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ARTICLE INFO ABSTRACT

Keywords: In recent years, dengue virus (DENV) and Zika virus (ZIKV), both mosquito-borne members of the Flaviviridae

SAR family, have emerged as intercontinental health issues since their vectors have spread from their tropical origins

Flaviviruses to temperate climate zones due to climate change and increasing globalization. DENV and ZIKV are positive-

Allosteric inhibition . . . .

NS2B/NS3 protease sense, single-stranded RNA viruses, whose genc‘>mes consist qf three .stfuhctural (capsid, memb%‘ane precursor,
envelope) and seven non-structural (NS) proteins, all of which are initially expressed as a single precursor
polyprotein. For virus maturation, the polyprotein processing is accomplished by host proteases and the viral
NS2B/NS3 protease complex, whose inhibitors have been shown to be effective antiviral agents with loss of viral
pathogenicity. In this work, we elucidate new structure-activity relationships of benzo[d]thiazole-based allo-
steric NS2B/NS3 inhibitors. We developed a new series of Y-shaped inhibitors, which, with its larger hydro-
phobic contact surface, should bind to previously unaddressed regions of the allosteric NS2B/NS3 binding
pocket. By scaffold-hopping, we varied the benzo[d]thiazole core and identified benzofuran as a new lead
scaffold shifting the selectivity of initially ZIKV-targeting inhibitors to higher activities towards the DENV pro-
tease. In addition, we were able to increase the ligand efficiency from 0.27 to 0.41 by subsequent inhibitor
truncation and identified N-(5,6-dihydroxybenzo[d]thiazol-2-yl)-4-iodobenzamide as a novel sub-micromolar
NS2B/NS3 inhibitor. Utilizing cell-based assays, we could prove the antiviral activity in cellulo. Overall, we
report new series of sub-micromolar allosteric DENV and ZIKV inhibitors with good efficacy profile in terms of
cytotoxicity and protease inhibition selectivity.

due to increasing globalization and climate change.® The appearance of
Aedes albopictus on the northern side of the Alps recently raised the
awareness of this health issue in middle-European countries.®” The first
autochthone DENV infections in Europe were reported in 2010 from
south France and Croatia.®° In 2012, the first endemic outbreak on the

1. Introduction
1.1. The global burden

The mosquito-borne dengue virus (DENV) and Zika virus (ZIKV) are

major health concerns in the tropical and sub-tropical regions all over
the world, putting about half of the world’s population at risk. While
DENV is endemic in many countries, leading to 100-400 million in-
fections annually, ZIKV is more commonly known for epidemic out-
breaks.'® In 2015, Brazil experienced a ZIKV outbreak with about
200,000 reported cases solely in 2016.* Both viruses are transmitted by
the mosquitoes Aedes aegypti and Aedes albopictus. In the last decades,
these vectors began to spread considerably in temperate climate zones
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island of Madeira led to > 2,000 documented cases.'’ Now, several
European countries report autochthone infections on an annual basis.
2019, the first autochthone ZIKV infections in Europe were reported
from the southern French department of Var. Besides the vectorial
transmission route, ZIKV was also found to be contracted via unpro-
tected sexual intercourse.' This is of particular interest since its emer-
gence in Southern America was correlated with a striking increase of
neurological disorders and microcephaly in neonates.'? Although ZIKV
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infections tend to be asymptomatic or accompanied by self-limiting mild
symptoms (fever, rash, conjunctivitis), some patients develop severe
neurological conditions such as the Guillain-Barré syndrome.'®'°
Typical DENV infections show the very unpleasant symptoms of dengue
fever. It is characterized by high fever and flu-like symptoms that are
usually self-limiting. Some patients, however, develop severe dengue
syndrome. Respiratory distress, fluid accumulation, plasma leaking,
severe bleedings, and organ impairments can lead to a potentially fatal
outcome. Although there is a vaccination against DENV available, the
antibody-dependent enhancement of recurring DENV infections in-
creases the risk for severe courses if a vaccinated patient gets infected by
another DENV serotype. Hence, the approval of this vaccination is
limited to people who have already recovered from dengue
infection.'®'® To date, there is no approved causative treatment for
patients, suffering DENV or ZIKV infections, making it inevitable to
pursue further research on small molecule drugs against these
diseases.'’

