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,Wir konnen allen Feinden einer sich mihsam zur richtigen Erkenntnis durchringenden
Wissenschaft, allen Kurpfuschern und Scharlatanen keinen grofReren Dienst erweisen und [...]
der gesamten leidenden Menschheit keinen groReren Schaden zufiigen, als wenn wir miiRig und
feig die Hande in den Schol3 legen wirden. Nur dadurch, dal wir diese Probleme anpacken,
ergibt sich tberhaupt erst die Moglichkeit, dal? sie gelost werden.

Prof. Dr. Gerhard Domagk, Angewandte Chemie 1935, 48(42), 657-676.



Kurzzusammenfassung

Tim Seedorf

Synthesis of an antibacterial oligopeptide library

Schlagworter: Antibiotika, Cystobactamide, Myxovalargin A, Totalsynthese,
Medizinalchemie, Struktur-Aktivitats-Beziehung (SAR), Festphasensynthese

Die Oligopeptide Cystobactamid und Myxovalargin A sind Naturstoffe, die aus Myxobakterien
stammen. Beide Sekundarmetabolite weisen hohe antibakterielle Wirkung auf und befinden
sich auf unterschiedlichen Stufen der préklinischen Antibiotikaentwicklung. In der
vorliegenden Arbeit wurden Synthesen dieser Naturstoffe und ihrer Analoga zur Etablierung
ihrer Totalsynthese bzw. der Optimierung ihres antibakteriellen Profils durchgefhrt.
Cystobactamide stellen eine neue Antibiotikaklasse dar. Seit ihrer Entdeckung wurden durch
Naturstoffisolation und Totalsynthese Struktur-Aktivitats-Beziehungen (SAR) aufgestellt. In
dieser Arbeit wurden die SAR-Studien durch Synthese einer Wirkstoffbibliothek vertieft und
das antibakterielle Profil gegenuber Vertretern aller ESKAPE-Pathogene durch
Strukturvereinfachung, Bioisosterie und neuartige Strukturmotive optimiert.

Myxovalargin A zeigt Wirkung gegen Tuberkulose. Unzureichender Zugang durch
Fermentation verhinderte fir lange Zeit die Aufklarung der absoluten Stereokonfiguration.
Dafiir wurden in dieser Arbeit synthetische Studien zur Totalsynthese von Myxovalargin A
durchgefuhrt mit dem langfristigen Ziel, den Weg zu einem medizinalchemischen Projekts zu
ebnen. Eine Kombination aus Fest- und Flissigphasensynthese ermdglichte die Bereitstellung
grolRer Fragmente des Naturstoffs.



Abstract

Tim Seedorf

Synthesis of an antibacterial oligopeptide library

Schlagwdrter: antibiotics, Cystobactamids, Myxovalargin A, total synthesis, medicinal

chemistry, structure-activity-relationship (SAR), solid-phase-synthesis

The oligopeptides cystobactamid and Myxovalargin A are natural products produced by
myxobacteria. Both secondary metabolites exhibit high antibacterial activity and are currently
in different stages of preclinical antibiotic development. In the present work syntheses of these
natural products and their analogs were performed to establish their total synthesis and to
optimize their antibacterial profile, respectively.

Cystobactamids represent a new class of antibiotics. Since their discovery structure-activity-
relationships (SAR) were stated through natural product isolation and totalsynthesis. In this
work the SAR studies were extended by synthesis of an agent library und the antibacterial
profile was optimized against representatives of all ESKAPE pathogens utilizing structural
simplification, bioisosterism and novel structural motifs.

Myxovalargin A exhibits biological activity against tuberculosis. Insufficient access through
fermentation prevented the elucidation of the absolute stereoconfiguration for a long time.
Therefore, synthetic studies towards the total synthesis of Myxovalargin A were performed in
this work with the long term aim to pave the way for a medicinal chemistry program. A
combination solid and liquid phase synthesis enabled the provision of advanced fragments of

the natural product.
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Preliminary remarks

The stereochemistry in this work is differentiated by the following definition: wedged bond
display absolute stereoconfiguration, while bars indicate relative stereoconfiguration.

Undefined stereoconfiguration is shown with single bounds. Wavy bonds represent a racemate.

R1J\/R2 R1J\/R2 R1J\(R2 R1%R2

absolute relative inderminated

] . N . , : racemate
stereoconfiguration stereoconfiguration stereoconfiguration

The atom numbering for NMR signal assigning does not follow the IUPAC rules.

Parts of the research of this work have already been published:

[1] Natural and Synthetic Oligoarylamides: Privileged Structures for Medical Applications, T.
Seedorf, A. Kirschning, D. Solga, Chem. Eur. J. 2021, 27, 7321-7339.

[2] The Myxobacterial Antibiotic Myxovalargin: Biosynthesis, Structural Revision, Total
Synthesis, and Molecular Characterization of Ribosomal Inhibition, T. O. Koller, U. Scheid, T.
Kdosel, J. Herrmann, D. Krug, H. I. M. Boshoff, B. Beckert, J. C. Evans, J. Schlemmer, B. Sloan,
D. M. Weiner, L. E. Via, A. Moosa, T. R. loerger, M. Graf, B. Zinshteyn, M. Abdelshahid, F.
Nguyen, S. Arenz, F. Gille, M. Siebke, T. Seedorf, O. Plettenburg, R. Green, A.-L. Warnke, J.
Ullrich, R. Warrass, C. E. Barry 3rd, D. F. Warner, V. Mizrahi, A. Kirschning, D. N. Wilson,
R. Mdller, J. Am. Chem. Soc. 2023, 145, 2, 851-863.
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1 Introduction

As the threat of multiple drug resistance (MDR) steadily exacerbates, the WHO constantly
updates a priority list of pathogens to promote comprehensive global research and development
of novel antibiotics since 2017. This list includes nosocomial ESKAPE (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeroginosa and Enterobacter spp.) pathogens and addresses tuberculosis causing pathogen
Mycobacterium tuberculosis separately, stressing its medical relevance as top infectious
killer.ll Since that until mid of 2021, global approval of only 12 new antibiotic drugs was
successful with solely one agent belonging to a new antibacterial class. Candidates in clinical
development are insufficiently differentiated, especially against critical pathogens. Therefore,
the discovery of novel antibacterial lead structures is an urgent need.[?! This work contributes
to the development of two novel oligopeptidic antibiotics with activity against WHO-listed
priority pathogens. On the one hand, cystobactamids represent a new antibiotic class with high
activity against ESKAPE pathogens (chapter 2). On the other hand, myxovalargin was revealed
as potential antibiotic against Mycobacterium tuberculosis (chapter 3).

1.1 Multiple drug resistance — a long known threat

The history of antibiotics from discovery to application, over the "golden age™ until the recent
lack of novel antibiotics along with bacterial resistance is stressed in a vast number of students
presentations, theses, publications, reviews, conference talks and popular scientific articles.

However, somehow it seems humanity is unable to apprehend its own alert and further to take
appropriate actions:F*! In 1935 prontosil was discovered as antibiotic and allowed the systematic
therapy of infectious diseases.l*! Later in the 1930s the first sulfonamide resistance emerged
and was identified as such.®! In 1945 FLEMING already concluded in his Nobel lecture: "it’s not
difficult to make microbes resistant to penicillin in the laboratory by exposing them to
concentrations not sufficient to kill them [...] there is the danger that the ignorant man may
easily under-dose himself and, by exposing his microbes to non-lethal quantities of the drug,
make them resistant."[®! In 1955 multiple drug resistance (MDR) of the tuberculosis causing
Mycobacterium tuberculosis was reported for the first time.[’l In 1963 an early review was
published, in which MDR and its infective heredity was still described as "interesting
problem™.8l At least since 1982, headlines changed: "Microbial resistance to antibiotics — an
evolving and persistent problem"®l and even before the turn of the millennium society was

advised to consider the (mis)use of antibiotics to may reverse the problem of MDR.[*! Already
1



in 2004 scientists realized that "[...] antimicrobial resistance is not new [...]".[°] Five years later,
in 2009, the European Centre for Disease Prevention and Control (ECDC) together with the
European Medicines Agency (EMA) eventually confessed that it is "time to react”.[**) However,
in 2014, a soon arising “post-antibiotic era" was predicted by the WHO,[*? which still
concerned the scientific community as lethal threat in 2022.1*3 Beyond that, the terms extensive
drug resistance (XDR) and pan drug resistance (PDR) start to supersede MDR.4

The list of admonishing publications could be extended by numerous examples. MDR is well
understood.*3 The answer to this threat is known for a long time, but economic, social,
political, jurisdictional as well as communicative hurdles demonstrate the underlying cross-
disciplinary complexity.[3 This work offers to take over responsibility from a scientific, and

more precisely, synthetic, forward looking point of view.

1.2 Structure-activity-relationship in drug design

Scientists developed multiple ways to design drugs. Dependent on the information available
about the active agent and the molecular target, this goal is achieved with more or less obstacles.
Innovations like 3D X-ray or NMR analysis of biomolecular structures, docking tools and other
computer aided methodologies accelerated the drug discovery over the past decades and
contribute to a rational drug design.™! A very basic, but fundamental approach for drug design
—regardless of the availability of other methodologies — is the experimental investigation of the
relationship between the chemical constitution and physiological action of a potential drug. The
structure-activity-relationship (SAR) approach is even applicable when the molecular target or
the binding-site within the target is unknown. Iterative modification of the active compound by
synthesis and subsequent biological profiling affords data from which principles are
deduced.[*® Thus, SAR is located at the intersection of chemistry, biology, and statistics (Figure
1).71

Biology experimental
activities
mechanisms

theoretical

Chemistry Statistics

structures methods of

reactions analysis N
empirical

Figure 1: SAR connects chemistry, biology, and statistics.[*"]
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The key of mechanistic SAR investigations is to find the rate-determining event in the
mechanism of action and its most relevant structural feature in the chemical agent, which, in

turn, can be altered in assumption of mechanistic similarity of the substitute (Figure 2).17

Chemicals
biology & chemistry-based functional

classification
Chemical descriptor Blolpgycal actlvyty
.. Quantitation, mechanistic

mechanistically relevant .
characterization
Method of analysis

determined by nature of data

SAR model

Figure 2: Progress and relations in the development of mechanistic SARs.[*"]

Nevertheless, a generalization is often difficult, as certain compounds with high constitutional
similarity differ significantly in biological action. Others have only little in common in terms
of constitution but are physiologically almost indistinguishable. The physiological activity is
no defined variable and represents not only the on-target efficiency, but displays an ensemble
of all interactions within the living organism.[*®! Therefore drug design based on SAR can be
employed to enhance biological activity and physicochemical characteristics simultaneously or
successively. In medicinal chemistry the idea of finding structure-activity-relationships is as
pivotal as obvious and SAR can be explored in infinite complexity with constantly growing
technology. However, the capability of synthesis is underlying.l*®l Natural products with

biological activity of interest constantly serve as starting points for SAR studies.[**!

1.3 Myxobacteria as a source of new antibiotics

Myxobacteria are ubiquitous in soils of different properties and proved as excellent source for
secondary metabolites with striking structural diversity and biological activity (antibacterial,
antifungal, anti-cancerous, antiparasitic, immunomodulatory) not covered by isolates from
other bacterial sources like Actinomycetes, Bacillus or Pseudomonas. These natural products
appear with a variety of chemical scaffolds synthesized from PKS, NRPS or ribosomally and

also terpenes are reported. Sequences of monomeric building blocks lead to modular natural

3



products that may undergo further modifications during or after scaffold synthesis. The
discovery of new secondary metabolites isolated from myxobacteria, understanding their mode
of action and optimization of such drug candidates is a powerful tool in combating MDR.
Within the plethora of structural diversity peptidic structures are commonly found in
myxobacterial secondary metabolites.?” The oligopeptides cystobactamid (chapter 2) and
myxovalargin (chapter 3) embody two novel isolates that raised attention in the preclinical

development of new antibiotics.

2 Cystobactamids

Cystobactamids represent a new class of antibiotics. The natural products were isolated first
from the myxobacteria Cystobacter velatus Cbhv34 and show antibacterial activity against
GRAM-negative and -positive bacteria. Cystobactamids are NRPS derived aromatic
oligoarylamides. Cystobactamid 919-2 was one of the first isolates (Figure 3). The hexapeptide
consists of the unnatural amino acid B-methoxy-L-asparagine as a linker, which is flanked by
two aromatic peptide fragments: The western fragment comprises one para-aminobenzoic acid
(PABA) and one para-nitrobenzoic acid (PNBA), whereas the eastern fragment consists of
three PABA moieties. The five aromatic building blocks can be designated A-E consecutively
from the N- to the C-terminus. In addition, rings D and E are decorated with isoproxy and
hydroxy groups.[?*?2 Cystobactamids represent a novel compound class within the group of
oligoarylamides!®! comprising the diversely occurring, privileged building block PABA, which

is known as eligible architecture for modifications in drug design.[?4

o ’g hascw

919-2 )\ OH

Figure 3: Structure of cystobactamid 919-2.

Structurally similar natural products with antibacterial activity against GRAM-negative bacteria
were reported. Coralmycins may differ in the alkoxy and hydroxy substitution pattern of rings
D and E or possess different stereoisomers of the central amino acids, e.g. Coralmycin B (1).[2°]
Therefore they can be seen as cystobactamid analogs.?®! In contrast, Albicidin (2) isolated from

Xanthomonas albilineans, which is unrelated to myxobacteria, consists of -L-cyanoalanine as
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linker, which is also found in cystobactamids, and also differs in the substitution pattern of rings
D and E. Additionally, Albicidin (2) contains a para-hydroxy coumaric acid with a methyl
group in the 3-position instead of the PNBA unit of cystobactamids (Figure 4).127]

o

\
Re)
HO H
HN N
o N
L O
/@AN [¢] o (0]
H
O,N

)\ OH HN
o (e}
)\ OH OH

Coralmycin B (1)

NC

H
HNjﬁfN
o N
L O
XN %o o
H |
HO

OH HN

Albicidin (2)

Figure 4: Structures of Coralmycin B (1) and Albicidin (2).

2.1 Mode of action

Cystobactamids were found to target bacterial type IIA topoisomerases with limited cross-
resistance to known gyrase inhibitors.[?l Type I1A topoisomerases represent a favorable target
in drug design since their exclusive appearance in bacteria and their crucial role in the
replication process. Two representatives of this enzyme class are the gyrase responsible for
intramolecular negative supercoiling during replication and the topoisomerase 1V catalyzing
intermolecular decatenation after replication.[?® Biochemical assays indicated the gyrase as
main target besides topoisomerase IV with 919-2 showing higher activity than the
fluoroquinolone antibiotic CIP. The ATP-dependent negative DNA supercoiling catalyzed by
the gyrase is suggested to be inhibited by binding of cystobactamids to the GyrA-DNA
interphase like quinolones. Increased ATP concentrations led not to decreased activity of
cystobactamids, excluding the ATP-binding pocket as alternative target.?!! Structurally related
natural product Albicidin (2) was confirmed as gyrase poison by not only inhibiting the catalytic
cycle, but consequently also inducing cell death. Mechanistic studies revealed albicidins bind
both the gyrase and the cleaved DNA, resulting in a lock of the catalytic cycle.?®l The trimeric
eastern part of Albicidin (2) is responsible for the specific enzyme binding. The dimeric western
part intercalates into the DNA. The linker acts as hinge region while it interacts with the water



shell of a Mg?* ion, which is considered to fix the inhibitor. It is hypothesized that albicidins
first intercalate and finally prohibit religation of the DNA strands.?®l The assumption that
structurally similar cystobactamids act, in the same manner, is not far to seek. This unique mode
of action within the class of topoisomerase inhibitors highlights the potential of oligoarylamides
like albicidins or cystobactamids as response to the emerging lack of drugs against MDR

pathogens.

2.2 Biosynthesis

Heterologous expression of the cystobactamid biosynthetic gene cluster in Myxococcus xanthus
was reported and resulted in a revised biosynthesis model depicted in Scheme 1.122% CysK
consists of four modules. Module 1 accepts only PABA units, that are activated by CysL to
form CoA-bound PABA. Oxygenation of the N-terminus to the NO> group is accomplished by
CysR in trans or after the final product is released. A second PABA building block is
incorporated by module 2 (CysK). CysH-bound L-asparagine is hydroxylated by CysJ. O-
Methylation is catalyzed by CysQ to form the most prominent linker B-methoxy-L-asparagine.
An aminomutase dehydratase domain on CysH is involved in the biosynthesis of other linker
moieties. CysB shuttles the linker from the independent CysH to the assembly line on CysK to
elongate the peptide chain. An additional PABA moiety is added to module 4. CysC is expected
to oxidize CoA-bound PABA building blocks before loading to modules 5 and 6 of CysG.
Alkylation of the free phenols is performed by SAM-dependent CysF to form the corresponding
methoxy moieties. Cobalamin-dependent radical-SAM enzyme CyS is responsible for the
tailoring methyl group alkylation steps. Besides the isolation of 919-2 a variety of
cystobactamids were isolated since their discovery. Only a small number of natural
cystobactamids possess worthwhile antibacterial activity. A selective biosynthesis of these
desired natural products through heterologous expression is not yet established.[! Therefore,
synthetic approaches are necessary to develop novel cystobactamids, improve their antibacterial
profile and provide sufficient quantities.



R' = OH (Ts)

R'=H (Te)

Scheme 1: Biosynthesis model of cystobactamid 919-2; domains: AMDH = aminomutase dehydratase,
A = adenylation, C = condensation, T = thiolation, TE = thioesterase, red cross: inactive domain.



2.3 Structure-activity-relationship studies

Until today several naturally occuring cystobactamids have been reported. The natural products

differ in their linker structure and their functionality pattern of rings D and E (Figure 5).[26:30]
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Figure 5: Structures of natural cystobactamids.

Synthetic programs were started to get access to novel cystobactamids with simplified
structures, bioisosters or novel structural motifs. Today, several total syntheses of natural and
unnatural cystobactamids are reported.[?31:3231 Comparison of native and synthetic
cystobactamids on their antibacterial potential provided information about the structure-
activity-relationship (SAR). In a first SAR study of the natural products only cystobactamids
919-2 and 861-2 with B-methoxy-L-asparagine as linker showed sufficient antibacterial activity,

whereas 861-2 is superior to 919-2.[2¢1



Generally, cystobactamids require the core structure of a hexapeptide. Truncated analogs,
lacking rings A, AB or E lost their antibacterial activity (Figure 6 & Figure 7).323 This is
plausible, when taking the mode of action of albicidins into consideration, in which the western
fragment is responsible for DNA intercalation.[?®l While Nature leaves the western fragment
untouched, total synthesis allows the modification of the N-terminal flank of the linker. Early
investigations — with 861-2 as reference compound — revealed the CN group of CN861 as
suitable substitute for the NO> group (Figure 6). Efforts were made towards amide replacements
by bioisosters. Urea linkages between the aromatic units were tested and tolerated between
rings A and B. On the other hand, a triazole connecting rings C and D led to retained
antibacterial activity and potentially circumvents the previously reported resistance factor
AlbD. 2334331 Different ring A analogs were tested in combination with the triazole moiety

between rings C and D. However, CN861 remained the most potent derivative (Figure 6).
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Figure 6: Overview of selected structural modifications of cystobactamid 861-2 for SAR investigations®234; MICs
against selected Gram-negative and -positive bacterial strains.

In parallel, numerous variations were investigated using the simplified L-asparagine as linker
(Figure 7). N-Terminal electron-donating groups or heterocyclic benzene substituents retained
antibacterial activity. The combination of structural motifs of both natural products
cystobactamids and Albicidin (2) afforded active compounds. The para-hydroxylated coumaric
acid derived western fragment was successfully integrated into the cystobactamid structure.
Exchange of the N-terminal OH group to the CN group increased the antibacterial activity.l

Other modified linkages between rings A and B were not beneficial. Furthermore, the limited



variability of the eastern fragment was confirmed. Variations on ring D were not tolerated.
Alkoxylated ring E derivates were active, but not superior. The studies demonstrated that the
C-terminal benzoic acid is essential for activity. While modifications like the incorporation of
a heterocyclic benzene substitute or additional residues on the PABA ring retained antibacterial
activity, the exchange or deletion of the acidic moiety resulted in a loss of activity. Elongation
of the amide linkage between D and E by simultaneously breaking the conjugated system also
led to inactive analogs. Generally, substantial changes in the architecture were not tolerated.
Ultimately, the promising beneficial modifications could not compete with CN861 on a broader
panel of pathogens.* Extensive SAR studies of albicidins are reported. The structural
similarity to the cystobactamids may suggest the transfer of SAR results between the two
antibiotics. Nevertheless, up to date the transferability is still not obvious and remains
complicated. On the other hand, structural optimization of cystobactamids and Albicidin (2)

leads to blurred borders between the two natural products.
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2.4 Project aims

Former studies revealed the existence of naturally occurring cystobactamid derivatives with
diverse structural motifs. However, neither the isolation of sufficient quantities nor the
discovery of an analog with superior antibacterial activity was feasible.?®! Since the
establishment of a convenient total synthesis the way for a medicinal chemistry program was
paved.B? Initial studies with synthetic cystobactmids gave first insights into the SAR.[32-34

In this work, the synthesis of a library of novel cystobactamids with enhanced antibacterial
potential against nosocomial ESKAPE (Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeroginosa and Enterobacter
spp.) pathogens was aimed with focus on WHO priority list leader pathogen A. baumannii
(priority 1, critical).l!! Detailed SAR investigations should support the rational design of
superior analogs. Concepts like bioisosterism and simplification were planned to serve as tools
for the modification proposals. Novel structural features were sought to contribute to an
increased antibacterial activity and facilitate the patenting of the new potential antibiotics.
Stepwise combination of promising motifs unveils the impact of each structural feature and

may eventuate in a new lead structure (Scheme 2).
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Scheme 2: Schematic plan for the SAR investigations towards novel highly potent cystobactamid antibiotics from
diversity to a new combinatorial lead structure.

Within the OpCyBac project, different approaches were followed to obtain a large number of
new cystobactamid analogs with different modifications. The constant exchange of information
between the academic and industrial partners, and the use of shared databases enabled the rapid
synthesis of novel analogs. Therefore, the resources of all involved collaborators were directly
utilized as needed. As a result, some of the cystobactamids described in this work seem to stand
alone. However, all analogs fit into a series of compounds for SAR studies within the OpCyBac

project.[%¢!
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2.5 Results and discussion

2.5.1 Structure-activity-relationship

Modified analogs were synthesized for the optimization of the current front runner CN861. For
the evaluation of the novel antibiotics MICs were determinated against selected strains of the
ESKAPE pathogens in the MULLER group at Helmholtz Institute for Pharmaceutical Research
Saarland, Germany. Comparison of the results in regard to the chemical structures gave insights
into the SAR of cystobactamids. !

2.5.1.1 New central amino acids

The central amino acid of cystobactamids represents a unique structural feature haboured
between the aromatic PABA derived flanks leading to the hypothesis that the central fragment
acts as key element reminiscenting of a hinge region. Therefore, SAR investigations were
planned to acquire deeper insights in the relevance of the central amino acid and further to
improve the antibacterial profile. To date only natural occuring linker are known except of
CNDMB861, a cystobactamid including asparagine as central amino acid. This simplified analog
of CN861 proved to be active in ICso assays against bacterial gyrases, but could not compete
with its parental derivative in MIC assays.32¢1 However, the antibacterial activity is sufficient,
while the synthetic access was simplified by deleting one stereocenter. Inspired by this
simplification approach a series of novel cystobactamids with new central amino acids were
synthesized and tested (Table 1). TSE51 containing methylated allothreonine and therefore
lacking the primary amide in the side chain circumvents the amphoteric character auf CN861.
The antibacterial activity was increased on all strains and the spectrum was broadened
compared to CN861. The series was continued with TSF77. Although an additional methyl
group was installed, simplification was achieved by deleting the stereocenter in the B-position.
TSF77 possesses similiar MIC values as TSF51. The corresponding free alcohol TSG04 was
even able to combat E. cloacae and E. aerogenes. 3-Nitrovaline was incorporate as linker in
TSF14 and showed superior activity on nearly all strains, even though no stereo information is
found in this analog. The even more simplified analog TSG18 habouring L-valine as central
amino acid shows promising MICs, albeit some data is missing to generalize the results.
Additionally, rigidified morpholine analog TSE04 was synthesized, but showed only decreased
activity on most tested strains. With the simplification of the linker the activity of

cystobactamids was substancially optimized.
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Table 1: MIC values (pg/mL) for synthetic cystobactamids with novel central amino acids compared to CN861 and CIP. a) BAA-1710; b) (S83L, D87N, S80I, AmarR, AacrR); c)
(waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; g) PAOL instead of PA14; color code for activity: green = good, orange = moderate, red = insufficient.

H J\ h N
o] N 1 OH 3 Y (‘) o~ oH NO, o
o o LN O [
N o 0 LN LHN HN HN HN HN N
N o AR AR 0 N A A N A W A N A
o

CNs61 | TSE51  TSF77 TSG04 TSF14  TSG18  TSE04

OH

S E. E.

A. baumannii E. coli : K. pneumoniae P. aeruginosa E. faecium
aureus cloacae aerogenes

DSM- - - - - - -
2008 AT Gy 1070 FEB LMTOP L0 eris  1oae KPIOSSLY RISZS) PAI4 PALS ATCC) G eivie

CIP 0.1 >6.4 0.05 >6.4 >64 >6.4 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CN861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSE51 <0.03 0.25 <0.03 1 2 0.25 <0.03 <0.03 16 0.25 32 16 1 0.5 2 >64
TSF77 <0.03 0.125 nd 0.25 2 2 <0.03 0.25 nd 0.06 >64 nd nd 4 16 nd
TSG04 nd 0.05 nd 3 nd 0.25 <0.001 <0.003 nd 0.025 nd 49 nd 0.2 1 <0.003
TSF14 0.03 0.38 <0.0038 0.5 0.5 1 <0.06 <0.06 <0.3 0.25 1.25 1 8 2 2 <0.06
TSG18 nd 0.05 nd 2 nd 0.5 <0.001 <0.03 nd 0.2 nd >649 nd 0.5 3 <0.01

TSEO4 8 >8 4 >8 >8 >64 1 0.5 32 0.25 >64 >64 8 64 >64 2




2.5.1.2 New western fragments

In a previous work of the BRONSTRUP group various modifications on the western fragment
were investigated.[*¥ The amide linkage between rings A and B was elongated by one or two
methylene groups, deleted or replaced by a methacrylamide inspired by Albicidin (2). Only the
methacrylamide derivative possessed sufficient antibacterial activity. These results affirmed
that the spatial requirement of the western fragment is limited or, on the other hand, the amide
motif is neccessary such as for hydrogen bonding. The idea then was to stick to the amide, but
to enhance the stability (Table 2). N-Methylated cystobactamid TSA73 (Table 2 B) was active
on nearly all tested bacterial strains, while reference compound CN861 lacked activity on
certain strains. Encouraged by this result stability was envisioned to be strenghthened by
increasing rigidity. Therefore, the amide was cyclized in connection with the adjacent aromatic
rings. C-C-Connection between the N-methyl group in TSA73 and ring A furnished
isoindolinone TSC82 (Table 2 B). Additionally, regioisomer TSC81 was synthesized.
Superimposition of TSC81 and TSC82 with CN861 illustrates the superior match between
CNB861 and TSC81 regarding the N-terminal CN group (Table 2 B, right). The antibacterial
activities of TSC81 and TSC82 support this hypothesis. Although CN861 features the lowest
MIC values on a number of strains the SAR investigations towards TSC81 led to a broadener
antibacterial spectrum with good to moderate activity. C-O-Connection between the amide
carbonyl O and the adjacent ring B gave access to benzoxazoles TSC83 and TSC98 (Table 2
C). The superimposition with CN861 reveals a discrepancy in the spatial orientation (Table 2
C, right). Both compounds lost activity on almost all strains. It is noteworthy, that the
benzoxazoles showed moderate activity against all A. baumannii strains comparable to the
potency of the before mentioned analogs.

Three additional derivatives with modified western fragment were synthesized and tested
(Table 3). Collaborators at HZI found the benificial effect of a chlorinated ring B, which proved
to be activity enhancing.l*® The antibacterial activity with TSE22 was increased as expected
and the spectrum broadened. TSE83 lacking ring A was inactive on the whole panel. This is in
line with published data.*?l KB015 consists of an aliphatic benzene isoster as ring B.E71 The
biocyclopentane motif was considered to enhance aqueous solubility and proved active in tested

derivatives.*®l Contrary to the expectations KB015 showed no or only slight activity.
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Table 2: A) SAR considerations on CN861 for enhanced stability and rigidification, B) structures of cystobactamids with methylated amide or isoindolinone and superimposition
with CN861, C) structures of cystobactamids with benzoxazole and superimposition with CN861; MIC values (ug/mL, bottom) of synthetic cystobactamids with novel western
fragments compared to CN861 and CIP. a) BAA-1710; b) (S83L, D87N, S80I, AmarR, AacrR); c) (waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; color code for activity:
green = good, orange = moderate, red = insufficient.
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N T (e 3
: Rl WaSsonleSsvall MEatsoa
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-~ 0 Q(H OH ol CN861-2_ : TSC83 TSC98 !
0 0 o) 0 o) 6] o))
HN :
N N N 1 X N
1 \
OH ;
NC ' NC
TSAT73 TSC82 TSC81
.. . S. . . E. E. .
A. baumannii E. coli K. pneumoniae P. aeruginosa E. faecium
aureus cloacae aerogenes
DSM- o CIP- CIP- ATCC- ATCC-  CIP- . . CIP DSM-
30008 ATCCY 105742 107200 R85 LMTOSY oogrd  a9213  10ap9g KPL0SBLY RIS259 PAL4 PALAY  ATCC)  p00, 7050(vRE)
CIP 0.1 >6.4 0.05 >6.4 >6.4 >6.4 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CN861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSA73 8 4 0.5 8 8 8 0.25 nd 8 4 8 4 4 64 32 nd
TSC82 0.25 2 0.125 8 8 1 0.03 0.5 4-8 4 8 32 4 >64 8 1
TSC81 0.5 2 0.25 >8 >8 1 0.03 2 >8 2 >8 >8 2 >8 8 2
TSC83 4 8 1 >8 >8 >64 nd >64 >64 1 >64 >64  >64 >64 >64 >64
TSC98 >8 >8 4 >8 >8 >64 nd >64 >64 >64 >64 >64  >64 >64 >64 >64
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Table 3: Structures and MIC values (ug/mL) of synthetic cystobactamids with novel western fragments compared to CN861 and CIP. a) BAA-1710; b) (S83L, D87N, S80I, AmarR,
AacrR); ¢) (waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; color code for activity: green = good, orange = moderate, red = insufficient.
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HNTY™ e
}iTW N@(H OJ\ o /©;\LO 9y o /@/—\Lo (o] QIO
o] oN OHO /@)LN 4 " Q}kN
o NC NC” : o «d NG
\©\f o C N861 77777777777 TSE22 TSES83 KB015
(0]
OH
" . S. . . E. E. .
A. baumannii E. coli K. pneumoniae P. aeruginosa E. faecium
aureus cloacae aerogenes
DSM- o  CIP- CIP- ATCC- ATCC- CIP- . . CIP DSM-
30008 ATCCY 105742 107200 R85 LMT0SY oogrd 2213 10ap9g KPL0SB1Y RIS259 PALA PALAY  ATCC)  p00, 7050(vRE)
CIP 0.1 >6.4 0.05 >6.4 >6.4 >6.4 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CN861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSE22 1-2 3 0.5 4 3 2 0.038 1 0.5 <0.03 1 16 2 >64 4 0.125
KBO015 | 32 >64 16 >64 >64 8 8 8 8 8 16 >64 4 32 32 16

TSES83 32 > 64 > 64 16 64 > 64 4 16 >64 8 >64 >64 >64 >64 >64 16




2.5.1.3 New eastern fragments

Two derivatives with modified eastern fragments were synthesized and tested for their
antibacterial activity. Encouraged by the positive results of TSA73, which bears a methyl group
on the amide N between rings A and B, the C-terminal amide was methylated in TSDO08 (Table
4). However, the methylated analog possesses only moderate activity against A. baumannii and
sufficient activity against E. coli, while antibacterial capability against other GRAM-negative
strains was lost. Nevertheless, TSDO08 inhibits E. cloacae, a strain that is barely inhibited by the
before mentioned cystobactamids.

While the eastern fragment of isolated cystobactamids can differ in size of the alkoxy moieties
on rings D and E, the C-terminal hydroxy group at ring D arised attention, since no variation
was observed for this functionality to date. Phenols may serve as HBD or HBA and are
consequently crucial for the on-target activity of the drugs. Furthermore, the aromatic alcohols
contribute to the solubility of the drug due to their acidity and hydrophilicity. On the other hand,
phenols are prone to rapid elimination during metabolism. Toxic metabolites of the alcohols
can cause undesired cytotoxicity.8 The structural flexibility of the cystobactamid phenol was
investigated by the exchange of the alcohol by an difluoromethyl group (OH - CF2H), since
the surrogate can act as hydroxy bioisoster. The fluorinated C1 unit contains an acidic proton
and is able to form moderately stable hydrogen-bonds. Compared to phenols the hydrophilicty
of the CF.H group is decreased, while the steric bulk and metablic stability is increased.*®
Difluormethylated TSE40 possesses only moderate antibacterial activity against A. baumannii
and one E. coli strain as well as S. aureus (Table 4). On all other tested strains the new analog

failed, hinting on the importance of the strong HBD phenol.
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Table 4: Structures and MIC values (ug/mL) of synthetic cystobactamids with novel eastern fragments compared to CN861 and CIP. a) BAA-1710; b) (S83L, D87N, S80I, AmarR,
AacrR); ¢) (waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; color code for activity: green = good, orange = moderate, red = insufficient.

NS C N861 77777 OH TSDO08 OH TSE40 OH
.. . S. . . E. E. .
A. baumannii E. coli K. pneumoniae P. aeruginosa E. faecium
aureus cloacae aerogenes
DSM- s CIP- CIP- ATCC- ATCC- CIP- . . CIP DSM-
0008 ATCCY 105742 107200 R85 LMT0SY oogrd  a9213  10ap9g  KPL0SBLY RIS259 PALA PALAY  ATCC)  p00, 7050(vRE)
CIP 0.1 >6.4 0.05 >6.4 >6.4 >6.4 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CN861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSD08 >8 >8 >8 >8 >8 1 nd 8 > 64 32 >64 >64 16 2 16 >64
TSE40 >8 >8 >8 >8 >8 >64 >8 >6.4 >64 >64 >64 >64  >64 >64 >64 >64




2.5.1.4 Combinatorial analogs

At regular intervals the new cystobactamids were evaluated and convincing structural motifs
were identified. Combination of promising motifs were proposed and the syntheses were
distributed within the OpCyBac consortium to utilize resources effectively for a quick acccess
to novel cystobactamid analogs.!*® A variety of combinatorial derivatives were synthesized and
tested as part of this work.

Two groups of combinatorial analogs were synthesized. The first generation of combinations
was created to incorporate activity enhancing moieties together with structural motifs, that
possibly improve ADME characteristics. Isoindolinones TSC81 and TSC82 passed the first
MIC panel with minor increase of the antibacterial activity and are assumed to be stable
compared to the natural amide at this position. Thus, the isoindolinone motifs were combined
with (S)-2-aminopent-4-ynoic acid as linker, which was proved to enhance activity compared
to the natural product.[*®1 However, activity for both TSD08 and TSD49 is only maintained on
a small number of strains, while on other strains a complete loss of activity is observed (Table
5). Nevertheless, TSDA49 is able to inhibit E. cloacae and E. aerogenes in sufficient manner.
Furthermore, three different central amino acids were combined with a fixed set of western and
eastern fragments. While the western fragment consists of a reversed amide and a
bicyclopentanel®™ structure as ring B for improved stability and solubility, respectively, ring C
derived from picolinic acid (Table 5). The pyridine containing eastern fragment may contribute
to an increased activity as shown before.*¢4% The original central amino acid was tested first:
TSF53 shows activity against the whole panel and only fails on P. aeruginosa. The antibiotical
potency clearly improved compared to CN861, although only moderate activity was achieved
against a number of strains. TSF54 and TSF62 are equipped with two of the most promising
linkers, (S)-2-amino-3-cyclopropylpropanoic acid and 2-amino-3-methyl-3-nitrobutanoic acid,
respectively (Table 5). Both analogs show superior activity. Nonetheless, the activity against
P. aeruginosa is still insufficient. This series of novel cystobactamids confirmed, that the
beneficial effects of selected buildings blocks can be combined to further improve the

antibacterial profile, although some exceptions occured.
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Table 5: Structures and MIC values (ug/mL) of synthetic cystobactamids with combined novel western fragments and central amino acids compared to CN861 and CIP. a) BAA-
1710; b) (S83L, D87N, S80I, AmarR, AacrR); ) (waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; color code for activity: green = good, orange = moderate, red = insufficient.
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TSD18 TSD49 TSF53 TSF62 TSF54

OH
OH

A. baumannii E. coli S. K. pneumoniae P. aeruginosa E. E. E. faecium
aureus cloacae aerogenes
20005 ATCCY 10a7i 10700y REI LMTOSY DO ols  oiep KPIOSBL RIS2S) PAL4  PAL ATCCY o 17023('\\/'/%)
CIP 0.1 >6.4 0.05 >6.4 >64 >64 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CNB861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSD18 0.125 2(4) 0.125 >8 8 >64 nd >64 >64 >64 >64 >64  >64 >64 >64 >64
TSD49 0.03 0.38 0.06 4 4 0.5 <0.03 0.5 >64 4 >64 >64 4(2) 1 2 0.125
TSF53 4 0.5 0.5 4 4 4 <0.03 1 2 0.06 4 32 2 8 8 <0.03
TSF54 <0.03 <0.03 <0.03 0.5 1 1 <0.03 <0.03 1 <0.03 1 16 2 8 8 <0.03
TSF62 0.06 <0.03 <0.03 <0.03 0.25 0.5 <0.03 2 0.5 <0.03 1 16 2 16 4 <0.03




The isoindolinones as first analogs with cyclized linkage between rings A and B laid the
foundation of investigations towards new cyclized motifs as amide surrogates between the
aromatic units. SAR studies revealed N-methylated benzimidazoles as suitable cycles.*8l A
second generation of combinations were accomplished by merging the N-terminal
benzimidazole with reliable central amino acids either with a PABA or picolinic acid moiety as
ring C (Table 6). TSF60 bearing the pyridine ring C and the before mentioned propagylic
central amino acid convinces with very low MIC values against all strains, although K.
pneumoniae R1525 (QnrAl), P. aeruginosa PA14 and E. aerogenes were not addressed. TSF64
combining the benzimidazole motif with the racemic nitro amino acid of TSF14 could compete
with TSF60 on all tested strains and even inhibited the critical strains K. pneumoniae R1525
(QnrAl), P. aeruginosa PAl4 and E. aerogenes in good to moderate manner. Further
improvement was achieved by introduction of (1S,2R)-1-amino-2-vinylcyclopropane-1-
carboxylic acid as linker in TSF84 and pyridyl variant TSG28. However, some data is missing

to finally approve the compounds as superior analogs.
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Table 6: Structures and MIC values (ug/mL) of synthetic cystobactamids with combined benzimidazole western fragment, central amino acids and possibly ring C pyridine
compared to CN861 and CIP. a) BAA-1710; b) (S83L, D87N, S80I, AmarR, AacrR); ¢) (waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; g) PAOL instead of PA14; color
code for activity: green = good, orange = moderate, red = insufficient.

HN/\‘ H OJ\ % 09 ‘ ‘
NS DN N & S
N o o O \(Njy o \©y (0] \©y (@] \(Njy
NCGN\ HN\@\fO TSF60 TSF64 TSF84 TSG28
OH
. . S. . . E. E. .
A. baumannii E. coli K. pneumoniae P. aeruginosa E. faecium
aureus cloacae aerogenes
DSM- o  CIP- CIP- ATCC-  ATCC- CIP- . . CIP DSM-
0008 ATCC 105742 107202 R85 LM70SY “oogrs  ag213 10420 KPI0SBLY RIS250 PAL4 PALAY ATCC)  hwe)  1050(vRE)
CIP 0.1 >6.4 005 >64 >6.4 >6.4 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CNB861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSF60 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0.5 <0.03 >64 >64 0.5 0.125 16 <0.03
TSF64 0.06 <0.03 <0.03 <0.03 <0.03 0.125 <0.03 0.125 1 0.125 2 8 1 2 4 <0.03
TSF84 <0.03 <0.03 nd <0.03 0.06 <0.03 <0.03 <0.03 nd <0.03 0.25 nd nd 0.25 0.5 nd

TSG28 nd  0.025 nd 0.06 nd 0.5 <0.003 <0.003 nd 0.006 nd 19 nd 0.25 1(2) <0.003




2.5.1.5 Miscellaneous analogs

In this work three additional derivatives were synthesized, that do not fit into the SAR studies
described above (Table 7). TSF16 consists of O-methyl-L-allothreonine, the most active linker
structure at that time and an unobvious western fragment inspired by a publication of
JEGANMOHAN.[* The (Z)-3-methyleneisoindolin-1-one replaces the amide linkage between
rings A and B. An additional sulfonyl unit ensures a more accurate positioning of the N-terminal
electron-withdrawing group and contributes to the physico-chemical profile of the analog. Due
to synthetic criteria TSF16 was equipped with the original NO> group instead of the CN group
of CN861. The isoindolinone corresponding to ring B occupies molecular space that was proven
to be available in chlorinated cystobactamid KBO015. The original amide carbonyl is missing
without substitution at this position. The sum of new functionalities comprised in TSF16
allowed no prediction wether the analog is active or not. Unfortunately, TSF16 proved to be
inactive against most tested strains.

TSE33 serves as analog for photoaffinity labeling studies and was provided to collaborators.
The new cystobactamid contains an N-terminal alkine and a diazirine in the side chain of the
central amino acid. To affirm TSE33 to be a suitable model compound, antibacterial activity
was tested against both one GRAM-negative and -positive strain (Table 7).

Besides the SAR studies for the improvement of the drug properties of cystobactamids, the
synthetic access should be simplified. Encouraged by the results of simplified analog TSG18
(c.f. chapter 2.5.1.1) first attempts towards a SPS of cystobactamids were made (c.f. chapter
2.5.3.5.6) and QL56 with an eastern fragment consisting of only PABAs and L-valine as central
amino acid was synthesized.[*2 However, QL56 was completely inactive against all tested

strains, emphasizing the essential substitution pattern of ring D (Table 7).
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Table 7: Structures and MIC values (ug/mL) of synthetic cystobactamids with miscellaneous modifications compared to CN861 and CIP. a) BAA-1710; b) (S83L, D87N, S80I,
AmarR, AacrR); ¢) (waaC::Tn30); d) (QnrAl); e) AmexAB; f) BAA-2468; color code for activity: green = good, orange = moderate, red = insufficient.

OH OH
.. . S. - . E. E. .
A. baumannii E. coli K. pneumoniae P. aeruginosa E. faecium
aureus cloacae aerogenes
DSM- s CIP- CIP- ATCC- ATCC- CIP- c . CIP DSM-
30008 ATCCY 105742 107200 R8I LMTOSY ooy ao213 104298 KP0S8LY RIS25Y PAL4 PALY ATCCY 1m0, 17050VRE)
CIP 0.1 >6.4 0.05 >6.4 >6.4 >6.4 0.01 0.8 0.05 >6.4 >6.4 0.125 0.01 >6.4 >6.4 3.2
CN861 1 8 0.25 >64 64 0.64 0.25 0.125 16 2 16 16 0.5 32 4 nd
TSF16 >8 >8 >8 >8 >8 >64 0.06 8 32 >64 >64 >64  >64 >64 >64 8
TSE33 0.125 nd nd nd nd nd nd 0.125 nd nd nd nd nd nd nd nd

QL56 = >64 >64 >64 >64 >64  >64 >64 >64 >64 >64 >64  >64 >64 >64 >64 >64




2.5.2 Retrosynthesis

For the syntheses of the described novel cystobactamids, the retrosynthetic approach of
MOELLER et al. was utilized.®?l The strategy is depicted exemplarily for CN861, the current
front runner (Scheme 3). The core structure can be established via successive amide couplings
between protected eastern fragment 5, protected central amino acid 4 and western fragment 3
followed by final deprotection. Besides these key retrosynthetic steps, the two aromatic
fragments 3 and 5 can be divided into monomers 6 and 7 as well as PABA building blocks. If
feasible, syntheses of new cystobactamids were performed in accordance to this retrosynthetic
approach to take advantage of stock quantities of each fragment. However, in some cases the
strategies may differ substancially and are described in the following chapters. Moreover, linker
4132 was replaced by a number of different amino acids during the SAR studies. A retrosynthetic

analysis at this position is inexpedient.

Scheme 3: Retrosynthetic strategy of cystobactamids exemplified by CN861.
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2.5.3 Synthesis
2.5.3.1 Western fragments

For the variation of the western fragment, different modifications were introduced, focusing on
the linkage between the two aromatic rings. The synthesis started with the parental western
fragment 3 and its N-methylated analog 8. Coupling of 4-cyanobenzoyl chloride (6) and PABA
and amine 9 formed fragments AB 3 and 10, respectively (Scheme 4).143

0 Q i
R N
NC N Q)LR
NG

6 PABAR =H 3 R=H (83%)
9 R = CH, 10 R = CH; (88%)

Scheme 4: Synthesis of western fragments 3 and 10. Conditions: a) 6 1.00 equiv., sat. NaHCO3(q)/THF (1:1), 1t,
3h.

Ester 11 was saponificated with NaOH. The resulting benzoic acid 12 was coupled to tert-butyl

4-aminobenzoate (13) and saponificated to furnish western fragment 15 (Scheme 5).

OtBu

O s N

14 15

Scheme 5: Synthesis of AB fragment 15. Conditions: a) NaOH 2.50 equiv., THF/H.O (1:1), rt, 16 h, quant.; b)
tert-butyl 4-aminobenzoate (13) 1.50 equiv., EDC-HCI 1.20 equiv., HOBt-H-0 1.20 equiv., DMF, rt, 24 h, 69%;
c) TFA, CHxCly, 0 °C to rt, 3 h, 95%.

Oxoindolinones 22 and 23 were synthesized starting from bromobenzoic acids 16 and 17,
respectively (Scheme 6). Methylation and substitution of the bromide by cyanide gave access
to esters 18 and 19. Benzylic bromination afforded bromides 20 and 21, which could be
condensated with PABA under MW irradiation.

P S T e VU

R
16 R'=H; R? = Br 18 R" = H; R? = CN (70% o2s) 20R'=H;R2= 22 R' = H; R2= CN (16% 02s)
17R" =Br;R*=H 19 R" = CN; R? = H (81% 02s) 21R'=CN;R? = H(70%) 23R'=CN; R2=H (71%)

Scheme 6: Synthesis of oxoindolinones 22 and 23 as western fragments. Conditions: a) H.SO4/MeOH (1:20),
80 °C, 18 h; b) CuCN 1.20 equiv., NMP, 180 °C, 5 h; ¢) NBS 1.00 equiv., BPO 10 mol%, CCls4, 80 °C, 18 h; d)
PABA 1.30 equiv., DMF, MW irradiation, 150 °C, 5 min.
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Benzoxazoles 29 and 30 were synthesized from 3-cyanobenzoic acid (24) and ortho-
aminophenols 25 and 26 in the presence of B(OH)s (Scheme 7).[°1 Saponification of esters 27
and 28 was accomplished with LiOH.[%°]

@* o e O e O

25R"' = OH; R? = NH, 27 X=0;Y =N (12%) 29 X=0;Y =N (85%)
26 R' = NH,; R2 = OH 28 X=N;Y= O(23%) 30X=N;Y= 0(29%)

Scheme 7: Synthesis of benzoxazoles 29 and 30 as western fragments. Reaction conditions: a) 25 1.00 equiv.,
B(OH)3 1.00 equiv., p-xylene, 160 °C, 20 h; b) LiOH 4.00 equiv., THF/MeOH/H,0 (3:1:1), rt, 3-48 h.

The benzimidazole motif as amide substitute between ring A and B originated from 4-fluoro-
3-nitrobenzonitrile (31). The electron-withdrawing groups allowed the nucleophilic aromatic
substitution of the fluoride by MeNH.. Subsequent reduction gave access to diamine 32, which
was condensated with methyl 4-formylbenzoate. Imine 33 was cyclized and oxidized in the

presence of iodine and NaOAc. Saponification furnished desired acid 34.

o
NO, NH, o
o
_a, b, ed, N
NC@F NC@NH NC Ny S
\
X e
NH
31 32 33 34

Scheme 8: Synthesis of benzimidazole 34 as western fragment. Reaction conditions: a) MeNH; 2.70 equiv.,
THF/EtOH, 0 °C to rt, 10 min, then Zn dust 15.0 equiv., AcOH 17.0 equiv., 40 °C, 16 h, 98%; b) methyl 4-
formylbenzoate 1.00 equiv., MeOH/THF, rt, 1 h, 80%; c) I, 1.20 equiv, NaOAc 2.00 equiv., CHCly, rt, 4 h, 75%);
d) LiOH-H20 8.00 equiv., H,O/THF (1:1), rt, 18 h, 98%.

A more exotic modification was inspired by a publication by JEGANMOHAN, in which the one-
pot coupling of vinyl sulfones with nitriles towards (Z)-sulfonylmethyleneisoindolinones are
reported.[*Y The described one-pot coupling of vinyl sulfones with nitriles yields (2)-
sulfonylmethyleneoxoisoindonlines. This method does not tolerate the CN group as optimized
functionality at the N-terminus, so that the original NO2, group was choosen as electron-
withdrawing alternative. Therefore, phenyl vinylsulfone 35 was nitrated and 3-cyanobenzoic
acid (24) methylated (Scheme 9). Under the use of Cu(OAc).-H20 and catalytic amounts of
ruthenium and AgSbFe, the nitrile was first hydrolized before coupling to the vinyl group under
cyclization yielded the isoindonlinone. The electron-poor starting materials only led to a low
yield of 20%. However, ester 38 was saponificated to furnish western fragment 39 in sufficient

guantities.
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SO O

0
35 36 . o, 0 HN
0

0] 0]

- d
39R=H -~

24 37

Scheme 9: Synthesis of western fragment 39 containing a (Z)-sulfonylmethyleneoxoisoindoline linkage. Reaction
Conditions: a) H.SO4/HNO3 (7:3), 0 °C, 1 h, 83%; b) Mel 1.50 equiv., K;CO3 1.50 equiv., DMF, rt, 14 h, 78%; c)
36 1.20 equiv., [RuClz(p-cymene)]. 5 mol%, AgSbFs 20 mol%, Cu(OAc),-H20 2.00 equiv., AcOH, 120 °C, 3 d,
20%; d) NaOH 11.0 equiv., THF/MeOH/H,0 (1:1:1.1), rt, 19 h, 72%.

The aliphatic bicyclopentane ring system was introduced as ring B. Additionally, two variants
41 and 43 with traditional and reversed amide linkage, respectively, were synthesized following

standard amide coupling protocols (Scheme 10).

(0]
o]
o~ a, b
H,N
NC

40 4

0 Scheme 10: Synthesis of western fragments with bicylcic
Q)LOH aliphatic benzene isosters as ring B. Reaction conditions: a)
N 4-cyanobenzoyl chloride 6 1.00 equiv., THF/sat. NaHCOzaq.
(2:2), rt, 3 h, 72%; b) LiOH 3.00 equiv., THF/H,0O (1:1), t,

1 1 h, 76%; c) 4-aminobenzonitrile 1.00 equiv., 42 1.10 equiv,
POCI; 1.1 equiv, pyridine 3.00 equiv., CH2Cl, 0 °C to rt,

0 f 18h, 62%; d) LiOH-H,O 8.00 equiv., THF/H,O (1:1), t,
Tﬂ)ko/ od nﬁo'* 5 min, 99%.
" 9
NC ©
43

(0]

42

Additionally, the reversed amide motif was combined chlorinated ring B. Coupling of acid 44

with 4-aminobenzonitrile yielded western fragment 45 (Scheme 11).

o~ OH  Scheme 11: Synthesis of western fragment 45. Reaction

0 un H o conditions: a) 4-aminobenzonitrile 1.00 equiv., HATU

HO - N 1.20 equiv., pyridine 2.00 equiv., DMF, rt, 21 h, 79% brsm;
o & NCQ o c b) LiOH 3.00 equiv., H,O/THF (1:1), 0 °C to rt, 15 h, 92%.

45

44

2.5.3.2 Eastern fragments
The synthesis of the eastern fragments started with the preparation of the central ring D 7, which
originated from 2,3-dihydroxybenzaldehyde (46) (Scheme 12).[2]
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CH.Cly, -40 °C, 3 h, 95%, d) LiOH 10.0 equiv., THF/H,O (1:1), rt,

3 h, quant.; ) K,CO3 2.00 equiv., allyl bromide 1.50 equiv., DMF,

rt, 18h, 70%, f) NaClO, 1.10equiv, 2-methyl-2-butene
46 7 10.0 equiv., 1 M NaH,PO4/tBuOH (1:4), rt, 3 h, quant.

Ox Oy OH Scheme 12: Synthesis of ring D 7. Reaction conditions: a) NaH
OH ; o 2.50 equiv., iPrOH 1.00 equiv., DMSO, rt, 3d, 59%; b) Ac,O
LR >N 200 equiv., pyridine, rt, 2 h, 94%; c) fuming HNOs 16.0 equiv.,
OH o]
NO

2.5.3.2.1Difluorinated Ring D

The hydroxy group of Ring D 7 was planned to be replaced by a difluoromethyl moiety.
Selective fluorination reagents are available either with nucleophilic or electrophilic fluorine.”!
Trifluoromethyl groups can be utilized to act as precursor via C-F bond cleavage.!
Furthermore, the introduction of a C1 unit ,,CHF>* is conceivable. Alternatively, difluorinated
starting materials may be available. However, difluoromethylation of tetrasubstituted ring D
turned out to be challenging.

Commercially avaliable 3-hydroxy-2-methylbenzoic acid (47) was chosen as starting material
having already three aromatic positions substituted. While the hydroxy as well as the benzoic
acid moieties are desired, the methyl group has to be transformed into the difluoromethyl group.
Moreover, the introduction of the NO2 moiety is required. Acid 47 was methylated with SOClI>
in MeOH and alkylated subsequently (Scheme 13). Benzylic bromination of compound 48 with
NBS furnished bromide 49.1*°! Oxidation to aldehyde 50 gave access to a suitable starting
material for the nucleophilic difluorination.’¥ DAST was utilized to obtain difluorinated
compound 51.551

HO._O _0._0 _0_0 _0_0 00
a-b c d e
- Br — o T F
S SRS SRS GG ¢
a7 48 49 50 51

Scheme 13: Synthesis of difluorinated ring D precursor 51. Reaction conditions: a) SOCl, 1.70 equiv., MeOH,
80 °C, 2 h, quant.; b) iPrBr 1.20 equiv., NaH 1.20 equiv., DMF, rt, 20 h, 93% brsm; ¢) NBS 1.50 equiv., AIBN
10 mol%, CCls, 100 °C, 18 h, 97%; d) NMO 4.0 equiv., MeCN, rt, 20 h, 94%; e) DAST 4.00 equiv., CH.Cly, rt,
18 h, 92% brsm.

Trifunctionalized building block 51 lacked the nitrogen moiety in the para-position of the ester.
As for ring D 7, the NO2 group was planned to be incorporated, which could be reduced to the
aniline at a later stage of the synthesis. However, it was not possible to nitrate any intermediate
of this route. All tested conditions led exclusively to the NO2 group in ortho-position of the
ester (Scheme 14).
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_0._0 0.0 Scheme 14: Nitration of intermediates 49-52 under various
R 0N R conditions exclusively led to undesired regioisomers 53-56.

OR? OR2
52 R"=CH3 R?=H 53 R' = CH,, R2= H
49 R" = CH,Br, R? = jPr 54 R' = CH,Br, R? = jPr
50 R' = CHO, RZ = jPr 55R' = CHO, R? = jPr
51 R' = CF,H, R? = jPr 56 R! = CF,H, R2 = iPr

To adjust the regioselectivity of the nitration, advanced intermediate 51 was converted to
aldehyde 57 via LAH reduction and subsequent PCC oxidation. Treatment with fuming HNO3
at low temperature yielded regioisomer 58. Unfortunately, the undesired regioisomer was still
the main product. However, the regioisomers were separable via column chromatography.
Finally, tetrasubstituted aldehyde 58 was oxidized to acid 59 under PINNICK conditions (Scheme
15).

)
0.0 _ 0 o HO_O _
a-b [ d
[\ZE “F [ /:[ F F F
(o) (0] (@) (0]
A A NO, A NO, h_

51 57 58 59

Scheme 15: Synthesis of 4-nitrobenzoic acid 59. Reaction conditions: a) LAH 2.00 equiv., THF, rt, 4 h; b) PCC
1.50 equiv., CHxCly, rt, 1 h, 83% over two steps; ¢) fuming HNO3; 11.00 equiv., CH2Cly, -40 °C, 3 h, 23%, d)
NaClO; 1.10 equiv, 2-methyl-2-butene 10.0 equiv., 1 M NaH;PQ4, tBuOH, rt, 3 h, 90%.

Although the described synthesis led to the desired product, it consists of numerous steps and
the nitration yielded the wrong regioisomer as main product. Therefore, other approaches were
tested in parallel and shall be presented briefly.

Thus, starting material 47 was nitrated first with NaNO. in the presence of H2SO4. The
following steps were performed in the same manner as for compound 50. Methylation and
alkylation of compound 60 afforded toluate 61. Unfortunately, the following bromination and

subsequent oxidation only led to poor yields of hydrate 62.

HO (0] HO (0] _0 (0] _O (0] OH
a b-c d-e
OH
OH OH O (0]
NO, NO, h_ NO, h_
a7 60 61 62

Scheme 16: Alternative starting material 62 for the difluorination. Reaction conditions: a) NaNO; 1.00 equiv.,
H2S0O4 1.00 equiv., H20, 85 °C, 3 h, 37%; b) SOCI, 1.70 equiv., MeOH, 80 °C, 2 h, 99%; c) iPrBr 1.60 equiv.,
NaH 1.20 equiv., DMF, 70 °C, 18 h, 96%; d) NBS 1.50 equiv., AIBN 10 mol%, MeCN, 85 °C, 18 h; ¢) NMO
4.00 equiv., MeCN, rt, 20 h, 16% over two steps.
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Difluorination is reported for aldehydes as well as for benzylic hydrates.[? However, under the
investigated conditions, no transformation of starting material 62 was observed. Unfortunately,
the difluorination of compound 62 did not succeed with DAST (Table 8, entry 1). Increased
reagent loading and addition of catalytic EtOH was not fruitful (entry 2). The use of XtalFluor-
E® or XtalFluor-M® as alternative F-sources and higher reaction temperature also led to

isolation of only starting material (entries 3-5).

Table 8: Difluorination attempts of nitrated hydrate 62 with different fluoride sources.
0._0 0._0 Feo F

- OH - F E o s” o
o . F\$/F F\S“/F BF, W BF,
o o SN SN~ oj
NOz)\ NO;)\ DAST XtalFluor-E® XtalFluor-M®
62 63
Entry Solvent F-source (equiv.) Additive (equiv.) T[°C] t[h]
1 CH.Cl; DAST (4.00) - rt 18
2 CH.Cl; DAST (8.00) EtOH (cat.) rt 48
3 CH.Cl, XtalFluor-E® (1.50) EtsN3HF (2.0) rt 20
4 DCE XtalFluor-E® (1.50) EtsN<3HF (2.0) 90 20
5 DCE XtalFluor-M® (1.50) EtsN3HF (2.0) 90 20

Direct benzylic difluorination of single ortho-substituted toluates is reported with
Selectfluor®.[5% This method could not be applied to chosen intermediates of the described
synthetic route. In all cases starting material was isolated. Only traces of monofluorinated
product were observed, what indicates the need of low steric hindrance.

In parallel, a fundamentally different approach was investigated. A comprehensive literature
search revealed that 2-methyl-3-hydroxybenzoic acid 47 can be synthesized from allene 64 in
a two-step procedure (Scheme 17).541 A DIELS-ALDER reaction with furane leads to cycloadduct

65, which can be aromatized under basic conditions.

HO.__O
0. OFt EtO._O
EO) . j/ ZnCl, KOtBu
A
=
OH
furane 64 65 47

Scheme 17: Synthesis of 2-methyl-3-hydroxybenzoic acid (47) from allene 64, grey = potentially difluorinated C
atom. 54

Allene 64 should be decorated with two terminal fluorine atoms. Instead of introducing fluorine
into a given structure, commercially available difluoroacetic acid (66) was transformed into the
corresponding acyl chloride 67 (Table 9).1°% The latter was intended to react with phosphonium

ylide 68, which was synthesized from ethyl 2-bromoacetate. However, desired allene (70) was
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not obtained. In all cases, mass spectrometry indicated the formation of oxaphosphetane 69,
which was stable enough to resist elimination under the tested conditions (Table 9). The
reaction temperature was screened over a broad range between -10 to 120 °C and various
reaction times. Moreover, microwave or ultrasonic irradiation were unsuccesful. Even upon
addition of the strong base NaH, no conversion was observed. Only under the harsh conditions

of nBuLi, oxaphosphetane 69 was consumed. However, this only led to decomposition.

Table 9: Synthetic studies towards difluorinated allene 70 with 68. Reaction conditions: a) PCls 1.10 equiv., -10-
0 °C, 15 min; c) judged by LC/MS analysis; MW = microwave irradiation; US = ultrasonic irradiation.

o
0 O PhsP o Oy OEt
SVJ\OEt F_ L pen
F a F 68 = 3
OH cl ———mm —X— “
F F F -0=PPh; F

EtsN 07 “OEt
conditions F
66 67 69 70
Entry  Solvent  Add. contitions T[°C] t[h] Result?
1 CH.ClI, - 0 1 69
2 CHCl, - rt 1 69
3 PhMe - -10 1 69
4 PhMe - 0 1 69
5 PhMe - 80 5 69
6 PhMe - 100 18 69
7 PhMe - 120 18 69
8 PhMe MW (< 1 W) 30 05 69
9 PhMe MW (< 2 W) 50 05 69
10 PhMe MW (<10W) 70 05 69
11 PhMe US(~1W)  >50 05 69
12 PhMe/H,0  US(~1W) >50 05 69
13 PhMe NaH rt 2 69
14 PhMe nBuLi rt 0.25 -

A stepwise reaction of acyl chloride 67 to form ketene 71 first and subsequent treatment with
phosphonate 72 under various conditions resulted again in formation of oxaphosphetane 73 but

elimination to allene 70 failed (Table 10).[5¢

Table 10: Synthetic studies towards difluorinated allene 70 with 72. Reaction conditions: a) EtsN 1.00 equiv., THF,
-78 °C to rt; c) judged by LC/MS analysis; MW = microwave irradiation; US = ultrasonic irradiation.

1l
EtO),P
o o (EtO), OEt o oH Oy_-OEt
a Fo 72 Fa A~ P(OEt);
e i = P
F NaH 2.00 equiv. F - O=P(OEt),OH \(

O~ "OEt

conditions F
67 71 73 70
Entry Add. conditions T[°C] t[h] Result?
1 - rt 18 73
2 - 50 2 73
3 - 80 2 73
4 MW (300W) <100 05 73

In addition, 3-methylsalicylic acid (74), a regioisomer of 47, was used as alternative starting
material. In this apporach the benzoic acid was planned to be transformed into the aniline, while

the final carboxylic acid moiety is introduced later. Therefore, acid 74 was methylated®™" and
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then tranformed into hydroxamic acid 75 (Scheme 18).1°8! Subsequent LOSSEN rearrangement
in DMF at elaborated temperatures afforded a mixture of 2-amino-6-methylphenol (76) and
desired benzoxazolinone 77.%°1 The mixture was reacted with CDI to exclusively isolate
benzoxazolinone 77.5% Benzylic and aromatic bromination was planned to lead to intermediate
80. The order of the bromination sequence was investigated. While the aromatic bromination
of 77 afforded bromide 78,51 benzylic bromination of both precursors 77 and 78 failed. Direct

benzylic oxidation of 78 with IBX to aldehyde 81 was not successful.

HO. O _
F
7 o
HO” O PG/NH)\
74 “ 82
l a,b '
r Br Br

d
~o
c + f ¢]
OH OH 0 o) o)

N So NH, HN\<\ HN\<\ HN\<\
OH

(0] (0] O
75 76 77 78 81
% A
e e
Br Br

(e}

[0)

HN
“<\O HN~<\O
79 80

Scheme 18: Synthetic studies towards difluorinated ring D 82. Reaction conditions: a) conc. H2SO4, MeOH, reflux,
5d, 88%, b) H,NOH-HCI 2.00 equiv., KOH 4.00 equiv., MeOH, rt, 20 h, quant., ¢) K,COs 3.00 equiv., DMF,
160 °C, 1 h, d) CDI 1.60 equiv., DMF, 60 °C, 2 h, 44% over three steps, €) NBS 1.50 equiv., AIBN 10 mol%,
CCl4, 100 °C, 18 h, f) NBS 1.00 equiv., THF, rt, 4 h, 77%, g) IBX 3.00 equiv., DMSO, 85 °C, 16 h.

It shall be mentioned that another approach was tested in parallel. Diaryliodonium salts are
broadly established reagents for the introdution of various nucleophiles to aromatic systems.
The trifluoromethylation of diaryliodonium salts with TMSCF3 was reported before as well as
the difluoromethylation of heterocycles.5? In analogy salt 83 was synthesized as test substrate
from benzene and iodine using mCPBA and pTsOH (Table 11). The use of TMSCF2H led not

to the desired difluoromethylated benzene 84 under the tested conditions.
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Table 11: Initial investigations of the difluoromethylation of diaryliodonium salt 83 under various conditions.
Reaction conditions: a) mCPBA 1.10 equiv., pTsOH 5.00 equiv., CH,Cly, 0 °C, 10 min, 78%.

TMSCF,H 4.00 equiv.

Cul 1.00 equiv. F
© ., e @I_OTf KF 4.00 equiv. ]
@ conditions, 18 h
benzene 83 84
Entry Solvent Temp. [°C]
1 MeCN rt
2 EtOACc rt
3 EtOACc 80
4 THF 80

2.5.3.2.2Ring couplings

Eastern fragment 5 consists of three PABA-derived monomers. Rings D 7 and 59 were first
coupled to rings E 13 or 85 to afford aromatic amides 86-88 (Table 12). Reduction of the NO>
group Yyielded anilines 89-91, that were further coupled to 4-nitrobenzoyl chloride. Trimers 92-

94 were reduced to western fragments 5, 95 and 96.

Table 12: Fragment couplings towards eastern fragments 5, 95 and 96. Reaction conditions: a) 13 or 85 0.95 equiv.,
POCI; 1.00 equiv., DIPEA 1.70 equiv., CH:Cl, 0 °C, 1 h; b) Zn 15.0 equiv., AcOH 15.0 equiv., THF/EtOH, rt,
2 h; ¢) 4-nitrobenzoyl chloride 1.60 equiv., pyridine 4.00 equiv., CH.Cly, rt, 2 h; d) see b); e) over two steps.

R
H
RS N

O,N H o] o]
N o o] o]
2
o O , R o a )\ R, N (] )\ R1R2,N
IRy OH R? o
OtBu o]
7 R'=Oallyl 13R2 = H OtBu ofBu
59 R' = CF,H 85 R2 = CH, R®*=NO, — R®=NO,
b d
R¥=NH, < R3=NH, <——
i 0,
Reactants R1 R2 C;mpoundb(yleld [/Z]) after s’ijep
7+13 OAllyl H 86(79) 89(86) 92 5 (55%)
7+85 OAllyl CHs 87(79) 90(97) 93(92) 95(72)
59+13 CFH H 88 91(35) 94 96

2.5.3.3 Central amino acids

The original central amino acid was synthesized from diethyl (2R,3R)-diethyltatrate (97)
(Scheme 19).1%2 Substitution with SOCI, and subsequent treatment with NaNs yielded azide 98.
The free alcohol was methylated with Mel to yield compound 99. Hydration under Pd-catalysis
furnished secondary amine 100. Amino acid hydrochloride 101 was afforded by subsequent
treatment with aq. HCI and dry HCI. Finally, Boc-protection and aminolysis yielded desired N-
protected amino acid 4.
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: CO,Et
ei0,0~COE b, EtOzC)\./COZEt o EtOZC/\/ 2

OH OH 2N
o7 98 99
d
NHBoc NH,+HCI NH,
CONH, g CO,M . CO,Et
Hozc)\{ 2 0N o, M e EtOzc/k;/ 2
4 101 100

Scheme 19: Synthesis of central amino acid 4. Reaction conditions: a) SOCI, 1.50 equiv., DMF 2 mol%; b) NaN3
3.00 equiv., DMF, 35 °C, 20 h, 63% over two steps; ¢) Mel 3.30 equiv., AgO 1.00 equiv., CHxCly, rt, 20 h, 89%;
d) Hz 1 atm, Pd(OH). 1 mol%, EtOAc, rt, 10 d, 56%; ) 5 M HCl(xq,, 80 °C, 20 h; f) HCI, MeOH, rt, 20 h, 67%
over two steps; g) Boc,O 1.40 equiv., NaHCOj3 3.00 equiv., H,0, 0 °C to rt, 18 h; h) 28% NHsg), rt, 4 h, 74%
over two steps.

To investigate the importance of the primary amide, allothreonine was chosen as simplified
analog, in which the amide is replaced by a methyl group. Therefore, L-allothreonine (102) was
Boc-protected and methylated with an excess of Mel. Saponification furnished the desired
amino acid 103.163641

| Scheme 20: Synthesis of amino acid 103. Reaction

~OH 0 conditions: a) NaHCO3z 1.50 equiv., Boc,O 1.60 equiv.,
j\y(OH _ac, OH MeOH/H,O (1:1), rt, 18 h, b) Ag.O 5.00 equiv., Mel
HoN BocHN 16.0 equiv., MeCN, rt, 48 h, c) LiOH-H,O 6.00 equiv.,

o © THF/H.0 (2:1), 1t, 3 h, 47% over 3 steps.
102 103

Moreover, amino acid 103 should further modified by introducing a second methyl group in -
position. The aimed product could serve as building block for the cystobactamids (starting from
D-serine) as well as for Myxovalargin A (234) (starting from L-serine, see chapter 3). Therefore,
serine was esterified and Boc-protected to yield primary alcohol 104.[5%1 Addition of two methyl
groups furnished diol 105, which was oxidized to carboxylic acid 106.1¢1 (S)-106 was
methylated to give linker 107.167]

OH

Os_OH OO
I/ ab_ I/OH c oH_—9,
HoN OH BocHN BocHN BocHN " BocHN
D-serine (S)-104 (91%) (S)-105 (92%) (S)-106 (79%) 107 (51%)
L-serine (R)-104 (73%) (R)-105 (52%) (R)-106 (86%)

Scheme 21: Synthesis of B-hydroxyvaline 106 and B-methoxyvaline 107. Reaction conditions: a) SOCI, 6.0 equiv.,
MeOH, rt, 20 h; b) BocO 1.10 equiv, EtzN 2.70 equiv., CH,Cly, rt, 16 h; ¢) MeMgBr 6.00 equiv., Et;O, rt, 3 h; d)
NaClO- 2.00 equiv., NaOCI 2 mol%, TEMPO 10 mol%, phosphate buffer pH 7, MeCN/H.0, 35 °C, 18 h; ) NaH
3.0 equiv., Mel 1.20 equiv., THF, rt, 19 h, 51%.
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3-Nitrovaline 1088 was Fmoc-protected to furnish carbamate 109 (Scheme 22), which was

also used in the totalsynthesis of Myxovalargin A (234) (see chapter 3).

NO, NO, Scheme 22: Fmoc-protection of 3-nitrovaline 108. Reaction
\g conditions: FmocCl 1.10 equiv, 10% Na;COs(sq), 1,4-

HzN/}(OH - FmocHN/}(OH dioxane, 0 °C to rt, 18 h, 57%.
o} o}

108 109

Arigidified central amino acid was synthesized by closing a morpholine ring between the amine
and the side chain alcohol (Scheme 23).[°] Therefore, methyl L-serinate (110) was condensated
with 2,2-dimethoxyacetaldehyde under reducing conditions. After subsequent Fmoc protection
alcohol 111 was isolated. Refluxing this compound under acidic conditions gave access to
dehydromorpholine 112. The double bond was reduced and the methyl ester was cleaved under
acidic conditions to furnish desired carboxylic acid 113.

HO 0 0

HO
| d-e
a-b 0 le} c [ %(O —_— [ j\n/OH
. - ~ R ~
HzNj\H/O\ W/\'?'j\ﬂ/ N N
5 /O FmocO FmocO FmocO
110 111 112 113

Scheme 23: Synthesis of morpholinic amino acid 113. Reaction conditions: a) 2,2-dimethoxyacetaldehyde
1.00 equiv., EtsN 1.00 equiv., Pd/C 10% w/w, H; 1 atm, MeOH/H-0, rt, 17 h; b) FmocClI 1.00 equiv., NaHCO3
2.00 equiv., EtOAC/H,0 (1:1), 0 °C to rt, 22 h, 84% over two steps; ¢) pTsSOH-H.O 10 mol%, 4A MS, PhMe,
123 °C, 3 h, 68%; d) Pt/C, Hz, MeOH/CH.Cl; (2:1), rt, 15 h, 93%; €) 5 M HCI, 1,4-dioxane, 110 °C, 16 h, 90%.

2.5.3.4 Coupling between eastern fragments and central amino acids

The first fragment couplings were performed between eastern fragments 5 and 1147% and the
central amino acids under appropriate coupling conditions yielding intermediates LCDE 118-
132. While EEDQ as neutral coupling reagent was used in the reference,[®? T3P appeared to be
suitable for the majority of amino acids during the synthetic studies. For morpholine derived
acid 111 acyl chloride formation prior to coupling to amine 5 was successful (Table 13, entry
6). The fragment combinations, coupling conditions and yields are given in Table 13.
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Table 13: Fragment coupling between eastern fragments and central amino acids. Reaction conditions: a) EEDQ
1.50-1.60 equiv., central amino acid 1.50-1.70 equiv., CHCIs, 0 °Ctort, 16-18 h; b) T3P 1.80-4.00 equiv., pyridine
3.00-6.00 equiv., EtOAc, 0 °C to rt, 2-22 h; ¢) 111, SOCl,, 80 °C, 3 h, then 5, 2,6-lutidine 4.60 equiv., CHCly, rt,
18 h; d) isolated; €) not isolated.

Ny A

| H

X N o
OH X aorborc o

* © © O_HN

(o)
0]
central amino acids )\ O HN X \©\f
IN 0

OtBu
5 X=C.R'=0Ally,RZ=H OtBu
114 X =N, R" = OAllyl, R =H LCDE
Central
Entr Central amino amino acid Eastern Coupling LCDE (yield
y acid residue &(OH fragment conditions [%6]9)
(@)
1 2 C 5 a) 120 (59)
HoN 0 4
2 BocHN N 114 b) 121 (39)
0
3 103 C 5 a) 122 (53)
BocHN
O/
4 107 Cc 5 b) 123 (49)
BocHN
OH
5 (S)-106 C 5 b) 124 (68)
BocHN
6 37 113 C 5 c) 125 (63)
7 109 C 5 b) 126 (76)
FmocHN
8 i HNL 115 c 5 b) 127 (quant))
9 X C 5 b) 128 (50)
10 BOCD\/ 116 N 114 b) 129 (97)
11 C 5 a) 130 (85)
12 I~ 17 N 114 b) 131 (97)
13 \ C 5 b) 132 (84)
14 R 118 N 114 b) 133 (67)
N=N
15 119 C 5 a) 1349

BocHN
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In addition, model central amino acid -methoxy asparagine 4 was coupled to two modified

eastern fragments 95 and 96 (Table 14).

Table 14: Fragment coupling between B-methoxy asparagine 4 and different eastern fragments. Reaction
conditions: a) EEDQ 1.60 equiv., B-methoxy asparagine 4 1.70 equiv., CHCIs, 0 °C to rt, 16 h; b) isolated; c) over

three steps;

Q]

HoN <0
2
a N
}»” BocHN H
BocHN (o] N\fa
o)

eastern fragment LCDE
Eastern fragment

HoN
Entry Eastern fragment @YH?@ LCDE (yield [%6]?)

residue

O\/\
1 0 95 135 (52)

2 0 96 136 (339)

2.5.3.5 Final fragment coupling and deprotection

2.5.3.5.1New central amino acid derivatives

Intermediates 122-124, 126, 127 and 130 were deprotected at the N-terminus either under acidic
or basic conditions for Boc- or Fmoc-removal, respectively. Amide coupling to model western
fragment 3 and final deprotections gave access to new cystobactamids with different central
amino acid sidechain residues (Table 15). DK405 was resynthesized in larger quantities and

provided to the OpCyBac project for more extensive studies (entry 6).
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Table 15: Fragment coupling and deprotection towards cystobactamids with different central amino acids.
Reaction conditions: a) 4 M HCI in 1,4-dioxane, 0 °C to rt, 15 min; b) piperidine or EtoNH, MeCN, rt, 2-3 h; c)
acid 3 1.20-2.50 equiv., HATU 1.20-2.50 equiv., DIPEA 3.00-5.00 equiv., DMF, rt, 16-23 h; c) Ph(PPhs)s
10 mol%, PhNH. 3.30 equiv, THF, rt, 2 h; d) TFA, 0 °C to rt, 30 min; f) over three steps.

e

O
PN ojjxl O\RhN
X =Alyl,RZ=Bu | 0
OtBu 1 , d OR2
LCDER=Boc — | LCDER=Fmoc — ] RO=H R =Bu
a b e
R=H =!I R=H < R'=H,R?=H -]
Central amino acid Step Step c) (yield Step d) (yield Step e) (yield
Entry residue LCDE i) [9%]) [9%]) [%])
\
1 3 122 137 143 (37) 149 (71) TSE51 (61)
O/
2 Y 123 1389 144 (52) 150 (73) TSF77 (23)
OH
3 Y 124 1399 145 (47) 151 (83) TSG04 (39)
NO,
4 e 126 1409 146 (77) 152 (84) TSF14 (61)
5 he 127 1419 147 (51)0 153 (54) TSG18 (66)
6 A,L 130 1429 148 (90) 154 (80) DK405 (88)

Morpholine analog 125 was deprotected and coupled in the same manner to form tertiary amide

156. Deallylation and ester cleavage furnished cystobactamid TSEOQ4 (Scheme 24).

0 N Q)L O\ HN
R1
- AN \©\f \Q\fo
125 R = Fmoc 156 R'=Allyl, R? = tBu

a OtBu c OR?
157 R'=H R?=tBu T—

155 R =H B

TSE04R"'=H,R2=H -

Scheme 24: Fragment coupling and deprotection towards TSEO04. Reaction conditions: a) Et,NH/MeCN (1:4), rt,
90 min; b) acid 3 2.50 equiv., HATU 2.50 equiv., DIPEA 5.00 equiv., DMF, rt, 16 h, 70%; c) Ph(PPhs)s 10 mol%,
PhNH; 3.30 equiv, THF, rt, 90 min, 91%; d) TFA, 0 °C to rt, 30 min, 79%.
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2.5.3.5.2New western fragment derivatives

For the preparation of new cystobactamids varying in the western fragment, intermediate 120
was Boc-deprotected and coupled to the depicted western fragments (Table 16). While the
reported coupling conditions with HATU were applicable for amides 159, 162, 167 and 168
(entries 1, 4, 9, 10), western fragments 22, 23, 29 and 30 with cyclized motifs as linkage
between the two aromatic rings did not react. Formation and isolation of the acyl chlorides prior
to the fragment couplings led to full conversion. Furthermore, products 160, 163-166 (entries
2, 5-8) were precipitated under those conditions and no chromatographic purification was
necessary. Compound 161 was isolated as side product at some point (entry 3). Deallylation of
intermediates 159-168 to phenols 169-178 and subsequent ester cleavage furnished the

corresponding cystobactamids shown in Table 16.
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Table 16: Fragment coupling and deprotection towards cystobactamids with B-methoxy asparagine as central
amino acid and modified western fragments. Reaction conditions: a) 4 M HCI in 1,4-dioxane, 0 °C to rt, 15 min;
b) western fragment 1.20-2.50 equiv., HATU 1.20-2.50 equiv. DIPEA 13.0 equiv., DMF, rt, 15-20 h; c) western
fragment, SOCI,, 80 °C, 2 h, then 158 1.00 equiv., NMM 2.00 equiv., CHxCly, 0 °C to rt, 16-19 h; d) Ph(PPhs)4
10 mol%, PhNH> 3.30 equiv, THF, rt, 2-3 h; €) TFA, 0 °C to rt, 30 min; f) isolated; g) pyridine 3.00 equiv. instead
of DIPEA

O ‘ Q C‘)
N~ O ; HzN)iTH
N
RHN . HN
OH o N \(go °
o)
\(go * o) o
o

b orc

H
N
o)
OI;Y

/K O_HN /K O\REN
western fragments I
“ o R™ = Allyl, R? = tBu 0
120R=Boc | d

OR?

a OtBu 1= 2 -—
158 R = H R'"=H, R“={Bu

R'=H,R%=H -

Western
Entr Western fragment fragment Step b) or ¢) Step d) (yield  Step e) (yield
y residue oH (yield [%0]7) [%6]7) [%6]7)

(0]

o
1 Q)LNQ)\ 157 159 (25) 169 (62) 861-2 (89)
OoN

(0]
2 O)LNQ/\ 3 160° (62) 170 (75) CN861 (68)

3 Q)\ - 161 171 (52) TSES3 (68)
NC
. O
4 Q)LN 10 1629 (26) 172 (77) TSAT73 (67)

5 (7
5 &N 22 1639 (46) 173 (73) TSC82 (79)

(e}
6 NO)\ 23 1649 (34) 174 (76) TSC81 (75)
NC
o]
7 Q%\N 29 165°) (44) 175 (77) TSC83 (70)
N
8 @0 30 166° (49) 176 (74) TSC98 (80)

H

99 QNY@) 45 167" (60) 177 (88) TSE22 (88)
o

10 QANQ)\ 4 1680 (41) 178 (47) KBO015 (24)
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2.5.3.5.3New eastern fragment derivatives

TSDO08 bearing a methyl group on the amide between rings D and E was synthesized following

(o] ‘ 9 |
X Ne)
H,N ~0 H H,N Ty
N J\ N J\
RHN y © HN y O
]

o N O o QAO 0 N OR

b

L 0 o
- " /N\©\f
o) o)
OtBu OR?

