expression of various proteins
involved in cellwall biosynthesis.

1.8: Known Inhibitors of TCS

Most small molecules that have been identified as an inhibitor of TCS signaling,
operate by inhibiting autophosphorylation of the HK. Compoung imidazolium
derivative, was show to inhibit autophosphorylation of multiple HKs such as YycG, PhoQ,
EnvZ, and posses antibacterial properties against Grasitive organisms when present at

the lowe g/ mL (Figure d.86."° Compoundl.4 was shown to inhibit several HKs,
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including VanS fromEnterococcus faeciumnd EnvZ fromE. coli, when present at a non

toxic concentation.’

° N NH,

S HN Br

S peig®

N
15\=/ H,N" NS ©

1.3 14

Figure 1.16 Structure of small molecules known to inhibit HK function.

Alternatively, thereare reports of compounds that target the RR protein involved in
TCS signaling(Figure 1.17. Compoundl.5 was identified via higithroughput screening
and shown to downregulate the expression of genes controlled by-Rlgin P.
aeruginosa® In a later study, the Weisblum lab successfully demonstrated that compound
1.5was able to prevent phosphotransfer of a phosphate group from the HK to the RR in the
VanRS TCS oE. faeciunf’ The Melander lab has shown a small molecule based on the 2
aminoimidazole scaffold, compountl6 is capable of binding to the RR BfmR .
baumannii*®* BfmR is known to be a master controller of biofilm formatiomirbaumannii,
and Ballardet al demonstrated thdt.6 was able to inhibit and disperse biofilms viaan
toxic mechanismi® Taken together, these results indicate the potential of targeting a TCS

with small molecule, and thereby modulating bacterial behavior.
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Figure 1.17 Structure of small molecules known to inhibit RR function.

Our lab has made significant efforte target TCSs responsible for antibiotic
resistance. = We successfully demonstrated that small molecules based on the 2
aminoimidazole motif can be used to inhibit these TCSs, and in the process restore antibiotic
susceptibility to an otherwise resistamast of bacterigFigure 1.18. Compoundl.7 was
shown to suppress oxacillin resistance in MRSA by targeting the VraSR TCS (discussed in
Chapter 3), and compounti8 was shown to suppress colistin resistance in raultg

resistanth. baumanniby targethg the PnrAB TCS (discussed in Chaptex®48!
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Figure 1.18 Structure of small molecules known to disrupt TCS signaling.
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1.9 Conclusions

Bacterial biofilms represent a significant challenge to the sciestfiemunity. This
is mainly due to the increased antimicrobial resistance observed when bacteria encase
themselves within an extracellular matrix. Biofilm formation is controlled by a process
known as quorum sensing. Controlling this process could leathtty novel therapies for
treating biofilmmediated infections. Additionally, nature has provided a variety of
compounds that modulate biofilms, drawing inspiration from these compounds will
ultimately lead to more active molecules.

Identifying compoundshat target TCSs has been shown to be a viable means for the
development of novel antibiotics. While the development of new antibiotics will benefit
mankind in the shotterm, it has been shown that bacteria inevitably evolve resistance to any
external #imuli that places selective pressure on the organism. Alternatively, the
development of adjuvants that target femsential TCSs represents a novel approach to
counter bacterial resistance mechanisms, as some of thessswetial TCSs have been
shown b regulate genes associated with antibiotic resistance. As such, using combination
therapy could extend the lifetime of current antibiotics and possibly restore the effectiveness

of older antibiotics against an otherwise resistant organism.
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CHAPTER 2
DEVELOPING A SYNTHETIC ROUTE TO ACCESS A DIVERSE LIBRARY OF
1,5SUBSTITUED 2-AMINOIMIDAZOLES
2.1: Introduction
The Melander up has drawn inspiration fromarine natural products in the search for
antibiofilm compounds. Marine coral and sponges are known to produce compounds that
will inhibit the attachment of microorganisms which can lead to biofouBngmoageliferin
2.1 and oroidin 2.2 are two such compoundsBromoageliferin2.1 and oroidin2.2 were
shownto inhibit Rhodospirillum salexigengrowth on a glass surface withsf3salues of
2.43 nM and 16%M, respectively". The IGg value is defied as the concentration of a
compound that inhibits 50% of biofilm formation relative to a control.

Huigenset al. postulatedthat the bicyclic core of bromoageliferihl was the key
pharmacophore for the biological activity of this compound. As ghely, synthesized two
compounds TAGE t(ansbromoageliferin)2.3 and CAGE ¢is-bromoageliferin)2.4 and
tested them for biofilm inhibition oP. aeruginosaPAO1 (Figure 2.15. TAGE 2.3 and
CAGE 2.4 were able to inhibit the formation of a biofilm @&€= 100>M). Following this
initial discovery, Richardst al. published a series of papers focused on the oroidin scaffold,

thus providing the foundation for much of the work avithin the Melander Lab®
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Figure 2.1 Initial inspiration for the development of anti-biofilm compounds.

Over the years the Melander lab lleveloped searal diverse libraries of compounds
with anti-biofilm activity against a variety of bacterial strains, both Grasitive and Gram
negative, in addition to compounds with fungal duidfilm activity.>*® These studies have
shown that the -Aminoimidazole is a key functionality for the bioactivity of many of these
compounds. Additionally, amy of these anthiofilm compounds inhibit the formation of a
bacterial bioilm without exhibiting microbicidal activity towards planktonic bacteria. There
is significant potential for molecules that possess the ability to inhibit and/or disperse

bacterial biofilms via a netoxic mechanism in infectious disease therapy, as ibkecuale
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does not directly kill bacteria there is a reduced likelihood of the bacteria acquiring resistance
to the molecule
Due to the robust biological activity of mosabstitutee2-aminoimidazoles, our lab
has explored other substitution patterns.2010,Su and ceworkers developed a synthesis
to access 4;Bisubstitutee2-aminoimidazoles via a nitroenolate approg8theme 2.13’
Many of these compousdlisplayed promisingctivity, initiating work onother substitution

paterns

o} 1)H,, Pd/C

o) EtOH, HC! Q
mOH CDi, DBU RT HN— ] 'n
T ot
N
THF m NO, " 2)NH,CN
m

EtOH
\H/\Nog pH=4.5
n

95°C

Scheme 2.1Synthetic route to 4,5substituted-2-aminoimidazoles. m = 24, n = 0- 4.

A route that would allow the placement of a substituent at one of the endocyclic
nitrogen atoms would provide access to a-slbstituteeR-aminoimidazole ibrary.
Previously, eported methods for the preparation of-digubstitutee2-aminoimidazoles
however,do not allow for the introduction of a diverse array eb GubstituentsKaila et al
reported a method to preparea@inoimidazoles with an acyl gip at the §osition. This
was achieved by monocondensation of thiourea with dimethylformamide dimethyl acetal,
followed by protection with trityl chloride to give the correspondingniidine3-trityl-

thiourea. Reaction of the amidinothiourea with vasi@anilines in the presence of mercury
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(Il) chloride yielded the respective guanidineyclization with a variety ofU-bromo

ketones, followed by deprotection afforded the-digubstituteeR-aminoimidazoleg(Scheme

2.2)18
I
MeO\rN\
|
HoN_ _NH : : H |
2 2 OMe _ HzN\n/N\\(N\ Trityl chloride Ph N\H/N\\I/N\
S MeOH, RT S H TEA, DCM, reflux  Ph™ 'pp g |}
0
N
R'-NH, Pho N N |l1 Br\)J\RZ pnh HN—C |
PhX SO g ph N R®
HgCl,, DMF, RT Ph NH H K,COs3, CH3CN, RT Ph F'<1
R1/ @]
TFA, DCM —(N
: HoN— |
RT A ]\7#
Ri &

Scheme 2.2Preparation of 1,5disubstituted-2-aminoimidazole. R* = Various acyl
groups.

A method to prepare-&ryl 1,5disubstitutee2-aminoimidazées has been reported
via the formation of imidazo(1;2) pyri mi di ni um salts. - Start
aminopyrimidine, the imidazo(1:@) pyr i mi di ni um inter medi ate c
wi t h v -d#romooatbenyl Compounds followed by aciatalyed elimination with HBr
or PPA. Treatment with hydrazine in acetonitrile yielded varicasyb 2-aminoimidazole

derivatives”® A revised method utilizing microwave irradiation revealed a -$tap
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procedure to the desired product (Sch&n3 These compounds wetigenshown to inhibit

biofilm formation againsSalmonella typhinmium andP. aeruginos&®

Fl i Br @L @N
| //L .R! Rzi\fo W>3 N* N*‘R‘I 2 20 - N N* R’ ————-—-—-»NZ 4 HzN\(NI

g3 150W J—feon = CHACN N

130-150°C | RZ R RS | 100W Ri R
100 °C
CHaCN NaHy
100 °C CH,CN
80 °C
Y 1
) HBr or PPA, 140 °C
N+’k;\|'R1 -~ N/KN*' R
OH =
RZ R3 RZ R3

Scheme2.3: Synthesis of Baryl 2-aminoimidazoles from imidazo(1,20) py r i mi di ni um
salts. R = various aryl groups.

The aforementioned routes are limited to acyl or aryl substitution patterns at the 5
position, we desired a method that utilized readily availabileling blocks and allowed for
the introduction of diversity at both the-pbsition and the fposition of the 2
aminoimidazole ring Ultimately the ability to make analogues possessing our previously
determined active G substituentsvould lead to bettestructure activity relationship studies
between various librariesTo this end, we envisioned that the desifeSdisubtituted2-
aminoimidazole derivatives could be readily prepared from the condensatiesutishituted

U-aminoaldehydes with cyanamide. In turn, these N b s t i-amindaldettyded could be
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prepared from a reductive amination reaction betweemgeercially available aldehydes and

readily available amino acids, followed by reduction of the carboxylic acid to the aldehyde

(Figure 2.2).
N 7 HO,C _NH Q
HoN—" 2 ) 2
5 -<N]\ brvemw— H/LKrNVR e — \( H)J\Rz
R3 R1 Rg
RE

Figure 2.2: Retrosynthetic analysis of 1,&isubstituted-2-aminoimidazoles

2.2:Results and Discussion

The first step of our route to 1;8ubstituted zZaminoimidazoles involved the
formation of N-substituteda-amino acids. We tested several conditions for the reductive
amination of Lphenylalanine with benzaldehyde and determined the best method to be a
two-step procedure using sodium borohydride as the reducing agent, which, after Boc
protection, afforded the desirddsubstituted phenylalaning.5 in 70% yield We then
turned our attention to the conversion of #i&@mino acid to its correspondireramino
aldehyde. Several methods were investigated including thiol ester formation followed by
reduction with triethylsilarfé and sodium amalgam (Akabori) reductlaf the methyl ester
of compound2.5 (Scheme 2.4)It was decided that the most efficient route, and that which
allowed for the greatest introduction of diversity, was via the formation dfi-tmethoxyN-
methylamide (Weinreb amide) and subsequeducton (Scheme 2.5).Conversion of the

Boc protected amino acid.5 to the Weinreb amidevas achieved using (benzotriaZol
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yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP) as the coupling reagent.
Reduction of the Weinreb amide the alé&hyde was carried out using diisobutylaluminum
hydride (DIBAL-H) followed by in situ Boc-deprotection with HCI, and cyclization with

cyanamide to afford the XdisubstituteeR-aminoimidazole.

(0] 0 e}

o
HO)K\/\© EtO/u\Cl EtSJ\/\© 10% Pd/C HJm
BocN TEA, EiSH, BocN Et;SiH, acetone BocN
DMAP, DCM
2.5

O

0
HsCO 5% Na/Hg, H,0 ~ H
E—!NE - HN

pH 1.5-2.0, 0-5 °C

Scheme2.4: Initially explored routes to a-amino aldehyde

Following these test reactions, an initiah@@mber library was generated, possessing
a variety of substituents including, straight chain and branched alkyl groups, phenyl and alkyl
phenyl groups, and a more polar carbamate group. In summary, immatitor between
equimolar amounts of commercially available amino acids and aldehydes in methanol in the
presence of lithium hydroxide was followed by reduction with two equivalents of sodium

borohydride. The crude secondary amines were Boc protected, Bem anhydride in
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acetonitrile with TMAH as baséo furnish the Nsubstituted Boc amino acids. Amide
coupling of these protected amino acids wWitl®-dimethylhydroxylamine, using BOP as the
coupling reagent in DCM in the presence of triethylamine, adidrthe desired Weinreb
amides. The Weinreb amides were then reduced with DiBAh THF and after quenching

the reaction, the crude aldehydes were extracted with diethyl ether then treated with diethyl
ether/aqueous HCI or TFA/DCM to remove the Boc gro&pllowing solvent removal the
crude amino aldehydes were dissolved in a 1:1 mixture of ethanol/water, the pH adjusted to
4.3, and allowed to react with cyanamide at 95 °C. Following purification the respective 1,5

disubstituteeR-aminoimidazoles were ooerted to their HCI salts for biological testing.
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j’\ o w1 1:LIOHH;0, MeOH o RY BocO, TMAH - o R
H™ R HO)H’ 2. NaBH, HN_ ~ CHiCN BoeN
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R over 2 steps
25-.2.26
0
HN{OMe)Me HCI o » N
BOP, TEA, DCFV': -~ ;E;)H/ 1. DIBAL, THF, -78 °C N~/ l
BocN 2. 4M HCI, Et,0 N 1
30 - 55% h o (R
R? 2
TFA, DCM R
3. H,NCN, pH 4.3
2-27 - 2.48 1.1 Hzo, EtOH, 95 oC 2-49 - 2.70
R'= 25 - 58%
g_O )f _V)_ NHCbz
% § ! 4 g_/J
R%=

§—® J@ §Jv/)3 H—/)B

Scheme2.5: Library of 1,5-disubstituted-2-aminoimidazoles (labeled compounds listed
in Experimental Section).