1.2. Functions of NS2B/NS3 in viral replication

Amongst others, the five serotypes of dengue virus (DENV1-5) and
ZIKV belong to the family of Flaviviridae, genus flavivirus.”%?' Their
whole genome is a single-stranded (+)-sense RNA, which is translated
into a single precursor polyprotein, consisting of the structural proteins
capsid, membrane, and envelope, that are components of the virion, and
the seven non-structural (NS) proteins involved in viral replication and
maturation. The functional proteins are released after processing by the
host proteases furin and signalase as well as the viral NS2B/NS3
protease.’> 2% On top of this essential role, the NS2B/NS3 protease was
also found to modulate the human immune system by cleaving the
stimulator of interferon genes (STING).?” Based on these functions, the
NS2B/NS3 protease is considered a promising target for developing
specific anti-flaviviral therapeutics.®

1.3. Structure of NS2B/NS3

The NS3 protein consists of two domains. The N-terminal serine
protease domain (NS3;,,) and the C-terminal helicase (NS3pep). For its
proteolytic activity, NS3,,, requires NS2B as its cofactor which is
composed of a transmembrane region, anchoring the protease to the
endoplasmic reticulum, and its C-terminal cofactor region (NS2B.f),
essential for proper folding of the NS3,, catalytic domain.**** Crys-
tallography of the flaviviral NS2B.-NS3,,, revealed the existence of at
least two distinct conformations.”®>*%> The catalytically active
conformation is known as the closed conformation with NS2B.¢f wrapped
around the protease domain forming a p-turn with its C-terminus
contributing to the formation of the $2- and $3-binding pockets.>3°
Besides that, an inactive open conformation was identified, in which
NS2B,¢is loosely bound to NS3pm.35 In solution, an equilibrium between
these conformations could be observed, whereas an increased propor-
tion of the closed conformation was achieved by the addition of sub-
strate or active site-directed inhibitors via conformational selection or
induced fit mechanisms.?®*>%® An allosteric binding pocket around
Alal25 was first identified with surface cysteine mutagenesis and
cysteine reactive probes.”” It was proposed, that binding to this site may
rearrange the 120 s loop, thus locking the protein in its open
conformation.”®

1.4. Obstacles in inhibitor development

To achieve protease inhibition, developing substrate analogous in-
hibitors is a reasonable approach.®“ In the case of the flaviviral NS2B/
NS3 protease, however, such inhibitors may feature poor pharmaco-
logical properties due to the substrate preferences for dibasic residues in
P1 and P2 amino acids (AA). Inhibitor development is also hindered by
the shallow and charged nature of the active site. Therefore, it is
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comprehensible that, although some substrate competitive inhibitors
display high-affinity binding properties, their efficacy in cell-based as-
says stayed far behind expectations due to poor membrane perme-
anbility.“’z“’42 Some recent research efforts, however, did overcome
these issues.> %44

In our group, we focused on inhibitor design by addressing the
allosteric site. Previous docking studies of our inhibitors suggested the
allosteric binding site to be located close to Asn152. Since Asn152 was
found to be addressable from both the active and the allosteric site, this
residue was referred to as a “molecular switch” between the open and
closed conformation.®”-*> The allosteric binding mode of our inhibitors
was perfectly demonstrated by their non-competitive behavior as well as
by single cysteine mutagenesis studies.®”>*°

Based on these previously reported inhibitors including the lead
structures 1a,b, 2, and 3a,b (Figure 1), we synthesized and tested new
series of inhibitors to explore further structure-activity relationships
(SAR).*” A second objective was to optimize the inhibitors in terms of
their ligand efficacy (LE), generating an improved starting point for
following drug development.

2. Results and discussion

The individual moieties of the lead structures 1a,b, 2, and 3a,b,
namely AA linker, sulfonamide/amide connector, and heteroaromatic
system, were systematically varied to investigate SAR.

Since the exchange of the (R/S)-proline moiety in 1a,b to pipecolic
acid in 3a,b led to an improved inhibition of the NS2B/NS3 protease,
further AA exchanges were explored in this work. Previously, the ex-
change of the sulfonamide moiety in 1a to an amide linker in compound
2 resulted in modest changes of inhibitory potency so that both linking
groups were used here depending on the synthetic context. A second
approach was based on docking and molecular dynamics studies of the
enantiomers 1a and 1b which are predicted to bind with their tosyl
moieties in opposing subsites (Figure 2). Consequently, Y-shaped in-
hibitors were designed to combine both binding modes into one mole-
cule. A third series of compounds was designed to increase the ligand
efficacy by truncating previous full-scale inhibitors to a smaller scaffold
consisting of only the 5,6-dihydroxybenzo[d]thiazole fragment, which
was previously identified as the important pharmacophore, attached to
different aromatic residues. Last, a scaffold hopping strategy was eval-
uated, for which the benzo[d]thiazole itself was exchanged to different
(hetero)aromatic structures.

2.1. Chemistry

For the first SAR strategy, inhibitors based on different AA were
synthesized according to a previously published route.’” 2-Amino-5,6-
dimethoxybenzo[d]thiazole 5 was coupled with different Boc-protected
AA 4a-f mediated by 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyla-
minium tetrafluoroborate (TBTU), followed by BBrs-deprotection of the
Boc- and methoxy-groups to yield the corresponding hydrobromide salts
7a-f. The sulfonamides 8a-f were obtained by reaction of the depro-
tected amines with p-tosyl chloride (Scheme 1A).