180 R'=Allyl, R?=tBu

the established synthetic route (Scheme 25).

135 R = Boc

B

179R=H =1 181 R'=H,R?=tBu ——

TSDO8R'=H,R?=H <«

Scheme 25: Fragment coupling and deprotection towards cystobactamid TSDO08. Reaction conditions: a) 4 M HCI
in 1,4-dioxane, 0 °C to rt, 15 min; b) acid 3, SOClI,, 80 °C, 3 h, then 179, NMM 2.00 equiv., CH.Cly, rt, 18 h, 46%;
¢) Ph(PPhs)s 10 mol%, PhNH; 3.30 equiv, THF, rt, 2 h, 57%; d) TFA, 0 °C to rt, 30 min, 49%.

Difluorinated derivative TSE40 was obtained in the same manner, whereas the deallylation step

Q|

was not neccessary (Scheme 26).
T
HON 0 N K
2 ' H 2 H
RHN N H/Lo F HN N H/Lo F
° N F X o /@Ao ° N F
o (0] — ﬁ” O (0]
HN NC HN
136 R=Boc ~— | 0 183 R=1Bu = | O
a C

182R=H = | OtBu TSE4OR=H < | OR

H

Scheme 26: Fragment coupling and deprotection towards cystobactamid TSE40. Reaction conditions: a) 4 M HCI
in 1,4-dioxane, 0 °C to rt, 15 min; b) 3 1.20 equiv., HATU 1.20 equiv. DIPEA 3.00 equiv., DMF, rt, 18 h, 33%; c)
TFA, 0 °C to rt, 30 min73%.

2.5.3.5.4 Combinatorial derivatives

In a second generation of novel cystobactamids, advantageous structural motifs were combined.
Eight cystobactamids bearing two to three activity enhancing motifs were synthesized

following the established synthetic procedures suitable for the different fragments (Table 17).
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4%

Table 17: Fragment coupling and deprotection towards cystobactamids with combined benficial strucutral motifs. Reaction conditions: a) 4 M HCI in 1,4-dioxane, 0 °C to rt,
15 min; b) piperidine, MeCN, rt, 2 h; c) western fragment 1.20-2.50 equiv., HATU 1.20-2.50 equiv. DIPEA 3.00-5.00 equiv., DMF, rt, 17-19 h; d) western fragment, SOCl,, 80 °C

2 h, then eastern fragment 1.00 equiv., NMM 2.00 equiv., CH.Cl,, 0 °C to rt, 18-20 h; e) Ph(PPhs)s 10 mol%, PhNH. 3.30 equiv, THF, rt, 2-4 h; f) TFA, 0 °C tc; rt, 30 min; g)’
isolated; h) over three steps.

RHN}" 9y HN}%
OH A”/N o /\H/
& + o o cord 5
0 o — o
A _oum P O\R%-IN
2_

western fragments LCDE X o) = Allyl, R* = tBu :| 0
OtBu R! = OR?

R = Boc R = Fmoc H, R2=tBu
a b
R=H R=H R1 HR2_

Central residue

f

Western fragment ~ VVestern

Step ¢) or
residue fragment Step a) ; Step e) Step f)
Entry N ¢ LCDE  “orb) d%(g]';;d (vield [%]?)  (yield [26]9)
(o]

3,
1 &N 22 S 190" (41) 199 (56)  TSD18 (78)
NC Dﬁ(“\@\/ 128 1849

(o]

(e}
NQ)\ 23 1019 (64)  200(73)  TSD49 (81)
NC
(e}
H
3 QNWWM\
NC ©

\
XO)
H,NT Y
J\JWH “ 121 1859  1929(72)  201(76)  TSF53 (63)
|
o \(jy
N




1%

TSF54
b) 0
! , 131 186 1939(90) 202 (88) )
NC” : 43 o
“@ 126 140  1949(73)  203(88)  TSF62 (78)
(0]
NO,
“@ 126 140 1959 (66) 204 (82)  TSF64 (53)
(0]
S
DYH 129 1879 1969 (63) 205 (74) TSF60
I (quant.)
N\ 34 ‘
Nc@/N
&(H\Q\/ 132 1889 1979 206 (327)  TSF84 (42)
(0]
\
e 133 1899 1989 (66)  207(82)  TSG28 (87)




2.5.3.5.5Miscellaneous derivatives

Unusual western fragment 39 was coupled to intermediate 137 after Boc-deprotection. TSF16
was obtained after deallylation and ester cleavage in only 1% over three steps (Scheme 27).
Side products during the reaction sequence decreased the yields and complicated the

purification.

\ \
~0 e
H
N N
RHN H HN H
o} N
o} N o
b
- o} o}
pQeS O £
S
O._HN ™y HN O,_HN
)\ 02N lo) (0] e} R1
o} o}

OtBu OR?

208 R'=Allyl, R? = Bu

122 R = Boc c
a 1_ 2 -
137R=H 209 R'=H,R*=tBu —

d

/

TSF16R'=H,R?=H <«

Scheme 27: Synthesis of TSF16. Reaction conditions: a) 4 M HCI in 1,4-dioxane, 0 °C to rt, 15 min; b) acid 39
1.20 equiv., HATU 1.20 equiv., DIPEA 3.00 equiv., DMF, 0 °C to rt, 20 h; ¢) PhNH; 3.30 equiv., Pd(PPhs3)s
10 mol%, THF, rt, 90 min, d) TFA, 0 °C to rt, 30 min, 1% over three steps.

For photoaffinity labeling experiments, diazirine intermediate 134 was deprotected and coupled
to compound 15 bearing a terminal alkine. Allyl deprotection and ester cleavage furnished
cystobactamid TSE33 (Scheme 28).

5, o
PO L o™ O*@Y
e R T

210R=H <«

212 R'=H,R?=tBu *T—

TSE33R'=H,R2=H PR

Scheme 28: Synthesis of photoaffinity label cystobactamid TSE33. Reaction conditions: a) 4 M HCI in 1,4-
dioxane, 0 °C to rt, 15 min; b) acid 15 1.20 equiv., HATU 1.20 equiv., DIPEA 3.00 equiv., DMF, 0 °C to rt, 20 h,
57% over three steps; ¢) PhNH; 3.30 equiv., Pd(PPhs)s 10 mol%, THF, rt, 2 h, 37%, d) TFA, 0 °C to rt, 30 min,
62%.

2.5.3.5.6 Solid phase synthesis of a simplified cystobactamid derivative

Besides the optimization of the biological profile of cystobactamids, the synthesis itself
embodies an improvable topic tob e investigated. On one hand, a number of low or moderate
yielding steps complicates uspscaling, which is important to provide sufficient quantities for a

broad biological characterization. On the other hand, long reaction times and numerous
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purification steps prolongate the synthesis. SPS is a well-established method that could possibly
circumvent the mentioned drawbacks during peptide synthesis. However, cystobactamids
represent peptides consisting of non-cannonical aromatic amino acids, which differ from
cannonical amino acids significantly. During this project, the first SPS of the oligoarylamide
natural products coralmycins was published by the PAYNE group, which incorporated also the
non-aromatic amino acid asparagine in the SPS-sequence.’t! Aiming the SPS of CN861, a
number of synthetic steps were suggested to be critical on solid phase. As in the liquid phase,
the SPS was intended to be performed from C- to N-terminus. While in the established synthesis
NO- groups are used for capping the amines, Fmoc protection in combination with an acid-
labile resin is the most convenient strategy in SPS. Therefore, the synthesis of new building
blocks was required. Fmoc deprotection is realized in basic milieu, in which B-methoxy
asparagine 4 is prone to epimerize. Ring D bears an additional alcohol, which is originally allyl
protected. The deprotection can be performed after cleavage in liquid phase or the allyl
protection group can be exchanged. To overcome all the critical steps, a simplified target
molecule was aimed. Cystobactamid QL56 contains L-valine as linker, which generated
promising results in SAR studies (c.f. chapter 2.5.1.1) and consists of PABA moieties without
any alkoxy decoration. Retroynthetic analysis with respect to the Fmoc strategy leads to the
three building blocks 6, Fmoc- L-valine (115) (Scheme 29).

o]
S
H
HNjih"\N R3
_a o H
g EI YW
N FmocHN
o
NC
@A‘“
FmocHN
213

Scheme 29: Retrosynthesis for SPS of QL56.

Amide couplings on solid phase were intended via the acyl chlorides. Their high reactivity
should ensure full conversion, to prevent the formation of side-products. Therefore, PABA was
Fmoc-protected (Scheme 30). Acids 115 and 213 were transformed into acyl chlorides 214 and
215, respectively, either with stochiometric amount or excess of SOCI. depending on wether it

was used for resin loading or further coupling reactions.
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H,N FmocHN FmocHN
a borc
\©\”/OH —_— \©\"/OH — \©\H/CI
o) 0]

o
PABA 213 214

oH -9, cl
FmocHN FmocHN
O

0]
115 215

Scheme 30: Protection and activation of SPS building blocks PABA and Fmoc-L-valine (115). Reaction
conditions: a) FmocCl 1.50 equiv., 10% Na;COgz(q)/1,4-dioxane, 0 °C to rt, 20 h, 77%; b) SOCI, 1.50 equiv.,
NMP, rt, 2 h, quant.; ¢) SOCl,, 80 °C, 1 h, quant; d) SOCI; 10.0 equiv., CH:Cly, 55 °C, 1 h, 97%.

The SPS of QL56 started with the resin loading. Therefore, chloride 214 was shaken with acid-
labile WANG resin in NMP (Scheme 31).

Wang resin

FmocHN FmocHN HO/\©\
OWC' - Oﬁ("n ° = "0
O
216

(6]
214

Scheme 31: Resin loading with WANG resin and acyl chloride 214. Reaction conditions: WANG resin, 214
10.0 equiv., NMP, rt, 18 h.

After loading on WANG resin, a deprotection/coupling-sequence which was iterated twice was

performed to yield resin-bound trimer 219 (Scheme 32).

H
FmocTN
"0
(0]
n
a 217 b

FmocHN LTI H H
\©\H/Cl :‘I SPS \: f0)
(6] \\\ //I 0 \O

214 219

H
H-+N
“Q
(@]
n
218

Scheme 32: SPS of trimer 219 consisting of three PABA units after 2 iterations. Conditions: a) 214 3.00 equiv.,
DIPEA 6.00 equiv., CH.Cly, rt, 18 h; b) piperidine/DMF (1:4), rt, 3+7 min.
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Three further deprotection/coupling iterations were performed with acyl chlorides 215, 214 and

6 to obtain resin-bound cystobactamid 220 (Scheme 33).

H N
My @ HN
o >~ o /@AO O O\O
) o
N 3
o, /@J\H
NC
219 220

Scheme 33: SPS of resin-bound 220 from trimer 219. Reaction conditions:a) i. 215, ii. 214, iii. 6 3.00 equiv.,
DIPEA 6.00 equiv., CH2Cly, rt, 18 h; b) piperidine/DMF (1:4), rt, 3+7 min.

TFA cleavage and subsequent HPLC purification furnished QL56 in 22% over 12 steps
(Scheme 34). It is noteworthy that the SPS of QL56 proceeded smoothly without specific

optimization.

N N
HN HN H
0 0 o) N
L O 0 — 2
o) O O
N 3 ”
H HN
NC NC
220 °

QL56 OH

Scheme 34: Resin cleavage of QL56. Reaction conditions: TFA/CH,Cl, (1:1), rt, 1 h, 22% over 12 steps.

Encouraged by the results of QL56, the SPS of CN861 was adressed. However, first attempts
to incorporate ring D into the SPS turned out not to be successful. The synthesis of Fmoc-
deprotected ring D was also found to be a complicated task and the alternative NO> reduction
on SPS was tested, but was also not successful.

2.5.3.6 Preliminary work towards future cystobactamid derivatives

In addition to the described syntheses of the biologically evaluated cystobactamids, extensive
studies on the extension of the project have already been initiated. Commercially available
thiadiazole 221 was incorporated as ring E analog by coupling the free amine to ring D 7
(Scheme 35).

HN. s O O,N
2
\ —
I,{H%t )o\j@\fo
O_HN_ _s O
h
Qe
221 222

Scheme 35: Coupling between thiadiazole 221 and ring D 7. Reaction conditions: 221 1.10 equiv, POClIs
1.00 equiv., DIPEA 1.70 equiv., CH,Cly, 0 °C, 1 h, 43%.
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The ethyl ester as protecting group for the desired C-terminal carboxylic acid was expected to
necessitate an alternative deprotection procedure as the established tert-butyl ester. However,
the heterocycle turned out to effect the following synthetic steps so that alternative procedures
were required even before the ester deprotection. Dimer 222 was chosen as model substrate to
investigate the critical steps. During the NO> reduction with zinc in the presence of AcOH
partial ester deprotection was observed. An alternative reduction procedure with SnCl»-2H>O
was found to be suitable for this substrate, although full conversion required reaction times up
to 6d (Scheme 36). Shorter reaction times resulted in the isolation of the corresponding
hydroxylamine. Coupling with 4-nitrobenzoyl chloride and subsequent NO. reduction
furnished eastern fragment 223, which was coupled with EEDQ to central amino acid 4 to yield
intermediate 224.

O
O

0
o
s. P PN
OEt hE \
7\ N - kWN/jJHOEt
222 223 224

Scheme 36: Synthesis of eastern fragment 224 using alternative Sn-based NO, reduction and coupling to central
amino acid 4. Reaction conditions: SnCl,-2H.O 5.00 equiv., EtOH, rt, 4 d, 95%; b) 4-nitrobenzoyl chloride
1.60 equiv., pyridine 4.00 equiv., CHxCly, rt, 3 h, 84%; c) SnCl»-2H,0 5.00 equiv., EtOH, rt, 6 d, 60%; d) acid 4
1.70 equiv., EEDQ 1.60 equiv., CHCls, rt, 24 h, 28%.

It shall be mentioned, that in parallel a different approach was investigated. Coupling of
fragment DE 222 and aldehyde 226, which was generated from alcohol 225 after Fmoc-
protection and subsequent oxidation, under both reductive as well as oxidative coupling
conditions should yield trimer 227 according to the literature (Scheme 37).["2 Unfortunately,
trimer 227 was not isolated under the investigated conditions. Besides the recovery of aldehyde
226, the hydroxylamine intermediate of fragment DE 222 was isolated in 54%. These findings
confirm the observation of slow reduction of the NO. group. Interestingly, under these
conditions no ethyl ester cleavage was observed.
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Scheme 37: Alternative approach towards Fmoc-protected eastern fragment 229 via one-pot reaction between
aldehyde 226 and fragment DE 222 under both oxidative and reductive conditions. Reaction conditions: a)
FmocOSu 1.00 equiv., NaHCOs3; 2.00 equiv, H,O/MeCN, 0 °C to rt, 18 h, 93%; b) MnO; 10.0 equiv., THF, rt,
18 h; ¢) 222, Zn 4.00 equiv., AcOH 2.00 equiv., NaClO3 1.00 equiv., EtOH/H,0 (3:1), 35 °C, 6 h.

The following reactions were performed in accordance to the standard procedures towards
protected intermediate 230 (Scheme 38). No conversion was observed during deallylation of
compound 229 under the use of catalytic Pd®. It was hypothesized that the sulfur containing
heterocycle deactivates the catalyst. Consequently, an over-stochiometric amount of Pd°
(1.20 equiv.) was tested but without success. The reaction mixture turned dark and an
inseparable mixture of compounds was obtained, while no product formation was detected as
judged by LC/MS analysis.
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HoN -~ H J\ HoN w0 H
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RHN 0 HN N
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. _ R

224 R = Boc ,\}\N/ OFt 229 R = Allyl ,\L,\?’«OB
a C

228R=H = 230R=H <3

Scheme 38: Final fragment coupling towards cystobactamid precursor 230. Reaction conditions: a) 4 M HCl in
1,4-dioxane, 0 °C to rt, 15 min; b) acid 3 1.20 equiv., HATU 1.20 equiv., DIPEA 3.00 equiv., DMF, 0 °C to rt,
18 h, 58%; c¢) PhNH- 3.30 equiv., Pd(PPhs)s 10 mol%, THF, rt, 90 min.

At this point, the focus was shifted back to fragment 222, which served as model substrate.
Alternative deallylation procedures were tested (Table 18). Under the standard conditions no
product was isolated (entry 1). LEwis acid mediated deallylation with AlBr3 in the presence of
Me;S was not fruitful (entry 2 and 3).¥l However, under refluxing conditions using
CeCl37H20 and Nal the desired alcohol 231 was formed in 95% vyield (entry 4).["4
Alternatively, an oxidative one-pot deallylation via repeated dihydroxylation and periodate
cleavage was performed with OsOs and NalOs in the presence of NMO, but alcohol 231 was
not obtained (entry 4)."° Unfortunately, the conditions of entry 4 were not applicable to

compounds with complete cystobactamid carbon backbone.
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Table 18: Optimization of the deallylation of model substrate 222.
O,N

O,N
oj;on . o o
o)

K oumn__s A oM AN : s, P
222 231
entry  reagents (equiv.) solvent / conditions Yield [%0]
Pd(PPhs)4 (0.10

1 P(hNHz)(s(.BO) ) THF, 1,23 h -
2 AlBr; (8.00) CH.Cl>/MesS (2:1),0°C, 2 h nc
3 AlBr3 (8.00) CH2Cly/Me,S (2:1), 1t, 18 h nc
4 Cec,'jg('g%é‘;"oo) MeCN, 90 °C, 6 h 9506

NMO (3.00)
5 0s04 (0.20) 1,4-dioxane/H,O/tBUOH (6:3:1),

NalO4 (3.00) 60 °C,6h

piperidine (1.00)

Further investigations were started using intermediate 152, which was considered to be a
suitable precursor for a NO, elimination.[’®! The late-stage modification would lead to a
rigidified cystobactamid with dehydrovaline as central amino acid. The basic conditions had to
be chosen carefully. Initial attempts with LiOH resulted in amide hydrolysis, especially between
the central amino acid and the eastern fragment (Table 19, entries 1 and 2). On the other hand,
organic base DABCO led to no conversion of the starting material after 72 h (entry 3). In
parallel, DBU was utilized as alternative base. Dehydro cystobactamid 232 was isolated after
72 hin 74% yield (entry 4). The yield was increased to 93% by shortening the reaction time to
20 h (entry 5).

Table 19: Optimization of the NO- elimination of compound 152 towards cystobactamid with dehydrovaline as
central amino acid.

T .
Qio*g* I

o]
OtBu
Entry Solvent Base (equiv.) Temp.[°C] Time [h] result
1 H,O/THF  LiOH (24.0) 50 2 decomposition
2 H,O/THF  LiOH (24.0) Otort 24 amide hydrolysis
3 CHCl, DABCO (7.0) Otort 72 no conversion
4 CH.Cl; DBU (3.0) Otort 72 74%
5 CH.Cl; DBU (3.0) Otort 20 93%

Surprisingly, the final ester cleavage using TFA was unsucessful under the established

conditions and neither product 233 nor the starting material could be isolated (Scheme 39).
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Scheme 39: Unsucessful ester cleavage towards dehydro cystobactamid 233. Reaction conditions: TFA, 0 °C to
rt, 30 min.

2.6 Conclusion and Outlook

In this work the synthesis of cystobactamids with optimized antibacterial profile was aimed.
The current frontrunner CN8611% served as starting point for the SAR studies. In exchange
with all OpCyBac collaborators the biological data, especially MIC values, of cystobactamids
were interpreted. Consequently, new structural proposals for enhanced antibacterial properties
were specified. A variety of novel cystobactamids, depicted in Figure 8, were synthesized and
provided to the OpCyBac consortium for antibacterial testings.With focus on the central amino
acid, simplified cystobactamid analogs, e.g. TSF14, were found with superior activity
compared to CN861 (Scheme 40). On the other hand, amide replacements within the western
fragment proved to be benificial, while modifications on the eastern fragment were hardly
tolerated. Different promising motifs, found within the OpCyBac consortium, were combined
successfully. In addition, the resynthesis of 861-2, CN861 and DK405 in larger quantities was
accomplished. The resynthesized cystobactamids were utilized as reference compounds or used
for more in-depth biological profiling.

In conclusion, the OpCyBac!®® portfolio of novel cystobactamids was extended. The current
frontrunner CN861 was outraced by numerous analogs in terms of antibacterial activity. Four
analogs TSF14, TSF64, TSG04 and TSG28 were developed with up to nanomolar activity
against representitives of all ESKAPE pathogens (Table 20).
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Table 20: MIC values (ug/mL) of selected cystobactamids analogs compared to CN861 and CIP. a) BAA-1710;
b) (S83L, D87N, S80I, AmarR, AacrR); ¢) (waaC::Tn30); d) (QnrAl); ) AmexAB; f) BAA-2468, g) PAO1 instead
of PA14; color code for activity: green = good, orange = moderate, red = insufficient.

OH
" NO, NO, OH " ﬁH
CHNL L . A I TSF14 ..., R L L <L S
CIP CN861 TSF14 TSF64 TSG04 TSG28
DSM3008 0.1 1 0.03 0.06 nd nd
ATCC? <6.4 8 0.38 <0.03 0.05 0.025
A. baumannii CIP-105742 0.05 0.25 <0.0038 <0.03 nd nd
CIP-107292 <6.4 <64 0.5 <0.03 3 0.06
R835 <6.4 <64 0.5 <0.03 nd nd
E. coli LM705 <6.4 0.64 1 0.125 0.25 0.5
' ATCC-25922 0.01 0.25 <0.06 <0.03 <0.001 <0.003
S. aureus ATCC-29213 0.8 0.125 <0.06 0.125 <0.003 <0.003
CIP-104298 0.5 16 <0.3 1 nd nd
K. pneumoniae KP105819 <6.4 2 0.25 0.125 0.025 0.006
R15259 <6.4 16 1.25 2 nd nd
P. aeruginosa PAl4 0.125 16 1 8 49 19
: PA149 0.01 0.5 8 1 nd nd
E. cloacae ATCC? <6.4 32 2 2 0.2 0.25
E. aerogenes CIP-106754 <6.4 4 2 4 1 1(2)

E. faecium DSM-17050(VRE) 3.2 nd <0.06 <0.03 <0.003 <0.003

Future work should include the finalization of the analogs described in chapter 2.5.3.6. The
structural evolution from CN861 to TSF14 comprises several structural differences. The
significance of the second methyl group or the possibility of other NO bioisosters remains to
be clarified. Furthermore, the relevance of the stereoconfiguration within the central amino acid

is yet to be solved.

o 0 Scheme 40: Structural evolution from CN861 to TSF14.
HzNij;/\ — OO”%:E‘A

HN HN

w0 w0

CN861 TSF14
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With a variety of benificial motifs in hand, SAR studies can be continued. The crucial role of
the central amino acid for activity was emphasized. While the antibacterial activity was
enhanced significantly during this studies, other pharmacological properties (e.g. solubility) are
now improvable and play a major role in the development towards a new lead structure.
Therefore, SAR studies are necessary to locate structural sides mechanistically relevant for
activity and consequently reveal flexibility within the cystobactamid scaffold. It is noteworthy,
that organic synthesis is still the inevitable bottleneck of drug discovery.[’” First investigations
of a SPS approach towards cystobactamids were accomplished and should be extended in future
work to find a solution for the rapid provision of drug quantities.

This work as part of the close collaboration between academic and industrial partners within
the OpCyBac project addressed a major challenge of recent drug discovery. The lack of new
antibiotic classes requires hand-in-hand practice of academia and industry to efficiently

overcome MDR.
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Figure 8: Overview of synthesized novel cystobactamids with modified linker (A); western fragment (B); western fragment and linker (C); western fragment, linker and ring C (D),
eastern fragment (E); linker and ring D (F)



3 Myxovalargin A

Myxovalargins were first described in 1981 as an isolate of Myxococcus fulvus strain Mx f65.
Along with the myxovalargin isolate antibacterial activity against a variety of bacteria was
observed with MICs between 0.3-5 pg/mL for GRAM-positive and 6-100 pg/mL for GRAM-
negative strains.[’®7®1 In 1987 the peptidic structure of Myxovalargin A (234) was suggested.[®]
Later, elucidation of the biosynthesis (see chapter 3.1) and feeding experiments coupled with
mass spectrometry disproved the proposed stereoconfiguration of the valines in position 7 and
10. In this work Myxovalargin A (234) is illustrated with the revised stereoconfiguration
(Figure 9). In the course of the biosynthesis investigations the biotechnological production was
optimized. In Myxococcus fulvus strain Mcy6431 fermantation scale was achieved to isolate
Myxovalargin A (234) in a yield of 23.9 mg/L, allowing a detailed biological profiling of the

natural product.[®4
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OH
~_ ~U
JUNS TSNP PRSP NESNES NS
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H o 2 I o H oo 0 H 0 H oo H oo H o H
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I
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HZN/gNH

Myxovalargin A (234)

Figure 9: Structure of Myxovalargin A (234).

3.1 Biosynthesis
The NRPS-type biosynthesis of Myxovalargin A (234) (Figure 10) was studied on Myxococcus

fulvus strain Mcy6431. The genes mxv A-E encode 14 modules that represent the essembly
line. Six further genes mxv F-K are located on the BGC. The biosynthesis starts with the loading
of isovaleryl-CoA by mxvB. Stepwise essembling over the 14 modules yields Myxovalargin A
(234). The myxovalargin scaffold consists of mainly non-proteinogenic amino acid building
blocks: D-valine, D-alanine, D-arginine, (S)-B-tyrosine, dehydrovaline, dehydroisoleucine and
B-hydroxyvaline. Epimerases included in the corresponding modules are responsible for the
tansformation of the proteinogenic amino acids to the D-configated amino acids. A
methyltransferase on module 3 N-methylates the loaded alanine. (S)-B-Tyrosine derives from
L-tyrosine catalyzed by a 2,3-aminomutase encoded by mxvJ. The dehydro amino acids as well
as the B-hydroxyvaline are assumed to result from a hydroxylation/dehydration sequence by
mxvH. An additional C-domain is suggested to incorporate the C-terminal agmatine,
transformed from arginine by an ADC, and therefore terminate the biosynthesis.[®%]
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Figure 10: Biosynthesis model of Myxovalargin A (234). ADC = arginine decarboxylase, domains: T = thiolation, C = condensation, A = adenylation, MT = methyltransferase,
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3.2 Biological activity and mode of action

Early reports on myxovalargin already demonstrated the antibacterial activity of myxovalargin
against various GRAM-positive and -negative bacteria.l’®%? Later, Myxovalargin A (234) was
found as a potent canditate for growth inhibition of Mycobacterium tuberculosis, a pathogen
that causes tuberculosis.[®®# The bacterial ribosome was identified as target of the natural
product. Therefor, myxovalargin inhibits binding of the initiator tRNA on the large ribosomal
subunit. Blocking the exit tunnel prohibits the protein biosynthesis on a late stage of the
translation initiation. Pharmacokinetic properties of Myxovalargin A (234) were satisfying and
in vivo efficacy was demonstrated. Unfortunately, administered Myxovalargin A (234)
displayed toxicity in a mouse model of tuberculosis. Since the target and mode of action are
known, rational design of myxovalargin analogs with reduced toxicity could help to overcome
the described burden towards a new antibiotic with medicinal application. Therefore, a total
synthesis program was started at an early stage to not only confirm the structure, but also

provide a tool to modify the myxovalargin scaffold for improved biological properties.[!!

3.3 Preliminary studies towards the total synthesis of

Myxovalargin A

The total synthesis program was initiated by GILLE and later taken up by SIEBKE and KOSEL.
The natural product — at that time with incorrect stereoconfiguration — was retrosynthetically
divided into four fragments (Scheme 41, also c.f. Scheme 42). The synthesis of fragments A-D
was accomplished. Therefore, syntheses for the building blocks non-proteinogenic amino acids
(S)-B-tyrosine 236 and D-B-hydroxyvaline (R)-106 were established (Scheme 41 B & C). One
major challenge was the incorporation of the unnatural dehydro amino acids in fragments A-
C.[8] The cross-coupling between amines and vinyl iodides gave access to the mentioned
fragments (Scheme 41 A left).[®] However, low vyields, limited scalability and complicated
protecting group strategies hampered the synthesis of sufficient quantities. First attempts of
fragment couplings were conducted and the myxovalargin backbone was obtained (Scheme 41
E). The late-stage amidination of the sidechain amine in fragment B failed (Scheme 41 D).[®°

SIEBKE continued the synthetic studies towards both Myxovalargins A (234) with incorrect and
revised stereoconfiguration. With an alternative retrosynthesis by dividing fragment A further
into fragments Al and A2 the upscaling was aimed. Utilizing B-nitrovaline as precursor for the
dehydrovalines proved to be fruitful. Nitroelimination improved the overall yield and
scalalibity of fragment A1 (Scheme 41 A right). On the other hand, a modified route towards
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fragment A2 was established. Fragment coupling towards fragment A resulted in epimerization
of alanine at position 2. The epimerization occured with all investigated conditions and
fragmentations of fragment A (Scheme 41 E).I®®l The synthesis of both fragments B with
incorrect and revised stereoconfiguration was accomplished via an adopted synthesis from
GILLER! and implementation of the nitroelimination with B-nitrovaline as building block
(Scheme 41 A right). During the synthesis of fragment CD guanidination of fragment D and
coupling of fragments C and D were not reproducable in accordance to GiLLE. Modified
conditions enabled the synthesis of fragmend CD. Ultimately, SIEBKE worked out that
epimerization and protecting group strategy complicate the total synthesis of Myxovalargin A
(234).168]

......................................................................................................................................

1 A) access to dehydro amino acids C) synthesis of D-p-hydroxyvaline
. R .
. NOZ OH ;
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Scheme 41: Preliminary studies towards the total synthesis of Myxovalargin A (234); V= synthesis accomplished,
= synthesis accomplished with need for optimization.

3.4 Project aims

Preliminary studies towards the total synthesis of Myxovalargin A (234) were performed by
DR. FRANZISKA GILLE®>®] and DRr. MAIk SIEBKE!®®! as described above. In this work —

cooperation with DR. TERESA KOSELI®] — the completion of the total synthesis was aimed to
verify the postulated stereochemistry.[® Therefore a SPS approach was considered to prevent
epimerization during peptide couplings. A combination of liquid-phase synthesis and SPS
seemed reasonable. Furthermore, a synthetic access to Myxovalargin A (234) paves the way for
provision of analogs with reduced toxicity, contributing to the fight against infectious diseases

like tubercolusis, the wold’s top infectious killer in accordance to the WHO.[8384]
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3.5 Results and discussion

3.5.1 Retrosynthesis

The peptidic natural product Myxovalargin A (234) was retrosynthetically divided into four
fragments A-D 237-240 by amide bound cleavage (Scheme 42). This fragmentation ensured
the late introduction of the susceptible structural motifs like dehydro amino acids, f-
hydroxyvaline or the guanidine residues./® However, for the SPS approach the C- to N-
terminus Fmoc protecting strategy was choosen and might not follow the depicted
retrosynthetic analysis. By that time, the length of the amino acid sequence from solid-phase
was not predifined and might succeed in combination with liquid-phase synthesis of certain

fragments.

NH

uny

HoN
Myxovalargin A (234)

NO,
\/
N N Nﬁ(
H B H
(o] (o] (6]
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o g H o N Alloc
HoN N%(N N ONy o) " H o) ~ )N\
BocHN N
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(e}
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Fragment B 238 Fragment C 239 Fragment D 240

Scheme 42: Retrosynthesis of Myxovalargin A (234) in accordance to GILLE.[®
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3.5.2 Synthesis

3.5.2.1 -(S)-Fmoc-p-tyrosine

For fragment A 237 the unnatural B-tyrosine building block allyl-protected (S)-Fmoc-B-tyrosine
(248) was synthesized from the non-proteinogenic (R)-4-hydroxyphenylglycine (241) (Scheme
43). Elongation of the carbonchain of 241 by one carbon atom gave access to (S)-Fmoc-f-
tyrosine (248), while the stereocenter was switched formally. Boc-protection of the starting
material yielded N-protected amino acid 242. Allylation of the phenol and the acid and
subsequent saponification furnished acid 243, which could not be reduced to primary alcohol
245 under the tested conditions. Alternatively, acid 242 was reduced first. Diol 244 was
selectively allyl protected by prior formation of the required sodium salt. Mesylation of primary
alcohol 245 followed by treatment with NaCN afforded nitrile 246, which could be
saponificated to yield (S)-Boc-B-tyrosine 247. At this point, it was not clearified if the synthesis
of Myxovalargin A (234) would be achieved by batch synthesis or a new SPS approach. The
SPS approach required a Fmoc protected amine. The change from the Boc to the Fmoc
protecting group in (S)-Fmoc-p-tyrosine (248) was accomplished under standard conditions.

HO HO LO
a b, ¢
\%NHZ - \%NHBOC - \%NHBOC
O~ OH O~ OH O~ OH
241 242 43

2

HO /\/O “\/O
\@[NHBOC e, f \Q[NHBOC g, h \%/NHBOC
OH —
246 N7
A 0

OH
ji
ik

244 245
NHFmoc —=—— NHBoc

O O

248 247

OH OH

Scheme 43: Synthesis of (S)-Boc-B-tyrosine (247) and (S)-Fmoc-B-tyrosine (248). Reaction conditions: a)
NaHCO; 5.00 equiv., Boc,O 1.10 equiv, 1,4-dioxane/H,O (1:1), rt, 20 h, quant.; b) K>COjz 4.00 equiv., allyl
bromide 2.50 equiv., DMF, rt, 17 h; ¢) NaOH 2.00 equiv., MeOH, 35 °C, 2 h, 93% over two steps; d) BHs
2.00 equiv., THF, 0 °C, 2 h, 80%; e) NaOH 1.00 equiv., MeOH, rt, 1 h; f) allyl bromide 1.20 equiv., DMF, rt, 3 h,
90% over two steps; g) MsCI 1.50 equiv., EtsN 1.50 equiv., CH2Cly, 0 °C, 1 h; h) NaCN 3.00 equiv., DMSO,
40 °C, 4 h, 59% over two steps, i) NaOH 10.0 equiv., EtOH, 90 °C, 4 h, 98%; j) TFA 50.0 equiv., CH.Cl,, 0 °C,
15 h; k) FmocCl 1.20 equiv, Na,COs, 1,4-dioxane/H,0 (1:1), rt, 16 h, 97% over two steps.
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3.5.2.2 Solid phase synthesis towards Myxovalargin A

In collaboration with DR. TERESA KOSeLI! and the Institute for Medicinal Chemistry
Helmholtz Munich® the SPS towards myxovalargin was investigated at a Liberty Blue™
Automated Microwave Peptide Synthesizer from CEM. Chlorotrityl resin 249 was preloaded
with (S)-Fmoc-B-tyrosine (248),18! nitrovaline 109 and Fmoc-D-valine (255) in batch to avoid

excess of the starting material (Scheme 44).

Fmoc-.
MOCNH o

® ® . .
cl O Q .. Ao O Q FmocHN% FmocHN
Cl cl X
O "o /%
250 251 NO2 252

Scheme 44: Resin preloading with different amino acids. Reaction conditions: a) SOCI, 1.20 equiv., pyridine
2.40 equiv., CH2Cl, 0°C to 80 °C, 3 h; b) 109, 248 or Fmoc-D-valine (255) 1.20 equiv., DIPEA 5.00 equiv.,
CHCly, rt, 14 h.

249

Loaded resins 250-252 were ready to serve as starting materials in the subsequent SPS (Table
21). First investigations aimed myxovalargin with incorrect stereochemistry. A sequence of
standardized coupling and deprotection steps were accomplished with a pool of (amino) acids.
Deprotection was realized with piperazine. Amide couplings were exerted with DIC and
Oxyma. The corresponding peptides were released from the resin under acidic conditions. In a
first attempt fragment AB was aimed. Desired product 259 was formed, but partially Boc
deprotected, presumably during the acidic TFA cleavage (entry 1). Releasing final peptide 259
with FA instead caused a decreased yield (entry 2). An improvement was achieved by utilizing
hexafluoroisopropanol (HFIP) as mild acid (entry 3).[% However, the diastereomeric ratio was
insufficient. Alternatively, Boc protected ornithine 257 was substituted with Pbf protected
arginine 258, but corresponding product 260 was not obtained (entry 4). By shortening the
peptide sequence to avoid the critical arginine residue, loaded resin 251 was used, albeit desired
peptide 261 was not isolated (entry 5). Eventually, SPS synthesis of fragment A 237 starting

from loaded resin 250 succeeded in satisfactory yield (entry 6).[84
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Table 21: SPS synthesis towards myxovalargin. Reaction conditions: a) (amino) acid 5.00 equiv., DIC 5.00 equiv.,
Oxyma™ 5.00 equiv., DMF, 75-90 °C, 15-110 s; b) piperazine 5.00 equiv., EtOH/NMP, 75-90 °C, 15-50 s; c) 1%
TFA in CHCly, 2 min (4x); d) isolated; e) 1% FA in CH.Cl», 2 min (4x) instead of c); f) HFIP/CHCl, (1:1), rt,
3 min (4x) instead of c); g) isolated after following NO- elimination, see Scheme 45.

(amino) acid pool
NO,
o o
)\/U\ on FmOCHN\.)J\OH FmocHN OH 0
OH FmocHN H FmocHN
o : 0 OH
253 109 254
o} O NHR
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FmocHN OH OH FmOCN/kr( 248 257 R = Boc
0 o
258 R = C(NH)NHPbf
115 255 256
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The incorporated nitrovalines should serve as precoursors for the desired dehydrovalines. 876l
NO: elimination was tested with intermediate 259 (Table 21 entry 2, Scheme 45). Qualitative
analysis via LC/MS revealed the consumption of starting material 259, while product 262 was
formed, confirming the basic conditions to be suitable. Nevertheless, low yields towards
fragment AB 262 or the appearance of diastereomers and complicated purification contested
the SPS of the large intermediate. A more promising result was achieved, when only
synthesizing fragment A 237 on SPS (Table 21 entry 6).

NO, NO,

JUDETSUDSEPDU TS
N N ~__N N N -
N N N -~ N N
BEARSEROCHERUE R
(e} PN (e}
NHBoc
O\/\
259
\/ \/
MI(QL w87,
N Y N "N N
H R HW :H HWH
0 0 o] 0 AL o) 0
NHBoc

262

Scheme 45: NO; elimination towards fragment AB 262. Reaction conditions: LiOH 10.0 equiv., H,O/THF (1:1),
0°Ctort, 20 h.

3.5.2.3 Fragment C

Fragment C 239 was synthesized starting from ester 263 over four steps following the
established route (Scheme 46).1%81 Cuprate addition and treatment with MeLi and iodine yielded
vinyl iodide 264, which underwent saponification that gave access to carboxylic acid 265 in
moderate yield. Next, amide coupling with D-alanine methyl ester hydrochloride under
optimized conditions afforded vinyl iodide 266, which was then used in the GOLDBERG
coupling with tert-butyl (R)-(1-amino-3-methyl-1-oxobutan-2-yl)carbamate to furnish desired

fragment C 239 after saponification.

e g

263 264 265 267 R=CHjz~ |

239R=H <«

Scheme 46: Synthesis of fragment C 239. Reaction conditions: a) MeL.i 3.00 equiv., Cul 1.50 equiv., I, 3.00 equiv.,
THF, -78 °C, 3 h, 94%; b) LiOH 4.00 equiv., HO/EtOH, 60 °C, 22 h, 57%; c) d-Ala-OCHs-HCI 1.20 equiv.,

65



HOAt 1.07 equiv., PyAOP 1.07 equiv., DIPEA 5.00 equiv., DMF, 0 °C to rt, 20 h, 82%; d) tert-Butyl (R)-(1-
amino-3-methyl-1-oxobutan-2-yl)carbamate 1.00 equiv., 266 2.00 equiv., K.COs 2.00 equiv, Cul 0.60 equiv.,
(1R,2R)-N*,N2-dimethylcyclohexane-1,2-diamine  4.20 equiv., 1,4-dioxane, 70°C, 20h, 47%; €) LiOH
10.3 equiv., H20, rt, 20 h, 85%.

3.5.2.4 Fragment D
Agmatine analog 268 was treated with TMSI to form iodide salt 269, which was coupled with
amino acid (R)-106 (see chapter 2.5.3.3) to fragment D precursor 270 (Scheme 47).[6%]

OH

S}
Jl‘\,Alloc . | o j“\,AIIoc y N‘,Alloc
BocHN Al H3N Al N
ocC \/\/\N N oc 3 \/\/\N N oc BocHN' N\/\/\N/k . Alloc
H H H H o H H
268 269 270

Scheme 47: Synthesis of fragment D precursor 270. Reaction conditions: a) TMSI 1.10 equiv., CHxCly, rt, 5 min;
b) amino acid (R)-106 1.10 equiv., Oxyma 1.5 equiv., EDC-HCI 1.25 equiv., NaHCO3 5.00 equiv., CH,CIl,/DMF,
rt, 18 h, 16% over two steps.

3.5.2.5 Fragment CD

Fragment D precursor 270 was deprotected and coupled with fragment C 239 to yield protected
fragment CD 271 (Scheme 48).[¢%]

OH
N,Alloc OH Alloc
\E’(H A Aloe b, T w9 g H )N|\
N - BocHN N N Al
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Scheme 48: Fragment coupling between fragments C 239 and D 240. Reaction conditions: a) TFA 50.0 equiv.,
CHCly, 0 °C, 2 h; b) fragment C 239 1.50 equiv., HOAt 2.30 equiv., EDC-HCI 1.90 equiv., NaHCO3 7.00 equiv.,
MeCN/DMF, -15 °C to rt, 22 h, 23% over two steps.

3.6 Conclusion and outlook

In this work a new high yielding route towards B-tyrosine building block 248 was developed,
allowing the synthesis of large quantities of the unnatural amino acid, which served as starting
material for the SPS approach (Scheme 49 A). Following the retrosynthesis of GILLE®®! major
fragments of Myxovalargin A (234), both with correct and incorrect stereochemistry were
synthesized and provided to finalize the total synthesis. Therefore, a SPS of fragment A 237
and potentially fragment AB 259 was established to circumvent epimerization during batch
synthesis of the mentioned fragments (Scheme 49 B). The NO: elimination of advanced
intermediate 259 was demonstrated to be possible (Scheme 49 C). Furthermore, fragment CD
271 was resynthesized in sufficient quantities for subsequent synthetic investigations (Scheme
49 D). The total synthesis of Myxovalargin A (234) was completed during the course of this

collaborative work.[8-81 For future work, the first total synthesis of Myxovalargin A (234)

66



allowed the start of medicinal chemistry programs® towards myxovalargin analogs. The
structural modification through synthesis can be utilized to overcome the recently observed
toxic effects of Myxovalargin A (234).[84

FmocHN
9 steps o )\)L OH
(amino) acid pool ﬂ \)k /W
38% o

fragment A 237 OH

ﬁﬁfﬁ Frgtgh

Myxovalargin A (234)

Mj;r¢%rfmr$

; N“ﬂ”% J\Wf Wéﬁ(NﬁN“ﬂ NEOH BocHNJ\Aﬁ( ﬁ.m R

LiOH (0}
A ﬁg\ — A ﬁg\ N
262 fragment CD 271

Scheme 49: A) Established synthesis of (S)-p-tyrosine building block 248 from (R)-4-hydroxyphenylglycine 241;
B) Established SPS of fragment A 237 from a (amino) acid pool; C) proof-of-concept of NO; elimination towards
fragment AB 262; D) resynthesis of fragment CD 271.

4 Experimental section

4.1 Materials and methods

Solvent and reagents

All non-aqueous reactions were carried out in dried glassware in dry solvents under inert
conditions unless otherwise noted. Light sensitive reactions were carried out under light
exclusion. Dry solvents (MeCN, DMF, Et>O) were taken from a MBRAUN solvent purification
system. THF was freshly destilled over sodium (benzophenone as indicator). Petroleum ether
was destilled (60 °C). EtsN was freshly destilled over KOH. Other commercially available (dry)
solvents were purchased from MERCK or ACROS ORGANICS. Commercial reagents were used as
supplied from MERCK, ACROS ORGANICS, TCI, ABCR, ALFA AESAR. Deuterated solvents were
purchased from DEUTERO. AgSbFs was used from the glovebox. In addition to the synthesized
building blocks, compounds 5, 7 and 89 were also supplied from OpCyBac collaborators.

Microwave
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For reactions under microwave irratiation a CEM Discover S-Class was used with a power
maximum of 300 W.

Flash column chromatography

The silica gel used for manual flash column chromatography was acquired from
MACHEREY-NAGEL (type 60 M, grain size 40-63 um). Automated flash column
chromatography was conducted with the flash purification system Sepacore® by BUcHI® or
Biotage® SP using prepacked cartridges (puriFlash® by INTERCHIM or chromobond® by
MACHEREY-NAGEL). The eluents are given in brackets.

High performance liquid chromatography

Semi-preparateive HPLC was performed by using a WATERS Alliance 2695 HPLC-system with
a 996 diode array detector (A = 200-350 nm) and a MACHEREY-NAGEL Nucleodur C18 ISIS
column (5 pum, 250 mm, diameter = 8 mm). Mass detection was conducted with a WATERS
Quattro micro APl mass spectrometer in negative ionization mode

Thin layer chromatography

TLCs were performed on MACHEREY-NAGEL aluminium plates coated with silica gel 60 F245.
For detection UV light (254 nm) as well as KMnOg4, Ninhydrin, vanillin and anisaldehyde stains
were used.

NMR-spectroscopy

All tH-, 3C- and *F-NMR spectra were recorded at 298 K by using BRUKER Ascend 600 MHz
with Avance Neo console, Ultrashield 500 MHz with Avance-l1Il HD console, Ascend
400 MHz with Avance- Ill console, Ascend 400 MHz with Avance-11l HD console or
Ultrashield 400 MHz with Avance-I console. Chemical shifts are given in ppm relative to the
residual solvent peak with multiplicities (s = singlet, bs = broad singlet, d = doublet, t = triplet,
g = quartet, p = pentet, sept =septet, oct=octet, m = multiplet), coupling constants and
integration. For the interpretation of new compounds COSY, HSQC and HMBC spectra were
recorded. TopSpin by BRUKER was used for spectrum analysis.

Mass spectrometry

High resolution mass spectrometry was performed with a MicRomMAss LCT with lock-spray
unit and injection via loop modus in a WATERS (Alliance 2695) HPLC device. Alternatively, a
MicrRomAss Q-TOF was used in combination with a WATERS Aquity UPLC device. The
ionization occured through electron spray ionization. Calculated and found masses are reported.

Optical rotation
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The specific optical rotation [a] was measured with a polarimeter type 341 from PERKIN-ELMER
at A =589.3 nm (sodium D line) in a 10 cm quartz cuvette. It is given in 10 cm? g*. The

concentration ¢ is given in 10 mg mL™,

4.2 Cystobactamids — Experimental procedures

4.2.1 Western fragments
4-(4-Cyanobenzamido)benzoic acid (3)

o}

0 /@J\OH
jog
NC

PABA (4.14 g, 30.2 mmol) was dissolved in THF (23 mL) and a sat. NaHCOs3 solution (23 mL)
was added. The mixture was cooled to 0°C and 4-cyanobenzoyl chloride (6) (5.00 g,
30.2 mmol, 1.00 equiv.) was added. The reaction mixture was stirred for 3 h at rt. A 1 M HCI
solution was added and the precipitate was seperated by filtration and washed with Et,O to
furnish product 3 (6.64 g, 24.9 mmol, 83%) as colorless amorphous solid.

The analytical data are consistent with those reported in the literature.t?!

'H-NMR (400 MHz, DMSO-ds) = & 12.78 (s, 1H, CO2H), 10.75 (s, 1H, NH), 8.13-8.11 (d,
J=8.3Hz, 2H, Ha/), 8.05-8.03 (d, J=8.3 Hz, 2H, Has), 7.97-7.95 (d, J = 8.8 Hz, 2H, Hay),
7.92-7.90 (d, J = 8.8 Hz, 2H, Har) ppm.

4-(4-Cyano-N-methylbenzamido)benzoic acid (10)

(0]

o
NC

4-(Methylamino)benzoic acid (9) (200 mg, 1.32 mmol) was dissolved in THF (1 mL) and a sat.
NaHCOs solution (1 mL) was added. The mixture was cooled to 0 °C and 4-cyanobenzoyl
chloride (6) (219 mg, 1.32 mmol, 1.00 equiv.) was added. The reaction mixture was stirred at
rt for 3 h. A 1 M HCI solution was added and the precipitate was seperated by filtration and
washed with Et.O to furnish product 10 (326 mg, 1.16 mmol, 88%) as colorless amorphous
solid.

'H-NMR (400 MHz, DMSO-dg) = § 13.02 (s, 1H, CO2H), 7.82-7.80 (d, J = 8.4 Hz, 2H, Ha/),
7.75-7.73 (d, J = 8.3 Hz, 2H, Ha), 7.46-7.44 (d, J = 8.2 Hz, 2H, Har), 7.31-7.29 (d, J = 8.5 Hz,
2H, Har), 3.41 (s, 3H, CH3) ppm;
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13C-NMR (101 MHz, DMSO-ds) = 6 167.9 (CO), 166.5 (CO), 147.6 (Car), 140.5 (Car), 132.0
(Car), 130.2 (Car), 128.9 (Car), 128.7 (Car), 127.0 (Car), 118.2 (CN), 112.1 (Car), 37.5 (CH3)
ppm;

HRMS (ESI) calculated for C16H11N203 [M-H]": 279.0770; found: 279.0768.

Methyl 3-(4-cyanobenzamido)bicyclo[1.1.1]pentane-1-carboxylate (272)

o
o g)ko/
N
jon
NC

Amine 40 (53.6 mg, 0.30 mmol) was dissolved in THF (250 uL) and a sat. NaHCO3 solution
(250 pL) was added. The mixture was cooled to 0 °C and 4-cyanobenzoyl chloride (6)
(50.0 mg, 0.30 mmol, 1.00 equiv.) was added. The reaction mixture was stirred at rt for 3 h. A
1 M HCI solution was added and the precipitate was seperated by filtration and washed with
Et20 to furnish product 272 (58.7 mg, 0.22 mmol, 72%) as colorless amorphous solid.
'H-NMR (400 MHz, DMSO-ds) = 8 9.36 (s, 1H, NH), 7.99-7.94 (m, 4H, Har), 3.63 (s, 3H,
CHg), 2.34 (s, 6H, CH>) ppm;

13C-NMR (101 MHz, DMSO-ds) = § 169.3 (CO), 165.2 (CO), 137.9 (Car), 132.4 (Car), 128.0
(Car), 118.3 (CN), 113.8 (Car), 53.9 (HNC(CHj)3), 51.6 (CHz), 45.8 (CH2), 35.8
(CCO2Me) ppm.

3-(4-Cyanobenzamido)bicyclo[1.1.1]pentane-1-carboxylic acid (41)

N
dH
NC

Ester 272 (40.0 mg, 0.15 mmol) was suspended in THF (340 puL) and LiOH (1 M in H20,
440 pL, 0.44 mmol, 3.00 equiv.) was added. The mixture was stirred at rt for 1 h. THF was
removed under reduced pressure. The ag. phase was acified with a 2 M HCI solution. The
precipitate was filtered off to furnish acid 41 (28.8 mg, 0.11 mmol, 76%) as colorless
amorphous solid.

The CN group is not visible in the 3C spectrum due to the small amount of analytical probe.
IH-NMR (400 MHz, DMSO-ds) = § 12.45 (s, 1H, CO2H), 9.32 (s, 1H, NH), 7.99-7.96 (m, 4H,
Har), 2.29 (s, 6H, CH>) ppm;

13C-NMR (101 MHz, DMSO-ds) = & 170.6 (CO), 165.2 (CO), 138.0 (Car), 132.4 (Car), 128.0
(Car), 113.8 (Car), 53.7 (HNC(CH2)3), 45.6 (CHz2), 36.1 (CCO2H) ppm.

HRMS (ESI) calculated for C14H11N203 [M-H]": 255.0770; found: 255.0762.
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Methyl 3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-carboxylate (273)

o
H o~
o
NC ©

4-Aminobenzonitrile (300 mg, 2.54 mmol) and 3-(methoxycarbonyl)bicyclo[1.1.1]pentane-1-
carboxylic acid (42) (475 mg, 2.79 mmol, 1.10 equiv.) were dissolved in CH2Cl> (9 mL) and
pyridine (615 uL, 7.62 mmol, 3.00 equiv.) was added. POCI3 (260 uL, 2.79 mmol, 1.10 equiv.)
was added at 0 °C. The mixture was stirred for 18 h while warming to rt. MeOH was added and
the mixture was concentrated under reduced pressure. The residue was purified by column
chromatography (dry load, PE/EtOAc = 2:1) to furnish product 273 (423.9 mg, 1.57 mmol,
62%) as colorless amorphous solid.

IH-NMR (400 MHz, DMSO-ds) = 8 10.04 (s, 1H, NH), 7.85-7.82 (d, J = 9.0 Hz, 2H, Ha),
7.79-7.76 (d, J = 8.9 Hz, 2H, Ha), 3.63 (s, 3H, CH3), 2.31 (s, 6H, CH2) ppm;

13C-NMR (101 MHz, DMSO-ds) = 6 169.3 (CO), 168.0 (CO), 142.8 (Car), 133.2 (Car), 119.7
(Car), 119.0 (CN), 105.4 (Car), 52.0 (CHz), 51.6 (OCHs), 40.4 (HNC(O)C(CH)3), 36.4
(CCO2CHj3) ppm.

3-((4-Cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-carboxylic acid (43)

(@]
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Ester 273 (378 mg, 1.40 mmol) was dissolved in THF (8 mL) and H20 (8 mL). LiOH-H20
(469 mg, 11.2 mmol, 8.00 equiv.) was added and the mixture was stirred at rt for 5 min. The
mixture was acidified with a 1 M HCI solution and the ag. phase was extracted with EtOAc
(3x). The combined organic phases were dried over MgSQsa, filtered and concentrated under
reduced pressure to furnish acid 43 (354 mg, 1.38 mmol, 99%) as colorless amorphous solid.
IH-NMR (600 MHz, DMSO-ds) = & 12.56 (s, 1H, COzH), 10.01 (s, 1H, NH), 7.85-7.84 (d,
J=8.9 Hz, 2H, Har), 7.78-7.77 (d, J = 8.8 Hz, 2H, Ha), 2.27 (s, 6H, CH2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 8 170.7 (CO), 168.2 (CO), 142.9 (Car), 133.1 (Car), 119.7
(Car), 119.0 (CN), 105.3 (Car), 51.8 (CH>), 40.4 (HNC(O)C(CH2)3), 36.4 (CCO2CHz) ppm;
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HRMS (ESI) calculated for C14H11N203 [M-H]": 255.0770; found: 255.0766.

Generell procedure: Methyl esterification

A conc. H2SOq4 solution (0.04 L/mol) was added dropwise to a mixture of the benzoic acid in
MeOH (0.86 L/mol). The mixture was stirred under reflux for 18 h. The solvent was removed
under reduced pressure and the residue was diluted with Et,O. The mixture was washed with
H-0, a sat. NaHCOs solution, brine, dried over MgSOyg, filtered and concentrated under reduced

pressure. Drying in vacuo furnished the ester.

Methyl 4-bromo-2-methylbenzoate (274)

o
Br

Methyl 4-bromo-2-methylbenzoate (274) (4.70 g, 20.5 mmol, 88%) was synthesized as brown
oil from 4-bromo-2-methylbenzoic acid (16) (5.00 g, 23.3 mmol) following the general
procedure.

The analytical data are consistent with those reported in the literature."

'H-NMR (400 MHz, CDCl3) =68 7.79-7.77 (d, J=8.3 Hz, 1H, Har), 7.42 (s, 1H, Har), 7.39-
7.37 (d, J =8.3 Hz, 1H, Har), 3.88 (s, 3H, CO2CH3), 2.58 (s, 3H, CH3) ppm.

Methyl 5-bromo-2-methylbenzoate (275)
0

Br
\©i‘\o/

Methyl 5-bromo-2-methylbenzoate (275) (5.17 g, 22.6 mmol, 97%) was synthesized as
yellowish amorphous solid from 3-bromo-2-methylbenzoic acid (17) (5.00 g, 23.3 mmol)
following the general procedure.

The analytical data are consistent with those reported in the literature.[®*

IH-NMR (400 MHz, CDCl3) = § 8.03 (d, J = 2.2 Hz, 1H, Ha), 7.51-7.48 (dd, J = 2.2, 8.2 Hz
1H, Har), 7.12-7.10 (d, J = 8.2 Hz, 1H, Ha), 3.89 (s, 3H, CO2CHs3), 2.53 (s, 3H, CHz3) ppm.

General procedure: Snar from bromide to nitrile
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The bromide was dissolved in NMP (1.47 L/mol) and CuCN (1.20 equiv.) was added. The
mixture was stirred at 180 °C for the indicated time before it was poured into cold H>O. The
precipitate was filtered and subjected to a mixture of a sat. NH4Cl solution and EtOAc. The
mixture was filtered again and the precipitate was washed with an excess of EtOAc. The aq.
phase was extracted with EtOAc (3x). The combined organic phases were washed with H;O,
brine, dried over MgSQOyg, filtered and concentrated under reduced pressure. The crude product
was purified by column chromatography (dry load, PE/EtOAc = 10:1) to furnish the nitrile.

Methyl 4-cyano-2-methylbenzoate (18)

Qiko/
NC

Methyl 4-cyano-2-methylbenzoate (18) (2.83 g, 16.2 mmol, 79%) was synthesized as colorless
amorphous solid from bromide 274 (4.70 g, 20.5 mmol) following the general procedure and
stirring for 5 h.

The analytical data are consistent with those reported in the literature.l?

Rf (PE/EtOAC = 8:1) = 0.42;

IH-NMR (400 MHz, CDCl3) = & 7.98-7.96 (d, J = 8.2 Hz, 1H, Ha,), 7.54-7.52 (d, J = 7.9 Hz,
2H, Har), 3.92 (s, 3H, CO2CH?3), 2.62 (s, 3H, CH3) ppm.

Methyl 5-cyano-2-methylbenzoate (19)
0

NC
\Oﬁko/

Methyl 5-cyano-2-methylbenzoate (19) (5.14 g, 22.4 mmol, 83%) was synthesized as colorless
oil from bromide 275 (4.70 g, 20.5 mmol) following the general procedure and stirring for 18 h.
The analytical data are consistent with those reported in the literature.l

Rt (PE/EtOAC = 8:1) = 0.34;

IH-NMR (400 MHz, CDCl3) = § 8.21 (d, J = 1.6 Hz, 1H, Har), 7.67-7.64 (dd, J = 1.7, 8.0 Hz,
2H, Har), 7.38-7.36 (d, J = 7.9 Hz, 1H, Har), 3.92 (s, 3H, CO2CH3), 2.67 (s, 3H, CH3) ppm.

Methyl 2-(bromomethyl)-4-cyanobenzoate (20)

o~
NC

Br
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Toluate 18 (2.83 g, 16.2 mmol) was dissolved in CCls (100 mL). Dibenzoyl peroxide (0.52 g,
1.62 mmol, 0.10 equiv.) was added before addition of NBS (2.88 g, 16.2 mmol, 1.00 equiv.).
The mixture was stirred at 80 °C for 18 h. Further NBS (0.30 equiv.) was added and stirring at
80 °C was continued for 2 h. Again NBS (0.50 equiv.) was added and stirring was continued at
80 °C for 5 h. When TLC indicated full conversion, a sat. NaHCO3 solution was added and the
aq. phase was extracted with EtOAc. The combined organic phases were dried over MgSOea,
filtered and concentrated. The crude product was purified by column chromatography (dry load,
PE/EtOAc = 10:1) to furnish product 20 (4.51 g) as mixture, which contained impurities. The
product was used in the next step without further purification.

Rf (PE/EtOAC = 8:1) = 0.49

Methyl 2-(bromomethyl)-5-cyanobenzoate (21)

o}
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Toluate 19 (3.25 g, 18.5 mmol) was dissolved in CHCI3 (115 mL). Dibenzoyl peroxide (0.60 g,
1.85 mmol, 0.10 equiv.) was added before addition of NBS (3.30 g, 18.5 mmol, 1.00 equiv.).
The mixture was stirred at 80 °C for 18 h. A sat. NaHCOs3 solution was added and the ag. phase
was extracted with EtOAc. The combined organic phases were dried over MgSQyg, filtered and
concentrated. The crude product was purified by column chromatography (dry load,
PE/EtOAc = 10:1) to furnish product 21 (3.28 g, 12.9 mmol, 70%) as colorless amorphous
solid.

The analytical data are consistent with those reported in the literature.[®4l

Rf (PE/EtOAC = 10:1) = 0.23;

'H-NMR (400 MHz, CDCls3) = 6 8.26 (d, J = 1.4 Hz, 1H, Ha), 7.77-7.75 (dd, J = 1.6, 8.0 Hz,
2H, Har), 7.61-7.59 (d, J = 8.0 Hz, 1H, Har), 4.95 (s, 2H, CO2CHs3), 3.97 (s, 3H, CHs) ppm.

General procedure: oxoisoindoline synthesis

Methyl 2-(bromomethyl) benzoate (1.00 equiv.) was dissolved in DMF (0.40 L/mol). PABA
(1.30 equiv.) was added. The reaction mixture was stirred at 150 °C for 5 min under microwave
irradiation. After cooling down to rt the mixture was filtered. The precipitate was washed with

MeOH and dried in vacuo to furnish the oxoisoindoline.

4-(5-Cyano-1-oxoisoindolin-2-yl)benzoic acid (22)
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4-(5-Cyano-1-oxoisoindolin-2-yl)benzoic acid (22) (379 mg, 1.36 mmol, 16% over two steps)
was synthesized as colorless oil from ester 20 (2.15 g, 8.44 mmol) following the general
procedure.

'H-NMR (400 MHz, DMSO-dg) = § 12.86 (s, 1H, CO2H), 8.24 (s, 1H, Har), 8.08-7.97 (m, 6H,
Har), 5.15 (s, 2H, CH2) ppm;

13C-NMR (101 MHz, DMSO-ds) = 3 166.8 (COzH), 165.5 (CON), 142.7 (Car), 141.7 (Ca),
136.0 (Car), 132.4 (Car), 130.5 (Car), 127.8 (Car), 126.3 (Car), 124.4 (Car), 118.5 (CN), 114.6
(Car), 50.4 (CH2) ppm;

HRMS (ESI) calculated for C1HoN203 [M-H]: 277.0613; found: 277.0621.

4-(6-Cyano-1-oxoisoindolin-2-yl)benzoic acid (23)

NC 7 Io)

4-(6-cyano-1-oxoisoindolin-2-yl)benzoic acid (23) (1.56 g, 5.60 mmol, 71%) was synthesized
as colorless oil from ester 21 (2.00 g, 7.87 mmol) following the general procedure.

IH-NMR (400 MHz, DMSO-ds) = & 12.86 (s, 1H, COzH), 8.29 (s, J = 1.5, 7.9 Hz, 1H, Ha),
8.06-8.02 (m, 4H, Har), 7.92-7.90 (dd, J = 0.6, 7.9 Hz, 1H, Har), 5.20 (s, 2H, CH2) ppm;
13C-NMR (101 MHz, DMSO-ds) = 8 166.8 (CO2H), 165.3 (CON), 145.8 (Car), 142.8 (Car),
136.0 (Car), 133.1 (Car), 130.5 (Car), 127.7 (Car), 125.0 (Car), 118.5 (Car), 118.3 (CN), 111.4
(Car), 50.8 (CH2) ppm;

HRMS (ESI) calculated for C16HoN2O3 [M-H]": 277.0613; found: 277.0613.

General procedure: benzoxazole synthesis

Methyl aminohydroxybenzoate (1.00 equiv.), 3-cyanobenzoic acid (24) (1.00 equiv.) and
B(OH)3 (1.00 equiv.) in p-xylene (0.60 M) were stirred at 160 °C for 20 h. After cooling down
to rt EtOAc was added and the mixture was filtered and washed with EtOAc. The filtrate was
concentrated under reduced pressure. The residue was purified by short column

chromatography (CH.Cly) to furnish the benzoxazole.

Methyl 2-(3-cyanophenyl)benzo[d]oxazole-6-carboxylate (27)
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Benzoxazole 27 (0.19 g, 0.69 mmol, 12%) was synthesized as colorless amorphous solid from
methyl 4-amino-3-hydroxybenzoate (25) (1.00 g, 5.98 mmol) following the general procedure.
Rf (CH2Cl2) = 0.29;

H-NMR (400 MHz, CDCls) = 8 8.58 (s, 1H, Har), 8.52-8.50 (d, J = 7.9 Hz, 1H, Ha/), 8.31 (s,
1H, Har), 8.15-8.13 (dd, J = 1.3, 8.3 Hz, 1H, Har), 7.87-7.82 (t, J = 9.0 Hz, 2H, Ha), 7.72-7.68
(t, J=7.9 Hz, 1H, Ha), 3.99 (s, 3H, CHz) ppm;

13C-NMR (101 MHz, CDClIs) = § 166.6 (CO2), 163.2 (C=N), 150.6 (Car), 145.7 (Car), 135.2
(Car), 131.9 (Car), 131.5 (Car), 130.2 (Car), 128.2 (Car), 128.1 (Car), 126.9 (Car), 120.2 (Car),
117.9 (CN), 113.9 (Car), 112.7 (Car), 52.7 (CH3) ppm;

HRMS (ESI) calculated for C16H11N2O3z [M+H]™: 279.0770; found: 279.0776.

Methyl 2-(3-cyanophenyl)benzo[d]oxazole-5-carboxylate (28)

Benzoxazole 28 (187 mg, 0.67 mmol, 23%) was synthesized as colorless amorphous solid from
methyl 3-amino-4-hydroxybenzoate (26) (500 mg, 2.99 mmol) following the general
procedure.

Rf (CH2CI2) = 0.11;

IH-NMR (400 MHz, CDCl3) = § 8.56 (t, J = 1.2 Hz, 1H, Ha), 8.52-8.49 (m, 2H, Ha), 8.31 (s,
1H, Har), 8.18-8.15 (dd, J = 1.6, 8.6 Hz, 1H, Har), 7.87-7.82 (dt, J = 1.4, 7.8 Hz, 2H, Ha/), 7.71-
7.68-7.64 (m, 2H, Har), 3.98 (s, 3H, CH3) ppm;

13C-NMR (101 MHz, CDCls) = § 166.6 (CO2), 162.1 (C=N), 153.8 (Car), 142.0 (Car), 135.0
(Car), 131.8 (Car), 131.3 (Car), 130.2 (Car), 128.2 (Car), 128.0 (Car), 127.7 (Car), 122.6 (Cav),
117.9 (CN), 113.8 (Car), 110.8 (Car), 52.6 (CHz) ppm;

2-(3-Cyanophenyl)benzo[d]oxazole-6-carboxylic acid (29)
(0}

@Eﬁ(OH
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Ester 27 (184 mg, 0.66 mmol) was suspended in THF/MeOH/H20 (3:1:1, 4 mL). LiOH-H20
(111 mg, 2.65 mmol, 4.00 equiv.) was added. The mixture was stirred at rt for 3h. A1 M HCI
solution was added. The ag. phase was extracted with EtOAc (3x). The combined organic
phases were dried over MgSOs, filtered, concentrated under reduced pressure and dried in
vacuo to furnish acid 29 (149 mg, 0.56 mmol, 85%) as colorless amorphous solid.

'H-NMR (400 MHz, DMSO-ds) = 6 13.28 (s, 1H, COzH), 8.61 (s, 1H, Ha/), 8.54-8.52 (d,
J=8.0Hz, 1H, Ha/), 8.29 (s, 1H, Har), 8.16-8.14 (d, J=7.7 Hz, 1H, Har), 8.06-8.04 (d,
J=8.4Hz, 1H, Har), 7.96-7.94 (d, J = 8.3 Hz, 1H, Har), 7.88-7.84 (t, J = 7.8 Hz, 1H, Har) ppm;
13C-NMR (101 MHz, DMSO-ds) = 8 166.7 (CO2H), 162.9 (C=N), 150.1 (Car), 144.9 (Ca),
135.8 (Car), 132.8 (Car), 132.0 (Car), 131.5 (Car), 130.8 (Car), 128.6 (Car), 127.3 (Car), 126.5
(Car), 120.0 (Car), 117.9 (CN), 112.7 (Car), 112.2 (Car) ppm;

HRMS (ESI) calculated for C1sH7N203 [M-H]: 263.0457; found: 263.0450.

2-(3-Cyanophenyl)benzo[d]oxazole-5-carboxylic acid (30)
0

: o
NC
Ester 28 (184 mg, 0.66 mmol) was suspended in THF/MeOH/H20 (3:1:1, 4 mL). LiOH-H20
(111 mg, 2.65 mmol, 4.00 equiv.) was added. The mixture was stirred at rt for 3h. A1 M HCI
solution was added. The ag. phase was extracted with EtOAc (3x). The combined organic
phases were dried over MgSOs, filtered, concentrated under reduced pressure and dried in
vacuo to furnish acid 30 (50.0 mg, 0.19 mmol, 29%) as colorless amorphous solid, which
contained impurities. The product was used in the next step without further purification.
!H-NMR (400 MHz, DMSO-ds) = 6 13.15 (s, 1H, CO2H), 8.61-8.60 (m, 1H, Har), 8.54-8.52
(dt, J=1.2, 8.0Hz, 1H, Har), 8.36 (m, 1H, Har), 8.15-8.13 (m, 1H, Ha:), 8.08-8.07 (d,
J=8.4Hz,1H, Har), 7.94-7.93 (d, J = 8.6 Hz, 1H, Har), 7.87-7.84 (t,J = 7.9 Hz, 1H, Har) ppm;
13C-NMR (101 MHz, DMSO-ds) = § 166.8 (COzH), 161.9 (C=N), 153.1 (Car), 141.4 (Ca),
135.6 (Car), 131.9 (Car), 130.9 (Car), 130.8 (Car), 128.2 (Car), 127.6 (Car), 127.3 (Car), 121.4
(Car), 117.9 (CN), 112.7 (Car), 111.3 (Car) ppm;
HRMS (ESI) calculated for C1sH7N203 [M-H]": 263.0457; found: 263.0444.

4-Ethynylbenzoic acid (12)
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Methyl 4-ethynylbenzoate (11) (300 mg, 1.87 mmol) was dissolved in THF (2 mL). NaOH
(187 mg, 4.68 mmol, 2.50 equiv.) in H.O (2 mL) was added and the resulting mixture was
stirred at rt for 16 h. A 1 M HCI solution was added until pH 1. The ag. phase was extracted
with EtOAc. The combined organic phases were washed with brine, dried over MgSQOyg, filtered
and concentrated under reduced pressure to furnish acid 12 (quant.) as colorless amorphous
solid, which was used in the next step without further purification.

1H-NMR (400 MHz, DMSO-de) = § 13.14 (bs, 1H, CO2H), 7.94-7.92 (d, J = 8.5 Hz, 2H, Ha),
7.60-7.58 (d, J = 8.4 Hz, 2H, Har), 4.44 (s, 1H, CCH) ppm.

tert-Butyl 4-(4-ethynylbenzamido)benzoate (14)

o gk
/@*ﬂd

Acid 12 (249 mg, 1.70 mmol) was dissolved in DMF (5.2 mL). EDC-HCI (392 mg, 2.04 mmol,
1.20 equiv.), HOBt-H20 (313 mg, 2.04 mmol, 1.20 equiv.) and tert-butyl 4-aminobenzoate (13)
(494 mg, 2.56 mmol, 1.50 equiv.) were added subsequently. The mixture was stirred at rt for
24 h before it was poured into H2O. The ag. phase was extracted with EtOAc (3x). The
combined organic phases were washed with a sat. NaHCO3 solution, brine, dried over MgSOa,
filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (PE/EtOAc =6:1, 5:1) to furnish amide 14 (271 mg, 1.17 mmol, 69%) as
colorless amorphous solid.

IH-NMR (400 MHz, DMSO-ds) = & 10.60 (s, 1H, NH), 7.99-7.97 (d, J = 8.5 Hz, 2H, Ha),
7.94-7.88 (m, 4H, Har), 7.66-7.64 (d, J = 8.4 Hz, 2H, Ha), 4.43 (s, 1H, CCH), 1.55 (s, 9H, H-
CHs) ppm;

13C-NMR (101 MHz, DMSO-ds) = § 165.1 (CO), 164.6 (CO), 143.1 (Car), 134.6 (Car), 131.7
(Car), 129.9 (Car), 128.1 (Car), 126.2 (Car), 125.1 (Car), 119.5 (Car), 83.3 (CCH), 82.8 (CCH),
80.4 (C(CHz3)3), 27.8 (C(CHz3)3) ppm;

HRMS (ESI) calculated for C2o0H19NOsNa [M+Na]*: 344.1263; found: 344.1277.

4-(4-ethynylbenzamido)benzoic acid (15)
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Ester 14 (264 mg, 0.82 mmol) was dissolved in CH2Cl> (8.0 mL) and TFA (3.2 mL) was added
at 0 °C. The mixture was stirred at rt for 3 h and afterwards diluted with Et,O at 0 °C. The
precipitate was filtered off and washed with Et.O to furnish acid 15 (206 mg, 0.78 mmol, 95%)
as colorless amorphous solid.

1H-NMR (400 MHz, DMSO-ds) = § 12.75 (bs, 1H, CO,H), 10.60 (s, 1H, NH), 7.99-7.97 (d,
J=8.3Hz, 2H, Har), 7.96-7.90 (m, 4H, Har), 7.66-7.64 (d, J = 8.3 Hz, 2H, Har), 4.43 (s, 1H,
CCH) ppm;

13C-NMR (101 MHz, DMSO-ds) = 6 166.9 (CO), 165.1 (CO), 143.1 (Car), 134.6 (Car), 131.8
(Car), 130.3 (Car), 128.1 (Car), 125.7 (Car), 125.1 (Car), 119.6 (Car), 83.3 (CCH), 82.8
(CCH) ppm;

HRMS (ESI) calculated for C16H10NO3 [M-H]": 264.0661; found: 264.0659.

Methyl 3-chloro-4-((4-cyanophenyl)carbamoyl)benzoate (276)
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2-Chloro-4-(methoxycarbonyl)benzoic acid (44) (233 mg, 1.08 mmol) was dissolved in DMF
(11 mL). HATU (494 mg, 1.30 mmol, 1.20equiv.) and pyridine (175 puL, 2.17 mmol,
2.00 equiv.) were added and the resulting mixture was stirred at rt for 10 min before addition
of 4-aminobenzonitrile (128 mg, 1.08 mmol, 1.00 equiv.). The mixture was stirred at rt for 21 h.
Then, Et.O was added and the mixture was washed with a 1 M HCI solution and a sat. Na2COs
solution. The organic phase was dried over MgSOsa, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (dry load, PE/EtOAc = 3:1) to
furnish product 276 (126 mg, 0.40 mmol, 37% or 79% brsm) as colorless amorphous solid.
The basic phase was acidified with a 2 M HCI solution and extracted with EtOAc (2x). The
combined organic extracts were dried over MgSQOg, filtered and concentrated under reduced
pressure to recover 2-chloro-4-(methoxycarbonyl)benzoic acid (44) (98.0 mg, 0.46 mmol,
42%) as yellow amorphous solid.

R¢ (PE/EtOAC = 2:1) = 0.31;
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IH-NMR (400 MHz, DMSO-ds) =5 11.09 (s, 1H, NH), 8.06 (d, J = 1.4 Hz, 1H, Ha), 8.03-
8.01 (dd, J = 1.5, 8.0 Hz, 1H, Ha), 7.90-7.88 (d, J = 8.9 Hz, 2H, Har), 7.86-7.83 (d, J = 8.9 Hz,
2H, Har), 7.81-7.79 (d, J = 7.9 Hz, 1H, Ha), 3.91 (s, 3H, CHs) ppm;

13C-NMR (101 MHz, DMSO-ds) = 5 164.7 (CO), 164.6 (CO), 142.7 (Car), 140.1 (Ca;), 133.4
(Car), 132.3 (Car), 130.4 (Car), 130.0 (Car), 129.5 (Car), 128.0 (Car), 119.7 (Car), 118.9 (CN),
106.0 (Car), 52.8 (CHs) ppm;

3-Chloro-4-((4-cyanophenyl)carbamoyl)benzoic acid (45)
(0]

H OH
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Ester 276 (124 mg, 0.39 mmol) was dissolved in THF (1.2 mL) and LiOH (1 M in H20,
1.20 mL, 1.20 mmol, 3.00 equiv.) was added at 0 °C. The mixture was stirred for 15 h while
warming to rt. A 2 M HCI solution and EtOAc were added. The organic phase was dried over
MgSOs, filtered and concentrated under reduced pressure to furnish acid 45 (109 mg,
0.36 mmol, 92%) as colorless amorphous solid.

IH-NMR (400 MHz, DMSO-dg) =& 13.55 (bs, 1H, COzH), 11.07 (s, 1H, NH), 8.03 (d,
J=14Hz, 1H, Ha/), 8.01-7.98 (dd, J = 1.5, 7.9 Hz, 1H, Has), 7.91-7.88 (d, J = 8.9 Hz, 2H,
Har), 7.85-7.83 (d, J = 8.9 Hz, 2H, Har), 7.78-7.76 (d, J = 7.9 Hz, 1H, Har) ppm;

13C-NMR (101 MHz, DMSO-ds) = § 165.6 (CO), 164.8 (CO), 142.8 (Car), 139.8 (Car), 133.6
(Car), 133.4 (Car), 130.2 (Car), 130.1 (Car), 129.3 (Car), 128.1 (Car), 119.7 (Car), 118.9 (CN),
105.9 (Car) ppm;

HRMS (ESI) calculated for C1sHsCIN203 [M-H]: 299.0223; found: 299.0216.