Initially we investigatel the antibiotic activity of this 18isubstituteel-
aminoimidazole library. This was carried out by measurement of the minimum inhibitory

concentration (MIC) of each derivative against a variety of representative pathogenic

bacterial strains, both Granegative and Gramositive, using a standard broth

microdilution protocol?® We tested activity againstEscherichia coli, Acinetobacter
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baumannii, multi-drug resistant Acinetobacter baumanniilMDRAB), Staphylococcus
epidermidis, methicillin resistant Staphylococcus epidermidigMRSE) methicillin
susceptibleStaphylococcus aureu@ISSA), methicillin resistantStaphylococcus aureus
(MRSA) and a carbapenem resistant strairKigbsiella pneumoniagvhich produces the
recently reported New DeltmetalloR-lactamase (NDML).?® It was found that compound
2.64was the most active antibiotic, with MIC values of 2, 8, 8, 32, 0.125, 2, 2, agbhi2.
againstE. coli, A. baumanniiMDRAB, K. pneumonia&s. epidermidisMRSE, MSSAand
MRSA respectively(complete data in Appendix) This compound demonstrated greater
antibiotic activity against the Grapositive strains tested than against the Gragative
strains, and has particularly notable activity against the oppstiunbacteriumsS.
epidermidis

Comparing compound.64with 2.63 it can be seen that increasing the chain length
of the N1 substituent leads to an increase in activity for Gnagative strains and Gram
positive strains (Figure 2.2). h&reforeit was decided to synthesize two more compounds
with the sameC-5 substituent and increasing alkyl chain lengths ofNHiesubstituent to see
whether this trend would be continued. These compouh@s énd2.66 were synthesized
in the same manner as the initiddrary and were tested for antibiotic activity against the
same eight bactid strains (Figure 2)3 Unfortunately, a significant increase in antibiotic
activity from compound2.64 was not observed, though these compounds still possess

considerable aitiiotic activity againsS. epidermidisMRSE, MSSA, MRSA ané. coli.
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N
HN— |
N
n
263n=3 2.65n=8
264n=6 2.66n=10

Bacterial strain  2.63 2.64 2.65 2.66
E coli 32 2 1 2
A. baumannii 64 8 8 64
MDRAB 64 8 8 128
K. pneumoniae 04 32 32 128
S. epidermidis 8 0.125 0.25 0.5
MRSE 32 2 1 |
MSSA 32 2 1 2
MRSA 32 2 1 2

Figure 2.3 Increasing dkyl chain length of the N-1 substituent

Next, the 1,5disubstituted Zaminoimidazole librarywas testedor the ability to
inhibit bacterial biofilm brmation. For this investigation five biofilm forming bacterial
strains were selecte#, coli, A. baumannijiMDRAB, MSSA and MRSA. Compounds were
initially screened at 200 uM using a crystal violet repoessay”* Several compounds,
including 2.63 and 2.65 exhibited biofilm inhibition activity (complete data in Appendix).
Compounds exhibiting greater than 90% intiini were subject to a dose response assay in
hopes of determining the 4g value for biofilm inhibition activity. However, upon

performing the dose response assay, we noticed a rapid drop in activity over a narrow
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concentration range, indicative of actywivia a microbicidal mechanism. 4g€values for
biofilm inhibition activity for this library of compounds were therefore not determined.
2.3: Conclusions

In conclusion, v have developed a diée route to 1,&lisubstituted 2-
aminoimidazoles that allowsapid assembly of a diverse array ofainoimidazole
derivatives from readily available starting materials. The lead compounds identified in this
study show significant antibiotic activity against a wide variety of bacterial strains. Several of
the simpleanalogues developed in this study demonstrated the ability to inhibit biofilm
formation, albeit through a microbicidal mechaniShiThe synthetic route developed in this
project can be used to access-4ubstituted zZaminoimidazoles based on previously
identified highly active monsubstituted Zaminoimidazoles.
2.4: Experimental Section
Synthesis Experimental
All reagents used for chemical synthesis were purchased from commercially available
sources and used without further purificati
mesh standard grade silica gel frd@orbtech (Atlanta, GA, USA). NMR solvents were
obtained from Cambridge Isotope Labs and used &d INMR (300 MHz or 400 MHz) and
%C NMR (75 MHz or 100MHY s pectr a wer 2X o Yadan dMerdury a t
spectrometers. Chemical shiftd) (are given inppm relative to tetramethylsilane or the
respective NMR solvent; coupling constarisdre in Hertz (Hz). Abbreviations used are s =
singlet, br s = broad singlet, d = doublet, dd = doublet of doublets, t = triplet, dt = doublet of

triplets, g = quarteand m = multiplet. Mass spectra were obtained at the NCSU Department
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of Chemistry Mass Spectrometry Facility. Infrared spectra were obtained on a4ID(R
spectr op hgincm? U¥ absotbance was recorded on a Genesys 10 scanning
UV/visible spectrophotometeayxin nm).

General synthetic procedure for reductve amination and Boc protection

The amino acid specified below was dissadl in methanol LH,0QvdsRadded, and the
solution stirred at room temperature for 20 minutes. The corresponding aldehyde was added
dropwise, and stirred for 1 hour. Sodiumddoydride was then added portionwise. After 30
minutes, the solvent was removed under reduced pressure and the resultingasolid
dissolved in water Using 1M HCI, the pH was adjusted to 6.5 and then filtered. The crude
white solid was carried on withoufurther purification. The crude product and
tetramethylammonium hydroxide (TMAH) were dissolved in3CN, after stirring for 30
minutes, Ditert-butyl dicarbonate (Bg©) was then added. The reaction was allowed to stir
for 18 hours. The solvent wakein removed under reduced pressure and the crude Boc
protected amino acidias dissolved in waterUsing 1M HCI the pH was adjusted to 2, and
then extrated with ethyl acetateThe organic layer was washed withter (3x), brine (1x%)

then dried over sodim sulfate. The solvent was removed under reduced pressure, and the
crude product was purified via flash col umn
General synthetic procedure for Weinreb amide formation

The Boc protected amino acid was stirreddiy dichloromethane (DCM) (20 mL) under
nitrogen gas. To this solution, triethylamine was added followed by (benzottiazol
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP) and stirred at room

temperature. After 15 minutesO,N-dimethylhydoxylamine hydrochloride and
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triethylamine were added. The reaction was stirred for 18 hours, diluted with DCM (60 mL)

and tren washed with 2M HCI (3)xaqueous satured sodium bicarbor(@t&), and brine

The organic layer was dried over sodium sultatd the solvent was removed under reduced
pressur e. The crude product was then purif
50% ethyl acetate/hexane).

General synthetic procedure for cyanamide cyclization

T h e-amio Weinreb amide was added to dryaeydrofuran (10 mL) at78 °C, under

nitrogen gas. While stirring Diisobutylaluminium hydride (DIBAL) was added and the

solution was stirred for L houréaf 8 AC Y room temperature. Th
with aqueou$.35 M sodium bisulfatethen atraced with diethyl ether (3)x The organic

layer was washed with 1M HCI (2)xaqueous saturd sodium bicarbonate (2 x), brine (2

x), and then dried over sodium sulfate. The solvent was removed under reduced pressure,
and the crude product was ¢ad on without further purification.The crude product was

dissolved in either 1:1 diethyl ether:4M HCI (15 mL) or 10:1 dichloromethane:trifluoroacetic

acid (15 mL). The reaction was stirred for 2 hours at room temperature, and then the solvent
was remoed under reduced pressure. Without purification the crude product was dissolved

in 1:1 ethanol:water (15 mL), and the pH was adjusted to 4.3 using 2M aqueous NaOH.
While stirring, cyanamide was added to the solution which was then refluxed (95 °C) for 3
hours. The solvent was removed under reduced pressure and the crude product was purified
via flash column chromatography (3% methanol(sata)l@H.Cl, Y 1 0% met hanol (
NH3)/CHCl,). The pure compound was then dissolved in methanol (5 mL) and 1M HCI (0.2

mL) was added to afford the hydrochloride sglbn removal of solvent.
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N___Ph
HO ~

Ph
2-(Benzyl(tert-butoxycarbonyl)amino)-3-phenylpropanoic acid (2.5): 2.5vassynthesized
as described in the general procedure usinghénylalanine (12.11 mmol, 2 Q),
benzaldehyde (12.11 mmol, 1.22 mL), sodium borohydride (24.22 mmol, 916 mg). To the
crude product (7.84 mmol, 2 g) TMAH (15.68 mmol, 2.84 g) was added, followBd &P
(15.68 mmol, 3.42 g). After purification via flash column chromatograpiuas obtained
as a yellow oil (1.96 g, 71%).
'H NMR (400 MHz, CDCY) U i110.194(5 s, 1H), 7.387.12 (m, 10H), 4.71 and 4.67
and 3.90 and 2.58 (4 x br s, 2H, rotamers), 4.27 and 3.95 (2 x br s, 1H, rotamers), 3.36 and
3.15 (2 x br s, 2H, rotamers), 1.59 and 1.49 (s, 9H, rotam&G)NMR (100 MHz, CDC})
0 1 afd.1/.1 (rotamers), 155.7 and 155.0 (rotamers), 137. 8 and 137.7 (rotamers), 137.4
and 136.7 (rotamers), 129.2, 128.6 and 128.5 (rotamers), 128.4 and 128.2 (rotamers), 127.6,
127.3 and 127.0 (rotamers), 126.6 and 126.5 (rotamers), 81.4 and 81.0 @pté&therand
60.8 (rotamers), 52.5 and 52.0 (rotamers), 36.3 and 35.2 (rotamers), 28.3 and 28.2 (rotamers).
IR (KBr) 3(cm?) 2928, 1703, 1460, 1250, 116&ma= 219 nm, 252 nm. HRMS (ESI)n/z

Calcd for GiH2sNO,4: 378.1676 [M-Na]"; found: 378.1677.
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2-(tert-Butoxycarbonyl(3-phenylpropyl)amino)-3-phenylpropanoic acid (2.6): 2.6was
synthesized as describedthe general procedure usingpbenylalanine (12.11 mmol, 2 g),
hydrocinnamaldehyde (12.11 mmol, 1.60 mL), sodium borohydride (24.22 mmol, 916 mg).
To the crude product (7.06 mmol, 2 g) TMAH (14.13 mmol, 2.56 g) was added, followed by
Boc,O (14.13 mmal 3.09 g). After purification via flash column chromatograpghg,was
obtained as a colorless oil (2.13 g, 79%).

'H NMR (400 MHz, CDC}) 11101 (br s, 1H), 7.387.09 (m, 10H), 4.16 and 3.97 (2 x br s,
2H, rotamers), 3.34 (s, 2H), 3.14 and 2.64 (2 x m, 2H, rotamers), 2.47 (m, 2H), L.462
(m, 11H); *C NMR (100 MHz, CDC}) a 177.3 and 176.5 (rotanmn
(rotamers), 42.0 and 141.7 (rotamers), 138.1, 129.5 and 129.4 (rotamers), 128.9 and 128.8
(rotamers), 128.6, 128.4, 126.8 and 126.7 (rotamers), 126.0 and 125.8 (rotamers), 81.2 and
80.8 (rotamers), 63.3 and 62.9 (rotamers), 49.2, 36.3 and 35.2 (rotamers), 33.4dZVBa
(rotamers), 28.5. IR (KBri(cm™) 2931, 1692, 1403, 11598ma = 217 nm, 258 nm.
HRMS (ESI): m/z Calcd for GaHogNO,: 406.1989 [M-Na]*; found: 406.1982.

T,

HO
3
Ph

2-(tert-Butoxycarbonyl(pentyl)amino)-3-phenylpropanoic acid (2.7): 2.Avas synthesized
as described in the generg@rocedure using Jdphenylalanine (12.11 mmol, 2 g),

valeraldehyde (12.11 mmol, 1.29 mL), sodium borohydride (24.22 mmol, 916 mg). To the
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crude product (8.50 mmol, 2 g) TMAH (17.00 mmol, 3.08 g) was added, followed b®Boc

(17.00 mmol, 3.71 g). After pdication via flash column chromatograpt®/7 was obtained

as a colorless oil (1.93 g, 68%).

'H NMR (300 MHz, CDC})) a 1 7.203(rd, 5H), 4.10 and 3.96 (2 x br s, 1H, rotamers),

3.36- 3.23 (m, 2H), 3.19 and 2.55 (2 x m, 2H, rotamers), 1.48 (s, 9H),/ 11283 (m, 6H),

0.82 (t, 3HJ=6.2 Hz); ®*C NMR (75MHz, CDCk) U 177.3 and 176.3 (
and 154.5 rotamers), 137.9 and 137.8 (rotamers), 129.3 and 129.2 (rotamers), 128.5 and
128.4 (rotamers), 126.6, 80.8 and 80.7 (rotamers), 63.4 and 62.7 (rotamers), 49.6 and 49.5
(rotamers), 36.1 and 35.0 (rotamers), 28.8, 28.3, 28.0 and 27.6 (rotamers), 22.32and 22.
(rotamers), 13.9. IR (KBrj(cm™®) 2961, 1691, 1409, 11718ma = 219 nm, 258 nm.

HRMS (ESI): m/z Calcd for GeHoogNO4: 358.1989 [M-NaJ’; found: 378.19509.
Q ,E\Sloc
Ho)k[ %
6
Ph

2-(tert-Butoxycarbonyl(octyl)amino)-3-phenylpropanoic acid (2.8): 2.8was synthesized
as described in the generalopedure using iphenylalanine (12.11 mmol, 2 g), octyl
aldehyde (12.11 mmol, 1.89 mL), sodium borohydride (24.22 mmol, 916 mg). To the crude
product (7.22 mmol, 2 g) TMAH (14.44 mmol, 2.62 g) was added, followed byBda!.44
mmol, 3.15 g). After pufication via flash column chromatograpt.8 was obtained as a
colorless oil (1.87 g, 69%).

'H NMR (300 MHz, CDCY) U i 7.19318, 5H), 4.08 3.98 (m, 1H), 3.37 3.27 (m, 2H),

3.08 and 2.60 (2 x m, 2H, rotamers), 1.46 (s, 9H), 1.320 (m, 12H), 0.88 (t, 3Hl = 6.6
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Hz);: ®CNMR (75MHz, CDCk) 4 177.3 and 175.5 (rotamers)
138.0 &ad 137.7 (rotamers), 129.3 and 129.2 (rotamers), 128.5 and 128.4 (rotamers), 126.7,
81.0 and 80.8 (rotamers), 64.0 and 62.7 (rotamers), 49.9 and 49.5 (rotamers), 36.2 and 35.0
(rotamers), 31.7, 29.9 and 29.2 (rotamers), 29.1, 28.3 and 27.9 (rotamern@&2s.6
(rotamers), 22.6, 14.1. IR (KBglcm™) 2926, 1699, 1254, 116%may = 218 nm, 257 nm.

HRMS (ESI): m/z Calcd for Go,H3sNO4: 400.2458 [M-NaJ’; found: 400.2440.

,E\Sloc
HO ~
Ph

Ph

2-(Benzyl(tert-butoxycarbonyl)amino)-2-phenylacetic acid (2.9): 2.9vas synthesized as
described in the general proced using LU-phenylglycine (13.23 mmol, 2 g), benzaldehyde
(13.23 mmol, 1.34 mL), sodium borohydride (26.46 mmol, 1 g). To the crude product (8.30
mmol, 2 g) TMAH (16.60 mmol, 3.01 g) was added, followed by,Bo¢l6.60 mmol, 3.62

g). After purificationvia flash column chromatograph¥,9 was obtained as a colorless oil
(2.23 g, 79%).