For synthetic stability reasons, the tyrosine derivative 12a, the
aspartic acid derivative 12b (Scheme 1B), and the p-alanine derivative
17 (Scheme 1C) were synthesized with an amide linker instead of a
sulfonamide linking group. As shown in previous work, the exchange
between sulfonamides and amides in these structures did not signifi-
cantly influence the ICsq values of the inhibitors.*” For compounds 12a,
b, the Boc- and benzyl-protected AA were reacted with 5 to form the
precursor amides 9a,b. The Boc group was removed with HCl in dioxane
to give 10a,b, followed by benzoylation to yield the dimethoxy derivates
11a,b. Deprotection with BBr3 gave the final compound 12a. For the
deprotection of 11b, BBr3-deprotection led to unwanted side reactions,
hence, EtSH/AICl3 was used instead for deprotection of the methoxy and
benzyl groups to obtain 12b. The p-alanine derivative 17 was obtained
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Fig. 1. Structures of previously reported benzo[d]thiazole-based inhibitors 1a,b, 2 and 3a,b.””

Fig. 2. Predicted binding modes of the previously investigated enantiomeric
proline derivates 1a (orange) and 1b (purple) in the DENV2 allosteric binding
site (pdb: 2FOM).”>*” The catechol fragment shows conserved interactions with
Lys74, Gly148, and Asn152 for both (R)- and (S)-enantiomers, while the aro-
matic para-tosyl moieties interact with distinct hydrophobic subsites. The
design of inhibitors with an enlarged interaction surface targeting both subsites
may lead to the generation of more potent inhibitors. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)

by TBTU-mediated coupling of 5 to Boc-protected f-alanine. After Boc-
deprotection by HCI in dioxane and benzoylation, the dimethoxy de-
rivative 16 was obtained. Subsequently, BBrs-deprotection gave the
final product 17 (Scheme 1C).

Initial Y-shaped inhibitors designed to bind to the two subsites
addressed by 1a and 1b were synthesized based on the aspartic acid
compound 12b. Hence, asparagine-derivates 20a,b were synthesized
starting from 11b by hydrolysis of the benzyl ester to yield the car-
boxylic acid 18. Coupling to N,N-diethyl amine and aniline led to the
dimethoxy precursors 19a,b, followed by deprotection to yield the final
compounds 20a,b (Scheme 2A). Furthermore, Y-shaped inhibitors
23a-d were obtained by the synthesis of different carboxylic acids
21a-d.””*° Subsequent coupling with 5 and deprotection with BBrs
yielded the final compounds 23a-d (Scheme 2B).

To increase the ligand efficiency of parent compounds 1a,b, trun-
cated inhibitors, consisting of only a benzo[d]thiazole fragment and
substituted benzoic acids, were synthesized. By amide coupling between
the benzo[d]thiazoles 5 or 26 and the corresponding benzoic acids with
TBTU or the respective benzoyl chlorides, the dimethoxy derivates
24a-f were obtained (Scheme 3A). The 6-nitrobenzo[d]thiazole deri-
vates 27 and 28 were synthesized accordingly (Scheme 3B). Methoxy
derivatives 24a—f were deprotected by BBrs, to obtain the final

compounds 25a—f with free hydroxy groups (Scheme 3A).

In order to vary and optimize the benzo[d]thiazole core fragment, a
scaffold hopping strategy was evaluated for the synthesis of different
heterocyclic systems. Since various heteroaromatics were synthetically
more accessible as carboxylic acid derivatives than as amines, the amide
bond was inverted compared to the previously described compounds.
The corresponding (hetero)aromatic carboxylic acids 32a-m were syn-
thesized according to literature procedures.”®>° In this way, a variety of
different amides 33a-k and 35a-n could be synthesized by TBTU-
mediated coupling of the (hetero)aromatic carboxylic acids with
either aniline, p-iodoaniline (Scheme 4B), prolyl anilide 31a or pipe-
colyl anilide 31b (Scheme 4C). The latter were synthesized from Boc-
protected proline or pipecolic acid 29a,b, and aniline via condensa-
tion catalyzed by triethylamine and ethyl chloroformate (Scheme 4A).%°
Subsequent deprotection of the dimethoxy compounds 33a-k and
35a-n by BBrj yielded the catechols 34a-k and 36a-n (Scheme 4B,C).
Inhibitor 341 was obtained by reducing the nitro group of compound 34j
using tin chloride.