General procedure: synthesis of benzoyl chlorides
Carboxylic acids were stirred in SOCI, (0.3 M) at 80 °C for 2 h. The mixture was cooled down
to rt and diluted with CH2Cl,. The solvent was removed under reduced pressure to furnish acyl

chlorides, which were used in the next step without further purification.

4-(4-Cyanobenzamido)benzoyl chloride (277)
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Benzoyl chloride 277 (1.05 g, 3.70 mmol, 98%) was synthesized as colorless amorphous solid
from acid 3 (1.00 g, 3.76 mmol).[°

4-(5-Cyano-1-oxoisoindolin-2-yl)benzoyl chloride (278)
(6]

-0

Benzoyl chloride 278 (48.1 mg, 0.16 mmol, quant.) was synthesized as colorless amorphous
solid from acid 22 (45.0 mg, 0.16 mmol).

4-(6-Cyano-1-oxoisoindolin-2-yl)benzoyl chloride (279)
O
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Benzoyl chloride 279 (108 mg, 0.36 mmol, quant.) was synthesized as colorless amorphous
solid from acid 23 (100 mg, 0.36 mmol).

2-(3-Cyanophenyl)benzo[d]oxazole-6-carbonyl chloride (280)

Benzoyl chloride 280 (52.6 mg, 0.19 mmol, quant.) was synthesized as colorless amorphous
solid from acid 29 (50.0 mg, 0.19 mmol).

2-(3-Cyanophenyl)benzo[d]oxazole-5-carbonyl chloride (281)
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Benzoyl chloride 281 (37.6 mg, 0.13 mmol, 96%) was synthesized as beige amorphous solid
from acid 30 (36.8 mg, 0.14 mmol).

Methyl 3-cyanobenzoate (37)
O

NCQ)LO/

3-Cyanobenzoic acid (24) (200 mg, 1.36 mmol) was dissolved in DMF (3 mL) and K>COs
(282 mg, 2.04 mmol, 1.50 equiv.) was added. The mixture was stirred at rt for 30 min. Mel
(127 pL, 2.04 mmol, 1.50 equiv.) was added dropwise over 15 min. The mixture was stirred at
rt for 14 h. Afterwards, the mixture was poured into ice water. The precipitate was filtered off
and washed with HO to furnish ester 37 (172 mg, 1.07 mmol, 78%) as colorless amorphous
solid.

The analytical data are consistent with those reported in the literature.[°!

!H-NMR (400 MHz, CDCls3) =6 8.34-8.33 (t, J=1.2 Hz, 1H, Ha/), 8.28-8.26 (dt, J=1.2,
7.9 Hz, 1H, Ha), 7.85-7.83 (dt, J = 1.2, 7.8 Hz, 1H, Ha,), 7.61-7.57 (t, J = 7.8 Hz, 1H, Ha),
3.96 (s, 3H, CH3) ppm.

1-Nitro-3-(vinylsulfonyl)benzene (36)
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Phenylvinylsulfone (35) (200 mg, 1.19 mmol) was dissolved in a mixture of conc. H.SO4 and
fuming HNOs (7:3, 4 mL), at 0 °C. The mixture was stirred at 0 °C for 1 h. Afterwards, the
mixture was poured into ice water. The precipitate was filtered off to furnish product 36
(209 mg, 0.98 mmol, 83%) as yellowish amorphous solid.

Rt (PE/EtOAC = 3:2) = 0.38;

'H-NMR (400 MHz, CDCl3s) =6 8.74-8.73 (t, J=1.9 Hz, 1H, Har), 8.51-8.49 (qd, J = 1.0,
8.2 Hz, 1H, Ha), 8.25-8.22 (qd, J=1.1, 8.2 Hz, 1H, Ha/), 7.81-7.77 (d, J = 8.0 Hz, 1H, Ha/),
6.73-6.59 (m, 2H, CHCHy), 6.22-6.19 (d, J = 9.2 Hz, 1H, CHCH_>) ppm;

13C-NMR (101 MHz, CDCls) = 5 148.6 (Car), 142.1 (Car), 137.5 (CHCH?), 133.5 (Car), 131.0
(Car), 130.4 (CHCHy), 128.3 (Car), 123.4 (Car) ppm;

HRMS (ESI) calculated for CsH;NO4sSNa [M+Na]": 235.9993; found: 235.9993.

Methyl (Z)-1-(((3-nitrophenyl)sulfonyl)methylene)-3-oxoisoindoline-5-carboxylate (38)
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Methyl 3-cyanobenzoate (37) (500 mg, 3.10 mmol), 1-nitro-3-(vinylsulfonyl)benzene (36)
(793.8 mg, 3.72mmol, 1.20equiv.), dichloro(p-cymene)ruthenium(ll) dimer (95.0 mg,
0.16 mmol, 5 mol%), Cu(OAc)2-H20 (1.24 g, 6.21 mmol, 2.00 equiv.) and AgSbFs (213 mg,
0.62 mmol, 0.20 equiv.) were evacuated and flushed with Ar (3x). AcOH (19 mL) was added
and the mixture was stirred for several seconds before it was evacuated and flushed with Ar
(3x). The reaction flask was sealed and the mixture was stirred at 120 °C for 3 d. After the
mixture was cooled to rt, CH,Cl, was added. The mixture was filtered through Celite®. The
filtrate was washed with H>O and the ag. phase was backextracted with CH2Cl> (2x). The
combined organic phases were dried over MgSOy, filtered and concentrated. The residue was
recrystallized from CH2Cl2 and Et20 to furnish product 38 (243 mg, 0.63 mmol, 20%) as brown
amorphous solid.

Rt (PE/EtOAC = 3:2) = 0.28;

'H-NMR (400 MHz, CDCls) = 8 10.96 (s, 1H, NH), 8.86-8.85 (t, J = 1.9 Hz, 1H, Has), 8.56-
8.54 (dd, J =2.2, 8.2 Hz, 1H, Ha), 8.51-8.50 (d, J = 8.0 Hz, 1H, Ha), 8.31-8.29 (dd, J = 1.4,
8.0 Hz, 1H, Har), 8.22 (s, 1H, Har) 8.19-8.18 (d, J = 8.1 Hz, 1H, Ha), 7.99-7.96 (t, J = 8.1 Hz,
1H, Har), 7.19 (s, 1H, SO.CH), 3.90 (s, 3H, CH3) ppm;

13C-NMR (101 MHz, CDCl3) =5 167.2 (CO), 165.0 (CO), 148.2 (Car), 143.9 (Car), 143.3
(Car), 149.9 (Car), 133.9 (Car), 133.2 (Car), 133.1 (Car), 131.7 (Car), 128.9 (Car), 128.4 (Car),
123.7 (Car), 123.1 (Car), 122.0 (Car), 101.9 (SO2CH), 52.7 (CH3) ppm;

HRMS (ESI) calculated for C17H11N207S [M-H]": 387.0287; found: 387.283.

(2)-1-(((3-Nitrophenyl)sulfonyl)methylene)-3-oxoisoindoline-5-carboxylic acid (39)
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Ester 38 (218 mg, 0.56 mmol) was dissolved in THF (5.5 mL) and MeOH (5.5mL). A1 M
NaOH solution (6.20 mL, 6.17 mmol, 11.0 equiv.) was added and the resulting mixture was

stirred at rt for 19 h. The precipitate was filtered off and washed with Et>O to furnish acid 39
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(152 mg, 0.41 mmol, 72%) as brown amorphous solid, which was used in the next step without
further purification.
HRMS (ESI) calculated for C16H9N207S [M-H]": 373.0130; found: 373.0129.

3-amino-4-(methylamino)benzonitrile (32)
NC NH,

o4
4-Fluoro-3-nitrobenzonitrile (31) (2.00 g, 12.0 mmol) was dissolved in THF (12 mL) and
MeNH:z (33% in EtOH, 10.8 mL, 32.5 mmol, 2.00 equiv.) was added dropwise at 0 °C. The
mixture was stirred at rt for 15 min until the starting material was consumed. EtOH (12 mL)
and zinc dust (17.0 g, 180 mmol, 15.0 equiv.) were added. AcOH (11.7 mL, 205 mmol,
17.0 equiv.) was added dropwise at 0 °C, afterwads the mixture was stirred at 40 °C for 16 h.
The solvent was removed under reduced pressure and the residue was purified by column
chromatography (dry load, CH2Cl) to furnish diamine 32 (1.74 g, 11.9 mmol, 98%) as grey
amorphous solid.
!H-NMR (400 MHz, DMSO-dg) =6 6.96-6.93 (dd, J=2.0, 8.2Hz, 1H, Ha/), 6.76 (d,
J=2.0Hz, 1H, Ha/), 6.42-6.40 (d, J=8.2 Hz, 1H, Har), 5.57-5.54 (q, J = 4.4 Hz, 1H, NH),
4.89 (s, 2H, NHy), 2.77-2.76 (d, J = 4.6 Hz, 3H, CH3) ppm;
13C-NMR (101 MHz, DMSO-ds) = & 141.1 (Car), 135.1 (Car), 123.0 (Car), 121.1 (CN), 114.4
(Car), 108.1 (Car), 96.4 (Car), 29.5 (CH3) ppm;
HRMS (ESI) calculated for CsHgN3Na [M+Na]*: 170.0694; found: 170.0694.

Methyl (E)-4-(((5-cyano-2-(methylamino)phenyl)imino)methyl)benzoate (33)
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Diamine 32 (1.74 g, 11.8 mmol) and methyl 4-formylbenzoate (1.94 g, 11.8 mmol, 1.00 equiv.)
were dissolved in THF (21 mL) and MeOH (12 mL). The mixture was stirred at rt for 1 h. The
solvent was removed under reduced pressure and the residue was purified by column
chromatography (dry load, PE/EtOAc = 10:1, then CH2Cly) to furnish imine 33 (2.76 g,

9.41 mmol, 80%) as yellow amorphous solid, which was directly used in the next step.

Methyl 4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzoate (282)
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Imine 33 (2.70 g, 9.20 mmol) was dissolved in CH.Cl> (100 mL). 1> (2.80 g, 11.1 mmol,
1.20 equiv.) and NaOAc (1.51 g, 18.4 mmol, 2.00 equiv.) were added subsequently and the
resulting mixture was stirred at rt for 4 h. A sat. Na,S203 solution was added and the ag. phase
was extracted with CH2Cl> (3x). The combined organic phases were washed with brine, dried
over MgSOs, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, PE/EtOAc = 2:1, then 5% MeOH in CH2CI>) to furnish
benzimidazole 282 (2.02 g, 6.92 mmol, 75%) as brown amorphous solid.

Rt (PE/EtOAC = 1:1) = 0.39;

'H-NMR (400 MHz, DMSO-dg) =6 8.28 (dd, J=0.6, 1.5Hz, 1H, Ha/), 8.17-8.15 (d,
J=8.5Hz, 2H, Har), 8.07-8.05 (d, J=8.7 Hz, 2H, Has), 7.90-7.88 (dd, J = 0.6, 8.5 Hz, 2H,
Har), 7.75-7.72 (dd, J = 1.5, 8.4 Hz, 2H, Har), 3.97 (s, 3H, NCH3), 3.92 (s, 3H, OCH3) ppm;
B3C-NMR (101 MHz, DMSO-ds) = & 165.7 (CO), 154.5 (C=N), 141.9 (Car), 135.6 (Car), 133.6
(Car), 130.9 (Car), 129.8 (Car), 129.4 (Car), 126.0 (Car), 124.3 (Car), 119.8 (CN), 112.5 (Car),
104.4 (Car), 52.5 (OCHpg), 32.2 (NCHs3) ppm;

HRMS (ESI) calculated for C17H13N302Na [M+Na]*: 314.0905; found: 314.0898.

4-(5-Cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzoic acid (34)
NC\@[N\ : OH

N\ 6}
Ester 282 (1.96 g, 6.18 mmol) was dissolved in THF (40 mL) and H20 (40 mL). LiOH-H20
(2.25 g, 53.7 mmol, 8.00 equiv.) was added and the mixture was stirred at rt for 18 h.
Afterwards, the mixture was acidified with a 1 M HCI solution and the precipitate was filtered
off to furnish acid 34 (1.81 g, 6.52 mmol, 97%) as beige amorphous solid.
'H-NMR (600 MHz, DMSO-ds) = & 13.28 (bs, 1H, COzH), 8.28 (d, J = 0.9 Hz, 1H, Ha/), 8.15-
8.13 (d, J = 8.5 Hz, 2H, Har), 8.04-8.03 (d, J = 8.7 Hz, 2H, Ha/), 7.90-7.89 (d, J = 0.6, 8.5 Hz,
2H, Har), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 2H, Ha/), 3.97 (s, 3H, CH3) ppm;
BBC-NMR (151 MHz, DMSO-ds) = & 166.8 (CO), 154.7 (C=N), 141.7 (Car), 139.5 (Car), 133.1
(Car), 132.1 (Car), 129.7 (Car), 129.6 (Car), 126.0 (Car), 124.1 (Car), 119.8 (CN), 112.5 (Car),

104.4 (Car), 32.2 (NCHz) ppm;
HRMS (ESI) calculated for C16H11N3O2 [M-H]: 276.0773; found: 276.0780.
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4.2.2 Eastern fragments
2-Hydroxy-3-isopropoxybenzaldehyde (283)
o}

N

HO

o)

N

Small scale

2,3-Dihydroxybenzaldehyde (46) (4.00 g, 29.0 mmol) was dissolved in DMSO (58 mL), and
NaH (60% in mineral oil, 2.32 g, 57.9 mmol, 2.00 equiv.) was added slowly at rt. After stirring
for 1 h 2-bromopropane (3.00 mL, 31.9 mmol, 1.10 equiv) was added. The reaction was stirred
for 24 h at rt. Further NaH (60% in mineral oil, 580 mg, 14.5 mmol, 0.50 equiv.) and 2-
bromopropane (0.54 mL, 5.8 mmol, 0.20 equiv.) were added. Afterwards, the reaction mixture
was stirred for 3 d at rt. The reaction was stopped with a 1 M HCI solution. The aqg. layer was
extracted with Et,O (3x). The combined organic phases were washed with brine (2x), dried over
MgSOs, filtered and concentrated under reduced pressure. The crude product was purified by
column chromatography (dry load, PE/EtOAc = 10:1) to give product 283 (3.08 g, 17.1 mmol,
59%) as a yellow liquid.

Large scale

A solution of 2,3-dihydroxybenzaldehyde (46) (25.0 g, 181 mmol) in DMSO (150 mL) was
added slowly to a suspension of NaH (60% in mineral oil, 18.1 g, 452 mmol, 2.50 equiv.) in
DMSO (300 mL) at 0 °C. The reaction mixture was warmed up to rt and and stirred for 2 h.
Then 2-bromopropane (17.0 mL, 181 mmol, 1.00 equiv.) was added and the resulting mixture
was stirred for 5 d. The reaction was stopped by addition of a 1 M HCI solution. The aqg. layer
was extracted with Et2O (3x). The combined organic phases were washed with brine (2x), dried
over MgSOs, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (PE/EtOAc = 10:1) to give product 283 (9.22 g, 51.2 mmol, 28%) as
a yellow liquid.

The analytical data are consistent with those reported in the literature. 2]

Rs (PE/EtOAC = 9:1) = 0.51;

IH-NMR (400 MHz, CDCl3) = § 10.97 (s, 1H, CHO), 9.92 (s, 1H, OH), 7.21-7.18 (dd, J = 6.4,
9.1 Hz, 1H, Har), 7.16-7.14 (d, J = 8.0 Hz, 1H, Har), 6.96-6.92 (t, J = 7.9 Hz, 1H, Har), 4.62-
4.56 (m, 1H, CH(CHsa).), 1.39-1.38 (d, J = 6.0 Hz, 6H, CH(CH3)2) ppm.

2-Formyl-6-isopropoxyphenyl acetate (284)
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2-Hydroxy-3-isopropoxybenzaldehyde (283) (9.22 g, 51.2 mmol) was dissolved in pyridine
(25 mL) and acetic anhydride (9.70 mL, 102 mmol, 2.00 equiv.) was added. The solution was
stirred for 2.5 h at rt. The reaction mixture was acidified with a 1 M KHSO34 solution at 0 °C
and diluted with H2O. The aq. phase was extracted with EtoO (3x) and the combined organic
phases were washed with a sat. NaHCO3 solution (2x) and brine, dried over MgSQO4 and filtered.
The filtrate was concentrated under reduced pressure to give the crude product 284 (11.5 g,
51.7 mmol, quant.) as an orange oil, which was used in the next step without further
purification.

The analytical data are consistent with those reported in the literature. 2!

IH-NMR (400 MHz, CDCl3) = § 10.14 (s, 1H, CHO), 7.45-7-43 (dd, J = 1.4, 7.7 Hz, 1H, Ha),
7.32-7.28 (t, J=7.9 Hz, 1H, Ha/), 7.22-7-20 (dd, J = 1.3, 8.2 Hz, 1H, Har) 4.59-4.53 (m, 1H,
CH(CHs3)2), 2.39 (s, 3H, CH3), 1.35-1.34 (d, J = 6.1 Hz, 6H, CH(CHz)2) ppm.

6-Formyl-2-isopropoxy-3-nitrophenyl acetate (285)
O\

\mo

0

)O\ NO,
Fuming nitric acid (34.4 mL, 819 mmol, 16.0 equiv.) was stirred at -40 °C and acetate 284
(11.3 g, 51.2 mmol) in CH2Cl> (73 mL) was added dropwise. The resulting reaction mixture
was stirred for 3 h at -40 °C. Afterwards, the reaction mixture was diluted with H2O. The aqg.
phase was extracted with CH2Cl> (3x). The combined organic phases were washed with brine
(2x), dried over MgSOs and filtered. The filtrate was concentrated under reduced pressure to
give the crude product 285 (12.4 g, 46.2 mmol, 90%) as an orange oil, which was used in the
next step without further purification.
The analytical data are consistent with those reported in the literature.[?°]
'H-NMR (400 MHz, CDCl3) = 6 10.07 (s, 1H, CHO), 7.76-7.74 (d, J = 8.5 Hz, 1H, Ha/), 7.69-
7.67 (d, J=8.5Hz, 1H, Har) 4.51-4.45 (m, 1H, CH(CH3).), 2.44 (s, 3H, CH3), 1.33-1.32 (d,
J =6.2 Hz, 6H, CH(CH3)2) ppm.

2-Hydroxy-3-isopropoxy-4-nitrobenzaldehyde (286)
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Acetate 285 (12.4 g, 46.2 mmol) was dissolved in THF (58 mL) and cooled to 0 °C. LiOH
(11.1 g, 462 mmol, 10.0 equiv.) in H20 (58 mL) was added and the resulting reaction mixture
was warmed up to rt and stirred for 2 h. A 2 M HCI solution was added to the mixture until
pH 1. The ag. phase was extracted with EtOAc (3x) and the combined organic layers were
washed with brine, dried over MgSOs and filtered. The filtrate was concentrated under reduced
pressure to give crude product 286 (10.2 g, quant.) as an orange oil, wich was used in the next
step without further purification.

The analytical data are consistent with those reported in the literature. 2!

'H-NMR (400 MHz, CDCls) =6 11.43 (s, 1H, CHO), 9.97 (s, 1H, OH), 7.40-7.38 (d,
J=8.4Hz, 1H, Har), 7.25-7.22 (d, J =8.4 Hz, 1H, Har), 4.92-4.85 (m, 1H, CH(CHz)2), 1.34-
1.32 (d, J = 6.2 Hz, 6H, CH(CHs).) ppm.

2-(Allyloxy)-3-isopropoxy-4-nitrobenzaldehyde (287)

/\/O

pas
Alcohol 286 (10.2 g, 45.4 mmol) was dissolved in DMF (90 mL). K2COs (12.5 g, 90.7 mmol,
2.00 equiv.) and allyl bromide (5.88 mL, 68.0 mmol, 1.50 equiv.) were added at rt and the
reaction mixture was stirred for 18 h at the same temperature. Then, H.O was added at 0 °C.
The ag. phase was extracted with Et2O (3x) and the combined organic layers were washed with
brine, dried over MgSO4 and filtered. The filtrate was concentrated under reduced. The residue
was purified by column chromatography (PE/EtOAc = 7:1) to give crude product 287 (6.21 g,
23.4 mmol, 52%) as a yellow oil.
The analytical data are consistent with those reported in the literature.[?°]
'H-NMR (400 MHz, CDCl3) = 6 10.39 (s, 1H, CHO), 7.65-7.62 (d, J = 8.5 Hz, 1H, Ha), 7.51-
7.49 (d, J = 8.5 Hz, 1H, Har), 6.10-6.00 (m, 1H, CHCH>), 5.41-5.37 (ddd, J = 1.4, 17.0 Hz, 1H,
CHCHy), 5.35-5.32 (ddd, J=1.1, 10.3 Hz, 1H, CHCHy), 4.74-4.72 (dt, J = 1.3, 6.1 Hz, 2H,
OCH2CH) 4.70-4.67 (m, 1H, CH(CH3)2), 1.33-1.31 (d, J = 6.2 Hz, 6H, CH(CH3)2) ppm.
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2-(Allyloxy)-3-isopropoxy-4-nitrobenzoic acid (7)
Os_OH

/\/O

)O\ NO,
Aldehyde 287 (6.21 g, 23.4 mmol) and 2-methyl-2-butene (24.8 mL, 234 mmol, 10.0 equiv.)
were dissolved in tBuOH (96 mL). NaClO> (2.32 g, 25.7 mmol, 1.10 equiv) ina 1 M NaH2PO4
solution (20 mL) was added dropwise at rt. The solution was stirred for 3 h. Then, a 1 M HCI
solution was added. The aq. layer was extracted with Et,O (3x) and the combined organic layers
were washed with brine, dried over MgSO4 and filtered. The filtrate was concentrated under
reduced pressure to give the crude product 7 (6.91 g, 24.6 mmol, quant.) as a yellow amorphous
amorphous solid.
The analytical data are consistent with those reported in the literature. 2!
'H-NMR (400 MHz, CDCl3) = 8 7.94-7.92 (d, J = 8.6 Hz, 1H, Ha), 7.59-7.57 (d, J = 8.7 Hz,
1H, Har), 6.11-6.03 (m, 1H, CHCHy), 5.49-5.43 (ddd, J = 1.1, 2.5, 17.0 Hz, 1H, CHCH>), 5.42-
5.39 (dd, J=10.2 Hz, 1H, CHCH>), 4.84-4.82 (dt, J=1.1, 6.5 Hz, 2H, OCH,CH), 4.65-4.60
(m, 1H, CH(CHs),), 1.33-1.32 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm.

tert-Butyl 4-(2-(allyloxy)-3-isopropoxy-4-nitrobenzamido)benzoate (86)

O,N

Benzoic acid 7 (2.00 g, 7.11 mmol) and tert-butyl 4-aminobenzoate (13) (1.31 g, 6.76 mmol,
0.95 equiv.) were dissolved in CH2Cl, (23 mL). The solution was cooled to 0 °C and DIPEA
(2.10 mL, 12.1 mmol, 1.70 equiv.) and POCIs (660 pL, 7.11 mmol, 1.00 equiv.) were added.
The solution was stirred for 2 h at 0 °C. A sat. NH4Cl solution was added and the ag. phase was
extracted with CH.Cl,. The combined organic phases were dried over MgSQg, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (dry
load, hexane/EtOAc =9:1, 5:1) to furnish amide 86 (2.42 g, 5.31 mmol, 79%) as brown
amorphous solid.

The analytical data are consistent with those reported in the literature.[*?l

IH-NMR (400 MHz, DMSO-ds) = & 10.73 (s, 1H, NH), 7.92-7.89 (d, J = 8.7 Hz, 2H, Ha),

7.81-7.79 (d, J = 8.8 Hz, 2H, Har), 7.73-7.70 (d, J = 8.4 Hz, 1H, Har), 7.46-7.44 (d, J = 8.4 Hz,
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2H, Ha), 6.01-5.90 (m, 1H, CHCH,), 5.35-5.30 (m, 1H, CHCH>), 5.19-5.16 (m, 1H, CHCH>),
4.70-4.64 (m, 1H, CH(CHs),), 4.60-4.59 (dt, J = 8.8 Hz, 2H, OCH2CH), 1.54 (s, 9H, C(CHs)3),
1.24-1.23 (d, J = 8.8 Hz, 6H, CH(CHs)2) ppm.

tert-Butyl 4-(2-(allyloxy)-3-isopropoxy-4-aminobenzamido)benzoate (89)
HoN

(6]

/OK O._HN
Lo

K
Compound 86 (2.42 g, 5.31 mmol) was dissolved in THF (9 mL) and EtOH (8 mL). Zinc dust
(5.21 g, 79.6 mmol, 15.0 equiv.) was added. The mixture was cooled to 0 °C and AcOH
(4.60 mL, 79.6 mmol, 15.0 equiv.) was added dropwise over 1 h. The mixture was warmed to
rt. After completion of the reaction Et>O was added and the reaction was terminated with a sat.
NaHCOs solution. The mixture was filtered and the phases were separated. The ag. phase was
extracted with Et,O (3x). The combined organic phases were washed with brine, dried over
MgSQs, filtered and concentrated under reduced pressure to furnish amine 89 (1.95g,
4.58 mmol, 86%) as yellow resin.
The analytical data are consistent with those reported in the literature.[?
'H-NMR (400 MHz, DMSO-ds) =6 10.23 (s, 1H, NH), 7.87-7.85 (d, J =8.7 Hz, 2H, Ha),
7.77-7.75 (d, J = 8.8 Hz, 2H, Ha/), 7.41-7.39 (d, J = 8.7 Hz, 1H, Har), 6.57-6.55 (d, J = 8.8 Hz,
2H, Har), 6.12-6.03 (m, 1H, CHCH>), 5.59 (s, 2H, NH>), 5.48-5.43 (dd, J =17.1, 1.6 Hz, 1H,
CHCH), 5.28-5.26 (dd, J=10.4, 1.2 Hz, 1H, CHCH,), 4.62-4.60 (d, J=5.6 Hz, 2H,
OCH2CH), 4.49-4.43 (sept, J = 6.1 Hz, 1H, CH(CH3)2), 1.54 (s, 9H, C(CHz)3), 1.27-1.26 (d,
J =6.1 Hz, 6H, CH(CHz3)2) ppm.

tert-Butyl 4-(2-(allyloxy)-3-isopropoxy-4-(4-nitrobenzamido)benzamido)benzoate (92)
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Amine 89 (1.95g, 4.58 mmol) was dissolved in CH>CIl> (13 mL) and pyridine (1.50 mL,
18.3 mmol, 4.00 equiv.) was added. 4-Nitrobenzoyl chloride (1.36 g, 7.33 mmol, 1.60 equiv.)
was added in portions and the resulting mixture was stirred at rt for 2 h. A1 M KHSO;4 solution
was added and the aq. phase was extracted with CH2Cl> (3x). The combined organic phases
were dried over NaxSOg, filtered and concentrated under reduced pressure to furnish crude
product 92 (3.06 g, quant.) as yellow amorphous solid, which was used in the next step without

further purification.

tert-Butyl 4-(2-(allyloxy)-4-(4-aminobenzamido)-3-isopropoxybenzamido)benzoate (5)

Compound 92 (2.64 g, 4.58 mmol) was dissolved in THF (8 mL) and EtOH (7 mL). Zinc dust
(4.50 g, 68.7 mmol, 15.0 equiv.) was added. The mixture was cooled to 0 °C and AcOH
(3.90 mL, 68.7 mmol, 15.0 equiv.) was added dropwise over 1 h. The mixture was warmed to
rt. After completion of the reaction Et,O was added and the reaction was determined with a sat.
NaHCOs solution. The mixture was filtered and the phases were separated. The ag. phase was
extracted with EtoO (3x). The combined organic phases were washed with brine, dried over
MgSOs, filtered and concentrated under reduced pressure. The crude prodcut was purified by
column chromatography (dry load, hexane/EtOAc =2:1) to furnish amine 5 (1.37 g,
2.51 mmol, 55%) as yellow amorphous solid.

The analytical data are consistent with those reported in the literature.[*?

'H-NMR (400 MHz, DMSO-dg) =& 10.49 (s, 1H, NH), 9.05 (s, 1H, NH), 7.96-7.94 (d,
J=8.6 Hz, 1H, Ha), 7.90-7.68 (m, 8H, Har), 7.41-7.39 (d, J = 8.6 Hz, 1H, H-5), 6.64-6.62 (d,
J=8.6 Hz, 2H, NH), 6.05-5.97 (m, 1H, CHCHy), 5.40-5.36 (dd, J=1.5, 17.2 Hz, 1H,
CHCH), 5.22-5.19 (dd, J=1.2, 10.4 Hz, 1H, CHCH,), 4.60-4.59 (d, J=5.4 Hz, 2H,
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OCH,CH), 4.56-4.50 (p, J=6.1 Hz, 1H, CH(CHza)2), 1.55 (s, 9H, C(CHa3)3), 1.28-1.27 (d,
J=6.2 Hz, 6H, CH(CHs)2) ppm.

tert-Butyl 4-(methylamino)benzoate (85)

4-Methylaminobenzoic acid (0.50 g, 3.31 mmol) was dissolved in tBuOH (17 mL). EDC-HCI
(2.22 g, 11.6 mmol, 3.50 equiv.) and DMAP (2.02 g, 16.5 mmol, 5.00 equiv.) were added and
the solution was stirred at rt for 20 h. The solvent was removed under reduced pressure. The
residue was purified by column chromatography (dry load, PE/EtOAc = 6:1) to furnish ester 85
(0.34 g, 1.65 mmol, 50%) as colorless oil.

The analytical data are consistent with those reported in the literature.r®”]

Rf (PE/EtOAC = 6:1) = 0.40;

'H-NMR (400 MHz, CDCl3) = § 7.84-7.82 (d, J = 8.8 Hz, 2H, Ha/), 6.57-6.55 (d, J = 8.8 Hz,
2H, Har), 4.50 (bs, 1H, NH), 2.88 (s, 3H, CH3), 1.57 (s, 9H, C(CHz3)3) ppm.

tert-Butyl 4-(2-(allyloxy)-3-isopropoxy-N-methyl-4-nitrobenzamido)benzoate (87)

OJ\
O,N O\/\
O
_N
.
K
Benzoic acid 7 (484 mg, 1.72 mmol) and amine 85 (339 mg, 1.64 mmol, 0.95 equiv.) were
dissolved in CH2Cl (5 mL). The solution was cooled to 0 °C and DIPEA (510 pL, 2.93 mmol,
1.70 equiv.) and POCIs (160 pL, 1.72 mmol, 1.00 equiv.) were added. The solution was stirred
for 2 h at 0 °C. A sat. NH4ClI solution was added and the ag. phase was extracted with CH2Cl>.
The combined organic phases were dried over MgSQg, filtered and concentrated under reduced
pressure. The crude product was purified by column chromatography (dry load,
PE/EtOAC = 4:1) to furnish amide 87 (639 mg, 1.36 mmol, 79%) as yellow gum.
Rt (PE/EtOAC = 4:1) = 0.16;
'H-NMR (400 MHz, CDCl3s) =8 7.79-7.77 (d, J = 8.2 Hz, 2H, Ha), 7.40-7.38 (d, J = 8.1 Hz,
1H, Har), 7.09-7.07 (d, J = 8.1 Hz, 2H, Har), 7.03-7.01 (d, J = 8.3 Hz, 1H, Ha/), 6.07-5.97 (m,
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1H, CHCHy), 5.40-5.35 (dqg, J = 1.5, 17.2 Hz, 1H, CHCH), 5.30-5.27 (dq, J = 1.4, 10.4 Hz,
1H, CHCH?>), 4.53-4.52 (d, J = 4.6 Hz, 2H, OCH), 4.29-4.23 (p, J = 6.1 Hz, 1H, CH(CHa)z>),
3.49 (s, 3H, NCHa), 1.54 (s, 9H, C(CHz3)3), 1.01 (bs, 6H, CH(CHs)2) ppm;

13C-NMR (101 MHz, CDCl3) =6 166.8 (CO), 164.7 (CO), 149.6 (Car), 146.7 (Car), 146.4
(Car), 144.8 (Car), 137.0 (Car), 133.2 (CHCHy), 130.9 (Car), 130.1 (Car), 126.8 (Car), 122.3
(Car), 120.0 (Car), 118.5 (CHCHy), 81.6 (C(CHg3)3), 77.4 (CH(CHs),), 75.2 (OCHy), 37.1
(NCHBg), 28.3 (C(CHg)3), 22.0 (CH(CHs)2) ppm;

HRMS (ESI): m/z calculated for C2sH3oN207Na [M+Na]*: 493.1951; found: 493.1956.

tert-Butyl 4-(2-(allyloxy)-4-amino-3-isopropoxy-N-methylbenzamido)benzoate (90)

o
HZN\CEO%\/\
o}
_N
.
K
Compound 87 (587 mg, 1.25 mmol) was dissolved in THF (2.1 mL) and EtOH (1.8 mL). Zinc
dust (1.22 g, 18.7 mmol, 15.0 equiv.) was added. The mixture was cooled to 0 °C and AcOH
(1.00 mL, 18.7 mmol, 15.0 equiv.) was added dropwise over 1 h. The mixture was warmed to
rt and stirred for 1 h. After completion of the reaction Et,O was added and the reaction was
terminated with a sat. NaHCOs solution. The mixture was filtered and the phases were
separated. The aq. phase was extracted with EtoO (2x). The combined organic phases were
washed with brine, dried over MgSQsa, filtered and concentrated under reduced pressure to
furnish amine 90 (533 mg, 1.21 mmol, 97%) as colorless amorphous solid.
Rf (PE/EtOAC =2:1) =0.21
IH-NMR (400 MHz, CDCl3) = § 7.77-7.75 (d, J = 8.6 Hz, 2H, Hay), 7.06-7.04 (d, J = 8.5 Hz,
2H, Har), 6.88-6.86 (d, J = 8.2 Hz, 1H, Ha), 6.51-6.49 (d, J = 7.8 Hz, 1H, Ha), 6.04-5.94 (m,
1H, CHCHy), 5.34-5.29 (dq, J=1.6, 17.2 Hz, 1H, CHCH>), 5.23-5.19 (dq, J = 1.5, 10.4 Hz,
1H, CHCH?>), 4.41-4.39 (d, J = 5.6 Hz, 1H, OCH>), 4.13-4.07 (p, J = 6.0 Hz, 1H, CH(CHa)z>),
3.45 (s, 3H, NCHBa), 1.54 (s, 9H, C(CH?3)3), 1.03-1.01 (d, J = 6.0 Hz, 1H, CH(CHa)2) ppm;
13C-NMR (101 MHz, CDCl3) =6 169.1 (CO), 165.2 (CO), 148.6 (Car), 148.1 (Car), 137.9
(Car), 134.2 (CHCHy), 131.4 (Car), 129.6 (Car), 129.4 (Car), 126.3 (Car), 123.9 (Car), 117.3
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(CHCHy), 111.9 (Car), 81.2 (C(CHz3)3), 74.7 (CH(CHs3),), 74.5 (OCHy), 37.3 (NCHs3), 28.3
(C(CH3)3), 22.3 (CH(CH?3)2) ppm;
HRMS (ESI): m/z calculated for C2sH32N20sNa [M+Na]*: 463.2209; found: 463.2206.

tert-Butyl 4-(2-(allyloxy)-3-isopropoxy-N-methyl-4-(4-nitrobenzamido)benzamido)benzoate
(93)

O,N J\
H (@)
Q(N O
O 0}
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Amine 90 (200 mg, 0.45 mmol) and pyridine (150 pL, 1.82 mmol, 4.00 equiv.) was dissolved
in CH2Cl> (3 mL). 4-Nitrobenzoyl chloride (135 mg, 0.73 mmol, 1.60 equiv.) was added in
small portions. The solution was stirred at rt fur 3 h. A sat. KHSO4 solution was added and the
aq. phase was extracted with CH2Cl> (2x). The combined organic phases were dried over
MgSOs, filtered and concentrated under reduced pressure. The crude product was purified by
column chromatography (dry load, PE/EtOAc = 3:1) to furnish amide 93 (245 mg, 0.42 mmol,
92%) as yellow amorphous solid.
The N-methyl group is not visible in the *C NMR spectrum and may appear underneath the
solvent peak.
Rf (PE/EtOAC = 3:1) = 0.18;
!H-NMR (400 MHz, DMSO-ds) = 6 9.87 (s, 1H, NH), 8.36-8.34 (d, J = 8.8 Hz, 2H, Har), 8.14-
8.12 (d, J = 8.6 Hz, 2H, Ha), 7.72-7.71 (d, J = 6.3 Hz, 2H, Ha), 7.54-7.52 (d, J = 8.2 Hz, 1H,
Har), 7.24 (bs, 2H, Har), 7.06-7.04 (d, J = 8.2 Hz, 1H, Ha/), 6.07-5.97 (m, 1H, CHCH>), 5.39-
5.34(dd,J =1.6,17.2 Hz, 1H, CHCH>), 5.26-5.23 (dd, J = 1.5, 10.5 Hz, 1H, CHCH>), 4.43 (bs,
2H, OCHy), 4.05-4.00 (m, 1H, CH(CH?3)), 3.39 (s, 3H, NCH3), 1.49 (s, 9H, C(CH?3)3), 0.97 (bs,
6H, CH(CHz3)2) ppm;
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13C-NMR (101 MHz, DMSO-ds) = 6 167.1 (CO), 164.2 (CO), 163.5 (CO), 149.2 (Car), 147.8
(Car), 147.3 (Car), 142.7 (Car), 139.9 (Car), 134.0 (Car), 133.6 (CHCH>), 129.1 (Car), 129.0
(Car), 128.9 (Car), 126.5 (Car), 123.7 (Car), 122.6 (Car), 119.8 (Car), 117.1 (C-12), 80.7
(C(CHg)a3), 75.2 (CH(CHB3)z2), 73.9 (OCHy), 27.7 (C(CHa)s), 21.8 (CH(CHz)2) ppm;

HRMS (ESI): m/z calculated for C32H3sN30sNa[M+Na]*: 612.2322; found: 612.2311.

tert-Butyl 4-(2-(allyloxy)-4-(4-aminobenzamido)-3-isopropoxy-N-methylbenzamido)benzoate
(95)
HoN OJ\
H
Q(N O\/\
_N
.
K
Compound 93 (239 mg, 0.40 mmol) was dissolved in THF (1 mL) and EtOH (1 mL). Zinc dust
(397 mg, 6.07 mmol, 15.0 equiv.) was added. The mixture was cooled to 0 °C and AcOH
(350 pL, 6.07 mmol, 15.0 equiv.) was added dropwise over 1 h. The mixture was warmed to rt
and stirred for 1 h. After completion of the reaction Et.O was added and the reaction was
terminated with a sat. NaHCOz3 solution. The mixture was filtered and the phases were
separated. The ag. phase was extracted with Et2O (2x). The combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The
crude product was purified by column chromatography (PE/EtOAc = 1:1) to furnish amine 95
(163 mg, 0.29 mmol, 72%) as colorless amorphous solid.
The N-methyl group is not visible in the **C NMR spectrum and may appear underneath the
solvent peak.
Rf (PE/EtOAC = 1:1) = 0.44;
IH-NMR (400 MHz, DMSO-ds) = § 8.81 (s, 1H, NH), 7.79-7.69 (m, J = 8.6 Hz, 4H, Ha),
7.61-7.59 (d, J = 8.6 Hz, 2H, Har), 7.22 (bs, 2H, Har), 7.01-6.99 (d, J = 8.6 Hz, 1H, Ha), 6.87-

6.85 (d, J = 8.6 Hz, 1H, Ha/), 6.60-6.58 (d, J = 8.6 Hz, 2H, NH5) 6.06-5.96 (m, 1H, CHCHy),
5.38-5-33 (dd, J = 1.7, 17.2 Hz, 1H, CHCH>), 5.25-5.22 (dg, J = 1.6, 10.5 Hz, 1H, CHCHy),
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4.41-40 (d, J = 4.2 Hz, 2H, OCHy), 4.02 (bs, 1H, CH(CHBa)2), 3.38 (s, 3H, NCH3), 1.48 (s, 9H,
C(CHBa)3), 0.99 (bs, 6H, CH(CHz3)2) ppm;

13C-NMR (101 MHz, DMSO-ds) = 8 167.2 (CO), 164.3 (CO), 164.2 (CO), 152.5 (Car), 147.4
(Car), 134.8 (Car), 134.6 (Car), 134.1 (CHCHy), 129.1 (Car), 128.9 (Car), 128.7 (Car), 128.3
(Car), 1275 (Car), 127.0 (Car), 126.4 (Car), 122.8(Car), 120.1 (Car), 117.1 (CHCHy),
112.8(Car), 80.7 (C(CHas)3), 75.1 (CH(CHs)2), 73.9 (OCH,), 27.7 (C(CHgs)3), 21.8
(CH(CHs)2) ppm;

HRMS (ESI): m/z calculated for Cs2H37N30sNa [M+Na]*: 582.2580; found: 582.2585.

Ethyl 5-(2-(allyloxy)-3-isopropoxy-4-nitrobenzamido)-1,3,4-thiadiazole-2-carboxylate (222)
O,N
0}

S [e]
T

Benzoic acid 7 (208 mg, 0.74 mmol) and amine 221 (122 mg, 0.70 mmol, 0.95 equiv.) were
dissolved in CH2Cl, (2.2 mL). The solution was cooled to 0°C and DIPEA (220 pL,
1.26 mmol, 1.70 equiv.) and POCI3 (70 pL, 0.74 mmol, 1.00 equiv.) were added. The solution

was stirred at 0 °C for 1 h. A sat. NH4Cl solution was added and the ag. phase was extracted

(0]
PR

X

with CH2Cl,. The combined organic phases were dried over MgSQyg, filtered and concentrated
under reduced pressure. The crude product was purified by column chromatography (dry load,
PE/EtOAC = 5:1, 2:1) to furnish amide 222 (138 mg, 0.32 mmol, 43%) as colorless amorphous
solid.

Rs (PE/EtOAC = 2:1) = 0.38;

IH-NMR (500 MHz, DMSO-ds) = & 13.53 (s, 1H, NH), 7.75-7.73 (d, J = 8.4 Hz, 1H, Ha),
7.54-7.51(d, J = 8.4 Hz, 1H, Har), 5.96-5.86 (m, 1H, CHCH>), 5.32-5.27 (dg, J = 1.6, 17.2 Hz,
1H, CHCHy), 5.18-5.15 (dqg, J=1.5, 10.4 Hz, 1H, CHCH,), 4.73-4.67 (p, J=6.2 Hz, 1H,
CH(CHz3)2), 4.58-4.56 (dt, J = 1.2, 6.9 Hz, 2H, OCHy>), 4.46-4.40 (q, J = 7.1 Hz, 2H, CH>CHs)
1.38 (t, J = 7.1 Hz, 3H, CH2CHj3), 1.25-1.23 (d, J = 6.1 Hz, 6H, CH(CHs)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = & 164.2 (CO), 161.5 (CO), 158.8 (Car), 154.2 (Car), 150.6
(Car), 147.5 (Car), 143.2 (Car), 132.9 (Car), 132.9 (CHCHy), 123.8 (Car), 119.2 (Car), 1185
(CHCH2), 77.3 (CH(CHs)2), 74.8 (OCH2), 62.5 (CH2CHs), 22.0 (CH(CHa)2), 14.0
(CH2CH3) ppm;

HRMS (ESI): m/z calculated for C1gH20N4O7SNa [M+Na]*: 459.0950; found: 459.0951.
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Ethyl 5-(2-(allyloxy)-4-amino-3-isopropoxybenzamido)-1,3,4-thiadiazole-2-carboxylate (288)
H,N

(0]
oL
SN

Compound 222 (167 mg, 0.40 mmol) was suspended in EtOH (4 mL) and SnCl,-2H.0
(445 mg, 1.98 mmol, 5.00 equiv.) was added. The mixture was stirred at rt for 4 d. A sat.

o
A ounn

AN

NaHCOs solution was added. The mixture was filtered and the residue was washed with EtOAc.
The ag. filtrate was extracted with EtOAc (3x). The combined organic phases were dried over
MgSOs, filtered and concentrated under reduced pressure to furnish aniline 288 (153 mg,
0.38 mmol, 95%) as yellow amorphous solid.

Rf (PE/EtOAC = 1:1) = 0.70;

IH-NMR (500 MHz, DMSO-ds) = & 11.99 (s, 1H, NH), 7.48-7.46 (d, J = 8.7 Hz, 1H, Ha),
6.59-6.57 (d, J=8.7 Hz, 1H, Ha/), 6.12-6.04 (m, 1H, CHCH>), 5.91 (s, 2H, NH>), 5.48-5.44
(dd, J=1.5,17.2 Hz, 1H, CHCHy), 5.31-5.29 (dd, J = 1.4, 10.4 Hz, 1H, CHCH>), 4.66-4.65 (d,
J=5.8Hz, 1H, OCH:CH), 4.50-4.43 (sept, J=6.1Hz, 1H, CH(CHs).), 4.43-4.39 (q,
J=7.1Hz, 2H, CH,CHa3) 1.36 (t, J=7.1 Hz, 3H, CH2CHs), 1.27-1.26 (d, J = 6.1 Hz, 6H,
CH(CHz)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 6 163.1 (CO), 161.6 (CO), 159.0 (Car), 153.6 (Car), 151.7
(Car), 149.5 (Car), 135.1 (Car), 133.1 (CHCH), 126.9 (Car), 119.0 (CHCH), 110.6 (Car), 110.0
(Car), 745 (CH(CHa)2), 74.0 (OCH.CH), 62.3 (CH2CHs3), 22.1 (CH(CHs),), 14.0
(CH2CH3) ppm;

HRMS (ESI): m/z calculated for C1sH22N4O7SNa [M+Na]*: 429.1209; found: 429.1213.

Ethyl 5-(2-(allyloxy)-3-isopropoxy-4-(4-nitrobenzamido)benzamido)-1,3,4-thiadiazole-2-
carboxylate (289)

O,N
H
N

o, o}
O_HN_ _s O
A o<
N-N O"\

~
Amine 288 (151 mg, 0.37 mmol) and pyridine (120 L, 1.49 mmol, 4.00 equiv.) were dissolved
in CH2Cl> (2.5 mL). 4-Nitrobenzoyl chloride (110 mg, 0.59 mmol, 1.60 equiv.) was added in
portions. The mixture was stirred at rt for 3 h. A sat. KHSO4 solution was added and the ag.
phase was extracted with CH2Cl> (3x). The combined organic phases were dried over MgSOs,

filtered and concentrated under reduced pressure. The crude product was purified by column
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chormatography (PE/EtOAc = 2:1, 1:1) to furnish product 289 (173 mg, 0.31 mmol, 84%) as
yellow amorphous solid.

Rf (PE/EtOAC = 1:1) = 0.49;

'H-NMR (600 MHz, DMSO-ds) =8 13.09 (s, 1H, NH), 10.17 (s, 1H, NH), 8.41-8.39 (d,
J=8.8Hz, 2H, Ha/), 8.22-8.20 (d, J=8.8 Hz, 2H, Has), 7.77-7.76 (d, J = 8.5 Hz, 1H, Hay),
7.50-7.49 (d, J = 8.5 Hz, 1H, Har), 6.02-5.96 (m, 1H, CHCH?), 5.37-5.33 (dqg, J = 1.6, 17.2 Hz,
1H, CHCHy), 5.21-5.19 (dd, J=1.5, 10.5 Hz, 1H, CHCH,), 4.61-4.60 (d, J =5.6 Hz, 1H,
OCH2CH), 4.54-4.47 (sept, J = 6.1 Hz, 1H, CH(CHa)z2), 4.45-4.41 (9, J = 7.1 Hz, 2H, CH2CHj3)
1.38-1.35 (t, J = 7.1 Hz, 3H, CH2CH3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHs3)2) ppm;
13C-NMR (151 MHz, DMSO-dg) = § 164.6 (CO), 163.9 (CO), 161.7 (CO), 158.9 (Car), 153.9
(Car), 150.5 (Car), 149.4 (Car), 143.4 (Car), 139.7 (Car), 136.3 (Car), 133.4 (CHCH>), 129.2
(Car), 124.8 (Car), 124.1 (Car), 123.8 (Car), 120.0 (Car), 118.2 (CHCHy), 76.4 (CH(CHz3)2), 74.4
(OCH2CH), 62.4 (CH2CH3), 22.3 (CH(CHBa)2), 14.0 (CH2CH?3) ppm;

HRMS (ESI): m/z calculated for C2sH2sNsOsSNa [M+Na]™: 578.1322; found: 578.1326.

Ethyl  5-(2-(allyloxy)-4-(4-aminobenzamido)-3-isopropoxybenzamido)-1,3,4-thiadiazole-2-
carboxylate (223)

H,N
H
N

0, o)
O_HN_ _s O
A oA
N-N O“\

AN

Compound 289 (134 mg, 0.24 mmol) was suspended in EtOH (3.2 mL) and SnCl2-2H,0O
(273 mg, 1.21 mmol, 5.00 equiv.) was added. The mixture was stirred at rt for 6 d. A sat.
NaHCOs solution was added. The mixture was filtered and the residue was washed with an
excess of EtOAc. The ag. filtrate was extracted with EtOAc (3x). The combined organic phases
were dried over MgSQOyg, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (dry load, PE/EtOAc =3:2) to furnish aniline 223
(76.3 mg, 0.15 mmol, 60%) as yellow amorphous solid.

One aromatic *C-signal and two carbonyl **C-signals are not visible.

IH-NMR (600 MHz, DMSO-ds) =& 12.92 (s, 1H, NH), 9.07 (s, 1H, NH), 8.02-8.01 (d,
J=8.6 Hz, 1H, Ha/), 7.70-7.68 (d, J=8.7 Hz, 2H, Has), 7.50-7.48 (d, J = 8.6 Hz, 1H, Ha),
6.64-6.62 (d, J =8.7 Hz, 2H, Har), 6.04-5.97 (m, 1H, CHCH>), 5.90 (s, 2H, NH>), 5.39-5.35
(dg,J=1.6,17.2 Hz, 1H, CHCHy), 5.23-5.20 (dd, J = 1.6, 10.5 Hz, 1H, CHCH>), 4.60-4.58 (d,
J=5.6Hz, 1H, OCH,CH), 4.59-4.53 (sept, J=6.1Hz, 1H, CH(CHs)), 4.45-4.40 (q,

98



J=7.1Hz, 2H, CH.CHg), 1.38-1.35 (t, J = 7.1 Hz, 3H, CH2CH3), 1.30-1.28 (d, J = 6.1 Hz, 6H,
CH(CHs)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = & 164.5 (CO), 159.0 (Car), 153.8 (Car), 152.7 (Cay), 150.2
(Car), 141.0 (Car), 137.7 (Car), 133.4 (CHCH>), 129.1 (Car), 124.6 (Car), 119.8 (Car), 118.3
(CHCH>), 117.0 (Cas), 112.9 (Car), 76.2 (CH(CH3)2), 74.4 (OCH,CH), 62.4 (CH2CHa), 22.3
(CH(CHs)2), 14.0 (CH2CH3) ppm;

HRMS (ESI): m/z calculated for C2sH27NsOsSNa [M+Na]*: 548.1580; found: 548.1560.

Diphenyl-A3-iodaneyl trifluoromethanesulfonate (83)

lodine (500 mg, 1.97 mmol) and mCPBA (65%, 1.57 g, 5.91 mmol, 3.00 equiv.) were dissolved
in CH2Cl> (22 mL). The solution was cooled to 0 °C and benzene (720 pL, 8.08 mmol,
4.1 equiv.) was added. pTsOH (1.10 mL, 11.8 mmol, 6.00 equiv.) was added dropwise. The
mixture was stirred at rt for 1 h before concentration under reduced pressure. The residue was
diluted with Et2O and stirred for 15 min before storage in the freezer overnight. Filtration and
drying in vacuo furnished product 83 (1.30 g, 3.09 mmol, 78%) as beige amorphous solid.
The analytical data are consistent with those reported in the literature. !

'H-NMR (400 MHz, DMSO-dg) =8 8.19-8.16 (d, J=8.5Hz, 4H, Ha), 7.72-7.68 (t,
J=7.2Hz, 2H, Har), 7.56-7.52 (t, J = 7.7 Hz, 4H, Har) ppm.

Methyl 3-hydroxy-2-methylbenzoate (52)

0._0

OH

3-Hydroxy-2-methylbenzoic acid 47 (2.00 g, 13.1 mmol) was dissolved in MeOH (6 mL) and
SOCI; (1.63 mL, 22.3 mmol, 1.70 equiv.) was added at 0 °C. The solution was stirred at 80 °C
for 2 h. All volutiles were removed under reduced pressure to furnish ester 52 (quant.) as
colorless amorphous solid, which was used in the next step without further purification

The analytical data are consistent with those reported in the literature.[*]

Rf (PE/EtOAC = 7:1) = 0.22;
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'H-NMR (400 MHz, CDCl3) =6 7.41-7.39 (dd, J=1.0, 7.8 Hz, 1H, Ha), 7.11-7.07 (t,
J=7.9Hz, 1H, Har), 6.96-6.93 (dd, J = 0.8, 8.0 Hz, 1H, Ha), 4.39 (bs, 1H, OH), 3.89 (s, 3H,
CO2CHs3), 2.45 (s, 3H, CH3) ppm.

Methyl 3-hydroxy-2-methylbenzoate (48)

_0._0

e
AL

Ester 52 (2.18 g, 13.1 mmol) was dissolved in DMF (10 mL). NaH (60% in mineral oil, 631 mg,

15.8 mmol, 1.20 equiv.) was added in portions. The mixture was stirred at rt for 1 h. 2-

Bromopropane (1.48 mL, 15.8 mmol, 1.20 equiv.) was added and the mixture was stirred at rt

for 20 h. The reaction was stopped with a 1 M HCI solution. The ag. phase was extracted with

Et2O (3x). The combined organic phases were washed with brine, dried over MgSO, filtered

und concentrated. The crude product was purified by column chromatography

(PE/EtOAC = 7:1) to furnish product 48 (1.66 g, 7.98 mmol, 92 % brsm) as colorless oil.

R¢ (PE/EtOAC = 7:1) = 0.66;

'H-NMR (400 MHz, CDCls) = 8 7.39-7.37 (d, J = 7.9 Hz, 1H, Har), 7.18-7.14 (t, J = 7.8 Hz,

1H, Har), 7.00-6.99 (d, J = 8.1 Hz, 1H, Har), 4.53-4.47 (sept, J = 6.0 Hz, 1H, CH(CHz)>), 3.88

(s, 3H, CO2CH3), 2.41 (s, 3H, CH3), 1.35-1.33 (d, J = 5.9 Hz, 6H, CH(CHs3)2) ppm;

13C-NMR (101 MHz, CDCl3) =& 168.8 (CO), 156.6 (Car), 132.0 (Car), 129.9 (Car), 126.0

(Car), 122.2 (Car), 117.1 (Car), 71.2 (CH(CHa)2), 52.1 (CO2CHs), 22.3 (CH(CHs)2), 13.2

(CHz3) ppm.

Methyl 2-(bromomethyl)-3-isopropoxybenzoate (49)

&\Br
(@)

A
Ester 48 (1.63 g, 7.81 mmol) was dissolved in CCls (40 mL). NBS (2.08 g, 11.7 mmol,
1.50 equiv.) and AIBN (0.27 g, 1.56 mmol, 0.2 equiv.) were added. The mixture was stirred at
100 °C for 16 h. The solvent was removed and the residue was diluted with EtOAc and H-0.

The ag. phase was extracted with EtOAc (3x). The combined organic phases were washed with

brine, dried over MgSQOyg, filtered and concentrated under reduced pressure. The crude product
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was purified by column chromatography (PE/EtOAc = 10:1) to furnish bromide 49 (2.16 g,
7.54 mmol, 97%) as yellow amorphous solid.
Rt (PE/EtOAC = 10:1) = 0.44;
'H-NMR (400 MHz, CDCl3) =8 7.49-7.46 (dd, J=1.1, 7.8 Hz, 1H, Ha/), 7.31-7.27 {t,
J=8.1Hz, 1H, Ha/), 7.07-7.05 (d, J = 8.0 Hz, 1H, Ha), 5.04 (s, 2H, CH2Br), 4.68-4.59 (sept,
J=6.1Hz, 1H, CH(CHz3)2), 3.93 (s, 3H, CO.CHz), 1.41-1.39 (d, J=6.0Hz, 6H,
CH(CHs)2) ppm;
13C-NMR (101 MHz, CDClIs) =5 167.5 (CO), 156.5 (Car), 131.1 (Car), 129.2 (Car), 128.6
(Car), 122.7 (Car), 117.1 (Car), 71.3 (CH(CHz3).), 52.5 (CO2CH3), 25.0 (CH2Br), 22.2
(CH(CHsa)2) ppm.
Methyl 2-formyl-3-isopropoxybenzoate (50)
_0 O
S
(0]
A
Bromide 49 (1.20g, 4.19 mmol) was dissolved in MeCN (36 mL) and NMO (1.96 g,
16.8 mmol, 4.00 equiv.) was added. The solution was stirred at rt for 3 h. The solvent was
removed under reduced pressure. The crude product was purified by column chromatography
(PE/EtOAC = 10:1) to furnish aldehyde 50 (873 mg, 3.93 mmol, 94%) as yellowish amorphous
solid.[t%
R¢ (PE/EtOAC = 10:1) = 0.26;
'H-NMR (400 MHz, CDCl3s) = 6 10.47 (s, 1H, CHO), 7.52-7.48 (t, J = 7.9 Hz, 1H, Ha/), 7.10-
7.07 (m, 2H, Har), 4.70-4.64 (sept, J = 6.0 Hz, 1H, CH(CH3)2), 3.90 (s, 3H, CO.CHj3), 1.39-
1.38 (d, J = 6.1 Hz, 6H, CH(CHs3)2) ppm;
13C-NMR (101 MHz, CDCls) = 6 190.4 (CHO), 169.4 (CO2CHj3), 159.6 (Car), 134.3 (Car),
134.1 (Car), 125.1 (Car), 120.1 (Car), 116.3 (Car), 71.9 (CH(CHsa)2), 52.9 (CO.CHg), 22.1
(CH(CHs)2) ppm.

Methyl 2-(difluoromethyl)-3-isopropoxybenzoate (51)

0.0 _
&

(0]
PN

Aldehyde 50 (299 mg, 1.35 mmol) was dissolved in CH2Cl, (3.3 mL) and DAST (533 pL,
4.04 mmol, 4.00 equiv.) was added at 0 °C. The mixture was stirred at rt for 20 h. A sat.
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NaHCOs solution was added at 0 °C and the ag. phase was extracted with CH2Cl> (3x). The
combined organic phases were washed with brine, dried over MgSQyg, filtered and concentrated
under reduced pressure. The crude product was purified by column chromatography
(PE/EtOACc = 15:1) to furnish product 51 (204 mg, 0.83 mmol, 92% brsm) as yellow oil.

Rf (PE/EtOAC = 10:1) = 0.34;

'H-NMR (400 MHz, CDCl3) = § 7.44-7.40 (t, J = 8.0 Hz, 1H, Ha), 7.31-7.03 (t, J = 54.5 Hz,
1H, CHFy), 7.22-7.20 (d, J = 7.7 Hz, 1H, Ha/), 7.09-7.07 (d, J = 8.4 Hz, 1H, Ha) 4.66-4.60
(sept, J=6.0 Hz, 1H, CH(CHz3)2), 3.91 (s, 3H, CO2CHa), 1.37-1.36 (d, J=5.9 Hz, 6H,
CH(CHz)2) ppm;

13C-NMR (101 MHz, CDCls) = § 168.5 (CO), 156.8 (Car), 133.0 (t, J = 3.5 Hz, Car), 131.7 (t,
J=1.3Hz, Car), 122.0-121.6 (t, J=21.9 Hz, Car), 121.2 (t, J=1.1Hz, Cas), 116.7 (Car),
113.8-109.1 (t, J = 237.3 Hz, CHF>), 71.9 (CH(CHB3)2), 52.8 (CO2CHB3), 22.1 (CH(CHa)2) ppm;
PBF-NMR (376 MHz, CDCl3) = 6 -114.67- -114.81 (d, J = 54.6 Hz, 2F, CHF2) ppm;

HRMS (ESI): m/z calculated for C12H14F203Na [M+Na]": 267.0809; found: 267.0811.

(2-(Difluoromethyl)-3-isopropoxyphenyl)methanol (290)

-
&

X
LAH (58.8 mg, 1.55 mmol, 2.00 equiv.) was suspended in THF (1.1 mL) at 0 °C. Ester 51
(189 mg, 0.78 mmol) in THF (1.5 mL) was added at 0 °C and the mixture was stirred at rt for
4 h. H,0 was added at 0 °C and the suspension was filtered through a short Celite® plug. The
plug was washed with EtOAc and the ag. phase was extracted with EtOAc. The combined
organic phases were washed with a1 M HCI solution, a sat. NaHCOs3 solution, brine, dried over
MgSOs, filtered and concentrated under reduced pressure to furnish alcohol 290 (141 mg,

0.65 mmol, 84%) as colorless oil, which was used in the next step without further purification.
Rf (PE/EtOAC = 5:1) = 0.46.

2-(Difluoromethyl)-3-isopropoxybenzaldehyde (57)

B
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Alcohol 290 (141 mg, 0.65 mmol) was dissolved in CH,Cl> (3.8 mL). Celite® (210 mg) and
PCC (211 mg, 0.98 mmol, 1.50 equiv.) were added subsequently. The mixture was stirred at rt
for 1 h before it was poured onto a small silica plug. Elution with PE/EtOAc (7:3) furnished
aldehyde 57 (135 mg, 0.63 mmol, 96%) as a colorless oil.

R¢ (PE/EtOAC = 5:1) = 0.69;

IH-NMR (400 MHz, CDCls) =8 10.55-10.54 (t, J=2.0Hz, 1H, CHO), 7.64-7.62 (d,
J=7.7Hz, 1H, Har), 7.53-7.49 (t, J = 8.3 Hz, 1H, Has), 7.50-7.23 (t, J = 54.5 Hz, 1H, CHF),
7.19-7.17 (d, J=8.0 Hz, 1H, Ha/), 4.67-4.58 (sept, J = 6.1 Hz, 1H, CH(CHs).), 1.39-1.38 (d,
J =6.0 Hz, 6H, CH(CHa)2) ppm;

13C-NMR (101 MHz, CDCl3) =8 191.1 (t, J = 4.6 Hz, CHO), 156.3 (Car), 136.6 (Ca/), 132.2
(t, J=1.4Hz, Ca), 124.4 (Ca), 120.6 (t, J=1.8 Hz, Ca) 119.1 (Cay), 114.3-109.6 (t,
J =235.3 Hz, CHF?2), 72.3 (CH(CH3)2), 22.1 (CH(CHz3)2) ppm.

2-(Difluoromethyl)-3-isopropoxy-4-nitrobenzaldehyde (58)
o}
Z2F

F

Noz)o\
Aldehyde 57 (126 mg, 0.59 mmol) in CH2Cl> (0.5 mL) was added dropwise to fuming HNO3
(272 pL, 6.47 mmol, 11.0 equiv.) at -40 °C. The solution was stirred at -40 °C for 2 h. The
mixture was diluted with H>O and the ag. phase was extracted with CH>Cl> (3x). The combined
organic phases were washed with brine, dried over MgSQOg, filtered and concentrated under
reduced pressure. The crude product was purified by column chromatography
(PE/EtOAC = 10:1) to furnish product 58 (35.5 mg, 0.14 mmol, 23%) as brown oil.
R¢ (PE/EtOAC = 10:1) = 0.47;
'H-NMR (400 MHz, CDCl3) =38 10.57-10.56 (t, J=1.9 Hz, 1H, CHO), 8.01-7.98 (d,
J=8.4Hz, 1H, Har), 7.93-7.91 (d, J = 8.5 Hz, 1H, Har), 7.43-7.16 (t, J = 53.8 Hz, 1H, CHF)),
4.31-4.22 (sept, J = 6.3 Hz, 1H, CH(CHa)2), 1.36-1.35 (d, J = 6.2 Hz, 6H, CH(CH3)2) ppm;
13C-NMR (101 MHz, CDCl3) = § 188.7 (t, J = 5.1 Hz, CHO), 149.8 (t, J = 7.3 Hz, Car), 147.0
(Car), 138.8 (Car), 132.0-131.5 (t, J = 24.9 Hz, Car), 128.0 (Car), 124.0 (Car), 113.6-108.9 (t,
J =237.8 Hz, CHF>2), 81.5 (CH(CHs3)2), 22.3 (CH(CH3)2) ppm;

2-(Difluoromethyl)-3-isopropoxy-4-nitrobenzoic acid (59)
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Aldehyde 58 (31.8 mg, 0.12 mmol) and 2-methyl-2-butene (130 pL, 1.22 mmol, 10.0 equiv.)
were dissolved in tBuOH (0.5 mL). NaClO2 (12.2 mg, 0.13 mmol, 1.10 equiv) in a 1 M
NaH2POs solution (0.1 mL) was added dropwise at rt. The solution was stirred for 5 h. Then, a
1 M HCI solution was added. The ag. layer was extracted with EtoO (3x) and the combined
organic layers were washed with brine, dried over MgSOs and filtered. The filtrate was
concentrated under reduced pressure to give the crude product 59 (30.4 mg, 0.11 mmol, 90%)
as a yellow amorphous solid.
H-NMR (400 MHz, CDCl3) = § 9.42 (bs, 1H, CO2H), 7.94-7.92 (d, J = 8.4 Hz, 1H, Ha), 7.68-
7.66 (d, J = 8.4 Hz, 1H, Har), 7.35-7.08 (t, J = 53.8 Hz, 1H, CHF>), 4.42-4.33 (sept, J = 6.3 Hz,
1H, CH(CHz3)2), 1.35-1.33 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (101 MHz, CDCls3) = 6 170.6 (CO), 150.4 (Car), 146.5 (Car), 135.3 (Car), 130.1-
129.8 (t, J = 23.4 Hz, Car), 127.4 (Car), 125.2 (Car), 112.6-107.8 (t, J = 240.3 Hz, CHF>)), 81.2
(CH(CHs3)2), 22.1 (CH(CHz3)2) ppm;
HRMS (ESI): m/z calculated for C11H10F2NOs [M-H]": 274.0527; found: 274.0529.

tert-Butyl 4-(2-(difluoromethyl)-3-isopropoxy-4-nitrobenzamido)benzoate (88)

/Lo F
O,N \Cj:;F
0
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Benzoic acid 59 (293 mg, 1.07 mmol) and tert-butyl 4-aminobenzoate (13) (196 mg,
1.01 mmol, 0.95 equiv.) were dissolved in CH2Cl2 (5 mL). The solution was cooled to 0 °C and
DIPEA (316 pL, 1.81 mmol, 1.70 equiv.) and POCI3z (99 pL, 1.07 mmol, 1.00 equiv.) were
added. The solution was stirred for 2 h at 0 °C. A sat. NH4ClI solution was added and the ag.
phase was extracted with CHCl> (3x). The combined organic phases were dried over MgSOs,
filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (PE/EtOAc = 3:1) to furnish amide 88 (395 mg) as orange amorphous solid,
which contained small impurities. The product was used in the next step without further

purification.
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Rt (PE/EtOAC = 5:1) = 0.37,;
HRMS (ESI): m/z calculated for C22H24F2N2OsNa [M+Na]*: 473.1500; found: 473.1479.

tert-Butyl 4-(4-amino-2-(difluoromethyl)-3-isopropoxybenzamido)benzoate (91)

Compound 88 (395 mg, 0.88 mmol) was dissolved in THF (1.5 mL) and EtOH (1.3 mL). Zinc
dust (859 mg, 13.1 mmol, 15.0 equiv.) was added. The mixture was cooled to 0 °C and AcOH
(0.80 mL, 13.3 mmol, 15.0 equiv.) was slowly added dropwise. The mixture was warmed to rt
and stirred for 6 h, before Et,O and a sat. NaHCOs3 solution were added. The mixture was
filtered and the phases were separated. The ag. phase was extracted with Et2O (3x). The
combined organic phases were washed with brine, dried over MgSOa, filtered and concentrated
under reduced pressure. The crude product was purified by column chromatography (dry load,
PE/EtOAC = 2:1) to furnish aniline 91 (154 mg, 0.37 mmol, 35% over two steps) as yellowish
amorphous solid.

Rf (PE/EtOAC = 2:1) = 0.22;

IH-NMR (500 MHz, DMSO-dg) = § 10.40 (s, 1H, NH), 7.86-7.84 (d, J = 8.8 Hz, 2H, Ha),
7.80-7.78 (d, J=8.8 Hz, 2H, Har), 7.22-6.95 (t, J=54.2 Hz, 1H, CHF,), 7.13-7.09 (d,
J=8.6 Hz, 1H, Has), 6.88-6.86 (d, J =8.5 Hz, 1H, Ha/), 5.44 (s, 2H, NH>), 4.37-4.35 (sept,
J=6.1Hz, 1H, CH(CHz3)2), 154 (s, 9H, C(CHa)3), 1.27-1.26 (d, J=6.1Hz, 6H,
CH(CHz)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 6 166.9 (CO), 164.6 (CO), 144.6 (Car), 143.7 (Car), 142.1-
142.0 (t, J=4.9 Hz, Car), 129.9 (Car), 125.6 (Car), 125.2-124.9 (t, J=21.8 Hz, Car), 124.8
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(Car), 123.9 (Car), 118.6 (Car), 115.7 (Car), 113.9-110.8 (t, J=236.1 Hz, CHF), 80.2
(C(CHa)a), 75.1 (CH(CHa)2), 27.9 (C(CHs)s), 21.8 (CH(CHs)2) ppm;
HRMS (ESI) calculated for C22H26F2N204Na [M+Na]": 443.1758; found: 443.1756.

tert-Butyl 4-(2-(difluoromethyl)-3-isopropoxy-4-(4-nitrobenzamido)benzamido)benzoate (94)

02N\©ﬁ(H)\o F
N
F
HN
L.
K
4-Nitrobenzoyl chloride (107 mg, 0.57 mmol, 1.60 equiv.) was added in portions to a mixture
of amine 91 (151 mg, 0.36 mmol) and pyridine (116 pL, 1.44 mmol, 4.00 equiv.) in CH2Cl>
(4 mL). The mixture was stirred at rt for 1 h. Then, the mixture was diluted witha 1 M KHSO4
solution. The ag. phase was extracted with CH2Cl. (3x). The combined organic phases were
dried over MgSOy, filtered and concentrated to furnish crude product 94 (244 mg), which was
used in the next step without further purification.

tert-Butyl  4-(4-(4-aminobenzamido)-2-(difluoromethyl)-3-isopropoxybenzamido)benzoate
(96)

N )\o F
o O
HN
Tl
K

Compound 94 (205 mg, 0.36 mmol) was dissolved in THF (0.6 mL) and EtOH (0.5 mL). Zinc
dust (352 mg, 5.39 mmol, 15.0 equiv.) was added. The mixture was cooled to 0 °C and AcOH
(0.30 mL, 5.39 mmol, 15.0 equiv.) was slowly added dropwise. The mixture was warmed to rt
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and stirred for 1 h, before Et,O and a sat. NaHCOs3 solution were added. The mixture was
filtered and the phases were separated. The ag. phase was extracted with Et2O (3x). The
combined organic phases were washed with brine, dried over MgSQyg, filtered and concentrated
under reduced pressure to furnish aniline 96 (188 mg) as yellowish amorphous solid, which was
used in the next step without further purification.

HRMS (ESI) calculated for Co9Hz1F2N3OsNa [M+Na]*: 562.2129; found: 562.2124.

3-Hydroxy-2-methyl-4-nitrobenzoic acid (60)

HO.__O

OH
NO,

Conc. H2S04 (350 pL, 6.57 mmol, 1.00 equiv.) was added to H>O (3.3 mL) before addition of
NaNOz (0.43 g, 5.02mmol, 0.8 equiv.). 3-Hydroxy-2-methylbenzoic acid (47) (1.00 g,
6.57 mmol) was added and the mixture was warmed up slowly to 60 °C. The mixture was
further warmed up to 85 °C and stirred at this temperature for 3 h. During the reaction additional
H>0 was added to ensure stirring. The mixture was cooled to rt and the precipitate was filtered
off and dried in vacuo to furnish product 60 (0.36 g, 1.83 mmol, 37%) as brown amorphous
solid.

!H-NMR (400 MHz, CDCl3) =6 11.09 (s, 1H, CO2H), 8.05-8.03 (d, J = 9.0 Hz, 1H, Har), 7.52-
7.50 (d, J =9.0 Hz, 1H, Har), 2.60 (s, 3H, CH3) ppm;

13C-NMR (101 MHz, CDCl3) =8 170.5 (CO), 154.1 (Car), 136.7 (Car), 125.8 (Car), 122.0
(Car), 121.0 (Car), 13.2 (CH3) ppm;

HRMS (ESI) calculated for CsHsNOs [M-H]: 196.0246; found: 196.0237.

Methyl 3-hydroxy-2-methyl-4-nitrobenzoate (291)

_0._0

OH
NO,

Acid 60 (355 mg, 1.80 mmol) was dissolved in MeOH (3 mL) and SOCI; (210 pL, 2.88 mmol,
1.60 equiv.) was added at 0 °C. The solution was stirred at 80 °C for 1 h. All volatiles were
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removed under reduced pressure to furnish ester 291 (376 mg, 1.78 mmol, 99%) as colorless

amorphous solid, which was used in the next step without further purification.

Methyl 3-isopropoxy-2-methyl-4-nitrobenzoate (61)

_0._0O

Noz)o\
Ester 291 (370 mg, 1.75 mmol) and K>COs3 (248 mg, 1.80 mmol, 1.00 equiv.) were dissolved
in DMF (5 mL) and 2-bromopropane (225 pL, 2.40 mmol, 1.40 equiv.) was added and the
mixture was stirred at 70 °C for 16 h. After cooling down to rt the mixture was diluted with
H20. The mixture was acidified with a 1 M HCI solution and the ag. phase was extracted with
Et.O (3x). The combined organic phases were washed with brine, dried over MgSQyg, filtered
and concentrated to furnish product 61 (426 mg, 1.68 mmol, 96%) as colorless oil, which was
used in the next step without further purification.
R¢ (PE/EtOAC = 10:1) = 0.33;
'H-NMR (400 MHz, CDCls) = § 7.65-7.62 (d, J = 8.5 Hz, 1H, Ha/), 7.59-7.57 (d, J = 8.5 Hz,
1H, Har), 4.22-4.16 (sept, J = 6.1 Hz, 1H, CH(CHBa)z2), 3.93 (s, 3H, CO2CH3), 2.52 (s, 3H, CH3),
1.30-1.28 (d, J = 6.2 Hz, 6H, CH(CHa)2) ppm.

Methyl 2-(bromomethyl)-3-isopropoxy-4-nitrobenzoate (292)

_0._0

Br

Lo, L
Toluate 61 (360 mg, 1.42 mmol) was dissolved in MeCN (4 mL). NBS (304 mg, 1.71 mmol,
1.20 equiv.) and AIBN (46.7 mg, 0.28 mmol, 0.20 equiv.) were added. The mixture was stirred
at 85 °C for 19 h. The solvent was removed under reduced pressure and the residue was purified
by column chromatography (PE/EtOAc = 15:1) to furnish a mixture of starting material 61 and
product 292. The mixture was used in the next step without further purification.
R¢ (PE/EtOAC = 10:1) = 0.30.

Methyl 2-(dihydroxymethyl)-3-isopropoxy-4-nitrobenzoate (62)
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Bromide 292 (472 mg) was dissolved in MeCN (12 mL) and NMO (666 mg, 5.68 mmol,
4.00 equiv.) was added. The solution was stirred at rt for 1 h. The solvent was removed under
reduced pressure and the residue was purified by column chromatography (dry load,
PE/EtOAc = 10:1) to furnish hydrate 62 (62.5 mg, 0.23 mmol, 16% over two steps) as orange
amorphous solid.
R¢ (PE/EtOAC = 10:1) = 0.22;
IH-NMR (400 MHz, DMSO-dg) =& 8.13-8.11 (d, J=8.0Hz, 1H, Ha/), 7.71-7.69 (d,
J=8.0 Hz, 1H, Har), 6.79 (s, 1H, CH(OH)>), 4.77-4.68 (sept, J = 6.1 Hz, 1H, CH(CH3)2), 3.57
(s, 3H, CO2CHs3), 1.33-1.32 (d, J=6.0 Hz, 3H, CH(CHa)2), 1.24-1.22 (d, J=6.0 Hz, 3H,
CH(CHz)2) ppm.
13C-NMR (101 MHz, DMSO-ds) = § 166.3 (CO), 147.6 (Car), 145.5 (Car), 135.4 (Car), 131.0
(Car), 127.6 (Car), 119.4 (Car), 102.0 (CH(OH)2), 76.7 (CH(CHa)2), 56.4 (OCHa), 22.3
(CH(CHs)2), 21.9 (CH(CHs3)2) ppm;

Methyl 2-hydroxy-3-methylbenzoate (293)

OH
~o" Yo
2-Hydroxy-3-methylbenzoic acid (74) (5.00 g, 32.9 mmol) was dissolved in MeOH (100 mL)
and conc. H2SO4 (1 mL) was added. The solution was stirred at 80 °C for 5 d. The mixture was
cooled to rt and diluted with EtOAc and a sat. NaHCOs3 solution. The aq. phase was extracted
with EtOAc (3x). The combined organic phases were washed with brine, dried over MgSQa,
filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (PE/EtOAc = 15:1) to furnish ester 293 (4.79 g, 28.8 mmol, 88%) as colorless
liquid.

The analytical data are consistent with those reported in the literature.[11]

Rf (PE/EtOAC = 10:1) = 0.62;

IH-NMR (400 MHz, CDCl3) = § 11.01 (s, 1H, OH), 7.70-7.68 (d, J = 8.1 Hz, 1H, Ha), 7.32-
7.31(d, J=7.2 Hz, 1H, Ha/), 6.80-6.76 (t, J = 7.7 Hz, 1H, Ha), 3.94 (s, 3H, CO2CHj3), 2.27 (s,
3H, CH3) ppm.
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N,2-Dihydroxy-3-methylbenzamide (75)

NH.OH-HCI1 (2.27 g, 32.7 mmol, 2.00 equiv.) was dissolved in MeOH (16 mL) and KOH
(3.67 g, 65.3 mmol, 4.00 equiv.) in MeOH (16 mL) was added at 0 °C. After 5 min of stirring
the mixture was filtered and the filtrate was added to ester 293 (2.71 g, 16.3 mmol). Additional
KOH (6 pellets) was added and the solution was stirred at rt for 20 h. The mixture was
concentrated under reduced pressure and the residue was dissolved in H.O. A 2 M HCI solution
was added until pH 4. The precipitate was filtered off to furnish hydroxamic acid 75 (2.74 g,
quant.) as colorless amorphous solid, which was used in the next step without further

purification.

7-Methylbenzo[d]oxazol-2(3H)-one (77)

O

HN«

o)

Hydroxamic acid 75 (2.39 g, 14.3 mmol) was dissolved in DMF (20 mL) and K>COs (5.92 g,
42.8 mmol, 3.00 equiv.) was added. The mixture was stirred at 160 °C for 1 h. The dark mixture
was cooled to rt and the solvent was removed under reduced pressure. The residue was diluted
with H>O and CH2Cl> and the aq. phase was extracted with CH2Cl> (3x). The combined organic
phases were washed with H>O, dried over MgSQg, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography (1% MeOH in CH.Cl,) to
furnish a mixture of 2-amino-6-methylphenol (76) and product 77 (984 mg). The mixture was
dissolved in DMF (21 mL) and CDI (2.07 g, 12.8 mmol, 1.60 equiv.) was added. The solution
was stirred at 60 °C for 2 h. The mixture was cooled to rt and poured into H20 (120 mL). The
precipitate was filtered off and washed with H20 to furnish product 77 (630 mg, 4.22 mmol,
30% over three steps) as red-brown amorphous solid. The filtrate was extracted with EtOAc
(3x) and the combined organic phases were washed with brine, dried over Na>SOg, filtered and
concentrated under reduced pressure. The crude product was purified by column
chromatography (PE/EtOAc = 1:1) to furnish product 77 (305 mg, 2.04 mmol, 14% over three
steps) as red-brown amorphous solid.