HNMR (400 MHz,CDCY) U 11. 20 ( .02 (ns 10H)158% and 525 @ X br s,
1H, rotamers), 4.80 and 4.18 (2 x m, 2H, rotamers), 1.46 (br s, ¥8)NMR (100 MHz,
CDCl) a 175. 9, 156. 3, 138. 6, 137. 9, 133. 8,
49.2, 28.1. IR (KBrs(cm®) 2976, 1693, 1398, 1160amax = 212 nm, 258 nm. HRMS

. M/iZ alca 1or Gorog 4. . al ; rouna: . .
(ESI): m/z Calcd for GoH»sNOs: 364.1519 [M-Na]’; found: 364.152
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2-(tert-Butoxycarbonyl(3-phenylpropyl)amino)-2-phenylacetic acid (2.10): 2.10was
synthesized as described in the general procedure ustihghenylglycine (13.23 mmol, 2
g), hydrocinnamaldehyde (13.23 mmol, 1.75 mL), sodium borohydride (26.46 mrgpl, 1
To the crude product (7.43 mmol, 2 g) TMAH (14.86 mmol, 2.69 g) was added, followed by
Boc,O (14.86 mmol, 3.24 g). After purification via flash column chromatograpiywas
obtained as a pale yellow oil (1.66 g, 61%).

'H NMR (400 MHz, CDC}) U1 (dr & 1H), 7.42 7.07 (m, 10H), 5.96 and 5.51 (2 X br s,

1H, rotamers), 3.42 and 3.13 (2 x br s, 2H, rotamers), 2.76 and 2.45 (2 x br s, 2H, rotamers),
1.83 and 1.46 (2 x br s, 2H, rotamers), 1.56 (s, 9% NMR (100 MHz, CDC}) U 175. 8,
156.2 andl55.0 (rotamers), 141.4 and 139.9 (rotamers), 134.3 and 134.0 (rotamers), 129.1,
128.5 and 128.3 (rotamers), 128.2 and 128.1 (rotamers), 128.0, 125.8 and 125.7 (rotamers),
125.5, 80.9 and 80.6 (rotamers), 62.7 and 62.4 (rotamers), 45.6 and 45.3 (rota2n@ys),

30.5 and 30.1 (rotamers), 28.1 and 28.0 (rotamers). IR (&Bn') 2977, 1692, 1404,

1159. &max = 221 nm, 257 nm. HRMS (ESI)m/z Calcd for GH,7/NO,: 392.1832

[M+Na]"; found: 392.1833.
Q ,E\Sloc
w0 N,
Ph 3
2-(tert-Butoxycarbonyl(pentyl)amino)-2-phenylacetic acid (2.11): 2.1iwas synthesized

as described in the general pedare using tJphenylglycine (13.23 mmol, 2 g),
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valeraldehyde (13.23 mmol, 1.41 mL), sodium borohydride (26.46 mmol, 1 g). To the crude
product (9.04 mmol, 2 g) TMAH (18.08 mmol, 3.28 g) was added, followed byBdS8.08

mmol, 3.95 g). After purificabn via flash column chromatograpi®,11was obtained as a
colorless oil (2.36 g, 81%).

'H NMR (400 MHz,CDCJ) U 10. 99 (i B.26 (ns, 5H), 5.A9)and 521 (3 Xbr s,

1H, rotamers), 3.25 and 2.95 (2 x br s, 2H), 1.47 (s, 9H),i10199 (m, &), 0.74 (t, 3HJ =

7.2 Hz); ®*C NMR (100 MHz, CDC}) U 175.9, 156.4 and 154.9
128.4, 128.3, 80.6, 62.9 and 62.8 (rotamers), 45.8, 28.7, 28.4, 28.2, 21.9, 13.8. IR (KBr)
3(cm’) 2961, 1691, 1409, 11728ma = 219 nm, 256 nm.HRMS (ESI): m/z Calcd for

CiaH27NO,: 344.1832 [M-Na]"; found: 344.1841.

A ey

HO
Ph 6

2-(tert-Butoxycarbonyl(octyl)amino)-2-phenylacetic acid (2.12): 2.12vas synthesized as
described in the general procedure usingkphenylglycine (13.23 mmol, 2 g), octyl
aldehyde (13.23 mmol, 2.06 mL), sodium borohydride (26.46 mmol, 1 g). To the crude
product (7.60 mmol, 2 g) TMAH (15.2 mmol, 2.75 g) was added, followed by@B¢Es.2
mmol, 3.32 g). After purification via flash column chromatogragh¥2was obtainedsaa
colorless oil (1.59 g, 58%).
H NMR (400 MHz,CDC}) G 11. 22 (i B.82 (ns, 5H), 5.B0)and 5720 (2 Abr s,
1H, rotamers), 3.28 and 2.97 (2 x br s, 2H, rotamers),i1404 (m, 21H), 0.86 (t, 3H] =

7.2 Hz): ®CNMR (100 MHz,CDCy) & 175.9, 156.6, 134.5, 129

462, 31.7, 29.0, 28.9, 28.8, 28.3, 26.6, 22.5, 14.0. IR (KBmn') 2926, 1695, 1407,
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1161. &max = 218 nm, 250 nm. HRMS (ESI)m/z Calcd for G;H33NO4: 386.2302

[M+NaJ"; found: 386.2299.

Boc
Ph

2-(Benzyl(tert-butoxycarbonyl)amino)-4-methylpentanoic add (2.13): 2.13 was
synthesized as described in the general procedure uslaegcine (15.25 mmol, 2 @),
benzaldehyde (15.25 mmol, 1.54 mL), sodium borohydride (30.5 mmol, 1.15 g). To the
crude product (9.04 mmol, 2 g) TMAH (18.08 mmol, 3.28 g) was addiowed by BogO

(18.08 mmol, 3.95 g). After purification via flash column chromatograghy3 was
obtained as a colorless oil (2.14 g, 74%).

'H NMR (400 MHz, CDCY) U i110.7598 s, 1H), 7.307.25 (m, 5H), 4.75 and 4.28 (2

X m, 2H, rotamers), 4.33 and 4.10 (2 x m, 1H, rotamers),i11837 (m, 1H), 1.62 1.42 (m,

11H), 0.861 0.69 (m, 6H, rotamers);**C NMR (100 MHz, CDC}) a 178.2 and
(rotamers), 6.5 and 155.8 (rotamers), 138.6 and 138.0 (rotamers), 128.3, 127.3, 127.1,
81.1, 58.2 and 57.6 (rotamers), 50.8 and 50.6 (rotamers), 39.2 and 38.3 (rotamers), 28.2, 24.9
and 24.8 (rotamers), 22.5 and 21.8 (rotamers). IR (K@&m') 2972, 1700, 1398,159.

Amax = 218 nm, 257 nm. HRMS (ESI)m/z Calcd for GgH,/NO,: 344.1832 [M-Na]';

found: 344.1834.

59



N Ph
HO N

2-(tert-Butoxycarbonyl(3-phenylpropyl)amino)-4-methylpentanoic acid (2.14):2.14was
synthesized as described in the general procedure uslegcine (15.25 mmol, 2 g),
hydrocinnamaldehyde (15.25 mmol, 2.02 mL), sodium borohydride (30.5 mmol, 1.15 g). To
the crude product (8.03 mmol, 2 g) TMAH (16.06 mmol, 2.91 g) was added, followed by
Boc,O (16.06 mmol, 3.51 g). After purification via flasblamn chromatography.14was
obtained as a colorless oil (1.41 g, 50%).

'H NMR (400 MHz, CDC}) U 1110.759(8 s,1H), 7.347.17 (m, 5H), 4.53 and 4.15 (2

x m, 1H, rotamers), 3.49 and 3.02 (2 x m, 2H, rotamers), 2.62 (] 2H,0 Hz), 2.02 1.43

(m, 14H), 0.94 (d, 6HJ = 5.4 Hz);"®*C NMR (100 MHz, CDC}) U 178.0 and
(rotamers), 16.1 and 154.9 (rotamers), 141.7 and 141.4 (rotamers), 128.2, 125.8, 125.7, 80.6
and 80.4 (rotamers), 58.2 and 57.8 (rotamers), 47.2 and 46.3 (rotamers), 38.9 and 38.0
(rotamers), 33.3 and 33.2 (rotamers), 30.9 and 30.2 (rotamers), 28.2, 24.8 and 24.6
(rotamers), 23.0 and 22.9 (rotamers). IR (KB@®M™') 2951, 1693, 1331, 1172may = 216

nm, 258 nm. HRMS (ESI):m/z Calcd for GgHaiNOs:  372.2145 [MNa]’; found:

372.2134.
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2-(tert-Butoxycarbonyl(pentyl)amino)-4-methylpentanoic  acid (2.15): 2.15 was
synthesized as described in the gengnalcedure using deucine (15.25 mmol, 2 @),
valeraldehyde (15.25 mmol, 1.62 mL), sodium borohydride (30.5 mmol, 1.15 g). To the
crude product (9.94 mmol, 2 g) TMAH (19.88 mmol, 3.60 g) was added, followed b®Boc
(19.88 mmol, 4.34 g). After purificatiovia flash column chromatographg,15 was
obtained as a colorless oil (1.33 g, 45%).
HNMR (400 MHz,CDC}) & 4.35 and 4.19 (2 x br s, 1H,
2H, rotamers), 1.82 1.25 (m, 18H), 0.96 (m, 9H)**C NMR (100 MHz, CDC}) & 178. 1
and 176.3 (rotamers), 156.9 and 155.0 (rotamers), 80.9 and 80.4 (rotamers), 59.2 and 58.1
(rotamers),47.7, 39.1 and 38.1 (rotamers), 29.1 and 28.9 (rotamers), 28.3, 24.8, 23.1 and
22.8 (rotamers), 22.3, 22.0 and 21.8 (rotamers), 14.0. IR (&Bm') 2956, 1701, 1356,
1163. HRMS (ESI):m/z Calcd for GeHaiNOs: 324.2145 [M-Na]"; found: 324.2146.
Loy
HO
6
2-(tert-Butoxycarbonyl(octyl)amino)-4-methylpentanoic  acid (2.16): 2.16 was
synthesized as described in the general procedure udeucine (15.25 mmol, 2 g), octyl
aldehyde (15.25 mmol, 2.38 mL), sodium borohydride (30.5 mmol, 1.15 g). To the crude

product (8.22 mmol, 2 g) TMAH (16.44 mmol, 2.98 g) was added, followed byB(k6.44
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mmol, 3.59 g). After purification via flash column chromatogragh¥6was obtained as a

colorless oil (1.70 g, 60%).

'HNMR (300MHz,CDC}) U 4.36 and 4.17 (2 x br s, 1H,
2H, rotamers), 1.81 1.70 (m, 2H, rotamers), 1.47 (br s, 9H), 1.27 (m, 13H), 0.045 (m,
9H); *C NMR (75MHz,CDCk) & 178. 4 and 176.7 (rotamers)
80.9 and 80.5 (rotamers), 59.0 and 58.2 (rotamers), 47.7, 39.1 and 38.1 (rotamers), 31.8,
29.2, 28.7, 28.3, 26.9, 24.8, 23.1 and 22.9 (rotamers), 22.6, 21.9, 14.1. IRs(KrEfL)

2927, 1705, 1301, 1162. HRMS (ESIn/z Calcd for GeHaNOs: 366.2615 [M-NaJ*;

found: 366.2618.

,E\Sloc
HO ~

)

4

Ph

2-(Benzyl(tert-butoxycarbonyl)amino)octanoic acid (2.17): 2.17was synthesized as
described in the general procedure using-Udminocaprylic acid (12.56 mmol, 2 g),
benzaldehyde (12.56 mmol, 1.27 mL), sodium borohydride (25421, 950 mg). To the

crude product (8.03 mmol, 2 g) TMAH (16.06 mmol, 2.91 g) was added, followed b®Boc
(16.06 mmol, 3.51 g). After purification via flash column chromatograghy/ was
obtained as a colorless oil (1.45 g, 52%).

'H NMR (400 MHz, MCl;) U 1 7.233r@, 5H), 4.68 and 4.43 (2 x m, 2H rotamers), 4.3
and 3.90 (2 x m, 1H, rotamers), 1.93 and 1.73 (2 x br s, 2H, rotamers), 1.48 and 1.41 (2 x br
s, 9H, rotamers), 1.231.14 (m, 8H), 0.85 (t, 3H] = 7.0 Hz); **C NMR (100 MHz, CDC})

0 167aid 177.3 (rotamers), 156.1 and 155.6 (rotamers), 138.6 and 137.7 (rotamers), 128.3,
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128.1, 127.2 and 126.9 (rotamers), 80.9, 59.6 and 59.5 (rotamers), 51.3 and 50.4 (rotamers),
31.4, 30.1 and 29.3 (rotamers), 28.7, 28.1, 26.3, 22.3, 13.9. IR ¢kdBn)) 2958, 1703,
1352, 1164.8max = 218 nm, 257 nm. HRMS (ESIyn/z Calcd for GoH31NO4: 372.2135

[M+Na]"; found: 372.2142.

N Ph
HO ~ N

2-(tert-Butoxycarbonyl(3-phenylpropyl)amino)octanoic acid (2.18): 2.18vas synthesized

as described in the general prdeee using DEU-aminocaprylic acid (12.56 mmol, 2 g),
hydrocinnamaldehyde (12.56 mmol, 1.66 mL), sodium borohydride (25.12 mmol, 950 mg).
To the crude product (7.22 mmol, 2 g) TMAH (14.44 mmol, 2.62 g) was added, followed by
Boc,O (14.44 mmol, 3.15 g). feer purification via flash column chromatograplyl8was
obtained as a colorless oil (1.89 g, 69%).

'H NMR (400 MHz, CDC}) U 1 7.172(8, 5H), 4.18 and 3.90 (2 x br s, 1H), 3.54 and
3.08 (2 x m, 2H, rotamers), 2.60 (br s, 2H), 2i05.70 (m, 4H, otamers), 1.44 1.28 (m,

17H), 0.89 (t, 3H) = 6.4 Hz); *C NMR (100 MHz,CDC) & 178.1 and 177,
156.8, 141.9 and 141.3 (rotamers), 128.4, 128.3, 125.9, 81.1, 61.2 and 60.3 (rotamers), 48.0
and 47.6 (rotamers), 33.3, 31.6, 30.8 and 3fb&ifners), 30.0 and 29.7 (rotamers), 28.9,
28.3, 26.3, 22.5, 14.0. IR (KBglcm) 2960, 1699, 1302, 1162max = 217 nm, 258 nm.