2.2. Structure-activity relationships

To evaluate the inhibition potency of all final compounds, these were
evaluated by means of fluorometric enzyme assays with recombinantly
expressed DENV and ZIKV NS2B/NS3 protease and Boc-Gly-Arg-Arg-
AMC as substrate.®"? Starting from parent compounds 1a,b, 2, and
3a,b, which previously showed sub-micromolar ICsq values on the ZIKV
protease, inhibitors containing a variety of AA were synthesized and
tested for inhibition against DENV2 and ZIKV NS2B/NS3 proteases
(Table 1).

The most potent amino acid-based inhibitors were found to have ICsg
values in the low micromolar range, however, none of the inhibitors
showed improved inhibition compared to the previously published
parent compounds. Inhibition selectivity towards the ZIKV protease was
consistent for all tested inhibitors 8a-17, as they caused a maximum of
63% inhibition at an inhibitor concentration of 20 pM for the homolo-
gous DENV2 protease. A significant SAR was observed for the alanine
derivatives 8a,b. The (S)-derivative 8a showed inhibition in the low
micromolar range (6.48 pM), while the (R)-enantiomer 8b inhibited
ZIKV protease only to 26% at 20 pM. The other compounds of this series,
which were based on hydrophobic (S)-AA (isoleucine 8c, tert-leucine 8d,
and phenylalanine 8e), showed similar ICs( values ranging from 3.66 to
5.74 pM. Compound 8f that was based on an S-benzyl-modified cysteine
residue, displayed the lowest ICsq of this compound series (2.13 pM).
Moderate polar decoration, like the introduction of a hydroxyl group,
yielded the tyrosine-based inhibitor 12a and did not significantly
change inhibition potency compared to the phenylalanine-based deri-
vate 8e (4.59 uM).

However, this trend was reversed for more polar substituents. The
aspartic acid-based inhibitor 12b showed only 45% inhibition of the
ZIKV protease at 20 pM. Therefore, we concluded that the allosteric
binding pocket may tolerate hydrophobic residues of different sizes, but
anionic substituents potentially abolish the inhibition due to non-
beneficial interactions with the pocket-determining non-polar (Trp83,
Leu85, V147) and acidic residues (Glu86, Glu88). Lengthening of the AA
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Scheme 1. Synthesis of the AA-based compounds 8a—f, 12a,b, and 17. (A) Synthesis of sulfonamides 8a-f. Reagents and conditions: a) TBTU, HOBt, DIPEA, DMF, 2
d, 34-82%. b) BBr3, DCM, -78 °C to r.t., 16 h, 66-99%. c) p-TsCl, pyridine, 16 h, 32-70%. (B) Synthesis of the tyrosine- (12a) and aspartate-based inhibitor 12b.
Reagents and conditions: a) TBTU, HOBt, DIPEA, DMF, 2 d, 95-97%. b) HCl, dioxane, r.t., 30 min, 87-95%. c¢) PhCOCIl, NEt3, DCM, 16 h, 71-76%. d) BBr3, DCM,
-78 °Ctor.t., 16 h, 77% or AlCls, EtSH, DCM, O °C to r.t., 16 h, 87%. (C) Synthesis of the $-alanine derivative 17. Reagents and conditions: a) Boc-$-Ala-OH, TBTU,
HOBt, DIPEA, DMF, 3 d, 78%. b) HCl, dioxane, r.t., 30 min, 70%. c) PhCOCL, NEt;, DCM, 16 h, 40%. d) BBrs, DCM, —78 °C to r.t., 16 h, 87%.

linker by one methylene unit from (S)-alanine 8a to g-alanine 17
resulted in a strong decrease of inhibition, demonstrating the impor-
tance of the distance between the benzo[d]thiazole unit and the aro-
matic group for binding into the allosteric binding pocket.

To increase the affinity of the benzo[d]thiazole inhibitors, a second
strategy was applied to optimize the hydrophobic interaction surface of
the inhibitor while maintaining the core benzo[d]thiazole pharmaco-
phore. Previous docking and molecular dynamics studies of 1a and 1b
proposed that p-tosyl moieties bind to opposing subsites corresponding
to the orientation of the proline stereoisomers (Figure 2). Thus, Y-sha-
ped inhibitors were designed to address both subsites and to increase the
overall inhibition potency.’” Due to the observation that mainly hy-
drophobic AA lead to potent inhibition, we decided to functionalize the
aspartic acid-based inhibitor 12b at the carboxyl group by hydrophobic
substituents. In addition to the resulting asparagine-based inhibitors
(20a,b), diphenyl-derived Y-shaped compounds (23a-d) were also
designed and evaluated for their inhibition (Table 2).

The asparagine-based inhibitor 20a, which includes an N,N-diethyl
amide substitution, showed very low inhibition at 20 uM (13%). On the
other hand, the corresponding aniline substituted derivate 20b showed a
significantly improved ICs value of 5.48 uM for the ZIKV protease and
9.95 uM for the DENV2 protease. From these results, the hydrophobic
yet structurally circumscribed binding region of the allosteric binding
pocket becomes apparent. Increasing the inhibition strength seems to
depend on the hydrophobic contact area as well as on the relative
orientation of the Y-shape arms, and thus, should be an optimizable
parameter.