The analytical data are consistent with those reported in the literature.[®%
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Rt (PE/EtOAC = 1:1) = 0.53;
'H-NMR (400 MHz, DMSO-ds) = 6 11.53 (s, 1H, NH), 7.05-7.01 (m, 1H, Har), 6.92-6.89 (m,
2H, Har), 2.29 (s, 3H, CHz3) ppm.

6-Bromo-7-methylbenzo[d]oxazol-2(3H)-one (78)

Br

>

HN\§O

0
Carbamate 77 (200 mg, 1.34 mmol) and NBS (239 mg, 1.34 mmol, 1.00 equiv.) were dissolved
in THF (2.4 mL). The mixture was stirred at rt for 4 h. H>O (0.8 mL) and EtOAc (0.6 mL) were
added and the precipitate was filtered off and washed with PE to furnish bromide 78 (235 mg,
1.03 mmol, 77%) as light red amorphous solid.
The analytical data are consistent with those reported in the literature. ]
'H-NMR (400 MHz, DMSO-dg) =6 11.74 (s, 1H, NH), 7.37-7.35 (d, J = 8.3 Hz, 1H, Ha),
6.90-6.88 (d, J = 8.3 Hz, 1H, Har), 2.31 (s, 3H, CH3) ppm.

2,2-Difluoroacetyl chloride (67)

-

E
To 2,2-Difluoroacetic acid (66) (13.0 g, 135 mmol) was added PCls (31.0 g, 149 mmol,
1.10 equiv) in small portions at -10 °C. The mixture was stirred at 0 °C for 15 min. Distillation
(oil bath: 80-90 °C) furnished product 67 as clear liquid, which was collect at -78 °C and used
in the next step without further purification.

The analytical data are consistent with those reported in the literature.[*%l

!H-NMR (400 MHz, CDCls) = 6 6.10-5.83 (t, J = 53.5 Hz, 1H, CHF>) ppm.

Ethyl 2-(triphenyl-A>-phosphaneylidene)acetate (68)
L -
Epvko/\

Ethyl 2-bromoacetate (10.0 g, 59.9 mmol) was added to a solution of PPhs (15.7 g, 59.9 mmol,
1.00 equiv.) in PhMe (100 mL). The mixture was stirred at rt for 18 h. The mixture was filtrated
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and the phosphonium salt was dissolved in CH2Cl.. The solution was washed with a sat.
Na>COs solution (3x) and brine, dried over MgSQg, filtrated and concentrated under reduced
pressure. Drying in vacuo furnished product 68 (18.4g, 52.9 mmol, 88%) as colorless
amorphous solid.

'H-NMR (400 MHz, CDCls3) = 6 7.67-7.44 (m, 15H, Har), 3.99 (bs, 2H, CH,CHj3), 2.90 (bs,
1H, CH), 1.31-0.70 (m, 3H, CH>CHz) ppm.

4.2.3 Central amino acids
Diethyl (2S,3R)-2-azido-3-hydroxysuccinate (98)
\/O Y O/\

O OH

SOCI2 (2.70 mL, 36.4 mmol, 1.50 equiv.) was slowly added to diethyl (2R,3R)-tartrate (97)
(5.00 g, 24.3 mmol) at 0 °C, which was stirred. A scrubber (20% NaOH solution) was
connected to the flask. DMF (0.40 mL, 0.49 mmol, 2 mol%) was added dropwise and the
resulting solution was stirred for 90 min at ambient temperature, before heating to 50 °C.
Stirring was continued for another 90 min at this temperature. The solution was concentrated
under reduced pressure and the residue was dissolved in DMF (6 mL). The solution was added
to a suspension of NaNs (4.73 g, 72.8 mmol, 3.00 equiv.) in DMF (7 mL) at 0 °C. The mixture
was stirred for 22 h at 35 °C and was then concentrated to the half of the volume (45 °C,
10 mbar). EtOAc (12 mL) and H>O (12 mL) were added. The ag. phase was extracted with
EtOAc (5x 16 mL) and the combined organic phases were washed with a sat. NaHCO3 solution
(37 mL), a 5% NaCl solution (5x 37 mL) and brine (37 mL), dried over MgSOsa, filtered and
concentrated under reduced pressure to give product 98 (3.54 g, 15.3 mmol, 63%) as an orange
oil, which was used in the next step without further purification.

The analytical data are consistent with those reported in the literature.[*?l

'H-NMR (400 MHz, CDCls) = 6 4.64-4.62 (dd, J = 2.7, 5.4 Hz, 1H, CHOH), 4.33-4.25 (m, 5H,
CHN3, OCH?y), 3.29-3.27 (d, J = 5.4 Hz, 1H, OH), 1.33-1.29 (m, J = 2.9, 7.1 Hz, 6H, CH3) ppm.

Diethyl (2S,3R)-2-azido-3-methoxysuccinate (99)
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Alcohol 98 (3.54 g, 15.3 mmol) was dissolved in CH2Cl; (11 mL) and Ag.O (3.62 g,
15.6 mmol, 1.00 equiv.) was added. The solution was cooled to 0 °C and Mel (3.15 mL,
50.6 mmol, 3.30 equiv.) was added slowly. The reaction mixture was stirred at ambient
temperature for 20 h. The mixture was filtered through a pad of Celite® and washed with
CHCl.. The filtrate was concentrated under reduced pressure to give crude product 99 (3.36 g,
13.7 mmol, 89%), which was used in the next step without further purification.
The analytical data are consistent with those reported in the literature.[?
!H-NMR (400 MHz, CDCl3) = § 4.34-4.21 (m, 5H, CHN3, OCH), 4.18-4.17 (dd, J = 3.6 Hz,
1H, CHOCH3), 3.55 (s, 3H, OCHg), 1.33-1.29 (m, J = 7.1 Hz, 6H, CH3) ppm.
Diethyl (2S,3R)-2-amino-3-methoxysuccinate (100)

NH, O
~© N0

O O

Azide 99 (3.36 g, 13.7 mmol) was dissolved in EtOAc (18 mL) and Pd(OH). (20% on carbon
(dry) with 50% H20, 0.20 g, 0.14 mmol, 1 mol%) was added. The suspension was stirred under
H> atmosphere and rt for 10 d. The mixture was filtered through a pad of silica and washed with
an excess of EtOAc. The eluent was concentrated under reduced pressure. The residue was
purified by column chromatography (EtOAc) to afford amine 100 (1.67 g, 7.63 mmol, 56%) as
a colorless oil.

The analytical data are consistent with those reported in the literature.[*?l

IH-NMR (400 MHz, CDCl3) = § 4.27-4.17 (m, 4H, OCH>), 4.07-4.06 (d, J=3.7 Hz, 1H,
CHNHy), 3.93-3.92 (d, J=3.7Hz, 1H, CHOCHs3), 3.50 (s, 3H, OCHz), 1.31-1.25 (m,
J=7.1Hz, 6H, CHaz) ppm.

(2S,3R)-2-Amino-3,4-dimethoxy-4-oxobutanoic acid HCI (101)
NH, O

HO .
. O/ HCI

0 O

~

Amine 100 (1.67 g, 7.62 mmol) was suspended in a 5 M HCI solution (23.9 mL, 120 mmol,
15.7 equiv.) and the mixture was stirred at 80 °C for 24 h. All volatiles were removed under
reduced pressure and boiling THF (22 mL) was added and the solid was crushed with a spatula.
The mixture was stirred for 20 min. Propylene oxide (5.3 mL) was added at 0 °C and the

mixture was stirred at ambient temperature for 3 h. The mixture was filtered and the precipitate
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was washed with an excess of THF and dried in vacuo. MeOH (1.7 mL) was added before
addition of dry HCI (0.8 mL AcCl in 6.0 mL MeOH at 0 °C) at 0 °C. The solution was stirred
at rt for 18 h and transferred to stirring Et,O (52 mL). The precipitate was filtered and washed
with an excess of Et2O. Drying in vacuo furnished product 100 (1.09 g, 5.14 mmol, 67%) as a
colorless amorphous solid.

The analytical data are consistent with those reported in the literature.[*?l

1H-NMR (400 MHz, CD30D) = § 4.50 (d, J = 2.7 Hz, 1H, CHNH>), 4.31-4.30 (d, J = 2.7 Hz,
1H, CHOCHs), 3.81 (s, 3H, CO2CHBa), 3.56 (s, 3H, OCHz) ppm.

(2S,3R)-4-Amino-2-((tert-butoxycarbonyl)amino)-3-methoxy-4-oxobutanoic acid (4)

O
>|\O)J\NH )

HO
NH,

O\

To a suspension of NaHCO3 (4.73 g, 56.3 mmol, 3.00 equiv.) in H20 (30 mL) was added salt
101 (4.00 g, 18.8 mmol) in H2O (46 mL) dropwise at 0 °C. Boc2O (5.73 g, 26.3 mmol,
1.40 equiv.) in THF (61 mL) was added carefully and the mixture was stirred at rt for 18 h. The

(0]

mixture was washed with Et2O (2x) and afterwards acidified with a conc. HCI solution (37%,
4.70 mL, 56.3 mmol, 3.00 equiv.) dropwise until pH 1. The mixture was extracted with CH.Cl,
(3x 132 mL), dried over MgSOsa, filtered and concentrated under reduced pressure (40 °C,
minimum 100 mbar). The residue was dissolved in an ag. NHs solution (28%, 30.0 mL,
437 mmol, 23.30 equiv.) and stirred at rt for 4 h. The mixture was then transferred to a stirring
mixture of EtOAc (500 mL) and a 1 M HCI solution (500 mL) at 0 °C. The aq. phase was
extracted with EtOAc (3x 200 mL). The combined organic phases were dried over MgSOsa,
filtered, coevaporated with toluene (3x) and dried in vacuo to furnish acid 4 (3.66 g, 14.0 mmol,
74%) as colorless amorphous solid.

The analytical data are consistent with those reported in the literature.[?

'H-NMR (400 MHz, DMSO-ds) = 6 12.70 (bs, 1H, COzH), 7.39-7.37 (d, J = 9.6 Hz, 2H, NH,),
6.55-6.53 (d, J = 8.7 Hz, 1H, NH), 4.39-4.36 (dd, J = 8.8, 4.3 Hz, 1H, CHNH), 3.85-3.84 (d,
J=4.2 Hz, 1H, CHOCHpg), 3.33 (s, 3H, OCH3), 1.38 (s, 9H, C(CHz3)3) ppm.

(tert-Butoxycarbonyl)-L-allothreonine (294)
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A mixture of NaHCO3 (543 mg, 6.46 mmol, 1.50 equiv.) and Boc,O (1.43 g, 6.55 mmol,
1.60 equiv.) in MeOH (8.5 mL) was added to a solution of L-allothreonine (102) (500 mg,
4.20 mmol) in H20 (8.5 mL). The mixture was stirred at rt for 18 h and afterwards acidified
witha 0.5 M HCl solution. The ag. phase was extracted with EtOAc (3x). The combined organic
phases were dried over MgSOs, filtered and concentrated under reduced pressure to furnish

carbamate 294 (963 mg), which was used in the next step without further purification.

Methyl N-(tert-butoxycarbonyl)-O-methyl-L-allothreoninate (295)

.\\O
HNjWO\

Amino acid 294 (920 mg, 4.20 mmol) was dissolved in MeCN (4.6 mL) and Ag-O (4.86 g,
21.0 mmol, 5.00 equiv.) was added. Mel (4.20 mL, 67.2 mmol, 16.00 equiv.) was added at 0 °C
and the resulting mixture was stirred at rt for 48 h. The mixture was filtered through Celite®
and the plug was washed with EtOAc. The filtrate was concentrated under reduced pressure
and the residue was purified by column chromatography (dry load, PE/EtOAc = 8:1) to furnish
product 295 (486 mg, 1.97 mmol, 47% over two steps) as colorless oil.

The analytical data are consistent with those reported in the literature.[6*

Rf (PE/EtOAC = 8:1) = 0.22;

IH-NMR (400 MHz, CDCl3) = 5.28-5.27 (d, J = 7.2 Hz, 1H, NH), 4.44-4.41 (dd, J = 3.6,
4.9 Hz, 1H, CHNHBoc), 3.76 (s, 3H, CO2CH3), 3.64-3.62 (m, 1H, CHCH3), 3.36 (s, 3H,
OCHpa), 1.44 (s, 9H, C(CHz3)3), 1.21-1.19 (d, J = 6.4 Hz, 1H, CHCHj3) ppm.

N-(tert-Butoxycarbonyl)-O-methyl-L-allothreonine (103)
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Ester 295 (479 mg, 1.94 mmol) was dissolved in THF (3.6 mL) and H20 (1.8 mL). LiOH-H20
(488 mg, 11.6 mmol, 6.00 equiv.) was added and the mixture was stirred at rt for 3 h. THF was
removed under reduced pressure and the residue was acidified with a 2 M HCI solution. The
aq. phase was extracted with EtOAc (3x). The combined organic phases were dried over
Na2SOyg, filtered and concentrated under reduced pressure to furnish acid 103 (490 mg, quant.)
as yellow oil, which was used in the next step without further purification.

The analytical data are consistent with those reported in the literature.[%4]

H-NMR (400 MHz, CDCls) = 8 8.34 (bs, 1H, CO2H), 5.31-5.29 (d, J = 7.5 Hz, 1H, NH), 4.44-
4.43 (m, 1H, CHNHBoc), 3.69 (m, 1H, CHCHz), 3.38 (s, 3H, OCHs3), 1.45 (s, 9H, C(CHs3)3),
1.26-1.24 (d, J = 6.3 Hz, 3H, CHCH3) ppm.

Methyl (tert-butoxycarbonyl)-D-serinate ((S)-104)

>LO)LN OH
H

D-Serine (500 mg, 4.76 mmol) was suspended in MeOH (10 mL) and SOCI> (2.1 mL,
28.5 mmol, 6.00 equiv.) was added dropwise at 0 °C. The solution was stirred at ambient
temperature for 19 h. The solvent was removed under reduced pressure and coevaporated with
Et2O (3x). The residue was dissolved in CH2Cl> (20 mL) and cooled to 0 °C. Then EtzN
(1.80 mL, 12.8 mmol, 2.70 equiv.) and Boc.O (1.10 g, 5.23 mmol, 1.10 equiv) were added
carefully and the reaction mixture was allowed to warm to rt. The mixture was stirred for 22 h
before the solvent was removed under reduced pressure. The residue was purified by column
chromatography (MeOH in CH.Cl> = 2%, 5%, 10%) to furnish product (S)-104 (945 mg,
4.31 mmol, 91%) as a yellow oil.

The analytical data are consistent with those reported in the literature.[]

IH-NMR (400 MHz, CDCl3) = § 5.43 (s, 1H, NH), 4.39 (m, 1H, CH), 3.99-3.88 (m, 2H, CHy),
3.79 (s, 3H, OCHpa), 2.24 (s, 1H, OH), 1.46 (s, 9H, C(CHs3)3) ppm.

tert-Butyl (R)-(1,3-dihydroxy-3-methylbutan-2-yl)carbamate ((S)-105)
OH

SR T

H
Ester (S)-104 (940 mg, 4.30 mmol) was suspended in Et.O (23 mL). MeMgBr (3 M in Et.0,
8.60 mL, 25.7 mmol, 6.00 equiv.) was added at -78 °C. The emulsion was allowed to warm to
rt and stirred at rt for 3 h. The reaction mixture was cooled to 0 °C and a sat. NH4ClI solution
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was added. The aqg. phase was extracted with EtOAc (3x). The combined organic phases were
washed with brine, dried over MgSQsa, filtered and concentrated under reduced pressure to
furnish alcohol (S)-105 (866 mg, 3.95 mmol, 92%) as yellow oil.

The analytical data are consistent with those reported in the literature. !

'H-NMR (400 MHz, CDs0D) = § 3.82-3.79 (dd, J = 4.1, 11.2 Hz, 1H, CH>), 3.62-3.57 (m, 1H,
CH), 3.51-3.48 (m, 1H, CHy), 1.45 (s, 9H, C(CHsa)3), 1.23 (s, 3H, C(CHs)2), 1.15 (s, 3H,
C(CHs3)2) ppm.

(S)-2-((tert-Butoxycarbonyl)amino)-3-hydroxy-3-methylbutanoic acid ((S)-106)
OH

o)
ﬂo)LujigOH
Diol (S)-105 (860 mg, 3.92 mmol) was dissolved in MeCN (15 mL). Phosphate buffer (pH 7,
14 mL) and TEMPO (61.3 mg, 0.39 mmol, 0.10 equiv.) were added. The solution was warmed
to 35 °C and NaClO; (2 M in H20, 4.00 mL, 7.84 mmol, 2.00 equiv.) and NaOCI (0.04 M in
H20, 2.00 mL, 0.08 mmol, 2 mol%) were added simultaneously over 2 h. The mixture was
stirred at 35 °C for 24 h. Citric acid (10%) was added until pH 2. The ag. phase was extracted
with EtOAc (3x) and the combined organic phases were concentrated under reduced pressure.
The residue was dissolved in a sat. NaHCO3 solution (80 mL). The ag. phase was washed with
EtOAcC (2x) and afterwards treated with a1 M H3POg4 solution (100 mL) until pH 2 was reached.
The acidic phase was extracted with EtOAc (3x). The combined organic phases were washed
with brine, dried over MgSOs, filtered and concentrated under reduced pressure to furnish
carboxylic acid (S)-106 (719 mg, 3.08 mmol, 79%) as a colorless amorphous solid.
The analytical data are consistent with those reported in the literature. ]
'H-NMR (400 MHz, CD30D) =& 4.08 (m, 1H, CHNH), 1.45 (s, 9H, C(CHs3)3), 1.29 (s, 3H,
C(CHs3)2), 1.25 (s, 3H, C(CH3)2) ppm.

(S)-2-((tert-Butoxycarbonyl)amino)-3-methoxy-3-methylbutanoic acid (107)

e
>Li
OH
(o] N
o]
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Tertiary alcohol (S)-106 (300 mg, 1.29 mmol) in THF (2.0 mL) was added to NaH (60% in
mineral oil, 154 mg, 3.86 mmol, 3.00 equiv.) in THF (2.4 mL) at 0 °C. The mixture was stirred
at rt for 1 h. Mel (96 pL, 1.54 mmol, 1.20 equiv.) was added and the mixture was stirred at rt
for 19 h. H20 was added and the aq. phase was extracted with Et2O (3x). The ag. phase was
acidified with 6 M HCl until pH 2 and extracted with EtOAc (4x). The combined organic phases
were washed with brine, dried over MgSOyg, filtered and concentrated under reduced pressure.
The crude product was purified by column chromatography (MeOH in CH2Cl, = 0%, 2%) to
furnish product 107 (162 mg, 0.65 mmol, 51%) as yellow gum.

Rf (3% MeOH in CH2Cly) = 0.20;

[@]p?t = +5.8 ° (c 1.3, MeOH);

!H-NMR (500 MHz, CD30D) = 6 4.20 (s, 1H, CH), 3.23 (s, 3H, OCH3), 1.45 (s, 9H, C(CHa)3),
1.28 (s, 3H, C(CHBa)2), 1.26 (s, 3H, C(CHz3)2) ppm;

13C-NMR (126 MHz, CD30D) = § 174.1 (CO2H), 157.9 (CO), 80.8 (COCHz3), 77.1 (C(CHa)3),
61.7 (CHNH), 50.0 (OCHs3), 28.7 (C(CHs3)3), 22.7 (d, J = 8.0 Hz, C(CHz3)2) ppm;

HRMS (ESI*) calculated for C11Ha0NOs [M-H]": 246.1341; found: 246.1351.

Methyl N-(((9H-fluoren-9-yl)methoxy)carbonyl)-N-(2,2-dimethoxyethyl)-L-serinate (111)

g
£
&

Methyl L-serinate hydrochloride (110) (500 mg, 3.21 mmol) was dissolved in MeOH (10 mL).
EtsN (450 uL, 3.21 mmol, 1.00 equiv.), 2,2-dimethoxyacetaldehyde (60% in H20, 558 mg,
3.21 mmol, 1.00 equiv.) and 10% Pd/C (45.0 mg) were added subsequently. The mixtue was
stirred under an H atmosphere for 17 h before filtration through a short plug of Celite®. The
filtrate was concentrated under reduced pressure. The crude product was dissolved in H2O
(6 mL) and NaHCOs (540 mg, 6.42 mmol, 2.00 equiv.) and FmocCl (815 mg, 3.15 mmol,
1.00 equiv.) were added. The mixture was diluted with EtOAc (7 mL) at 0 °C. After stirring for
1 hat 0 °C the mixture was warmed to rt and stirring was continued for 21 h. EtOAc was added
and the phases were seperated. The organic phase was washed with a 1 M HCI solution, brine,
dried over MgSOs., filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (dry load, PE/EtOAc = 2:1) to furnish tertiary amine 111
(1.16 g, 2.69 mmol, 84%) as colorless oil.
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The analytical data are consistent with those reported in the literature. ]

R¢ (PE/EtOAC = 2:1) = 0.11;

[@]p?* =-29.1° (c 1.1, CHCly);

'H-NMR (400 MHz, CDClIs) = & (3:2 mixture of rotamers) 7.78-7.76 (d, J = 7.4 Hz, 2H, Ha),
7.61-7.60 (d, J=7.3 Hz, 1H, Ha), 7.56-7.53 (m, 1H, Har), 7.43-7.29 (m, 4H, Ha), 4.77-4.69
(m, 2H), 4.63-4.45 (m, 2H), 4.24-4.22 (m, 1H), 3.96-3.94 (m, 1H), 3.86-3.80 (m, 1H), 3.70-
3.60 (m, 4H), 3.48-3.44 (m, 2.5H), 3.22-3.11 (m, 4H), 2.99-2.94 (dd, J=7.3, 15.1 Hz,
0.5H) ppm;

HRMS (ESI*) calculated for C23sH27NO7Na [M+Na]*: 452.1685; found: 452.1678.

4-((9H-Fluoren-9-yl)methyl)  3-methyl  (S)-2,3-dihydro-4H-1,4-oxazine-3,4-dicarboxylate
(112)

()
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)
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Alcohol 111 (459 mg, 1.07 mmol) was dissolved in PhMe (15 mL) and pTsOH-H20 (20.3 mg,
0.11 mmol, 0.10 equiv.) was added. The reaction flask was equipped with a dropping funnel
including MS (4A, 5.2 g) and a condenser. The mixture was stirred at 123 °C for 3 h, before it
was filtered through a short plug of NaHCOs. The filtrate was concentrated under reduced
pressure and the residue was purified by column chromatography (PE/EtOAc = 4:1) to furnish
product 112 (265 mg, 0.73 mmol, 68%) as colorless foam.

The analytical data are consistent with those reported in the literature.[®]

Rf (PE/EtOAC = 3:1) = 0.36;

'H-NMR (400 MHz, CDCls3) = § (3:2 mixture of rotamers) 7.79-7.75 (t, J = 7.6 Hz, 2H, Ha/),
7.63-7.59 (m, 1H, Ha), 7.52-7.49 (dd, J = 2.7, 7.2 Hz, 1H, Ha/), 7.44-7.39 (q, J = 6.9 Hz, 2H,
Har), 7.35-7.29 (m, 2H, Ha), 6.42-6.41 (dd, J = 1.1, 5.0 Hz, 0.4H), 6.42-6.41 (dd, J=1.1,
5.0 Hz, 0.6H), 6.02-6.01 (d, J = 4.9 Hz, 0.4H), 5.98-5.97 (d, J = 5.0 Hz, 0.6H), 4.98 (s, 0.6H),
4.70-4.67 (dd, J =1.2,10.9 Hz, 0.6H), 4.61-4.40 (m, 3H), 3.34-4.30 (t, J = 7.2 Hz, 0.6H), 4.23-
4.22 (t, J=6.1Hz, 0.4H), 4.01-3.98 (dd, J=2.8, 11.1 Hz, 0.6H), 3.89-3.86 (dd, J=2.8,
11.1 Hz, 0.4H), 3.79 (s, 1.9H, CH3), 3.71 (s, 1.1H, CH3) ppm;

HRMS (ESI*) calculated for C21H19NOsNa [M+Na]*: 388.1161; found: 388.1161.
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4-((9H-Fluoren-9-yl)methyl) 3-methyl (S)-morpholine-3,4-dicarboxylate (296)
[O
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Alkene 112 (160 mg, 0.44 mmol) was dissolved in MeOH (3.1 mL) and CH2Cl; (1.6 mL). Pt/C
(10%, 19.7 mg) was added and the mixture was stirred at rt under an H> atmosphere for 15 h.
The mixture was filtered through a short plug of Celite®. The filtrate was concentrated under
reduced pressure and the residue was purified by column chromatography (dry load,
PE/EtOAc = 4:1) to furnish morpholine 296 (149 mg, 0.41 mmol, 93%) as colorless foam.The
analytical data are consistent with those reported in the literature.[!

Rf (PE/EtOAC = 3:1) = 0.28;

'H-NMR (400 MHz, CDCls) = & (mixture of rotamers) 7.78-7.75 (t, J = 7.0 Hz, 2H, Har), 7.62-
7.58 (m, 1H, Har), 7.52-7.48 (t, J = 6.9 Hz, 1H, Har), 7.43-7.38 (m, 2H, Ha), 7.35-7.28 (m, 2H,
Har), 4.66-4.65 (d, J = 2.8 Hz, 0.6H), 4.56-4.45 (m, 1.6H), 4.43-4.37 (m, 1.4H), 4.30-4.28 (m,
1.6H), 4.24-4.21 (t,J = 7.2 Hz, 0.5H), 3.91-3.84 (m, 1.4H), 3.78 (s, 1.5H. OCH3), 3.73 (s, 1.5H,
OCHpa), 3.69-3.65 (dd, J =3.7, 11.7 Hz, 0.7H), 3.61-3.57 (dd, J =3.9, 11.9 Hz, 0.5H), 3.51-
3.41 (m, 1.8H), 3.32-3.25 (ddt, J = 3.7, 12.8 Hz, 0.5H) ppm;

HRMS (ESI*) calculated for C21H21NOsNa [M+Na]*: 390.1317; found: 390.1317.

(S)-4-(((9H-Fluoren-9-yl)methoxy)carbonyl)morpholine-3-carboxylic acid (113)
(0]
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Ester 296 (147 mg, 0.40 mmol) was dissolved in 1,4-dioxane (1 mL) and a 5 M HCI solution
(2 mL) was added. The mixture was stirred at 110 °C for 16 h. A 5% Na>COs solution was
added at rt and the ag. phase was washed with Et,0O, acidified with conc. HCI and extracted
with CHCl, (3x). The combined organic phases were dried over MgSOs, filtered and
concentrated under reduced pressure. Acid 113 (127 mg, 0.36 mmol, 90%) was obtained as

colorless amorphous solid, which was used in the next step without further purification.
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The peaks in the *H NMR spetrum are shifted compared to the literature[®®, what might be
caused by 1,4-dioxane impurities.

[]p?® = -35.2 ° (¢ 1.0, CH2Cly);

'H-NMR (400 MHz, CDCls3) = 6 (mixture of rotamers) 7.78-7.76 (d, J=7.6 Hz, 1H, Ha),
7.75-7.71 (t, J = 6.8 Hz, 1H), 7.60-7.57 (m, 1H, Ha/), 7.53-7.48 (m, 1H, Ha), 7.42-7.36 (m,
2H, Har), 7.34-7.28 (m, 2H, Har), 4.71-4.70 (d, J = 3.0 Hz, 0.5H), 4.59-4.50 (m, 1.5H), 4.47-
4.40 (m, 1H), 4.32-4.21 (m, 2H), 3.93-3.90 (m, 1H), 3.81-3.73 (m, 1.5H), 3.68-3.63 (M, 1H),
3.60-3.56 (dd, J = 4.0, 11.9 Hz, 0.5H), 3.52-3.40 (m, 1.5H), 3.31-3.23 (ddt, J = 3.4, 13.4 Hz,
0.5H) ppm.

HRMS (ESI*) calculated for C2oH1sNOs [M-H]": 352.1185; found: 352.1185.
(9H-Fluoren-9-yl)methyl (S)-3-(chlorocarbonyl)morpholine-4-carboxylate (297)

(s
)
»

Carboxylic acid 113 (90.0 mg, 0.25 mmol) was stirred in SOCI, (1 mL) at 80 °C for 30 min.
The solvent was removed under reduced pressure to furnish acyl chloride 297 (101 mg, quant.)

as yellow oil, which was used in the next step without further purification.

2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-methyl-3-nitrobutanoic acid (109)

Gl
TN

3-Nitrovaline (108) (1.03 g, 6.43 mmol) was dissolved in 1,4-dioxane (30 mL) and a 10%
Na2COs3 solution was added at 0 °C, followed by a solution of FmocCI (1.83 g, 7.07 mmol,
1.10 equiv) in 1,4-dioxane (30 mL) via a dropping funnel. The mixture was stirred for 18 h
while warming to rt. Afterwards, the mixture was diluted with H>O and Et>O. The ag. phase
was washed with Et2O (2x), acidified with a 6 M HCI solution and extracted with EtOAc (2x).
The combined organic extracts were washed with brine, dried over MgSOQOs, filtered and
concentrated under reduced pressure. The residue was coevaporated with PhMe (4x), MeOH
(3x) and CH2Cl:> (4x) to furnish product 109 (1.40 g, 3.65 mmol, 57%) as colorless amorphous

solid.
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IH-NMR (400 MHz, DMSO-ds) = § 13.40 (s, 1H, CO,H), 8.12-8.09 (d, J = 9.9 Hz, 1H, NH),
7.91-7.89 (d, J = 7.6 Hz, 2H, Ha), 7.74-7.73 (d, J = 6.5 Hz, 2H, Hay), 7.44-7.40 (t, J = 7.4 Hz,
2H, Har), 7.34-7.30 (dt, J = 1.0, 7.4 Hz, 2H, Ha), 4.99-4.97 (d, J = 9.9 Hz, 1H, CHNH), 4.42-
4.38 (dd, J = 7.2 Hz, 1H, CHy), 4.35-4.31 (m, 1H, CHy), 4.27-4.23 (m, 1H, CHCH,), 1.58 (s,
3H, CH3), 1.50 (s, 3H, CH3) ppm;

13C-NMR (101 MHz, DMSO-ds) = § 169.8 (COzH), 156.6 (CON), 143.6 (d, J = 6.4 Hz, Ca),
140.7 (d, J=1.6 Hz, Ca/), 127.8 (d, J=2.0 Hz, Car), 127.1 (d, J=2.1 Hz, Ca/), 125.3 (d,
J=9.6 Hz, Car), 120.2 (d, J = 3.6 Hz, Car), 88.4 (C(CHs)2), 66.1 (CHNH), 59.2 (CHCH.), 46.6
(CHCHy), 24.7 (CHz), 21.1 (CHs3) ppm;

HRMS (ESI”) calculated for C20H19N20s [M-H]: 383.1243; found: 383.1244.

4.2.4 (2S,3R)-2,4-Diamino-3-methoxy-4-oxobutanoic acid derivavtives
tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-((tert-butoxycarbonyl)amino)-3-methoxy-

4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate (120)
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Amine 5 (628 mg, 1.15 mmol) and acid 4 (513 mg, 1.96 mmol, 1.70 equiv.) were dissolved in
CHCl3 (3.5 mL). A solution of EEDQ (455 mg, 1.84 mmol, 1.60 equiv.) in CHCI3 (2.3 mL)
was added dropwise at 0 °C. The reaction mixture was stirred while the cooling bath warmed
up to rt. Stirring was continued for 20 h. The mixture was concentrated and the crude product
was purified by column chromatography (dry load, wash with 20% Et,O in CH2Cly, elution
with 3% MeOH in CH2Cly) to furnish product 120 (538 mg, 0.68 mmol, 59%) as yellow
amorphous solid.
The analytical data are consistent with those reported in the literature.[*?
'H-NMR (400 MHz, DMSO-ds) = & 10.53 (s, 1H, NH), 10.36 (s, 1H, NH), 9.52 (s, 1H, NH),
7.98-7.96 (m, 2H, Har), 7.90-7.88 (M, 2H, Har), 7.83-7.79 (M, 5H, Har), 7.45-7.40 (m, 3H, Hay),
6.81-6.79 (d, J=8.5Hz, 1H, CHNH), 6.07-5.97 (m, 1H, CHCH), 5.40-5.35 (dd, J= 1.5,
17.2 Hz, 1H, CHCHy), 5.22-5.19 (dd, J = 1.3, 10.5 Hz, 1H, CHCH), 4.61-4.60 (d, J = 5.5 Hz,
1H, OCHy), 4.53-4.47 (p, J = 6.0 Hz, 1H, CH(CHa)2), 4.42-4.38 (t, J = 7.9 Hz, 1H, CHNH),
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3.86-3.84 (d, J = 7.4 Hz, 1H, CHOCHs3), 3.25 (s, 3H, OCHs3), 1.55 (s, 9H, C(CH3)3), 1.38 (s,
9H, C(CHa)s), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHz)2) ppm.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-2,4-diamino-3-methoxy-4-oxobutanamido)

benzamido)-3-isopropoxybenzamido)benzoate (158)

Carbamate 120 (521 mg, 0.66 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 16.5 mL,
66.0 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (290 mL) and a sat. NaHCO3 solution
(290 mL). The ag. phase was extracted with EtOAc (3x 145 mL) and the combined organic
phases were washed with brine, dried over MgSQg, filtered and concentrated under reduced

pressure. The crude product was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-3-methoxy-2-(4-(4-nitrobenzamido)
benzamido)-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate (159)

(0]
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DIPEA (1.30 mL, 7.36 mmol, 12.7 equiv.) was added dropwise to a stirred solution of HATU
(551 mg, 1.45 mmol, 2.50 equiv.) and carboxylic acid 157 (423 mg, 1.48 mmol, 2.60 equiv.) in
DMF (13 mL). The solution was stirred for 30 min and was then transferred to a stirred solution
of amine 158 (400.0 mg, 0.58 mmol) in DMF (8 mL). The reaction mixture was stirred at rt for
19 h. The mixture was diluted with EtOAc (420 mL) and washed with a 0.1 M HCI solution
(420 mL), brine, dried over MgSOs, filtered and concentrated under reduced pressure. The
crude product was purified by column chromatography (dry load, MeOH in CH2Cl> = 2%, 3%,
4%) to furnish product 159 (141 mg, 0.15 mmol, 25%) as yellow amorphous solid.

The analytical data are consistent with those reported in the literature.[?

IH-NMR (500 MHz, DMSO-ds) = & 10.81 (s, 1H, NH), 10.56 (s, 1H, NH), 10.53 (s, 1H, NH),
9.52 (s, 1H, NH), 8.48-8.45 (d, J=8.0 Hz, 1H, CHNH), 8.40-8.38 (d, J =8.8 Hz, 2H, Ha),
8.22-8.20 (d, J = 8.9 Hz, 2H, Har), 8.00-7.97 (d, J = 8.9 Hz, 2H, Har), 7.91-7.81 (m, 11H, Ha/),
7.55-7.48 (d, J=25.5Hz, 2H, NHy), 7.42-7.40 (d, J =8.5Hz, 1H, Has), 6.07-5.97 (m, 1H,
CHCHy), 5.40-5.35 (dq, J = 1.7, 17.4 Hz, 1H, CHCH>), 5.22-5.19 (dq, J = 1.6, 10.5 Hz, 1H,
CHCHy>), 4.94-4.90 (t, J = 8.1 Hz, 1H, CHNH), 4.61-4.60 (d, J = 5.5 Hz, 2H, OCH>), 4.53-4.46
(p, J=6.1 Hz, 1H, CH(CHz3),), 4.10-4.08 (d, J=8.1 Hz, 1H, CHOCHB3), 3.31 (s, 3H, OCH3),
1.55 (s, 9H, C(CHg)3), 1.27-1.25 (d, J = 6.2 Hz, 6H, CH(CH?3)2) ppm.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-3-methoxy-2-(4-(4-nitrobenzamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (169)
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Allyl ether 159 (136 mg, 0.14 mmol) was dissolved in THF (7 mL). Aniline (50 pL, 0.47 mmol,
3.30 equiv.) and Pd(PPh3)s (16.4 mg, 0.01 mmol, 0.10 equiv.) were added subsequently and the
resulting mixture was stirred at rt for 2 h. The mixture was concentrated onto silica (370 mg).
The crude product was purified by column chromatography (dry load, MeOH in CHCl> = 3%,
5%) to furnish product 169 (80.5 mg, 0.09 mmol, 62%) as beige amorphous solid.

The analytical data are consistent with those reported in the literature.[*?l

'H-NMR (400 MHz, DMSO-ds) = 6 12.28 (s, 1H, OH), 10.81 (s, 1H, NH), 10.66 (bs, 1H, NH),
10.58 (s, 1H, NH), 9.40 (s, 1H, NH), 8.48-8.46 (d, J=8.0 Hz, 1H, CHNH), 8.40-8.38 (d,
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J=8.9 Hz, 2H, Ha), 8.22-8.19 (d, J = 9.0 Hz, 2H, Hay), 7.98-7.83 (m, 13H, Has), 7.70-7.68 (d,
J=8.9Hz, 1H, Ha), 7.55-7.48 (d, J=26.6 Hz, 2H, NH2), 4.94-4.90 (t, J=8.1 Hz, 1H,
CHNH), 4.59-4.52 (p, J = 6.1 Hz, 1H, CH(CH3)2), 4.10-4.08 (d, J = 8.1 Hz, 1H, CHOCHa),
3.31 (s, 3H, OCHs3), 1.55 (s, 9H, C(CHa)3), 1.27-1.26 (d, J = 6.2 Hz, 6H, CH(CHz)2) ppm.

4-(4-(4-((2S,3R)-4-Amino-3-methoxy-2-(4-(4-nitrobenzamido)benzamido)-4-oxobutan-

amido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid 861-2
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tert-Butyl ester 169 (76.7 mg, 0.08 mmol) was dissolved in precooled TFA (5 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et2O was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et>O and dried in vacuo to furnish 861-2 (64.3 mg,
0.07 mmol, 89%) as brown amorphous solid.
The analytical data are consistent with those reported in the literature.[*?l
IH-NMR (400 MHz, DMSO-ds) = & 12.81 (bs, 1H, COzH), 12.29 (s, 1H, OH), 10.80 (s, 1H,
NH), 10.60 (s, 1H, NH), 10.57 (s, 1H, NH), 9.40 (s, 1H, NH), 8.47-8.45 (d, J =8.2 Hz, 1H,
CHNH), 8.40-8.38 (d, J = 8.8 Hz, 2H, Har), 8.22-8.20 (d, J = 8.9 Hz, 2H, Ha/), 7.98-7.84 (m,
13H, Har), 7.72-7.70 (d, J = 8.9 Hz, 1H, Ha), 7.54-7.47 (d, J = 39.7 Hz, 2H, NH>), 4.93-4.91
(t, J = 8.1 Hz, 1H, CHNH), 4.57-4.53 (p, J = 6.1 Hz, 1H, CH(CHs)2), 4.10-4.09 (d, J = 8.1 Hz,
1H, CHOCHs), 3.31 (s, 3H, OCHs3), 1.27-1.26 (d, J = 6.2 Hz, 6H, CH(CHz)2) ppm.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(4-(4-cyanobenzamido)benzamido)-3-
methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate (160)
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Amine 158 (88.4 mg, 0.13 mmol) was dissolved in CH2Cl, (1.3 mL) and NMM (29 pL,
0.26 mmol, 2.00 equiv.) was added. Chloride 277 (36.5 mg, 0.13 mmol, 1.00 equiv.) was added
at 0 °C and the suspension was stirred for 16 h while warming to rt. The mixture was diluted
with a sat. NaHCOs solution and the ag. phase was extracted with EtOAc (3x). The combined
organic phases were washed with brine, dried over MgSOs, filtered and concentrated. The
residue was washed with MeOH. The precipitate was filtered off to furnish compound 160
(74.4 mg, 0.08 mmol, 62%) as colorless amorphous solid.
The analytical data are consistent with those reported in the literature.t?!
'H-NMR (500 MHz, DMSO-dgs) = 6 10.72 (s, 1H, NH), 10.56 (s, 1H, NH), 10.53 (s, 1H, NH),
9.52 (s, 1H, NH), 8.47-8.45 (d, J =7.8 Hz, 1H, CHNH), 8.14-8.12 (d, J = 8.0 Hz, 2H, Ha)/),
8.06-8.04 (d, J = 8.0 Hz, 2H, Har), 7.99-7.97 (d, J = 8.4 Hz, 2H, Har), 7.90-7.81 (m, 11H, Ha),
7.55-7.48 (d, J = 26.8 Hz, 2H, NHy), 7.42-7.40 (d, J = 8.6 Hz, 1H, Ha/), 6.07-5.97 (m, 1H,
CHCHy), 5.39-5.35 (d, J=17.0 Hz, 1H, CHCH), 5.22-5.19 (d, J = 10.8 Hz, 1H, CHCH>),
4.94-4.90 (t, J=8.1Hz, 1H, CHNH), 4.61-4.60 (d, J=4.6 Hz, 2H, OCH), 4.52-4.48 (p,
J =5.9 Hz, 1H, CH(CH3)>), 4.10-4.08 (d, J = 7.8 Hz, 1H, CHOCH3), 3.32 (s, 3H, OCH3), 1.55
(s, 9H, C(CHs3)3), 1.27-1.25 (d, J = 6.0 Hz, 6H, CH(CHz3)2) ppm.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (170)
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Allyl ether 160 (23.7 mg, 0.03 mmol) was dissolved in THF (1.5 mL). Aniline (8 pL,
0.08 mmol, 3.30 equiv.) and Pd(PPhs)4 (2.9 mg, 2 umol, 0.10 equiv.) were added subsequently

and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated and the residue
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was washed with Et2O. The precipitate was filtered off to furnish product 170 (17.1 mg,
0.02 mmol, 75%) as yellow amorphous solid.

The analytical data are consistent with those reported in the literature.*?l

H-NMR (400 MHz, DMSO-ds) = 8 12.28 (s, 1H, OH), 10.72-10.57 (m, 3H, NH), 9.34 (s, 1H,
NH), 8.47-8.45 (d, J = 8.1 Hz, 1H, CHNH), 8.14-8.12 (d, J = 8.6 Hz, 2H, Har), 8.06-8.04 (d,
J=8.5Hz, 2H, Ha/), 7.96-7.83 (m, 14H, Ha), 7.55-7.48 (d, J = 27.0 Hz, 2H, NH>), 4.94-4.90
(t, J=8.1 Hz, 1H, CHNH), 4.60 (m, 1H, CH(CHs3).), 4.10-4.08 (d, J = 7.9 Hz, 1H, CHOCHy3),
3.31 (s, 3H, OCHa), 1.55 (s, 9H, C(CHz3)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm.

4-(4-(4-((2S,3R)-4-Amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid CN861
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tert-Butyl ester 170 (14.1 mg, 0.02 mmol) was dissolved in precooled TFA (1 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et.O was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et.O and dried in vacuo to furnish CN861 (9.0 mg,
0.01 mmol, 68%) as yellow amorphous solid.
The analytical data are consistent with those reported in the literature.[*?l
IH-NMR (400 MHz, DMSO-ds) = & 12.80 (bs, 1H, COzH), 12.29 (s, 1H, OH), 10.72 (s, 1H,
NH), 10.60 (s, 1H, NH), 10.58 (s, 1H, NH), 9.40 (s, 1H, NH), 8.47-8.45 (d, J =8.1 Hz, 1H,
CHNH), 8.14-8.12 (d, J = 8.3 Hz, 2H, Har), 8.06-8.04 (d, J = 8.3 Hz, 2H, Ha), 8.00-7.80 (m,
13H, Har), 7.72-7.70 (d, J = 8.8 Hz, 1H, Har), 7.54-7.48 (d, J = 25.0 Hz, 2H, NH>), 4.94-4.90
(t, J = 8.1 Hz, 1H, CHNH), 4.57-4.50 (p, J = 5.7 Hz, 1H, CH(CHs)), 4.10-4.08 (d, J = 8.3 Hz,
1H, CHOCHs3), 3.31 (s, 3H, OCHg), 1.27-1.26 (d, J = 6.0 Hz, 6H, CH(CH3)2) ppm.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-3-methoxy-2-(4-(N-methyl-4-nitrobenz
amido)benzamido)-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate (162)
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DIPEA (0.20 mL, 1.01 mmol, 12.7 equiv.) was added dropwise to a stirred solution of HATU
(75.8 mg, 0.20 mmol, 2.50 equiv.) and carboxylic acid 10 (57.0 mg, 0.20 mmol, 2.55 equiv.) in
DMF (1.8 mL). The solution was stirred for 30 min and then transferred to a stirred solution of
amine 158 (55.0 mg, 0.08 mmol) in DMF (1.0 mL). The reaction mixture was stirred at rt for
19 h. The mixture was diluted with EtOAc (58 mL) and washed with a HCI solution (0.1 M,
58 mL), brine, dried over MgSQyg, filtered and concentrated under reduced pressure. The crude
product was purified by column chromatography (dry load, MeOH in CH2Cl, = 2%, 4%). The
product fraction was washed with a K2COs solution. The organic phase was dried over MgSQa,
filtered, concentrated under reduced pressure and dried in vacuo to furnish product 162
(19.8 mg, 0.02 mmol, 26%) as yellow amorphous solid.

Rf (5% MeOH in CH:Cl,) = 0.37;

[¢]p?® = +6.00 ° (c = 0.10, MeOH);

IH-NMR (400 MHz, DMSO-ds) = 6 10.56 (s, 1H, NH), 10.53 (s, 1H, NH), 9.52 (s, 1H, NH),
8.59-8.58 (m, 1H, CHNH), 7.99-7.97 (d, J = 8.8 Hz, 2H, Har), 7.91-7.89 (d, J =9.2 Hz, 2H,
Har), 7.84-7.81 (m, 5H, Har), 7.76-7.74 (d, J = 8.2 Hz, 4H, Ha), 7.52-7.46 (m, 4H, Har, NH>),
7.42-7.40 (d, J=8.5Hz, 1H, Har), 7.34-7.32 (d, J=8.6 Hz, 2H, Has), 6.06-5.99 (m, 1H,
CHCHy), 5.40-5.36 (dg, J=1.7, 17.2 Hz, 1H, CHCH>), 5.22-5.19 (dq, J = 1.7, 10.5 Hz, 1H,
CHCHy), 4.88-4.84 (t, J = 8.2 Hz, 1H, CHNH), 4.62-4.61 (d, J = 5.5 Hz, 2H, OCH>), 4.52-4.47
(p, J=6.1 Hz, 1H, CH(CHz3)2), 4.07-4.06 (d, J=8.1 Hz, 1H, CHOCHg), 3.42 (s, 3H, NCH3),
3.29 (s, 3H, OCHg), 1.56 (s, 9H, C(CH?3)3), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 6 170.8 (CO), 168.6 (CO), 167.9 (CO), 165.1 (CO), 164.6
(CO), 164.5 (CO), 164.3 (CO), 149.5 (Car), 146.6 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car),
140.6 (Car), 135.6 (Car), 133.7 (CHCH>), 132.0 (Car), 131.6 (Car), 130.1 (Car), 129.0 (Car),
128.5 (Car), 128.4 (Car), 127.1 (Car), 126.8 (Car), 126.0 (Car), 123.6 (Car), 118.9 (Car), 118.9
(Car), 118.8 (Car), 118.2 (CHCHy>), 117.8 (CN), 112.1 (Car), 80.3 (CHOCH:3), 79.8 (C(CHs)3),
76.3 (OCHy>), 74.3 (CH(CHz3).), 57.7 (OCHs3), 55.8 (CHNH), 37.5 (NCH3), 27.9 (C(CHa)z3), 22.3
(CH(CHa)2) ppm;
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HRMS (ESI*) calculated for Cs2Hs3N7O1:Na [M+Na]*: 974.3701; found: 974.3701.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(4-cyano-N-methylbenzamido)benzamido)-3-
methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (172)
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Allyl ether 162 (19.0 mg, 0.02 mmol) was dissolved in THF (1 mL). Aniline (6 pL, 0.07 mmol,
3.30 equiv.) and Pd(PPhs)s (2.3 mg, 2 umol, 0.10 equiv.) were added subsequently and the
resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced pressure.
The crude product was purified by column chromatography (dry load, MeOH in
CH2Cl> = 2%, 3%, 5%) to furnish product 172 (14.0 mg, 0.02 mmol, 77%) as beige amorphous
solid.
Rf (5% MeOH in CH2Cl,) = 0.16;
[¢]p?® = +6.9 ° (c 0.2, MeOH);
!H-NMR (400 MHz, DMSO-ds) = 6 12.28 (s, 1H, OH), 10.56 (bs, 2H, NH), 9.38 (s, 1H, NH),
8.54-8.52 (d, J = 8.2 Hz, 1H, CHNH), 7.95-7.67 (m, 14H, Har, NH>), 7.48-7.46 (d, J = 8.5 Hz,
4H, Har), 7.33-7.32 (d, J = 8.5 Hz, 2H, Har), 4.87-4.84 (t, J = 8.2 Hz, 1H, CHNH), 4.56 (bs,
1H, CH(CHs3).), 4.05-4.03 (d, J =8.2 Hz, 1H, CHOCH3), 3.42 (s, 3H, NCHj3), 3.28 (s, 3H,
OCHpa), 1.55 (s, 9H, C(CHs3)3), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHz)2) ppm.
13C-NMR (126 MHz, DMSO-ds) = 6 170.8 (CO), 168.6 (CO), 168.4 (CO), 167.9 (CO), 165.1
(CO), 164.6 (CO), 164.1 (CO), 146.6 (Car), 142.2 (Car), 140.6 (Car), 136.3 (Car), 132.0 (Car),
131.5 (Car), 129.9 (Car), 129.0 (Car), 128.4 (Car), 128.3 (Car), 126.8 (Car), 122.9 (Car), 120.6
(CN), 119.0 (Car), 118.9 (Car), 118.2 (Car), 112.1 (Car), 80.4 (CHOCH3), 79.9 (C(CHa)3), 74.7
(CH(CHs3)2), 57.7 (OCHp3), 55.8 (CHNH), 37.5 (NCH3), 27.8 (C(CH?3)3), 22.3 (CH(CH?3)2) ppm.
HRMS (ESI) calculated for C49H49N701:Na [M+Na]*: 934.3388; found: 934.3386.

4-(4-(4-((2S,3R)-4-amino-2-(4-(4-cyano-N-methylbenzamido)benzamido)-3-methoxy-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSA73
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tert-Butyl ester 172 (12.9 mg, 0.01 mmol) was dissolved in precooled TFA (1 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. EtO was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et>O and dried in vacuo to furnish TSA73 (8.1 mg,
0.01 mmol, 67%) as brownish amorphous solid.
[¢]o?® = +5.3 ° (¢ 0.2, MeOH);
'H-NMR (400 MHz, DMSO-ds) = 8 12.80 (s, 1H, CO2H), 12.29 (s, 1H, OH), 10.60 (s, 1H,
NH), 10.54 (s, 1H, NH), 9.39 (s, 1H, NH), 8.53-8.52 (d, J = 8.2 Hz, 1H, CHNH), 7.98-7.70 (m,
13H, Har), 7.48-7.45 (m, 3H, Har, CONH?>), 7.33-7.32 (d, J = 8.4 Hz, 2H, Har), 4.87-4.85 (t,
J=8.0 Hz, 1H, CHNH), 4.56-4.52 (p, J = 6.1 Hz, 1H, CH(CH3)2), 4.05-4.04 (d, J = 8.2 Hz, 1H,
CHOCHs3), 3.42 (s, 3H, NCHz), 3.29 (s, 3H, OCHs), 1.27-1.26 (d, J=6.1Hz, 6H,
CH(CHz)2) ppm;
13C-NMR (126 MHz, DMSO-dg) =6 170.8 (CO), 168.6 (CO), 168.5 (CO), 167.9 (CO),
166.8(CO), 165.1 (CO), 164.2 (CO), 154.1 (Car), 146.6 (Car), 142.2 (Car), 141.9 (Car), 140.6
(Car), 137.0 (Car), 136.3 (Car), 132.0 (Car), 131.5 (Car), 130.2 (Car), 128.9 (Car), 128.5 (Car),
128.4 (Car), 128.3 (Car), 126.8 (Car), 126.3 (Car), 122.8 (Car), 120.7 (CN), 119.0 (Car), 118.1
(Car), 112.4 (Car), 112.1 (Car), 112.1 (Car), 79.9 (CHOCH3), 74.8 (CH(CHBa)z2), 57.7 (OCH?3),
55.7 (CHNH), 37.5 (NCH3), 22.3 (CH(CHz)2) ppm.
HRMS (ESI) calculated for C4sHaoN7011 [M-H]: 854.2786; found: 854.2793.

tert-Butyl  4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(3-(4-cyanobenzamido)  bicyclo[1.1.1]

pentane-1-carboxamido)-3-methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)
benzoate (168)
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DIPEA (0.30 mL, 1.69 mmol, 12.7 equiv.) was added dropwise to a stirred solution of HATU
(126.1 mg, 0.33 mmol, 2.50 equiv.) and carboxylic acid 41 (85.0 mg, 0.33 mmol, 2.50 equiv.)
in DMF (3.0 mL). The solution was stirred for 15 min and then transferred to a stirred solution
of amine 158 (91.5 mg, 0.13 mmol) in DMF (1.8 mL). The reaction mixture was stirred at rt
for 20 h. The mixture was diluted with EtOAc and washed with an ag. HCI solution (0.1 M,
15 mL). The ag. phase was extracted with EtOAc and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The
crude product was purified by column chromatography (dry load, MeOH in CH2Cl, = 5%). The
product fraction was washed with an ag. K2COs solution. The organic phase was dried over
MgSOzg, filtered, concentrated under reduced pressure and dried in vacuo to furnish product 168
(50.6 mg, 0.06 mmol, 41%) as yellow amorphous solid.[2%!
Rf (5% MeOH in CH2Cl,) = 0.20;
[a]p'® = +2.50 ° (c 0.1, MeOH);
IH-NMR (500 MHz, DMSO-ds) = & 10.53 (s, 1H, NH), 10.52 (s, 1H, NH), 9.52 (s, 1H, NH),
9.31 (s, 1H, NH), 7.80-7.95 (m, 7H, CHNH, Ha), 7.90-7.88 (d, J = 8.8 Hz, 2H, Har), 7.84-7.79
(m, 6H, Har), 7.44-7.40 (m, 3H, Har, NH>), 6.06-5.98 (m, 1H, CHCH?), 5.40-5.35 (dg, J = 1.7,
17.2 Hz, 1H, CHCHy), 5.22-5.19 (dq, J = 1.7, 10.5 Hz, 1H, CHCH>), 4.74-4.70 (t, J = 8.5 Hz,
1H, CHNH), 4.61-4.60 (d, J = 5.5 Hz, 2H, OCH,), 4.52-4.47 (p, J = 6.1 Hz, 1H, CH(CHs)2),
3.96-3.94 (d, J = 8.3 Hz, 1H, CHOCH?3), 3.26 (s, 3H, OCHg), 2.29 (s, 6H, CCH2C), 1.55 (s, 9H,
C(CHa)3), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm;
13C-NMR (500 MHz, DMSO-ds) = 8 170.6 (CO), 168.5 (CO), 168.1 (CO), 165.2 (CO), 164.6
(CO), 164.5 (CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car), 140.6 (Car),
138.1 (Car), 135.6 (Car), 133.7 (CHCHy), 132.4 (Car), 130.1 (Car), 128.5 (Car), 128.4 (Car),
128.1 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 118.9 (Car), 118.9 (Car), 118.8 (Car), 118.3
(CHCH2), 117.8 (CN), 113.7 (Car), 80.3 (CHOCHp3), 79.9 (C(CHa)3), 76.3 (CH(CHz)2), 74.3
(C-10), 59.8 (CHNH), 57.7 (OCHs), 53.5 (CCH2C), 45.3 (CCH.C), 37.4 (CCH2C), 27.9
(C(CHg)3), 22.3 (CH(CHs3)2) ppm;
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HRMS (ESI*) calculated for CsoHs3N7O1:Na [M+Na]*: 950.3701; found: 950.3703.

tert-Butyl  4-(4-(4-((2S,3R)-4-amino-2-(3-(4-cyanobenzamido)bicyclo[1.1.1]pentane-1-carb
oxamido)-3-methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-

isopropoxybenzamido)benzoate (178)

" L onnb

1o

K

Allyl ether 168 (40.0 mg, 0.04 mmol) was dissolved in THF (2.3 mL). Aniline (13 L,
0.14 mmol, 3.30 equiv.) and Pd(PPh3)s4 (5.0 mg, 4 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (dry load, MeOH in
CHaCl, = 5%) to furnish product 178 (17.9 mg, 0.02 mmol, 47%) as beige amorphous solid.*%]
Rf (5% MeOH in CH2Cl») = 0.13;
[¢]p?® = +5.0 ° (c 1.3, MeOH);
'H-NMR (500 MHz, DMSO-ds) = 6 12.29 (s, 1H, OH), 10.62 (s, 1H, NH), 10.53 (s, 1H, NH),
9.37 (s, 1H, NH), 9.31 (s, 1H, NH), 8.00-7.91 (m, 9H, Ha/), 7.86-7.79 (m, 6H, CHNH, Ha/),
7.44-7.41 (d, J=14.1 Hz, 2H, NHy), 4.74-4.70 (t, J=8.5Hz, 1H, CHNH), 4.57 (bs, 1H,
CH(CHz3)2), 3.96-3.94 (d, J = 8.4 Hz, 1H, CHOCH3), 3.26 (s, 3H, OCH3), 2.29 (s, 6H, CCH2C),
1.55 (s, 9H, C(CH3)3), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;
13C-NMR (500 MHz, DMSO-ds) = 8 170.6 (CO), 170.3 (CO), 168.5 (CO), 168.0 (CO), 165.2
(CO), 164.6 (CO), 164.1 (CO), 142.2 (Car), 138.1 (Car), 132.4 (Car), 129.9 (Car), 128.3 (Car),
128.1 (Car), 122.9 (Car), 120.6 (Car), 119.0 (Car), 118.3 (Car), 113.7 (Car), 80.3 (CHOCH3),
79.9 (C(CHs3)3), 59.7 (CHNH), 57.7 (OCHj3), 53.5 (CCH2C), 45.3 (CCH2C), 37.4 (CCH2C),
27.9 (C(CHs)3), 22.3 (CH(CHs3)2) ppm;
HRMS (ESI*) calculated for C47H49N701:Na [M+Na]*: 910.3380; found: 910.3363.

4-(4-(4-((2S,3R)-4-Amino-2-(3-(4-cyanobenzamido)bicyclo[1.1.1]pentane-1-carboxamido)-3-

methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
KB015

132



ie L
L

OH

tert-Butyl ester 178 (22.0 mg, 0.03 mmol) was dissolved in precooled TFA (1.5 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et;O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et>O and dried in vacuo to furnish KB015
(5.0 mg, 0.01 mmol, 24%) as brown amorphous solid.[%l

[¢]o?? = +0.6 ° (c 0.2, MeOH);

!H-NMR (500 MHz, DMSO-ds) = 6 12.78 (s, 1H, CO2H), 12.36 (bs, 1H, OH), 10.53 (bs, 2H,
NH), 9.37 (s, 1H, NH), 9.31 (s, 1H, CHNH), 8.00-7.94 (m, 9H, Ha), 7.83-7.79 (m, 6H, NH,
Har), 7.43-7.41 (d, J = 13.6 Hz, 2H, NH>), 4.74-4.70 (t, J = 8.5 Hz, 1H, CHNH), 4.57 (bs, 1H,
CH(CHz3)2), 3.96-3.94 (d, J = 8.3 Hz, 1H, CHOCHp3), 3.26 (s, 3H, OCH3), 2.29 (s, 6H, CCH2C),
1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;

13C-NMR (126 MHz, DMSO-dg) = 6 170.6 (CO), 168.5 (CO), 168.0 (CO), 165.2 (C-9), 164.1
(CO), 142.2 (Car), 138.1 (Car), 132.4 (Car), 130.2 (Car), 128.3 (Car), 128.1 (Car), 127.4 (Car),
122.9 (Car), 120.6 (Car), 119.0 (Car), 118.3 (Car), 113.7 (Car), 112.1 (Car), 79.9 (CHOCH23),
57.7 (OCHs), 54.8 (CHNH), 53,5 (CCH:C), 453 (CCH:C), 374 (CCH:C), 223
(CH(CH3)2) ppm;

HRMS (ESI) calculated for C43H4oN7O11 [M-H]": 830.2786; found: 830.2782.

tert-Butyl  4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(3-chloro-4-((4-cyanophenyl)carbamoyl)
benzamido)-3-methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(167)
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Acid 45 (26.2 mg, 0.09 mmol, 1.20 equiv.) and HATU (33.1 mg, 0.09 mmol, 1.20 equiv.) were
dissolved in DMF (1.8 mL) and pyridine (18 pL, 0.22 mmol, 3.00 equiv.) was added. The
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mixture was stirred at rt for 5 min and then transferred to a solution of amine 158 (50.0 mg,
0.07 mmol) in DMF (1.0 mL) at 0 °C. The resulting reaction mixture was stirred for 15 h while
warming to rt. EtOAc was added and the mixture was washed with a 0.1 M HCI solution, brine,
dried over MgSQy, filtered and concentrated under reduced pressure. The crude product was
purified by column chromatography (MeOH in CH2Cl, = 3%, 5%) to furnish product 167
(42.1 mg, 0.04 mmol, 60%) as colorless amorphous amorphous solid.

Rf (5% MeOH in CH2Cl») = 0.25;

[¢]p?® = +13.9 ° (c 0.2, MeOH);

IH-NMR (500 MHz, DMSO-ds) = & 11.05 (s, 1H, NH), 10.58 (s, 1H, NH), 10.53 (s, 1H, NH),
9.53 (s, 1H, NH), 8.86-8.85 (d, J = 8.3 Hz, 1H, CHNH), 8.06 (d, J = 1.5 Hz, 1H, Has), 8.00-
7.98 (d, J=8.8 Hz, 2H, Har), 7.94-7.92 (dd, J = 1.6, 8.0 Hz, 1H, Ha/), 7.91-7.88 (m, 4H, Ha),
7.86-7.81 (m, 7H, Har), 7.79-7.77 (d, J = 7.9 Hz, 1H, Har), 7.49-7.48 (d, J = 6.3 Hz, 2H, NH>),
7.42-7.40 (d, J = 8.5 Hz, 1H, Har), 6.06-5.98 (m, 1H, CHCH>), 5.39-5.35 (dg, J = 1.7, 15.5 Hz,
1H, CHCHy), 5.22-5.19 (dg, J=1.7, 10.5 Hz, 1H, CHCH,), 4.98-4.94 (t, J=8.3 Hz, 1H,
CHNH), 4.61-4.60 (d, J =5.5Hz, 2H, OCH>), 4.53-4.46 (sept, J =6.1 Hz, 2H, CH(CH3)2),
4.08-4.07 (d, J = 8.2 Hz, 1H, CHOCH3), 3.32 (s, 3H, OCHs3), 1.55 (s, 9H, C(CHz3)3), 1.26-1.25
(d, J=6.1 Hz, 6H, CH(CHs).) ppm;

13C-NMR (126 MHz, DMSO-dgs) = § 170.8 (CO), 168.3 (CO), 164.9 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 164.1 (CO), 149.5 (Car), 143.0 (Car), 142.8 (Car), 142.6 (Car), 142.1 (Car),
138.7 (Car), 136.3 (Car), 135.6 (Car), 133.6 (CHCHy>), 133.4 (Car), 130.1 (Car), 129.2 (Car),
128.6 (Car), 128.4 (Car), 127.1 (Car), 126.5 (Car), 126.0 (Car), 123.6 (Car), 119.7 (Car), 119.0
(Car), 118.9 (CHCH), 118.8 (CN), 117.8 (Car), 105.9 (Car), 80.3 (C(CHs3)s3), 80.0 (CHOCHS),
76.3 (OCHy), 74.3 (CH(CHBa)z2), 57.9 (CHNH), 55.8 (OCHBg), 27.9 (C(CHBa)z3), 22.3 (CH(CHs)2)
ppm;

HRMS (ESI*) calculated for Cs1HsoCIN7O1:Na [M+Na]*: 994.3155; found: 994.3162.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(3-chloro-4-((4-cyanophenyl)carbamoyl)benzamido)-3-

methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (177)



Allyl ether 167 (39.7 mg, 0.04 mmol) was dissolved in THF (1.8 mL). Aniline (12 pL,
0.13 mmol, 3.30 equiv.) and Pd(PPhs)s (4.7 mg, 4 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (dry load, MeOH in
CH:Cl> = 5%) to furnish product 177 (33.5 mg, 0.04 mmol, 88%) as beige amorphous solid.
Rf (5% MeOH in CH2Cl») = 0.16;

[@]p?® =+9.4° (c 0.2, THF);

IH-NMR (600 MHz, DMSO-ds) = & 12.29 (s, 1H, OH), 11.05 (s, 1H, NH), 10.60 (bs, 2H, NH),
9.40 (s, 1H, NH), 8.86-8.85 (d, J = 8.3 Hz, 1H, CHNH), 8.06 (d, J = 1.5 Hz, 1H, Ha), 7.97-
7.95 (d, J=8.8 Hz, 2H, Har), 7.94-7.89 (m, 5H, Ha), 7.86-7.84 (m, 7H, Har), 7.79-7.77 (d,
J=7.9Hz, 1H, Ha), 7.70-7.69 (d, J = 8.7 Hz, 1H, Ha/), 7.49-7.48 (d, J = 7.1 Hz, 2H, NH>),
4.97-4.95 (t, J=8.3 Hz, 1H, CHNH), 4.58-4.52 (sept, J = 6.1 Hz, 2H, CH(CHz3)), 4.08-4.07
(d, J=8.3Hz, 1H, CHOCHs3), 3.32 (s, 3H, OCHj3), 1.55 (s, 9H, C(CHz3)3), 1.27-1.26 (d,
J =6.1 Hz, 6H, CH(CHs3)2) ppm;

13C-NMR (151 MHz, DMSO-dgs) = § 170.8 (CO), 168.5 (CO), 168.3 (CO), 164.9 (CO), 164.5
(CO), 164.2 (CO), 164.1 (CO), 154.1 (Car), 142.8 (Car), 142.2 (Car), 142.0 (Car), 138.7 (Car),
137.0 (Car), 136.3 (Car), 136.3 (Car), 133.4 (Car), 130.1 (Car), 129.9 (Car), 129.2 (Car), 128.6
(Car), 128.3 (Car), 126.8 (Car), 126.5 (Car), 122.8 (Car), 120.7 (Car), 119.7 (Car), 119.0 (Cav),
118.9 (CN), 112.4 (Car), 112.2 (Car), 105.9 (Car), 80.5 (C(CHa)z), 80.0 (CHOCHs3), 74.8
(CH(CHa)z2), 57.9 (CHNH), 55.8 (OCHBa), 27.8 (C(CHz)z3), 22.3 (CH(CHs3)2) ppm;

HRMS (ESI*) calculated for C4sH6CIN7O1:Na [M+Na]*: 954.2842; found: 954.2825.
4-(4-(4-((2S,3R)-4-Amino-2-(3-chloro-4-((4-cyanophenyl)carbamoyl)benzamido)-3-methoxy-
4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSE22
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tert-Butyl ester 177 (31.3 mg, 0.03 mmol) was dissolved in precooled TFA (1.8 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et.O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSE22
(26.0 mg, 0.03 mmol, 88%) as beige amorphous solid.
[¢]p?” =+0.5° (¢ 0.1, DMSO);
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H-NMR (600 MHz, DMSO-ds) = 8 12.82 (bs, 1H, CO2H), 12.30 (s, 1H, OH), 11.05 (s, 1H,
NH), 10.60 (bs, 2H, NH), 9.41 (s, 1H, NH), 8.86-8.85 (d, J = 8.3 Hz, 1H, CHNH), 8.06 (d,
J=15Hz, 1H, Har), 7.97-7.96 (dd, J = 2.3, 8.9 Hz, 4H, Har), 7.94-7.93 (dd, J = 1.7, 8.0 Hz,
1H, Har), 7.90-7.89 (d, J = 8.8 Hz, 2H, Har), 7.86-7.84 (m, 6H, Har), 7.79-7.77 (d, J = 8.0 Hz,
1H, Har), 7.71-7.70 (d, J = 8.8 Hz, 1H, Ha/), 7.49-7.47 (d, J = 7.3 Hz, 2H, NH2), 4.97-4.95 (t,
J =8.3 Hz, 1H, CHNH), 4.58-4.52 (sept, J = 6.1 Hz, 2H, CH(CHs),), 4.08-4.07 (d, J = 8.3 Hz,
1H, CHOCH3), 3.32 (s, 3H, OCHa), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = § 170.8 (CO), 168.5 (CO), 168.3 (CO), 166.9 (CO), 164.9
(CO), 164.2 (CO), 164.1 (CO), 154.1 (Car), 142.8 (Car), 142.2 (Car), 142.0 (Car), 138.7 (Car),
137.0 (Car), 136.3 (Car), 136.3 (Car), 133.4 (Car), 130.2 (Car), 130.0 (Car), 129.2 (Car), 128.6
(Car), 128.4 (Car), 126.5 (Car), 126.3 (Car), 122.8 (Car), 120.7 (Car), 119.7 (Car), 119.0 (Ca),
118.9 (CN), 112.5 (Car), 112.2 (Car), 105.9 (Car), 80.0 (CHOCHs3), 74.9 (CH(CHa)z2), 57.9
(CHNH), 55.8 (OCH3), 22.3 (CH(CHz3)2) ppm;

HRMS (ESI) calculated for C44H37CIN7O11 [M-H]:874.2240; found: 874.2239.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(4-(6-cyano-1-oxoisoindolin-2-yl)
benzamido)-3-methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(164)
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Amine 158 (58.1 mg, 0.08 mmol) was dissolved in CH2Cl; (1.0 mL) and NMM (19 L,
0.17 mmol, 2.00 equiv.) was added. Chloride 279 (25.0 mg, 0.08 mmol, 1.00 equiv.) was added
at 0 °C and the suspension was stirred for 16 h while warming to rt. The mixture was diluted
with a sat. NaHCOs solution and the ag. phase was extracted with EtOAc (3x). The combined

organic phases were washed with brine, dried over MgSOQ, filtered and concentrated. The
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residue was washed with MeOH. The precipitate was filtered off to furnish product 164
(27.6 mg, 0.03 mmol, 34%) as orange amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound 164.
'H-NMR (500 MHz, DMSO-dg) = § 10.57 (s, 1H, NH), 10.53 (s, 1H, NH), 9.52 (s, 1H, NH),
8.53-8.51 (d, J =8.1 Hz, 1H, CHNH), 8.29 (s, 1H, Har), 8.16-8.14 (dd, J=1.4, 7.9 Hz, 2H,
Har), 8.07-8.04 (d, J=8.9 Hz, 2H, Ha/), 7.99-7.81 (m, 12H, Has), 7.54-7.48 (d, J = 22.7 Hz,
2H, NHy), 7.42-7.40 (d, J=8.5Hz, 1H, Has), 6.07-5.97 (m, 1H, CHCH), 5.40-5.34 (dq,
J=1.7,17.2 Hz, 1H, CHCHy), 5.24-5.19 (m, 3H, CHCH>, NCH>), 4.95-4.91 (t, J = 8.1 Hz, 1H,
CHNH), 4.61-4.60 (d, J = 5.4 Hz, 2H, OCHy), 4.54-4.46 (p, J = 6.2 Hz, 1H, CH(CH3)), 4.11-
4.09 (d, J =8.2 Hz, 1H, CHOCH?3), 3.32 (s, 3H, OCHBa), 1.55 (s, 9H, C(CHa)3), 1.27-1.25 (d,
J =6.1 Hz, 6H, CH(CHz3)2) ppm;

13C-NMR (500 MHz, DMSO-ds) = 6 170.9 (CO), 168.7 (CO), 165.3 (CO), 165.3 (CO), 164.6
(CO), 164.5 (CO), 164.3 (CO), 149.5 (Car), 145.8 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car),
141.8 (Car), 136.0 (Car), 135.6 (Car), 133.6 (CHCHy>), 133.2 (Car), 130.5 (Car), 130.1 (Car),
129.1 (Car), 128.5 (Car), 128.4 (Car), 127.6 (Car), 127.1 (Car), 126.0 (Car), 124.9 (Car), 123.6
(Car), 118.9 (Car), 118.9 (Car), 118.8 (Car), 118.5 (Car), 118.3 (CHCH>), 117.8 (CN), 111.4
(Car), 80.3 (C(CHs3)3), 80.0 (CHOCHS3), 76.3 (CH(CHs),), 74.3 (OCH>), 57.8 (OCHj3), 55.8
(CHNH), 50.8 (NCH2), 27.9 (C(CHz3)3), 22.3 (CH(CHBa)2) ppm;

HRMS (ESI) calculated for Cs;Hs1N7011Na [M+Na]*: 972.3544; found: 972.3546.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(6-cyano-1-oxoisoindolin-2-yl)benzamido)-3-
methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (174)
T
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Allyl ether 164 (12.6 mg, 0.01 mmol) was dissolved in THF (1.0 mL). Aniline (4 pL,
0.04 mmol, 3.30 equiv.) and Pd(PPhs)s (1.5 mg, 1 pmol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was washed with Et2O. The precipitate was filtered off to furnish
product 174 (9.2 mg, 0.01 mmol, 76%) as brown amorphous solid, which was used in the next

step without further purification.
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The measurement of optical rotation was not possible due to insolubility of compound 174.
'H-NMR (500 MHz, DMSO-dg) = 6 12.28 (s, 1H, OH), 10.57 (bs, 2H, NH), 9.38 (s, 1H, NH),
8.54-8.51 (d, J =8.3 Hz, 1H, CHNH), 8.29 (s, 1H, Har), 8.16-8.14 (dd, J=1.4, 7.9 Hz, 2H,
Har), 8.07-8.04 (d, J = 9.0 Hz, 2H, Har), 7.98-7.90 (m, 9H, Ha), 7.86-7.84 (m, 4H, Ha:), 7.54-
7.48 (d, J=22.0 Hz, 2H, NH>), 7.42-7.40 (d, J = 8.5 Hz, 1H, Har), 5.21 (s, 2H, NCH>), 4.95-
491 (t, J=8.1Hz, 1H, CHNH), 457 (bs, 1H, CH(CHa),), 4.11-4.09 (d, J=8.1 Hz, 1H,
CHOCH3), 3.32 (s, 3H, OCH3), 1.55 (s, 9H, C(CH3)3), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHs3)=)
ppm.