HRMS (ESI): m/z Calcd for GoH3sNO,: 400.2458 [M-Na]'; found: 400.2451.
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2-(tert-Butoxycarbonyl(pentyl)amino)octamoic acid (2.19): 2.19was synthesized as

described in the general procedure using-Udminocaprylic acid (12.56 mmol, 2 g),
valeraldehyde (12.56 mmol, 1.34 mL), sodium borohydride (25.12 mmol, 950 mg). To the
crude product (8.73 mmol, 2 g) TMAH (17.46 min3.16 g) was added, followed by BQc

(17.46 mmol, 3.81 g). After purification via flash column chromatograg@hy9 was

obtained as a colorless oil (1.49 g, 52%).

HNMR (400 MHz,CDCY) U 9.35 (br s, 1H), 4.24 cand 3.
2.97 (2 x m, 2H, rotamers), 2.10L.16 (m, 25H), 0.91 0.84 (m, 6H); **C NMR (100 MHz,

CDCl) a 177.9 and 176.4 (rotamers), 156. 7 al
(rotamers), 48.3 and 47.7 (rotamers), 31.6, 30.1, 28.9, 28.7, 28.3, 28.2226,22.4, 22.3,

14.0. IR (KBr)3(cm™) 2929, 1701, 1298, 1167. HRMS (ESH/z Calcd for GgHasNOx:

352.2458 [M-NaJ’; found: 352.2454.

9 ,E\Sloc
oA
) 6

4

2-(tert-Butoxycarbonyl(octyl)amino)octanoic acid (2.20): 2.20was synthesized as
described in the gendrprocedure using Di-aminocaprylic acid (12.56 mmol, 2 g), octyl
aldehyde (12.56 mmol, 1.96 mL), sodium borohydride (25.12 mmol, 950 mg). To the crude

product (7.37 mmol, 2 g) TMAH (14.74 mmol, 2.67 g) was added, followed by(Bdeal.74
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mmol, 3.22 g). After purification via flash column chromatograpl®/20was obtained as a
colorless oil (1.47 g, 54%).
'H NMR (400MHz,CDCf) U 4.26 and 3.93 (2 x br s, 1H,
2H, rotamers), 1.95 and 1.77 (2 x br s, 2H, rotamers), 11436 (m, 29H), 0.86 0.80 (m,
6H); '°C NMR (100 MHz, CDC) U4 178.1 and 177.0 (rotami
(rotamers), 80.5, 60.3, 48.4, 47.5, 31.8, 31.6, 30.1, 29.2, 28.9, 28.5, 28.3, 27.0, 26.3, 22.6,
22.5, 14.0, 14.0. IR (KBr}(cm?) 2925, 28571701, 1169. HRMS (ESI)m/z Calcd for
C21H41NO4: 394.2928 [M-NaJ’; found: 394.2926.
Ly
HO
8
>4

2-(tert-Butoxycarbonyl(decyl)amino)octanoic acid (2.21): 2.21was synthesized as
described in the general procedure usingBaminocaprylic acid (12.56 mmol, 2,0}
decanal (12.56 mmol, 2.37 mL), sodium borohydride (25.12 mmol, 950 mg). To the crude
product (6.68 mmol, 2 g) TMAH (13.36 mmol, 2.42 g) was added, followed byBdS.36
mmol, 2.92 g). After purification via flash column chromatograghg1lwas olained as a
colorless oil (1.26 g, 47%).
HNMR (400 MHz,CDC}) & 4.25 and 3.93 (2 x br s, 1H,
2H, rotamers), 1.97 and 1.79 (2 x br s, 2H, rotamers),i1B&7 (m, 33H), 0.89 0.85 (m,
6H); °C NMR (100 MHz, CDC}) U 178.2 and 176.9 (rotam
(rotamers), 80.@and 80.5 (rotamers), 60.6 and 60.3 (rotamers), 48.4 and 47.7 (rotamers),

31.9, 31.6, 30.1, 29.6, 29.5, 29.3, 29.2, 29.0, 28.6, 28.3, 27.0, 26.3, 22.6, 22.5, 14.1, 14.0. IR
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(KBr) 3(cm™) 2925, 2856, 1702, 1164. HRMS (ESHyz Calcd for GsHisNO,4: 422.3241

9 [E\Sloc
o~
) 10
4

2-(tert-Butoxycarbonyl(dodecyl)amino)octanoic acid (2.22): 2.22vas synthesized as

[M+Na]"; found: 422.3242.

described in the general procedure using-Udminocaprylic acid (12.56 mmol, 2 g),
dodecyl aldehyde (12.56 mmol, 2.81 mL), sodium bgdoide (25.12 mmol, 950 mg). To

the crude product (6.11 mmol, 2 g) TMAH (12.22 mmol, 2.21 g) was added, followed by
Boc,O (12.22 mmol, 2.67 g). After purification via flash column chromatograpl2gwas
obtained as a colorless oil (1.18 g, 45%).

HNMR (400 MHz,CDCJ) 4 4. 15 and 3.90 (2 x br s, 1H,
2H, rotamers), 1.99 1.26 (m, 39H), 0.90 0.87 (m, 6H); °C NMR (100 MHz, CDC})

175.7, 157.0, 81.2 and 81.1 (rotamers), 61.4 and 60.3 (rotamers), 48.2, 31.9, 31.6, 30.2, 29.7,
29.6,29.6, 29.3, 29.1, 28.9, 28.6, 28.3, 26.9, 26.3, 22.7, 22.5, 14.1, 14.0. IR3(KBM)

2923, 2855, 1702, 1164. HRMS (ESIn/z Calcd for GsHioNO4: 450.3554 [M-Na]';

found: 450.3552.
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2-(benzyl(tert-Butoxycarbonyl)amino)-6-(benzyloxycarbonybmino)hexanoic acid

(2.23): 2.23was synthesized as described in the general procedure usiAgsiez(7.13

mmol, 2 g), benzaldehyde (7.13 mmol, 0.72 mL), sodium borohydride (14.26 mmol, 540
mg). To the crude product (5.40 mmol, 2 g) TMAH (10.8 mma61g) was added,
followed by BogO (10.8 mmol, 2.36 g). After purification via flash column
chromatography?2.23was obtained as a colorless oil (1.18 g, 47%).

'H NMR (400 MHz,CDC}) U 8. 75 ( ib7t28 (s, 10H),15.93 (br &, 1+8,%.08 (s,

2H), 4.821 4.38 (m, 2H), 4.27 and 3.86 (2 x br s, 1H, rotamers), 3.02 (br s, 2H), 1.95 and
1.69 (2 x br s, 2H, rotamers), 1.461.10 (m, 13H); *C NMR (100 MHz, CDC{) U 176. 5
and 179 (rotamers), 157.9, 156.4 and 155.7 (rotamers), 138.6 and 138.0 (rotamers), 136.5,
128.4, 128.3, 128.0, 127.8, 127.3, 127.1, 81.1, 67.0 and 66.5 (rotamers), 59.6, 51.4 and 50.7
(rotamers), 41.1 and 40.6 (rotamers), 29.9, 29.3 and 29.0 (rotamers), 28.2 |R3KBr)

3(cm?) 2956, 1694, 1254, 1163ma = 218 nm, 257 nm. HRMS (ESI)m/z Calcd for

Ca6H3aN206: 493.2309 [M-Na]’; found: 493.2306.
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6-(Benzyloxycarbonylamino)}2-(tert-butoxycarbonyl(3-phenylpropyl)amino)hexanoic
acid (2.24): 2.24was synthesized agescribed in the general procedure using-igbine
(7.13 mmol, 2 g), hydrocinnamaldehyde (7.13 mmol, 0.94 mL), sodium borohydride (14.26
mmol, 540 mg). To the crude product (5.02 mmol, 2 g) TMAH (10.04 mmol, 1.82 g) was
added, followed by Be©®© (10.04 mrmol, 2.19 g). After purification via flash column
chromatography?2.24was obtained as a colorless oil (1.30 g, 52%).
HNMR (400 MHz,CDC}) G 10.30 (br s, 1H), 6.10 (br s
5.10 (s, 2H), 4.28 and 3.85 (2 x br s, 2H, rotamers), 3.55 and 3.35 (2 x br s, 2H, rotamers),
3.17- 2.65 (m, 2H), 2.63 2.59 (m, 2H), 1.90 and 1.82 (2 x br s, 2H, rotamers), 1.527
(m, 13H); *C NMR (100 MHz, CDC}) a4 176.8 and 176.1 (rotanmn
(rotamers), 154.8, 141.8 and 141.4 (rotamers), 136.5, 128.4, 128.3, 128.1, 127.9, 125.9,
125.7, 80.7, 67.1 and 66.6 (rotamers), 60.2 and 59.9 (rotamers), 48.1 and 4mergiota
41.2 and 40.7 (rotamers), 33.2, 30.9 and 30.2 (rotamers), 29.8 and 29.7 (rotamers), 29.4 and
28.8 (rotamers), 28.2 and 28.1 (rotamers), 23.7 and 23.4 (rotamers). IR3(&Bf) 2924,
1692, 1421, 1162.8max = 220 nm, 257 nm. HRMS (ESI)m/z Calcd for GgH3sN2Oe:

521.2622 [M-NaJ’; found: 521.2621.
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6-(Benzyloxycarbonylamino)}2-(tert-butoxycarbonyl(pentyl)amino)hexanoic acid
(2.25): 2.25was synthesized as described in the general procedure usiAgs®iez(7.13
mmol, 2 g), valeraldehyder (13 mmol, 0.76 mL), sodium borohydride (14.26 mmol, 540
mg). To the crude product (5.71 mmol, 2 g) TMAH (11.42 mmol, 2.07 g) was added,
followed by BogO (11.42 mmol, 2.49 g). After purification via flash column
chromatography?.25was obtained as alooless oil (2.24 g, 87%).
H NMR (400 MHz, CDCJ) G 10. 25 (i .06 (s, 5H),1613 (br s, 1H),36®0
4.65 (m, 2H, rotamers), 4.33 and 3.85 (2 x br s, 1H, rotamers)i 232 (m, 4H, rotamers),
1.97 and 1.74 (2 x br s, 2H, rotamers), 1i5B27 (m, 19H), 0.86 (t, 3H] = 6.6 Hz); *C
NMR (100 MHz,CDC}) U 176.8 and 176.1 (rotamers),
136.5, 128.4, 128.0, 127.9, 80.5, 67.0 and 66.5 (rotamers), 60.2, 48.3 and 47.4 (rotamers),
41.2 and 40.7 (rotamers), 2029.7 and 29.4 (rotamers), 29.1 and 28.9 (rotamers), 28.3, 23.8
and 23.4 (rotamers), 22.3 and 22.2 (rotamers), 14.0. IR (Bm*) 2933, 1700, 1455,
1253. 8max = 213 nm, 256 nm. HRMS (ESI)m/z Calcd for G4H3gN2Os: 473.2622

[M+Na]"; found:473.2616.
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6-(Benzyloxycarbonylamino)}2-(tert-butoxycarbonyl(octyl)amino)hexanoic acid (2.26):
2.26 was synthesized as described in the general procedure usidgs®iez(7.13 mmol, 2
g), octyl aldehyde (7.13 mmol, 1.11 mL), sodium borohydride (14.26 1640 mg). To
the crude product (5.10 mmol, 2 g) TMAH (10.2 mmol, 1.85 g) was added, followed by
Boc,O (10.2 mmol, 2.23 g). After purification via flash column chromatograpg was
obtained as a colorless oil (1.96 g, 78%).
'H NMR (400 MHz, CDCY) i 71. 7522 (m, 5H), 5.89 (br s, 1H), 5.13 and 4.93 (2 x br s,
1H, rotamers), 5.07 (s, 2H), 4.23 and 3.86 (2 x br s, 2H, rotamers}, 2.98 (m, 4H), 1.98
and 1.77 (2 x br s, 2H, rotamers), 1i51.24 (m, 23H), 0.86 (s, 3H)**C NMR (100 MHz,
CDClh)yu 176.4 and 175.7 (rotamers), 161. 5, 156.
128.0, 80.7, 67.1 and 66.6 (rotamers), 60.1, 48.5 and 47.6 (rotamers), 41.2 and 40.7
(rotamers), 31.7, 29.7, 29.2, 28.8, 28.6, 28.3, 26.9, 23.8, 23.4, 22.6, 14.1BriR3(¢m?)
2929, 1699, 1418, 1163.8max = 214 nm, 256 nm. HRMS (ESI):m/z Calcd for

CoH4aN204: 515.3092 [M-Na]'; found: 515.3076.

| Q Boc
O\N N\/
|

Ph

Ph
tert-Butyl benzyl(1-(methoxy(methyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate

(2.27): 2.27was synthesized asscribed in the general procedure usig (2 mmol, 710
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mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), &h@-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.27was obtained as a yellooil (449 mg, 56%).

'H NMR (400 MHz, CDCJ) U 1 7.143r@, 10H), 5.65 and 5.23 (2 x br s, 1H, rotamers),
4.8271 4.32 (m, 2H, rotamers), 3.52 and 3.44 (2 x br s, 3H, rotamers); 136 (m, 2H,
rotamers), 2.85 and 2.72 (2 x br s, 3H, rotamers), 1.32 and 1.30 (s, 9H, rotan@MNMR

(100 MHz, CDCE) a 170.9 and 170.2 (rotamers), 155
138.5 (rotamers), 137.9 and 137.3 (rotamers), 129.5, 128.2, 128.1, 127.9, 126.9 and 126.7
(rotamers), 126.4 and 126.3 (rotamers), 80.1 and 79.9 (rotamers), 61.5 and 61.2g)yptame
56.4 and 54.7 (rotamers), 47.0 and 46.3 (rotamers), 35.8 and 35.6 (rotamers), 31.7, 28.0. IR
(KBr) 3(cm') 2976, 1689, 1454, 11700max = 218 nm. HRMS (ESI):m/z Calcd for

C23H30N204: 421.2098 [MNa]+; found: 421.2107.

tert-Butyl 1-(methoxy(methyl)amino)-1-oxo-3-phenylpropan-2-yl(3-
phenylpropyl)carbamate (2.28): 2.28vas synthesized as described in the general procedure
using2.6 (2 mmol, 766 mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg),Naai
dimethylhydroxylamine hydrochlored (2.2 mmol, 204 mg). After purification via flash
column chromatography,.28was obtained as a colorless oil (402 mg, 47%).