Aromatic structures appear to be favored in this process, hence, four
additional structures 23a-d with diphenyl-derived Y-shapes were
investigated. Inhibitor 23a, incorporating a rigid N-phenyl peptoid-
structure, led to a slight decrease of affinity (2.07 uM) compared to
the proline amide derivative 2 (1.55 uM). The 2,2-diphenylacetic acid
derivate 23b showed the lowest ICs( value of this series (0.95 uM), albeit
with no increased inhibition for the DENV2 protease (11.12 pM).
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However, the improvement in inhibitory strength is not yet optimal
related to the increase in molecular weight, as the ligand efficiency
between parent compound la and Y-shape inhibitors changed only
marginally from 0.27 to 0.21-0.31 (23a-d). To improve the inhibition
potency, the hypothesis was pursued to rationally address the polar
residues Glu86,/Glu88 of the allosteric binding pocket. For this purpose,
similar to tyrosine derivative 12a, two hydroxyl groups were introduced
as para-decoration substituents. However, the resulting tetrahydroxy
derivate 23c led to a significant decrease in inhibitory potency (54%).
Calculation of the protonation state revealed that one of the two addi-
tional hydroxyl groups forms a negatively charged phenolate under
assay conditions, possibly leading to repulsion of Glu86,/Glu88 and low
inhibition as for aspartic acid derivative 12b. In contrast, the dichloro
derivative 23d did not show increased activity compared with the un-
decorated analog 23b, so we suggest that 2,2-diphenylacetic acid de-
rivatives cannot be further improved by substitution. With the
derivatives 20b and 23a,b we were able to show that the Y-shape
strategy is successful and is a promising idea in future structure-based

inhibitor designs.

To increase the ligand efficiency at the same or smaller molecular
size, the synthesis and evaluation of truncated inhibitors was performed
as a third SAR strategy. In this series, truncated inhibitors consisting
only of a benzo[d]thiazole scaffold and a substituted benzoic acid were
evaluated for their inhibition potency (Table 3). Root compound 25a N-
(5,6-dihydroxybenzo[d]thiazol-2-yl) benzamide showed an ICsp of 9.19
uM for the ZIKV protease and 26.95 uM for the DENV protease. Thus, the
starting point of this SAR series was an inhibitor about 2-3 times weaker
than the parent compounds 1a,b. Subsequentially, the para-substituent
of the benzamide was varied to modulate the structure.

Exemplary, the introduction of a halogen atom in the para-position,
was accompanied by an improved ICsy for DENV2 protease as demon-
strated for iodine 25b (4.38 uM) or chlorine substituents 25¢ (5.97 uM).
Other derivates bearing a para-methyl group (25d), a para-phenyl sub-
stituent (25e), or two chlorine atoms in meta and para positions (25f),
inhibited the DENV2 protease, with ICsq value of 4.86-7.80 M, in the
similar range. For ZIKV, however, the iodine derivate 25b displayed a
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Scheme 4. Synthesis of inhibitors with different (hetero)aromatic moieties. (A) Reagents and conditions: a) aniline, ethyl chloroformate, triethylamine, THF, 0 °C to
70 °C, 20 h, 89-90%. b) HCI in dioxane, r.t.,, 15 h, quantitative. (B) Reagents and conditions: a) aniline, TBTU, HOBt, DIPEA, EtOAc, 0 °C to r.t., 3 d, 66%—
quantitative. b) BBr3, DCM, -78 °C to r.t., 16 h, 20%—quantitative. c¢) SnCl,, HCl, r.t. to 70 °C, 16 h, 56%. (C) Reagents and conditions: a) 31a or 31b, TBTU, HOBt,
DIPEA, EtOAc, 0 °C to r.t., 3 d, 55%—quantitative. b) BBrz, DCM, -78 °C to r.t., 16 h, 13-96%.

Table 1
Inhibition of the DENV2 and ZIKV NS2B/NS3 proteases by amino acid-based
inhibitors.”

Compound Included AA ZIKV DENV2
ICso [uM1/% ICso [uM1/%
8a (8)-Ala 6.48 + 1.41 39%
8b (R)-Ala 26% 14%
8c (8)-1le 5.35 £ 0.33 33%
8d (S)-tert-Leu 5.74 + 0.79 44%
8e (S)-Phe 3.66 + 0.49 33%
8f (S)-Cys(SBn) 2.13 £0.11 57%
12a (S)-Tyr 4.59 + 0.50 63%
12b (S)-Asp 45% 32%
17 p-Ala 38% 23%

2 ICsp values are indicated by mean =+ standard deviation from at least three
independent measurements. Percentage inhibition was determined at 20 uM
inhibitor concentration.

significantly higher potency (0.67 uM) than the unsubstituted derivate
25a (9.19 pM) which makes 25b the best inhibitor of this series.
Exemplarily, the substrate conversion plot in the presence of inhibitor

25b is showing sub-micromolar inhibition (Figure 3).