4-(4-(4-((2S,3R)-4-Amino-2-(4-(6-cyano-1-oxoisoindolin-2-yl)benzamido)-3-methoxy-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSC81
|
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tert-Butyl ester 174 (7.5 mg, 0.01 mmol) was dissolved in precooled TFA (1 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. EtO was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et.O and dried in vacuo to furnish TSC81 (5.3 mg,
0.01 mmol, 75%) as colorless amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound TSC8L1.
'H-NMR (500 MHz, DMSO-ds) = 8 12.82 (s, 1H, CO2H), 12.29 (s, 1H, OH), 10.60 (s, 1H,
NH), 10.59 (s, 1H, NH), 9.40 (s, 1H, NH), 8.53-8.52 (d, J = 8.2 Hz, 1H, CHNH), 8.29 (s, 1H,
Har), 8.16-8.14 (dd, J = 1.5, 7.9 Hz, 2H, Har), 8.06-8.05 (d, J = 8.9 Hz 2H, Har), 7.98-7.95 (m,
4H, Har), 7.92-7.91 (d, J = 7.9 Hz, 2H, Har), 7.86-7.84 (m, 4H, Ha), 7.72-7.70 (d, J = 8.8 Hz,
1H, Har), 7.53-7.48 (d, J = 26.3 Hz, 2H, NH), 5.21 (s, 2H, NCH>), 4.94-4.92 (t, J = 8.1 Hz,
1H, CHNH), 4.57-4.52 (p, J = 6.1 Hz, 1H, CH(CHz3)2), 4.11-4.09 (d, J = 8.1 Hz, 1H, CHOCHg),
3.32 (s, 3H, OCHBa), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;

13C-NMR (500 MHz, DMSO-ds) = § 170.9 (CO), 168.7 (CO), 168.5 (CO), 166.9 (CO), 165.3
(CO), 165.3 (CO), 164.6 (CO), 154.1 (Car), 145.8 (Car), 142.3 (Car), 142.0 (Car), 141.8 (Car),
137.0 (Car), 136.3 (Car), 136.0 (Car), 133.2 (Car), 130.2 (Car), 129.1 (Car), 128.5 (Car), 128.3
(Car), 127.6 (Car), 126.3 (Car), 126.3 (Car), 124.9 (Car), 122.8 (Car), 120.7 (Car), 119.0 (Car),
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1185 (Car), 118.3 (CN), 112.4 (Ca), 112.2 (Ca), 111.4 (Ca), 80.0 (CHOCHs), 74.9
(CH(CHs3)2), 57.8 (CHNH), 55.8 (NCH3), 50.8 (OCHs), 22.3 (CH(CHs)2) ppm;
HRMS (ESI) calculated for CasHasN7O11 [M-H]: 852.2629; found: 852.2612.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(4-(5-cyano-1-oxoisoindolin-2-yl)
benzamido)-3-methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(163)

Amine 158 (116 mg, 0.17 mmol) was dissolved in CH2Cl> (1.7 mL) and NMM (37 puL,
0.34 mmol, 2.00 equiv.) was added. Chloride 278 (50.0 mg, 0.17 mmol, 1.00 equiv.) was added
at 0 °C and the suspension was stirred for 16 h while warming to rt. The mixture was
concentrated and the residue was washed with MeOH. The precipitate was filtered off to furnish
product 163 (74.4 mg, 0.08 mmol, 46%) as beige amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound 163.
'H-NMR (500 MHz, DMSO-dg) = § 10.58 (s, 1H, NH), 10.53 (s, 1H, NH), 9.52 (s, 1H, NH),
8.56-8.53 (d, J =8.2 Hz, 1H, CHNH), 8.23 (s, 1H, Har), 8.08-8.06 (d, J = 8.9 Hz, 2H, Ha),
8.04-7.97 (m, 6H, Har), 7.90-7.88 (d, J = 8.7 Hz, 2H, Ha), 7.85-7.81 (m, 5H, Ha), 7.54-7.48
(d, J =36.0 Hz, 2H, NHy), 7.42-7.40 (d, J = 8.5 Hz, 1H, Har), 6.05-5.99 (m, 1H, CHCH), 5.40-
5.35 (dg, J=1.7, 17.2 Hz, 1H, CHCHy), 5.21-5.19 (dg, J=1.7, 10.5 Hz, 1H, CHCH>), 5.16-
5.15 (m, 2H, NCHy), 4.95-4.92 (t, J=8.2 Hz, 1H, CHNH), 4.61-5.60 (d, J=5.4 Hz, 2H,
OCHy), 4.52-4.47 (sept, J = 6.1 Hz, 1H, CH(CHz)2), 4.11-4.09 (d, J = 8.1 Hz, 1H, CHOCHpy),
3.31 (s, 3H, OCHpa), 1.54 (s, 9H, C(CH?3)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 6 170.9 (CO), 168.7 (CO), 165.5 (CO), 165.3 (CO), 164.6
(CO), 164.5 (CO), 164.3 (CO), 149.5 (Car), 145.8 (Car), 143.0 (Car), 142.5 (Car), 142.2 (Car),
141.8 (Car), 141.7 (Car), 136.1 (Car), 135.6 (Car), 133.6 (CHCH?2), 132.4 (Car), 130.5 (Cav),
130.1 (Car), 129.2 (Car), 128.5 (Car), 128.4 (Car), 127.7 (Car), 127.1 (Car), 126.0 (Car), 124.4
(Car), 123.6 (Car), 118.9 (Car), 118.9 (Car), 118.8 (Car), 118.5 (Car), 118.4 (CHCH>), 117.8
(CN), 114.5 (Car), 80.3 (C(CHs)s), 80.0 (CHOCHs), 76.3 (CH(CHs)2), 74.3 (OCH,), 57.8

(CHNH), 55.8 (NCHz2), 50.4 (OCHs), 27.9 (C(CHs3)3), 22.3 (CH(CHa)2) ppm;
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HRMS (ESI) calculated for Cs2Hs1N7O11:Na [M+Na]*: 972.3544; found: 972.3550.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(5-cyano-1-oxoisoindolin-2-yl)benzamido)-3-

methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (173)

Allyl ether 163 (64.8 mg, 0.07 mmol) was dissolved in THF (3.0 mL). Aniline (21 uL,
0.23 mmol, 3.30 equiv.) and Pd(PPhs)s (7.8 mg, 6 pumol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was washed with Et.O. The precipitate was filtered off and purified
by column chromatography (dry load, 5% MeOH in CH2Cl) to furnish product 173 (45.3 mg,
0.05 mmol, 73%) as brown amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound 173.
IH-NMR (500 MHz, DMSO-ds) = & 12.29 (s, 1H, OH), 10.59 (bs, 2H, NH), 9.40 (s, 1H, NH),
8.54-8.52 (d, J =8.2 Hz, 1H, CHNH), 8.24 (s, 1H, Har), 8.07-8.06 (d, J = 9.0 Hz, 2H, Ha/),
8.03-8.02 (d, J=7.9 Hz, 1H, Ha), 7.99-7.92 (m, 7H, Har), 7.86-7.84 (m, 5H, Ha), 7.70-7.69
(d, J=8.9 Hz, 1H, Ha(), 7.54-7.48 (d, J = 26.0 Hz, 2H, NH>), 5.17 (s, 2H, NCH>), 4.95-4.92 (t,
J=8.2 Hz, 1H, CHNH), 4.57-4.52 (p, J = 6.1 Hz, 1H, CH(CHs)2), 4.11-4.09 (d, J = 8.2 Hz, 1H,
CHOCHs3), 3.31 (s, 3H, OCHa), 1.55 (s, 9H, C(CHz3)3), 1.27-1.26 (d, J=6.2 Hz, 6H,
CH(CHs)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = § 170.9 (CO), 168.7 (CO), 168.5 (CO), 165.5 (CO), 165.3
(CO), 164.5 (CO), 164.2 (CO), 142.3 (Car), 141.8 (Car), 141.7 (Car), 136.3 (Car), 136.1 (Ca),
132.4 (Car), 132.0 (Car), 132.0 (Car), 131.5 (Car), 131.4 (Car), 129.9 (Car), 129.2 (Car), 128.8
(Car), 128.7 (Car), 128.5 (Car), 128.3 (Car), 127.7 (Car), 126.8 (Car), 124.4 (Car), 122.8 (Cav),
120.7 (Car), 119.0 (Car), 118.5 (Car), 118.4 (CN), 114.5 (Car), 80.5 (C(CHs3)3), 80.0 (CHOCHG),
74.8 (CH(CHz3)2). 57.8 (CHNH), 55.8 (NCH.), 50.4 (OCHz), 27.8 (C(CHa)3), 22.3
(CH(CHa)2) ppm;

HRMS (ESI) calculated for C49Hs7N701:Na [M+Na]*: 932.3231; found: 932.3213.
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4-(4-(4-((2S,3R)-4-Amino-2-(4-(5-cyano-1-oxoisoindolin-2-yl)benzamido)-3-methoxy-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSC82
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tert-Butyl ester 173 (41.0 mg, 0.05 mmol) was dissolved in precooled TFA (2.5 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et;O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et>O and dried in vacuo to furnish product
TSC82 (30.5 mg, 0.04 mmol, 79%) as colorless amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound TSCB82.
IH-NMR (500 MHz, DMSO-ds) = & 12.82 (s, 1H, COzH), 12.29 (s, 1H, OH), 10.60 (s, 1H,
NH), 10.59 (s, 1H, NH), 9.40 (s, 1H, NH), 8.54-8.52 (d, J = 8.1 Hz, 1H, CHNH), 8.24 (s, 1H,
Har), 8.07-8.06 (d, J=8.9 Hz, 2H, Has), 8.06-8.05 (d, J=7.8 Hz 2H, Has), 8.03-8.02 (d,
J=8.9 Hz 2H, Hay), 7.99-7.95 (m, 7H, Has), 7.86-7.84 (m, 5H, Ha), 7.72-7.70 (d, J = 8.9 Hz,
1H, Har), 7.54-7.48 (d, J = 32.4 Hz, 2H, NHy), 5.17 (s, 2H, NCH2), 4.94-4.92 (t, J = 8.2 Hz,
1H, CHNH), 4.56-4.52 (p, J = 6.1 Hz, 1H, CH(CHa)2), 4.11-4.09 (d, J = 8.2 Hz, 1H, CHOCHp3),
3.31 (s, 3H, OCHa), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 8 170.9 (CO), 168.7 (CO), 168.5 (CO), 166.9 (CO), 165.5
(C0O), 165.3 (CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 141.9 (Car), 141.8 (Car), 141.7 (Car),
137.0 (Car), 136.3 (Car), 136.1 (Car), 132.4 (Car), 130.2 (Car), 129.2 (Car), 128.5 (Car), 128.5
(Car), 128.3 (Car), 127.7 (Car), 126.3 (Car), 124.4 (Car), 122.8 (Car), 120.7 (Car), 119.0 (Ca),
1185 (Car), 118.4 (CN), 1145 (Car), 112.2 (Car), 112.2 (Car), 80.0 (CHOCHs3), 74.9
(CH(CHBa)z2), 57.8 (CHNH), 55.8 (NCHy), 50.4 (OCHgs), 22.3 (CH(CHs3)2) ppm;

HRMS (ESI) calculated for C4sH3gN7O11 [M-H]: 852.2629; found: 852.2645.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(4-(5-cyano-1-oxoisoindolin-2-yl)

benzamido)-3-methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(165)

141



Q|

H
N
0 o (0] N

NC I oumn
W\ O
K
Amine 158 (97.6 mg, 0.14 mmol) was dissolved in CH2Cl, (1.4 mL) and NMM (31 L,
0.28 mmol, 2.00 equiv.) was added. Chloride 280 (40.0 mg, 0.14 mmol, 1.00 equiv.) was added
at 0 °C and the suspension was stirred for 16 h while warming to rt. The mixture was
concentrated and the residue was washed with MeOH. The precipitate was filtered off to furnish
compound 165 (58.0 mg, 0.06 mmol, 44%) as beige amorphous solid. A small amount of a
diastereomer is visible in the *H-NMR spectrum. The product was used in the next step without
further purification.
'H-NMR (500 MHz, DMSO-dg) = § 10.60 (s, 1H, NH), 10.53 (s, 1H, NH), 9.52 (s, 1H, NH),
8.77-8.75 (d, J =8.3 Hz, 1H, CHNH), 8.63 (dt, J =0.5, 1.7 Hz, 1H, Har), 8.56-8.54 (m, 1H,
Har), 8.31 (m, 1H, Ha), 8.16-8.14 (dt, J = 1.2, 7.8 Hz, 1H, Ha), 8.00-7.96 (m, 4H, Ha), 7.90-
7.81 (m, 8H, Har), 7.56-7.51 (d, J =24.5 Hz, 2H, NH>), 7.42-7.40 (d, J =8.5 Hz, 1H, Ha/),
6.06-5.98 (m, 1H, CHCH>), 5.39-5.35 (dg, J=1.7, 17.2 Hz, 1H, CHCHy), 5.22-5.19 (dq,
J=1.7,10.5 Hz, 1H, CHCH>), 4.98-4.95 (t, J = 8.2 Hz, 1H, CHNH), 4.61-5.60 (d, J = 5.5 Hz,
2H, OCHy), 4.52-4.47 (p, J = 6.1 Hz, 1H, CH(CHs)2), 4.13-4.12 (d, J = 8.2 Hz, 1H, CHOCHy),
3.33 (s, 3H, OCHg), 1.55 (s, 9H, C(CH?3)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 5 170.9 (CO), 168.5 (CO), 165.3 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 162.6 (CO), 150.1 (Car), 149.5 (Car), 143.9 (Car), 143.0 (Car), 142.5 (Car),
142.1 (Car), 135.7 (Car), 135.6 (Car), 133.6 (CHCH>), 132.0 (Car), 131.5 (Car), 131.0 (Car),
130.8 (Car), 130.1 (Car), 128.5 (Car), 128.4 (Car), 127.3 (Car), 127.1 (Car), 126.0 (Car), 124.9
(Car), 123.6 (Car), 119.9 (Car), 118.9 (Car), 118.8 (Car), 118.3 (CHCHy), 117.8 (Car), 112.7
(Car), 110.5 (Car), 80.3 (C(CHsa)3), 80.0 (CHOCHz3), 76.3 (CH(CHa)2), 74.3 (OCHy), 57.8
(CHNH), 56.0 (OCHz), 27.8 (C(CHz3)3), 22.3 (CH(CHa)2) ppm;
HRMS (ESI) calculated for Cs1Hs9N701:Na [M+Na]*: 958.3388; found: 958.3367.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(5-cyano-1-oxoisoindolin-2-yl)benzamido)-3-
methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (175)
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Allyl ether 165 (55.0 mg, 0.06 mmol) was dissolved in THF (2.6 mL). Aniline (18 pL,
0.19 mmol, 3.30 equiv.) and Pd(PPhs)s (6.8 mg, 6 pumol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was washed with Et2O. The precipitate was filtered off and purified
by column chromatography (dry load, 5% MeOH in CH2Cly) to furnish product 175 (40.6 mg,
0.05 mmol, 77%) as colorless amorphous solid. A small amount of a diastereomer is visible in
the 'H-NMR spectrum. The product was used in the next step without further purification.
'H-NMR (500 MHz, DMSO-ds) = § 12.28 (s, 1H, OH), 10.61 (bs, 2H, NH), 9.40 (s, 1H, NH),
8.77-8.75 (d, J =8.2 Hz, 1H, CHNH), 8.63 (t, J =1.8 Hz, 1H, Ha/), 8.56-8.54 (dt, J=1.1,
8.2 Hz, 1H, Har), 8.31 (m, 1H, Har), 8.16-8.14 (dt, J = 1.2, 7.8 Hz, 1H, Ha), 7.98-7.92 (m, 6H,
Har), 7.88-7.83 (m, 6H, Har), 7.71-7.69 (d, J = 8.9 Hz, 1H, Has) 7.55-7.51 (d, J = 22.1 Hz, 2H,
NH>), 4.98-4.95 (t, J = 8.2 Hz, 1H, CHNH), 4.56-4.52 (sept, J = 6.1 Hz, 1H, CH(CHa)2), 4.13-
4.11 (d, J=8.2 Hz, 1H, CHOCHj3), 3.32 (s, 3H, OCHBa), 1.55 (s, 9H, C(CHa)3), 1.26-1.25 (d,
J=6.1 Hz, 6H, CH(CHs3)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = § 170.9 (CO), 168.6 (CO), 168.5 (CO), 165.3 (CO), 164.5
(CO), 164.2 (CO), 162.6 (CO), 150.1 (Car), 143.9 (Car), 142.2 (Car), 142.0 (Car), 137.0 (Car),
136.3 (Car), 135.7 (Car), 132.0 (Car), 131.6 (Car), 131.5 (Car), 131.0 (Car), 130.8 (Car), 129.9
(Car), 128.5 (Car), 128.3 (Car), 127.4 (Car), 126.8 (Car), 124.9 (Car), 122.8 (Car), 120.7 (Cav),
119.9 (Car), 119.0 (Car), 117.9 (Car), 112.7 (Car), 112.4 (Car), 110.5 (Car), 80.5 (C(CHba)a3),
80.0 (CHOCHs3), 74.9 (CH(CHa)2), 57.8 (CHNH), 55.9 (OCHzs), 27.8 (C(CHas)s), 22.3
(CH(CHs)2) ppm;
HRMS (ESI) calculated for C4gHssN7O11Na [M+Na]*: 918.3075; found: 918.3058.

4-(4-(4-((2S,3R)-4-Amino-2-(2-(3-cyanophenyl)benzo[d]oxazole-6-carboxamido)-3-methoxy-

4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSC83

143



o

N
HN H
o) o (6] N
N o 4 o
NC

I onmn
Tl

OH
tert-Butyl ester 175 (38.0 mg, 0.04 mmol) was dissolved in precooled TFA (2.3 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish product
TSC83 (26.7 mg, 0.03 mmol, 70%, d.r. 24:1) as colorless amorphous solid.

'H-NMR (500 MHz, DMSO-ds) = 6 12.83 (bs, 1H, CO2H), 12.29 (s, 1H, OH), 10.61 (s, 1H,
NH), 10.60 (s, 1H, NH), 9.40 (s, 1H, NH), 8.77-8.75 (d, J =8.3 Hz, 1H, CHNH), 8.63 (t,
J=1.6 Hz, 1H, Ha/), 8.56-8.54 (dt, J = 1.4, 8.0 Hz, 1H, Ha), 8.31 (m, 1H, Ha), 8.16-8.14 (dt,
J=15, 7.8 Hz, 1H, Ha/), 7.98-7.95 (m, 6H, Har), 7.88-7.83 (m, 6H, Has), 7.72-7.70 (d,
J=8.9Hz, 1H, Har) 7.55-7.51 (d, J = 26.7 Hz, 2H, NH>), 4.98-4.95 (t, J = 8.2 Hz, 1H, CHNH),
4.56-4.52 (sept, J = 6.1 Hz, 1H, CH(CH3).), 4.13-4.11 (d, J = 8.2 Hz, 1H, CHOCH3), 3.33 (s,
3H, OCHg), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 6 170.9 (CO), 168.6 (CO), 168.5 (CO), 166.9 (CO), 165.3
(CO), 164.2 (CO), 162.6 (CO), 154.1 (Car), 150.1 (Car), 143.9 (Car), 142.2 (Car), 142.0 (Car),
137.0 (Car), 136.3 (Car), 135.7 (Car), 132.0 (Car), 131.6 (Car), 131.0 (Car), 130.8 (Car), 130.2
(Car), 128.5 (Car), 128.4 (Car), 127.4 (Car), 126.3 (Car), 124.9 (Car), 120.7 (Car), 119.9 (Ca),
119.0 (Car), 117.9 (Car), 112.7 (Car), 112.4 (Car), 112.2 (Car), 110.5 (Car), 80.0 (CHOCH3),
74.9 (CH(CHa)z2), 57.8 (CHNH), 56.0 (OCH3), 22.3 (CH(CHa)2) ppm;

HRMS (ESI) calculated for C44HzsN7011 [M-H]: 838.2473; found: 838.2478.

tert-Butyl  4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(2-(3-cyanophenyl)benzo[d]oxazole-5-
carboxamido)-3-methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(166)
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Amine 158 (89.6 mg, 0.13 mmol) was dissolved in CH2Cl, (1.3 mL) and NMM (29 pL,
0.26 mmol, 2.00 equiv.) was added. Chloride 281 (36.7 mg, 0.13 mmol, 1.00 equiv.) was added
at 0 °C and the suspension was stirred for 14 h while warming to rt. The mixture was
concentrated and the residue was washed with MeOH. The precipitate was filtered off and
washed with Et20 to furnish product 166 (59.4 mg, 0.06 mmol, 49%) as beige amorphous solid.
The measurement of optical rotation was not possible due to insolubility of compound 166.
1H-NMR (500 MHz, DMSO-ds) = § 10.58 (s, 1H, NH), 10.53 (s, 1H, NH), 9.52 (s, 1H, NH),
8.74-8.72 (d, J = 8.2 Hz, 1H, CHNH), 8.62-8.62 (dt, J=0.7, 1.5 Hz, 1H, Ha), 8.55-8.53 (dt,
J=1.1,8.0Hz, 1H, Ha), 8.37 (d,J = 1.1 Hz, 1H, Har), 8.16-8.13 (dt, J = 1.6, 7.9 Hz, 1H, Ha/),
8.00-7.95 (m, 4H, Har), 7.90-7.88 (d, J = 8.9 Hz, 2H, Ha), 7.86-7.81 (m, 6H, Ha), 7.56-7.52
(d, J=20.7 Hz, 2H, NHy), 7.42-7.40 (d, J = 8.5 Hz, 1H, Ha), 6.06-5.98 (m, 1H, CHCH), 5.39-
5.35 (dg, J=1.7, 17.2 Hz, 1H, CHCHy), 5.22-5.19 (dg, J=1.7, 10.5 Hz, 1H, CHCH>), 4.97-
494 (t, J=8.2Hz, 1H, CHNH), 4.61-4.60 (d, J=5.5Hz, 2H, OCH,), 4.53-4.46 (sept,
J=6.1 Hz, 1H, CH(CHa)2), 4.13-4.11 (d, J = 8.2 Hz, 1H, CHOCH3), 3.33 (s, 3H, OCHa), 1.55
(s, 9H, C(CHs)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 5 170.9 (CO), 168.6 (CO), 165.5 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 161.8 (C0O), 152.3 (Car), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car),
141.2 (Car), 135.6 (Car), 135.6 (Car), 133.7 (CHCHy>), 131.9 (Car), 131.1 (Car), 130.9 (Car),
130.8 (Car), 130.1 (Car), 128.5 (Car), 128.4 (Car), 127.4 (Car), 127.1 (Car), 126.0 (Car), 123.6
(Car), 119.5 (Car), 119.0 (Car), 118.9 (Car), 118.8 (CHCH?2), 117.9 (Car), 117.8 (Car), 112.7
(Car), 111.1 (Car), 80.3 (C(CHs)3), 80.0 (CHOCHs3), 76.3 (CH(CHs3)2), 74.3 (OCHy), 57.8
(CHNH), 56.0 (OCHz), 27.9 (C(CHz3)3), 22.3 (CH(CHa)2) ppm;

HRMS (ESI) calculated for Cs1HagN70O11Na [M+Na]*: 958.3388; found: 958.3376.

tert-Butyl  4-(4-(4-((2S,3R)-4-amino-2-(2-(3-cyanophenyl)benzo[d]oxazole-5-carboxamido)-
3-methoxy-4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (176)
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Allyl ether 166 (56.1 mg, 0.06 mmol) was dissolved in THF (2.6 mL). Aniline (18 pL,

0.19 mmol, 3.30 equiv.) and Pd(PPhs)s4 (6.9 mg, 6 pumol, 0.10 equiv.) were added subsequently
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and the resulting mixture was stirred at rt for 3 h. The mixture was concentrated onto silica
under reduced pressure. The crude product was purified by column chromatography (dry load,
5% MeOH in CH2Cl) to furnish product 176 (39.7 mg, 0.04 mmol, 74%) as yellow amorphous
solid.

The measurement of optical rotation was not possible due to insolubility of compound 176.
IH-NMR (600 MHz, DMSO-ds) = & 12.28 (s, 1H, OH), 10.61 (bs, 2H, NH), 9.40 (s, 1H, NH),
8.74-8.72 (d, J=8.2 Hz, 1H, CHNH), 8.62 (t, J=1.6 Hz, 1H, Ha/), 8.55-8.53 (dt, J=1.2,
8.4 Hz, 1H, Har), 8.37 (d, J = 1.2 Hz, Har), 8.15-8.14 (dt, J = 1.4, 7.8 Hz, 1H, Ha), 8.01-7.92
(m, 6H, Har), 7.88-7.85 (m, 6H, Har), 7.71-7.69 (d, J=8.5Hz, 1H, Har) 7.56-7.52 (d,
J=24.0 Hz, 2H, NHy), 4.97-4.94 (t, J = 8.2 Hz, 1H, CHNH), 4.58-4.52 (sept, J = 5.9 Hz, 1H,
CH(CHz3)2), 4.13-4.11 (d, J = 8.3 Hz, 1H, CHOCHB3), 3.33 (s, 3H, OCHBg), 1.55 (s, 9H, C(CHz)3),
1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 8 170.9 (CO), 168.6 (CO), 168.4 (CO), 165.5 (CO), 164.5
(CO), 164.2 (CO), 161.8 (CO), 152.3 (Car), 142.2 (Car), 142.0 (Car), 141.2 (Car), 137.0 (Car),
136.3 (Car), 135.6 (Car), 131.9 (Car), 131.1 (Car), 130.9 (Car), 130.8 (Car), 129.9 (Car), 128.5
(Car), 128.3 (Car), 127.4 (Car), 126.0 (Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 119.0 (Car),
117.9 (Car), 112.7 (Car), 112.4 (Car), 111.1 (Car), 80.5 (C(CHz)3), 80.0 (CHOCH:z3), 74.8
(CH(CHs3)2), 57.8 (CHNH), 56.0 (OCHBa), 27.8 (C(CHz)3), 22.3 (CH(CH?3)2) ppm;

HRMS (ESI) calculated for C4sHasN7011Na [M+Na]*: 918.3075; found: 918.3070.

4-(4-(4-((2S,3R)-4-Amino-2-(2-(3-cyanophenyl)benzo[d]oxazole-5-carboxamido)-3-methoxy-

4-oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSC98

tert-Butyl ester 176 (38.7 mg, 0.04 mmol) was dissolved in precooled TFA (2.3 mL) at 0 °C

with stirring. The solution was warmed up to rt over 30 min. Et.O was added at 0 °C. The
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precipitate was filtered off, washed with an excess of Et>O and dried in vacuo to furnish product
TSC98 (31.0 mg, 0.04 mmol, 80%) as yellow amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound TSC98.
'H-NMR (600 MHz, DMSO-ds) = 6 12.82 (bs, 1H, CO2H), 12.29 (s, 1H, OH), 10.61 (s, 1H,
NH), 10.60 (s, 1H, NH), 9.41 (s, 1H, NH), 8.74-8.72 (d, J = 8.2 Hz, 1H, CHNH), 8.62 (s, 1H,
Har), 8.55-8.53 (d, J = 8.0 Hz, 1H, Har), 8.37 (d, J = 1.2 Hz, 1H, Har), 8.15-8.14 (d, J = 7.7 Hz,
1H, Har), 8.01-7.95 (m, 6H, Har), 7.88-7.82 (m, 6H, Har), 7.72-7.70 (d, J = 8.9 Hz, 1H, Ha)
7.56-7.52 (d, J =24.5Hz, 2H, NH>), 4.97-4.94 (t, J=8.2 Hz, 1H, CHNH), 4.57-4.51 (sept,
J=6.3 Hz, 1H, CH(CHz3)), 4.13-4.12 (d, J = 8.3 Hz, 1H, CHOCH3), 3.33 (s, 3H, OCHa), 1.27-
1.26 (d, J = 6.1 Hz, 6H, CH(CHs)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = § 170.9 (CO), 168.6 (CO), 168.5 (CO), 166.9 (CO), 165.5
(CO), 164.2 (CO), 161.8 (CO), 154.1 (Car), 152.3 (Car), 142.3 (Car), 142.0 (Car), 141.2 (Car),
137.0 (Car), 136.3 (Car), 135.6 (Car), 131.9 (Car), 131.1 (Car), 130.9 (Car), 130.8 (Car), 130.2
(Car), 128.5 (Car), 128.3 (Car), 127.4 (Car), 126.3 (Car), 126.0 (Car), 122.8 (Car), 120.7 (Car),
119.5 (Car), 119.0 (Car), 117.9 (Car), 112.7 (Car), 112.4 (Car), 112.2 (Car), 111.1 (Car), 80.0
(CHOCH?3), 74.9 (CH(CHz3)2), 57.8 (CHNH), 56.0 (OCHj3), 22.3 (CH(CHz3)2) ppm;

HRMS (ESI) calculated for C44H3sN7011 [M-H]: 838.2473; found: 838.2484.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-cyanobenzamido)-3-methoxy-4-oxobutan

amido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (171)

Allyl ether 161 (15.7 mg, 0.02 mmol) was dissolved in THF (1 mL). Aniline (6 pL, 0.06 mmol,
3.30 equiv.) and Pd(PPhs)s (2.2 mg, 2 umol, 0.10 equiv.) were added subsequently and the

resulting mixture was stirred at rt for 3 h. The mixture was concentrated onto silica under
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reduced pressure. The crude product was purified by column chromatography (dry load, MeOH
in CH2Cl2 = 2%, 3%) to furnish product 171 (6.2 mg, 0.01 mmol, 42%) as colorless amorphous
solid.

The analytical data are consistent with those reported in the literature.l?

Rf (3% MeOH in CH2Cly) = 0.22;

[a]o® = +1.2 ° (¢ 0.3, THF/MeOH (1:1))

1H-NMR (400 MHz, DMSO-ds) = § 12.29 (s, 1H, OH), 10.65 (bs, 1H, NH), 10.58 (s, 1H, NH),
9.39 (s, 1H, NH), 8.87-8.85 (d, J=8.3 Hz, 1H, CHNH), 8.00 (s, 4H, Har), 7.97-7.94 (d,
J=8.9 Hz, 2H, Ha/), 7.94-7.92 (d, J =8.9 Hz, 2H, Ha/), 7.86-7.82 (m, 5H, Har), 7.70-7.68 (d,
J=89Hz, 1H, Hay), 7.50-7.47 (d, J=11.9 Hz, 2H, NH), 4.97-4.92 (t, J=8.2 Hz, 1H,
CHNH), 4.59-4.50 (sept, J = 6.1 Hz, 1H, CH(CHz3)>), 4.08-4.06 (d, J = 8.1 Hz, 1H, CHOCHpy),
3.31 (s, 3H, OCHa), 1.55 (s, 9H, C(CHz3)3), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (101 MHz, DMSO-ds) = 6 170.8 (CO), 168.5 (CO), 168.3 (CO), 164.8 (CO), 164.5
(CO), 164.2 (CO), 147.7 (Car), 142.2 (Car), 142.0 (Car), 137.7 (Car), 137.0 (Car), 136.3 (Car),
132.5 (Car), 129.9 (Car), 128.6 (Car), 128.6 (Car), 128.4 (Car), 126.8 (Car), 122.8 (Car), 120.6
(Car), 120.2 (Car), 119.0 (Car), 118.3 (CN), 114.0 (Car), 112.5 (Car), 80.5 (C(CHz3)3), 80.0
(CHOCHs3), 74.8 (CH(CHa)2), 57.9 (CHNH), 55.8 (OCHgs), 27.8 (C(CHs)3), 22.3
(CH(CH3)2) ppm;

HRMS (ESI) calculated for Ca1H42NsO10Na [M+Na]*: 801.2860; found: 801.2861.

4-(4-(4-((2S,3R)-4-Amino-2-(4-cyanobenzamido)-3-methoxy-4-oxobutanamido)benzamido)-
2-hydroxy-3-isopropoxybenzamido)benzoic acid TSE83
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Ester 171 (7.7 mg, 9 umol) was dissolved in precooled TFA at 0 °C and the mixture was stirred
for 45 min while warming to rt. EtoO was added at 0 °C. The precipitate was filtered off and
washed with an excess of Et.O to furnish acid TSE83 (4.6 mg, 6 umol, 68%) as beige

amorphous solid.
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The analytical data are consistent with those reported in the literature.[?

[a]o® = +2.2 ° (c 0.1, THF);

IH-NMR (500 MHz, DMSO-de) = & 12.29 (bs, 2H, CO2H, OH), 10.58 (bs, 2H, NH), 9.37 (s,
1H, NH), 8.87-8.85 (d, J = 8.3 Hz, 1H, CHNH), 8.02-7.99 (m, 4H, Har), 7.97-7.94 (m, 4H, Ha),
7.86-7.82 (t,J = 8.4 Hz, 5H, Hay), 7.66 (bs, 1H, Har), 7.50-7.47 (d, J = 16.3 Hz, 2H, NH2), 4.96-
4.93 (t, J=8.2 Hz, 1H, CHNH), 4.58 (bs, 1H, CH(CHs),), 4.08-4.06 (d, J = 8.1 Hz, 1H,
CHOCH3), 3.31 (s, 3H, OCHg), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;

HRMS (ESI) calculated for C37Hz3NsO12 [M-H]: 721.2258; found: 721.2258.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-((tert-butoxycarbonyl)amino)-3-methoxy-
4-oxobutanamido)benzamido)-3-isopropoxy-N-methylbenzamido)benzoate (135)
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Amine 95 (100 mg, 0.18 mmol), acid 4 (80.0 mg, 0.30 mmol, 1.70 equiv.) and EEDQ (71.0 mg,
0.29 mmol, 1.60 equiv.) were dissolved in precooled CHCIs (1 mL). The mixture was stirred
for 18 h while warming to rt. The mixture was concentrated and the crude product was purified
by column chromatography (dry load, wash with 20% Et,O in CH2Cl», elution with 3% MeOH
in CH2Cly) to furnish product 135 (75.1 mg, 0.09 mmol, 52%) as colorless amorphous solid.
[¢]o?® =-0.5° (c 0.1, MeOH);
IH-NMR (400 MHz, DMSO-ds) = 10.33 (s, 1H, NH), 9.26 (s, 1H, NH), 7.89-7.87 (d,
J=8.7Hz, 2H, Ha), 7.77-7.75 (d, J = 8.7 Hz, 2H, Ha), 7.71-7.70 (d, J = 7.5 Hz, 2H, Ha),
7.67-7.65 (d, J =8.4 Hz, 1H, Ha/), 7.44-7.40 (d, J = 14.4 Hz, 2H, NH>), 7.23 (bs, 2H, Ha/),
7.04-7.02 (d, J=8.3 Hz, 1H, Ha), 6.79-6.77 (d, J = 8.3 Hz, 1H, CHNH), 6.06-5.97 (m, 1H,
CHCHy), 5.39-5.33 (dq, J=1.7, 17.2 Hz, 1H, CHCH), 5.26-5.23 (dq, J = 1.6, 10.5 Hz, 1H,
CHCHy), 4.43-4.42 (d, J = 4.4 Hz, 2H, OCH), 4.40-4.36 (t, J = 7.8 Hz, 1H, CHNH), 4.03 (bs,
1H, CH(CHs3),), 3.84-3.83 (d, J =7.6 Hz, 1H, CHOCH3), 3.38 (s, 3H, NCHj3), 3.33 (s, 3H,
OCHpa), 1.48 (s, 9H, C(CHj3)3), 1.37 (s, 9H, C(CHba)3), 0.98 (bs, 6H, CH(CHz3)2) ppm;
13C-NMR (101 MHz, DMSO-ds) = 8 170.6 (CO), 168.9 (CO), 167.2 (CO), 164.2 (CO), 164.1
(CO), 154.8 (CO), 147.6 (Car), 147.3 (Car), 142.1 (Car), 1415 (Car), 134.2 (Car), 134.0
(CHCH2), 129.1 (Car), 128.8 (Car), 128.5 (Car), 128.2 (Car), 128.1 (Car), 126.4 (Car), 122.7
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(Car), 118.8 (Car), 118.4 (CHCH,), 117.1 (Car), 80.7 (C(CHa)s), 80.1 (CHOCHs), 78.7
(C(CHg)3), 75.2 (CH(CHz3)2), 73.9 (OCHz2), 57.6 (CHNH), 56.6 (OCHs3), 36.5 (NCH3), 28.1
(C(CHs3)3), 27.7 (C(CHa)z3), 21.8 (CH(CHa)2) ppm;

HRMS (ESI) calculated for C42Hs3sNsO11Na [M+Na]*: 826.3639; found: 826.3648.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-2,4-diamino-3-methoxy-4-oxobutanamido)
benzamido)-3-isopropoxy-N-methylbenzamido)benzoate (179)
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Carbamate 135 (71.3 mg, 0.09 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 2.20 mL,
8.87 mmol, 100.0 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (200 mL) and a sat. NaHCO3 solution
(200 mL). The ag. phase was extracted with EtOAc (3x 100 mL) and the combined organic
phases were washed with brine, dried over MgSQg, filtered and concentrated under reduced
pressure. The crude product was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(4-(4-cyanobenzamido)benzamido)-3-
methoxy-4-oxobutanamido)benzamido)-3-isopropoxy-N-methylbenzamido)benzoate (180)
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Amine 179 (62.4 mg, 0.09 mmol) was dissolved in CH2Cl> (1 mL) and NMM (20 pL,
0.18 mmol, 2.00 equiv.) was added. Chloride 277 (25.3 mg, 0.09 mmol, 1.00 equiv.) was added

at 0 °C and the suspension was stirred for 18 h while warming to rt. The mixture was

concentrated. The crude product was purified by column chromatography (dry load, 5% MeOH
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in CH2Cl>) to furnish product 180 (39.1 mg, 0.04 mmol, 46%) as beige amorphous solid, which
contained minor impurities of a diastereomer.

The N-methyl group is not visible in the 3C NMR spectrum and may appear underneath the
solvent peak.

Rf (5% MeOH in CH2Cly) = 0.54;

IH-NMR (600 MHz, DMSO-dg) = § 10.71 (s, 1H, NH), 10.53 (s, 1H, NH), 9.26 (s, 1H, NH),
8.45-8.43 (d, J=8.1Hz, 1H, CHNH), 8.13-8.12 (d, J=8.6 Hz, 2H, Ha), 8.05-8.04 (d,
J =8.6 Hz, 2H, Har), 7.91-7.87 (m, 5H, Har), 7.80-7.78 (d, J = 8.8 Hz, 2H, Har), 7.71 (bs, 2H,
Har), 7.66-7.65 (d, J =8.2 Hz, 1H, Har), 7.53-7.47 (d, J = 37.9 Hz, 2H, NH>), 7.22 (bs, 2H,
Har), 7.04-7.02 (d, J =8.2 Hz, 1H, Ha/), 6.05-5.98 (m, 1H, CHCHy), 5.38-5.34 (dq, J=1.7,
17.2 Hz, 1H, CHCH?>), 5.25-5.23 (dq, J = 1.7, 10.5 Hz, 1H, CHCHy), 4.91-4.89 (t, J = 8.1 Hz,
1H, CHNH), 4.42 (bs, 2H, OCH>), 4.08-4.07 (d, J=8.1 Hz, 1H, CHOCHs3), 4.03 (bs, 1H,
CH(CHz3)2), 3.38 (s, 3H, NCHa), 3.30 (s, 3H, OCHz), 1.48 (s, 9H, C(CHs3)3), 0.99 (bs, 6H,
CH(CHs)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = § 170.9 (CO), 168.7 (CO), 167.2 (CO), 165.4 (CO), 164.5
(CO), 164.2 (CO), 164.1 (CO), 147.6 (Car), 147.3 (Car), 142.0 (Car), 141.8 (Car), 141.5 (Ca),
138.7 (Car), 134.2 (Car), 134.0 (CHCHy), 132.5 (Car), 130.0 (Car), 129.1 (Car), 128.9 (Car),
128.8 (Car), 128.6 (Car), 128.6 (Car), 128.3 (Car), 128.2 (Car), 128.1 (Car), 126.4 (Car) 122.7
(Car), 119.6 (Car), 118.9 (Car), 118.3 (CHCHz2), 117.1 (CN), 114.0 (Car), 80.7 (C(CH3)3), 80.0
(CHOCHSg), 75.1 (CH(CHs3)2), 73.9 (OCH>), 57.7 (CHNH), 55.7 (OCH3), 27.7 (C(CHs3)s3), 21.8
(CH(CHa)2) ppm;

HRMS (ESI) calculated for Cs2Hs3N7011Na [M+Na]*: 974.3701; found: 974.3693.

tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (181)
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Allyl ether 180 (35.9 mg, 0.04 mmol) was dissolved in THF (1.7 mL). Aniline (11 pL,
0.12 mmol, 3.30 equiv.) and Pd(PPhs)s4 (4.4 mg, 4 umol, 0.10 equiv.) were added subsequently

and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated onto silica. The
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crude product was purified by column chromatography (dry load, 5% MeOH in CH.CI,) to
furnish product 181 (19.6 mg, 0.02 mmol, 57%) as beige amorphous solid.

Rf (5% MeOH in CH2Cl») = 0.22;

[]p?t = +29.2 ° (c 1.0, MeOH);

'H-NMR (600 MHz, DMSO-dg) =8 10.71 (s, 1H, OH), 10.52 (s, 1H, NH), 9.30 (s, 1H, NH),
9.28 (s, 1H, NH), 8.44-8.43 (d, J = 8.1 Hz, 1H, CHNH), 8.13-8.12 (d, J = 8.6 Hz, 2H, Ha/),
8.05-8.04 (d, J = 8.6 Hz, 2H, Har), 7.91-7.87 (m, 5H, Har), 7.79-7.78 (d, J = 8.9 Hz, 2H, Ha/),
7.73-7.71(d, J = 8.6 Hz, 2H, Har), 7.53-7.46 (d, J = 39.2 Hz, 2H, NH>), 7.27-26 (d, J = 8.6 Hz,
2H, Har), 7.25-7.24 (d, J = 8.5 Hz, 1H, Ha/), 6.88-6.86 (d, J = 8.4 Hz, 1H, Har), 4.91-4.88 (t,
J=8.1Hz, 1H, CHNH), 4.09-4.07 (d, J = 8.1 Hz, 1H, CHOCHy), 4.07-4.01 (sept, J = 6.1 Hz,
1H, CH(CHs3)2), 3.37 (s, 3H, NCHBz), 3.30 (s, 3H, OCHs3), 1.49 (s, 9H, C(CHz)3), 1.02-1.01 (d,
J=6.1 Hz, 6H, CH(CHz)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 6 170.9 (CO), 168.6 (CO), 168.0 (CO), 165.4 (CO), 164.5
(CO), 164.3 (CO), 164.0 (CO), 147.8 (Car), 147.3 (Car), 141.9 (Car), 141.8 (Car), 138.7 (Car),
137.5 (Car), 133.4 (Car), 132.5 (Car), 129.2 (Car), 128.9 (Car), 128.8 (Car), 128.6 (Car), 128.3
(Car), 126.3 (Car), 123.0 (Car), 121.7 (Car), 119.6 (Car), 118.8 (Car) 118.3 (CN), 114.5 (Ca),
114.0 (Car), 80.7 (C(CHa)z), 80.0 (CHOCHs3), 74.6 (CH(CHs3)2), 57.7 (CHNH), 55.7 (OCHya),
36.8 (NCHs). 27.7 (C(CHs)s3), 21.7 (CH(CHs)2) ppm;

HRMS (ESI) calculated for C49Ha9N7011Na [M+Na]*: 934.3388; found: 934.3394.

4-(4-(4-((2S,3R)-4-Amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-oxo
butanamido)benzamido)-2-hydroxy-3-isopropoxy-N-methylbenzamido)benzoic acid TSD08
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tert-Butyl ester 181 (16.0 mg, 0.02 mmol) was dissolved in precooled TFA (1 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0 °C. The precipitate

was filtered off, washed with an excess of Et>O and dried in vacuo to furnish TSDO08 (7.4 mg,

0.01 mmol, 49%) as colorless amorphous solid.
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[a]o?! = +2.1 ° (c 0.1, MeOH);

!H-NMR (600 MHz, DMSO-dg) = & 12.89 (s, 1H, COzH), 10.71 (s, 1H, OH), 10.51 (s, 1H,
NH), 9.31 (s, 1H, NH), 9.28 (s, 1H, NH), 8.44-8.43 (d, J = 8.2 Hz, 1H, CHNH), 8.13-8.12 (d,
J=8.7 Hz, 2H, Ha), 8.05-8.04 (d, J = 8.6 Hz, 2H, Hay), 7.91-7.87 (m, 6H, Har), 7.79-7.76 (m,
4H, Har), 7.53-7.46 (d, J = 39.0 Hz, 2H, NHy), 7.28-27 (d, J = 8.6 Hz, 2H, Har), 7.23-7.22 (d,
J=8.4Hz, 1H, Ha), 6.87-6.86 (d, J = 8.4 Hz, 1H, Ha/), 4.91-4.88 (t, J = 8.1 Hz, 1H, CHNH),
4.08-4.04 (m, 2H, CHOCHa, CH(CHz3)2), 3.38 (s, 3H, NCHs3), 3.30 (s, 3H, OCHj3), 1.02-1.01
(d, J=6.1 Hz, 6H, CH(CH3)2) ppm;

BC-NMR (151 MHz, DMSO-ds) = & 170.9 (CO), 168.6 (CO), 168.0 (CO), 166.7 (CO), 165.4
(CO), 164.5 (CO), 164.0 (CO), 147.8 (Cay), 147.3 (Car), 141.9 (Car), 141.8 (Car), 138.7 (Ca),
137.5 (Car), 133.4 (Car), 132.5 (Car), 129.5 (Car), 128.9 (Car), 128.8 (Car), 128.6 (Car), 128.3
(Car), 128.1 (Car), 126.3 (Car), 122.9 (Car), 121.7 (Car), 119.6 (Car), 118.8 (Car) 118.3 (CN),
114.6 (Car), 114.0 (Car), 80.0 (CHOCH?3), 74.6 (CH(CHs3)2), 57.7 (CHNH), 55.7 (OCHs), 36.7
(NCH3). 21.7 (CH(CHsa)2) ppm;

HRMS (ESI) calculated for C4sH4oN7O11 [M-H]": 854.2786; found: 854.2778.

tert-Butyl 4-(2-(allyloxy)-4-(5-((2S,3R)-4-amino-2-((tert-butoxycarbonyl)amino)-3-methoxy-
4-oxobutanamido)picolinamido)-3-isopropoxybenzamido)benzoate (121)

Amine 114 (150 mg, 0.27 mmol) and acid 4 (101 mg, 0.38 mmol, 1.40 equiv.) were dissolved
in EtOAc (600 pL) and pyridine (66 uL, 0.82 mmol, 3.00 equiv.) was added. T3P (50% in
EtOAc, 300 pL, 0.49 mmol, 1.80 equiv.) was added at 0 °C and the mixture was stirred at 0 °C
for 5 h. H20 was added and the ag. phase was extracted with EtOAc (3x). The combined organic
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phases were washed with a sat. NaHCOz3 solution, brine, dried over MgSQg, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (2%
MeOH in CH2Cly) to furnish product 121 (85.7 mg, 0.11 mmol, 39%) as colorless amorphous
solid.

Rf (3% MeOH in CH2Cly) = 0.20;

[a]o® =-1.1° (c 1.0, MeOH);

1H-NMR (600 MHz, DMSO-ds) = & 10.68 (s, 1H, NH), 10.67 (s, 1H, NH), 10.48 (s, 1H, NH),
9.01 (d, J=1.8 Hz, 1H, NH), 8.35-8.34 (d, J = 8.6 Hz, 1H, Ha), 8.31-8.29 (dd, J = 2.2, 8.6 Hz,
1H, Har), 8.20-8.18 (d, J = 8.5 Hz, 1H, Har), 7.90-7.88 (d, J = 8.8 Hz, 2H, Ha), 7.83-7.82 (d,
J=8.7Hz, 2H, Har), 7.49-7.43 (m, 3H, NH2, Har), 6.87-6.85 (d, J = 8.2 Hz, 1H, CHNH), 6.05-
5.99 (m, 1H, CHCHy), 5.41-5.37 (dq, J = 1.6, 17.2 Hz, 1H, CHCH), 5.22-5.20 (dq, J = 1.7,
10.5 Hz, 1H, CHCHy), 4.68-4.63 (sept, J = 6.1 Hz, 1H, CH(CHz)2), 4.62-4.61 (d, J =5.5 Hz,
2H, OCH>), 4.45-4.42 (t,J = 7.7 Hz, 1H, CHNH), 3.89-3.88 (d, J = 7.2 Hz, 1H, CHOCH3), 3.27
(s, 3H, OCHg), 1.55 (s, 9H, C(CHz3)3), 1.39 (s, 9H, C(CHz)3), 1.37-1.36 (d, J = 6.1 Hz, 6H,
CH(CHz)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 6 170.5 (CO), 169.5 (CO), 164.6 (CO), 164.3 (CO), 161.1
(CO), 154.9 (CO), 149.3 (Car), 143.4 (Car), 143.0 (Car), 139.4 (Car), 138.7 (Car), 135.5 (Car),
133.5 (CHCH?), 130.1 (Car), 127.3 (Car), 126.0 (Car), 125.8 (Car), 124.6 (Car), 122.9 (Ca),
118.8 (CHCH>), 118.0 (Car), 113.8 (Car), 80.3 (C(CHBa)3), 80.0 (CHOCH?3), 78.8 (C(CHba)a3),
76.3 (OCHy), 74.3 (CH(CH?3)2), 57.7 (CHNH), 56.6 (OCHz3), 28.1 (C(CH3)3), 27.9 (C(CHz)3),
22.3 (CH(CHBa)2) ppm;

HRMS (ESI) calculated for C4oHs1NsO11 [M+H]*: 791.3616; found: 791.3621.

tert-Butyl 4-(2-(allyloxy)-4-(5-((2S,3R)-2,4-diamino-3-methoxy-4-oxobutanamido)picolin

amido)-3-isopropoxybenzamido)benzoate (185)
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Carbamate 121 (116 mg, 0.15 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 3.70 mL,
14.6 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
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solution was transferred to a stirred suspension of EtOAc (100 mL) and a sat. NaHCO3 solution
(100 mL). The ag. phase was extracted with EtOAc (3x 100 mL) and the combined organic
phases were washed with brine, dried over MgSQg, filtered and concentrated under reduced

pressure. The crude product was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(5-((2S,3R)-4-amino-2-(3-((4-cyanophenyl)carbamoyl) bicyclo
[1.1.1]pentane-1-carboxamido)-3-methoxy-4-oxobutanamido)picolinamido)-3-

isopropoxybenzamido)benzoate (192)
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DIPEA (80 pL, 0.45 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(66.6 mg, 0.18 mmol, 1.20 equiv.) and carboxylic acid 43 (44.9 mg, 0.18 mmol, 1.20 equiv.) in
DMF (3.6 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 185 (101 mg, 0.15 mmol) in DMF (2.0 mL). The reaction mixture was stirred at rt for
19 h. The mixture was diluted with EtOAc and washed with a 0.1 M HCI solution, brine, dried
over MgSOq, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, MeOH in CH2Cl> = 1%, 3%, 5%) to furnish product 192
(97.3 mg, 0.10 mmol, 72%) as yellow amorphous solid.
Rf (3% MeOH in CH2Cl) = 0.17;
[¢]o?t = +0.8 ° (c 0.1, MeOH);
'H-NMR (600 MHz, DMSO-ds) = 6 10.84 (s, 1H, NH), 10.67 (s, 1H, NH), 10.48 (s, 1H, NH),
10.01 (s, 1H, NH), 9.02-9.01 (d, J = 2.3 Hz, 1H, Har), 8.35-8.34 (d, J = 8.9 Hz, 1H, Ha/), 8.32-
8.30(dd, J =2.4,8.6 Hz, 1H, Har), 8.21-8.19 (d, J = 8.5 Hz, 1H, Har), 7.95-7.94 (d, J = 8.4 Hz,
1H, CHNH), 7.90-7.88 (d, J = 8.6 Hz, 2H, Ha), 7.86-7.85 (d, J = 9.0 Hz, 2H, Har), 7.83-7.82
(d, J=8.6 Hz, 2H, Har), 7.79-7.77 (d, J = 8.9 Hz, 2H, Har), 7.49-7.45 (m, 3H, Har, NH>), 6.05-
5.99 (m, 1H, CHCHy), 5.41-5.37 (dq, J =1.7, 17.2 Hz, 1H, CHCH), 5.22-5.20 (dq, J = 1.7,
10.5 Hz, 1H, CHCHy), 4.77-4.74 (t, J = 8.3 Hz, 1H, CHNH), 4.67-4.63 (sept, J = 6.1 Hz, 1H,
CH(CHz3)2), 4.62-4.61 (d, J = 5.5 Hz, 2H, OCHy), 3.98-3.97 (d, J = 8.1 Hz, 1H, CHOCH3), 3.28
(s, 3H, OCHz), 2.26 (s, 6H, CCH2C), 1.55 (s, 9H, C(CHs3)3), 1.37-1.36 (dd, J = 1.8, 6.1 Hz, 6H,
CH(CHz)2) ppm;
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BC-NMR (151 MHz, DMSO-dg) = & 170.5 (CO), 169.0 (CO), 168.4 (CO), 168.4 (CO), 164.6
(CO), 164.3 (CO), 161.1 (CO), 149.3 (Car), 143.5 (Car), 143.0 (Car), 142.9 (Car), 139.5 (Ca),
139.4 (Car), 138.6 (Car), 135.4 (Car), 133.5 (CHCH>), 133.1 (Car), 130.1 (Car), 127.3 (Car),
126.0 (Car), 125.8 (Car), 124.6 (Car), 122.9 (Car), 119.7 (Car), 119.0 (Car), 118.8 (CHCHy),
118.0 (CN), 113.8 (Car), 105.3 (Car), 80.3 (C(CH3)3), 79.8 (CHOCHs3), 76.4 (OCH>), 74.3
(CH(CHBa)z2), 57.8 (CHNH), 54.7 (OCHBa), 51.7 (CCHC), 38.9 (CCHC), 37.9 (CCHC), 27.8
(C(CHs)3), 22.3 (d, J = 2.2 Hz, CH(CHs3)2) ppm;

HRMS (ESI): m/z calculated for C49Hs2NgO1:Na [M+Na]*: 951.3653; found: 951.3643.

tert-Butyl 4-(4-(5-((2S,3R)-4-amino-2-(3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-
1-carboxamido)-3-methoxy-4-oxobutanamido)picolinamido)-2-hydroxy-3-

isopropoxybenzamido)benzoate (201)

Allyl ether 192 (93.2 mg, 0.10 mmol) was dissolved in THF (4.6 mL). Aniline (30 pL,
0.33 mmol, 3.30equiv.) and Pd(PPhs)s (11.6 mg, 0.01 mmol, 0.10 equiv.) were added
subsequently and the resulting mixture was stirred at rt for 3 h. The mixture was concentrated
onto silica. The crude product was purified by column chromatography (dry load, MeOH in
CH2Cl2 = 2%, 5%) to furnish product 201 (68.1 mg, 0.08 mmol, 76%) as colorless amorphous
solid.

Rf (5% MeOH in CH2Cl) = 0.12;

[¢]p?? = +0.5° (¢ 0.1, MeOH);

IH-NMR (600 MHz, DMSO-ds) = & 12.45 (s, 1H, OH), 10.85 (s, 1H, NH), 10.74 (s, 1H, NH),
10.61 (s, 1H, NH), 10.01 (s, 1H, NH), 9.01 (d, J = 2.4 Hz, 1H, Ha/), 8.32-8.30 (dd, J = 2.4,
8.6 Hz, 1H, Har), 8.20-8.19 (d, J = 8.5 Hz, 1H, Har), 8.11-8.10 (d, J = 8.9 Hz, 1H, Ha/), 7.95-
7.91 (m, 4H, CHNH, Ha), 7.86-7.85 (m, 4H, Ha), 7.79-7.77 (d, J = 8.9 Hz, 2H, Ha,), 7.48-
7.44 (d, J=18.4 Hz, 2H, NHp), 4.77-4.74 (t, J=8.2 Hz, 1H, CHNH), 4.70-4.64 (sept,
J=6.1 Hz, 1H, CH(CHa)2), 3.98-3.97 (d, J = 8.1 Hz, 1H, CHOCH3), 3.28 (s, 3H, OCH3), 2.26
(s, 6H, CCH2C), 1.55 (s, 9H, C(CHs3)3), 1.36-1.34 (dd, J = 2.2, 6.1 Hz, 6H, CH(CH?3)2) ppm;
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3C-NMR (151 MHz, DMSO-ds) = & 170.5 (CO), 169.0 (CO), 168.7 (CO), 168.4 (CO), 168.4
(CO), 164.5 (CO), 161.2 (CO), 154.1 (Cay), 143.5 (Car), 142.9 (Car), 141.9 (Car), 139.4 (Ca),
138.6 (Car), 136.8 (Car), 134.0 (Car), 133.1 (Car), 129.9 (Car), 127.3 (Car), 126.9 (Car), 123.5
(Car), 123.0 (Car), 120.8 (Car), 119.7 (Car), 119.0 (CN), 111.6 (Car), 108.4 (Car), 105.3 (Car),
80.5 (C(CHa)3), 79.8 (CHOCHs), 74.8 (CH(CHs)2), 57.8 (CHNH), 54.7 (OCH3), 51.7 (CCH.C),
38.9 (CCH2C), 37.9 (CCH2C), 27.8 (C(CH?3)3), 22.3 (d, J = 2.4 Hz, CH(CH?3)2) ppm;

HRMS (ESI): m/z calculated for C4sHsNgO11Na [M+Na]*: 911.3340; found: 911.3333.

4-(4-(5-((2S,3R)-4-Amino-2-(3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-
carboxamido)-3-methoxy-4-oxobutanamido)picolinamido)-2-hydroxy-3-
isopropoxybenzamido)benzoic acid TSF53

tert-Butyl ester 201 (67.6 mg, 0.08 mmol) was dissolved in precooled TFA (4 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et2O was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF53 (39.7 mg,
0.05 mmol, 63%) as yellow amorphous solid.

[¢]p?? = +1.0 (c 0.1, MeOH);

IH-NMR (600 MHz, DMSO-ds) = & 12.83 (s, 1H, CO2H), 12.45 (s, 1H, OH), 10.85 (s, 1H,
NH), 10.74 (s, 1H, NH), 10.60 (s, 1H, NH), 10.01 (s, 1H, NH), 9.01 (d, J = 2.4 Hz, 1H, Ha),
8.32-8.30 (dd, J=2.4, 8.7 Hz, 1H, Ha), 8.20-8.19 (d, J=8.6 Hz, 1H, Har), 8.12-8.10 (d,
J=8.9Hz, 1H, Har), 7.98-7.96 (d, J=8.7 Hz, 2H, Har), 7.95-7.94 (d, J = 8.4 Hz, 1H, NH),
7.92-91 (d, J= 9.1 Hz, 1H, Ha), 7.86-7.85 (M, 4H, Hay), 7.79-7.77 (d, J = 8.8 Hz, 2H, Ha),
7.48-7.44 (d, J = 18.2 Hz, 2H, NHy), 4.77-4.74 (t, J = 8.2 Hz, 1H, CHNH), 4.71-4.65 (sept,
J =6.1 Hz, 1H, CH(CH3)2), 3.98-3.97 (d, J = 8.1 Hz, 1H, CHOCH3), 3.28 (s, 3H, OCHs3), 2.26
(s, 6H, CCH2C), 1.36-1.34 (dd, J = 2.1, 6.1 Hz, 6H, CH(CHa)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = § 170.5 (CO), 169.0 (CO), 168.7 (CO), 168.4 (CO), 168.4
(CO), 166.9 (CO), 161.2 (CO), 154.1 (Car), 143.5 (Car), 142.9 (Car), 141.9 (Car), 139.4 (Car),
138.6 (Car), 136.8 (Car), 134.0 (Car), 133.1 (Car), 130.2 (Car), 127.3 (Car), 126.3 (Car), 123.5
(Car), 123.0 (Car), 120.8 (Car), 119.7 (Car), 119.0 (CN), 111.7 (Car), 108.4 (Car), 105.3 (Cav),
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79.8 (CHOCH?g), 74.8 (CH(CHj3)z2), 57.8 (CHNH), 54.7 (OCH3s), 51.7 (CCHC), 38.9 (CCH2C),
37.9 (CCH:C), 22.3 (d, J = 2.4 Hz, CH(CHa)2) ppm;
HRMS (ESI): m/z calculated for C42H39NgO11 [M-H]": 831.2738; found: 831.2746.

Ethyl  5-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-((tert-butoxycarbonyl)amino)-3-methoxy-4-
oxobutanamido)benzamido)-3-isopropoxybenzamido)-1,3,4-thiadiazole-2-carboxylate  (224)
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Amine 223 (68.9 mg, 0.13 mmol), acid 4 (58.5mg, 0.22 mmol, 1.70 equiv.) and EEDQ
(51.9 mg, 0.21 mmol, 1.60 equiv.) were dissolved in precooled CHCI3 (0.7 mL). The mixture
was stirred for 24 h while warming to rt. The mixture was concentrated and the crude product
was purified by column chromatography (dry load, wash with 20% Et,O in CH2ClIy, elution
with 3% MeOH in CH2Cly) to furnish product 224 (28.1 mg, 0.04 mmol, 28%) as yellow
amorphous solid.

[¢]p?® =-1.0 ° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-dg) = § 13.37 (s, 1H, NH), 10.37 (s, 1H, NH), 9.53 (s, 1H, NH),
7.98-7.96 (d, J = 8.8 Hz, 2H, Har), 7.91-7.89 (d, J = 8.6 Hz, 1H, Har), 7.81-7.80 (d, J = 8.7 Hz,
2H, Ha), 7.50-7.49 (d, J = 8.6 Hz, 2H, Ha), 7.45-7.41 (d, J = 17.8 Hz, 2H, NH>), 6.81-6.79 (d,
J=8.4Hz, 1H, NHgo), 6.04-5.96 (m, 1H, CHCH>), 5.38-5.34 (dq, J=1.6, 17.2 Hz, 1H,
CHCH), 5.23-5.20 (dd, J=1.6, 10.5Hz, 1H, CHCH,), 4.61-4.60 (d, J=5.6 Hz, 1H,
OCH:CH), 4.55-4.50 (p, J =6.1 Hz, 1H, CH(CHs3)2), 4.45-4.39 (m, 3H, CHNH, CH2CHj),
3.86-3.84 (d, J=7.5Hz, 1H, CHOCHz3), 3.25 (s, 3H, OCHj3), 1.38-1.35 (m, 12H, C(CHsa)s,
CH2CHs3), 1.28-1.27 (d, J = 6.1 Hz, 6H, CH(CHBa)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 8 170.6 (CO), 168.9 (CO), 164.5 (CO), 164.3 (CO), 161.7
(CO), 158.9 (CO), 154.8 (Car), 153.9 (Car), 150.3 (Car), 142.3 (Car), 142.2 (Car), 137.0 (Car),
133.4 (CHCH?>), 128.4 (Car), 128.3 (Car), 124.3 (Car), 123.5 (Car), 118.9 (Car), 118.5 (Car),
118.2 (CHCHy), 80.1 (C(CHg)3), 78.7 (CHOCHs3), 76.4 (CH(CHz3)2), 74.5 (OCH,CH), 62.4
(CH2CHs), 60.6 (CHNH), 57.6 (OCHgz), 28.1 (C(CHg)s), 22.3 (CH(CHa)2), 14.0
(CH2CHs3) ppm;

HRMS (ESI): m/z calculated for C2sH27NsOsSNa [M+Na]*: 792.2639; found: 792.2608.
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Ethyl 5-(2-(allyloxy)-4-(4-((2S,3R)-2,4-diamino-3-methoxy-4-oxobutanamido)benzamido)-3-
isopropoxybenzamido)-1,3,4-thiadiazole-2-carboxylate (228)
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Carbamate 224 (25.8 mg, 0.03 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 0.80 mL,
3.27 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (20 mL) and a sat. NaHCO3 solution
(20 mL). The aqg. phase was extracted with EtOAc (2x) and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

Ethyl 5-(2-(allyloxy)-4-(4-((2S,3R)-4-amino-2-(4-(4-cyanobenzamido)benzamido)-3-
methoxy-4-oxobutanamido)benzamido)-3-isopropoxybenzamido)-1,3,4-thiadiazole-2-
carboxylate (229)
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DIPEA (17 pL, 0.10 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(14.9 mg, 0.04 mmol, 1.20 equiv.) and carboxylic acid 3 (10.5 mg, 0.04 mmol, 1.20 equiv.) in
DMF (0.8 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 228 (22.6 mg, 0.03 mmol) in DMF (0.5 mL). The reaction mixture was stirred at rt
for 18 h. The mixture was diluted with EtOAc and washed with a 0.1 M HCI solution, brine,

dried over MgSOs., filtered and concentrated under reduced pressure. The crude product was
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purified by column chromatography (MeOH in CH2Cl> = 2%, 3%, 4%) to furnish product 229
(17.4 mg, 0.02 mmol, 58%) as colorless amorphous solid.

Rf (5% MeOH in CH2Cl») = 0.25;

[¢]o?® =+2.1° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-dgs) = 6 13.01 (s, 1H, NH), 10.72 (s, 1H, NH), 10.57 (s, 1H, NH),
9.53 (s, 1H, NH), 8.46-8.45 (d, J = 8.2 Hz, 1H, CHNH), 8.14-8.11 (m, 2H, Hay), 8.06-8.04 (m,
2H, Har), 7.99-7.95 (m, 2H, Har), 7.92-7.88 (m, 5H, Har), 7.84-7.83 (d, J = 8.8 Hz, 2H, Ha),
7.54-7.48 (m, 3H, NH2, Har), 6.04-5.96 (m, 1H, CHCH>), 5.38-5.34 (dg, J = 1.6, 17.2 Hz, 1H,
CHCHy), 5.22-5.19 (dd, J = 1.6, 10.5 Hz, 1H, CHCH), 4.93-4.90 (t, J = 8.1 Hz, 1H, CHNH),
4.61-4.60 (d, J = 5.6 Hz, 1H, OCH.CH), 4.56-4.48 (sept, J = 6.2 Hz, 1H, CH(CHa)2), 4.44-4.40
(9, J =7.1 Hz, 2H, CH,CHa), 4.10-4.07 (m, 1H, CHOCHB3), 3.28 (s, 3H, OCH3), 1.38-1.35 (t,
J=7.1Hz, 3H, CH>CH3), 1.28-1.26 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 6 170.9 (CO), 168.7 (CO), 166.9 (CO), 165.4 (CO), 164.6
(CO), 164.5 (CO), 164.3 (CO), 150.3 (Car), 142.8 (Car), 142.3 (Car), 142.2 (Car), 141.8 (Car),
138.7 (Car), 133.4 (CHCHy), 132.5 (Car), 130.3 (Car), 128.9 (Car), 128.7 (Car), 128.6 (Car),
128.4 (Car), 128.4 (Car), 128.3 (Car), 124.3 (Car), 119.6 (Car), 119.6 (Car), 118.9 (Car), 118.5
(CN), 118.3 (Car), 118.1 (CHCH), 114.1 (Car), 80.0 (CHOCHz3), 76.3 (CH(CH3)2), 74.4
(OCH:CH), 62.4 (CH:CHs), 57.7 (OCHs), 55.8 (CHNH), 22.3 (CH(CHs)z), 14.0
(CH2CHs3) ppm;

HRMS (ESI): m/z calculated for CasHa3sNoO1:SNa [M+Na]*: 940.2700; found: 940.2700.
tert-Butyl  4-(4-(4-((2S,3R)-4-amino-2-((tert-butoxycarbonyl)amino)-3-methoxy-4-oxobutan

amido)benzamido)-2-(difluoromethyl)-3-isopropoxybenzamido)benzoate (136)

“ﬁ*@;
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Aniline 96 (90.6 mg, 0.17 mmol), acid 4 (74.9 mg, 0.29 mmol, 1.70 equiv.) and EEDQ
(66.4 mg, 0.27 mmol, 1.60 equiv.) were dissolved in precooled CHCIs (1 mL) at 0 °C. The
mixture was stirred for 16 h while warming to rt. The mixture was concentrated under reduced
pressure and the residue was purified by column chromatography (dry load, washing with 20%
Et2O in CHCly, elution with 3% MeOH in CHCly) to furnish product 136 (45.9 mg,
0.06 mmol, 33% over 3 steps) as orange amorphous solid.
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Rf (3% MeOH in CH2Cl,) = 0.10;

[¢]p?® =-0.5° (c 0.1, MeOH);

1H-NMR (500 MHz, DMSO-dg) = § 10.76 (s, 1H, NH), 10.35 (s, 1H, NH), 9.96 (s, 1H, NH),
8.03-8.02 (d, J =8.8 Hz, 2H, Har), 7.90-7.88 (d, J = 8.8 Hz, 2H, Har), 7.88-7.86 (d, J = 8.8 Hz,
1H, Har), 7.83-7.81 (d, J = 8.8 Hz, 2H, Har), 7.80-7.78 (d, J = 8.7 Hz, 2H, Hay), 7.45-7.41 (d,
J =18.6 Hz, 2H, NH2), 7.39-7.38 (d, J = 8.2 Hz, 1H, Hay), 7.30-7.08 (t, J = 53.6 Hz, 1H, CHF>),
6.80-6.79 (d, J=8.2 Hz, 1H, CHNH), 4.41-4.35 (m, 2H, CHNH, CH(CHz3),), 3.86-3.84 (d,
J=7.4Hz, 1H, CHOCHj3), 3.25 (s, 3H, OCHg), 1.55 (s, 9H, C(CHs)s), 1.38 (s, 9H, C(CHa)3),
1.23-1.22 (d, J = 6.2 Hz, 6H, CH(CH3)2) ppm;

13C-NMR (126 MHz, DMSO-dgs) = 6 170.6 (CO), 168.9 (CO), 166.2 (CO), 164.6 (CO), 164.6
(C0O), 154.9 (CO), 150.0 (Car), 143.2 (Car), 142.2 (Car), 134.2 (Car), 133.2 (Car), 130.0 (Cav),
129.4 (Car), 128.6 (Car), 128.2 (Car), 126.1 (Car), 124.9 (Car), 123.3 (Car), 118.8 (Car), 118.7
(Car), 113.8-110.1 (t, J = 236.5 Hz, CHF>), 80.4 (2C, C(CHs)3), 80.1 (CHOCH3), 78.7 (CHNH),
77.0 (CH(CHa)z2), 57.6 (OCHs), 28.1 (C(CHs)3), 27.9 (C(CHs3)3), 21.9 (CH(CHs)2) ppm;
HRMS (ESI) calculated for C3gHa7F2NsO10Na [M+Na]*: 806.3189; found: 806.3204.

tert-Butyl 4-(4-(4-((2S,3R)-2,4-diamino-3-methoxy-4-oxobutanamido)benzamido)-2-(difluoro
methyl)-3-isopropoxybenzamido)benzoate (182)
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Carbamate 136 (44.0 mg, 0.06 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 1.40 mL,
5.61 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (40 mL) and a sat. NaHCO3 solution
(40 mL). The ag. phase was extracted with EtOAc and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.
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tert-Butyl 4-(4-(4-((2S,3R)-4-amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-
oxobutanamido)benzamido)-2-(difluoromethyl)-3-isopropoxybenzamido)benzoate (183)
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DIPEA (28 pL, 0.16 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(24.6 mg, 0.06 mmol, 1.20 equiv.) and carboxylic acid 3 (17.2 mg, 0.06 mmol, 1.20 equiv.) in
DMF (1.4 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 182 (36.8 mg, 0.05 mmol) in DMF (0.8 mL). The reaction mixture was stirred at rt
for 18 h. The mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried
over MgSOs, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, MeOH in CH2Cl, = 3%, 4%, 5%) to furnish product 183
(16.9 mg, 0.02 mmol, 33% over two steps) as colorless amorphous solid.

Rf (5% MeOH in CH2Cl) = 0.19;

[@]o?® =+2.4° (c 0.1, MeOH);

IH-NMR (600 MHz, DMSO-ds) = & 10.76 (s, 1H, NH), 10.72 (s, 1H, NH), 10.55 (s, 1H, NH),
9.97 (s, 1H, NH), 8.46-8.44 (d, J = 8.2 Hz, 2H, CHNH), 8.13-8.11 (m, 2H, Ha/), 8.05-8.03 (m,
4H, Har), 7.91-7.81 (m, 11H, Ha/), 7.54-7.48 (d, J=39.3 Hz, 2H, NH), 7.39-7.38 (d,
J=8.2Hz, 1H, Ha), 7.28-7.10 (t, J=53.7 Hz, 1H, CHF), 4.93-4.90 (t, J=8.1 Hz, 1H,
CHNH), 4.40-4.34 (sept, J = 6.1 Hz, 1H, CH(CH3).), 4.10-4.08 (d, J = 8.0 Hz, 1H, CHOCH3),
3.31 (s, 3H, OCHpa), 1.55 (s, 9H, C(CH?3)3), 1.23-1.22 (d, J = 6.2 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (151 MHz, DMSO-dgs) = § 170.9 (CO), 168.7 (CO), 166.2 (CO), 165.5 (CO), 164.6
(CO), 164.5 (CO), 164.5 (CO), 150.0 (Car), 143.2 (Car), 142.1 (Car), 141.8 (Car), 138.7 (Car),
134.2 (Car), 133.2 (Car), 132.5 (Car), 130.0 (Car), 129.4 (Car), 128.9 (Car), 128.6 (Car), 128.6
(Car), 128.3 (Car), 128.2 (Car), 126.1, (Car), 124.9 (Car), 123.3 (Car), 119.6 (Car), 118.8 (Car),
118.8 (Car), 118.3(CN), 114.1 (Car), 113.5-110.4 (t, J = 237.5 Hz, CHF>), 80.4 (C(CH3)3), 80.0
(CHOCHa), 77.0 (CH(CHs)2), 57.6 (OCHs), 55.8 (CHNH), 27.9 (C(CHs)3), 21.9
(CH(CHa)2) ppm;

HRMS (ESI) calculated for Ca9Ha7F2N7010Na [M+Na]*: 954.3250; found: 954.3248.
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4-(4-(4-((2S,3R)-4-Amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-0xo
butanamido)benzamido)-2-(difluoromethyl)-3-isopropoxybenzamido)benzoic acid TSE40
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tert-Butyl ester 183 (14.4 mg, 0.02 mmol) was dissolved in precooled TFA (1 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et2O was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSE40 (9.9 mg,
0.01 mmol, 73%) as beige amorphous solid.
[¢]o?® =-0.5° (c 0.1, MeOH);
'H-NMR (600 MHz, DMSO-ds) = 6 12.74 (bs, 1H, COzH), 10.76 (s, 1H, NH), 10.72 (s, 1H,
NH), 10.55 (s, 1H, NH), 9.97 (s, 1H, NH), 8.46-8.44 (d, J = 8.2 Hz, 2H, CHNH), 8.13-8.12 (d,
J =8.6 Hz, 2H, Ha), 8.05-8.03 (m, 4H, Har), 7.94-7.92 (d, J = 8.3 Hz, 2H, Har), 7.91-7.89 (m,
4H, Har), 7.88-7.86 (d, J = 8.3 Hz, 1H, Har), 7.83-7.81 (M, 4H, Har), 7.54-7.48 (d, J = 39.7 Hz,
2H, NHy), 7.39-7.38 (d, J = 8.2 Hz, 1H, Ha/), 7.28-7.10 (t, J = 53.7 Hz, 1H, CHF_), 4.93-4.90
(t, J=8.1Hz, 1H, CHNH), 4.40-4.34 (sept, J=6.2 Hz, 1H, CH(CHa).), 4.10-4.08 (d,
J =8.0 Hz, 1H, CHOCHpg), 3.31 (s, 3H, OCHs3), 1.23-1.22 (d, J = 6.2 Hz, 6H, CH(CHs3)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 6 170.9 (CO), 168.7 (CO), 166.9 (CO), 166.2 (CO), 165.5
(CO), 164.6 (CO), 164.5 (CO), 150.0 (Car), 143.1 (Car), 142.1 (Car), 141.8 (Car), 138.7 (Car),
134.2 (Car), 133.2 (Car), 132.5 (Car), 130.3 (Car), 129.5 (Car), 128.9 (Car), 128.6 (Car), 128.6
(Car), 128.3 (Car), 128.2 (Car), 125.5, (Car), 124.9 (Car), 123.3 (Car), 119.6 (Car), 118.9 (Cav),
118.8 (Car), 118.3 (CN), 114.1 (Car), 113.5-110.4 (t, J = 236.5 Hz, CHF>), 80.0 (CHOCH?3),
77.0 (CH(CHBa)z2), 57.6 (OCHpg), 55.8 (CHNH), 21.9 (CH(CHa)2) ppm;
9F-NMR (376 MHz, DMSO-ds) =  -110.11- -110.25 (d, J = 53.7 Hz, 2F, CHF2) ppm;
HRMS (ESI) calculated for CasHzgF2N7010 [M-H]: 874.2648; found: 874.2642.

4.2.5 (S)-2-Amino-3-cyclopropylpropanoic acid derivatives

tert-Butyl (S)-4-(4-(4-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-cyclopropyl

propanamido)benzamido)-2-(allyloxy)-3-isopropoxybenzamido)benzoate (130)
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Amine 5 (400 mg, 0.73 mmol), acid 117 (438 mg, 1.25 mmol, 1.70 equiv.) and EEDQ (290 mg,
1.17 mmol, 1.60 equiv.) were dissolved in precooled CHCI3 (3.7 mL) at 0 °C. The mixture was
stirred for 19 h while warming to rt. The solution was concentrated on silica und purified by
column chromatography (20% Et>O in CH2Cl>, then 1% MeOH in CH2Clz) to furnish carbamate
130 (547 g, 0.62 mmol, 85%) was yellow amorphous solid, which contained minor impurities.

The compound was used in the next step without further purification.
HRMS (ESI) calculated for CsoHs4N2OgNa [M+Na]*: 901.3788; found: 901.3812.

tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-amino-3-cyclopropylpropanamido)benzamido)-3-iso
propoxybenzamido)benzoate (142)
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Carbamate 130 (500 mg, 0.57 mmol) was dissolved in MeCN (5.3 mL). Et2NH (1.3 mL) was
added. The solution was stirred at rt for 30 min. The mixture was concentrated under reduced
pressure. The residue was diluted with MeCN and concentrated three times. The crude product

was dried in vacuo to furnish amine 142, which was used in the next step without further

purification.
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tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-cyclopropyl
propanamido)benzamido)-3-isopropoxybenzamido)benzoate (148)

DIPEA (435 pL, 2.49 mmol, 5.00 equiv.) was added dropwise to a stirred solution of HATU
(473 mg, 1.24 mmol, 2.50 equiv.) and carboxylic acid 3 (331 mg, 1.24 mmol, 2.50 equiv.) in

Jeaad

DMF (12 mL). The solution was stirred for 30 min and was then transferred to a stirred solution
of amine 142 (327 mg, 0.50 mmol) in DMF (7 mL). The reaction mixture was stirred at rt for
19 h. The mixture was diluted with EtOAc and washed with a 0.1 M HCI solution, brine, dried
over MgSOq, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, MeOH in CH2Cl, = 1%, 5%) to furnish product 148
(405.2 mg, 0.45 mmol, 90%) as yellow amorphous solid.
Rf (2% MeOH in CH2Cl) = 0.31;
[¢]p?? = +13.6 ° (c 0.3, MeOH);
IH-NMR (500 MHz, DMSO-ds) = & 10.69 (s, 1H, NH), 10.53 (s, 1H, NH), 10.46 (s, 1H, NH),
9.51 (s, 1H, NH), 8.62-8.61 (d, J = 7.1 Hz, 1H, CHNH), 8.14-8.12 (d, J = 8.6 Hz, 2H, Ha),
8.06-8.04 (d, J = 8.6 Hz, 2H, Har), 7.99-7.97 (m, 4H, Har), 7.90-7.88 (d, J = 7.8 Hz, 4H, Ha/),
7.84-7.80 (m, 5H, Har), 7.42-7.40 (d, J = 8.5 Hz, 1H, Ha/), 6.05-5.99 (m, 1H, OCH>CHCHy),
5.39-5.36 (dg, J=1.7, 17.2 Hz, 1H, OCH2CHCH_), 5.21-5.19 (dq, J =1.7, 10.5 Hz, 1H,
OCH2CHCHy), 4.71-4.67 (q, J=7.5 Hz, 1H, CHNH), 4.61-4.60 (d, J = 5.4 Hz, 2H, OCH>),
4.53-4.47 (sept, J = 6.1 Hz, 1H, CH(CHa)z2), 1.96-1.92 (m, 1H, CHCH.CH), 1.60-1.57 (m, 1H,
CHCH2CH), 1.55 (s, 9H, C(CHa)3), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHs)2), 0.91-0.88 (m,
1H, CH(CH?2)2), 0.49-0.38 (m, 2H, CH(CH>)2), 0.25-0.14 (m, 2H, CH(CH>).) ppm;
13C-NMR (500 MHz, DMSO-ds) = § 171.7 (CO), 166.0 (CO), 164.6 (CO), 164.5 (CO), 164.4
(CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.4 (Car), 141.5 (Car), 138.7 (Car),
135.7 (Car), 133.6 (OCH2CHCH_), 132.5 (Car), 130.1 (Car), 129.3 (Car), 128.6 (Car), 128.5
(Car), 128.4 (Car), 128.3 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 119.5 (Car), 118.9 (Car),
118.8 (Car), 118.7 (Car), 118.3 (OCH2CHCH), 117.8 (CN), 114.0 (Car), 80.3 (C(CHs3)3), 76.2
(CH(CHs3)2), 74.3 (OCHy), 55.3 (CHNH), 36.3 (CHCH2CH), 27.9 (C(CHa)3), 22.3 (CH(CHa)=),
8.2 (CH(CHy)2), 4.7 (CH(CH>)2), 4.0 (CH(CH2)2) ppm;
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HRMS (ESI) calculated for Cs2Hs2NeOgNa [M+Na]*: 927.3693; found: 927.3712.

tert-Butyl (S)-4-(4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-cyclopropylpropanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (154)

Allyl ether 148 (374 mg, 0.41 mmol) was dissolved in THF (18 mL). Aniline (124 puL,
1.36 mmol, 3.30 equiv.) and Pd(PPhs)s (47.7 mg, 0.04 mmol, 0.10 equiv.) were added
subsequently and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated
under reduced pressure. The crude product was purified by column chromatography (dry load,
MeOH in CH2Cl2 = 2%, 5%) to furnish product 154 (286 mg, 0.33 mmol, 80%) as yellow
amorphous solid.

Rf (2% MeOH in CH2Cl,) = 0.23;

[]p?? = -10.2 ° (c 0.3, MeOH);

IH-NMR (500 MHz, DMSO-ds) = & 12.29 (s, 1H, OH), 10.69 (s, 1H, NH), 10.62 (bs, 1H, NH),
10.48 (s, 1H, NH), 9.39 (s, 1H, NH), 8.62-8.61 (d, J = 7.4 Hz, 1H, CHNH), 8.14-8.12 (d,
J=8.6 Hz, 2H, Ha/), 8.05-8.04 (d, J = 8.6 Hz, 2H, Har), 7.98-7.95 (m, 4H, Har), 7.93-7.92 (d,
J=8.9 Hz, 2H, Ha/), 7.90-7.88 (d, J = 8.9 Hz, 2H, Ha/), 7.86-7.84 (m, 3H, Har), 7.82-7.81 (d,
J=8.9 Hz, 2H, Ha), 7.71-7.70 (d, J = 8.9 Hz, 1H, Ha), 4.71-4.68 (g, J = 7.5 Hz, 1H, CHNH),
4.57-4.53 (sept, J = 6.1 Hz, 1H, CH(CHa3)2), 1.96-1.91 (m, 1H, CHCH2CH), 1.60-1.58 (m, 1H,
CHCH.CH), 1.55 (s, 9H, C(CHz3)3), 1.27-1.26 (dd, J = 1.7, 6.1 Hz, 6H, CH(CH3)2), 0.91-0.87
(m, 1H, CH(CHz2)2), 0.49-0.38 (m, 2H, CH(CH?2)2), 0.25-0.13 (m, 2H, CH(CH2)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 8 171.7 (CO), 168.5 (CO), 166.0 (CO), 164.5 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.5 (Car), 142.0 (Car), 141.5 (Car), 138.7 (Car), 137.0 (Car),
136.3 (Car), 132.5 (Car), 129.9 (Car), 129.3 (Car), 128.6 (Car), 128.4 (Car), 128.4 (Car), 128.3
(Car), 126.8 (Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 118.8 (Car), 118.3 (CN), 114.0 (Car),
112.4 (Car), 112.1 (Car), 80.5 (C(CH3)3), 74.8 (CH(CHBa)2), 55.3 (CHNH), 36.3 (CHCH2CH),
27.8 (C(CHz3)3), 22.3 (CH(CHBa)z2), 8.1 (CH(CH2)2), 4.6 (CH(CHy>)), 4.0 (CH(CH>)2) ppm;
HRMS (ESI) calculated for C49H4sNsOgNa [M+Na]*: 887.3380; found: 887.3381.
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(S)-4-(4-(4-(2-(4-(4-Cyanobenzamido)benzamido)-3-cyclopropylpropanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid DK405
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tert-Butyl ester 154 (250 mg, 0.29 mmol) was dissolved in precooled TFA (10 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0°C. The precipitate
was filtered off, washed with an excess of Et2O and dried in vacuo to furnish DK405 (205 mg,
0.25 mmol, 88%) as colorless amorphous solid.