'H NMR (400 MHz, CDC}) U 1 7.203(20H, m), 5.55 and 5.25 (2 x br s, 1H), 3.60 (s,

3H), 3.31i 2.89 (m, 7H), 2.60 (br s, 2H), 1.82 (br s, 2H), 1.37 and 1.28 (2 x s, 9H, rotamers);
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C NMR (100 MHz, CDC}) & 171.5 and 171.3 (rotamers),
141.8, 13, 137.4, 129.3, 128.2, 128.2, 126.3, 125.7, 79.6, 61.4, 56.4 and 54.5 (rotamers),
43.6 and 43.5 (rotamers), 35.7, 33.5, 32.2, 31.3 and 30.5 (rotamers), 28.2 and 28.0
(rotamers). IR (KBrg(cm™®) 2978, 1692, 1405, 115%.y = 228 nm. HRMS (ESI)m/z

Calcd for GsHaaN,O4: 449.2411 [M-NaJ'; found: 449.2416.

b LR
LR
| 3
Ph

tert-Butyl 1-(methoxy(methyl)amino) 1-oxo-3-phenylpropan-2-yl(pentyl)carbamate

(2.29): 2.29was synthesized as described in the general procedure 18i(@ mmol, 670

mg), TEA (2 x 2 mmb 0.28 mL), BOP (2 mmol, 885 mg), ahjO-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.29was obtained as a colorless oil (396 mg, 52%).

'H NMR (400 MHz, CDC§) U i 7.19(8, 5H), 5.55 and 5.19 (2 x br s, 1H, rotamers),
3.59 (s, 3H), 3.32 2.88 (m, 7H), 1.48 1.25 (m, 15H), 0.88 (t, 3H] = 7.2 Hz); *C NMR

(100 MHz, CDCk) u 171. 3, 155.3 and 154.5 (rotamers
and 129.4 rotamers), 128.3 and 128.1 (rotamers), 126.3, 79.5, 61.4, 56.4 and 54.6
(rotamers), 43.7, 35.8, 32.3, 29.3, 28.4 and 28.2 (rotamers), 28.0, 22.4 and 22.3 (rotamers),
14.0. IR (KBr)3(cm™) 2964, 1681, 1399, 117%max= 222 nm. HRMS (ESI)m/z Calcd

for Co1HaaNo0O4: 401.2411 [MNa]"; found: 401.2398.
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tert-Butyl 1-(methoxy(methyl)amino)1-oxo-3-phenylpropan-2-yl(octyl)carbamate
(2.30): 2.30was synthesized as described in the general procedure 2888 mmol, 755

mg), TEA (2 x 2 mmol, 0.28L), BOP (2 mmol, 885 mg), ard,O-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.30was obtained as a colorless oil (504 mg, 59%).

'H NMR (300 MHz, CDCY) U 1 7.162m8, 5H), 5.50 and 5.18 (2 x br s, 1H), 3.58 (s, 3H),
3.181 2.93 (m, 7H), 1.36 1.25 (m, 21H), 0.87 (t, 3H} = 6.45 Hz); *C NMR (100 MHz,
CDCly) a 171. 5, 155.3 and 154.4 (rotamers),
(rotamers) 128.3 and 128.1 (rotamers), 126.2, 79.5, 61.4, 56.4 and 54.6 (rotamers), 43.8,
35.7,31.7, 29.6, 29.2, 28.8, 28.2, 28.0, 27.1, 22.6, 14.0. IR ({Bn)') 2929, 1694, 1406,
1171. omax = 218 nm. HRMS (ESI):m/z Calcd for GsH4oN-O4: 443.288 [M-Na]';

found: 443.2877.

| Q Boc
N N\/

" pn

Ph

tert-Butyl benzyl(2-(methoxy(methyl)amino)2-oxo-1-phenylethyl)carbamate (2.31):
2.31was synthesized as described in the general procedure2u8i2gmmol, 682 mg), TEA
(2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), ahJO-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,

2.31was obtained as a colorless oil (462 mg, 60%).
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'H NMR (300 MHz, CDC})) a 1 B.873(rh, 10H), 6.52 and 6.18 (2 x br s, 1H, rotamers),
4.70 and 4.22 (2 x d, 2H,= 16.5 Hz, rotamers), 3.48 (s, 3H), 3.21 (s, 3H), 1.34 (s, 4i);
NMR (100 MHz, CDC}) a 172. 2, 156. 5, 140. 2, 134. 9,
125.8,80.3, 61.0, 59.8, 48.7, 32.1, 28.2. IR (KB@m?) 2977, 1685, 1393, 11673may =
226 nm. Calcd for §HgN2O4: 407.1955 [M-NaJ’; found: 407.1959.

| Q Boc

O\N)S/N\/\/Ph

| ph

tert-Butyl 2-(methoxy(methyl)amino)2-oxo-1-phenylethyl(3-phenylpropyl)carbamate
(2.32): 2.32wassynthesized as described in the general procedure 24i6¢2 mmol, 738
mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), &h®-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.32was oltained as a pale yellow oil (382 mg, 46%).
'H NMR (400 MHz, CDCY) U 1 8.913m, 10H), 6.40 and 6.16 (2 x br s, 1H), 3.210
(m, 10H), 2.29 (br s, 2H), 1.47 (s, 9H}’C NMR (100 MHz, CDC}) & 171.8, 156
154.9 (rotamers), 141.5 and 139.0 (rotamers), 135.3 and 133.5 (rotamers), 129.1, 128.4,
128.0 and 12%. (rotamers), 127.9, 127.8, 125.4 and 125.2 (rotamers), 79.5, 60.7 and 59.1
(rotamers), 44.7, 35.6 and 34.3 (rotamers), 33.0, 31.8 and 30.8 (rotamers), 30.3 and 29.5
(rotamers), 28.1 and 28.0 (rotamers). IR (K&om™') 2978, 1692, 1405, 115%um., = 224

nm. HRMS (ESI):m/z Calcd for GsHzoN,O4: 435.2254 [M-Na]"; found: 435.2259.
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tert-Butyl 2-(methoxy(methyl)amino)2-oxo-1-phenylethyl(pentyl)carbamate  (2.33):
2.33was synthesized as described in the general procedure 218th¢(2 mmol, 738 my
TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), aNdD>-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.33was obtained as a colorless oil (352 mg, 42%).
'H NMR (400 MHz, CDC}) U 7 7.273r, 5H), 6.33 and 6.09 (2 x br s, 1H), 3i4301

(m, 8H), 1.54i 1.29 (m, 11H), 1.05 0.85 (m, 4H), 0.68 (t, 3H] = 7.4 Hz); *C NMR (100

MHz,CDCk) u 172. 1, 156. 3, 135. 6, 129. 3, 128.

28.7,28.4, 21.9, 13.8. IR (KBr3(cm™) 2964, 1681, 1399, 117%ma = 227 nm. HRMS

ESI): m/z Calcd for GoHzN,O4: 387.2254 [M-Na]"; found: 387.2265.
(

(|) Q ,E\Sloc

R

tert-Butyl 2-(methoxy(methyl)amino)2-oxo-1-phenylethyl(octyl)carbamate (2.34): 2.34
was synthsized as described in the general procedure &siky2 mmol, 727 mg), TEA (2

X 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), and O-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.34was obtaineds a colorless oil (356 mg, 44%).

'H NMR (400 MHz, CDCY) U i 7.283m, 5H), 6.36 and 6.13 (2 x br s, 1H), 342,97

(m, 8H), 1.74i 0.91 (m, 21H), 0.84 (t, 3H] = 7.2 Hz); **C NMR (100 MHz, CDC}) U
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172.2, 156.5, 135.7, 129.3, 128.6, 128.2, 79.7, 61.1 and 59.4 (rotamers), 45.3, 32.1, 31.7,
29.3, 29.128.9, 28.5, 26.8, 22.6, 14.1. IR (KBijlcm™) 2928, 1683, 1399, 1165may =

221 nm. HRMS (ESI)m/z Calcd for GsHzgN,O4: 429.2724 [M-Na]"; found: 429.2731.

| Q Boc
O\N N\/
|

Ph

tert-Butyl benzyl(1-(methoxy(methyl)amino)}4-methyl-1-oxopentan2-yl)carbamate

(2.35) 2.35was synthesized as described in the general procedurei$B® mmol, 642

mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), &h@-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.35was obtained as a colorless oil (346 mg, 48%).

'H NMR (400 MHz, CDCJ) U i 7748 (&n,75H), 5.39 and 5.09 (2 x br s, 1H, rotamers),
4.49 (m, 2H), 3.73 and 3.61 (2 x s, 3H, rotamers), 3.02 and 2.86 (2 x s, 3H, rotameifis), 1.57
1.35 (m, 12H), 0.93 and 0.77 (2 x t, 6H; 6.4 Hz, rotamers)*C NMR (100 MHz, CDC})

0 137 155.9, 139.9 and 139.1 (rotamers),127.9, 126.9, 126.6 and 126.4 (rotamers), 80.1,
61.6 and 61.3 (rotamers), 53.1 and 52.2 (rotamers), 47.3 and 46.6 (rotamers), 38.4, 32.0, 28.4
and 28.2 (rotamers), 24.8 and 24.3 (rotamers), 22.7 and 22.3 (rotanfer@Br) 3(cm?)

2960, 1694, 1396, 11668max = 225 nm. HRMS (ESI): m/z Calcd for GoHsz2N204:

387.2254 [M-NaJ’; found: 387.2244.

76



| Q Boc

tert-Butyl 1-(methoxy(methyl)amino)}4-methyl-1-oxopentan2-yl(3-
phenylpropyl)carbamate (2.36): 2.36vas synthesized as debed in the general procedure
using 2.14 (2 mmol, 699 mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), and
N,O-dimethylhydroxylamine hydrochloride (2.2 mmol, 204 mg). After purification via flash
column chromatography,.36was obtained as a coloresil (402 mg, 51%).

'H NMR (400 MHz, CDC§) U i 7.172(®, 5H), 5.30 and 5.10 (2 x br s, 1H, rotamers),
3.72 and 3.69 (2 x s, 3H, rotamers), 3.2217 (m, 5H), 2.57 (t, 2Hl = 8 Hz), 1.85 (dd, 2H,

J = 6.4 Hz), 1.66/ 1.45 (m, 12H), 0.96 0.92 (m, 6H, rotamers)*C NMR (100 MHz,

CDCl;)) T14.2,1155.7, 142.1 and 141.9 (rotamers), 128.3, 125.7, 125.6, 79.5, 61.5, 52.9 and
51.8 (rotamers), 43.7 and 43.5 (rotamers), 38.7 and 38.4 (rotamers), 33.7 and 33.6 (rotamers),
31.6 and 30.8 (rotamers), 28.4 and 28.3 (rotamers), 24.7 and 24.4 (rot23&rgnd 22.3
(rotamers). IR (KBr(cm™®) 2960, 1687, 1164amax= 222 nm. HRMS (ESI)m/z Calcd

for CooH3eN2O4: 415.2567 [MNa]"; found: 415.2561.

tert-Butyl 1-(methoxy(methyl)amino)}4-methyl-1-oxopentan2-yl(pentyl)carbamate
(2.37): 2.37was synthesized as described in ge@eral procedure usirfy15(2 mmol, 603

mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), &h@-dimethylhydroxylamine
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hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.37was obtained as a colorless oil (37§,55%).

'HNMR 300 MHz, CDC}) & 5.18 and 4.94 (2 x br-s, 1H
2.99 (m, 5H), 1.47 1.35 (m, 14H), 1.24 1.07 (m, 4H), 0.86 0.74 (m, 9H); **C NMR (75
MHz,CDCk) u 172. 7, 155.5 and 154.7 (rotamers),
43.5, 8.5 and 38.2 (rotamers), 31.9, 29.3 and 29.2 (rotamers), 28.4 and 28.1 (rotamers), 24.4
and 24.1 (rotamers), 22.7, 22.1, 13.8. IR (Kﬂom'l) 2945, 1681, 1406, 1170. HRMS

(ESI): m/z Calcd for GgH3gN2O4: 367.2567 [M-NaJ’; found: 367.2566.

tert-Butyl 1-(methoxy(methyl)amino)}4-methyl-1-oxopentan2-yl(octyl)carbamate

(2.38): 2.38was synthesized as described in the general procedurei$t@ mmol, 687

mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), &h®-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.38was obtained as a colorless oil (399 mg, 52%).

HNMR (300 MHz,CDC}) U 5.24 and 4.99 (2 x br s, 1H,
3H), 3.08 (t, 2H,J = 7.5 Hz), 1.53 1.42 (m, 14H), 1.21 (br s, 10H), 0.90 (t, 3H 6.3 Hz),

0.83 (br s, 6H); *C NMR (75MHz, CDCk) 172.9, 155.7 and 154.8 (rotamers), 79.6 and

79.3 fotamers), 61.3, 53.8, 51.8, 43.7, 38.6 and 38.3 (rotamers), 32.1, 31.7, 29.8, 29.2 and

28.9 (rotamers), 28.3, 27.1, 24.6 and 24.3 (rotamers), 22.8 and 22.5 (rotamers), 22.2, 14.0.
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IR (KBr) 3(cm™) 2928, 1688, 1377, 1169. HRMS (ESljn/z Calcd for GiH4oN»Ox:

409.3037 [M-Na]"; found: 409.3023.

tert-Butyl benzyl(1-(methoxy(methyl)amino)1-oxooctan2-yl)carbamate (2.39): 2.39

was synthesized as described in the general procedure2usii@ mmol, 699 mg), TEA (2

X 2 mmol, 0.28 mL), BOP (2 mmol, 8 mg), and N,O-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.39was obtained as a colorless oil (306 mg, 52%).

'H NMR (400 MHz, CDC§) U 1 7.243(2, 5H), 5.32 and 5.04 (2 x br s, 1H, rotamers),
4.6371 4.37 (m, 2H, rotamers), 3.77 and 3.64 (2 x br s, 3H, rotamers), 3.06 and 2.91 (2 x br s,
3H, rotamers), 1.82 1.26 (m, 19H), 0.90 (t, 3H] = 6.2 Hz); 3C NMR (100 MHz, CDC})

0 127165.9, 139.9 and 139.8 (rotamers), 127.9, 126.9, 126.6 and 126.4 (rotamers), 80.1,
61.7 and 61.3 (rotamers), 54.9 and 53.8 (rotamers), 47.2 and 46.5 (rotamers), 31.9 and 31.6
(rotamers), 29.6 and 29.3 (rotamers), 29.0, 28.4, 28.2, 26.0, 22.5, 14(KBfR3(cm™)

2930, 1695, 1413, 11688max = 221 nm. HRMS (ESI): m/z Calcd for GaHzeN204:

415.2567 [M-NaJ’; found: 415.2564.
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tert-Butyl 1-(methoxy(methyl)amino)1-oxooctan2-yl(3-phenylpropyl)carbamate

(2.40): 2.40was synthesized as describedhe general procedure usi@dl8(2 mmol, 755

mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), &h@-dimethylhydroxylamine
hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.40was obtained as a colorless oiB25mg, 69%).