For the other substituted benzamides, no clear structural trend was
recognized for ZIKV protease inhibition. Wherein the para-chlorine
(25¢, 6.66 uM) and para-phenyl (25e, 1.22 uM) derivatives showed
improved inhibition, the inhibition was decreased for the para-methyl
(25d, 15.40 uM) and the 3,4-dichloro derivative (25f, 39%) compared to
the root compound 25a. To follow up the best inhibitor 25b, two
additional para-iodine substituted inhibitors were synthesized. Derivate
27 harbors a nitro-benzothiazole fragment instead of the catechol-benzo
[d]thiazole motif. 27 inhibits both proteases at lower potencies (49% for
ZIKV and 36% for DENV2). Compared to compound 27, compound 28
incorporates a thiourea linker instead of an amide linker. The replace-
ment of the linker is accompanied by a significant increase in inhibition
(ICsp = 6.51 uM for ZIKV and 11.21 uM for DENV2).

In summary, by shortening the inhibitor scaffold, the ligand efficacy
of the compounds was increased from 0.27 resp. 0.28 for the parent
compounds 1a,b to 0.41 for the iodine-substituted inhibitor 25b. In
contrast, the ligand efficacy for the best Y-shape inhibitor 23b could be
increased to only 0.31, illustrating that optimizing the root scaffold is
more effective than increasing the hydrophobic contact area of the
inhibitor.

As the fourth SAR optimization strategy, the core benzo[d]thiazole
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Table 2
Inhibition of the DENV2 and ZIKV NS2B/NS3 proteases by inhibitors with a Y-
shaped structure.”
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Table 3
Inhibition of the DENV2 and ZIKV NS2B/NS3 proteases by differently
substituted truncated inhibitors.”

Compound  Structure ZIKV DENV2 Compound  Structure ZIKV DENV2
ICso 1Cso [uM1/ 1Cso [uM]/ ICso [uM]1/
[uM]1/% % % %
20a NEt; 13% 16% 25a 0] 9.19+0.33 26.95 +
o0 HO S \>—© 1.61
S NH
HO s. < o ]@N%
>—NH HN HO
N/ 25b 0] 0.67 +£0.32 4.38 +£0.38
HO HO s @|
paet
20b NHPh 5.48 + 9.95 + HO N
O_T/ 0.35 0.34 25¢ o] 6.66 +0.41 5.97 £ 0.50
o Qs HO s @cw
H S% Y o ]@L )—NH
D>—NH HN N
HO N HO
25d O 15.40 + 6.39 £0.20
HO S @CHs 470
23a o] 2.07 + 56% )—NH
H 0.16 HO N
S .
YN 25e o) 1224013  7.80 £ 0.89
v )N o NS
I
HO N
HO 25f 0 39% 4.86 +0.33
23b 0.95 + 1112+ HO. s o
0.13 0.49 D[ )—NH
HO N of
27 0 49% 36%
o,N s o4 )
HO \C[N/%NH
28 ON S 6.51 +0.44 11.21 +
NH
23¢ 54% 45% z \C[S/}N% f 0.87
N
I
# ICsp values are indicated by mean =+ standard deviation from at least three
independent measurements. Percentage inhibition was determined at 20 pM
HO inhibitor concentration.
23d 0.96 &+ 58%
0.12 A — 100 yM
20 uM
10004 10 uM
— 50 uM
=2
HO I 800- 1.0 WM
E
. — 0.8 UM
# ICsp values are indicated by mean =+ standard deviation from at least three o 600d : —— 05 UM
independent measurements. Percentage inhibition was determined at 20 uM — 02 UM
inhibitor concentration. Y
0.05 uM
400 . . H
itself was varied by scaffold hopping alterations, leading to a variety of 0 200 400 600 — DMSO

inhibitors with (hetero)cyclic structures that were evaluated for their
inhibition towards the NS2B/NS3 proteases (Table 4). Since various
heteroaromatics were synthetically more accessible as carboxylic acid
derivatives than as amines, the amide bond was inverted compared to
the previously described compounds. Therefore, an amide-inverted
prototype scaffold 36a, analogously to parent compound 2, was first
synthesized and tested. This root compound 36a, based on a benzo[d]
thiazole, showed a similar ICsy value (4.00 uM) on the ZIKV protease
compared to the inhibitor with inverted amide bonds 2 (1.55 uM,
Figure 1). Furthermore, the inhibition of DENV2 protease could even be
significantly increased by the inversion of the amide bond (36a ICsy =
11.59 M, 2 28% at 20 pM).