[¢]p?? = +3.8 ° (¢ 0.1, MeOH);

'H-NMR (600 MHz, DMSO-ds) = 6 12.82 (bs, 1H, COzH), 12.29 (s, 1H, OH), 10.69 (s, 1H,
NH), 10.60 (s, 1H, NH), 10.48 (s, 1H, NH), 9.40 (s, 1H, NH), 8.62-8.61 (d, J =7.4 Hz, 1H,
CHNH), 8.14-8.12 (d, J = 8.6 Hz, 2H, Ha), 8.06-8.04 (d, J = 8.6 Hz, 2H, Har), 7.98-7.95 (m,
6H, Har), 7.90-7.88 (d, J = 9.1 Hz, 2H, Ha), 7.86-7.84 (m, 3H, Har), 7.82-7.81 (d, J = 8.8 Hz,
2H, Hay), 7.72-7.70 (d, J = 8.9 Hz, 1H, Ha), 4.71-4.68 (q, J = 6.9 Hz, 1H, CHNH), 4.58-4.52
(sept, J=6.1Hz, 1H, CH(CHa)2), 1.96-1.91 (m, 1H, CHCH:CH), 1.60-1.55 (m, 1H,
CHCH2CH), 1.27-1.26 (dd, J=1.5, 6.1 Hz, 6H, CH(CHz3)2), 0.90-0.87 (m, 1H, CH(CH2)2),
0.49-0.37 (m, 2H, CH(CH>)), 0.25-0.13 (m, 2H, CH(CH>).) ppm;

13C-NMR (151 MHz, DMSO-ds) = 171.7 (CO), 168.5 (CO), 166.9 (CO), 166.0 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.5 (Car), 142.0 (Car), 141.5 (Car), 138.7 (Car), 137.0 (Car),
136.3 (Car), 132.5 (Car), 130.2 (Car), 129.2 (Car), 128.6 (Car), 128.4 (Car), 128.4 (Car), 128.3
(Car), 126.3 (Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 118.8 (Car), 118.3 (CN), 114.0 (Car),
112.4 (Car), 112.2 (Car), 74.9 (CH(CH?3)2), 55.3 (CHNH), 36.3 (CHCH2CH), 22.3 (CH(CH?3)=),
8.1 (CH(CHy)2), 4.6 (CH(CHy)2), 4.0 (CH(CH2)2) ppm;

HRMS (ESI) calculated for C4sH39NsOg [M-H]: 807.2779; found: 807.2767.

tert-Butyl (S)-4-(4-(5-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-cyclopropyl

propanamido)picolinamido)-2-(allyloxy)-3-isopropoxybenzamido)benzoate (131)
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Amine 114 (200 mg, 0.37 mmol) and amino acid 117 (180 mg, 0.51 mmol, 1.40 equiv.) were
dissolved in EtOAc (800 pL) and pyridine (90 pL, 1.10 mmol, 3.00 equiv.) was added. T3P
(50% in EtOAC, 392 pL, 0.66 mmol, 1.80 equiv.) was added dropwise at 0 °C. The mixture was
stirred at 0 °C for 2 h. H2O was added and the ag. phase was extracted with EtOAc (3x). The
combined organic phases were washed with a sat. NaHCO3 solution, brine, dried over MgSOa,
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (dry load, PE/EtOAc = 1:1) to furnish product 131 (313 mg, 0.36 mmol, 97%)
as yellow amorphous solid.
Rf (PE/EtOAC = 1:1) = 0.63;
[@]p?t =-2.7 ° (c 0.2, MeOH);
IH-NMR (600 MHz, DMSO-ds) = & 10.68 (s, 1H, NH), 10.67 (s, 1H, NH), 10.48 (s, 1H, NH),
9.02-8.98 (m, 1H, Har), 8.35-8.33 (d, J = 8.6 Hz, 1H, Ha), 8.30-8.28 (dd, J = 2.3, 8.6 Hz, 1H,
Har), 8.19-8.18 (d, J = 8.6 Hz, 1H, Har), 7.90-7.88 (M, 4H, Har), 7.84-7.82 (m, 3H, Ha), 7.76-
7.74 (t, = 7.7 Hz, 2H, Hay), 7.49-7.47 (d, J = 8.6 Hz, 1H, NH), 7.43-7.40 (td, J = 3.3, 7.4 Hz,
2H, Har), 7.34-7.32 (t, J = 7.4 Hz, 2H, Har),6.05-5.99 (m, 1H, CHCH>), 5.40-4.37 (dq, J = 1.6,
17.2 Hz, 1H, CHCHy), 5.22-5.20 (dq, J=1.6, 10.5Hz, 1H, CHCH), 4.67-4.63 (sept,
J=6.1Hz, 1H, CH(CHa)2), 4.62-4.61 (d, J = 5.5 Hz, 2H, OCH,CH), 4.34-4.23 (m, 4H, CHNH,
C(0O)OCHCH, C(0)OCH.CH), 1.81-1.76 (m, 1H, NHCHCHy>), 1.55 (s, 9H, C(CH3)3), 1.48-
1.44 (m, 1H, NHCHCH), 1.37-1.35 (dd, J = 6.2, 8.8 Hz, 6H, CH(CHz3)2), 0.86-9.81 (m, 1H,
CH(CH2)3), 0.47-0.37 (m, 2H, (CH2)2), 0.19-0.09 (m, 2H, (CHz)2) ppm;
13C-NMR (151 MHz, DMSO-dg) = 172.3 (CO), 164.6 (CO), 164.3 (CO), 161.1 (CO), 156.1
(CO), 149.3 (Car), 143.8 (d, J=10.8 Hz, Car), 143.3 (Car), 143.0 (Car), 140.7 (Car), 139.4
(Car), 139.3-138.8 (d, J = 75.1 Hz, Car), 135.5 (Car), 133.5 (CHCH>), 130.1 (Car), 127.6 (d,
J=3.4Hz, Car), 127.1 (Car), 126.0-125.8 (d, J = 36.8 Hz, Car), 125.3 (Car), 124.6 (Car), 122.9
(Car),120.1(d, J =2.1 Hz, Car), 118.8 (Car), 118.0 (CHCH?), 113.8 (Car), 80.3 (C(CH3)3), 76.3
(OCH2CH), 74.3 (CH(CHs3)2), 65.7 (C(O)OCH2CH), 56.2 (NHCH), 46.7 (C(O)OCH2CH), 36.4
(NHCHCHy>), 27.9 (C(CHa)3), 22.3 (d, J = 9.2 Hz, CH(CHBa)z2), 7.9 (CH(CHy>)3), 4.6 ((CH2)2),
3.9 ((CH2)2) ppm;
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HRMS (ESI) calculated for Cs1Hs3NsOgNa [M+Na]*: 902.3741; found: 902.3748.

tert-Butyl (S)-4-(2-(allyloxy)-4-(5-(2-amino-3-cyclopropylpropanamido)picolinamido)-3-

isopropoxybenzamido)benzoate (186)
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Carbamate 131 (305 mg, 0.35 mmol) was dissolved in MeCN (4 mL) and piperidine (1 mL)
was added. The mixture was stirred at rt for 90 min, before it was concentrated under reduced

pressure. The residue was coevaporated with MeCN (3x). Th crude product was used in the
next step without further purification.

tert-Butyl (S)-4-(2-(allyloxy)-4-(5-(2-(3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-
carboxamido)-3-cyclopropylpropanamido)picolinamido)-3-isopropoxybenzamido)benzoate
(193)

/j\ O HN
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DIPEA (435 pL, 2.49 mmol, 5.00 equiv.) was added dropwise to a stirred solution of HATU
(473 mg, 1.24 mmol, 2.50 equiv.) and carboxylic acid 43 (331 mg, 1.24 mmol, 2.50 equiv.) in
DMF (12 mL). The solution was stirred for 30 min and was then transferred to a stirred solution
of amine 186 (327 mg, 0.50 mmol) in DMF (7 mL). The reaction mixture was stirred at rt for

19 h. The mixture was diluted with EtOAc and washed with a 0.1 M HCI solution, brine, dried
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over MgSOq, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, MeOH in CH2Cl, = 1%, 5%) to furnish product 193
(405 mg, 0.45 mmol, 90%) as yellow amorphous solid.

Rf (3% MeOH in CH2Cl) = 0.19;

[¢]p?t = +1.3 ° (c 0.3, MeOH);

1H-NMR (400 MHz, DMSO-ds) = & 10.73 (s, 1H, NH), 10.68 (s, 1H, NH), 10.48 (s, 1H, NH),
9.99 (s, 1H, NH), 8.99-8.98 (d, J = 2.3 Hz, 1H, Har), 8.36-8.33 (d, J = 8.6 Hz, 1H, Ha), 8.31-
8.28 (dd, J = 2.4, 8.7 Hz, 2H, Har), 8.20-8.18 (m, 2H, NH, Har), 7.90-7.77 (m, 8H, Har), 7.49-
7.47(d,J =8.6 Hz, 1H, Har), 6.07-5.97 (m, 1H, OCH2CHCH>), 5.41-5.36 (dqg, J = 1.7, 17.2 Hz,
1H, OCH2CHCHy), 5.23-5.20 (dg, J=1.7, 10.5 Hz, 1H, OCH2CHCHy), 4.68-4.61 (m, 3H,
CH(CHz)2, OCH2CH), 4.59-4.53 (m, 1H, CHNH), 2.28 (s, 6H, CCH.C), 1.79-1.57 (m, 2H,
NHCHCH?), 1.55 (s, 9H, C(CHs3)3), 1.38-1.35 (t, J = 6.2 Hz, 6H, CH(CH?3).), 0.85-0.73 (m, 1H,
CH(CHz2)3), 0.48-0.34 (m, 2H, (CHz)2), 0.22-0.06 (m, 2H, (CH2)2) ppm;

13C-NMR (101 MHz, DMSO-ds) = 6 171.8 (CO), 168.9 (CO), 168.6 (CO), 164.6 (CO), 164.3
(CO), 161.1 (CO), 149.3 (Car), 143.3 (Car), 143.0 (Car), 142.9 (Car), 139.4 (Car), 139.3 (Car),
138.8 (Car), 135.5 (Car), 133.5 (OCH2CHCHz), 133.1 (Car), 130.1 (Car), 127.1 (Car), 126.0
(Car), 125.8 (Car), 124.6 (Car), 122.9 (Car), 119.7 (Car), 119.0 (CN), 118.8 (Car), 118.0
(OCH2CHCHy), 113.8 (Car), 105.3 (Car), 80.3 (C(CHs3)3), 76.3 (OCH2CH), 74.3 (CH(CHs3)=),
54.2 (NHCH), 51.7 (CCH:C), 38.9 (CCH:C), 37.9 (CCH:C), 36.2 (NHCHCH2), 27.8
(C(CHg3)3), 22.3 (d, J = 6.6 Hz, CH(CHBa)2), 7.9 (CH(CH>)3), 4.5 ((CH2)2), 3.9 ((CH2)2) ppm;
HRMS (ESI) calculated for CsoHs3sN7O9Na [M+Na]*: 918.3802; found: 918.38009.

tert-Butyl (S)-4-(4-(5-(2-(3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-carbox-
amido)-3-cyclopropylpropanamido)picolinamido)-2-hydroxy-3-isopropoxybenzamido)
benzoate (202)

Allyl ether 193 (263 mg, 0.29 mmol) was dissolved in THF (13 mL). Aniline (88 pL,
0.97 mmol, 3.30equiv.) and Pd(PPhs)s (33.9mg, 0.03 mmol, 0.10 equiv.) were added

subsequently and the resulting mixture was stirred at rt for 4 h. The mixture was concentrated
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under reduced pressure. The crude product was purified by column chromatography (dry load,
MeOH in CH2Cl> = 2%, 4%) to furnish product 202 (220 mg, 0.26 mmol, 88%) as yellow
amorphous solid.

Rf (5% MeOH in CH2Cl) = 0.31;

[¢]o?? = +1.4 ° (c 0.3, MeOH);

'H-NMR (600 MHz, DMSO-ds) = 6 12.45 (s, 1H, OH), 10.74 (s, 1H, NH), 10.73 (s, 1H, NH),
10.61 (bs, 1H, NH), 9.99 (s, 1H, NH), 8.98 (d, J = 2.3 Hz, 1H, Ha), 8.31-8.29 (dd, J = 2.4,
8.6 Hz, 2H, Ha), 8.20-8.18 (m, 2H, NH, Har), 8.11-8.10 (d, J = 8.8 Hz, 1H, Har), 7.94-7.90 (m,
3H, Har), 7.87-7.85 (m, 4H, Ha), 7.79-7.77 (d, J=8.9Hz, 2H, Har), 4.70-4.64 (sept,
J=6.1 Hz, 1H, CH(CHs),), 4.59-4.54 (m, 1H, CHNH), 2.28 (s, 6H, CCHC), 1.78-1.57 (m,
2H, NHCHCH?>), 1.55 (s, 9H, C(CHs3)s3), 1.36-1.33 (dd, J = 6.1, 9.8 Hz, 6H, CH(CH3)2), 0.81-
0.76 (m, 1H, CH(CHy>)3), 0.47-0.35 (m, 2H, (CH2)2), 0.21-0.07 (m, 2H, (CH)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 3 171.8 (C0O), 168.9 (CO), 168.7 (CO), 168.6 (CO), 164.5
(CO), 161.3 (CO), 154.1 (Car), 143.3 (Car), 142.9 (Car), 141.9 (Car), 139.3 (Car), 138.8 (Car),
136.8 (Car), 134.0 (Car), 133.1 (Car), 129.9 (Car), 127.1 (Car), 126.9 (Car), 123.5 (Car), 123.0
(Car), 120.8 (Car), 119.7 (Car), 119.0 (CN), 111.6 (Car), 108.3 (Car), 105.3 (Car), 80.5
(C(CHg)3), 74.3 (CH(CHBa)2), 54.2 (NHCH), 51.7 (CCHC), 38.9 (CCHC), 37.9 (CCH2C), 36.3
(NHCHCH?>), 27.8 (C(CH3)3), 22.3 (d, J = 10.3 Hz, CH(CHBg)2), 7.9 (CH(CH>)3), 4.5 ((CH>)2),
3.9 ((CH2)2) ppm;

HRMS (ESI) calculated for C47H19N7O9Na [M+Na]*: 878.3489; found: 878.3491.
(S)-4-(4-(5-(2-(3-((4-Cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-carboxamido)-3-
cyclopropylpropanamido)picolinamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
TSF54

tert-Butyl ester 202 (216 mg, 0.25 mmol) was dissolved in precooled TFA (13 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0°C. The precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF54 (215 mg,
0.25 mmol, quant.) as yellow amorphous solid.

[¢]p?? = +1.5° (c 0.2, MeOH);
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'H-NMR (600 MHz, DMSO-ds) = 8 12.83 (bs, 1H, CO2H), 12.45 (s, 1H, OH), 10.74 (s, 1H,
NH), 10.73 (s, 1H, NH), 10.61 (s, 1H, NH), 10.00 (s, 1H, NH), 8.98 (d, J = 2.4 Hz, 1H, Ha),
8.31-8.29 (dd, J = 2.3, 8.6 Hz, 2H, Har), 8.20-8.18 (m, 2H, NH, Har), 8.12-8.10 (d, J = 8.9 Hz,
1H, Har), 7.98-7.96 (d, J = 8.8 Hz, 2H, Har), 7.92-7.91 (d, J = 9.2 Hz, 1H, Ha:), 7.87-7.85 (m,
4H, Har), 7.79-7.77 (d, 3 = 8.9 Hz, 2H, Ha), 4.71-4.65 (sept, J = 6.1 Hz, 1H, CH(CHa)2), 4.57-
4.54 (m, 1H, CHNH), 2.28 (s, 6H, CCH2C), 1.78-1.55 (m, 2H, NHCHCH?>), 1.36-1.33 (dd,
J=6.1,9.8 Hz, 6H, CH(CHs3).), 0.81-0.75 (m, 1H, CH(CH2)3), 0.47-0.35 (m, 2H, (CH2)2), 0.21-
0.07 (m, 2H, (CH2)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 5 171.8 (CO), 168.9 (CO), 168.7 (CO), 168.6 (CO), 166.9
(CO), 161.3 (CO), 154.1 (Car), 143.3 (Car), 142.9 (Car), 141.9 (Car), 139.3 (Car), 138.8 (Car),
136.8 (Car), 134.0 (Car), 133.1 (Car), 130.2 (Car), 127.1 (Car), 126.3 (Car), 123.5 (Car), 123.0
(Car), 120.8 (Car), 119.7 (Car), 119.0 (CN), 111.6 (Car), 108.4 (Car), 105.3 (Car), 74.8
(CH(CHs3)2), 54.2 (NHCH), 51.7 (CCH2C), 38.9 (CCH2C), 37.9 (CCHC), 36.3 (NHCHCH),
27.8 (C(CHg)3), 22.3 (d, J=10.3Hz, CH(CHz3)2), 7.9 (CH(CH.)3), 45 ((CH2).), 3.9
((CHz2)2) ppm;

HRMS (ESI) calculated for C43H40N709 [M-H]": 798.2888; found: 798.2889.

4.2.6 (S)-2-Aminopent-4-ynoic acid derivatives
tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-((tert-butoxycarbonyl)amino)pent-4-ynamido)

benzamido)-3-isopropoxybenzamido)benzoate (128)
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Amine 5 (700 mg, 1.28 mmol), acid 116 (328 mg, 1.54 mmol, 1.20 equiv.) and DIPEA
(700 pL, 4.00 mmol, 3.10 equiv.) were dissolved in DMF (10 mL). T3P (50% in DMF, 1.63 g,
2.57 mmol, 2.00 equiv.) was added at 0 °C. The mixture was stirred for 21 h while warming to

rt. EtOAc was added and the organic phase was washed with a1 M HCI solution, a sat. NaHCO3

solution, brine, dried over MgSQsa, filtered and concentrated under reduced pressure. The
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residue was purified by column chromatography (dry load, PE/EtOAc = 3:2) to furnish product
128 (355 mg, 0.65 mmol, 50%) as yellow amorphous solid.

[@]p?? = -1.3 ° (c 1.4, MeOH);

'H-NMR (400 MHz, DMSO-dg) = 8 10.53 (s, 1H, NH), 10.42 (s, 1H, NH), 9.52 (s, 1H, NH),
7.99-7.97 (d, J = 8.8 Hz, 2H, Har), 7.90-7.88 (d, J = 8.7 Hz, 2H, Har), 7.84-7.80 (m, 3H, Ha),
7.79-7.77 (d, J = 8.5 Hz, 2H, Ha), 7.42-7.40 (d, J = 8.5 Hz, 1H, Ha/), 7.23-7.21 (d, J = 7.9 Hz,
1H, NHBoc), 6.07-5.97 (m, 1H, OCH,CHCH,), 5.40-5.35 (dgq, J=1.7, 17.2 Hz, 1H,
OCH2CHCH?y), 5.22-5.18 (dg, J = 1.3, 10.5 Hz, 1H, OCH>CHCH>), 4.61-4.60 (d, J = 5.5 Hz,
2H, OCH2CHCHy), 4.54-4.45 (sept, J = 6.1 Hz, 1H, CH(CHs).), 4.32-4.27 (q, J = 7.8 Hz, 1H,
CHNH?>), 2.92-2.90 (t, J = 2.3 Hz, 1H, CH2CCH), 2.65-2.56 (m, 2H, CH.CCH), 1.55 (s, 9H,
C(CHa)3), 1.40 (s, 9H, (CH3)3goc), 1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHz)2) ppm;

13C-NMR (101 MHz, DMSO-dg) = 169.9 (CO), 164.6 (CO), 164.5 (CO), 164.3 (CO), 155.2
(CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car), 135.6 (Car), 133.6 (OCH2CHCHy),
130.1 (Car), 128.5 (Car), 128.5 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 119.0 (Car), 118.8
(Car), 118.8 (OCH2CHCHy), 117.8 (CN), 80.5 (C(CHBa)3), 80.3 (CH2CCH), 78.4 (C(CH3)3Boc),
76.2 (CH(CHs3)z2), 74.3 (OCH2CHCH_), 73.2 (CH2CCH), 54.1 (CHNHy), 28.2 ((CH3)3Boc), 27.9
(C(CHg)a3), 22.3 (CH(CHz)2) 21.7 (CH2CCH) ppm;

HRMS (ESI) calculated for C41H4gN4OgNa [M+Na]": 763.3319; found: 763.3324.

tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-aminopent-4-ynamido)benzamido)-3-isopropoxy
benzamido)benzoate (184)
X
H
H
o N

O O
O

PN
T
K
Carbamate 128 (356 mg, 0.48 mmol) was dissolved in precooled HCI (4 M in 1,4-dioxane,
12.0 mL, 48.0 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for
15 min. The solution was transferred to a stirred suspension of EtOAc (320 mL) and a sat.
NaHCO3 solution (320 mL). The ag. phase was extracted with EtOAc (3x 160 mL) and the
combined organic phases were washed with brine, dried over MgSO4 and concentrated under
reduced pressure to furnish amine 184 (248 mg, 0.39 mmol, 81%) as yellow amorphous solid.
[@]p?® =-1.0 ° (c 0.2, MeOH);
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'H-NMR (500 MHz, DMSO-ds) = 6 10.53 (s, 1H, NH), 9.53 (s, 1H, NH), 7.99-7.97 (d,
J=8.8 Hz, 2H, Ha/), 7.90-7.88 (d, J = 8.8 Hz, 2H, Ha/), 7.84-7.80 (m, 5H, Har), 7.41-7.39 (d,
J=8.5Hz, 1H, Har), 6.06-5.98 (m, 1H, OCH.CHCH_), 5.40-5.35 (dq, J = 1.6, 17.2 Hz, 1H,
OCH2CHCH?y), 5.22-5.19 (dqg, J=1.3, 10.5 Hz, 1H, OCH>CHCH>), 4.61-4.60 (d, J = 5.3 Hz,
2H, OCH,CHCH?>), 4.53-4.46 (sept, J = 6.1 Hz, 1H, CH(CH3)2), 3.58-3.55 (m, 1H, CHNH?>),
2.88-2.87 (t, J=2.3 Hz, 1H, CH2CCH), 2.59-2.51 (m, 2H, CH>CCH), 1.55 (s, 9H, C(CHa)3),
1.27-1.25 (d, J = 6.1 Hz, 6H, CH(CHs3)2) ppm;

13C-NMR (126 MHz, DMSO-dg) = 166.9 (CO), 164.6 (CO), 164.5 (CO), 164.3 (CO), 149.5
(Car), 143.0 (Car), 142.6 (Car), 142.0 (Car), 135.6 (Car), 133.7 (OCH2CHCH>), 130.4 (Car),
130.1 (Car), 128.4 (Car), 128.4 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 119.0 (Car), 118.8
(Car), 118.7 (OCH2CHCHy), 117.8 (CN), 81.1 (C(CHz)3), 80.3 (CH.CCH), 76.2 (CH(CHsa)z2),
74.3 (OCH2CHCHy), 73.2 (CH2CCH), 54.6 (CHNH), 27.9 (C(CHz)3), 24.7 (CH.CCH), 22.3
(CH(CHs)2) ppm;

HRMS (ESI) calculated for C3sHa1N2O7 [M+H]™: 641.2975; found: 641.2982.

tert-Butyl  (S)-4-(2-(allyloxy)-4-(4-(2-(4-(5-cyano-1-oxoisoindolin-2-yl)benzamido)pent-4-

ynamido)benzamido)-3-isopropoxybenzamido)benzoate (190)

X
H
D}(“
H
N © (0] °
J_oumn
. L0
K
Amine 184 (108 mg, 0.17 mmol, 1.00 equiv.) was dissolved in CH2Cl, (1.7 mL) and NMM
(37 pL, 0.34 mmol, 2.00 equiv.) was added. Chloride 280 (50.0 mg, 0.17 mmol) was added at
0 °C and the suspension was stirred for 20 h while warming to rt. The solvent was removed
under reduced pressure and the residue purified by column chromatography (dry load, MeOH
in CH2CI2 =1%, 2%) to furnish product 190 (62.6 mg, 0.07 mmol, 41%) as colorless
amorphous solid.
Rf (3% MeOH in CH2Cl) = 0.21;
[¢]p?? = +0.35° (¢ 0.5, THF);
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IH-NMR (500 MHz, DMSO-dg) = 6 10.57 (s, 1H, NH), 10.53 (s, 1H, NH), 9.53 (s, 1H, NH),
8.85-8.83 (d, J = 7.5 Hz, 1H, CHNH), 8.24 (s, 1H, Har), 8.07-8.02 (m, 5H, Ha), 8.00-7.98 (m,
3H, Har), 7.90-7.88 (d, J = 8.7 Hz, 2H, Ha), 7.84-7.80 (m, 5H, Har), 7.41-7.40 (d, J = 8.5 Hz,
1H, Har), 6.06-5.98 (m, 1H, OCH>CHCH?), 5.39-5.35 (dd, J = 1.6, 17.2 Hz, 1H, OCH>CHCH>),
5.21-5.19 (dd, J=1.4, 10.5 Hz, 1H, OCH2CHCHy), 5.17 (s, 2H, NCH>), 4.84-4.79 (m, 1H,
CHNH), 4.61-4.60 (d, J=5.4Hz, 2H, OCH.CHCH,), 4.53-4.46 (sept, J=6.1Hz, 1H,
CH(CHz3)2), 2.95-2.94 (t, J = 2.5 Hz, 1H, CH2CCH), 2.85-2.74 (m, 2H, CH2CCH), 1.55 (s, 9H,
C(CHz3)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHz)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.7 (CO), 165.8 (CO), 165.5 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.6 (Car), 142.1 (Car), 141.7 (Car), 141.7 (Car),
136.1 (Car), 135.6 (Car), 133.7 (OCH2CHCH_), 133.4 (Car), 130.1 (Car), 129.3 (Car), 128.7
(Car), 128.5 (Car), 128.5 (Car), 127.7 (Car), 127.1 (Car), 126.0 (Car), 124.4 (Car), 123.6 (Cav),
119.0 (Car), 118.9 (Car), 118.8 (Car), 118.5 (Car), 118.4 (OCH.CHCH?>), 117.8 (CN), 114.5
(Car), 80.6 (CH.CCH), 80.3 (C(CHa)s3), 76.3 (OCH2CHCH2), 74.3 (CH(CHa)2), 73.2
(CH2CCH), 53,5 (CHNH), 50.4 (NCHz), 27.9 (C(CHs)s3), 22.3 (CH(CHzs)2), 21.4
(CH2CCH) ppm;

HRMS (ESI) calculated for Cs2H1gNeOgNa [M+Na]*: 923.3380; found: 923.3376.

tert-Butyl (S)-4-(4-(4-(2-(4-(5-cyano-1-oxoisoindolin-2-yl)benzamido)pent-4-ynamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (199)

X
H
D}(“
H
N © (e} ©
)\ OH HN
K

Allyl ether 190 (60.4 mg, 0.07 mmol) was dissolved in THF (3.3 mL). Aniline (20 uL,
0.22 mmol, 3.30 equiv.) and Pd(PPhs)s (7.8 mg, 7 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (MeOH in CH2Cl, = 1%,
2%) to furnish product 199 (36.0 mg, 0.04 mmol, 56%, 90% purity) as orange amorphous solid,
which contained triphenylphosphinoxide as impurity. The compound was used in the next step
without further purification.

Rt (5% MeOH in CH2Cly) = 0.33;
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HRMS (ESI) calculated for CagH14NeO9Na [M+Na]*: 883.3067; found: 883.3053.

(S)-4-(4-(4-(2-(4-(5-Cyano-1-oxoisoindolin-2-yl)benzamido)pent-4-ynamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid TSD18

SV

NC
OH

tert-Butyl ester 199 (31.0 mg, 0.04 mmol) was dissolved in precooled TFA (1.8 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et.O was added and the precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSD18 (22.5 mg,
0.03 mmol, 78%) as colorless amorphous solid.

The measurement of optical rotation was not possible due to insolubility of compound TSD18.
'H-NMR (500 MHz, DMSO-ds) = 8 12.82 (bs, 1H, CO2H), 12.30 (s, 1H, OH), 10.60 (s, 1H,
NH), 10.59 (s, 1H, NH), 9.41 (s, 1H, NH), 8.85-8.84 (d, J = 7.5 Hz, 1H, CHNH), 8.24 (s, 1H,
Har), 8.07-8.01 (m, 5H, Har), 7.99-7.96 (m, 5H, Ha/), 7.86-7.82 (m, 5H, Har), 7.71-7.70 (d,
J=85Hz, 1H, Har), 5.17 (s, 2H, NCH), 4.84-4.80 (m, 1H, CHNH), 4.57-4.51 (sept,
J=6.1Hz, 1H, CH(CHa)2), 2.94 (t, J = 2.5 Hz, 1H, CH2CCH), 2.85-2.74 (m, 2H, CH2CCH),
1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHs3)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.7 (CO), 168.5 (CO), 166.9 (CO), 165.8 (CO), 165.5
(CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 142.0 (Car), 141.7 (Car), 141.7 (Car), 137.0 (Car),
136.3 (Car), 136.1 (Car), 132.4 (Car), 130.2 (Car), 129.3 (Car), 128.7 (Car), 128.5 (Car), 128.4
(Car), 127.7 (Car), 126.3 (Car), 124.4 (Car), 122.8 (Car), 120.7 (Car), 119.0 (Car), 118.5 (Car),
118.4 (CN), 114.5 (Car), 112.4 (Car), 112.2 (Car), 80.6 (CH2CCH), 74.9 (CH(CHa)2), 73.2
(CH2CCH), 53.5 (CHNH), 50.4 (NCH2), 22.3 (CH(CHBa)z2), 21.4 (CH2CCH) ppm;

HRMS (ESI) calculated for C4sH3sNsOg [M-H]: 803.2466; found: 803.2458.

tert-Butyl  (S)-4-(2-(allyloxy)-4-(4-(2-(4-(6-cyano-1-oxoisoindolin-2-yl)benzamido)pent-4-

ynamido)benzamido)-3-isopropoxybenzamido)benzoate (191)
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Amine 184 (63.4 mg, 0.10 mmol) and NMM (22 uL, 0.20 mmol, 2.00 equiv.) were dissolved
in CH2Cl> (1 mL) and chloride 281 (29.4 mg, 0.10 mmol, 1.00 equiv.) was added at 0 °C. The
mixture was stirred for 18 h while warming to rt. The solvent was removed under reduced
pressure. The residue was washed with MeOH and the precipitate was filtered off and dried in
vacuo to furnish product 191 (57.0 mg, 0.06 mmol, 64%) as beige amorphous solid.

[¢]p?® = +23.8 ° (c 0.1, MeCN);

'H-NMR (400 MHz, DMSO-dg) = 10.58 (s, 1H, NH), 10.53 (s, 1H, NH), 9.53 (s, 1H, NH),
8.84-8.83 (d, J =7.5Hz, 1H, CHNH), 8.39 (s, 1H, Har), 8.16-8.14 (dd, J=1.5, 7.9 Hz, 1H,
Har), 8.05 (bs, 4H, Har), 8.00-7.99 (d, J = 8.8 Hz, 2H, Har), 7.92-7.90 (d, J = 8.2 Hz, 1H, Ha/),
7.90-7.88 (d, J = 8.9 Hz, 2H, Har), 7.84-7.81 (m, 5H, Har), 7.41-7.40 (d, J = 8.5 Hz, 1H, Ha),
6.06-5.98 (m, 1H, OCH2CHCH), 5.39-5.35 (dq, J=1.6, 17.2 Hz, 1H, OCH2CHCH), 5.21-
5.19 (m, 4H, NCH2, OCH,CHCH,), 4.84-4.79 (q, J=7.0 Hz, 1H, CHNH), 4.61-4.60 (d,
J=5.5Hz, 2H, OCH,CHCH>), 4.55-4.45 (sept, J=6.1 Hz, 1H, CH(CHs).), 2.94-2.93 {t,
J=2.6 Hz, 1H, CH.CCH), 2.85-2.74 (m, 2H, CH,CCH), 1.55 (s, 9H, C(CHz3)3), 1.26-1.25 (d,
J=6.1 Hz, 6H, CH(CHz)2) ppm;

13C-NMR (101 MHz, DMSO-dg) = 169.7 (CO), 165.8 (CO), 165.3 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 149.5 (Car), 145.8 (Car), 143.0 (Car), 142.6 (Car), 142.1 (Car), 141.7 (Car),
136.0 (Car), 135.6 (Car), 133.7 (C-33), 133.2 (OCH2CHCH_), 130.1 (Car), 129.2 (Car), 128.7
(Car), 128.5 (Car), 128.5 (Car), 127.6 (Car), 127.1 (Car), 126.0 (Car), 124.9 (Car), 123.6 (Car),
119.0 (Car), 118.9 (Car), 118.8 (Car), 118.4 (OCH.CHCH>), 117.8 (CN), 111.4 (Car), 80.6
(CH2CCH), 80.3 (C(CHBa)3), 76.3 (OCH2CHCH>), 74.3 (CH(CHBa)2), 73.2 (CH2CCH), 53.5
(CHNH), 50.9 (NCHz2), 27.9 (C(CHz3)3), 22.3 (CH(CHa)z2), 21.4 (CH2CCH) ppm;

HRMS (ESI) calculated for CsoHagNsOgNa [M+Na]™: 923.3380; found: 923.3359.

tert-Butyl (S)-4-(4-(4-(2-(4-(6-cyano-1-oxoisoindolin-2-yl)benzamido)pent-4-ynamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (200)
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Allyl ether 191 (50.5 mg, 0.06 mmol) was dissolved in THF (2.5 mL). Aniline (17 pL,
0.19 mmol, 3.30 equiv.) and Pd(PPhs)s (6.5 mg, 6 pmol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 3 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (dry load, 3% MeOH in
CH.CIy) to furnish product 200 (35.1 mg, 0.04 mmol, 73%) as yellow amorphous solid, which
included small impurities. The product was used in the next step without further purification.
Rf (3% MeOH in CH2Cl») = 0.26;

[¢]p?® = +41.0 ° (c 0.1, MeCN);

'H-NMR (400 MHz, DMSO-ds) = 12.28 (s, 1H, OH), 10.59 (bs, 2H, NH), 9.41 (s, 1H, NH),
8.85-8.83 (d, J =7.5Hz, 1H, CHNH), 8.29 (s, 1H, Har), 8.16-8.14 (dd, J=1.5, 7.9 Hz, 1H,
Har), 8.05 (bs, 4H, Har), 7.98-7.95 (d, J = 8.8 Hz, 2H, Har), 7.94-7.90 (m, 4H, Ha), 7.86-7.84
(d, 3J=9.0 Hz, 2H, Har), 7.84-7.81 (d, J = 9.0 Hz, 2H, Har), 7.70-7.68 (d, J = 8.9 Hz, 2H, Ha)),
5.22 (bs, 2H, NCH>), 4.84-4.79 (q, J = 6.9 Hz, 1H, CHNH), 4.57-4.50 (sept, J = 6.1 Hz, 1H,
CH(CHz3)2), 2.95-2.93 (t, J = 2.6 Hz, 1H, CH2CCH), 2.86-2.74 (m, 2H, CH2CCH), 1.55 (s, 9H,
C(CHa)3), 1.27-1.26 (d, J = 6.2 Hz, 6H, CH(CHz3)2) ppm;

13C-NMR (101 MHz, DMSO-ds) = 169.7 (CO), 168.5 (CO), 165.8 (CO), 165.3 (CO), 164.5
(CO), 164.2 (CO), 145.8 (Car), 142.2 (Car), 141.7 (Car), 136.3 (Car), 136.0 (Car), 133.2 (Cav),
131.5 (Car), 131.4 (Car), 129.9 (Car), 129.2 (Car), 128.8 (Car), 128.8 (Car), 128.7 (Car), 128.7
(Car), 128.5 (Car), 128.4 (Car), 127.6 (Car), 124.9 (Car), 122.8 (Car), 120.7 (Car), 119.0 (Cav),
118.4 (Car), 118.3 (CN), 113.8 (Car), 111.4 (Car), 80.6 (CH2CCH), 80.5 (C(CHs3)3), 74.8
(CH(CHs3)2), 73.2 (CH2CCH), 53.5 (CHNH), 50.9 (NCH>), 27.8 (C(CH?3)3), 22.3 (CH(CHa)=),
21.4 (CH.CCH) ppm;

HRMS (ESI) calculated for C49H43NsOg [M-H]: 859.3092; found: 859.3106.

(S)-4-(4-(4-(2-(4-(6-Cyano-1-oxoisoindolin-2-yl)benzamido) pent-4-ynamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid TSD49
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tert-Butyl ester 200 (33.5 mg, 0.04 mmol) was dissolved in precooled TFA (2 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0°C. The precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSD49 (25.3 mg,
0.03 mmol, 81%) as yellow amorphous solid.
The measurement of optical rotation was not possible due to insolubility of compound TSDA49.
'H-NMR (400 MHz, DMSO-ds) = 12.82 (s, 1H, CO2H), 12.29 (s, 1H, OH), 10.60 (s, 1H, NH),
10.59 (s, 1H, NH), 9.41 (s, 1H, NH), 8.85-8.83 (d, J = 7.5 Hz, 1H, CHNH), 8.29 (s, 1H, Ha),
8.16-8.14 (dd, J = 1.5, 7.9 Hz, 1H, Ha), 8.05 (bs, 4H, Har), 7.98-7.95 (d, J = 8.5 Hz, 2H, Ha),
7.92-7.90 (d, J = 8.1 Hz, 2H, Har), 7.87-7.81 (m, 6H, Har), 7.71-7.69 (d, J = 8.9 Hz, 2H, Ha),
5.21 (s, 2H, NCH), 4.85-4.79 (q, J =7.2 Hz, 1H, CHNH), 4.59-4.50 (sept, J =6.1 Hz, 1H,
CH(CHz3)2), 2.95-2.93 (t, J = 2.5 Hz, 1H, CH.CCH), 2.86-2.73 (m, 2H, CH.CCH), 1.27-1.26
(d, J=6.1 Hz, 6H, CH(CHs3).) ppm;
13C-NMR (101 MHz, DMSO-ds) = 169.7 (CO), 168.5 (CO), 166.9 (CO), 165.8 (CO), 165.3
(CO), 164.2 (CO), 154.1 (Car), 145.8 (Car), 142.2 (Car), 141.7 (Car), 137.0 (Car), 136.3 (Cav),
136.0 (Car), 133.2 (Car), 130.2 (Car), 129.2 (Car), 128.7 (Car), 128.5 (Car), 128.4 (Car), 127.6
(Car), 126.3 (Car), 124.9 (Car), 122.8 (Car), 120.7 (Car), 119.0 (Car), 118.4 (Car), 118.3 (CN),
112.4 (Car), 112.2 (Car), 111.4 (Car), 80.6 (CH2CCH), 74.9 (CH(CHz)2), 73.2 (CH2CCH), 53.5
(CHNH), 50.9 (NCH2), 22.3 (CH(CH?3)z2), 21.4 (CH>CCH) ppm;
HRMS (ESI) calculated for C4sH3sNsOg [M-H]: 803.2466; found: 803.2466.

tert-Butyl (S)-4-(2-(allyloxy)-4-(5-(2-((tert-butoxycarbonyl)amino)pent-4-ynamido)

picolinamido)-3-isopropoxybenzamido)benzoate (129)

A
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Amine 11479 (100.0 mg, 0.18 mmol) and (S)-2-((tert-butoxycarbonyl)amino)pent-4-ynoic
acid (116) (54.6 mg, 0.26 mmol, 1.40 equiv.) were dissolved in EtOAc (400 pL) and pyridine
(44 pL, 0.55 mmol, 3.00 equiv.) was added. The mixture was cooled to 0 °C and T3P (50 wt%
in EtOAc, 200 uL, 0.33 mmol, 1.80 equiv.) was added dropwise. The solution was stirred at
0 °C for 4 h. After addition of H20, the ag. phase was extracted with EtOAc (3x). The combined
organic phases were washed with a sat. NaHCO3 solution, brine, dried over MgSOsa, filtered
and concentrated under reduced pressure. The residue was purified by column chromatography
(dry load, PE/EtOACc = 2:1) to furnish product 129 (132 mg, 0.18 mmol, 97%) as yellowish
amorphous solid.

R (PE/EtOAC = 1:1) = 0.68;

[@]p?? =-1.1° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-ds) = 6 10.74 (s, 1H, NH), 10.68 (s, 1H, NH), 10.48 (s, 1H, NH),
8.99-8.98 (d, J = 2.2 Hz, 1H, Ha/), 8.35-8.33 (d, J = 8.6 Hz, 1H, Har), 8.30-8.28 (dd, J = 2.3,
8.6 Hz, 1H, Har), 8.20-8.19 (d, J = 8.6 Hz, 1H, Har), 7.90-7.88 (d, J = 8.8 Hz, 2H, Ha/), 7.83-
7.82 (d, J = 8.7 Hz, 2H, Ha), 7.49-7.47 (d, J = 8.6 Hz, 1H, Ha), 7.32-7.31 (d, J = 7.8 Hz, 1H,
CHNH), 6.06-5.98 (m, 1H, OCH2CHCHy), 5.41-5.36 (dg, J = 1.6, 17.2 Hz, 1H, OCH>CHCH>),
5.23-5.20 (dg, J=1.6, 10.5Hz, 1H, OCH:CHCH2), 4.67-4.64 (sept, J=6.1Hz, 1H,
CH(CHs3)2), 4.62-4.61 (d, J = 5.5 Hz, 2H, OCH2CHCHz), 4.34-4.29 (9, J = 7.6 Hz, 1H, CHNH),
2.93 (bs, 1H, CH.CCH), 2.68-2.55 (m, 2H, CH2CCH), 1.55 (s, 9H, C(CHs)3), 1.40 (s, 9H,
C(CHa)3), 1.37-1.35 (dd, J = 2.2, 6.1 Hz, 6H, CH(CHz)2) ppm;

13C-NMR (126 MHz, DMSO-dg) = 164.6 (CO), 164.3 (CO), 161.1 (CO), 155.2 (CO), 149.3
(Car), 143.4 (Car), 143.0 (Car), 139.4 (Car), 139.4 (Car), 138.6 (Car), 135.4 (Car), 1335
(OCH2CHCHy), 130.1 (Car), 127.3 (Car), 126.0 (Car), 125.8 (Car), 124.6 (Car), 122.9 (Car),
118.8 (Car), 118.0 (OCH2CHCH), 113.8 (Car), 80.4 (C(CHs)3), 80.3 (CH.CCH), 78.5
(C(CHa3)3Boc), 76.4 (CH(CHa)z2), 74.3 (OCH2CHCHz2), 73.3 (CH2CCH), 54.1 (CHNH>), 28.2
((CH3)3Boc), 27.9 (C(CH?3)3), 22.3 (d, J = 2.3 Hz, CH(CHs3).) 21.5 (CH2CCH) ppm;

HRMS (ESI) calculated for C40H47NsOgNa [M+Na]*: 764.3271; found: 764.3273.

tert-Butyl (S)-4-(2-(allyloxy)-4-(5-(2-aminopent-4-ynamido)picolinamido)-3-isopropoxy

benzamido)benzoate (187)
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Carbamate 129 (184 mg, 0.25 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 6.20 mL,
24.8 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (180 mL) and a sat. NaHCO3 solution
(180 mL). The ag. phase was extracted with EtOAc and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

tert-Butyl (S)-4-(2-(allyloxy)-4-(5-(2-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-

yl)benzamido)pent-4-ynamido)pic0linamido)-3-isopropoxybenzamido)benzoate (196)

DIPEA (129 pL, 0.74 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(113 mg, 0.30 mmol, 1.20 equiv.) and carboxylic acid 34 (82.4 mg, 0.30 mmol, 1.20 equiv.) in
DMF (6.0 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 187 (159 mg, 0.25 mmol) in DMF (3.5 mL). The reaction mixture was stirred at rt for
18 h. The mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried
over MgSOs, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (MeOH in CH2Cl2 = 1%, 2%) to furnish product 196 (142 mg,
0.16 mmol, 63%) as yellowish amorphous solid.

Rf (3% MeOH in CH2Cl) = 0.19;

[¢]p?? = +3.5° (¢ 0.1, MeOH);

'H-NMR (600 MHz, DMSO-dg) = 10.88 (s, 1H, NH), 10.69 (s, 1H, NH), 9.48 (s, 1H, NH),
9.14-9.13 (d, J = 7.4 Hz, 1H, NH), 9.03-9.02 (d, J = 2.6 Hz, 1H, Ha), 8.35-8.32 (m, 3H, Ha/),
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8.28 (dd, J = 0.6, 1.4 Hz, 1H, Har), 8.22-8.20 (d, J = 8.6 Hz, 1H, Ha), 8.15-8.14 (d, J = 8.5 Hz,
2H, Har), 8.05-8.03 (d, J = 8.5 Hz, 1H, Har), 7.90-7.88 (m, 3H, Har), 7.83-7.82 (d, J = 8.6 Hz,
2H, Har), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 1H, Ha), 7.49-7.48 (d, J = 8.5 Hz, 1H, Har), 6.05-5.99
(m, 1H, CHCH), 5.40-5.37 (dqg, J = 1.7, 17.2 Hz, 1H, CHCH>), 5.22-5.20 (dq, J = 1.6, 10.5 Hz,
1H, CHCH>), 4.88-4.84 (m, 1H, CHNH), 4.68-4.63 (sept, J = 5.5 Hz, 1H, CH(CH3)>), 4.62-
4.61 (d, J=5.5Hz, 2H, OCH.CH), 3.98 (s, 3H, NCHa), 2.98-2.97 (t, J = 2.6 Hz, 1H, CCH),
2.91-2.79 (m, 2H, CH2CCH), 1.55 (s, 9H, C(CHs)3), 1.37-1.36 (dd, J =3.9, 6.1 Hz, 6H,
CH(CHz3)2) ppm;

13C-NMR (151 MHz, DMSO0-dg) = 170.0 (CO), 166.0 (CO), 164.6 (CO), 164.3 (CO), 161.1
(CO), 154.9 (NCN), 149.3 (Car), 143.5 (Car), 143.0 (Car), 141.9 (Car), 139.5 (Car), 139.5 (Car),
139.4 (Car), 138.6 (Car), 135.4 (Car), 134.9 (Car), 133.5 (CHCH?2), 132.1 (Car), 130.1 (Car),
129.4 (Car), 128.0 (Car), 127.4 (Car), 126.0 (Car), 125.9 (Car), 125.8 (Car), 124.6 (Car), 124.1
(Car), 122.9 (Car), 119.9 (CN), 118.8 (Car), 118.2 (CHCH?2), 113.8 (Car), 112.4 (Car), 104.3
(Car), 80.5 (C(CHg3)3), 80.3 (CCH), 76.3 (OCH2CH), 74.3 (CH(CHz3)2), 73.3 (CCH), 53.6
(CHNH), 32.2 (NCHBg), 27.9 (C(CHBa)z3), 22.3 (d, J = 3.7 Hz, CH(CHg)2), 21.2 (CH2CCH) ppm;
HRMS (ESI) calculated for Cs1HagNsOgNa [M+Na]*: 923.3493; found: 923.3503.

tert-Butyl (S)-4-(4-(5-(2-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)pent-4-
ynamido)picolinamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (205)
X
H
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Allyl ether 196 (139 mg, 0.15 mmol) was dissolved in THF (7 mL). Aniline (47 pL, 0.51 mmol,
3.30 equiv.) and Pd(PPhs)4 (17.8 mg, 0.02 mmol, 0.10 equiv.) were added subsequently and the
resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced pressure.
The crude product was purified by column chromatography (dry load, 3% MeOH in CH2Cly)
to furnish product 205 (98.0 mg, 0.11 mmol, 74%) as colorless amorphous solid.
[¢]p?? = +1.8 ° (c 0.1, MeOH);
'H-NMR (600 MHz, DMSO-ds) = 12.44 (s, 1H, OH), 10.88 (s, 1H, NH), 10.75 (s, 1H, NH),

10.61 (s, 1H, NH), 9.14-9.13 (d, J = 7.4 Hz, 1H, NH), 9.02-9.01 (d, J = 2.4 Hz, 1H, Har), 8.35-
8.33(dd,J=2.4,8.6 Hz, 1H, Har), 8.28 (dd, J = 0.6, 1.4 Hz, 1H, Har), 8.21-8.20 (d, J = 8.5 Hz,
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1H, Har), 8.15-8.14 (d, J = 8.6 Hz, 2H, Har), 8.11-8.10 (d, J = 8.7 Hz, 1H, Ha), 8.05-8.03 (d,
J=8.5Hz, 2H, Ha/), 7.94-7.92 (d, J=8.8 Hz, 2H, Has), 7.90-7.89 (d, J = 8.5 Hz, 2H, Ha),
7.86-7.85 (d, J =8.9 Hz, 2H, Ha(), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 1H, Ha), 4.88-4.84 (m, 1H,
CHNH), 4.71-4.65 (sept, J=6.2 Hz, 1H, CH(CHa)2), 3.98 (s, 3H, NCHs), 2.98-2.97 (t,
J=2.6 Hz, 1H, CCH), 2.90-2.79 (m, 2H, CH.CCH), 1.55 (s, 9H, C(CHs)3), 1.35-1.34 (dd,
J=4.4,6.1Hz, 6H, CH(CHz)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 170.1 (CO), 168.6 (CO), 166.0 (CO), 164.5 (CO), 161.2
(CO), 154.9 (NCN), 154.1 (Car), 143.5 (Car), 141.9 (Car), 139.5 (Car), 138.7 (Car), 136.8 (Car),
134.9 (Car), 134.0 (Car), 132.1 (Car), 129.9 (Car), 129.4 (Car), 128.0 (Car), 127.4 (Car), 126.0
(Car), 125.9 (Car), 124.1 (Car), 123.5 (Car), 122.9 (Car), 120.8 (Car), 119.9 (CN), 112.4 (Ca),
111.7 (Car), 108.4 (Car), 104.3 (Car), 80.5 (2C, CCH, C(CHBa)3), 74.8 (CH(CHa)2), 73.3 (CCH),
53,5 (CHNH), 32.2 (NCHs), 27.8 (C(CHas)s), 22.3 (d, J=3.7Hz, CH(CHs)), 21.2
(CH2CCH) ppm;

HRMS (ESI) calculated for C4gH4sNgOsNa [M+Na]*: 883.3180; found: 883.3184.

(S)-4-(4-(5-(2-(4-(5-Cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)pent-4-

ynamido)picolinamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSF60
X
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tert-Butyl ester 205 (92.2 mg, 0.11 mmol) was dissolved in precooled TFA (5.4 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et2O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF60
(88.6 mg, 0.11 mmol, quant.) as yellowish amorphous solid.

[@]p?? = +2.5° (c 0.2, MeOH);

!H-NMR (600 MHz, DMSO-ds) = 12.81 (s, 1H, CO2H), 12.45 (s, 1H, OH), 10.88 (s, 1H, NH),
10.75 (s, 1H, NH), 10.60 (s, 1H, NH), 9.15-9.13 (d, J = 7.4 Hz, 1H, NH), 9.02 (d, J = 2.6 Hz,
1H, Har), 8.35-8.33 (dd, J = 2.4, 8.6 Hz, 1H, Har), 8.29-8.28 (d, J = 0.9 Hz, 1H, Har), 8.22-8.20
(d, J=8.6 Hz, 1H, Ha(), 8.15-8.14 (d, J = 8.5 Hz, 2H, Har), 8.12-8.10 (d, J = 8.9 Hz, 1H, Ha/),
8.05-8.03 (d, J = 8.5 Hz, 2H, Har), 7.98-7.96 (d, J = 8.7 Hz, 2H, Har), 7.92-7.89 (m, 2H, Ha),
7.86-7.85 (d, J = 8.8 Hz, 2H, Har), 7.75-7.73 (dd, J = 1.4, 8.4 Hz, 1H, Ha), 4.88-4.84 (m, 1H,

CHNH), 4.71-4.65 (sept, J=6.1 Hz, 1H, CH(CHa)), 3.98 (s, 3H, NCH3), 2.98-2.97 (t,
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J=2.6Hz, 1H, CCH), 2.91-2.79 (m, 2H, CH.CCH), 1.36-1.34 (dd, J=4.4, 6.1 Hz, 6H,
CH(CHs)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 170.1 (CO), 168.7 (CO), 166.9 (CO), 166.0 (CO), 161.2
(CO), 154.9 (NCN), 154.1 (Car), 143.5 (Car), 141.9 (Car), 141.7 (Car), 139.5 (Car), 139.5 (Car),
138.7 (Car), 136.8 (Car), 134.9 (Car), 134.0 (Car), 132.0 (Car), 130.2 (Car), 129.4 (Car), 128.0
(Car), 127.4 (Car), 126.3 (Car), 126.0 (Car), 124.1 (Car), 123.5 (Car), 122.9 (Car), 120.8 (Car),
119.9 (CN), 112.5 (Car), 111.7 (Car), 108.4 (Car), 104.4 (Car), 80.5 (2C, CCH, C(CHa3)3), 74.8
(CH(CHs3)2), 73.3 (CCH), 53.6 (CHNH), 32.2 (NCHs3), 22.3 (d, J =4.1 Hz, CH(CHa)2), 21.2
(CH2CCH) ppm;

HRMS (ESI) calculated for C44H3sNsOs [M-H]": 803.2578; found: 803.2588.

4.2.7 O-Methyl-L-allothreonine derivatives
tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3S)-2-((tert-butoxycarbonyl)amino)-3-methoxy

butanamido)benzamido)-3-isopropoxybenzamido)benzoate (122)

e
"
L0p

Amine 5 (100 mg, 0.18 mmol), amino acid 103 (72.7 mg, 0.31 mmol, 1.70 equiv.) and EEDQ
(72.5 mg, 0.29 mmol, 1.60 equiv.) were dissolved in precooled CHCI; (1 mL) at 0 °C. The
mixture was stirred at 18 h while warming to rt. The mixture was concentrated under reduced
pressure and the residue was purified by column chromatography (1. dry load, 20% Et20 in
CHClIy, 2. dry load, 1% MeOH in CH2Cly) to furnish product 122 (74.3 mg, 0.10 mmol, 53%)
as yellow amorphous solid, which contained small impurities. The compound was used in the
next step without further purification.

Rf (1% MeOH in CH2Cl,) = 0.37;

'H-NMR (500 MHz, DMSO-ds) =8 10.53 (s, 1H, NH), 10.33-10.25 (m, 1H, NH), 9.51-9.49
(m, 1H, NH), 7.98-7.94 (m, 2H, Har), 7.90-7.88 (m, 2H, Har), 7.83-7.79 (m, 5H, Ha), 7.42-
7.40(d,J = 8.4 Hz, 1H, Ha/), 7.08-7.07 (d, J = 8.6 Hz, 1H, CHNH), 6.07-5.98 (m, 1H, CHCH>),
5.39-5.36 (dd, J=1.6, 17.2 Hz, 1H, CHCH?), 5.21-5.19 (dd, J = 1.5, 10.5 Hz, 1H, CHCHy),
4.61-4.60 (d, J = 5.4 Hz, 1H, OCH2CH), 4.54-4.46 (sept, J = 6.1 Hz, 1H, CH(CH3).), 4.23-4.20
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(t, J=8.1Hz, 1H, CHNH), 3.59-3.57 (m, 1H, CHOCH?3), 3.23 (s, 3H, OCH3), 1.55 (s, 9H,
CCO2C(CHs)s), 1.39 (s, 9H, NHCO2C(CHs)s), 1.27-1.26 (d, J = 6.1 Hz, 6H, H-9), 1.13-1.12
(d, J =5.9 Hz, 3H, CHCH3) ppm;

HRMS (ESI) calculated for C41Hs2N4O10Na [M+Na]*: 783.3581; found: 783.3583.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3S)-2-amino-3-methoxybutanamido)benzamido)-3-iso
propoxybenzamido)benzoate (137)
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Carbamate 122 (70.9 mg, 0.09 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 2.3 mL,
9.32 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (60 mL) and a sat. NaHCO3 solution
(60 mL). The ag. phase was extracted with EtOAc and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(4-((2S,3S)-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy

butanamido)benzamido)-3-isopropoxybenzamido)benzoate (143)
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DIPEA (49 pL, 0.28 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(42.5 mg, 0.11 mmol, 1.20 equiv.) and carboxylic acid 3 (29.8 mg, 0.11 mmol, 1.20 equiv.) in
DMF (2.3 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 137 (61.6 mg, 0.09 mmol) in DMF (1.3 mL). The reaction mixture was stirred at rt
for 16 h. The mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried
over MgSOs, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, 2% MeOH in CH.Cl>) to furnish product 143 (31.4 mg,
0.04 mmol, 37%) as colorless amorphous solid.
Rf (2% MeOH in CH2Cly) = 0.20;
[¢]p?® = +3.3° (c 0.1, MeOH);
IH-NMR (600 MHz, DMSO-ds) = 10.69 (s, 1H, NH), 10.52 (s, 1H, NH), 10.50 (s, 1H, NH),
9.51 (s, 1H, NH), 8.53-8.52 (d, J =8.3 Hz, 1H, CHNH), 8.13-8.12 (d, J = 8.4 Hz, 2H, Ha/),
8.05-8.04 (d, J = 8.4 Hz, 2H, Har), 7.99-7.95 (m, 4H, Har), 7.90-7.88 (m, 4H, Ha), 7.84-7.82
(m, 4H, Ha), 7.41-7.40 (d, J = 8.4 Hz, 1H, Ha/), 6.05-5.98 (m, 1H, CHCH.), 5.39-5.36 (dd,
J=16, 17.2 Hz, 1H, CHCH), 5.21-5.19 (dd, J=1.3, 10.5 Hz, 1H, CHCH), 4.61-4.60 (d,
J=5.3Hz, 2H, CH2CH), 4.74-4.72 (t, J = 8.3 Hz, 1H, CHNH), 4.53-4.48 (sept, J = 6.1 Hz, 1H,
CH(CHz3)2), 3.85-3.81 (m, 1H, CHCHBa), 3.29 (s, 3H, OCHj3), 1.55 (s, 9H, C(CHa)z3), 1.27-1.25
(d, J=6.1 Hz, 6H, CH(CH3).), 1.23-1.22 (d, J = 6.0 Hz, 3H, CHCH?3) ppm;
13C-NMR (151 MHz, DMSO-ds) = 170.1 (CO), 166.0 (CO), 164.6 (CO), 164.5 (CO), 164.4
(CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.3 (Car), 141.6 (Car), 138.7 (Car),
135.6 (Car), 133.6 (CHCHy), 132.5 (Car), 130.1 (Car), 129.1 (Car), 128.6 (Car), 128.5 (Car),
128.4 (Car), 128.4 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 119.5 (Car), 118.9 (Car), 118.8
(Car), 118.8 (CHCH_), 118.3 (CN), 117.8 (Car), 114.0 (Car), 80.3 (C(CHs3)s), 76.3 (CHCHSa),
76.2 (OCH2CH), 74.3 (CH(CHa)2), 58.5 (CHNH), 56.5 (OCHs), 27.9 (C(CHas)s), 22.3
(CH(CHs3)z2), 16.2 (CHCHz) ppm;
HRMS (ESI) calculated for Cs1Hs2NeO10Na [M+Na]*: 931.3643; found: 931.3643.
tert-Butyl 4-(4-(4-((2S,3S)-2-(4-(4-cyanobenzamido)benzamido)-3-methoxybutanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (149)
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Allyl ether 143 (29.0 mg, 0.03 mmol) was dissolved in THF (1.6 mL). Aniline (10 pL,
0.11 mmol, 3.30equiv.) and Pd(PPhs)s (3.7 mg, 0.003 mmol, 0.10 equiv.) were added
subsequently and the resulting mixture was stirred at rt for 90 min. The mixture was
concentrated under reduced pressure. The crude product was purified by column
chromatography (dry load, MeOH in CH2Clz = 2%, 3%) to furnish product 149 (19.7 mg,
0.02 mmol, 71%) as beige amorphous solid.

In the *C NMR spectrum is one signal around 154 ppm missing due to the minimal analytical
amount.

Rf (3% MeOH in CH2Cl») = 0.28;

[@]p?® =+2.3 ° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-ds) = 12.29 (s, 1H, OH), 10.69 (s, 1H, NH), 10.61 (bs, 1H, NH),
10.52 (s, 1H, NH), 9.39 (s, 1H, NH), 8.54-8.52 (d, J=8.3 Hz, 1H, CHNH), 8.14-8.12 (d,
J =8.6 Hz, 2H, Ha), 8.05-8.04 (d, J = 8.6 Hz, 2H, Har), 7.96-7.92 (m, 6H, Ha), 7.89-7.84 (m,
7H, Har), 7.72-7.70 (d, J = 8.9 Hz, 1H, Ha/), 4.74-4.71 (t, J = 8.3 Hz, 1H, CHNH), 4.58-4.51
(sept, J = 6.1 Hz, 1H, CH(CHs3),), 3.85-3.80 (m, 1H, CHCH3), 3.29 (s, 3H, OCH3), 1.55 (s, 9H,
C(CHa3)3), 1.27-1.26 (d, J=6.1Hz, 6H, CH(CHz)2), 1.24-1.22 (d, J=6.0Hz, 3H,
CHCHa) ppm;

13C-NMR (126 MHz, DMSO-ds) = 170.1 (CO), 168.5 (CO), 166.0 (CO), 164.5 (CO), 164.4
(CO), 164.2 (CO), 142.4 (Car), 142.0 (Car), 141.6 (Car), 138.7 (Car), 137.0 (Car), 136.3 (Car),
132.5 (Car), 129.9 (Car), 129.1 (Car), 128.6 (Car), 128.5 (Car), 128.4 (2C, Car), 126.8 (Cav),
122.8 (Car), 120.7 (Car), 119.5 (Car), 118.8 (Car), 118.3 (CN), 114.0 (Car), 112.4 (Car), 112.1
(Car), 80.5 (C(CHz3)3), 76.3 (CHCHBa), 74.8 (CH(CHBa)2), 58.5 (CHNH), 56.5 (OCHg), 27.8
(C(CHg)3), 22.3 (CH(CH?3)z2), 16.2 (CHCHas) ppm;

HRMS (ESI) calculated for C4gHasNsO10Na [M+Na]*: 891.3330; found: 891.3321.

4-(4-(4-((2S,3S)-2-(4-(4-Cyanobenzamido)benzamido)-3-methoxybutanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid TSE51
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tert-Butyl ester 149 (17.6 mg, 0.02 mmol) was dissolved in precooled TFA (1.2 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSE51
(10.1 mg, 0.01 mmol, 61%) as grey amorphous solid.
[@]o?® =+4.2 ° (c 0.1, MeOH);
'H-NMR (500 MHz, DMSO-dg) = 12.82 (bs, 1H, CO2H), 12.30 (s, 1H, OH), 10.69 (s, 1H, NH),
10.60 (s, 1H, NH), 10.52 (s, 1H, NH), 9.40 (s, 1H, NH), 8.54-8.52 (d, J = 8.4 Hz, 1H, CHNH),
8.14-8.12 (d, J = 8.5 Hz, 2H, Har), 8.05-8.04 (d, J = 8.5 Hz, 2H, Har), 7.98-7.95 (m, 6H, Ha),
7.89-7.84 (m, 7H, Ha)), 7.72-7.70 (d, J=8.9 Hz, 1H, Ha), 4.74-4.71 (t, J=8.3 Hz, 1H,
CHNH), 4.58-4.51 (sept, J = 6.1 Hz, 1H, CH(CHz3)2), 3.85-3.80 (m, 1H, CHCHs), 3.29 (s, 3H,
OCHg), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHs3)2), 1.24-1.22 (d, J = 6.1 Hz, 3H, CHCH3) ppm;
13C-NMR (126 MHz, DMSO-ds) = 170.1 (CO), 168.5 (CO), 166.9 (CO), 166.0 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.4 (Car), 142.0 (Car), 141.6 (Car), 138.7 (Car), 137.1 (Car),
136.3 (Car), 132.5 (Car), 130.2 (Car), 129.1 (Car), 128.6 (Car), 128.5 (Car), 128.4 (Car), 128.4
(Car), 126.3 (Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 118.8 (Car), 118.3 (CN), 114.0 (Car),
112.4 (Car), 112.2 (Car), 76.3 (CHCHBa), 74.9 (CH(CHBa)2), 58.5 (CHNH), 56.5 (OCHg), 22.3
(CH(CHs3)z2), 16.2 (CHCHz) ppm;
HRMS (ESI) calculated for C44Hz9NsO10 [M-H]: 811.2728; found: 811.2733.

tert-Butyl 4-(2-(allyloxy)-3-isopropoxy-4-(4-((2S,3S)-3-methoxy-2-((Z)-1-(((3-nitrophenyl)-
sulfonyl)methylene)-3-oxoisoindoline-5-carboxamido)butanamido)benzamido)benzamido)-
benzoate (208)
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Acid 39 (63.0 mg, 0.17 mmol, 1.20 equiv.) and HATU (64.0 mg, 0.17 mmol, 1.20 equiv.) were
dissolved in DMF (3.5 mL) and DIPEA (73 pL, 0.42 mmol, 3.00 equiv.) was added. The
mixture stirred at rt for 5 min. Afterwards, it was transferred to a stirred solution of amine 137

(92.6 mg, 0.14 mmol) in DMF (2.0 mL) at 0 °C. The resulting mixture was stirred for 21 h

while warming to rt. EtOAc was added and the organic phase was washed with a 0.1 M HCI

Q\/,S\‘o HN

solution, brine, dried over MgSQs, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (dry load, washing with 20% Et>O in CH.Cl>,
elution with 3% MeOH in CH2Cly) to furnish product 208 (40.8 mg) as yellow oil, which
contained impurities. The product was used in the next step without further purification.
HRMS (ESI) calculated for Cs2Hs2NsO14S [M-H]: 1015.3184; found: 1015.3181.

tert-Butyl  4-(2-hydroxy-3-isopropoxy-4-(4-((2S,3S)-3-methoxy-2-((Z)-1-(((3-nitrophenyl)-
sulfonyl)methylene)-3-oxoisoindoline-5-carboxamido)butanamido)benzamido)benzamido)-
benzoate (209)

Ether 208 (35.7 mg, 0.04 mmol) was dissolved in THF (1.5 mL). Aniline (11 pL, 0.12 mmol,
3.30 equiv.) and Pd(PPhs)s (4.1 mg, 4 pumol, 0.10 equiv.) were added subsequently. The
mixture was stirred at rt for 90 min. The mixture was concentrated under reduced pressure and
the residue was purified by column chromatography (dry load, 2% MeOH in CH2Cl») to furnish
product 209 (21.7 mg) as yellow film, which contained impurities. The product was used in the

next step without further purification.
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4-(2-Hydroxy-3-isopropoxy-4-(4-((2S,3S)-3-methoxy-2-((Z)-1-(((3-nitrophenyl)sulfonyl)-
methylene)-3-oxoisoindoline-5-carboxamido)butanamido)benzamido)benzamido)benzoic acid
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Ester 209 (19.1 mg, 0.02 mmol) was dissolved in precooled TFA (1 mL). The mixture was
stirred for 30 min while warming to rt. Et.O was added at 0 °C. The solvent was removed under
reduced pressure. The residue was purified by RP-HPLC ((MeCN + 1% FA) in (H20 + 1% FA)
20-70% over 60 min, 70-90% over 5 min, 90% over 15 min) to furnish TSF16 (2.1 mg,
0.002 mmol, 1% over 3 steps, 87% purity) as colorless amorphous solid.

!H-NMR (600 MHz, DMSO-dg) = 12.81 (bs, 1H, CO2H), 12.30 (s, 1H, OH), 10.88 (s, 1H, NH),
10.61 (bs, 1H, NH), 10.54 (s, 1H, NH), 9.37 (s, 1H, NH), 9.02-9.00 (d, J = 8.2 Hz, 1H, CHNH),
8.86 (t, J=1.9 Hz, 1H, Har), 8.56-8.54 (ddd, J=1.0, 2.3, 8.2 Hz, 1H, Ha), 8.52-8.50 (ddd,
J=1.1,1.7,7.9 Hz, 1H, Ha), 8.39 (m, 1H, Har), 8.26-8.25 (dd, J = 1.5, 8.1 Hz, 1H, Ha), 8.15-
8.14 (d, J = 8.1 Hz, 1H, Ha), 7.99-7.94 (m, 5H, Har), 7.86-7.82 (m, 5H, Har), 7.69 (bs, 1H,
Har), 7.14 (s, 1H, SO.CH), 4.76-4.73 (t, J = 8.2 Hz, 1H, CHNH), 4.56 (bs, 1H, CH(CHs)),
3.85-3.81 (m, 1H, CHCH3), 3.29 (s, 3H, OCHa), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)=2), 1.23-
1.22 (m, 3H, CHCHs) ppm;

13C-NMR (151 MHz, DMSO-ds) = 169.7 (CO), 168.4 (CO), 167.6 (CO), 166.9 (CO), 165.1
(CO), 164.1 (CO), 148.2 (Car), 144.3 (Car), 143.4 (Car), 142.3 (Car), 142.0 (Car), 138.5 (Ca),
137.4 (Car), 137.0 (Car), 136.3 (Car), 133.1 (Car), 133.0 (Car), 131.7 (Car), 130.2 (Car), 129.6
(Car), 128.5 (Car), 128.3 (Car), 126.2 (Car), 124.1 (Car), 122.8 (Car), 122.6 (Car), 122.0 (Car),
120.6 (Car), 118.9 (CN), 112.5 (Car), 112.1 (Car), 101.2 (SO2CH), 76.1 (CHCHg), 74.8
(CH(CHBa)z2), 58.6 (CHNH), 56.5 (OCHBa), 22.3 (CH(CHs)2), 16.2 (CHCHs3) ppm;

HRMS (ESI) calculated for CasH4oNsO14S [M+Na]*: 943.2221; found: 943.2226.

4.2.8 (S)-Morpholine-3-carboxylic acid derivative

(9H-Fluoren-9-yl)methyl(S)-3-((4-((3-(allyloxy)-4-((4-(tert-butoxycarbonyl) phenyl)carb-
amoyl)-2-isopropoxyphenyl)carbamoyl)phenyl)carbamoyl)morpholine-4-carboxylate (125)
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Amine 5 (139.0 mg, 0.25 mmol) and 2,6-lutidine (136 puL, 1.17 mmol, 4.6 equiv.) were
dissolved in CH2Cl> (2.5 mL). Chloride 297 (94.7 mg, 0.25 mmol, 1.00 equiv.) in CH2Cl,
(2.5 mL) was added at 0 °C and the mixture was stirred at rt for 18 h. Afterwards the mixture
was washed with a 1 M HCI solution, a 5% Na>COz solution and brine, dried over MgSQg,
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (PE/EtOAc = 1:1) to furnish product 125 (142 mg, 0.16 mmol, 63%) as yellow
amorphous solid.
R¢ (PE/EtOAC = 1:1) = 0.26;
[]p?® =-72.0 ° (c 0.3, CH2Cly);
'H-NMR (400 MHz, DMSO-ds) = (mixture of rotamers) 10.53 (s, 1H, NH), 10.45 (s, 0.5H,
NH), 10.39 (s, 0.5H, NH), 9.58 (s, 0.5H, NH), 9.54 (s, 0.5H, NH), 8.05-8.03 (d, J = 8.4 Hz, 1H,
Har), 7.99-7.98 (d, J = 8.4 Hz, 1H, Har), 7.92-7.88 (m, 3H, Ha), 7.84-7.80 (m, 5H, Ha), 7.76-
7.74 (d, J=8.5Hz, 2H, Har), 7.71-7.68 (t, J = 7.7 Hz, 1H, Har), 7.57-7.55 (m, 1H, Har), 7.45-
7.27 (m, 4H, Har), 7.09-7.03 (m, 1H, Har), 6.06-5.98 (m, 1H, OCH2CHCH>), 5.39-5.36 (d,
J=17.2 Hz, 1H, OCH,CHCHy), 5.21-5.19 (d, J = 10.5 Hz, 1H, OCH2CHCH), 4.61 (s, 2H,
OCH2CHCHy), 4.56-4.54 (m, 1H), 4.49 (bs, 1H, CH(CH3)2), 4.40-4.20 (m, 4H), 3.92-3.86 (m,
1H), 3.79-3.71 (m, 2H), 3.62-3.58 (m, 1H), 3.50-3.38 (m, 2H), 1.55 (s, 9H, C(CH3)3), 1.27-1.25
(m, 6H, CH(CHs)2) ppm;
13C-NMR (101 MHz, DMSO-ds) = (mixture of rotamers) 169.0 (CO), 164.6 (CO), 164.6 (CO),
164.3 (CO), 156.0 (CO), 155.5 (Car), 149.5 (Car), 143.7 (Car), 143.0 (Car), 140.7 (Car), 135.6
(Car), 133.7 (OCH2CHCHy), 130.1 (Car), 128.5 (Car), 127.7 (Car), 127.6 (Car), 127.2 (Car),
127.0 (Car), 126.0 (Car), 125.1 (t, J = 12.4 Hz, Car), 123.6 (Car), 120.1 (Car), 118.8 (Car), 118.7
(OCH2CHCHy), 117.8 (Car), 80.3(C(CHBa)z3), 76.3 (OCH2CHCHy), 74.3 (CH(CH?3).), 67.8-67.1,
65.9, 65.5, 59.7, 55.2, 54.6, 46.6, 46.5, 27.9 (C(CH3)3), 22.3 (CH(CHs3)2) ppm;
HRMS (ESI) calculated for Cs1Hs2N4O10 Na[M+Na]*: 903.3581; found: 903.3572.
tert-Butyl (S)-4-(2-(allyloxy)-3-isopropoxy-4-(4-(morpholine-3-carboxamido)benzamido)

benzamido)benzoate (155)
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Carbamate 125 (132 mg, 0.15 mmol) was dissolved in MeCN/piperidine (4:1, 1.8 mL). The
solution was stirred at rt for 90 min and then concentrated under reduced pressure. The residue
was co-evaporated with MeCN (3x) to furnish crude product 155, which was used in the next

step without further purification.

tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(4-(4-(4-cyanobenzamido)benzoyl)morpholine-3-

carboxamido)benzamido)-3-isopropoxybenzamido)benzoate (156)

ios o Ry
oL

K
DIPEA (88 pL, 0.50 mmol, 5.00 equiv.) was added dropwise to a stirred solution of HATU
(95.7 mg, 0.25 mmol, 2.50 equiv.) and carboxylic acid 3 (67.0 mg, 0.25 mmol, 2.50 equiv.) in
DMF (2.5 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 155 (66.3 mg, 0.10 mmol) in DMF (1.4 mL). The reaction mixture was stirred at rt
for 16 h. The mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried
over MgSOq, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (dry load, MeOH in CH2Cl> = 0.5%, 1%, 3%) to furnish product
156 (63.8 mg, 0.07 mmol, 70%) as yellow amorphous solid.
Rt (1% MeOH in CH.Cl») = 0.13;
[a]o?" =-8.0 ° (c 0.1, MeOH);
'H-NMR (500 MHz, DMSO-ds) = 6 10.67 (s, 1H, NH), 10.53 (s, 1H, NH), 10.47 (s, 1H, NH),
9.55 (s, 1H, NH), 8.12-8.11 (m, 2H, Har), 8.05-8.04 (d, J = 8.2 Hz, 2H, Har), 8.01-8.00 (m, 2H,
Har), 7.90-7.88 (m, 4H, Har), 7.84-7.69 (m, 6H, Ha/), 7.50 (bs, 1H, Har), 7.42-7.40 (d,
J=8.5Hz, 1H, Har), 6.06-5.98 (m, 1H, OCH.CHCH_), 5.40-5.35 (dq, J = 1.7, 17.2 Hz, 1H,
OCH2CHCHy), 5.22-5.19 (dg, J=1.6, 10.5Hz, 1H, OCH2CHCH2), 5.03 (bs, 0.5H,
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OCH2CHN), 4.62-4.61 (d, J = 5.4 Hz, 2H, OCH2CHCHy>), 4.53-4.46 (sept, J = 6.1 Hz, 1H,
CH(CHz3)2), 4.43-4.40 (m, 1H, OCH.CHN), 4.35-4.18 (m, 0.5H, OCH2CHN), 3.96-3.80 (m,
3H, OCH2CH2N, OCH2CHN), 3.54-3.42 (m, 2H, OCH>CH:N), 1.55 (s, 9H, C(CHs)3), 1.27-
1.26 (d, J = 6.0 Hz, 6H, CH(CHs3)2) ppm;

BC-NMR (126 MHz, DMSO-dg) = § 170.7 (CO), 168.7 (CO), 164.6 (CO), 164.5 (CO), 164.4
(CO), 164.3 (CO), 149.5 (Cay), 143.0 (Car), 142.6 (Car), 142.1 (Car), 140.2 (Car), 138.7 (Ca),
135.6 (Car), 133.7 (OCH2CHCHy>), 132.5 (Car), 130.1 (Car), 128.6 (Car), 128.5 (Car), 128.1
(Car), 127.2 (Car), 126.0 (Car), 123.6 (Car), 119.9 (Car), 119.0 (Car), 118.8 (Car), 118.3
(OCH2CHCHy), 117.8 (CN), 114.0 (Cas), 80.3 (C(CHas)s), 76.2 (OCH,CHCH,), 74.3
(CH(CHs3)2), 67.9 (OCH2CHN), 65.6 (OCH>CH:N), 53.3 (OCH.CHN), 45.5 (OCH2CH2N),
27.9 (C(CH3)3), 22.3 (CH(CH3)2) ppm;

HRMS (ESI) calculated for Cs1HsoNsO10Na [M+Na]*: 929.3486; found: 929.3494.

tert-Butyl (S)-4-(4-(4-(4-(4-(4-cyanobenzamido)benzoyl)morpholine-3-carboxamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (157)

Allyl ether 156 (60.9 mg, 0.07 mmol) was dissolved in THF (3 mL). Aniline (20 pL,
0.22 mmol, 3.30 equiv.) and Pd(PPhs)s (7.8 mg, 7 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 90 min. The mixture was concentrated under
reduced pressure. The crude product was purified by column chromatography (dry load, MeOH
in CH2Cl> = 2%, 3%) to furnish product 157 (53.0 mg, 0.06 mmol, 91%) as yellow amorphous
solid.

Rf (3% MeOH in CH2Cl) = 0.51;

[¢]p?" =-10.6 ° (c 0.2, THF);

IH-NMR (600 MHz, DMSO-ds) = 12.28 (s, 1H, OH), 10.67-10.20 (m, 3H, NH), 9.43 (s, 1H,
NH), 8.11 (bs, 2H, Har), 8.05-8.04 (d, J = 7.9 Hz, 2H, Har), 7.98 (bs, 2H, Har), 7.94-7.92 (d,
J=8.8 Hz, 2H, Har), 7.90-7.73 (m, 7H, Har), 7.70-7.68 (d, J = 8.8 Hz, 1H, Har), 7.50-7.38 (m,
2H, Har), 5.03 (bs, 0.5H, OCH.CHN), 4.58-4.52 (sept, J = 6.1 Hz, 1H, CH(CH3)>), 4.43-4.18
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(m, 1.5H, OCH2CHN), 3.98-3.80 (m, 3H, OCH,CH:N, OCH,CHN), 3.54-3.50 (m, 2H,
OCH,CH2N), 1.55 (s, 9H, C(CHa)3), 1.27-1.26 (d, J = 5.7 Hz, 6H, CH(CH3)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 170.7 (CO), 168.7 (CO), 168.4 (CO), 164.5 (CO), 164.4
(CO), 164.2 (CO), 154.2 (Car), 142.2 (Car), 142.0 (Car), 140.2 (Car), 138.7 (Car), 137.0 (Car),
136.4 (Car), 132.5 (Car), 131.5 (Car), 131.4 (Car), 130.5 (Car), 129.9 (Ca), 128.6 (Car), 128.4
(Car), 128.1 (Car), 126.8 (Car), 122.8 (Car), 120.7 (Car), 119.9 (Car), 118.9 (Car), 118.3 (CN),
114.0 (Car), 112.5(Car), 112.2 (Car), 80.5 (C(CH3)3), 74.8 (CH(CHBa)z2), 67.9 (OCH2CHN), 66.0
(OCH,CH:N), 53.3 (OCH,CHN), 45.5 (OCH2CH2N), 27.8 (C(CHs)s), 22.3 (CH(CHa)2) ppm;
HRMS (ESI) calculated for CasHsNsO10Na [M+Na]*: 889.3173; found: 889.3176.