'H NMR (300 MHz, CDC§) U i 7.162(18, 5H), 5.18 and 4.93 (2 x br s, 1H, rotamers),
3.70 (s, 3H), 3.17 (br s, 5H), 2.56 (t, 2Hs 7.8 Hz), 2.05 1.62 (m, 4H), 1.45 and 1.43 (2 X

s, 9H, rotamers), 1.26 (br s, 8H), 0.87 (t, 3 6.3 Hz); *C NMR (100 MHz, CDC}) i
172.6 155.6 and 155.0 (rotamers), 141.8, 128.2, 125.7, 125.5, 79.5, 61.5 and 61.4 (rotamers),
54.7 and 53.4 (rotamers), 43.5 and 43.3 (rotamers), 33.6, 32.1, 31.6 and 31.5 (rotamers),
30.7, 29.5, 28.9, 28.3, 25.7, 22.5, 14.0. IR (KEom') 2931, 1692, 141, 1162. amay =

227 nm. HRMS (ESI)m/z Calcd for G4H4oN-O4: 443.2880 [M-Na]"; found: 443.2879.

b IR
WL
I > 3
4

tert-Butyl 1-(methoxy(methyl)amino)1-oxooctan2-yl(pentyl)carbamate (2.41): 2.41
was synthesized as described in the general procedure2t@ mmol, 659 mg), TEA (2

X 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), ard O-dimethylhydroxylamine
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hydrochloride (2.2 mmol, 204 mg). After purification via flash column chromatography,
2.41was obtained as a colorless oil (390 mg, 52%).

'H NMR (300 MHz,CDCl;) U 5. 15 and 4.91 (2 x bris, 1H.
3.07 (m, 5H), 1.78 1.14 (m, 25H), 0.87 (br s, 6H)**C NMR (100 MHz, CDC}) U 17 2. 8,
155.8, 79.6 and 79.4 (rotamers), 61.6 and 61.4 (rotamers), 54.7 and 53.5 (rotamers), 43.6,
32.1, 31.829.5, 29.3, 29.0, 28.6, 28.3, 25.8, 22.5, 22.4, 22.3, 14.0. IR &8n") 2931,

1693, 1421, 1176. HRMS (ESIm/z Calcd for GgHsoN20O4: 395.288 [M-Na]"; found:

i
NI
|>6
4

tert-Butyl 1-(methoxy(methyl)amino)1-oxooctan2-yl(octyl)carbamate (242): 2.42was

395.2877.

synthesized as described in the general procedure 2826¢2 mmol, 743 mg), TEA (2 x 2

mmol, 0.28 mL), BOP (2 mmol, 885 mg), ahjO-dimethylhydroxylamine hydrochloride

(2.2 mmol, 204 mg). After purification via flash column chromatogyaphi2was obtained

as a colorless oil (437 mg, 53%).

H NMR (400 MHz,CDC}) U 5.17 and 4.92 (2 x br s, 1H,
3H), 3.11 (br s, 2H), 1.79 1.44 (m, 31H), 0.9% 0.84 (m, 6H); °C NMR (100 MHz,

CDClzy U0 172.8 and 172.3 (rotamers), 155.8 and
61.6 and 61.4rotamers), 54.7, 53.5, 43.8 and 43.7 (rotamers), 31.8 and 31.7 (rotamers),

29.9, 29.6, 29.3, 29.1, 28.9, 28.4, 27.2, 25.8, 22.6 and 22.5 (rotamers), 14.1, 14.0. IR (KBr)
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3(cm?) 2927, 1696, 1397, 1172. HRMS (ESljn/z Calcd for GaHaeN,Os: 437.33D

i

L)

I > 8
4

tert-Butyl decyl(1-(methoxy(methyl)amino)1-oxooctan2-yl)carbamate (2.43): 2.43was

[M+Na]"; found: 437.3351.

synthesized as described in the general procedure 2gh¢2 mmol, 799 mg), TEA (2 x 2

mmol, 0.28 mL), BOP (2 mmol, 885 mg), ahjO-dimethylhydroxylamine hydrochloride

(2.2 mmol, 204 mg). After purification via flash column chromatograp3was obtained

as a colorless oil (365 mg, 41%).

H NMR (400 MHz, CDC{) U 5.17 and 4.88 (2 x bris, 1H
3.00 (m, 5H), 1.79 1.10 (m, 39H), 0.85 0.79 (m, 6H); *C NMR (100 MHz, CDC}) U

172.7, 155.7 and 154.9 (rotamers), 79.5 and 79.3 (rotamers), 61.5 and 61.3 (rotamers), 54.7
and 53.4 (rotmers), 43.7 and 43.6 (rotamers), 31.8, 31.6, 29.8, 29.5, 29.5, 29.4, 29.2, 29.0,

28.9, 28.3, 27.1, 25.7, 22.6, 22.5, 14.0, 13.9. IR (Kdojn') 2926, 2854, 1695, 1171.

HRMS (ESI): m/z Calcd for GsHsgN2O4: 465.3655 [M-Na]"; found: 465.3661.

b J_fer
LRG>
> 10

|
4
tert-Butyl dodecyl(1-(methoxy(methyl)amino)}1-oxooctan2-yl)carbamate (2.44). 2.44

was synthesized as described in the general procedure2u8i(@ mmol, 855 mg), TEA (2

X 2 mmol, 0.28 mL), BOP (2 mmol, 885 mg), ard O-dimethylhydroxylamine
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hydrochloride(2.2 mmol, 204 mg). After purification via flash column chromatography,
2.44was obtained as a colorless oil (340 mg, 40%).

'H NMR (400 MHz,CDC})) U 5. 12 and 4.87 (2 x bris, 1H.
2.98 (m, 5H), 1.69 1.06 (m, 39H), 0.85 0.82 (m, 6H); *C NMR (100 MHz, CDC}) U

172.7 and 172.0 (rotamers), 155.7 and 154.9 (rotamers), 79.5 and 79.3 (rotamers), 61.3, 54.7,
53.5, 43.743.6, 32.1, 31.8, 31.6, 29.8, 29.6, 29.5, 29.5, 29.4, 29.2, 29.0, 28.3, 27.1, 25.7,
22.6,22.5,14.0, 13.9. IR (KBsjcm?) 2925, 2856, 1695, 1172. HRMS (EStjyz Calcd

for C,7Hs4N204: 493.3976 [M-NaJ"; found: 493.3972.

| 9 Boc

NHCbz
2-(Benzyl(tert-butoxycarbonyl)amino)-6-(benzyloxycarbonylamino)6
(methoxy(methyl)amino)6-oxohexane (2.45): 2.45%vas synthesized as described in the
general procedure usir&)23(2 mmol, 941 mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol,

885 mg), andN,O-dimethylhydroxylamine ¥drochloride (2.2 mmol, 204 mg). After
purification via flash column chromatograpt®/45was obtained as a colorless oil (526 mg,

51%).

H NMR (400 MHz, CDCY) U i 7.149(, 10H), 5.19 4.86 (m, 5H), 4.56 4.31 (m,

2H), 3.64 and 3.53 (2 x s, 3H, rotamers), 3.08.81 (m, 5H), 1.72 1.10 (m, 15H); **C

NMR (100 MHz, CDC¥}) a 171.5 and 170.9 (rotamers), 1

139.3 and 138.7¢tamers), 136.4, 128.1, 127.9, 127.6, 126.7, 126.4, 126.2, 79.9, 66.0, 61.2
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and 60.9 (rotamers), 54.7 and 53.3 (rotamers), 46.8 and 46.4 (rotamers), 41.0 and 40.4
(rotamers), 31.5, 29.2 and 29.0 (rotamers), 28.7, 28.0 and 27.8 (rotamers), 22.7. IR (KBr)
3(cm™) 2938, 1689, 1457, 1252, 1168 max = 224 nm, 251 nm. HRMS (ESI)n/z Calcd

for C23H39N306: 536.2731 [MNa]+; found: 536.2728.

| 9 Boc
O\N N._~_Ph
|

NHCbz
6-(Benzyloxycarbonylamino)}2-(tert-butoxycarbonyl(3-phenylpropyl)amino)6-
(methoxy(methyl)amino)-6-oxohexane (246): 2.46 was synthesized as described in the
general procedure usir&j24(2 mmol, 997 mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol,
885 mg), andN,O-dimethylhydroxylamine hydrochloride (2.2 mmol, 204 mg). After
purification via flash column chromatogtap 2.46 was obtained as a colorless oil (500 mg,
46%).

'H NMR (400 MHz, CDC}) U 7 7.163(8, 10H), 5.12 (br s, 1H), 5.08 (s, 2H), 4.87 and

4.80 (2 x br s, 1H, rotamers), 3.68 (s, 3H), 3.17 (br s, 5H), 2.55 (br s, 2H);, 1.88 (m,

19H); ®*C NMR (ID0MHz,CDC}) U 176.2, 166.5, 156.4, 142.

128.0 125.9, 125.7, 66.5, 61.5, 57.5, 47.8, 40.8, 33.5, 33.0, 32.2, 31.8, 29.7, 28.4, 23.1, 23.0.
IR (KBr) 3(cm®) 2933, 1695, 1457, 1249, 1156 max= 225 nm. HRMS (ESl)m/z Calcd

for CagH4aN30s: 564.3044 [M-Na]"; found: 564.3043.
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NHCbz
6-(Benzyloxycatonylamino)-2-(tert-butoxycarbonyl(pentyl)amino)6-
(methoxy(methyl)amino)-6-oxohexane (2.47): 2.4%vas synthesized as described in the
general procedure usir&)25(2 mmol, 901 mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol,

885 mg), andN,O-dimethylhydroxylanme hydrochloride (2.2 mmol, 204 mg). After
purification via flash column chromatograplt®/47was obtained as a colorless oil (578 mg,

59%).

'H NMR (400 MHz, CDC}) U 1 7.23(8, 5H), 5.08 (br s, 1H), 5.02 (s, 2H), 5.02 and

4.85 (2 x br s, 1H, rotamers), 3.62 (s, 3H), 3.13.01 (m, 7H), 1.49 1.12 (m, 21H), 0.83 (t,
3H,J=6.6 Hz); ®C NMR (100 MHz, CDC}) & 172.1 and 171.5 (rot
and 1546 (rotamers), 136.5, 128.2, 127.8, 127.7, 79.6, 61.4, 54.6 and 53.0 (rotamers), 43.6
and 43.4 (rotamers), 41.2 and 40.6 (rotamers), 32.0, 29.5, 29.2, 29.1, 28.8, 28.4 and 28.1
(rotamers), 22.9, 22.6, 22.1, 13.9. IR (KB@m?Y) 2937, 1694, 1455, 12501711. Smax =

226 nm. HRMS (ESI)m/z Calcd for GeH4aNzOg: 516.3044 [M-Na]"; found: 516.3035.

85



NHCbz
6-(Benzyloxycarbonylamino)2-(tert-butoxycarbonyl(octyl)amino)6-
(methoxy(methyl)amino)-6-oxohexane (2.48): 2.48vas synthesized as described in the
geneal procedure using.26(2 mmol, 985 mg), TEA (2 x 2 mmol, 0.28 mL), BOP (2 mmol,
885 mg), andN,O-dimethylhydroxylamine hydrochloride (2.2 mmol, 204 mg). After
purification via flash column chromatograpt®/48was obtained as a colorless oil (470 mg,
449%).

'H NMR (400 MHz, CDC§) U 1 7.253(rh, 5H), 5.09 and 4.85 (2 x br s, 1H, rotamers),
5.04 (s, 2H), 3.65 (s, 3H), 3.133.02 (m, 7H), 1.73 1.17 (m, 27H), 0.84 (t, 3H] = 6.4
Hz); *C NMR (100 MHz, CDC}) U 172.2, 156.3, 155.7, 136.
66.3, 61.5and 61.3 (rotamers), 54.7, 53.1, 43.8 and 43.6 (rotamers), 40.7, 31.6, 29.7, 29.2,
29.1, 28.8, 28.2, 27.0, 23.0, 22.7, 22.5, 14.0. IR (KBmi') 2929, 1671, 1406, 116&max

= 227 nm. HRMS (ESI): m/z Calcd for GgHagNsOs: 558.3514 [M-Na]”; found:

N
H2N4</ l/@
Hcl N

558.3512.

1,5Dibenzyl-1H-imidazol-2-amine hydrochloride (2.49): 2.49 was synthesized as

described in the general procedure ushg7 (0.7 mmol, 279 mg) and DIBAH (1.05
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mmol, 1.05 mL). Following workip, the crude product was stirred in all@CM/TFA

solution.  After completion of the reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1 water:ethanol
solution. After purification2.49was converted to its hydrochloride saltaagellow oil (79

mg, 43%).

'H NMR (400 MHz, CRO D) Ui 6809 (81210H), 6.31 (s, 1H), 4.85 (s, 2H), 3.70 (s, 2H);

%C NMR (100 MHz, COD) U 151.4, 139.9, 138.3, 129. ¢
127.6, 127.4, 122.3, 46.6, 31.8. IR (KB@M™) 3026 1558, 1488.9max= 225 nm. HRMS

(ESI): m/z Calcd for G/H7N3: 264.1495 [M-H]*; found: 264.1598.

N
el
Heo N

5-Benzyk1-(3-phenylpropyl)-1H-imidazol-2-amine hydrochloride (2.50): 2.50 was
synthesized as described in the general procedure @si&y(0.7 mmol, 298 mg) and
DIBAL-H (1.05 mmol, 1.05 mL). Following woslp, the crude product was stirred in a
10:1 DCM/TFA solution. After completion of the reaction, removal of solvent, and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crodecprin a 1:1
water:ethanol solution. After purificatio,50was converted to its hydrochloride salt as a
yellow oil (79 mg, 39%).

H NMR (400 MHz, CROD) Ui 7709 (81210H), 6.62 (s, 1H), 3.81 (s, 2H), 3.72 (t, 2H,

J=8Hz), 2.55 (t, 2HJ = 7.6 Hz), 1.70tf, 2H, J = 6 Hz):*°C NMR (100 MHz, COD)
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146.9, 140.7, 136.6, 128.8, 128.5, 128.4, 128.3, 127.6, 127.1, 126.1, 110.3, 42.4, 32.2, 29.6,
29.6. IR (KBr)3(cm™) 3084, 1654, 1456 8max = 229 nm. HRMS (ESI):m/z Calcd for

C19H21N3: 292.1808 [MH]+; found: 292.1807.