Subsequently, two series of heteroaromatic scaffold hops were
evaluated: 1) those (36a-n) containing a proline linker and derived from
parent compound 2 and 2) those (34a-1) derived from the truncated
benzamide derivatives 25a and lacking a proline linker. An overview of
all derivatives can be found in Table 4 and Scheme 4.

vy
-
n
[1°]

k)

100+ .
80+

60

40-

Inhibition [%]

25b

204 |C50 =0.67 £0.32 [JM

0 r . . . .
102 10  10° 10" 102  10°
inhibitor [uM]

Fig. 3. (A) Fluorometric assay with top inhibitor 25b showing enzyme inhi-
bition from linear substrate conversion plots. (B) Determination of ICs, values
[uM] for compound 25b by regression to the four-parameter Hill equation.
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Table 4
Inhibition of the DENV2 and ZIKV NS2B/NS3 proteases by inhibitors with
different (hetero)aromatic scaffolds.”

(o]
Heterocycle%
Linker—NHPh
Compound  (Hetero)cycle Linker ZIKV DENV2
ICs0 1Csp [uM1/
[1M]1/% %
36a HO ) (S)-proline 4.00 + 11.59 +
Ij > 0.34 0.90
34a HO N none 9.19 + 26.95 +
0.33 1.60
36b (S)-proline 19% at20  47% at 20

HO. s
P uM uM
34b N none 25% at20  20% at 20

M M
36¢ H (S)-proline 44% at 20 36% at 20
HO N uM uM
34c ]@/} none 3.44 + 6.90 +
HO 1.21 2.30

(S)-proline 3.43 + 4.01 +

36d HO s
Il} 0.14 0.47
34d HO none 1.59 + 273 +

0.08 0.90
36e HO o (S)-proline 2.43 + 6.43 +
j©/\) 0.28 0.76
34e HO none 1.04 + 0.69 +
0.26 0.16
36n (S)-pipecolic 2.90 + 4.73 +
acid 0.04 0.28
36f HO . (S)-proline 44% at 20  23% at 20
34f HO N7 none 6.38 + 3.63 +
0.50 0.21
36m HO (S)-proline 42% at 20 9% at 20

HO
34g O none n. i n. i
HO

34h HO o none n. i. n. i.
36i S)-proline 20.13 £ 27.69 +
HO 0 @ 3.48 2.82
34 /" none 62% at 519% at
100 pM 100 uM
OH
34j HO none 48% at 19% at
o 200 uM 200 M
/
O,N
34k HO 1.30 £ 2.48 +

e
) 16
D[ ) /< 0.08 0
HO N HN@l
341 HO o 349% at
H,N

200 uM

# ICsp values are indicated by mean =+ standard deviation from at least three
independent measurements. Percentage inhibition was determined at 20 uM,
100 pM, 200 pM inhibitor concentration. n. i.: no inhibition at an inhibitor
concentration of 200 pM

none 52% at
200 uM

Truncated benzo[d]thiazole derivate 34a (without proline linker)
exhibited comparable activities compared to the inverted-amide deri-
vate 25a, thus, it was proven for both 36a and 34a that the orientation
of the amide bonds does not influence the NS2B/NS3 inhibition. In the
series of heterocycles containing only one heteroatom 34c—f and 36¢—f,
the benzofuran derivate 34e showed with ICsy values of 0.69 uM for
DENV2 and 1.04 uM for ZIKV the best inhibition profile of the whole
series. Remarkably, the benzofuran derivative 34e showed an
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abrogation of the previously observed inhibition selectivity, which was
manifested by the fact that benzo[d]thiazole inhibitors inhibited ZIKV
protease by a factor of 2-10 better than the DENV2 protease.

Besides this observation, the benzo[d]thiazole and benzofuran der-
ivates 34b, 36b, 34g, and 34h contained only one single 5'- or 6'-hy-
droxyl group, and consequently, these derivates displayed reduced
inhibition compared to their corresponding catechol analogs 34a, 36a,
and 34e. This confirms the previously shown trend that both hydroxyl
groups are necessary for effective inhibition potency.*® For benzofurans
34i and 36i, the hydroxyl groups were arranged in meta-positions
instead of the conserved ortho-configuration (34e and 36e) resulting in
loss of inhibition potency with ICsg values for 36i of 20.13 uM for ZIKV
and 27.69 uM for DENV2. For the other modifications, the exchange of a
hydroxyl group for nitro or amine substituents also resulted in a partial
loss of inhibitory activity as can be seen for compounds 34j and 34l.
Quinoline 36f as a core scaffold led to significantly decreased inhibition,
as well as the naphthalene derivative 36m. Based on these results, it can
be hypothesized that one heteroatom is necessary for the core scaffold
and that scaffolds containing five-membered rings are superior to scaf-
folds with six-membered rings such as quinolines or naphthalenes.
Similar to the transformation from 1 to 3, the replacement of (S)-proline
by pipecolic acid resulted in a slight improvement of the DENV2 ICs,
values of proline derivate 36e (6.43 uM) compared to pipecolyl derivate
36n (4.73 uM). In analogy to the improvement of inhibition of the
DENV2 protease upon the inversion of the amide bond (25a (26.95 pM)
vs. 34a (11.59 uM)), amide inversion of the iodinated top inhibitor 25b
(4.38 uM) also resulted in an improvement of DENV2 inhibition (34k,
2.48 pM). In summary, besides the original benzo[d]thiazole scaffold,
benzo[b]thiophenes (34d and 36d) and benzofurans (34e and 36e)
were identified as promising scaffolds for the synthesis of allosteric
DENV2 and ZIKV inhibitors.