(S)-4-(4-(4-(4-(4-(4-Cyanobenzamido)benzoyl)morpholine-3-carboxamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid TSE04

tert-Butyl ester 157 (48.0 mg, 0.06 mmol) was dissolved in precooled TFA (3 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et>O was added at 0 °C. The precipitate
was filtered off, washed with an excess of EtO and dried in vacuo to furnish TSE04 (35.4 mg,
0.04 mmol, 79%) as colorless amorphous solid.
[¢]p?” =-7.9 ° (c 0.1, MeOH);
'H-NMR (600 MHz, DMSO-dg) = 12.82 (bs, 1H, CO2H), 12.28 (s, 1H, OH), 10.67 (s, 1H, NH),
10.60 (s, 1H, NH), 10.49-10.20 (m, 1H, NH), 9.44 (s, 1H, NH), 8.11 (bs, 2H, Har), 8.05-8.04
(d, J=7.9Hz, 2H, Har), 7.98-7.96 (m, 5H, Ha/), 7.89-7.73 (m, 8H, Has), 7.71-7.69 (d,
J=8.8Hz, 1H, Har), 7.50-7.38 (m, 2H, Har), 5.04 (bs, 0.7H, OCH>CHN), 4.58-4.52 (sept,
J=6.1Hz, 1H, CH(CHs),), 4.41-4.17 (m, 2H, OCH,CH2N, OCH>CHN, OCH2CHN), 3.96-
3.80 (m, 4.3H, OCH2CH2N, OCH,CHN), 1.28-1.27 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 170.7 (CO), 168.7 (CO), 168.5 (CO), 166.9 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 142.0 (Car), 140.2 (Car), 138.7 (Car), 137.0 (Car),
136.4 (Car), 132.5 (Car), 130.2 (Car), 128.6 (Car), 128.4 (Car), 128.1 (Car), 126.3 (Car), 122.8
(Car), 120.7 (Car), 119.9 (Car), 118.9 (Car), 118.3 (CN), 114.0 (Car), 112.5 (Car), 112.3 (Car),
749 (CH(CHa3)2), 67.9 (OCH2CHN), 66.0 (OCH2CH2N), 53.3 (OCH.CHN), 455
(OCH2CH2N), 22.3 (CH(CHs3)2) ppm;
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HRMS (ESI) calculated for C44Hz7NsO10 [M-H]: 809.2571; found: 809.2578.

4.2.9 (S)-2-Amino-3-hydroxy-3-methylbutanoic acid derivative
tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-((tert-butoxycarbonyl)amino)-3-hydroxy-3-methyl

butanamido)benzamido)-3-isopropoxybenzamido)benzoate (124)
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Amine 5 (200 mg, 0.37 mmol) and acid (S)-106 (120 mg, 0.51 mmol, 1.40 equiv.) were
dissolved in EtOAc (800 pL) and pyridine (89 pL, 1.10 mmol, 3.00 equiv.) was added. T3P
(50% in EtOAC, 400 pL, 0.66 mmol, 1.80 equiv.) was added at 0 °C and the mixture was stirred
for 22 h while warming to rt. H.O was added and the ag. phase was extracted with EtOAc (3x).
The combined organic phases were washed with a sat. NaHCO3 solution, brine, dried over
MgSOs, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (MeOH in CH2Cl2 = 0%, 1%) to furnish product 124 (189 mg, 0.25 mmol,
68%) as yellow amorphous solid.
Rf (3% MeOH in CH2Cl,) = 0.20;
[@]p?? = -2.7 ° (c 0.2, MeOH);
'H-NMR (500 MHz, DMSO-dg) = 10.53 (s, 1H, NH), 10.10 (s, 1H, NH), 9.51 (s, 1H, NH),
7.98-7.96 (d, J = 8.8 Hz, 2H, Har), 7.90-7.88 (d, J = 8.8 Hz, 2H, Har), 7.84-7.81 (m, 3H, Ha/),
7.79-7.77 (d, J = 8.7 Hz, 2H, Ha/), 7.41-7.40 (d, J = 8.4 Hz, 1H, Har), 6.66-6.64 (d, J = 9.0 Hz,
1H, CHNH), 6.06-5.98 (m, 1H, OCH,CHCH), 5.39-5.35 (dgq, J=1.7, 17.1Hz, 1H,
OCH2CHCH?y), 5.22-5.19 (dq, J=1.7, 10.5 Hz, 1H, OCH2CHCH), 4.87 (s, 1H, OH), 4.61-
4.60 (d, J =5.5 Hz, 1H, OCH,CHCHy), 4.53-4.46 (sept, J = 6.1 Hz, 1H, CH(CH3)2), 4.12-4.08
(m, 1H, CHNH), 1.55 (s, 9H, C(CHs)3), 1.40 (s, 9H, C(CHa)3), 1.26-1.25 (d, J = 6.1 Hz, 6H,
CH(CHz3)2), 1.21 (s, 3H, C(CHs)2), 1.16 (s, 3H, C(CHs)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 169.8 (CO), 164.6 (CO), 164.6 (CO), 164.3 (CO), 155.4
(CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car), 135.7 (Car), 133.7 (OCH2CHCHy),
130.1 (Car), 128.4 (Car), 128.3 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 118.9
(OCH2CHCHy), 118.9 (Car), 118.8 (Car), 117.8 (Car), 80.4 (C(CHs3)3), 78.4 (C(CHsa)3), 76.3
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(OCH2CHCH,), 74.3 (CH(CHs)2), 70.8 (COCH3), 63.2 (CHNH), 28.2 (C(CHs)3), 27.9
(C(CHs3)3), 27.4 (C(CHs3)2), 26.4 (C(CH3)2), 22.3 (CH(CHs3)2) ppm;
HRMS (ESI) calculated for Ca1Hs2N4O10Na [M+Na]*: 783.3581; found: 783.3585.

tert-Butyl  (S)-4-(2-(allyloxy)-4-(4-(2-amino-3-hydroxy-3-methylbutanamido)benzamido)-3-

isopropoxybenzamido)benzoate (139)

OH

Carbamate 124 (184 mg, 0.24 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 6.00 mL,
24.2 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (160 mL) and a sat. NaHCO3 solution
(160 mL). The ag. phase was extracted with EtOAc and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-hydroxy-3-methyl

butanamido)benzamido)-3-isopropoxybenzamido)benzoate (145)

DIPEA (62 pL, 0.36 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(54.1 mg, 0.14 mmol, 1.20 equiv.) and carboxylic acid 3 (37.9 mg, 0.14 mmol, 1.20 equiv.) in
DMF (3.0 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 139 (78.3 mg, 0.12 mmol) in DMF (1.7 mL). The reaction mixture was stirred at rt
for 21 h. The mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried

over MgSOs, filtered and concentrated under reduced pressure. The crude product was purified
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by column chromatography (MeOH in CH2Cl2 = 1%, 2%, 3%) to furnish product 145 (50.3 mg,
0.06 mmol, 47%) as colorless amorphous solid.

Rf (3% MeOH in CH2Cl») = 0.19;

[¢]o?® = +6.0 ° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-ds) = 10.71 (s, 1H, NH), 10.53 (s, 1H, NH), 10.28 (s, 1H, NH),
9.52 (s, 1H, NH), 8.14-8.12 (d, J = 8.8 Hz, 2H, Ha), 8.08-8.06 (d, J = 8.9 Hz, 1H, CHNH),
8.06-8.04 (d, J = 8.6 Hz, 2H, Hay), 7.99-7.97 (d, J = 8.8 Hz, 2H, Har), 7.96-7.95 (d, J = 8.9 Hz,
2H, Har), 7.92-7.88 (m, 4H, Har), 7.83-7.80 (m, 5H, Har), 7.41-7.40 (d, J = 8.5 Hz, 1H, Ha/),
6.05-5.97 (m, 1H, OCH>CHCHy), 5.39-5.35 (dq, J=1.7, 17.2 Hz, 1H, OCH>CHCH), 5.21-
5.18 (dg, J = 1.7, 10.5 Hz, 1H, OCH,CHCHy), 5.07 (s, 1H, OH), 4.67-4.66 (d, J = 8.7 Hz, 1H,
CHNH), 4.61-4.60 (d, J=5.5Hz, 2H, OCH.CHCH,), 4.53-4.46 (sept, J=6.1Hz, 1H,
CH(CHz3)2), 1.54 (s, 9H, C(CHs3)3), 1.31 (s, 3H, C(CHs)2), 1.27 (s, 3H, C(CHs3).), 1.26-1.25 (d,
J=6.1 Hz, 6H, CH(CHz)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.4 (CO), 166.1 (CO), 164.6 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 149.6 (Car), 143.0 (Car), 142.6 (Car), 142.1 (Car), 141.7 (Car), 138.7 (Car),
135.7 (Car), 133.7 (OCH2CHCH), 132.6 (Car), 130.1 (Car), 129.3 (Car), 128.7 (Car), 128.5
(Car), 128.4 (Car), 127.1 (Car), 126.1 (Car), 123.7 (Car), 119.6 (Car), 119.0 (OCH2CHCH>),
118.9 (Car), 118.3 (CN), 117.8 (Car), 114.1 (Car), 80.4 (C(CHs3)3), 76.3 (OCH2.CHCHy), 74.3
(CH(CHs3)2), 70.9 (C(CHBa)z2), 62.3 (CHNH), 27.9 (C(CHz3)3), 27.4 (C(CHs)2), 27.2 (C(CHa)2),
22.4 (CH(CHBa)2) ppm;

HRMS (ESI) calculated for Cs1Hs2NsO10Na [M+Na]*: 931.3643; found: 931.3638.

tert-Butyl (S)-4-(4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-hydroxy-3-methylbutanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (151)

OH

Allyl ether 145 (47.4 mg, 0.05 mmol) was dissolved in THF (2.6 mL). Aniline (16 pL,
0.17 mmol, 3.30 equiv.) and Pd(PPhs)s (6.0 mg, 5 umol, 0.10 equiv.) were added subsequently

and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
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pressure. The crude product was purified by column chromatography (MeOH in CH2Cl, = 1%,
2%, 3%) to furnish product 151 (37.7 mg, 0.04 mmol, 83%) as yellow amorphous solid.

Rt (3% MeOH in CHCl,) = 0.14;

[¢]o?® =+4.9 ° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-ds) = 12.28 (s, 1H, ArOH), 10.71 (s, 1H, NH), 10.61 (s, 1H, NH),
10.30 (s, 1H, NH), 9.40 (s, 1H, NH), 8.14-8.13 (d, J = 8.6 Hz, 2H, Har), 8.08-8.04 (m, 3H,
CHNH, Har), 7.97-7.90 (m, 8H, Ha), 7.86-7.81 (m, 5H, Has), 7.71-7.69 (d, J = 8.9 Hz, 1H,
Har), 5.05 (s, 1H, C(CHs).OH), 4.69-4.67 (d, J=8.7 Hz, 1H, CHNH), 4.58-4.51 (sept,
J=6.1Hz, 1H, CH(CHz3)2), 1.55 (s, 9H, C(CHs3)3), 1.31 (s, 3H, C(CHs)2), 1.27-1.26 (s, 9H,
C(CHz3)2, CH(CHa)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.4 (CO), 168.5 (CO), 166.1 (CO), 164.5 (CO), 164.5
(CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 142.0 (Car), 141.7 (Car), 138.7 (Car), 137.0 (Car),
136.3 (Car), 132.5 (Car), 129.9 (Car), 129.3 (Car), 128.6 (Car), 128.4 (Car), 128.4 (Car), 126.8
(Car), 122.8 (Car), 120.7 (Car), 119.6 (Car), 118.9 (Car), 118.3 (CN), 114.1 (Car), 112.4 (Car),
80.5 (C(CHs)s), 74.9 (CH(CHa)2), 70.9 (C(CHs3)2), 62.3 (CHNH), 27.8 (C(CHa)s), 27.3
(C(CH3)2), 27.1 (C(CHs3)2), 22.3 (CH(CHz3)2) ppm;

HRMS (ESI) calculated for C4sH47NsO10Na [M-H]": 867.3354; found: 867.3352.

(S)-4-(4-(4-(2-(4-(4-Cyanobenzamido)benzamido)-3-hydroxy-3-methylbutanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSG04

OH
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Ester 151 (35.8 mg, 0.04 mmol) was dissolved in precooled TFA (2 mL) at 0 °C with stirring.
The solution was warmed up to rt over 30 min. Et.O was added at 0 °C. The precipitate was
filtered off, washed with an excess of Et2O and dried in vacuo to furnish TSG04 (13.0 mg, 0.02
mmol, 39%) as beige amorphous solid.

[¢]p?® =+9.5° (c 0.1, MeOH);

'H-NMR (500 MHz, DMSO-ds) = 12.82 (s, 1H, CO2H), 12.29 (s, 1H, ArOH), 10.71 (s, 1H,
NH), 10.60 (s, 1H, NH), 10.30 (s, 1H, NH), 9.40 (s, 1H, NH), 8.14-8.13 (d, J = 8.5 Hz, 2H,
Har), 8.08-8.04 (m, 3H, CHNH, Ha), 7.98-7.95 (m, 5H, Har), 7.92-7.90 (d, J=8.9 Hz, 2H,
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Har), 7.86-7.81 (m, 5H, Har), 7.72-7.70 (d, J = 9.0 Hz, 1H, Ha/), 5.05 (s, 1H, C(CH3)0H),
4.69-4.67 (d, J = 8.7 Hz, 1H, CHNH), 4.58-4.51 (sept, J = 6.2 Hz, 1H, CH(CHa)2), 1.31 (s, 3H,
C(CHa)2), 1.27-1.26 (s, 9H, C(CHs)2, CH(CHs)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.4 (CO), 168.5 (CO), 166.9 (CO), 166.1 (CO), 164.5
(CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 142.0 (Car), 141.7 (Car), 138.7 (Car), 137.0 (Cav),
136.3 (Car), 132.5 (Car), 130.2 (Car), 129.3 (Car), 128.6 (Car), 128.4 (Car), 128.4 (Car), 126.3
(Car), 122.8 (Car), 120.7 (Car), 119.6 (Car), 118.9 (Car), 118.3 (CN), 114.1 (Car), 112.4 (Ca),
112.2 (Car), 74.9 (CH(CHa)2), 70.9 (C(CHs)2), 62.3 (CHNH), 27.3 (C(CH3)2), 27.1 (C(CHa)2),
22.3 (CH(CHs)2) ppm;

HRMS (ESI) calculated for C44H33NsO10 [M-H]: 811.2728; found: 811.2729.

4.2.10(S)-2-Amino-3-methoxy-3-methylbutanoic acid derivative
tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-((tert-butoxycarbonyl)amino)-3-methoxy-3-methyl
butanamido)benzamido)-3-isopropoxybenzamido)benzoate (123)

o
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Amine 5 (100 mg, 0.18 mmol) and acid 107 (63.5 mg, 0.26 mmol, 1.40 equiv.) were dissolved
in EtOACc (400 pL) and pyridine (44 uL, 0.55 mmol, 3.00 equiv.) was added. T3P (50% in
EtOAc, 200 pL, 0.33 mmol, 1.80 equiv.) was added at 0 °C and the mixture was stirred at 0 °C
for 3 h. H20 was added and the ag. phase was extracted with EtOAc (3x). The combined organic
phases were washed with a sat. NaHCOs3 solution, brine, dried over MgSQg, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (dry
load, PE/EtOAC = 2:1) to furnish product 123 (70.2 mg, 0.09 mmol, 49%) as brown amorphous
solid.
Rt (PE/EtOAC = 1:1) = 0.54;
[¢]p?? = -15.2 ° (c 0.1, MeOH);
'H-NMR (500 MHz, DMSO-ds) = 10.53 (s, 1H, NH), 10.16 (s, 1H, NH), 9.51 (s, 1H, NH),

7.98-7.97 (d, J = 8.7 Hz, 2H, Hay), 7.90-7.88 (d, J = 8.7 Hz, 2H, Ha,), 7.84-7.81 (m, 3H, Hay),
7.79-7.78 (d, J = 8.7 Hz, 2H, Hay), 7.41-7.40 (d, J = 8.4 Hz, 1H, Ha), 6.76-6.74 (d, J = 8.7 Hz,
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1H, CHNH), 6.05-5.99 (m, 1H, OCH,CHCH,), 5.39-5.38 (dd, J=1.6, 17.2 Hz, 1H,
OCH2CHCH?>), 5.21-5.19 (dd, J = 1.4, 10.5 Hz, 1H, OCH,CHCH,), 4.61-4.60 (d, J = 5.4 Hz,
1H, OCH2CHCH,), 4.53-4.47 (sept, J = 6.2 Hz, 1H, CH(CHz),), 4.31-4.30 (d, J = 9.0 Hz, 1H,
CHNH), 3.17 (s, 3H, OCHs3), 1.55 (s, 9H, C(CHs3)3), 1.40 (s, 9H, C(CH3)3), 1.26-1.25 (d,
J=6.1 Hz, 6H, CH(CHs3)2), 1.19 (s, 6H, C(CHs)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.4 (CO), 164.6 (CO), 164.5 (CO), 164.3 (CO), 155.4
(CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.0 (Car), 135.6 (Car), 133.6 (OCH2CHCH,),
130.1 (Car), 1285 (Ca), 128.4 (Ca), 127.1 (Cas), 126.0 (Ca), 123.6 (Ca), 118.9
(OCH2CHCH?y), 118.8 (Car), 118.8 (Car), 117.8 (Car), 80.5 (C(CHs)3), 78.5 (C(CH3)3), 76.2
(OCH2CHCHy), 76.0 (COCHBa), 74.3 (CH(CHs3)2), 59.7 (CHNH), 49.2 (OCHBa), 28.1 (C(CHa)a3),
27.9 (C(CH3)3), 22.3 (CH(CH3)2), 22.1 (C(CH3)2) ppm;

HRMS (ESI) calculated for C42HssN4O10Na [M+Na]*: 797.3738; found: 797.3726.

tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-amino-3-methoxy-3-methylbutanamido)benzamido)-3-
isopropoxybenzamido)benzoate (138)

he
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Lop

Carbamate 123 (65.0 mg, 0.08 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 2.10 mL,
9.32 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (60 mL) and a sat. NaHCO3 solution
(60 mL). The ag. phase was extracted with EtOAc and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.
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tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-3-
methylbutanamido)benzamido)-3-isopropoxybenzamido)benzoate (144)

¥,
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SN

DIPEA (44 pL, 0.25 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(38.3 mg, 0.10 mmol, 1.20 equiv.) and carboxylic acid 3 (26.8 mg, 0.10 mmol, 1.20 equiv.) in
DMF (2.1 mL). The solution was stirred for 5 min and was then transferred to a stirred solution
of amine 138 (56.6 mg, 0.08 mmol) in DMF (1.2 mL). The reaction mixture was stirred at rt
for 21 h. The mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried
over MgSOq, filtered and concentrated under reduced pressure. The crude product was purified
by column chromatography (MeOH in CH2Cl2 = 1%, 2%, 3%) to furnish product 144 (40.3 mg,
0.04 mmol, 52%) as colorless amorphous solid.
Rf (3% MeOH in CH2Cl,) = 0.27;
[¢]o?? = +5.4 ° (c 0.1, MeOH);
'H-NMR (500 MHz, DMSO-ds) = 10.71 (s, 1H, NH), 10.53 (s, 1H, NH), 10.33 (s, 1H, NH),
9.52 (bs, 1H, NH), 8.14-8.12 (d, J = 8.6 Hz, 2H, Ha), 8.07-8.04 (m, 3H, NH, Ha), 7.99-7.97
(d, J=8.8 Hz, 2H, Har), 7.96-7.94 (d, J = 8.9 Hz, 2H, Har), 7.91-7.88 (m, 3H, Har), 7.84-7.80
(m, 5H, Har), 7.41-7.40 (d, J = 8.5 Hz, 1H, Har), 6.06-5.98 (m, 1H, OCH2CHCH>), 5.39-5.35
(dgq,J=1.7,17.2 Hz, 1H, OCH2CHCH), 5.22-5.19 (dq, J = 1.7, 10.5 Hz, 1H, OCH2CHCHy>),
4.89-4.87 (d, J=8.7 Hz, 1H, CHNH), 4.61-4.60 (d, J = 5.5 Hz, 1H, OCH2CHCH>), 4.53-4.46
(sept, J=6.1 Hz, 1H, CH(CHBa)2), 3.23 (s, 3H, OCHz), 1.55 (s, 9H, C(CHz3)3), 1.31 (s, 6H,
C(CHa)z2), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 169.1 (CO), 166.2 (CO), 164.6 (CO), 164.5 (CO), 164.4
(CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.0 (Car), 141.7 (Car), 138.7 (Car),
135.6 (Car), 133.7 (OCH2CHCH?>), 132.5 (Car), 130.4 (Car), 130.1 (Car), 129.2 (Car), 128.6
(Car), 128.6 (Car), 128.5 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 119.5 (Car), 119.0
(OCH.CHCHy), 118.9 (Car), 118.8 (Car), 118.3 (CN), 117.8 (Car), 114.0 (Car), 80.5 (C(CHs3)3),
76.2 (OCH2CHCHy), 76.1 (COCHz3), 74.3 (CH(CHs3)2), 60.4 (CHNH), 49.3 (OCHs3), 27.9
(C(CHs)s), 22.3 (CH(CHs)2), 21.7 (C(CHs)2) ppm;
HRMS (ESI) calculated for CsaHssNsO10Na [M+Na]*: 945.3799; found: 945.3806.
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tert-Butyl (S)-4-(4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-3-methylbutanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (150)

Allyl ether 144 (38.5mg, 0.04 mmol) was dissolved in THF (2 mL). Aniline (13 pL,
0.14 mmol, 3.30 equiv.) and Pd(PPhs)s (4.8 mg, 4 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (MeOH in CH2Cl, = 1%,
2%, 3%) to furnish product 150 (27.0 mg, 0.03 mmol, 73%) as colorless amorphous solid.

Rf (3% MeOH in CH2Cl,) = 0.18;

[¢]p?? = -3.8 ° (c 0.1, MeOH);

IH-NMR (600 MHz, DMSO-ds) = 12.29 (s, 1H, OH), 10.70 (s, 1H, NH), 10.60 (bs, 1H, NH),
10.35 (s, 1H, NH), 9.39 (bs, 1H, NH), 8.14-8.13 (d, J = 8.6 Hz, 2H, Har), 8.07-8.04 (m, 3H,
NH, Har), 7.96-7.89 (m, 8H, Ha/), 7.86-7.81 (m, 5H, Has), 4.89-4.88 (d, J=8.9 Hz, 1H,
CHNH), 4.55 (bs, 1H, CH(CHz)2), 3.23 (s, 3H, OCHj3), 1.55 (s, 9H, C(CHs3)3), 1.31 (s, 6H,
C(CHa)z2), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHz3)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 169.1 (CO), 168.4 (CO), 166.2 (CO), 164.6 (CO), 164.4
(CO), 164.1 (CO), 142.1 (Car), 141.7 (Car), 138.7 (Car), 136.3 (Car), 132.5 (Car), 131.5 (Car),
131.4 (Car), 129.9 (Car), 129.2 (Car), 128.8 (Car), 128.7 (Car), 128.6 (Car), 128.5 (Car), 128.4
(Car), 122.9 (Car), 120.6 (Car), 119.5 (Car), 118.9 (Car), 118.3 (CN), 114.0 (Car), 80.5
(C(CHg)3), 76.1 (COCHBa), 74.9 (CH(CHBa)2), 60.4 (CHNH), 49.3 (OCHp3), 27.8 (C(CHa)3), 22.3
(CH(CHa)2), 21.7 (C(CHs3)2) ppm;

HRMS (ESI) calculated for CagHsoNsO10Na [M+Na]*: 905.3486; found: 905.3470.
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(S)-4-(4-(4-(2-(4-(4-Cyanobenzamido)benzamido)-3-methoxy-3-methylbutanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSF77

Ester 150 (25.0 mg, 0.03 mmol) was dissolved in precooled TFA (1.5 mL) at 0 °C with stirring.
The solution was warmed up to rt over 30 min. Et.O was added at 0 °C. The precipitate was
filtered off, washed with an excess of Et.O and dried in vacuo to furnish TSF77 (5.3 mg,
0.01 mmol, 23%) as beige amorphous solid.

[¢]p?? = +0.8 ° (¢ 0.1, MeOH);

IH-NMR (500 MHz, DMSO-dg) = 12.82 (s, 1H, CO2H), 12.29 (s, 1H, OH), 10.71 (s, 1H, NH),
10.60 (s, 1H, NH), 10.35 (s, 1H, NH), 9.40 (s, 1H, NH), 8.14-8.12 (d, J = 8.5 Hz, 2H, Ha),
8.07-8.04 (m, 3H, NH, Har), 7.98-7.94 (m, 6H, Har), 7.91-7.89 (d, J = 8.8 Hz, 2H, Ha), 7.86-
7.81 (m, 5H, Har), 7.71-7.70 (d, J = 8.9 Hz, 1H, Har), 4.89-4.87 (d, J = 8.9 Hz, 1H, CHNH),
4.58-4.51 (sept, J = 6.1 Hz, 1H, CH(CHz)2), 3.23 (s, 3H, OCHz), 1.31 (s, 6H, C(CHz3)2), 1.27-
1.26 (d, J = 6.1 Hz, 6H, CH(CHs)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.1 (CO), 168.5 (CO), 166.9 (CO), 166.2 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.1 (Car), 142.0 (Car), 141.7 (Car), 138.7 (Car), 137.0 (Car),
136.3 (Car), 132.5 (Car), 130.2 (Car), 129.2 (Car), 128.6 (Car), 128.6 (Car), 128.5 (Car), 126.3
(Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 118.9 (Car), 118.3 (CN), 114.0 (Car), 112.4 (Car),
112.2 (Car), 76.1 (COCHga), 74.9 (CH(CHs3)2), 60.4 (CHNH), 49.3 (OCHg), 22.3 (CH(CHs3)2),
21.7 (C(CHs)2) ppm;

HRMS (ESI) calculated for C4sH41NsO10 [M-H]: 825.2884; found: 825.28809.

203



4.2.111-Valine derivative
tert-Butyl (S)-4-(4-(4-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methylbutanamido)
benz-amido)-2-(allyloxy)-3-isopropoxybenzamido)benzoate (127)

Amine 5 (200 mg, 0.37 mmol) and Fmoc-L-valine (115) (174 mg, 0.51 mmol, 1.40 equiv.) were
dissolved in EtOAc (800 pL) and pyridine (180 pL, 2.20 mmol, 6.00 equiv.) was added. T3P
(50% in EtOAC, 900 pL, 1.47 mmol, 4.00 equiv.) was added dropwise at 0 °C. The mixture was
stirred for 4 h while warming to rt. The mixture was diluted with EtOAc and the organic phase
was washed with 1 M HCI solution, sat. NaHCOz solution, brine, dried over Na2SOs, filtered
and concentrated under reduced pressure. The residue was purified by column chromatography
(dry load, 40% EtOAc in hexane) to furnish product 127 (324 mg, quant.) as yellowish
amorphous solid, which was directly used in the next step.

tert-Butyl  (S)-4-(2-(allyloxy)-4-(4-(2-amino-3-methylbutanamido)benzamido)-3-isopropoxy
benz-amido)benzoate (141)

X
e
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Carbamate 127 (324 mg, 0.37 mmol, 1.00 equiv.) was dissolved in MeCN (4 mL) and
piperidine (1 mL) was added. The mixture was stirred at rt for 3 h, before it was concentrated
under reduced pressure. The residue was coevaporated with MeCN (3x) to furnish amine 141,

which was used in the next step without further purification.
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tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-
methylbutanamido) benz-amido)-3-isopropoxybenzamido)benzoate (147)

be
T P,
S,

Acid 3 (136 mg, 0.51 mmol, 1.40 equiv.) and HATU (195 mg, 0.51 mmol, 1.40 equiv.) were
dissolved in DMF (9 mL) and DIPEA (200 pL, 1.10 mmol, 3.00 equiv.) was added. The
mixture was stirred for 5 min before it was transferred to a stirred solution of amine 141
(236 mg, 0.37 mmol, 1.00 equiv.) in DMF (5 mL). The resulting mixture was stirred at rt for
23 h. EtOAc was added and the organic phase was washed with 0.1 M HCI solution, brine,
dried over Na>SOs, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography (2% MeOH in CH2Cl_) to furnish product 147 (168 mg, 0.19 mmol,
51% over three steps) as yellowish amorphous solid.

Rt (3% MeOH in CH2Cl>) = 0.36;

[¢]p?? = +5.5° (c 0.1, MeOH);

'H-NMR (600 MHz, DMSO-ds) = 6 10.69 (s, 1H, NH), 10.53 (s, 1H, NH), 10.52 (s, 1H, NH),
9.52 (s, 1H, NH), 8.49-8.47 (d, J = 8.1 Hz, 1H, CHNH), 8.14-8.12 (d, J = 8.6 Hz, 2H, Ha),
8.05-8.04 (d, J =8.6 Hz, 2H, Har), 7.99-7.96 (m, 4H, Ha), 7.90-7.88 (m, 4H, Har), 7.84-7.81
(m, 5H, Har), 7.41-7.40 (d, J = 8.5 Hz, 1H, Har), 6.05-5.98 (m, 1H, OCH2CHCH>), 5.39-5.35
(dg,J=1.6,17.2 Hz, 1H, OCH2CHCH), 5.21-5.19 (dq, J = 1.6, 10.5 Hz, 1H, OCH>CHCHy),
4.61-4.60 (d, J=5.5Hz, 1H, OCH2CHCHz), 4.53-4.47 (sept, J = 6.1 Hz, 1H, OCH(CHa)2),
4.45-4.42 (t, J=8.3 Hz, 1H, CHNH), 2.28-2.20 (m, 1H, CH(CHs).), 1.55 (s, 9H, C(CHz3)3),
1.26-1.25 (d, J = 6.1 Hz, 6H, OCH(CH3)2), 1.04-0.99 (dd, J = 6.7 Hz, 6H, CH(CHz)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 8 171.2 (CO), 166.2 (CO), 164.6 (CO), 164.5 (CO), 164.4
(CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.5 (Car), 142.1 (Car), 141.5 (Car), 138.7 (Car),
135.7 (OCH2CHCHz2), 133.6 (Car), 132.5 (Car), 130.1 (Car), 129.3 (Car), 128.6 (Car), 128.5
(Car), 128.4 (Car), 127.1 (Car), 126.0 (Car), 123.6 (Car), 119.5 (Car), 118.9 (OCH2CHCH>),
118.8 (Car), 118.7 (Car), 118.3 (CN), 117.8 (Car), 114.0 (Car), 80.3 (C(CHa)3z), 76.2
(OCH2CHCHy), 74.8 (OCH(CHs3).), 60.3 (CHNH), 30.0 (CH(CHz3)2), 27.9 (C(CHa)3), 22.3
(OCH(CHz3)2), 19.3 (CH(CHBa)2), 19.2 (CH(CHsa)2) ppm;

HRMS (ESI*) calculated for Cs1Hs2NsOgNa [M+Na]*: 915.3693; found: 915.3715.
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tert-Butyl (S)-4-(4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-
methylbutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (153)

Allyl ether 147 (152 mg, 0.17 mmol, 1.00 equiv.) was dissolved in THF (9 mL). Aniline
(50.0 pL, 0.56 mmol, 3.30 equiv.) and Pd(PPhs)4 (20.0 mg, 0.02 mmol, 10 mol%) were added
and the mixture was stirred at rt for 2 h. The mixture was concentrated under reduced pressure.
The residue was purified by column chromatography (dry load, 3% MeOH in CH2Cl.) to obtain
a brown amorphous solid (169 mg), which was stirred in CH>Cl,. The mixture was filtered and
the precipitate was washed with CH2Cl; to furnish product 153 (78.4 mg, 0.09 mmol, 54%) as
beige amorphous solid.

[¢]p?? = +7.8 ° (c 0.2, MeOH);

IH-NMR (600 MHz, DMSO-ds) = & 12.29 (s, 1H, OH), 10.69 (s, 1H, NH), 10.61 (s, 1H, NH),
10.54 (s, 1H, NH), 9.39 (s, 1H, NH), 8.49-8.48 (d, J=8.1 Hz, 1H, CHNH), 8.14-8.12 (d,
J=8.5Hz, 2H, Ha/), 8.05-8.04 (d, J = 8.6 Hz, 2H, Har), 7.97-7.96 (m, 4H, Har), 7.93-7.92 (d,
J=8.7 Hz, 2H, Ha/), 7.89-7.88 (d, J = 8.8 Hz, 2H, Ha/), 7.86-7.82 (m, 5H, Har), 7.71-7.70 (d,
J=8.7Hz, 1H, Ha/), 4.58-4.52 (sept, J = 6.1 Hz, 1H, OCH(CHz3),), 4.45-4.42 (t, J = 8.3 Hz,
1H, CHNH), 2.26-2.21 (m, 1H, CH(CH3)2), 1.55 (s, 9H, C(CHa)3), 1.27-1.26 (dd, J=1.2,
6.1 Hz, 6H, OCH(CHz)2), 1.04-0.99 (dd, J = 6.7 Hz, 6H, CH(CHz3)2) ppm;

13C-NMR (151 MHz, DMSO-ds) = 5 171.2 (CO), 168.5 (CO), 166.2 (CO), 164.5 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 142.0 (Car), 141.5 (Car), 138.7 (Car), 137.0 (Car),
136.3 (Car), 132.5 (Car), 129.9 (Car), 129.3 (Car), 128.6 (Car), 128.5 (Car), 128.4 (Car), 126.8
(Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 118.8 (Car), 118.3 (CN), 114.0 (Car), 112.4 (Car),
112.2 (Car), 80.5 (C(CHzs)3), 74.8 (OCH(CHs)2), 60.3 (CHNH), 30.0 (CH(CHzs)2), 27.8
(C(CHg)3), 22.3 (OCH(CHz3)2), 19.3 (CH(CHBa)z2), 19.2 (CH(CHs3)2) ppm;

HRMS (ESI*) calculated for C4gHa7NsOg [M-H]: 851.3405; found: 851.3419.

206



(S)-4-(4-(4-(2-(4-(4-Cyanobenzamido)benzamido)-3-methylbutanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid TSG18

Ester 153 (34.7 mg, 0.04 mmol, 1.00 equiv.) was dissolved in precooled TFA (2 mL) at 0 °C.
The mixture was stirred for 30 min while warming to rt. Et,O was added at 0 °C. The precipitate
was filtered off and washed with an excess of Et2O to furnish TSG18 (21.4 mg, 0.03 mmol,
66%) as beige amorphous solid.

[¢]p?? = +5.7 ° (¢ 0.1 MeOH);

'H-NMR (500 MHz, DMSO-dg) = § 12.82 (s, 1H, CO2H), 12.30 (s, 1H, OH), 10.69 (s, 1H,
NH), 10.60 (s, 1H, NH), 10.54 (s, 1H, NH), 9.40 (s, 1H, NH), 8.49 (d, J = 8.0 Hz, 1H, CHNH),
8.14-8.12 (d, J = 8.5 Hz, 2H, Har), 8.06-8.04 (d, J = 8.4 Hz, 2H, Har), 7.97-7.95 (m, 6H, Ha),
7.89-7.82 (m, 7H, Ha), 7.72-7.70 (d, J = 8.9 Hz, 1H, Ha), 4.59-4.51 (sept, J = 6.1 Hz, 1H,
OCH(CHa)2), 4.46-4.42 (t, J=8.4Hz, 1H, CHNH), 2.28-2.19 (sept, J=6.7 Hz, 1H,
CH(CHz3)2), 1.27-1.26 (d, J = 6.1 Hz, 6H, OCH(CHa)2), 1.04-0.99 (dd, J = 6.7, 18.5 Hz, 6H,
CH(CHz)2) ppm;

13C-NMR (126 MHz, DMSO-ds) = § 171.2 (CO), 168.5 (CO), 166.9 (CO), 166.2 (CO), 164.4
(CO), 164.2 (CO), 154.1 (Car), 142.2 (Car), 142.0 (Car), 141.5 (Car), 138.7 (Car), 138.6 (Car),
137.0 (Car), 136.3 (Car), 132.5 (Car), 130.2 (Car), 129.3 (Car), 128.6 (Car), 128.5 (Car), 128.4
(Car), 126.3 (Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 118.8 (Car), 118.3 (CN), 114.0 (Car),
112.4 (Car), 112.2 (Car), 74.8 (OCH(CHs)2), 60.3 (CHNH), 30.0 (CH(CHs)2), 22.3
(OCH(CHa)2), 19.3 (CH(CHBa)2), 19.2 (CH(CH3)2) ppm;

HRMS (ESI*) calculated for Ca4H39NsOg [M-H]: 795.2779; found: 795.2773.
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4.2.12(S)-2-Amino-3-methyl-3-nitrobutanoic acid derivatives
tert-Butyl 4-(4-(4-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methyl-3-

nitrobutanamido) benzamido)-2-(allyloxy)-3-isopropoxybenzamido)benzoate (126)

o N
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Amine 5 (100 mg, 0.18 mmol) and B-nitrovaline 109 (98.6 mg, 0.26 mmol, 1.40 equiv.) were
dissolved in EtOAc (400 pL) and pyridine (45 pL, 0.55 mmol, 3.00 equiv.) was added. T3P
(50% in EtOAC, 200 pL, 0.33 mmol, 1.80 equiv.) was added dropwise at 0 °C. The mixture was
stirred at 0 °C for 2 h. H2O was added and the ag. phase was extracted with EtOAc (3x). The
combined organic phases were washed with a sat. NaHCO3 solution, brine, dried over MgSOa,
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (dry load, PE/EtOAc = 2:1) to furnish product 126 (127 mg, 0.14 mmol, 76%)
as yellowish amorphous solid.
Rf (PE/EtOAC = 1:1) = 0.35;
'H-NMR (500 MHz, DMSO-dg) = 10.73 (s, 1H, NH), 10.53 (s, 1H, NH), 9.56 (s, 1H, NH),
8.26-8.24 (d, J =8.6 Hz, 1H, CHNH), 8.01-7.98 (d, J = 8.7 Hz, 2H, Har), 7.90-7.88 (m, 4H,
Har), 7.84-7.75 (m, 7H, Har), 7.43-7.39 (m, 3H, Ha), 7.34-7.29 (m, 2H, Ha), 6.06-5.98 (m,
1H, CH(CHy)), 5.39-5.35 (dg, J = 1.6, 17.2 Hz, 1H, CHCH,), 5.21-5.17 (m, 2H, CHCH_,
CHNH), 4.61-4.60 (d, J =5.5 Hz, 2H, ArOCH?>), 4.54-4.45 (sept, J = 6.1 Hz, 1H, CH(CH3)2),
4.42-4.36 (m, 1H, CHCH0), 4.29-4.23 (m, 2H, CHCH?0), 1.67 (s, 3H, CHz), 1.64 (s, 3H,
CHzs), 1.55 (s, 9H, C(CHa)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHz)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 166.8 (CO), 164.6 (CO), 164.5 (CO), 164.2 (CO), 156.2
(CO), 149.5 (Car), 143.7 (Car), 143.7 (Car), 143.0 (Car), 142.7 (Car), 141.4 (Car), 140.7 (Car),
135.6 (Car), 133.7 (CHCHy>), 130.1 (Car), 129.1 (Car), 128.5 (Car), 127.7 (d, J = 2.5 Hz, Ca),
127.2 (Car), 127.1 (d, J = 7.6 Hz, Car), 126.0 (Car), 125.4 (d, J = 11.3 Hz, Car), 123.6 (Car),
120.1 (d, J=2.6 Hz, Car), 119.4 (Car), 119.1 (Car), 118.8 (Car), 117.8 (CHCH,), 89.0
(C(CHs)2), 80.3 (C(CHBa)3), 76.3 (CH(CHa)2), 74.3 (ArOCHy>), 66.2 (CHCH-0), 60.5 (CHNH),
46.6 (CHCH:0), 27.9 (C(CHzs)3), 23.2 (CH3), 22.3 (CH(CHs3)2) ppm;
HRMS (ESI) calculated for Cs1Hs3NsO1:Na [M+Na]*: 934.3639; found: 934.3634.
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tert-Butyl 4-(2-(allyloxy)-4-(4-(2-amino-3-methyl-3-nitrobutanamido)benzamido)-3-

isopropoxybenzamido)benzoate (140)

he
e sol
top

Carbamate 126 (400 mg, 0.44 mmol) was dissolved in a mixture of piperidine (1.3 mL) and
MeCN (5.3 mL). The mixture was stirred at rt for 2 h, before it was concentrated under reduced
pressure and coevaporated with MeCN (3x) to furnish amine 140 as yellow amorphous solid,

which was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-methyl-3-
nitrobutanamido) benzamido)-3-isopropoxybenzamido)benzoate (146)

DIPEA (230 pL, 1.32 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(200 mg, 0.53 mmol, 1.20 equiv.) and carboxylic acid 3 (140 mg, 0.53 mmol, 1.20 equiv.) in
DMF (11 mL). The solution was stirred for 5 min and then transferred to a stirred solution of
amine 140 (303 mg, 0.44 mmol) in DMF (6 mL) at 0 °C. The reaction mixture was stirred at
20 h while warming to rt. The mixture was diluted with EtOAc and washed with a 1 M HCI
solution, brine, dried over MgSQOyg, filtered and concentrated under reduced pressure. The crude
product was purified by column chromatography (2% MeOH in CH2ClI>) to furnish product 146
(315 mg, 0.34 mmol, 77%) as orange amorphous solid.

Rf (3% MeOH in CH2Cl) = 0.19;

'H-NMR (500 MHz, DMSO-ds) = 6 10.71 (s, 1H, NH), 10.70 (s, 1H, NH), 10.53 (s, 1H, NH),
9.56 (s, 1H, NH), 8.78-8.76 (d, J =9.2 Hz, 1H, CHNH), 8.14-8.12 (d, J = 8.5 Hz, 2H, Ha/),
8.06-8.04 (d, J = 8.5 Hz, 2H, Har), 8.00-7.98 (d, J = 8.8 Hz, 2H, Har), 7.96-7.95 (d, J = 8.8 Hz,
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2H, Har), 7.91-7.88 (m, 4H, Ha,), 7.84-7.79 (m, 5H, Ha,), 7.41-7.40 (d, J = 8.4 Hz, 1H, Ha),
6.05-5.98 (m, 1H, OCH,CHCH,), 5.71-5.69 (d, J = 9.3 Hz, 1H, CHNH), 5.39-5.35 (dq, J = 1.6,
17.2 Hz, 1H, OCH,CHCH?>), 5.21-5.19 (dq, J = 1.5, 10.5 Hz, 1H, OCH>CHCHy), 4.61-4.60 (d,
J=5.4Hz, 2H, OCH,CHCH,), 4.52-4.45 (sept, J=6.1 Hz, 1H, CH(CHs).), 1.76 (s, 3H,
C(CHas)2), 1.69 (s, 3H, C(CHs)2), 1.55 (s, 9H, C(CHas)s), 1.26-1.25 (d, J=6.1Hz, 6H,
CH(CHsa)2) ppm;

BBC-NMR (126 MHz, DMSO-ds) = & 168.6 (CO), 166.8 (CO), 166.7 (CO), 164.6 (CO), 164.5
(CO), 164.2 (CO), 149.5 (Car), 143.0 (Car), 142.6 (Car), 141.9 (Car), 141.5 (Car), 138.6 (Car),
135.6 (Car), 133.7 (OCH2CHCHz), 132.5 (Car), 130.1 (Car), 129.1 (Car), 128.9 (Car), 128.7
(Car), 128.6 (Car), 128.4 (Car), 127.6 (Car), 127.2 (Car), 126.0 (Car), 123.6 (Car), 119.9 (Ca),
119.5 (Car), 119.4 (Car), 118.8 (OCH2CHCH?), 117.8 (CN), 114.1 (Car), 89.0 (C(CHz)2), 80.3
(C(CHz3)3), 76.2 (OCH2CHCHy), 74.3 (CH(CHs)2), 58.5 (CHNH), 27.9 (C(CHs)3), 23.2
(C(CHz3)2), 22.9 (C(CHBa)), 22.3 (CH(CHa)2) ppm;

HRMS (ESI) calculated for Cs1Hs1N7011Na [M+Na]*: 960.3544; found: 960.3557.

tert-Butyl 4-(4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-methyl-3-nitrobutanamido)
benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (152)

~
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Allyl ether 146 (56.8 mg, 0.06 mmol) was dissolved in THF (2.7 mL). Aniline (18 L,
0.20 mmol, 3.30 equiv.) and Pd(PPhs)s (7.0 mg, 6 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 90 min. The mixture was concentrated under
reduced pressure. The crude product was purified by column chromatography (dry load, 2%
MeOH in CHCIy) to furnish product 152 (57.3 mg, 0.05 mmol, 84%) as yellow amorphous
solid, which had a purity of 80% due to the presence of triphenylphosphin oxide impurities.
The product was used in the next step without further purification.
R (3% MeOH in CH.Cl) = 0.19;
HRMS (ESI) calculated for C4gH1sN7011 [M-H]: 896.3255; found: 896.3212.
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4-(4-(4-(2-(4-(4-Cyanobenzamido)benzamido)-3-methyl-3-nitrobutanamido)benzamido)-2-
hydroxy—3-isopropoxybenzamido)benzoic acid TSF14

Foas HQ*J@Y
oM e

OH
tert-Butyl ester 152 (19.8 mg, 0.02 mmol) was dissolved in precooled TFA (1.1 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et;O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF14
(11.4 mg, 0.01 mmol, 61%) as colorless amorphous solid.
'H-NMR (500 MHz, DMSO-ds) = 6 12.82 (s, 1H, CO2H), 12.28 (s, 1H, OH), 10.71 (bs, 2H,
NH), 10.60 (s, 1H, NH), 9.44 (s, 1H, NH), 8.78-8.76 (d, J = 9.3 Hz, 1H, CHNH), 8.14-8.12 (d,
J =8.6 Hz, 2H, Ha/), 8.06-8.04 (d, J = 8.6 Hz, 2H, Ha/), 7.98-7.94 (m, 6H, Har), 7.92-7.89 (d,
J=8.9 Hz, 2H, Ha/), 7.86-7.84 (m, 3H, Har), 7.82-7.80 (d, J = 8.8 Hz, 2H, Har), 7.70-7.68 (d,
J=8.9Hz, 1H, Has), 5.71-5.69 (d, J =9.3 Hz, 1H, CHNH), 4.57-4.50 (sept, J = 6.1 Hz, 1H,
CH(CHs3)2), 1.76 (s, 3H, C(CHs)), 1.70 (s, 3H, C(CHz3)), 1.27-1.25 (d, J=6.1 Hz, 6H,
CH(CHz)2) ppm;
13C-NMR (126 MHz, DMSO-dg) = § 168.5 (CO), 166.9 (CO), 166.8 (CO), 166.7 (CO), 164.5
(CO), 164.2 (CO), 154.1 (Car), 142.0 (Car), 141.9 (Car), 141.6 (Car), 138.6 (Car), 137.0 (Car),
136.4 (Car), 132.5 (Car), 130.2 (Car), 129.1 (Car), 128.9 (Car), 128.7 (Car), 128.6 (Car), 128.3
(Car), 126.3 (Car), 122.8 (Car), 120.7 (Car), 119.6 (Car), 119.4 (Car), 118.3 (CN), 114.1 (Car),
112.5 (Car), 112.3 (Car), 89.0 (C(CHs3)2), 74.9 (CH(CHz3)2), 58.5 (CHNH), 23.2 (C(CHz)2), 22.9
(C(CHg)2), 22.3 (CH(CH3)2) ppm;
HRMS (ESI) calculated for C44HzsN7011 [M-H]: 840.2629; found: 840.2632.
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tert-Butyl 4-(2-(allyloxy)-4-(4-(2-(3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-
carboxamido)-3-methyl-3-nitrobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(194)

DIPEA (35 pL, 0.20 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(30.2 mg, 0.08 mmol, 1.20 equiv.) and carboxylic acid 43 (20.3 mg, 0.08 mmol, 1.20 equiv.) in
DMF (1.6 mL). The solution was stirred for 5 min and then transferred to a stirred solution of
amine 140 (45.6 mg, 0.07 mmol) in DMF (1.0 mL) at 0 °C. The reaction mixture was stirred
for 18 h while warming to rt. The mixture was diluted with EtOAc and washed witha 1 M HCI
solution, brine, dried over MgSOs, filtered and concentrated under reduced pressure. The crude
product was purified by column chromatography (MeOH in CH2Cl; = 1%, 2%) to furnish
product 194 (45.0 mg, 0.05 mmol, 73%) as beige amorphous solid.
Rf (3% MeOH in CH2Cl») = 0.20;
IH-NMR (600 MHz, DMSO-ds) = 10.70 (s, 1H, NH), 10.53 (s, 1H, NH), 9.98 (s, 1H, NH),
9.56 (s, 1H, NH), 8.40-8.38 (d, J =9.9 Hz, 1H, CHNH), 8.00-7.99 (d, J = 8.8 Hz, 2H, Ha)),
7.90-7.88 (d, J = 8.7 Hz, 2H, Har), 7.87-7.85 (d, J = 8.9 Hz, 2H, Har), 7.84-7.77 (m, 7H, Ha/),
7.41-7.40 (d, J = 8.4 Hz, 1H, Ha), 6.05-5.98 (m, 1H, CHCH>), 5.48-5.47 (d, J = 9.6 Hz, 1H,
CHNH), 5.39-5.35 (dg, J=1.6, 17.2 Hz, 1H, CHCH>), 5.21-5.19 (dqg, J = 1.6, 10.5 Hz, 1H,
CHCHy), 4.61-4.60 (d, J = 5.4 Hz, 2H, OCH2CH), 4.52-4.46 (sept, J = 6.1 Hz, 1H, CH(CH3)=>),
2.32 (s, 6H, CCH2C), 1.68 (s, 3H, CHa), 1.61 (s, 3H, CHa), 1.55 (s, 9H, C(CHs3)3), 1.26-1.25 (d,
J =6.1 Hz, 6H, CH(CHz3)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 169.3 (CO), 168.5 (CO), 166.4 (CO), 166.1 (CO), 164.6
(CO), 164.2 (CO), 149.5 (Car), 143.0 (Car), 142.9 (Car), 142.6 (Car), 135.6 (Car), 133.6
(CHCH_2), 133.1 (Car), 130.1 (Car), 129.1 (Car), 128.4 (Car), 127.2 (Car), 126.0 (Car), 123.6
(Car), 119.7 (Car), 119.6 (Car), 119.4 (Car), 119.1 (CN), 118.8 (Car), 117.8 (CHCHy), 105.3
(Car), 88.9 (C(CHsa)2), 80.3 (C(CHBa)3), 76.2 (OCH), 74.3 (CH(CHz3)2), 57.6 (CHNH), 51.8
(CCHC), 40.3 (CCHC), 38.0 (CCH2C), 27.9 (C(CHs3)3), 22.9 (CH(CHs).), 22.7 (CH(CHa)=2),
22.3 (C(CH3)2) ppm;
HRMS (ESI) calculated for CsoHs3sN7O11Na [M+Na]*: 950.3701; found: 950.3692.
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tert-Butyl 4-(4-(4-(2-(3-((4-cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-carboxamido)-3-
methyl-3-nitrobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (203)
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Allyl ether 194 (43.2 mg, 0.05 mmol) was dissolved in THF (2.1 mL). Aniline (14 pL,
0.15 mmol, 3.30 equiv.) and Pd(PPhs)s (5.4 mg, 5 pmol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (dry load, MeOH in
CHCl> = 1%, 3%) to furnish product 203 (36.5 mg, 0.04 mmol, 88%) as yellowish amorphous
solid.
Rf (3% MeOH in CH.Cl,) = 0.14;
'H-NMR (600 MHz, DMSO-ds) = 12.28 (s, 1H, OH), 10.71 (s, 1H, NH), 10.62 (bs, 1H, NH),
9.98 (s, 1H, NH), 9.41 (s, 1H, NH), 8.40-8.39 (d, J=9.6 Hz, 1H, CHNH), 7.97-7.96 (d,
J=8.6 Hz, 2H, Har), 7.93-7.91 (d, J = 8.6 Hz, 2H, Ha), 7.87-7.84 (m, 5H, Ha/), 7.81-7.79 (d,
J=8.7Hz, 2H, Ha), 7.79-7.77 (d, J=8.7 Hz, 2H, Ha/), 7.66 (bs, 1H, Har), 5.48-5.47 (d,
J =9.6 Hz, 1H, CHNH), 4.56 (bs, 1H, CH(CH3)2), 2.32 (s, 6H, CCH2C), 1.68 (s, 3H, CHy),
1.61 (s, 3H, CHg), 1.55 (s, 9H, C(CHs3)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CHa)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 169.3 (CO), 168.5 (CO), 168.4 (CO), 166.4 (CO), 164.6
(CO), 164.1 (CO), 142.9 (Car), 141.5 (Car), 136.9 (Car), 136.5 (Car), 133.1 (Car), 129.9 (Car),
129.2 (Car), 128.3 (Car), 122.9 (Car), 120.5 (Car), 119.7 (Car), 119.5 (Car), 119.0 (CN), 112.6
(Car), 112.2 (Car), 105.3 (Car), 88.9 (C(CHz3)2), 80.4 (C(CHz3)3), 57.6 (CHNH), 51.8 (CCH2C),
40.4 (CCHC), 38.0 (CCH2C), 27.8 (C(CHz3)3), 22.9 (CH(CHz3)2), 22.7 (CH(CHs)2), 22.3
(C(CHs)2) ppm;
HRMS (ESI) calculated for C47H4N7O11:Na [M+Na]*: 910.3388; found: 910.3389.
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4-(4-(4-(2-(3-((4-Cyanophenyl)carbamoyl)bicyclo[1.1.1]pentane-1-carboxamido)-3-methyl-3-
nitrobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSF62
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tert-Butyl ester 203 (35.1 mg, 0.04 mmol) was dissolved in precooled TFA (2 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. EtO was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF62 (25.5 mg,
0.03 mmol, 78%) as colorless amorphous solid.
'H-NMR (600 MHz, DMSO-ds) = 12.82 (s, 1H, CO2H), 12.29 (s, 1H, OH), 10.71 (s, 1H, NH),
10.60 (s, 1H, NH), 9.98 (s, 1H, NH), 9.43 (s, 1H, NH), 8.40-8.38 (d, J = 9.9 Hz, 1H, CHNH),
7.98-7.96 (m, 4H, Har), 7.87-7.85 (m, 5H, Har), 7.81-7.80 (d, J = 8.8 Hz, 2H, Har), 7.79-7.77
(d, J=8.8 Hz, 2H, Ha/), 7.70-7.68 (d, J=8.9 Hz, 1H, Has), 5.48-5.47 (d, J=9.6 Hz, 1H,
CHNH), 4.57-4.51 (sept, J = 6.1 Hz, 1H, CH(CHa)z2), 2.32 (s, 6H, CCH2C), 1.68 (s, 3H, CHa),
1.61 (s, 3H, CHa), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 169.3 (CO), 168.5 (CO), 168.5 (CO), 166.9 (CO), 166.4
(CO), 164.1 (CO), 154.1 (Car), 142.9 (Car), 141.9 (Car), 141.5 (Car), 137.0 (Car), 136.4 (Cav),
133.1 (Car), 130.2 (Car), 129.1 (Car), 128.4 (Car), 126.3 (Car), 122.8 (Car), 120.7 (Car), 119.7
(Car), 119.5 (Car), 119.0 (CN), 112.5 (Car), 112.3 (Car), 105.3 (Car), 88.9 (C(CHz3)2), 74.9
(CH(CHBa)2), 57.6 (CHNH), 51.8 (CCH2C), 40.4 (CCH2C), 38.0 (CCH2C), 22.9 (CH(CH3)2),
22.7 (CH(CHa)2), 22.3 (C(CHa)2) ppm;
HRMS (ESI) calculated for C43H41N7011 [M-H]: 830.2786; found: 830.2771.
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tert-Butyl 4-(2-(allyloxy)-4-(4-(2-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-
yl)benzamido)-3-methyl-3-nitrobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
(195)

DIPEA (35 pL, 0.20 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(30.2 mg, 0.08 mmol, 1.20 equiv.) and carboxylic acid 34 (22.0 mg, 0.08 mmol, 1.20 equiv.) in
DMF (1.6 mL). The solution was stirred for 5 min and then transferred to a stirred solution of
amine 140 (45.6 mg, 0.0.7 mmol) in DMF (1.0 mL) at 0 °C. The reaction mixture was stirred
for 17 h while warming to rt. The mixture was diluted with EtOAc and washed with a 1 M HCI
solution, brine, dried over MgSO4 and concentrated under reduced pressure. The crude product
was purified by column chromatography (MeOH in CH2Cl, = 1%, 3%) to furnish product 195
(41.7 mg, 0.04 mmol, 66%) as orange amorphous solid.
Rf (3% MeOH in CH:Cl,) = 0.15;
IH-NMR (600 MHz, DMSO-ds) = & 10.72 (s, 1H, NH), 10.52 (bs, 1H, NH), 9.56 (s, 1H, NH),
9.14-9.13 (d, J = 9.2 Hz, 1H, NH), 8.28 (s, 1H, Har), 8.11-8.10 (d, J = 8.4 Hz, 2H, Ha), 8.03-
8.02 (d, J =8.5 Hz, 2H, Har), 8.00-7.99 (d, J = 8.8 Hz, 2H, Har), 7.90-7.88 (m, 3H, Har), 7.83-
7.79 (m, 5H, Ha), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 1H, Har), 7.41-7.40 (d, J = 8.5 Hz, 1H, Ha/),
6.05-5.98 (m, 1H, OCH,CHCH?>), 5.75-5.73 (d, J = 9.2 Hz, 1H, CHNH), 5.39-5.35 (dq, J = 1.7,
17.2 Hz, 1H, OCH2CHCHy), 5.21-5.19 (dq, J = 1.5, 10.5 Hz, 1H, OCH2CHCH), 4.61-4.60 (d,
J=5.5Hz, 1H, OCH.CHCH>), 4.52-4.46 (sept, J=9.2 Hz, 1H, CH(CHz3)2), 3.97 (s, 3H,
NCHs3), 1.78 (s, 3H, C(CHs3)), 1.72 (s, 3H, C(CHz3)), 1.55 (s, 9H, C(CHa)3), 1.26-1.25 (d,
J =6.1 Hz, 6H, CH(CHz3)2) ppm;
13C-NMR (151 MHz, DMSO-dg) = § 166.9 (CO), 166.2 (CO), 164.6 (CO), 164.5 (CO), 164.2
(CO), 154.9 (NCN), 149.5 (Car), 142.6 (Car), 141.9 (Car), 140.4 (Car), 139.5 (Car), 135.6 (Cav),
134.9 (Car), 133.6 (OCH2CHCHy), 132.2 (Car), 130.1 (Car), 129.3 (Car), 129.1 (Car), 128.4
(Car), 128.4 (Car), 127.2 (Car), 127.0 (Car), 126.7 (Car), 126.0 (Car), 126.0 (Car), 125.4 (Ca),
124.2 (Car), 119.8 (CN), 119.6 (Car), 118.8 (OCH.CHCH>), 117.8 (Car), 112.4 (Car), 104.3
(Car), 89.0 (C(CHs)2), 80.3 (C(CHs)3), 76.2 (OCH2CHCHz>), 74.3 (CH(CHs)2), 58.5 (CHNH),
32.2 (NCHs), 27.9 (C(CHs)s3), 23.4 (C(CHs3)2), 22.8 (CH(CHs3)2), 22.3 (CH(CHa)2) ppm;
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HRMS (ESI) calculated for Cs2Hs2NgO10Na [M+Na]*: 971.3704; found: 971.3693.

tert-Butyl 4-(4-(4-(2-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)-3-methyl-

3-nitrobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (204)
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Allyl ether 195 (40.0 mg, 0.04 mmol) was dissolved in THF (1.9 mL). Aniline (13 pL,
0.14 mmol, 3.30 equiv.) and Pd(PPh3)s4 (4.9 mg, 4 umol, 0.10 equiv.) were added subsequently
and the resulting mixture was stirred at rt for 2 h. The mixture was concentrated under reduced
pressure. The crude product was purified by column chromatography (dry load, MeOH in
CHxCl2 = 1%, 2%, 3%) to furnish product 204 (31.3 mg, 0.03 mmol, 82%) as yellow
amorphous solid.
Rf (3% MeOH in CH2Cly) = 0.20;
IH-NMR (600 MHz, DMSO-ds) = & 12.28 (s, 1H, OH), 10.73 (s, 1H, NH), 10.61 (bs, 1H, NH),
9.43 (bs, 1H, NH), 9.14-9.13 (d, J=9.2 Hz, 1H, NH), 8.28 (s, 1H, Ha), 8.11-8.10 (d,
J=8.4Hz, 2H, Har), 8.03-8.02 (d, J=8.4 Hz, 2H, Har), 7.98-7.97 (d, J =8.7 Hz, 2H, Ha/),
7.93-7.92 (d, J = 8.7 Hz, 2H, Har), 7.90-7.89 (d, J = 8.7 Hz, 1H, Har), 7.86-7.82 (m, 5H, Har),
7.75-7.73 (dd, J = 1.5, 8.4 Hz, 1H, Har), 7.70-7.64 (m, 1H, Har), 5.75-5.74 (d, J = 9.2 Hz, 1H,
CHNH), 4.55 (m, 1H, CH(CHs)2), 3.97 (s, 3H, NCHs), 1.78 (s, 3H, C(CH3)), 1.72 (s, 3H,
C(CHBa)), 1.55 (s, 9H, C(CHa)3), 1.26-1.25 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;
13C-NMR (151 MHz, DMSO-dg) = 6 168.4 (CO), 166.9 (CO), 166.6 (CO), 164.6 (CO), 164.1
(CO), 154.9 (NCN), 141.9 (Car), 141.6 (Car), 139.5 (Car), 134.9 (Car), 132.2 (Car), 129.9 (Car),
129.3 (Car), 128.4 (Car), 128.3 (Car), 125.9 (Car), 124.2 (Car), 122.9 (Car), 120.6 (Car), 119.9
(CN), 119.6 (Car), 112.4 (Car), 112.3 (Car), 89.0 (C(CHs3)z2), 80.5 (C(CHz3)3), 74.7 (CH(CHs)2),
58,5 (CHNH), 32.2 (NCHjg), 27.8 (C(CHs)s), 23.3 (C(CHs)2), 22.8 (CH(CHs)2), 22.3
(CH(CHa)2) ppm;
HRMS (ESI) calculated for Ca9HasNsO10Na [M+Na]*: 931.3391; found: 931.3417.
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4-(4-(4-(2-(4-(5-Cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)-3-methyl-3-
nitrobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSF64
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tert-Butyl ester 204 (30.1 mg, 0.03 mmol) was dissolved in precooled TFA (1.7 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF64
(14.9 mg, 0.02 mmol, 53%) as colorless amorphous solid.
IH-NMR (600 MHz, DMSO-ds) = & 12.82 (bs, 1H, CO2H), 12.28 (s, 1H, OH), 10.74 (s, 1H,
NH), 10.60 (s, 1H, NH), 9.44 (s, 1H, NH), 9.14-9.13 (d, J = 9.2 Hz, 1H, NH), 8.28 (s, 1H, Hay),
8.11-8.10 (d, J = 8.4 Hz, 2H, Har), 8.03-8.02 (d, J = 8.4 Hz, 2H, Har), 7.99-7.96 (m, 4H, Ha),
7.90-7.89 (d, J = 8.5 Hz, 2H, Har), 7.86-7.82 (m, 5H, Har), 7.75-7.73 (dd, J = 1.4, 8.4 Hz, 1H,
Har), 7.70-7.68 (d, J = 8.9 Hz, 1H, Har), 5.75-5.74 (d, J = 9.2 Hz, 1H, CHNH), 4.57-4.51 (sept,
J=6.1Hz, 1H, CH(CHs3)2), 3.97 (s, 3H, NCHa), 1.78 (s, 3H, C(CHj3)), 1.72 (s, 3H, C(CHz3)),
1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CH3)2) ppm;
13C-NMR (151 MHz, DMSO-ds) = 4 168.5 (CO), 166.9 (CO), 166.9 (CO), 166.6 (CO), 164.2
(CO), 154.9 (NCN), 154.1 (Car), 141.9 (Car), 141.9 (Car), 141.6 (Car), 139.5 (Car), 137.0 (Car),
136.4 (Car), 134.9 (Car), 132.2 (Car), 130.2 (Car), 129.3 (Car), 129.1 (Car), 128.4 (Car), 128.3
(Car), 126.3 (Car), 126.0 (Car), 124.1 (Car), 122.8 (Car), 120.7 (Car), 119.9 (CN), 119.6 (Car),
112.5 (Car), 112.4 (Car), 112.3 (Car), 104.3 (Car), 89.0 (C(CH3)2), 74.9 (CH(CHsa)2), 58.5
(CHNH), 32.2 (NCH3), 23.3 (CH(CHz)2), 22.8 (CH(CHs3)2), 22.3 (C(CHs3)2) ppm;
HRMS (ESI) calculated for C4sH39NgO10 [M-H]: 851.2789; found: 851.2789.
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tert-Butyl 4-(4-(4-(2-(4-(4-cyanobenzamido)benzamido)-3-methylbut-2-enamido)benzamido)
-2-hydroxy-3-isopropoxybenzamido)benzoate (232)

Compound 152 (10.0 mg, 0.01 mmol) was dissolved in THF (300 puL) and DBU (5 L,
0.03 mmol, 3.00 equiv.) was added at 0 °C. The mixture was stirred for 20 h while warming to
rt. The mixture was loaded onto silica. Column chromatography (MeOH in CH2Cl, = 2%, 3%)
furnished product 232 (8.8 mg, 0.01 mmol, 93%) as colorless amorphous solid.

Rf (3% MeOH in CH.Cl) = 0.17;

IH-NMR (400 MHz, DMSO-ds) = & 12.30 (s, 1H, OH), 10.71 (s, 1H, NH), 10.67 (bs, 1H, NH),
10.36 (s, 1H, NH), 9.63 (s, 1H, NH), 9.37 (s, 1H, NH), 8.14-8.12 (d, J = 8.6 Hz, 2H, Has), 8.06-
8.04 (d, J = 8.6 Hz, 2H, Har), 8.01-7.99 (d, J = 8.8 Hz, 2H, Har), 7.96-7.84 (m, 11H, Ha), 7.73-
7.71(d,J=8.9 Hz, 1H, Har), 4.60-4.51 (sept, J = 6.1 Hz, 1H, CH(CH3)>), 1.97 (s, 3H, C(CH?3)),
1.85 (s, 3H, C(CHs3)), 1.55 (s, 9H, C(CHs3)3), 1.28-1.26 (d, J = 6.2 Hz, 6H, CH(CHz)2) ppm;
13C-NMR (101 MHz, DMSO-ds) = 6 168.5 (CO), 164.9 (CO), 164.9 (CO), 164.6 (CO), 164.5
(CO), 164.2 (CO), 154.3 (Car), 142.8 (Car), 142.0 (Car), 141.7 (Car), 138.7 (Car), 137.0 (Car),
136.2 (Car), 132.9 (CCNH), 132.5 (Car), 129.9 (Car), 128.9 (Car), 128.6 (Car), 128.6 (Car),
128.2 (Car), 128.0 (Car), 127.0 (CH(CH3)2), 126.8 (Car), 122.9 (Car), 120.6 (Car), 119.5 (Car),
119.4 (Car), 119.0 (Car), 118.3 (CN), 114.1 (Car), 112.4 (Car), 80.5 (C(CHa)2), 74.8
(CH(CHs)2), 27.8 (C(CHa)s), 22.3 (C(CHa)z2), 20.7 (C(CHs3)2), 20.4 (CH(CHs)2) ppm;

HRMS (ESI) calculated for C4gHasNsOg [M-H]: 849.3248; found: 849.3250.
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4.2.13(1S,2R)-1-Amino-2-vinylcyclopropane-1-carboxylic acid derivatives
tert-Butyl 4-(2-(allyloxy)-4-(4-((1S,2R)-1-((tert-butoxycarbonyl)amino)-2-vinylcyclopropane-

1-carboxamido)benzamido)-3-isopropoxybenzamido)benzoate (132)
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Amine 5 (200 mg, 0.37 mmol) and acid 118 (117 mg, 0.51 mmol, 1.40 equiv.) were dissolved
in EtOAc (800 pL) and pyridine (90 uL, 1.10 mmol, 3.00 equiv.) was added. T3P (50% in
EtOAc, 400 pL, 0.66 mmol, 1.80 equiv.) was added at 0 °C and the mixture was stirred at 0 °C
for 3 h. H20 was added and the ag. phase was extracted with EtOAc (3x). The combined organic
phases were washed with a sat. NaHCOz3 solution, brine, dried over MgSQg, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (1%
MeOH in CH2ClI) to furnish product 132 (233 mg, 0.31 mmol, 84%) as yellowish amorphous
solid.
[¢]p?® =-8.2 ° (c 0.2, CH2Cl,);
'H-NMR (600 MHz, DMSO-dg) = 10.52 (s, 1H, NH), 9.95-9.88 (m, 1H, NH), 9.52 (s, 1H, NH),
7.97-7.95 (d, J = 8.8 Hz, 2H, Har), 7.90-7.88 (d, J = 8.8 Hz, 2H, Har), 7.85-7.78 (m, 5H, Ha),
7.51 (bs, 1H, NH), 7.41-7.40 (d, J = 8.5 Hz, 1H, Har), 6.05-5.99 (m, 1H, OCH.CHCH>), 5.65-
5.53 (m, 1H, CHCHCHy), 5.39-5.35 (dq, J=1.6, 17.2 Hz, 1H, OCH2CHCH), 5.24-5.19 (m,
2H, CHCHCH>, OCH,CHCH), 5.04-5.02 (dd, J = 1.9, 10.4 Hz, 1H, CHCHCH), 4.61-4.60 (d,
J =5.5Hz, 2H, OCH,CHCH>), 4.53-4.47 (sept, J = 6.1 Hz, 1H, CH(CHs)z), 2.27-2.22 (m, 1H,
CCH), 1.79-1.77 (m, 1H, CCHy), 1.55 (s, 9H, C(CH3)3), 1.41-1.32 (m, 9H, C(CHs)3), 1.26-1.25
(dd, J=1.7,6.1 Hz, 6H, CH(CH3)2), 1.24-1.22 (m, 1H, CCH2) ppm;
13C-NMR (126 MHz, DMSO-dg) = 169.9 (CO), 164.6 (CO), 164.5 (CO), 164.3 (CO), 155.6
(CO), 1495 (Car), 143.0 (Car), 1425 (Car), 135.7 (Car), 1345 (CHCHCH,), 133.6
(CH2CHCH?>), 132.0 (Car), 130.1 (Car), 128.4 (Car), 128.3 (Car), 127.1 (Car), 126.0 (Car), 123.6
(Car), 119.2 (Car), 118.9 (Car), 118.8 (Car), 118.3 (CH.CHCHy), 117.8 (CHCHCH.), 80.5
(C(CHg)3), 78.9 (C(CHs3)3), 76.2 (CH2CHCH?>), 74.3 (CH(CH?3).), 45.4 (Cg), 30.7 (CCH), 28.1

(C(CHa)3), 27.8 (C(CHa)3), 22.3 (d, J = 2.5 Hz, CH(CHs)2), 20.0 (CCH2) ppm;
HRMS (ESI) calculated for C42HsoN4OgNa [M+Na]*: 777.3475; found: 777.3471.
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tert-Butyl 4-(2-(allyloxy)-4-(4-((1S,2R)-1-amino-2-vinylcyclopropane-1-carboxamido)
benzamido)-3-isopropoxybenzamido)benzoate (188)

Carbamate 132 (150 mg, 0.20 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 5.00 mL,
20.0 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (135 mL) and a sat. NaHCO3 solution
(135 mL). The ag. phase was extracted with EtOAc (2x) and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(4-((1S,2R)-1-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-
yl)benzamido)-2-vinylcyclopropane-1-carboxamido)benzamido)-3-

isopropoxybenzamido)benzoate (197)

DIPEA (89 pL, 0.51 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(77.4 mg, 0.20 mmol, 1.20 equiv.) and acid 34 (56.4 mg, 0.20 mmol, 1.20 equiv.) in DMF
(4.2 mL). The solution was stirred for 5 min and then transferred to a stirred solution of amine
188 (111 mg, 0.17 mmol) in DMF (2.4 mL) at 0 °C. The reaction mixture was stirred for 18 h
while warming to rt. The mixture was diluted with EtOAc and washed with a 1 M HCI solution,
brine, dried over MgSOyg, filtered and concentrated under reduced pressure. The crude product
was purified by column chromatography (MeOH in CH2Cl, = 1%, 2%) to furnish product 197
(83.0 mg) as beige amorphous solid, which contained minor impurities. The product was used

in the next step without further purification.
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tert-Butyl 4-(4-(4-((1S,2R)-1-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)-2-
vinylcyclopropane-1-carboxamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate
(206)

Allyl ether 197 (83.0 mg, 0.09 mmol) was dissolved in THF (4.5 mL). Aniline (27 pL,
0.30 mmol, 3.30equiv.) and Pd(PPhs)s (10.5mg, 0.01 mmol, 0.10 equiv.) were added
subsequently and the resulting mixture was stirred at rt for 3 h. The mixture was concentrated
under reduced pressure. The crude product was purified by column chromatography (dry load,
MeOH in CH2Cl> = 1%, 2%) to furnish product 206 (47.3 mg, 0.05 mmol, 32% over two steps)
as yellowish amorphous solid.

Rf (3% MeOH in CH:Cl) = 0.17;

[¢]p?? = +10.8 ° (c 0.1, MeOH);

IH-NMR (600 MHz, DMSO-ds) = 12.28 (s, 1H, OH), 10.61 (bs, 1H, NH), 10.02 (s, 1H, NH),
9.39 (s, 1H, NH), 9.27 (s, 1H, NH), 8.29-8.28 (dd, J=0.6, 1.5 Hz, 1H, Ha), 8.19-8.18 (d,
J =8.6 Hz, 2H, Har), 8.04-8.03 (d, J = 8.6 Hz, 2H, Har), 7.95-7.89 (m, 5H, Har), 7.86-7.84 (m,
3H, Har), 7.81-7.79 (d, J = 8.9 Hz, 2H, Ha), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 2H, Har), 7.68 (bs,
1H, Har), 5.75-5.69 (m, 1H, CHCHCH?), 5.34-5.31 (d, J = 17.1 Hz, 1H, CHCHCH?), 5.12-5.10
(d, J=10.5Hz, 1H, CHCHCHy), 4.55 (bs, 1H, CH(CH3)2), 3.97 (s, 3H, NCH3), 1.97-1.94 (m,
1H, CCH), 1.55 (s, 9H, C(CHs3)3), 1.39-1.36 (m, 1H, CCH>), 1.26-1.25 (dd, J = 3.9, 6.1 Hz, 6H,
CH(CHz3)2), 1.23 (m, 1H, CCH2) ppm;

13C-NMR (126 MHz, DMSO-ds) = 168.4 (CO), 168.3 (CO), 166.8 (CO), 164.6 (CO), 164.2
(CO), 154.9 (NCN), 142.2 (Car), 141.9 (Car), 139.5 (Car), 136.9 (Car), 136.3 (Car), 135.1
(CHCHCHy), 134.6 (Car), 132.0 (Car), 129.9 (Car), 129.3 (Car), 128.6 (Car), 128.2 (Car), 128.1
(Car), 125.9 (Car), 124.1 (Car), 122.9 (Car), 120.6 (Car), 119.9 (Car), 119.7 (Car), 119.4 (CN),
117.2 (CHCHCHy), 112.4 (Car), 104.3 (Car), 80.5 (C(CHz)3), 74.8 (CH(CH?3)2), 42.4 (Cy), 32.2
(CCH), 27.8 (C(CHg)z3), 22.3 (d, J = 2.5 Hz, CH(CH?3)>), 21.6 (CCH2) ppm;

HRMS (ESI) calculated for CsoH47N70sNa [M+Na]*: 896.3384; found: 896.3384.
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4-(4-(4-((1S,2R)-1-(4-(5-Cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)-2-
vinylcyclopropane-1-carboxamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic
acid TSF84
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tert-Butyl ester 206 (41.4 mg, 0.05 mmol) was dissolved in precooled TFA (2.4 mL) at 0 °C
with stirring. The solution was warmed up to rt over 30 min. Et,O was added at 0 °C. The
precipitate was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSF84
(16.4 mg, 0.02 mmol, 42%) as colorless amorphous solid.
[¢]p?® = +6.3 (c 0.2, MeOH);
!H-NMR (600 MHz, DMSO-ds) = 12.83 (bs, 1H, CO2H), 12.28 (s, 1H, OH), 10.60 (s, 1H, NH),
10.02 (s, 1H, NH), 9.41 (s, 1H, NH), 9.27 (s, 1H, NH), 8.28 (dd, J = 0.6, 1.5 Hz, 1H, Hay), 8.19-
8.18 (d, J =8.5 Hz, 2H, Har), 8.04-8.02 (d, J = 8.6 Hz, 2H, Har), 7.97-7.96 (d, J = 8.7 Hz, 2H,
Har), 7.95-7.94 (d, J = 8.9 Hz, 2H, Har), 7.91-7.89 (dd, J = 0.5, 8.6 Hz, 2H, Har), 7.86-7.84 (m,
3H, Har), 7.81-7.79 (d, J = 8.9 Hz, 2H, Ha), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 2H, Har), 7.70-7.69
(d, J=8.9Hz, 2H, Har), 5.75-5.69 (m, 1H, CHCHCH,), 5.34-5.31 (d, J=17.1 Hz, 1H,
CHCHCH_), 5.12-5.11 (d, J=12.1 Hz, 1H, CHCHCHy), 4.57-4.51 (sept, J=6.1 Hz, 1H,
CH(CHs3)2), 3.98 (s, 3H, NCH3), 1.97-1.94 (m, 1H, CCH), 1.39-1.36 (m, 1H, CCH>), 1.30-1.23
(m, 1H, CCHy), 1.26-1.25 (dd, J = 3.8, 6.1 Hz, 6H, CH(CH3)2) ppm;
13C-NMR (126 MHz, DMSO-ds) = 168.5 (CO), 168.3 (CO), 166.9 (CO), 166.9 (CO), 164.2
(CO), 154.9 (NCN), 154.1 (Car), 142.2 (Car), 142.0 (Car), 141.9 (Car), 139.5 (Car), 137.0 (Car),
136.3 (Car), 135.1 (CHCHCH?>), 134.6 (Car), 132.0 (Car), 130.2 (Car), 129.3 (Car), 128.5 (Car),
128.2 (Car), 128.1 (Car), 126.3 (Car), 126.0 (Car), 124.1 (Car), 122.8 (Car), 120.7 (Car), 119.9
(Car), 119.7 (Car), 119.5 (CN), 117.0 (CHCHCHy), 112.4 (Car), 112.2 (Car), 104.4 (Car), 74.6
(CH(CHsa)2), 42.4 (Cq), 32.2 (CCH), 22.3 (d, J = 2.3 Hz, CH(CHa)2), 21.6 (CCH2) ppm;
HRMS (ESI) calculated for CasH3sN7Og [M+Na]*: 840.2758; found: 840.2769.
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tert-Butyl 4-(2-(allyloxy)-4-(5-((1S,2R)-1-((tert-butoxycarbonyl)amino)-2-vinylcyclopropane-

1-carboxamido)picolinamido)-3-isopropoxybenzamido)benzoate (133)
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Amine 114 (200 mg, 0.37 mmol) and acid 118 (116 mg, 0.51 mmol, 1.40 equiv.) were
dissolved in EtOAc (800 pL) and pyridine (90 pL, 1.10 mmol, 3.00 equiv.) was added. T3P
(50% in EtOAC, 400 pL, 0.66 mmol, 1.80 equiv.) was added at 0 °C and the mixture was stirred
for 3 h while warming to rt. H,O was added and the ag. phase was extracted with EtOAc (2x).
The combined organic phases were washed with a sat. NaHCO3 solution, brine, dried over
MgSOs, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (PE/EtOAc =1:1) to furnish product 133 (186 mg, 0.25 mmol, 67%) as
yellowish amorphous solid.
Rt (2% MeOH in CH.Cl») = 0.26;
[¢]p?? =-9.6 ° (c 0.2, MeOH);
IH-NMR (600 MHz, DMSO-ds) = 10.70 (s, 1H, NH), 10.48 (s, 1H, NH), 10.36-10.25 (m, 1H,
NH), 9.03 (bs, 1H, Har), 8.35-8.34 (d, J = 8.8 Hz, 2H, Har), 8.18-8.16 (d, J = 8.8 Hz, 1H, Ha/),
7.90-7.88 (d, J =8.8 Hz, 2H, Ha/), 7.83-7.82 (d, J =8.8 Hz, 2H, Ha/), 7.54 (bs, 0.6H, NH),
7.49-7.47 (d,J = 8.5 Hz, 1H, Har), 7.23 (bs, 0.3H, NH), 6.05-5.99 (m, 1H, OCH2CHCH>), 5.70-
5.59 (m, 1H, CHCHCHy), 5.41-5.37 (dq, J=1.6, 17.2 Hz, 1H, OCH2CHCH), 5.25-5.20 (m,
2H, CHCHCH2, OCH2CHCH), 5.06-5.04 (dd, J =1.8, 10.4 Hz, 1H, CHCHCH>), 4.68-4.63
(sept, J=6.1 Hz, 1H, CH(CH3).), 4.62-4.61 (d, J = 5.5 Hz, 2H, OCH>CHCHy), 2.34-2.29 (m,
1H, CCH), 1.80 (bs, 1H, CCH>), 1.55 (s, 9H, C(CHs3)3), 1.41-1.32 (m, 9H, C(CHa)3), 1.37-1.36
(dd, J =2.6, 6.1 Hz, 6H, CH(CHz3)2), 1.26 (bs, 1H, CCH.) ppm;
13C-NMR (151 MHz, DMSO0-dg) = 169.5 (CO), 164.6 (CO), 164.3 (CO), 161.1 (CO), 155.6
(CO), 149.3 (Car), 143.3 (Car), 143.0 (Car), 140.0 (Car), 139.4 (Car), 138.8 (Car), 135.5 (Car),
134.3 (CHCHCHy), 133.5 (CH2CHCHy), 130.1 (Car), 127.7 (Car), 126.0 (Car), 125.7 (Car),
124.6 (Car), 122.7 (Car), 118.8 (Car), 118.0 (Car), 117.2 (CH2CHCH>), 113.8 (CHCHCH>),
80.3 (C(CHs3)3), 78.9 (C(CH3)3), 76.3 (CH2CHCHy), 74.3 (CH(CHa)2), 42.4 (Cq), 32.6 (CCH),
28.1 (C(CHz3)3), 27.8 (C(CH?3)3), 22.3 (d, J = 2.7 Hz, CH(CHa)z2), 21.8 (CCH2) ppm;

HRMS (ESI) calculated for C41H9NsOgNa [M+Na]*: 778.3428; found: 778.3441.
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tert-Butyl 4-(2-(allyloxy)-4-(5-((1S,2R)-1-amino-2-vinylcyclopropane-1-
carboxamido)picolinamido)-3-isopropoxybenzamido)benzoate (189)

Carbamate 133 (177 mg, 0.23 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 5.90 mL,
23.4 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The
solution was transferred to a stirred suspension of EtOAc (150 mL) and a sat. NaHCO3 solution
(150 mL). The ag. phase was extracted with EtOAc (3x) and the combined organic phases were
washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The
crude product was used in the next step without further purification.

tert-Butyl 4-(2-(allyloxy)-4-(5-((1S,2R)-1-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-
yl)benzamido)-2-vinylcyclopropane-1-carboxamido)picolinamido)-3-
isopropoxybenzamido)benzoate (198)

ﬁmﬂ%
m@\ @Y

DIPEA (123 pL, 0.70 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(107 mg, 0.28 mmol, 1.20 equiv.) and acid 34 (78.1 mg, 0.28 mmol, 1.20 equiv.) in DMF
(6.0 mL). The solution was stirred for 5 min and then transferred to a stirred solution of amine
189 (154 mg, 0.23 mmol) in DMF (3.4 mL) at 0 °C. The reaction mixture was stirred for 18 h
while warming to rt. The mixture was diluted with EtOAc and washed with a 1 M HCI solution,
brine, dried over MgSQOyg, filtered and concentrated under reduced pressure. The crude product
was purified by column chromatography (MeOH in CH2Cl> = 1%, 2%) to furnish product 198
(142 mg, 0.16 mmol, 66%) as yellowish amorphous solid.