N
vl
oo N

5-Benzyk1-pentyl-1H-imidazol-2-amine hydrochloride (2.51): 2.51was synthesized as
described in the general procedurgng 2.29 (0.7 mmol, 271 mg) and DIBAH (1.05
mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA
solution.  After completion of the reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) was addedthe crude product in a 1:1 water:ethanol
solution. After purification2.51was converted to its hydrochloride salt as a yellow oil (85
mg, 49%).

'H NMR (400 MHz, CROD) U7 7720 825H), 6.28 (s, 1H), 3.85 (s, 2H), 3.55 (t, 2H,

= 8 Hz), 1.36i 1.35 (m, 2H), 1.24 1.18 (m, 4H), 0.86 (t, 3H] = 6.4 Hz); **C NMR (100

MHz, CD;sOD) a 149. 6, 139. 2, 128. 53, 128. 51, 12¢
22.4,13.4. IR (KBr)3(cm™) 2930, 1646, 14928ma = 227 nm. HRMS (ESI)m/z Calcd

for CisH2iNs: 244.1808 [M-H]"; found: 244.18009.
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5-Benzykl-octyl-1H-imidazol-2-amine hydrochloride (2.52): 2.52was synthesized as
described in the general procedwsing 2.30 (0.7 mmol, 294 mg) and DIBAH (1.05
mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA
solution.  After completion of the reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) was addedthe crude product in a 1:1 water:ethanol
solution. After purification2.52was converted to its hydrochloride salt as a yellow oil (95
mg, 48%).

'H NMR (300 MHz, CROD) U7 7721 (835H), 6.30 (s, 1H), 3.86 (s, 2H), 3.53 (t, 2H,

= 7.8 Hz), 1.36 1.19 (m, 12H), 0.92 (t, 3Hl = 6.9 Hz); *C NMR (100 MHz, CROD) i
164.8. 150.5, 140.2, 129.5, 127.5, 121.4, 119.9, 43.6, 32.9, 31.7, 30.3, 30.3, 30.1, 27.7, 23.7,
145. IR (KBr)3(cm?) 3142, 1630, 14988max = 223 nm. HRMS (ESI):m/z Calcd for

CigHo7N3: 286.2278 [M-H]"; found: 286.2276.

89



N
HN—C |
N

HCI

1-Benzyt5-phenyl-1H-imidazol-2-amine hydrochloride (2.53): 2.53was synthesized as
described in the general proceelwising2.31 (0.7 mmol, 269 mg) and DIBAH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA
solution.  After completion of the reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) was addedthe crude product in a 1:1 water:ethanol
solution. After purification2.53was converted to its hydrochloride salt as a yellow oil (101

mg, 59%).

H NMR (300 MHz, CROD) Ui 7700 @n410H), 6.57 (s, 1H), 5.07 (s, 2HC NMR

(75 MHz, CD;O D) a 150. 2, 136. 4, 129. 9, 128. 6, 127
121.0, 45.1. IR (KBrB(cm?) 3031, 1658, 14958max = 206 nm, 278 nm. HRMS (ESI):

m/z Calcd forCi7H1/N3: 250.1339 [M-H]"; found: 250.1334.

N
H.N— |
Hoo N

5-Phenyl-1-(3-phenylpropyl)-1H-imidazol-2-amine  hydrochloride (2.54): 2.54 was
synthesized as described in the general procedure @s@®y(0.7 mmol, 289 mg) and

DIBAL-H (1.05 mmol, 1.05 mL). Following evk-up, the crude product was stirred in a
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10:1 DCM/TFA solution. After completion of the reaction, removal of solvent, and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatiod,54 was converted to its hydrochloride salt as a
yellow oil (99 mg, 51%).

'H NMR (400 MHz, CROD) 7.37i 7.00 (m, 10H), 6.54 (s, 1H), 3.85 (t, 28i= 7.6 Hz),

2.46 (t, 2H,J = 7.6 Hz), 1.85 (q, 2HJ = 7.6 Hz); **C NMR (100 MHz, COD) & 151 .

142.2, 1322, 130.1, 129.8, 129.4, 129.2, 129.2, 128.3, 127.0, 122.8, 43.3, 335, 31.8. IR
(KBr) 3(cm) 3135, 1658, 12395 max = 229 nm, 241 nm, 258 nm. HRMS (ESlin/z
Calcd for GgHioNs: 278.1652 [M-H]"; found: 278.1653.

N
H.N— |
N

HCI

1-Pentyl-5-phenyl-1H-imidazol-2-amine hydrochloride (2.55): 2.55was synthesized as
described in the general procedure usihg3 (0.7 mmol, 255 mg) and DIBAH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA
solution.  After completion of # reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1 water:ethanol
solution. After purification2.55was converted to its hydrochloride salt as a yellow oil (92
mg, 58%).

'H NMR (300 MHz,CD;OD) Ui 7733 @n55H), 6.53 (s, 1H), 3.85 (t, 2Bi= 7.65 Hz),

1.53 (p,J = 7.2 Hz), 1.22 1.09 (m, 4H), 0.80 (t, 3H] = 7.05 Hz); *C NMR (100 MHz,
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CDs;OD) a 149. 8, 130. 4, 128. 2, 127. 8, 127. 4,
(KBr) 3(cm?) 2959, 1632, 14888max = 206 nm, 275 nm. HRMS (ESI)m/z Calcd for
C14H19N3: 230.1652 [MH]+; found: 230.1649.

N
HN-— |
N

HCI

1-Octyl-5-phenyl-1H-imidazol-2-amine hydrochloride (2.56): 2.56was synthesized as
described in the general procedure usihg4 (0.7 mmol, 284 mg) and DIBAH (1.05
mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA
solution.  After completion of the reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) was added to ¢chele product in a 1:1 water:ethanol
solution. After purification2.56was converted to its hydrochloride salt as a yellow oil (103
mg, 54%).

'H NMR (400 MHz, CROD) 7.45i 7.34 (m, 5H), 6.53 (s, 1H), 3.86 (t, 2BI= 7.2 Hz),

1.52 (t, 2HJ = 7.2 Hz),1.171 1.14 (m, 10H), 0.88 (t, 3H},= 7.2 Hz); 3C NMR (100 MHz,
CDsOD) a 151. 8, 132. 4, 130. 2, 129. 8, 129. 4,
23.7, 14.4. IR (KBrB(cm?) 2923, 1602, 15448max= 215 nm, 277 nm. HRMS (ESI)n/z

Cdcd for Ci7HsNs: 272.2121 [MH]*; found: 272.2118.
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1-Benzyt5-isobutyl-1H-imidazol-2-amine hydrochloride (2.57): 2.57was synthesized as
described in the general procedure ushg5 (0.7 mmol, 255 mg) and DIBAH (1.05

mmol, 1.05 mL). Followig work-up, the crude product was stirred in a 1.1 diethyl ether:4M
HCI. After completion of the reaction, removal of solvent, and pH adjustment, cyanamide
(3.5 mmol, 147 mg) was added to the crude product in a 1:1 water:ethanol solution. After
purification, 2.57was converted to its hydrochloride salt as a yellow oil (75 mg, 47%).

'H NMR (400 MHz, CROD)  U-7.22 (n8 @H), 7.077.05 (m, 2H), 6.32 (s, 1H), 4.9 (s,

2H) 2.22 (d, 2HJ = 7.2 Hz), 1.661.62 (m, 1H) 0.87 (d, 6H] = 6.8 Hz);**C NMR (100

MHz, CDsOD) ua 148. 3, 136. 0, 130. 1, 129. 2, 129.
(KBr) 3(cm™) 2958, 1646, 14548ax= 207 nm. HRMS (ESI)m/z Calcd for GsH1oNs:

230.1652 [M-H]"; found: 230.1654.

HzN%N]\/k
Hoo N

5-1sobutyl-1-(3-phenylpropyl)-1H-imidazol-2-amine hydrochloride (2.58): 2.58 was
synthesized as described in the general procedure @sdey(0.7 mmol, 275 mg) and

DIBAL -H (1.05 mmol, 1.05 mL). Following woflp, the crude product was stirred in a 1:1
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diethyl ether:4M HCI. After completion othe reaction, removal of solvent, and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatiod,58 was converted to its hydrochloride salt as a

yellow oil (90 mg, 50%).

'H NMR (400 VMHz, CD;OD)  U-7.17 (n8 %H), 6.21 (s, 1H), 3.67 (t, 2BI= 7.8 Hz),

2.66 (t, 2H,J = 6 Hz), 2.17 (d, 2H, 8.8 Hz), 1.95 (m, 2H) 1.63 (m, 1H), 0.86 (d,J6H6.2

Hz); °C NMR (100 MHz, COD) & 149.9, 142.4, 129.5, 129
33.7,32.1, 29.0, 22.7. IR (KBr(cm) 3098, 1652, 14578max= 210 nm. HRMS (ESI):

m/z Calcd for GeHo3N3: 258.1965 [M-H]™; found: 258.1968.

N
HaN—C M
Hot N

5-1sobutyl-1-pentyl-1H-imidazol-2-amine hydrochloride (2.59): 2.59was synthesized as
described in thegeneral procedure using37 (0.7 mmol, 241 mg) and DIBAIH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 1.1 diethyl ether:4M

HCI. After completion of the reaction, removal of solvent, and pH adjustment, cyanamide
(3.5 mma, 147 mg) was added to the crude product in a 1:1 water:ethanol solution. After
purification,2.59was converted to its hydrochloride salt as a yellow oil (60 mg, 41%).

'H NMR (400 MHz, CBOD) U 6. 23 (s J=6H) 2338,26B=8Hzt),, 2H,
1.831.69 (m, 1H), 1.68.62 (m, 2H), 1.441.29 (m, 4H), 0.98.92 (m, 9H).*C NMR (100

MHz,CD;OD) 4 149. 8, 127. 3, 120.5, 43. 2, 34. 6,
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3(cm?) 2934, 1647, 1527.9-max = 230 nm. HRMS (ESI):m/z Calcd for GsHo3Ns:

210.1965 [M-H]*; found: 210.1964.

N
el ]\/j\
ot N

5-1sobutyl-1-octyl-1H-imidazol-2-amine hydrochloride (2.60): 2.60was synthesized as
described in the general procedure usihg8 (0.7 nmol, 270 mg) and DIBAEH (1.05
mmol, 1.05 mL). Following workip, the crude product was stirred in a 1.1 diethyl ether:4M
HCI. After completion of the reaction, removal of solvent, and pH adjustment, cyanamide
(3.5 mmol, 147 mg) was added to the crudedpct in a 1:1 water:ethanol solution. After
purification,2.60was converted to its hydrochloride salt as a yellow oil (91 mg, 52%).

H NMR (400 MHz, CROD) U 6. 23 (Js 6.8 Hz)H2.33 (dB= 7R ®iz), (186,

1.76 (1H, m), 1.68.60 (m, 2H), 1.38.28 (m, 10H), 0.97 (d, 3H,= 6.4Hz), 0.92 (t, 6HJ

= 6.0 Hz); ®C NMR (100 MHz,COD) & 149.9, 127.3, 120. 6,
30.3 29.1, 27.7, 23.7, 22.8, 14.4. IR (KBs{cm™) 3109, 1644, 1526.8max = 220 nm.

HRMS (ESI): m/z Calcd for GsHogNs: 252.2434 [M-H]"; found: 252.2432.
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1-Benzyt5-hexyl-1H-imidazol-2-amine hydrochloride (2.61): 2.61was synthesized as
describd in the general procedure usi2g39 (0.7 mmol, 275 mg) and DIBAH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 1.1 diethyl ether:4M
HCI. After completion of the reaction, removal of solvent, and pH adjustment, cyanamide
(3.5 mmol, 147 mg) was added to the crude product in a 1:1 water:ethanol solution. After
purification,2.61was converted to its hydrochloride salt as a yellow oil (82 mg, 46%).

H NMR (400 MHz, CROD)  #I-7.36 (m4 3H), 7.167.14 (m, 2H), 6.69 (s, 1H), 5.19 (s,
2H), 2.42 (t, 2H, 8.0 Hz), 1.49 (tt, 2H,= 7.4, 6.9 Hz), 1.31..22 (m, 6H), 0.87 (t, 3H] =

6.9 Hz); *C NMR (100 MHz, COD) U4 148.5, 136.1, 130.6,
46.6, 325, 29.7, 28.1, 24.6, 23.5, 14.3. IR (KBm') 3105, 1655, 14568max = 220 nm.

HRMS (ESI): m/z Calcd for GgHo4N3: 258.1965 [M-H]"; found: 258.1964.

N
H2N_</ ]\/\/\/
Heo N

5-Hexyl-1-(3-phenylpropyl)-1H-imidazol-2-amine  hydrochloride (2.62): 2.62 was
synthegzed as described in the general procedure ugidg§ (0.7 mmol, 294 mg) and

DIBAL -H (1.05 mmol, 1.05 mL). Following woflp, the crude product was stirred in a 1:1
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diethyl ether:4M HCI. After completion of the reaction, removal of solvent, and pH
adjustent, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatio®,62was converted to its hydrochloride salt as a

yellow oil (102 mg, 51%).

'H NMR (400 MHz, CROD)  U-7.1B (n8 8H), 6.20 (s, 1H), 3.71 (t, 2B= 8 Hz), 2.67

(t, 2H,J = 7.6 Hz), 2.29 (t, 2H) = 7.2 Hz), 1.95 (it, 2HJ = 7.6 Hz), 1.511.46 (m, 2H),

1.361.27 (m, 6H), 0.92 (t, 3H] = 7.2 Hz); ®*C NMR (I00 MHzCDOD) U 149.8, 1
129.5, 8.6, 127.1, 119.9, 119.3, 42.5, 33.7, 32.7, 32.1, 30.0, 29.5, 25.2, 23.7, 14.4. IR
(KBr) 3(cm’) 2925, 1637, 1552, 1336Max= 220 nm, 284 nm. HRMS (ESIm/z Calcd

for CigH7Ng: 286.2278 [M-H]"; found: 286.2274.

N
H2N_</ ]\/\/\/
Heo N

5-Hexyl-1-pentyl-1H-imid azol2-amine hydrochloride (2.63): 2.63was synthesized as
described in the general procedure usigl (0.7 mmol, 261 mg) and DIBAIH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 1:1 diethyl ether:4M
HCI. After completionof the reaction, removal of solvent, and pH adjustment, cyanamide
(3.5 mmol, 147 mg) was added to the crude product in a 1:1 water:ethanol solution. After
purification,2.63was converted to its hydrochloride salt as a yellow oil (38 mg, 23%).