Rf (3% MeOH in CH2Cl,) = 0.25;
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[@]o?? = +5.3 ° (c 0.2, MeOH);

IH-NMR (600 MHz, DMSO-ds) = 10.62 (s, 1H, NH), 10.48 (s, 1H, NH), 10.29 (s, 1H, NH),
9.33 (s, 1H, NH), 9.00 (d, J = 2.5 Hz, 1H, Has), 8.37-8.34 (m, 2H, Har), 8.29-8.28 (m, 1H, Hay),
8.20-8.17 (m, 3H, Har), 8.04-8.03 (d, J = 8.6 Hz, 2H, Ha,), 7.91-7.88 (m, 3H, Har), 7.82-7.81
(d, J = 8.7 Hz, 2H, Ha), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 2H, Ha), 7.48-7.47 (d, J = 8.6 Hz, 2H,
Har), 6.05-5.97 (m, 1H, OCHCHCH,), 5.79-5.72 (m, 1H, CHCHCH,), 5.40-5.32 (m, 2H,
OCHCHCH2, CHCHCHy), 5.22-5.19 (dq, J = 1.6, 10.5 Hz, 1H, OCHCHCHy), 5.14-5.12 (m,
1H, CHCHCHy), 4.68-4.62 (sept, J = 6.0 Hz, 1H, CH(CHs)2), 4.61-4.60 (d, J = 5.5 Hz, 1H,
OCHCHCH_), 3.97 (s, 3H, NCH3), 1.99-1.96 (m, 1H, CCH), 1.54 (s, 9H, C(CHs)s), 1.43-1.40
(m, 1H, CCH>), 1.36-1.34 (dd, J = 6.3, 7.4 Hz, 6H, CH(CH?3)2), 1.23 (m, 1H, CCH>) ppm;
13C-NMR (151 MHz, DMSO-ds) = 169.1 (CO), 166.9 (CO), 164.6 (CO), 164.3 (CO), 161.1
(CO), 154.9 (NCN), 149.3 (Car), 143.4 (Car), 143.0 (Car), 141.9 (Car), 140.2 (Car), 139.5 (Car),
139.4 (Car), 138.7 (Car), 135.5 (CHCHCH?>), 135.1 (Cay), 134.4 (Car), 133.5 (Car), 132.1 (Ca),
130.1 (Car), 129.3 (Car), 128.2 (Car), 128.1 (Car), 126.0 (Car), 126.0 (Car), 125.8 (Car), 124.6
(Car), 124.1 (Car), 122.7 (Car), 119.9 (CN), 118.8 (Car), 118.0 (Car), 117.4 (CHCHCH>), 113.7
(Car), 112.4 (Cay), 104.3 (Car), 80.3 (C(CHs)3), 76.3 (CH2CHCHy>), 74.3 (CH(CHs)2), 42.2 (Cy),
32.2 (CCH), 27.9 (C(CHa)3), 22.3 (d, J = 7.4 Hz, CH(CHa)2), 22.3 (CCH2) ppm;

HRMS (ESI) calculated for CsoHsoNsOsNa [M+Na]™: 937.3649; found: 937.3690.

tert-Butyl 4-(4-(5-((1S,2R)-1-(4-(5-cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)-2-
vinylcyclopropane-1-carboxamido)picolinamido)-2-hydroxy-3-

isopropoxybenzamido)benzoate (207)

\
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Allyl ether 197 (137 mg, 0.15 mmol) was dissolved in THF (7.5 mL). Aniline (45 pL,
0.49 mmol, 3.30 equiv.) and Pd(PPhs)s (17.3 mg, 0.02 mmol, 0.10 equiv.) were added
subsequently and the resulting mixture was stirred at rt for 90 min. The mixture was
concentrated under reduced pressure. The crude product was purified by column

chromatography (dry load, MeOH in CH2Cl> = 2%, 3%) to furnish product 207 (107 mg,

0.12 mmol, 82%) as yellowish amorphous solid.
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Rf (3% MeOH in CH2Cl,) = 0.15;

[@]p?? = +4.2° (c 0.1, MeOH);

1H-NMR (500 MHz, DMSO-dg) = 12.44 (s, 1H, OH), 10.75 (bs, 1H, NH), 10.62 (bs, 1H, NH),
10.28 (s, 1H, NH), 9.33 (s, 1H, NH), 8.99-8.98 (d, J = 2.6 Hz, 1H, Har), 8.38-8.36 (dd, J = 2.4,
8.6 Hz, 1H, Has), 8.29-8.28 (dd, J = 0.6, 1.5 Hz, 1H, Har), 8.20-8.18 (d, J = 8.6 Hz, 2H, Ha),
8.18-8.16 (d, J = 8.8 Hz, 1H, Ha), 8.07 (bs, 1H, Har), 8.05-8.03 (d, J = 8.5 Hz, 2H, Har), 7.93-
7.88 (M, 4H, Har), 7.85-7.84 (d, J = 8.9 Hz, 2H, Ha), 7.75-7.73 (dd, J = 1.5, 8.4 Hz, 2H, Ha),
5.75-5.69 (m, 1H, CHCHCHy), 5.36-5.32 (dd, J = 1.4, 17.1 Hz, 1H, CHCHCHy), 5.14-5.12 (dd,
J=17, 10.4 Hz, 1H, CHCHCH,), 4.72-4.65 (sept, J = 6.0 Hz, 1H, CH(CHa)2), 3.97 (s, 3H,
NCHz), 1.99-1.96 (m, 1H, CCH), 1.55 (s, 9H, C(CHz3)3), 1.43-1.40 (m, 1H, CCHy), 1.34-1.31
(t, J =6.6 Hz, 6H, CH(CHz3)2), 1.23 (m, 1H, CCH) ppm;

BC-NMR (126 MHz, DMSO-dg) = 169.1 (CO), 168.6 (CO), 166.9 (CO), 164.6 (CO), 161.2
(CO), 154.9 (NCN), 143.4 (Car), 141.9 (Car), 140.2 (Car), 139.5 (Car), 138.7 (Car), 136.7 (Ca),
135.1 (CHCHCHy>), 134.4 (Car), 134.0 (Car), 132.1 (Car), 131.5 (Car), 131.4 (Car), 129.9 (Ca),
129.3 (Car), 128.8 (Car), 128.7 (Car), 128.2 (Car), 128.0 (Car), 126.0 (Car), 124.1 (Car), 123.6
(Car), 122.7 (Car), 120.7 (Cay), 119.9 (CN), 117.4 (CHCHCH?>), 112.4 (Car), 104.4 (Car), 80.5
(C(CHa)3), 74.6 (CH(CHs)2), 42.2 (Cq), 32.2 (CCH), 27.8 (C(CHs)3), 22.3 (d, J = 6.5 Hz,
CH(CHa)z2), 22.3 (CCH2) ppm;

HRMS (ESI) calculated for C49H4sNgOg [M-H]: 873.3360; found: 873.3354.

4-(4-(5-((1S,2R)-1-(4-(5-Cyano-1-methyl-1H-benzo[d]imidazol-2-yl)benzamido)-2-
vinylcyclopropane-1-carboxamido)picolinamido)-2-hydroxy-3-isopropoxybenzamido)benzoic
acid TSG28

A
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tert-Butyl ester 207 (103 mg, 0.12 mmol) was dissolved in precooled TFA (6 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. Et.O was added at 0 °C. The precipitate
was filtered off, washed with an excess of Et,O and dried in vacuo to furnish TSG28 (84.1 mg,
0.10 mmol, 87%) as colorless amorphous solid.

[]p?t = +3.4 ° (¢ 0.1, CH2Clo/MeOH (1:1));

226



'H-NMR (500 MHz, DMSO-dg) = 12.82 (bs, 1H, CO2H), 12.44 (s, 1H, OH), 10.76 (s, 1H, NH),
10.60 (s, 1H, NH), 10.28 (s, 1H, NH), 9.33 (s, 1H, NH), 8.99 (d, J = 2.4 Hz, 1H, Ha/), 8.38-
8.36 (dd, J = 2.5, 8.6 Hz, 1H, Ha), 8.29 (d, J = 0.9 Hz, 1H, Har), 8.20-8.17 (m, 3H, Ha), 8.12-
8.10 (d, J =9.0 Hz, 1H, Har), 8.05-8.03 (d, J = 8.4 Hz, 2H, Ha/), 7.98-7.96 (d, J = 8.7 Hz, 2H,
Har), 7.92-7.91 (dd, J = 2.4, 8.8 Hz, 2H, Har), 7.86-7.84 (d, J = 8.8 Hz, 2H, Ha), 7.75-7.73 (dd,
J=14, 84 Hz, 1H, Har), 5.79-5.72 (m, 1H, CHCHCHy), 5.36-5.33 (d, J=17.0 Hz, 1H,
CHCHCHy), 5.14-5.12 (d, J=10.5Hz, 1H, CHCHCH,), 4.71-4.64 (sept, J=6.1 Hz, 1H,
CH(CHBa)2), 3.97 (s, 3H, NCH3), 1.99-1.96 (m, 1H, CCH), 1.43-1.40 (m, 1H, CCH>), 1.34-1.32
(t, J=6.5 Hz, 6H, CH(CHz3)2), 1.34-1.15 (m, 1H, CCH>) ppm;

13C-NMR (126 MHz, DMSO-ds) = 169.1 (CO), 168.7 (CO), 166.9 (CO), 166.9 (CO), 161.3
(CO), 154.9 (NCN), 154.1 (Car), 143.4 (Car), 141.9 (Car), 141.8 (Car), 140.3 (Car), 139.5 (Car),
138.7 (Car), 136.8 (Car), 135.1 (CHCHCHy), 134.4 (Car), 133.9 (Car), 132.1 (Car), 130.2 (Car),
129.3 (Car), 128.2 (Car), 128.0 (Car), 126.3 (Car), 126.0 (Car), 124.1 (Car), 123.5 (Car), 122.7
(Car), 120.8 (Car), 119.9 (CN), 117.4 (CHCHCH_), 112.4 (Car), 111.6 (Car), 108.3 (Car), 104.4
(Car), 74.7 (CH(CHs).), 42.3 (Cg), 32.2 (CCH), 22.3 (d, J=6.4Hz, CH(CHs).), 22.3
(CCH2) ppm;

HRMS (ESI) calculated for C4sH37NgOs [M-H]: 817.2734; found: 817.2750.

4.2.14(S)-2-Amino-3-(3-methyl-3H-diazirin-3-yl)propanoic acid derivative
tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-((tert-butoxycarbonyl)amino)-3-(3-methyl-3H-diazirin-

3-yl)propanamido)benzamido)-3-isopropoxybenzamido)benzoate (134)
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Amine 5 (200 mg, 0.37 mmol), L-photo-leucin 119 (233 mg, 0.55 mmol, 1.50 equiv.) and
EEDQ (136 mg, 0.55 mmol, 1.50 equiv.) were dissolved in precooled CHCI3 (2 mL) at 0 °C.
The mixture was stirred at 18 h while warming to rt. Then, a 1 M HCI solution was added and
the ag. phase was extracted with CH>Cl> (3x). The combined organic phases were dried over
MgSOs, filtered and concentrated. The residue was purified by column chromatography (20%
Et20 in CH2Cl>) to furnish product 134 (261 mg), which contained quinoline as impurity. The

crude product was used in the next step without further purification.
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tert-Butyl (S)-4-(2-(allyloxy)-4-(4-(2-amino-3-(3-methyl-3H-diazirin-3-
yl)propanamido)benzamido)-3-isopropoxybenzamido)benzoate (210)

N=N
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Carbamate 134 (261 mg, 0.34 mmol) was dissolved in HCI (4 M in 1,4-dioxane, 8.50 mL,

33.9 mmol, 100 equiv.) at 0 °C. The mixture was warmed up to rt and stirred for 15 min. The

solution was transferred to a stirred suspension of EtOAc (110 mL) and a sat. NaHCO3 solution

(110 mL). The ag. phase was extracted with EtOAc and the combined organic phases were

washed with brine, dried over MgSOs, filtered and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

tert-Butyl  (S)-4-(2-(allyloxy)-4-(4-(2-(4-(4-ethynylbenzamido)benzamido)-3-(3-methyl-3H-

diazirin-3-yl)propanamido)benzamido)-3-isopropoxybenzamido)benzoate (211)

DIPEA (0.20 mL, 1.02 mmol, 3.00 equiv.) was added dropwise to a stirred solution of HATU
(155 mg, 0.41 mmol, 1.20 equiv.) and acid 15 (108 mg, 0.41 mmol, 1.20 equiv.) in DMF
(8 mL). The solution was stirred for 5 min and then transferred to a stirred solution of amine
210 (228 mg, 0.34 mmol) in DMF (5 mL). The reaction mixture was stirred at rt for 20 h. The
mixture was diluted with EtOAc and washed with a 1 M HCI solution, brine, dried over MgSOs,
filtered and concentrated under reduced pressure. The crude product was purified by column
chromatography (2% MeOH in CH2CI>) to furnish product 211 (191 mg, 0.21 mmol, 61% over
3 steps) as yellow amorphous solid.

Rt (5% MeOH in CHCl,) = 0.54;

[¢]p?® = +3.6 ° (¢ 0.1, MeOH);
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'H-NMR (500 MHz, DMSO-ds) = 6 10.55 (s, 1H, NH), 10.53 (bs, 2H, NH), 9.53 (s, 1H, NH),
8.69-8.67 (d, J = 7.8 Hz, 1H, CHNH), 8.01-7.95 (m, 7H, Ha/), 7.92-7.90 (d, J = 9.0 Hz, 2H,
Har), 7.90-7.88 (d, J=8.8 Hz, 2H, Har), 7.84-7.82 (d, J=8.0 Hz, 2H, Ha/), 7.80-7.78 (d,
J=8.9Hz, 2H, Ha/), 7.66-7.65 (d, J=8.4 Hz, 2H, Har), 7.41-7.40 (d, J = 8.5 Hz, 1H, Hay),
6.05-5.98 (m, 1H, OCH2CHCHy), 5.39-5.35 (dq, J=1.7, 17.2 Hz, 1H, OCH>CHCH), 5.21-
5.19 (dg, J=1.6, 10.5 Hz, 1H, OCH2CHCHz), 4.61-4.60 (d, J =5.4 Hz, 2H, OCH2CHCH>),
4.54-4.47 (m, 2H, CHNH, CH(CHz3)2), 4.43 (s, 1H, CCH), 2.00-1.98 (d, J=7.6 Hz, 2H,
CHCHC), 1.55 (s, 9H, C(CHa)3), 1.26-1.25 (d, J=6.1 Hz, 6H, CH(CHa)2), 1.12 (s, 3H,
CCHa) ppm;

13C-NMR (126 MHz, DMSO-dgs) = 6 170.5 (CO), 166.0 (CO), 165.0 (CO), 164.6 (CO), 164.5
(CO), 164.3 (CO), 149.5 (Car), 143.0 (Car), 142.6 (Car), 142.2 (Car), 141.9 (Car), 135.6 (Car),
134.6 (Car), 133.7 (OCH2CHCH_), 131.7 (Car), 130.1 (Car), 128.8 (Car), 128.5 (Car), 128.5
(Car), 128.4 (Car), 128.1 (Car), 127.1 (Car), 126.0 (Car), 125.0 (Car), 123.6 (Car), 119.5 (Car),
119.0 (OCH2CHCH2), 118.9 (Car), 118.8 (Car), 117.8 (Car), 83.3 (CCH), 82.8 (CCH), 80.3
(C(CHg)3), 76.3 (OCH2CHCHy), 74.3 (CH(CHs)2), 50.4 (CHNH), 35.8 (CHCH:C), 27.9
(C(CHs3)3), 24.6 (NCN), 22.3 (CH(CH3)2), 19.8 (CCHz3) ppm;

HRMS (ESI) calculated for Cs2Hs1N7O9Na [M+Na]*: 940.3646; found: 940.3656.

tert-Butyl (S)-4-(4-(4-(2-(4-(4-ethynylbenzamido)benzamido)-3-(3-methyl-3H-diazirin-3-
yl)propanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoate (212)

Allyl ether 211 (163 mg, 0.18 mmol) was dissolved in THF (8 mL). Aniline (53 pL, 0.58 mmol,
3.30 equiv.) and Pd(PPh3)4 (20.5 mg, 0.02 mmol, 0.10 equiv.) were added subsequently and the
resulting mixture was stirred at rt for 4 h. The mixture was concentrated under reduced pressure.
The crude product was purified by column chromatography (dry load, MeOH in CH2Cl> = 1%,
2%) to furnish product 212 (58.1 mg, 0.07 mmol, 37%) as beige amorphous solid.

Rt (2% MeOH in CH2Cl,) = 0.41;

[@]p®® =+2.3° (c 0.1, THF);
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'H-NMR (500 MHz, DMSO-ds) = 6 12.28 (s, 1H, OH), 10.62 (bs, 1H, NH), 10.56 (s, 1H, NH),
10.54 (s, 1H, NH), 9.40 (s, 1H, NH), 8.69-8.68 (d, J = 7.8 Hz, 1H, CHNH), 8.01-7.99 (d,
J=8.4Hz, 2H, Har), 7.99-7.90 (m, 7H, Ha), 7.86-7.84 (m, 2H, Ha/), 7.81-7.80 (d, J = 8.8 Hz,
2H, Har), 7.70-7-60 (m, 4H, Har), 7.57-7.53 (m, 1H, Ha), 4.57-4.50 (m, 2H, CHNH,
CH(CHz3)2), 4.43 (s, 1H, CCH), 2.00- 1.98 (d, J = 7.5 Hz, 2H, CHCH>C), 1.55 (s, 9H, C(CH3)3),
1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CHz3).), 1.12 (s, 3H, CCHz) ppm;

13C-NMR (126 MHz, DMSO-ds) = 6 170.5 (CO), 168.4 (CO), 166.0 (CO), 165.0 (CO), 164.6
(CO), 164.2 (CO), 142.3 (Car), 141.9 (Car), 136.4 (Car), 134.6 (Car), 132.1 (Car), 132.0 (Car),
131.8 (Car), 131.5 (Car), 131.4 (Car), 129.9 (Car), 128.8 (Car), 128.8 (Car), 128.7 (Car), 128.5
(Car), 128.4 (Car), 128.4 (Car), 128.1 (Car), 125.0 (Car), 122.8 (Car), 120.6 (Car), 119.5 (Cav),
119.0 (Car), 83.3 (CCH), 82.8 (CCH), 80.5 (C(CHsa)3), 74.8 (CH(CHs3).), 50.4 (CHNH), 35.8
(CHCH2C), 27.8 (C(CHz3)3), 24.6 (NCN), 22.3 (CH(CHs3)z2), 19.8 (CCH?3) ppm;

HRMS (ESI) calculated for CagHs7N7O9Na [M+Na]*: 900.3333; found: 900.3335.

(S)-4-(4-(4-(2-(4-(4-Ethynylbenzamido)benzamido)-3-(3-methyl-3H-diazirin-3-
yl)propanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid TSE33

z QYO

OH
tert-Butyl ester 212 (52.4 mg, 0.06 mmol) was dissolved in precooled TFA (3 mL) at 0 °C with
stirring. The solution was warmed up to rt over 30 min. EtO was added at 0 °C. The precipitate
was filtered off, washed with an excess of EtO and dried in vacuo to furnish TSE33 (30.6 mg,
0.04 mmol, 62%) as beige amorphous solid.
[@]p?® = +4.0 ° (c 0.1, MeOH);
'H-NMR (600 MHz, DMSO-ds) = 6 12.82 (s, 1H, COzH), 12.29 (s, 1H, OH), 10.60 (s, 1H,
NH), 10.55 (s, 1H, NH), 10.54 (s, 1H, NH), 9.41 (s, 1H, NH), 8.69-8.68 (d, J =7.8 Hz, 1H,
CHNH), 8.00-7.99 (d, J = 8.4 Hz, 2H, Har), 7.98-7.95 (m, 6H, Ha), 7.92-7.91 (d, J = 8.8 Hz,
2H, Har), 7.86-7.84 (m, 3H, Har), 7.81-7.80 (d, J = 8.7 Hz, 2H, Har), 7.71-7-69 (d, J = 8.9 Hz,
1H, Har), 7.66-7.65 (d, J = 8.3 Hz, 2H, Har), 4.56-4.53 (m, 2H, CHNH, CH(CHz3)2), 4.43 (s,
1H, CCH), 2.00- 1.98 (d, J = 7.5 Hz, 2H, CHCH:C), 1.27-1.26 (d, J = 6.1 Hz, 6H, CH(CH3)>),
1.12 (s, 3H, CCHa) ppm;
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13C-NMR (151 MHz, DMSO-ds) = 6 170.5 (CO), 168.5 (CO), 166.9 (CO), 166.0 (CO), 165.0
(CO), 164.2 (CO), 142.3 (Car), 154.1 (Car), 142.3 (Car), 142.0 (Car), 141.9 (Car), 137.0 (Car),
136.3 (Car), 134.4 (Car), 131.7 (Car), 130.2 (Car), 128.8 (Car), 128.5 (Car), 128.4 (Car), 128.4
(Car), 128.1 (Car), 126.3 (Car), 125.0 (Car), 122.8 (Car), 120.7 (Car), 119.5 (Car), 119.0 (Car),
112.4 (Car), 112.2 (Car), 83.3 (CCH), 82.8 (CCH), 74.9 (CH(CHa)2), 50.4 (CHNH), 35.8
(CHCH2C), 24.6 (NCN), 22.3 (CH(CHz3)2), 19.8 (CCHz) ppm;

HRMS (ESI) calculated for CasHzsN709Na [M+Na]*: 844.2707; found: 844.2719.

4.2.15Solid phase synthesis of QL56
(9H-Fluoren-9-yl)methyl (S)-(1-chloro-3-methyl-1-oxobutan-2-yl)carbamate (215)

SN e
5 ]

Fmoc-L-valine (115) (300 mg, 0.88 mmol) was dissolved in CH.Cl, (3.7 mL) and SOCI;
(700 pL, 8.83 mmol, 10.0 equiv.) was added at 55 °C. The mixture was stirred at 55 °C for 1 h.
The solvent was removed under reduced pressure. The residue was coevaporated with CHCl>
to furnish chloride 215 (310 mg, 0.86 mmol, 97%) as colorless amorphous solid, which was

used directly in the next step.[?]

4-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)benzoic acid (213)

PABA (3.00 g, 21.9 mmol) was dissolved in a mixture of a 10% Na,COz3 solution and 1,4-
dioxane (3:2, 440 mL). FmocCl (8.57 g, 32.8 mmol, 1.50 equiv.) was added in portions at 0 °C
over 20 min. The mixture was stirred at rt for 20 h. H,O was added and the precipitates were
filtered off and washed with Et,0. The filtrate was acidified with a 1 M HCI solution until pH 1.
The precipitate was filtered off and washed with H>O, Et>O and dried in vacuo to furnish acid
213 (6.08 g, 16.9 mmol, 77%) as colorless amorphous solid.“?]

The analytical data are consistent with those reported in the literature.[1%4]

'H-NMR (400 MHz, DMSO-ds) = & 12.65 (bs, 1H, CO2H), 10.06 (bs, 1H, NH), 7.92-7.91 (d,
J=7.4Hz, 2H, Ha), 7.85-7.83 (d, J = 8.6 Hz, 2H, Ha), 7.76-7.75 (d, J = 7.4 Hz, 2H, Ha),
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7.55-7.53 (M, 2H, Hay), 7.45-7.41 (t, J = 7.3 Hz, 2H, Ha), 7.38-7.34 (dt, J = 1.1, 7.4 Hz, 2H,
Har), 4.54-4.53 (d, J = 6.5 Hz, 2H, Har), 4.34-4.31 (t, = 6.6 Hz, 1H, Ha;) ppm.

General information

All SPS reactions were carried out in a 20 mL syringe as peptide reactor with plunge and frit.
For the SPS commercially available Wang resin (4-benzoxybenzylalcohol, polymer-bound,
100-200 mesh, 1.0-1.5 mmol/g OH loading, 1% DVB crosslinked) was used. Coupling

reactions and Fmoc-deprotection reactions were monitored by the chloranil test.

(9H-Fluoren-9-yl)methyl (4-(chlorocarbonyl)phenyl)carbamate (214)

S
O. OIH@C

o}

Method A

Fmoc-PABA-OH 213 was dissolved in NMP (0.8 M) and SOCI> (1.50 equiv.) was added. The
mixture was stirred at rt for 2 h and used directly in the next step.[*?!

Method B

Fmoc-PABA-OH 213 was dissolved in SOCI, (0.5 M). The mixture was stirred at 80 °C for
2 h. The solvent was removed under reduced pressure. The residue was dried in vacuo to furnish
chloride 214 as yellow amorphous solid, which was used in the next step without further

purification.[*?]

General procedures

Chloranil test

Reagent A: Acetaldehyde (0.1 mL) was dissolved in DMF (0.5 mL).
Reagent B: para-Chloranil (10 mg) was dissolved in DMF (0.5 mL).

A sample of the resin (approx. 1 mg) was added to a test tube. Reagent A (1 drop) and reagent
B (1 drop) were added. The mixture was incubated at rt for 5 min. Afterwards, the resin color
was analysed:

Green = positive, free amine

Yellow = negative, no free amine
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1 Resin loading

Wang resin was swollen in NMP (1.0 mL/100 mg) at rt for 30 min. Fmoc-PABA-COCI 214
(prepared with method A, 10.0 equiv.) was added. The resulting mixture was shaken at rt for
18 h. Afterwards, the loaded resin was filtered and washed with NMP (2x), MeOH (2x) and
CH:ClI> (2x) and dried in vacuo.

2 Fmoc deprotection

The resin-bound Fmoc-protected compound was shaken with piperidine/MeCN (1:4) at rt for
3 min. The resin was filtered and washed with DMF (2x), MeOH (2x) and CH.Cl, (2x). The
procedure was repeated, whereas shaking was conducted for 7 min. Afterwards, the resin was
dried in vacuo. The reaction was controlled via chloranil test.

3 Amide coupling

The resin-bound amine was swollen in CH2Cl; at rt for 20-30 min. Afterwards, the resin was
shaken in a mixture of acyl chloride (3.00 equiv.) and DIPEA (6.00 equiv.) in CH2Cl2 (3.0 M)
at rt for 18 h. The resin was filtered and washed with DMF (2x), MeOH (2x) and CH2Cl (2x)

and dried in vacuo. The reaction was controlled via chloranil test.

4 Resin cleavage
The resin-bound ester was shaken in TFA/ CH2Cl2 (0.05 M, 1:1) at rt for 1 h. The resin was
filtered and washed with CH2Cl2 (3x). The filtrate was concentrated under reduced pressure.

The residue was washed with Et,O, filtered and dried in vacuo.

(S)-4-(4-(4-(2-(4-(4-Cyanobenzamido)benzamido)-3-methylbutanamido)benzamido)benz-
amido)benzoic acid QL56

H
HN N
o N
0 o
Q)k o o
N
HN
NC

o

OH
SPS was performed by accomplishing the following steps:
1. Procedure 1: Wang-resin (200 mg, 0.22 mmol) .
2. Procedure 2 and 3: Fmoc-PABA-CI 214 (prepared with method B)
3. Repeatition of step 2.
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4. Produre 2 and 3: Fmoc-I-Val-Cl 215.

5. Produre 2 and 3: Fmoc-PABA-CI 214 (prepared with method B).

6. Produre 2 and 3: 4-cyanobenzoyl chloride 6.

7. Procedure 4.
The crude product was purified by HPLC. The collected fractions were concentrated under
reduced pressure. The residue was suspended in H>O and incubated for 5 min in an ultrasonic
bath. The precipitate was filtered off and washed with an excess of H.O, Et>O and a minimal
amount of MeOH to furnish QL56 (34.9 mg, 0.05 mmol, 22%) as colorless amorphous solid.!?
[@]p?® =+2.7 ° (c 0.1, MeOH/THF (1:1));
1H-NMR (400 MHz, DMSO-ds): J = 12.71 (bs, 1H, COzH), 10.69 (s, 1H, NH), 10.52 (s, 1H,
NH), 10.42 (s, 1H, NH), 10.41 (s, 1H, NH), 8.49-8.47 (d, J = 8.1 Hz, 1H, CHNH), 8.14-8.12
(d, J=8.5Hz, 2H, Har), 8.05-8.03 (d, J = 8.5 Hz, 2H, Har), 8.00-7.91 (m, 12H, Har), 7.89-7.88
(d, J=8.8Hz, 2H, Has), 7.82-7.80 (d, J=8.8 Hz, 2H, Ha), 4.46-4.43 (t, J=8.3 Hz, 1H,
CHNH), 2.27-2.20 (sept, J=6.8 Hz, CH(CHs),), 1.04-0.99 (d, J=6.7, 21.2 Hz, 6H,
CH(CHs3)2) ppm.
13C-NMR (400 MHz, DMSO-dg): 6 = 171.2 (CO), 167.1 (CO), 166.2 (CO), 165.3 (CO), 165.2
(CO), 164.4 (CO), 143.3 (Car), 142.6 (Car), 142.0 (Car), 141.5 (Car), 138.7 (Car), 132.5 (Car),
130.2 (Car), 129.3 (Car), 129.1 (Car), 129.0 (Car), 128.8 (Car), 128.5 (Car), 125.7 (Car), 119.5
(Car), 119.4 (Car), 118.5 (Car), 118.3 (CN), 115.1 (Car), 114.0 (C-Ar), 60.3 (CHNH), 30.0
(CH(CHs3)2), 19.3 (d, J = 2.4 Hz, CH(CH3)2) ppm.
HRMS (ESI) calculated for C41H33sN607 [M-H]: 721.2411; found: 721.2405.
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4.3 Myxovalargin A — Experimental procedures

4.3.1 (S)-Fmoc-B-tyrosine
(R)-2-((tert-Butoxycarbonyl)amino)-2-(4-hydroxyphenyl) acetic acid (242)

HO 00O
T

0~ “OH
(R)-4-Hydroxyphenylglycine (241) (20.4 g, 121.7 mmol) was suspended in 1,4-dioxane/H.O
(1:1, 800 mL). NaHCOs3 (51.1 g, 609 mmol, 5.00 equiv.) was added before addition of Boc2O
(29.2 g, 134 mmol, 1.10 equiv) at 0 °C. The suspension was warmed to rt and stirred for 20 h.
The organic solvent was removed under reduced pressure. EtOAc and a5 M HCI solution were
added. The organic phase was washed with a 5 M HCI solution, H2O and brine, dried over
MgSOsy, filtered and concentrated under reduced pressure. Drying in vacuo furnished crude
product 242 (35.4 g, quant.) as colorless amorphous solid, which was used in the next step
without further purification.
[]p?! = -107.7 ° (c 0.1, MeOH);
IH-NMR (400 MHz, DMSO-ds) = & 9.49 (bs, 1H, OH), 7.39-7.37 (d, J = 8.1 Hz, 1H, NH),
7.18-7.16 (d, J = 8.5 Hz, 2H, Har), 6.72-6.70 (d, J = 8.4 Hz, 2H, Har), 4.96-4.94 (d, J = 8.1 Hz,
1H, CHNH), 1.37 (s, 9H, C(CH?3)3) ppm.

The analytical data are consistent with those reported in the literature.*%!

Allyl (R)-2-(4-(allyloxy)phenyl)-2-((tert-butoxycarbonyl)amino) acetate (298)

/\/O OYO\’<
NH
o O/\/

Amino acid 242 (1.60 g, 5.98 mmol) was dissolved in DMF (12 mL) and K>COs (3.30 g,
23.9 mmol, 4.00 equiv.) was added. Allyl bromide (1.81 mL, 15.0 mmol, 2.50 equiv.) was
added dropwise at 0 °C. The reaction mixture was stirred at rt for 17 h. The mixture was diluted
with EtOAc (90 mL) and the organic phase was washed with H2O (3x 20 mL) and brine
(20 mL), dried over MgSOs, filtered and concentrated under reduced pressure. Drying in vacuo
furnished crude product 298 (2.06 g) as yellow oil, which was used in the next step without

further purification.
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(R)-2-(4-(Allyloxy)phenyl)-2-((tert-butoxycarbonyl)amino) acetic acid (243)

A0 OYO\’<
NH
(0] OH

Allyl ester 298 (2.06 g, 5.93 mmol) was dissolved in MeOH (2 mL) and NaOH (0.62 g,
15.4 mmol, 2.00 equiv.) was added. The mixture was stirred at 35 °C for 2 h. H.O (20 mL) was
added and the mixture was acidified with a 6 M HCI solution. The ag. phase was extracted with
EtOAc (3x50mL). The combined organic phases were dried over MgSOQa, filtered,
concentrated and dried in vacuo to furnish amino acid 243 (1.71 g, 5.57 mmol, 93% over 3
steps) as yellow gum.

'H-NMR (400 MHz, DMSO-dg) = § 12.67 (bs, 1H, COzH), 7.50-7.48 (d, J = 8.0 Hz, 1H, NH),
7.30-7.28 (d, J=8.5Hz, 2H, Har), 6.91-6.89 (d, J=8.5Hz, 2H, Has), 6.07-5.98 (m, 1H,
OCH2CHCHg), 5.40-5.36 (dd, J=1.3, 17.3 Hz, 1H, OCH>CHCHy), 5.26-5.23 (dd, J = 1.4,
10.5 Hz, 1H, OCH,CHCH?), 5.03-5.01 (d, J = 8.0 Hz, 1H, CHNH), 4.56-4.54 (d, J = 4.9 Hz,
2H, OCH2CHCHy), 1.38 (s, 9H, C(CHz3)3) ppm;

BBC-NMR (101 MHz, DMSO-dg) =8 172.7 (CO), 157.8 (CO), 155.2 (Car), 133.7
(OCH2CHCHy), 129.5 (Car), 129.0 (Car), 117.4 (OCH2CHCHy), 114.5 (Car), 78.3 (C(CHs)3),
68.2 (OCH2CHCHy), 57.0 (CHNH), 28.2 (C(CHa)3) ppm;

HRMS (ESI) calculated for C16H21NOsNa [M+Na]*: 330.1317; found: 330.1320.

tert-Butyl (R)-(2-hydroxy-1-(4-hydroxyphenyl)ethyl)carbamate (244)

HO@EOK

Acid 242 (33.4 g, 124 mmol) was dissolved in THF (165 mL) and BH3 (0.9 M in THF, 276 mL,
249 mmol, 2.00 equiv.) was added dropwise at 0 °C. The mixture was stirred at 0 °C for 2 h.
The mixture was treated with HO and EtOAc and stirred at rt for 30 min. The ag. phase was
extracted with EtOAc. The combined organic phases were washed with H>O and brine, dried
over MgSOs, filtered and dried in vacuo to furnish diol 244 (25.2 g, 99.4 mmol, 80%) as
colorless amorphous solid.

Rf (5% MeOH in CHCly) = 0.24;

[@]p?? =-72.7 ° (c 0.1, MeOH);
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IH-NMR (400 MHz, DMSO-ds) =  9.20 (s, 1H, ArOH), 7.07-7.05 (d, J = 8.5 Hz, 2H, Ha),
6.68-6.66 (d, J = 8.5 Hz, 2H, Hay), 4.69-4.66 (t, J = 5.8 Hz, 1H, OH), 4.43-4.38 (q, J = 7.2 Hz,
1H, CHNH), 3.43-3.40 (m, 2H, CH2), 1.38 (s, 9H, C(CHz)3) ppm;

13C-NMR (101 MHz, DMSO-ds) = & 156.1 (Car), 155.1 (CO), 132.1 (Car), 127.8 (Car), 114.7
(Car), 77.5 (C(CH3)3), 65.0 (CHy), 56.2 (CHNH), 28.3 (C(CHa)s) ppm;

HRMS (ESI) calculated for C13H19NO4sNa [M+Na]*: 276.1212; found: 276.1212.

tert-Butyl (R)-(1-(4-(allyloxy)phenyl)-2-hydroxyethyl)carbamate (245)

/\/O OYOK
NH
HO

Diol 244 (405 mg, 1.60 mmol) was dissolved in MeOH (1.3 mL) and NaOH (0.5 M in H20,
3.20 mL, 1.60 mmol, 1.00 equiv.) was added. The solution was stirred at rt for 1 h. The solvent
was removed under reduced pressure. The residue was dissolved in DMF (2.2 mL) before
addition of allyl bromide (170 pL, 1.92 mmol, 1.20 equiv.) at 0 °C. The solution was stirred at
rt for 3 h and subsequently concentrated under reduced pressure. The residue was purified by
column chromatography (dry load; PE/EtOAc = 7:1, 5:1, 4:1, 3:1) to furnish primary alcohol
245 (423 mg, 1.44 mmol, 90%) as colorless amorphous solid.

Rf (PE/EtOAC = 2:1) = 0.19;

[@]p?t =-63.0 ° (c 0.1, MeOH);

IH-NMR (400 MHz, DMSO-dg) =& 7.19-7.18 (d, J=8.6 Hz, 2H, Ha/), 7.13-7.11 (d,
J=8.2Hz, 1H, NH), 6.88-6.87 (d, J=8.7 Hz, 2H, Ha/), 6.07-5.98 (m, 1H, OCH2CHCH>),
5.41-5.35 (dg, J=1.7, 17.3 Hz, 1H, OCH.CHCH), 5.26-5.22 (dg, J =1.6, 10.5 Hz, 1H,
OCH,CHCH,), 4.73-4.70 (t, J=5.7Hz, 1H, OH), 4.54-452 (dt, J=1.5, 5.2 Hz, 2H,
OCH2CHCHy), 4.49-4.42 (g, J = 7.2 Hz, 1H, CHNH), 3.46-3.42 (m, 2H, CH>0OH), 1.36 (s, 9H,
C(CHs)3) ppm;

13C-NMR (101 MHz, DMSO-ds) =8 157.0 (Car), 155.1 (CO), 134.0 (OCH2CHCH?), 133.9
(Car), 127.9 (Car), 117.3 (OCH2CHCHy), 114.2 (Car), 77.6 (C(CHa)3), 68.1 (OCH2CHCHy),
64.9 (CH20H), 56.1 (CHNH), 28.3 (C(CHz3)3) ppm;

HRMS (ESI) calculated for C13H19NOsNa [M+Na]*: 316.1525; found: 316.1523.
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(R)-2-(4-(Allyloxy)phenyl)-2-((tert-butoxycarbonyl)amino)ethyl methanesulfonate (299)

O o Oj<
T

?
870

o
Alcohol 245 (200 mg, 0.68 mmol) was dissolved in CH2Cl> (5mL) and EtsN (143 L,
1.02 mmol, 1.50 equiv.) was added. The solution was cooled to 0 °C and MsCI (80 pL,
1.02 mmol, 1.50 equiv.) was added. The solution was stirred at 0 °C for 1 h before addition of
a sat. NH4Cl solution. The aq. phase was extracted with CH2Cl, (3x). The combined organic
phases were washed with brine, dried over MgSQg, filtered and concentrated under reduced
pressure to furnish crude product 299 (283 mg, quant.) as yellow amorphous solid, which was
used in the next step without further purification.
Rf (PE/EtOAC = 2:1) = 0.42;
IH-NMR (400 MHz, DMSO-dg) =& 7.60-7.58 (d, J=8.9Hz, 1H, NH), 7.29-7.27 (d,
J=8.4Hz, 2H, Has), 6.94-6.92 (d, J=8.5Hz, 2H, Ha/), 6.08-5.98 (m, 1H, OCH,CHCHy),
5.41-5.36 (dd, J=1.3, 17.2 Hz, 1H, OCH.CHCH), 5.26-5.23 (dd, J=1.2, 10.4 Hz, 1H,
OCH2CHCH), 4.84-4.79 (q, J=5.6 Hz, 1H, CHNH), 4.56-4.54 (d, J=5.1Hz, 2H,
OCH2CHCHy), 4.22-4.19 (m, 2H, CHCH3), 3.15 (s, 3H, SCHz), 1.37 (s, 9H, C(CH3)3) ppm.

tert-Butyl (S)-(1-(4-(allyloxy)phenyl)-2-cyanoethyl)carbamate (246)
O 0._0O
RN

NZ
Mesylate 299 (0.68 mmol) was dissolved in DMSO (5 mL) and NaCN (100 mg, 2.05 mmol,
3.00 equiv.) was added. The solution was stirred at 40°C for 4 h before addition of H,O. The
mixture was extracted with Et2O (4x). The combined organic phases were washed with brine,
dried over MgSOs, filtrated and concentrated under reduced pressure. The crude product was
purified by column chromatography (PE/EtOAc = 4:1, 2:1) to furnish nitrile 246 (121 mg,
0.40 mmol, 59%) as colorless amorphous solid.
Rf (PE/EE = 2:1) = 0.65;
[@]p?? = -50.4 ° (c 0.1, MeOH);
IH-NMR (400 MHz, DMSO-dg) =& 7.67-7.65 (d, J=8.8Hz, 1H, NH), 7.27-7.25 (d,
J=8.5Hz, 2H, Has), 6.93-6.90 (d, J=8.7 Hz, 2H, Ha/), 6.06-5.98 (m, 1H, OCH,CHCH)y),
5.40-5.36 (dd, J=1.3, 17.3Hz, 1H, OCH:CHCH2), 5.26-5.23 (d, J=10.4Hz, 1H,
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OCH2CHCH,), 4.82-4.80 (m, 1H, CHNH), 4.55-4.54 (d, J = 5.1 Hz, 2H, OCH,CHCHy), 2.86-
2.82 (M, 2H, CHCHy>), 1.37 (s, 9H, C(CHs)3) ppm;

3C-NMR (101 MHz, DMSO-ds) = & 157.5 (Car), 154.7 (CO), 133.7 (OCH2CHCHy), 133.2
(Car), 127.5 (Car), 118.6 (CN), 117.4 (OCH,CHCH,), 114.5 (Car), 78.3 (C(CHs)3), 68.1
(OCH2CHCH,), 50.3 (CHNH), 28.2 (C(CHa)3), 24.8 (CHCH2) ppm;

HRMS (ESI) calculated for C17H22N203Na [M+Na]*: 325.1528; found: 325.1528.

(S)-3-(4-(Allyloxy)phenyl)-3-((tert-butoxycarbonyl)amino)propanoic acid (247)
O ONge)
RN

0)
OH

Nitrile 246 (8.71 g, 28.8 mmol) was dissolved in EtOH (350 mL) and NaOH (2 M in H20O,
144 mL, 288 mmol, 10.0 equiv.) was added. The solution was stirred at 90 °C for 4 h. After
cooling down to rt the solvent was removed under reduced pressure. The residue was acidified
with a 2 M HCI solution and extracted with EtOAc (4x). The combined organic phases were
washed with brine, dried over MgSOsa, filtered, concentrated under reduced pressure and dried
in vacuo to furnish carboxylic acid 247 (9.08 g, 28.2 mmol, 98%) as colorless amorphous solid.
[¢]p?* = -52.6 ° (c 1.4, MeOH);

'H-NMR (400 MHz, DMSO-dg) = 6 12.10 (bs, 1H, COzH), 7.36-7.34 (d, J = 8.7 Hz, 1H, NH),
7.21-7.19 (d, J=8.6 Hz, 2H, Ha/), 6.88-6.86 (d, J=8.7 Hz, 2H, Har), 6.07-5.98 (m, 1H,
OCH2CHCHgy), 5.41-5.35 (dg, J=1.7, 17.3 Hz, 1H, OCH>CHCHy), 5.26-5.22 (dq, J = 1.6,
10.5 Hz, 1H, OCH,CHCH,), 4.86-4.80 (g, J=7.3Hz, 1H, CHNH), 4.54-4.52 (m, 2H,
OCH2CHCH?y), 2.67-2.55 (m, 2H, CHCH?), 1.34 (s, 9H, C(CH3)3) ppm;

13C-NMR (101 MHz, DMSO-ds) = 8 171.9 (CO), 157.1 (Car), 154.7 (CO), 135.4 (Car), 133.8
(OCH2CHCH), 127.5 (Car), 117.4 (OCH2CHCH2), 114.3 (Car), 77.8 (C(CHs)s3), 68.1
(OCH2CHCHpy), 50.5 (CHNH), 41.4 (CHCHy), 28.3 (C(CHz3)3) ppm;

HRMS (ESI) calculated for C17H22NOs [M-H]": 320.1498; found: 320.1497.
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(S)-3-(4-(Allyloxy)phenyl)-3-aminopropanoic acid (300)
A0
NH,
o
OH

To a solution of carbamate 247 (8.12 g, 25.3 mmol, 1.00 equiv.) in CHxCl,> (300 mL) TFA
(58.4 mL, 758 mmol, 30.0 equiv.) was added at 0 °C and the reaction mixture was stirred for
16 h while warming to rt. The solvent was removed under reduced pressure and the residue was

used in the next step without further purification.

(S)-3-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(allyloxy)phenyl)propanoic  acid
(248)

N

NH

/\/O

O
OH

Amino acid 300 (5.59 g, 25.3 mmol) was dissolved in 1,4-dioxane (250 mL) and a 10% Na>CO3
solution (500 mL). FmocCl (7.84 g, 30.3 mmol, 1.20 equiv.) in 1,4-dioxane (250 mL) was
added dropwise at 0 °C. The mixture was stirred at rt for 15 h. Afterwards, the mixture was
diluted with H20 and the ag. phase was washed with Et2O (3x). The aq. phase was acidified
with a 1 M HCI solution. The precipitate was filtered off. Additionally, the aqg. filtrate was
extracted with EtOAc (3x). The combined organic extracts were dried over MgSOs, filtered,
concentrated and combined with the acidic precipitate to furnish product 248 (6.70 g,
15.1 mmol, 60% over two steps) as colorless amorphous solid.
[¢]p?* =-18.5° (c 1.0, MeOH);
'H-NMR (400 MHz, DMSO-ds) = 12.21 (bs, 1H, COH), 7.89-7.84 (m, 3H, NH, Ha/), 7.21-
7.68-7.66 (d, J = 7.4 Hz, 2H, Har), 7.43-7.21 (m, 6H, Har), 6.89-6.87 (d, J = 8.7 Hz, 2H, Ha/),
6.08-5.98 (m, 1H, OCH.CHCH), 5.41-5.36 (dd, J=1.6, 17.2 Hz, 1H, OCH,CHCH>), 5.26-
5.23 (dd, J=1.5, 10.5Hz, 1H, OCH,CHCH,), 4.91-4.85 (m, 1H, CHNH), 4.54-4.53 (d,
J=52Hz, 2H, OCH,CHCH), 4.30-4.17 (m, 3H, OCH:CHAr), 2.73-2.58 (m, 2H,
CHCH>) ppm;
13C-NMR (101 MHz, DMSO-ds) = & 171.8 (CO), 157.2 (Car), 155.3 (CO), 143.9 (Ca/), 143.8
(Car), 140.7 (Car), 135.0 (Car), 133.8 (OCH2CHCHy), 127.6 (Car), 127.5 (Car), 127.0 (Car),
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125.2-125.1 (d, J=4.9Hz, Ca), 120.1 (Ca), 117.4 (OCH.CHCH,), 114.4 (Ca), 68.1
(OCH2CHCH>), 65.3 (OCH2CHCar), 51.0 (CHNH), 46.7 (OCH2CHCa/), 41.1 (CH,) ppm:
HRMS (ESI) calculated for C27H2sNOs [M-H]: 442.1654; found: 442.1647.

4.3.2 Solid phase synthesis of fragment A

General procedure: resin preloading

2-Chlorotrityl chloride resin 249 (1.5 mmol/g, 1.00 equiv.) was suspended in CH2Cl> (10 mL/g
resin). Pyridine (2.4 equiv.) and SOCI> (1.20 equiv.) were added at 0 °C. The mixture was
stirred under reflux (oil bath 55 °C) for 4 h. The resin was filtrated and washed with an excess
of CH2Cl2. The resin was dried in vacuo and added to a stirred solution of Fmoc-protected
amino acid (1.20 equiv.) and DIPEA (5.00 equiv.) in CH2Cl> (10 mL/g resin). The mixture was
stirred at rt overnight. Then, the mixture was filtrated and washed with CH>Cl,/MeOH/DIPEA
(17:2:1, 3x 20 mL), CH2Cl> (3x 20 mL), DMF (2x 20 mL) and DCM (2x 20 mL). The loaded

resin was dried in vacuo.

2-Chlorotrityl-2-(((9H-fluoren-9-yl)methoxy)carbonyl)-D-valine resin (252)

\/

= Cl
FmocHN/ﬁ(o Q e
e
2-Chlorotrityl-2-(((9H-fluoren-9-yl)methoxy)carbonyl)-D-valine resin (252) (2.95 mmol) was
prepared from Fmoc-D-valine 255 according to the general procedure.

2-Chlorotrityl-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methyl-3-nitrobutanoic acid
resin (251)

o )

Cl
FmocHNj:H/O O .

T
2-Chlorotrityl-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methyl-3-nitrobutanoic acid

resin (251) (2.17 mmol) was prepared from amino acid 109 according to the general procedure.
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General procedure: peptide synthesizer
Peptides were synthesized with a LIBERTY BLUE™ Automated Microwave Peptide

Synthesizer from CEM following a standard Fmoc-protocol (Table 22). A 2-chlorotrityl
chloride resin (200-400 mesh, 1.50-1.90 mmol/g) from BACHEM was used. The appropriate
reagents were prepared as stock solutions before they were added to the synthesizer. Standard
couplings of Fmoc-protected amino acids (5.00 equiv. in regard to resin) were performed with
DIC (5.00 equiv.) and Oxyma (5.00 equiv.) in DMF. The corresponding Fmoc-deprotection
was conducted with 10% piperazine (w/v) in EtOH:NMP (1:9, 5.00 equiv.). As required, the
reaction mixture was irradiated with microwaves. The amino acids that were used are depicted
in Table 23. The specific cleavages of the final peptides are described in the respective

experimental.

Table 22: SPS settings used for standard coupling and Fmoc-deprotection towards Myxovalargin A (234).
Temp. [°C] Power [W] Time[s] AT [°C]

. 75 170 15 2

Standard coupling 90 30 110 1
. 75 155 15 2
Deprotection 9 30 50 1

Table 23: (Amino) acids used for SPS towards Myxovalargin A (234).

(Amino) acid Reagent
Ala Fmoc-Ala-OH (254)
Arg Fmoc-Arg(Pbf)-OH (258)
Val Fmoc-Val-OH (115)
(S)-3-(4-(Allyloxy)phenyl)-3-aminopropionic Fmoc-(S)-3-(4-(allyloxy)phenyl)aminopropanoic acid
acid (248)
D-Val Fmoc-D-Val-OH (255)
N-Me-Ala Fmoc-N-Me-Ala-OH (256)
2-Amino-3-methyl-3-nitrobutanioc acid Fmoc-2-amino-3-methyl-3-nitrobutanoic acid (109)
3-Methylbutanoic acid 3-Methylbutanoic acid (253)
2-amino-5-(Boc-amino)pentanoic acid Fmoc-2-amino-5-(Boc-amino)pentanoic acid (257)

(3S,6R,9R,12S,15S)-3-(4-(Allyloxy)phenyl)-6,9-diisopropyl-12,13,15,22-tetramethyl-18-(2-
nitropropan-2-yl)-5,8,11,14,17,20-hexaoxo-4,7,10,13,16,19-hexaazatricosanoic acid (237)

-~ 19 NO,

8
d 13 c 7 a
0 Y o o
){/”\ H@L N.s N2 _oH
N717 -~ N2 N/s\n/
20 H E H
o °: o e o)
16 14 1 10

4

O\/\s
3

The title compound was prepared according to the general procedure at the peptide synthesizer

in a 0.5 mmol scale. Resin-bound (R)-3-(4-(allyloxy)phenyl)-3-aminopropanoic acid 250

(333.0 mg), Fmoc-bp-Val-OH (255) (3.12 g), Fmoc-N-Me-Ala-OH (256) (1.50 g), Fmoc-Ala-

OH (254) (1.43 g), Amino-3-methyl-3-nitrobutanoic acid (109) (1.77 g) and isovaleric acid 253
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(0.47 g) were used. After completion of the SPS, the resin was transferred to a syringe with
filter. The solvent was exhausted and the resin was washed with DMF (3x 15.0 mL) and CH2Cl>
(3x 15.0 mL). The cleavage was performed by adding TFA (1% in CH2Clz, 3 mL) to the
syringe, which was shaken at rt for 2 min. Pyridine (10% in MeOH, 3.0 mL) was added to the
filtrate. The cleavage, filtration and base addition were repeated (4x). The solvent was removed
under reduced pressure and the residue was purified by flash column chromatography (RP-
Biichi, solvent A: H20 + 0.1% (v/v) FA, solvent B: MeOH; 15x150 mm column; tube volume:
20.0 mL; flow rate: 80.0 ml/min; gradient: (t [min]/solvent B [%]): 0/10, 3/10, 13/100, 15/100;
tr = 10.0 min) to furnish product 237 (272 mg, 338 pmol, 68%) as a white foam.[87:1%]
'H-NMR (400 MHz, DMSO-de): & = 8.58-8.50 (m, 1H, NHg), 8.38-8.36 (m, 1H, NHa), 8.21-
8.15 (m, 1H, NHe), 7.81-7.78 (m, 1H, NHyyc), 7.59-7.29 (m, 1H, NHoy), 7.20 (d, J = 8.6 Hz, 2H,
Har), 6.84 (d, J = 8.6 Hz, 2H, Har), 6.06-5.97 (m, 1H, H-4), 5.39-5.34 (m, 1H, H-5), 5.25-5.22
(m, 1H, H-5),5.14 (9, J = 7.6 Hz, 1H, H-2), 5.07-5.01 (m, 1H, H-12), 4.73-4.56 (m, 1H, H-15),
4.53-4.51 (m, 2H, H-3), 4.19-4.14 (m, 1H, H-6/9), 4.09 (t, J = 8.3 Hz, 1H, (m, 1H, H-6/9), 3.17-
2.81 (2s, 3H, H-14), 2.64-2.62 (m, 2H, H-1), 2.11-1.99 (m, 2H, H-20), 1.95-1.87 (m, 3H, H-
7/10/21), 1.66-1.48 (m, 6H, H-19), 1.23-1.17 (m, 6H, H-13/16), 0.86-0.71 (m, 18H, H-
8/11/22) ppm;

3C-NMR (100 MHz, DMSO-ds): § = 172.0 (CO), 171.9 (CO), 171.7 (CO), 170.9 (CO), 170.8
(CO), 170.6 (CO), 169.7 (CO), 157.1 (Car), 134.3 (Car), 133.8 (C-4), 127.6 (Car), 117.3 (C-5),
114.3 (Car), 89.0 (C-18), 68.1 (C-3), 57.9 (C-6/9), 57.3 (C-6/9), 56.8 (C-17), 51.5 (t, C-12),
48.6 (C-2), 45.6 (C-15), 44.2 (C-20), 40.7 (C-1), 30.4 (C-14), 30.2 (C-7/10), 25.7 (C-21), 25.6
(C-7/10), 23.6 (C-19), 23.3 (C-19), 22.3 (C-19), 22.2 (C-8/11/22), 22.1 (C-8/11/22), 22.0 (C-
8/11/22), 21.6 (C-19), 19.2 (C-8/11/22), 19.1 (C-8/11/22), 18.3 (C-8/11/22), 18.2 (C-8/11/22),
17.9 (C-8/11/22), 16.5 (C-16), 14.5 (C-13) ppm;

HRMS (ESI) calculated for CzgHs2N7O11 [M+H]*: 804.4507; found 804.4502.

4.3.3 Fragment C
Ethyl (E)-2-iodo-3-methylpent-2-enoate (264)

5
6 3 4
| 2| : O\/8
o 7
To a suspension of Cul (1.13 g, 5.90 mmol, 1.50 equiv.) in THF (37 mL) MeLi (1.6 M in Et;0,
11.9 mmol, 3.00 equiv.) was added dropwise at 0 °C. The mixture was stirred for 30 min. The

solution was cooled to -78 °C and ethyl-2-pentynoate (263) (0.52 mL, 4.00 mmol) was added
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dropwise. The mixture was stirred for 3 h at this temperature and iodine (3.02 g, 11.9 mmol,
1.50 equiv.) in THF (11 mL) was added. After 15 min a sat. Na>S203 solution and Et>O were
added. The ag. phase was extracted with EtO (4x) and the combined organic layers were
washed with a sat. NH4Cl solution and brine, dried over MgSOy, filtered and concentrated under
reduced pressure to furnish crude product 264 (1.00 g, 3.70 mmol, 94%) as an orange oil, which
was used in the next step without further purification.

The analytical data are consistent with those reported in the literature. !

'H-NMR (400 MHz, CDCls3) = 6 4.27-4.22 (q, J = 7.1 Hz, 2H, H-7), 2.48-2.42 (q, J = 7.5 Hz,
1H, H-4), 2.05 (s, 3H, H-6), 1.34-1.30 (t, J = 7.1 Hz, 3H, H-8), 1.10-1.07 (t, J = 7.5 Hz, 3H, H-
5) ppm.

(E)-2-lodo-3-methylpent-2-enoic acid (265)

Ester 264 (1.00 g, 3.73 mmol) was dissolved in EtOH (0.9 mL, degassed) and LiOH (0.36 g,
14.9 mmol, 4.00 equiv.) in H20 (6.5 mL, degassed) was added. The mixture was stirred at
60 °C for 22 h. Et2O was added at rt. The ag. phase was extracted with Et2O (2x). Then, the aqg.
phase was acidified by addition of a 1 M HCI solution until pH 1. The ag. phase was extracted
with EtOAc (4x). The combined organic phases were washed with brine and dried over MgSOa,
filtered and concentrated under reduced pressure to give the crude product 265 (0.51 g,
2.12 mmol, 57%), which was used in the next step without further purification.

The analytical data are consistent with those reported in the literature. ]

IH-NMR (400 MHz, CDCls) = § 2.63-2.57 (q, J = 7.5 Hz, 2H, H-4), 2.13 (s, 3H, H-6), 1.13-
1.09 (t, J = 7.5 Hz, 3H, H-5) ppm.

Methyl (E)-(2-iodo-3-methylpent-2-enoyl)-D-alaninate (266)

5
6.3
4 0
\1“7 10
172 80"
o)
9

D-Alanine methylester hydrochloride (355 mg, 2.54 mmol, 1.20 equiv.), HOAt (308 mg,
2.26 mmol, 1.10 equiv) and PyAOP (1.18 g, 2.26 mmol, 1.10 equiv) were dissolved in DMF
(10 mL) and carboxylic acid 265 (508 mg, 2.12 mmol) dissolved in DMF (13 mL) was added.
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The solution was cooled to 0 °C and DIPEA (1.80 mL, 10.6 mmol, 5.00 equiv.) was added
dropwise. The reaction mixture was stirred at rt for 20 h. Afterwards a sat. NH4Cl solution and
EtOAc were added. The ag. phase was extracted with EtOAc (6x). The combined organic
phases were washed with brine, dried over MgSQyg, filtered and concentrated under reduced
pressure. The crude product was purified by column chromatography (PE/EtOAc = 6:1) to give
product 266 (566 mg, 1.74 mmol, 82%) as a colorless solid.

The analytical data are consistent with those reported in the literature. !

'H-NMR (400 MHz, CDCl3) = § 6.23-6.22 (d, J = 4.8 Hz, 1H, NH), 4.65-4.58 (p, J = 7.4 Hz,
1H, H-7), 3.77 (s, 3H, H-10), 2.43-2.37 (q, J = 7.5 Hz, 2H, H-4), 1.98 (s, 3H, H-6), 1.56-1.44
(d, J = 7.2 Hz, 3H, H-9), 1.10-1.06 (t, J = 7.5 Hz, 3H, H-5) ppm.

Methyl  ((E)-2-((R)-2-((tert-butoxycarbonyl)amino)-3-methylbutanamido)-3-methylpent-2-
enoyl)-D-aIaninate (267)

H o

o1st ‘3N
5 4

K2CO3 (106 mg, 0.77 mmol, 2.00 equiv.) was subjected to a reaction flask, which had been dry-
heated before. Vinyl iodide 266 (250 mg, 0.77 mmol, 2.00 equiv.), tert-butyl (R)-(1-amino-3-
methyl-1-oxobutan-2-yl)carbamate (83.0 mg, 0.38 mmol) and Cul (44.0 mg, 0.23 mmol,
0.6 equiv.) were added and dissolved in 1,4-dioxane (0.5mL). Then, trans-N,N°‘-
dimethylcyclohexane-1,2-diamine (250 uL, 1.58 mmol, 4.12 equiv.) was added and the
resulting mixture was stirred at 70 °C for 20 h. Afterwards, a sat. NH4ClI solution was added
and the mixture was diluted with EtOAc. The ag. phase was extracted with EtOAc (3x). The
combined organic phases were washed with brine, dried over MgSOsa, filtered and concentrated
under reduced pressure. The crude product was purified by column chromatography
(CH2CI2/MeOH = 100:0, 100:1, 100:2) to give product 267 (74.4 mg, 0.18 mmol, 47%) as a
colorless amorphous solid.

The analytical data are consistent with those reported in the literature. ]

'H-NMR (400 MHz, DMSO-ds) = & 8.98 (s, 1H, NHp), 7.75-7.73 (d, J = 7.0 Hz, 1H, NH,),
6.87-6.85 (d, J = 7.8 Hz, 1H, NH¢), 4.32-4.25 (p, J = 7.1 Hz, 1H, H-2), 3.79-3.75 (t, J = 7.6 Hz,
1H, H-6), 3.61 (s, 3H, H-14), 2.38-2.32 (g, J = 7.4 Hz, 2H, H-9), 2.01-1.89 (oct, J = 6.9 Hz,
1H, H-12), 1.66 (s, 3H, H-11), 1.38 (s, 9H, H-16), 1.27-1.25 (d, J = 7.2 Hz, 3H, H-7), 1.01-0.97
(t, J=7.5 Hz, 3H, H-10), 0.90-0.88 (d, J = 6.8 Hz, 3H, H-13), 0.88-0.86 (d, J = 6.8 Hz, 3H, H-

13) ppm.
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((E)-2-((R)-2-((tert-Butoxycarbonyl)amino)-3-methylbutanamido)-3-methylpent-2-enoyl)-D-
alanine (239)

H O 1 s ¢
>‘/O\H/N N N\‘)J\OH
o H o
Methyl ester 267 (74.4 mg, 0.18 mmol) was dissolved in THF (2 mL) and LiOH (1 M in H20O,
1.85 mL, 1.85 mmol, 10.0 equiv.) was added dropwise at 0 °C. The reaction was stirred at
ambient temperature for 21 h. H20 and Et2O were added and the ag. phase was washed with
Et2O (2x). The ag. phase was acidified with a 1 M HCI solution and extracted with EtOAC (4x).
The combined organic phases were dried over MgSOs, filtrated, concentrated under reduced

pressure and dried in vacuo to furnish acid 239 (61.4 mg, 0.15 mmol, 85%), which was used in

the next step without further purification.

4.3.4 Fragment D
Methyl (tert-butoxycarbonyl)-L-serinate ((R)-104)

S Lo
H

L-Serine (1.00 g, 9.52 mmol) was suspended in MeOH (20 mL) and freshly destilled SOCI;
(4.10 mL, 56.6 mmol, 6.00 equiv.) was added dropwise at 0 °C. The solution was stirred at
ambient temperature for 20 h. The solvent was removed under reduced pressure and
coevaporated with Et,O (3x). The residue was dissolved in CH2Cl> (40 mL) and cooled to 0 °C.
Then Et3N (3.60 mL, 25.8 mmol, 2.70 equiv.) and Boc0 (2.28 g, 10.5 mmol, 1.10 equiv) were
added carefully and the reaction mixture was allowed to warm to rt. The mixture was stirred for
16 h before the solvent was removed under reduced pressure. The residue was purified by
column chromatography (CH2Cl>/MeOH =100:0, 100:2, 100:5) to give product (R)-104
(1.52 g, 6.9 mmol, 73%) as a yellowish oil.

The analytical data are consistent with those reported in the literature. ]

'H-NMR (400 MHz, CDCls3) = 5.43 (s, 1H, NH), 4.39 (m, 1H, CHNH), 3.99-3.88 (m, 2H,
CHy), 3.79 (s, 3H, CH3), 2.24 (s, 1H, OH), 1.46 (s, 9H, C(CHs3)3) ppm.
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tert-Butyl (S)-(1,3-dihydroxy-3-methylbutan-2-yl)carbamate ((R)-105)

OH

S8 o
H

Ester (R)-104 (1.51 g, 6.91 mmol) was suspended in Et2O (37 mL). MeMgBr (3 M in Et20,
13.8 mL, 41.5 mmol, 6.00 equiv.) was added at -78 °C. The emulsion was allowed to warm to
rt and stirred at rt for 3 h. The mixture was cooled to 0 °C and a sat. NH4Cl solution was added.
The ag. phase was extracted with EtOAc (3x). The combined organic phases were washed with
brine, dried over MgSQy, filtered and concentrated under reduced pressure. The crude product
was purified by column chromatography (PE/EtOAc = 3:2) to furnish diol (R)-105 (784 mg,
3.58 mmol, 52%) as colorless solid.

The analytical data are consistent with those reported in the literature. ]

'H-NMR (400 MHz, CDsOD) = 5 3.82-3.78 (dd, J = 4.1, 11.2 Hz, 1H, CHNH), 3.62-3.57 (m,
1H, CH>), 3.51-3.48 (m, 1H, OH), 1.45 (s, 9H, C(CH?3)3), 1.23 (s, 3H, C(CHa)2), 1.15 (s, 3H,
C(CHs)2) ppm.

(R)-2-((tert-Butoxycarbonyl)amino)-3-hydroxy-3-methylbutanoic acid ((R)-106)

OH
ST
- H
A Lo
(o]

Diol (R)-105 (784 mg, 3.58 mmol) was dissolved in MeCN (14 mL). Phosphate buffer (pH 7,
13 mL) and TEMPO (55.9 mg, 0.36 mmol, 0.10 equiv.) were added. The solution was warmed
to 35 °C and NaClO; (2 M in H20, 3.60 mL, 7.15 mmol, 2.00 equiv.) and NaOCI (0.04 M in
H20, 1.90 mL, 0.07 mmol, 2 mol%) were added simultaneously over 2 h. The mixture was
stirred at 35 °C for 20 h. Citric acid (10%) was added until pH 2. The ag. phase was extracted
with EtOAc (3x) and the combined organic phases were concentrated under reduced pressure.
The residue was dissolved in a sat. NaHCO3 solution (30 mL). The ag. phase was washed with
EtOAc (2x) and treated with a 1 M H3POa solution (50 mL) until pH 2. The ag. phase was
extracted with EtOAc (4x). The combined organic phases were washed with brine, dried over
MgSOs, filtered and concentrated under reduced pressure to furnish carboxylic acid (R)-106
(714 mg, 3.06 mmol, 86%) as a colorless amorphous solid.

The analytical data are consistent with those reported in the literature.[°]

'H-NMR (400 MHz, CDs0D) = § 4.09-4.08 (m, 1H, CHNH), 1.45 (s, 9H, C(CHs3)3), 1.29 (s,
3H, H-4), 1.26 (s, 3H, C(CHz3)2) ppm.
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(2)-4-(2,3-Bis((allyloxy)carbonyl)guanidino)butan-1-aminium iodide (269)
© Alloc
[ N~

H3N®\/\/\N/H\N,A||OC
H o H

Carbamate 268 (1.35¢9, 3.39 mmol) was dissolved in CH2Cl> (34 mL). TMSI (0.53 mL,
3.72 mmol, 1.10 equiv) was added. The solution was stirred for 5 min at rt. MeOH was added
and the solution was concentrated and coevaporated with CH.Cl, (3x 5 mL) under reduced

pressure. The orange residue was used in the next step without further purification.

(N-Boc-D-3-hydroxyvalyl)-N6&,N6& -bisalloc-Na-agmatide (270)

OH 18
12 o 9 . N%O/\/ZO
8 H 4 2 19
! A 76 N )‘\ 20
N N
10 1
© H 5 5 3 H N:—;a” 16
d bo O/\/

Amino acid (R)-106 (0.71 g, 3.06 mmol) was dissolved in CH2Cl, (20 mL). Hydroiodide 269
(3.37 mmol, 1.10 equiv) in CH2Cl, (20 mL) and DMF (7 mL) were added and the solution was
cooled to 0 °C. Oxyma™ (0.65 g, 4.60 mmol, 1.50 equiv.), EDC-HCI (0.73 g, 3.82 mmol,
1.30 equiv.) and NaHCO3 (1.29 g, 15.3 mmol, 5.00 equiv.) were added and the reaction mixture
was stirred for 18 h at rt. A 1 M HCI solution and EtOAc were added and the organic phase was
washed with a 1 M HCI solution (2x), a sat. NaHCO3 solution (2x) and brine. The organic phase
was dried over MgSOs, filtered and concentrated under reduced pressure. The crude product
was purified by flash column chromatography (MeOH in CH2Cl; = 0 to 1.5%) to furnish
fragment D 270 (244 mg, 0.48 mmol, 16%) as yellow oil.

!H-NMR (400 MHz, CDCl3) = 6 11.70 (s, 1H, NHa), 8.33-8.30 (t, J = 5.1 Hz, 1H, NHy), 6.73
(s, 1H, NHc), 5.99-5.85 (m, 2H, H-15/19), 5.56-5.54 (d, J = 8.6 Hz, 1H, NHg), 5.32-5.26 (m,
3H, H-16/20), 5.21-5.18 (m, 1H, H-16/20), 4.63-4.62 (d, J = 5.8 Hz, 2H, H-14/18), 4.59-4.57
(d, J=5.8 Hz, 2H, H-14/18), 4.22 (s, 1H, OH), 3.85-3.83 (d, J = 9.1 Hz, 1H, H-7), 3.44-3.40
(9, J = 6.8 Hz, 2H, H-2), 3.30-3.23 (g, J = 6.0 Hz, 2H, H-5), 1.60-1.55 (m, 4H, H-3/4), 1.40 (s,
9H, H-12), 1.27 (s, 3H, H-9), 1.16 (s, 3H, H-9) ppm.
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(R,2)-7-(((Allyloxy)carbonyl)amino)-16-hydroxy-16-methyl-5,14-dioxo-4-o0xa-6,8,13-
triazaheptadeca-1,6-dien-15-aminium trifluoroacetate (240)

o
OH

N)’LO/\/
o H3N \/\/\” NH

o NN
Boc protected amine 270 (51.6 mg, 0.10 mmol) was dissolved in CH2Cl> (1 mL) and TFA
(0.40 mL, 5.0 mmol, 50.0 equiv.) was added at 0 °C. The solution was stirred at 0 °C for 2 h.
All volutiles were removed under reduced pressure and the crude product was coevaporized
with MeOH (2x, 0 mbar, rt) and CH2Cl> (20 mbar, 40 °C). The crude product was used in the

next step without further purification.

4.3.5 Fragment CD
Fragment CD (271)

[e]
31
33
9 15 15 e N%O/\/
25 24023“20 N : )\ 32
N14 \/\/\N NH®
6 27 29
22 ” b o o/\/

Acid 239 (61.4 mg, 0.15 mmol, 1.50 equiv.) was dissolved in MeCN (1.0 mL) and DMF
(0.5 mL) and added to salt 240 (0.10 mmol). EDC-HCI (36.8 mg, 0.19 mmol, 1.90 equiv.) and
HOAL (31.5 mg, 0.23 mmol, 2.30 equiv.) in DMF (1.0 mL) were added at -15 °C dropwise over
10 min. The solution was stirred for 3 h. NaHCO3 (59.1 mg, 0.70 mmol, 7.00 equiv.) was added
and the mixture was stirred for 22 h at rt. The mixture was diluted with H,O and MeOH. The
solution was subjected to flash column chromatography (RP Bichi: 12x150 mm, 10 mL/min,
1 min/fraction, H20 (1% FA)/MeOH (1% FA) = 9:1 (5 min), 9:1 - 0:1 (45 min, 0:1 (10 min))
to furnish product 271 (18.1 mg, 0.02 mmol, 23%) as colorless film.

The analytical data are consistent with those reported in the literature. 8l

'H-NMR (600 MHz, DMSO-dg) = 8 11.55 (s, 1H, NHa), 9.26 (s, 1H, NHs), 8.36 (t, J = 5.0 Hz,
1H, NHp), 7.89-7.88 (d, J = 7.0 Hz, 1H, NH¢) 7.75-7.74 (d, J = 9.2 Hz, 1H, NHq), 7.72-7.70 (t,
J=5.2 Hz, 1H, NH.), 6.77-6.76 (d, J = 7.5 Hz, 1H, NHj), 6.00-5.90 (m, 2H, H-28/32), 5.37-
5.34 (d, J =17.2 Hz, 1H, H-29/33), 5.28-5.26 (m, 2H, H-29/33), 5.18-5.17 (d, J = 10.4 Hz, 1H,
H-29/33), 4.77 (bs, 1H, OH), 4.66-4.65 (d, J = 5.1 Hz, 1H, H-27/31), 4.49-4.48 (d, J = 5.2 Hz,
2H, H-27/31), 4.29-4.26 (p, J = 7.0 Hz, 1H, H-11), 4.22-4.21 (d, J =9.2 Hz, 1H, H-7), 3.86-
3.84 (t, J =9.2 Hz, 1H, H-20), 3.32-3.28 (m, 2H, H-2), 3.18-3.12 (m, 1H, H-5), 3.03-2.98 (m,
1H, H-5), 2.32-2.21 (m, 2H, H-16), 1.97-1.94 (m, 1H, H-21), 1.68 (s, 3H, H-18), 1.50-1.48 (m,
2H, H-3) 1.42-1.36 (m, 12H, H-4/25), 1.24-1.23 (d, J = 7.3 Hz, 3H, H-12), 1.11 (s, 3H, H-9),
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1.09 (s, 3H, H-9), 1.00-0.97 (t, J = 7.4 Hz, 3H, H-17), 0.89-0.88 (d, J = 6.7 Hz, 3H, H-22), 0.87-
0.86 (d, J = 6.7 Hz, 3H, H-22) ppm;

3C-NMR (151 MHz, DMSO-ds) = & 172.1 (C-10), 171.1 (C-19), 170.0 (C-6), 165.5 (C-13),
163.0 (C-30), 155.8 (C-23), 155.1 (C-1), 152.6 (C-26), 138.3 (C-14), 133.5 (C-32), 131.9 (C-
28), 125.0 (C-15), 118.9 (C-29), 117.4 (C-33), 78.4 (C-24), 66.5 (C-27), 65.5 (C-31), 60.0 (C-
7), 59.9 (C-20), 49.0 (C-11), 40.2 (C-2), 38.2 (C-5), 30.2 (C-21), 28.2 (C-25), 27.3 (C-9), 26.4
(C-16), 26.2 (C-9), 26.1 (C-4), 25.9 (C-3), 19.1 (C-22), 18.4 (C-22), 17.5 (C-12), 17.5 (C-18),
12.6 (C-17) ppm.
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