'H NMR (400 MHz, CDOD) U 6. 59 ( s J=T716BMHz), 2.34.(t82#, JE7.65 2 H,

Hz), 1.717 1.31 (m, 14H), 0.98 0.94 (m, 6H); **C NMR (100 MHz, COD) & 158. 1,
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130.4, 109.7, 43.8, 32.8, 30.0, 29.7, 29.5, 28.4, 24.7, 23.8, 23.5, 14.5, 14.4. IR((GKBY)

2924, 1648, 1460, 1267amax= 210 nm. HRMS (ESI)m/z Calcd for G4aH27N3: 238.2278

N
H2N_</ ]\/\/V
Hco N

[M+H]"; found: 238.2280.

5-Hexyl-1-octyl-1H-imidazol-2-amine hydrochloride (2.64): 2.64was synthesized as
described in the general procedure usihg2 (0.7 mmol, 290 mg) and DIBAH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 1.1 diethyl ether:4M

HCI. After completion of the reaction, removal of solvent, and pH adjustment, cyanamide
(3.5 mmol, 147 mg) was added to theds product in a 1:1 water:ethanol solution. After
purification,2.64was converted to its hydrochloride salt as a yellow oil (47 mg, 24%).

'H NMR (300 MHz, CROD) U 6.59 (s J=1215Hz),2.53 (t,24)=7.65, 2H,
Hz), 1.70i 1.63 (m, 4H), 1.46 1.33 (m, 16H), 0.97 0.90 (m, 6H); °C NMR (100 MHz

ChbsOD) u 147. 7, 130. 3, 109. 6, 4 3.7, 32. 9, 3 2.
23.6,14.4, 14.3. IR (KBrp(cm?) 2927, 1658, 1463max= 214 nm. HRMS (ESI)m/z

Calcd for G/H3aNa: 280.2747 [MH]'; found: 280.2748.
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1-Decyk5-hexyl-1H-imidazol-2-amine hydrochloride (2.65): 2.65was synthesized as
described in the general qmedure using2.43 (0.7 mmol, 310 mg) and DIBAH (1.05

mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA
solution.  After completion of the reaction, removal of solvent, and pH adjustment,
cyanamide (3.5 mmol, 147 mg) waslded to the crude product in a 1:1 water:ethanol
solution. After purification2.65was converted to its hydrochloride salt as a yellow oil (107

mg, 50%).

H NMR (400 MHz, CROD) & 6. 22 (s, =16Hz), 245 (t72B)=(76, 2H,
Hz), 1.67i 1.59 (m, 4H), 1.44 1.32 (m, 29H), 0.95 0.90 (m, 6H); *C NMR (100 MHz,

ChsOD) u 149. 8, 128. 4, 119. 3, 43. 2, 33. 1, 3 2.
25.4,23.8, 23.7, 14.5, 14.5. IR (KBg(cm™') 2922, 2855, 1656, 14618:max= 226 nm.

HRMS (ESI): m/z Calcd for GgHz7N3: 308.3060 [M-H]"; found: 308.3062.

N
HzN%NLH
4
% )10

1-Dodecyt5-hexyl-1H-imidazol-2-amine hydrochloride (2.66): 2.66was synthesized as
describd in the general procedure usi2gd4 (0.7 mmol, 329 mg) and DIBAH (1.05
mmol, 1.05 mL). Following workip, the crude product was stirred in a 10:1 DCM/TFA

solution.  After completion of the reaction, removal of solvent, and pH adjustment,
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cyanamide (% mmol, 147 mg) was added to the crude product in a 1:1 water:ethanol
solution. After purification2.66was converted to its hydrochloride salt as a yellow oil (136

mg, 58%).

'H NMR (400 MHz, CROD) U 6. 21 ( s,J=18Hz), 245 (t72B)=74%, 2H,
Hz), 1.64i 1.57 (m, 4H), 1.42 1.32 (m, 24H), 0.94 0.89 (m, 6H); **C NMR (100 MHz,

ChsOD) u 149. 8, 128. 4, 119. 4, 43. 2, 33. 1, 32.
29.4,27.7, 25.4, 23.8, 23.7, 14.5, 14.5. IR (KB@m?) 3093, 2917, 1654, 145Buna=

222 nm. HRMS (ESI)m/z Calcd for GiH4N3: 336.3373 [M-H]"; found: 336.3376.

N

HZN%/]\/\A i

Hoo N NJ(O
S

Benzyl 4(2-amino-1-benzyl1H-imidazol-5-yl)butylcarbamate hydrochloride (2.67):

2.67was synthesized as described in the general procedure2i$b@.7 mmol, 359 mg)

and DIBAL-H (1.05 mmol, 1.05 mL). Following wotlp, the crude product was stirred in a

10:1 DCM/TFA solution. After completion of the reaction, removal of ey and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatiog,67 was converted to its hydrochloride salt as a

yellow oil (110 mg, 41%).

'H NMR (400 MHz, CRO D) i 7.06.(n8, &OH), 6.33 (s, 1H), 5.06 (s, 2H), 5.09 (s,

2H), 3.07 (br s, 2H), 2.38 (br s, 2H), 1.49 (br s, 4K NMR (100 MHz, COD) U4 159. O,

150.7, 138.6, 138.5, 130.0, 130.0, 129.6, 129.1, 128.9, 128.7, 127.4, 120.3, 67.4, 46.4, 41.5,
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30.6 26.5, 25.1. IR (KBri(cm) 2933, 1699, 1541, 125%ma= 215 nm. HRMS (ESI):

m/z Calcd for GoHoeN4O2: 379.2129 [M-H]™; found: 379.2134.
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Benzyl 4(2-amino-1-(3-phenylpropyl)-1H-imidazol-5-yl)butylcarbamate hydrochloride

(2.68): 2.68was synthesized as described in the general procedure246{§.7 mmol, 379

mg) and DIBAL-H (1.05 mmol, 1.05 mL). Following woflp, the crude product was stirred

in a 10:1 DCM/TFA solution. After completion of the reaction, removal of solvent, and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatio@,68 was converted to its hydrochloride salt as a
yellow oil (96 mg, 34%).

H NMR (300 MHz, CROD) Ui 7718 (@1710H), 6.54 (s, 1H), 5.08 (s, 2H), 3.84 (t, 2H,
J=7.8 Hz), 3.15 (t, 2H) = 6.3 Hz), 2.71 (t, 2H) = 7.5 Hz), 2.38 (br s, 2H), 1.99 (quintet,

2H,J = 7.5 Hz), 1.54 (s, 4H)°C NMR (100 MHz, CBOD) & 158. 9, 150. 0,
1297, 129.5, 129.4, 128.9, 128.7, 128.1, 127.1, 119.8, 67.3, 42.6, 41.4, 33.7, 32.1, 30.5, 26.6,
24.8. IR (KBr)3(cm™) 2923, 1661, 1530, 1254max= 215 nm. HRMS (ESI)m/z Calcd

for CoqH3oN4O2: 407.2442 [MH]™; found: 407.2438.
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Benzyl 4(2-amino-1-pentyl-1H-imidazol-5-yl)butylcarbamate hydrochloride (2.69):
2.69was synthesized as described in the general procedure2idin@.7 mmol, 345 mg)

and DIBAL-H (1.05 mmol, 1.05 mL). Following worlp, the crude product was stirred in a
10:1 DCM/TFA solution. After completion of the reaction, removal of solvent, and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatio@,69 was converted to its hydrochloride salt as a
yellow oil (79 mg, 32%).

H NMR (400 MHz, CROD) ,  7.29 (m3581), 6.25 (s, 1H), 5.08 (s, 2H), 3.69 (t, 2H,

= 7.2 Hz), 3.17 (t, 2H) = 6 Hz), 2.48 (t, 2H,) = 6.4 Hz), 1.671.59 (m, 6H), 1.441.32 (m,

4H), 0.93 (t, 3HJ = 7.2 Hz); *C NMR (100 MHz, ®:OD) & 159.1, 150. 0,
129.1, 128.9, 128.4, 119.3, 67.4, 43.4, 41.6, 30.7, 30.4, 30.1, 26.6, 25.0, 23.6, 14.5. IR (KBr)
3(cm?) 2944, 1660, 1455, 1257, 113%ma = 228 nm. HRMS (ESI):m/z Calcd for

CaoHzoN4O2: 359.2442 [M-H]"; found 359.2442,
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Benzyl 4(2-amino-1-octyl-1H-imidazol-5-yl)butylcarbamate hydrochloride (2.70): 2.70

was synthesized as described in the general procedure18B(.7 mmol, 375 mg) and
DIBAL-H (1.05 mmol, 1.05 mL). Following wosdp, the crude produatas stirred in a

10:1 DCM/TFA solution. After completion of the reaction, removal of solvent, and pH
adjustment, cyanamide (3.5 mmol, 147 mg) was added to the crude product in a 1:1
water:ethanol solution. After purificatio®, 70 was converted to itsyldrochloride salt as a
yellow oil (95 mg, 34%).

'H NMR (400 MHz, CROD) U7 7730 @75H), 6.26 (s, 1H), 5.08 (s, 2H), 3.70 (t, 2H,

= 7.6 Hz), 3.17 (t, 2H) = 6.4 Hz), 2.48 (t, 2H) = 6.4 Hz), 1.6 1.60 (m, 6H), 1.34 1.31

(m, 10H), 0.91 (t, 3HJ = 6.4 Hz); °C NMR (100 MHz, COD) U 164.8, 149.
129.4, 128.9, 128.7, 128.4, 119.9, 118.6, 67.3, 43.3, 41.4, 32.9, 30.5, 30.4, 30.3, 27.7, 26.3,
24.8, 23.7, 14.4. IR (KBr3(cm) 2926, 1692, 14588max = 213 nm. HRMS (ESI):m/z

Calcdfor CosH3eN4O2: 401.2911 [MH]™; found: 401.2912.

Bacterial Strains. S. aureug29213),S. epidermidi$29886), MRSE (51625) MRSA (BAA
44), MDRAB (BAA-1605),A. baumanni{19606),K. pneumoniadBAA-2146), ancE. coli

(35695) were obtained from tRa CC.
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Broth Microdilution M ethod for MIC Determination. Overnight bacterial cultures were
subcultured to 5 x POCFU/mL in Mueller Hinton Broth (MHB). The resulting bacterial
suspension was aliquoted (1.0 mL) into culture tubes and compound addedOfomVL

stock samples in molecular biology grade DMSO to a final concentration of 128 pg/mL,
samples containing no compound served as a control. Samples were then aliquoted (200 pL)
into the first row of wells of a 9@ell microtiter plate in which subsequenells had been

prefilled with 100 pL of the same bacterial subculture. Row one wells were mixiE 8

times then 100 pL was withdrawn and transferred to row two. Row two wells were niixed 8

10 times followed by a 100 pL transfer to row three. This proéeduwas wused to s
dilute the rest of tThhee rnoiwsr ootfi ttehre pnhiactreo tw aesr
mi crotiteprl apcleadt ei nl iad covered plastic cont ai
condi t3i1 Afer 1@, the lid waremoved and MIC values were recorded.

Biofilm I nhibition AssayProtocol. Overnight cultures of. aureusA. baumannii,or E.

coli in tryptic soy broth with 0.5% glucos&.(aureusor LuriaBertani (LB) A. baumannji

media respectively, were subculturéd an ORQgy of 0.01 into the same media. Test
compound was added to the inoculated medi a
96-well plate, innoculum without compound served as the control. Plates were covered, and
incubated in a humidified container und&t®nary condition at 37 °C for 24 h. Media and
planktonic bacteria were discarded and the plates were washed with water. Each well was
stained with 110 €L 0.1% solution of <crysta

After washed with water agaih,he r emai ni ng stain was dissolyv
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125 pL was transferred to polystyrene microtiter dish. Biofilm inhibition was quantified by

measuring the O£, of each well. Blank wells were employed as background controls.
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Pulse Sequancer slpe)
Sotvent: COCIY
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15C oastavy

Pulne Sequencer sipw)
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I748 repetition

ORSLAVE  CIY, 190 6140000 mnr

CECOURLE N1, 4001071841 W2

Pover 44 a0 l ‘

DATA PROCE

Line broadening 1.0 m¢
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STAMDARD Ln OMSCRVE

Pelse Baquancer slpw)
Solvest: COC1Y

)
Anbient Lemperaters

filer 1w

Rercury 40008  “nceumercate”

Retan. delay 1. 008 sec
Pulse 5.0 u'uu
Acq. time 1902 nec

T osire 32768
Total tiee & win, 54 sec
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STANOARD 1N OBSCRVE

Pulse Sequencer tlpw)
Solvent: COCIY
-t

Aab Lesperatere
File 1A
Nercury 40008  “actumer e

Ratan, delay 1009 sec
-

Ate. time 1903 sec
VId 1504
18 repetit

1ors

4901391008 Wz
catA rrecessisg

11 size 32788
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STANDARD 1h O8MLEVE

Pelie Sequencer slpw!

Solvent: COC1Y
Anhient tesperaters

filer 1134
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STANOARD IH O8SLEVE

Pulte Sequencer sigel
0 vent

Bercury~40008  “nciumercaor

Ratax. delay 3000 sec
fatse .0

. ¥ v
12 11 10 ° H

~
i
-
-

190



NHCbz ”

247

\BARd T \Aaaas RERES S T Ty e - T vy - .
Ed 1] 180 160 140 120 100 L1} L1 a0 2 ° ppa

191



| 6
NHCbz
248
. R JL____/LLJL Jﬂ"\u__ [
T T T 3 s r e s H 3 2 1 S A oo

192



Oy N\H
I 6
NHCbz
248 |‘
[ |
| I 1| _VL_FJ [ I} I
200 ase | 1se | 1ae 120 1ee se | ss was v e

193



Pelee Sequencer sipw)
Solvent: CO300
Anhient Lempsratere
e Crcimarcase
Retaw. delay 1,800 sec
Duite 359 degrees
. time 1990 wec
VIGLN 4004 .0 Mx
mqum

Wi, 408, 1367613 WMz
oaTA Peectssing
T sl 32700
Total thee § ain, 50 e
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Pulse Saquencer slpe)
Sotvent: CO200

A0 et Lemparatire
.Ol(w'l.:‘ Taciumer At
LS
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AVE €13, 100 6140108 er
DICOWRE NI, 4001007407 Wy
Power 44

otal tiee 41 W, 12 win, T sec
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