To validate our hypothesis of allosteric inhibition, ICsy values were
determined for the top inhibitor 25b at various substrate concentrations
(50-200 puM). Evaluation by Dixon plot analysis revealed that the inhi-
bition is not substrate competitive, supporting our hypothesis of an
allosteric binding (SI Figure 5A). The apparent K; was determined to be
7.67 uM and thus lies in the same range as the determined ICsq for 25b.
In a previous work, we showed by single-site cysteine mutagenesis and
subsequent maleimide blockage that the lead structure 1b binds into an
allosteric binding pocket.>” Here, we have also applied this assay to the
top inhibitors of this work (23b, 25b, and 34e). Thus, the ICs¢ values of
compounds 23b, 25b, and 34e were compared for the DENV2 wild-type
protease, the T122C mutant protease, and the T122C mutant protease
after incubation with N-benzylmaleimide (BMI, 250 nM). For all three
inhibitors, significantly higher ICso values were measured for the BMI
pre-incubated protease in comparison to the native T122C protease
(23b: 5.14 uM/50.80 pM, 25b: 1.60 uM/25.12 uM, 34e: 1.22 uM/2.22
uM, SI Figure 5B) suggesting that the inhibitors in this work also bind
near the allosteric Thr122 residue and that this binding interferes with
the sterically demanding BMI label.

2.3. Off-target selectivity

To investigate how the benzo[d]thiazole and benzofuran inhibitors
affect the activity of other serine and cysteine proteases, a selectivity
panel was constructed from a matrix of seven NS2B/NS3 inhibitors and
seven different proteases. A representative set of compounds for each
SAR optimization series was tested for their selectivity against various
in-house serine (trypsin, thrombin, a-chymotrypsin, and urokinase
plasminogen activator (uPA)) and cysteine proteases (rhodesain,
Staphylococcus aureus sortase A, SARS-CoV-2 MP™). The serine protease
NS2B/NS3 is structurally most related to trypsin, but the latter does not
have an NS2B cofactor and thus does not feature an allosteric binding
pocket. Neither trypsin nor any of the other proteases showed appre-
ciable inhibition at an inhibitor concentration of 20 uM. The results of
the inhibition data are summarized in Table 5.
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Table 5
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Protease inhibition selectivity of representative compounds towards various serine and cysteine proteases.”

Residual Enzyme Activity in [%] at 20 uM

Compound Trypsin Thrombin Chymotrypsin uPA SARS-CoV-2 MP™ Rhodesain Sortase A
1b 96 + 4 97 +£3 100 £7 100 £ 0 94 +1 93+6 83+4
23b 85+6 95+ 2 96 £+ 2 62 + 4 77 £ 6 86+ 0 73+0
25a 80 £6 75+ 0.3 77 £1 100 £ 15 90 +£1 91+6 57+1
25b 94 +5 65+ 3 79+7 100 + 10 89+ 4 77 £ 4 74+1
34e 88 £2 81+2 78 £7 82+ 4 99 +2 93+2 81 +11
36e 96 +1 97 +3 58 £2 91+5 52+6 93+4 64+0
36n 95+3 93+1 77 + 4 94+8 57 £ 10 90 +3 74 +£2

# Residual enzyme activities at 20 uM of corresponding compound are indicated by mean + standard deviation from at least three independent measurements. The

residual enzyme activity is expressed relative to the DMSO control in [%].
2.4. Inhibitor stability

Due to the known susceptibility of phenolic compounds to oxidation,
selected compounds (23b, 25a, 25b, 34a, 34e, 36e) were tested for their
chemical stability in the assay buffer (Tris pH 9.0) and under cell culture
conditions (HEPES pH 7.4). For this purpose, the conditions of the
respective assay were simulated, and the stability was determined by
HPLC/MS after 15 min, 90 min, and 20 h of incubation time. The sta-
bility was interpreted as the integral of the corresponding compound in
the 210 nm UV trace as a proportion of the total integral.

Except for compound 25a (recovery of the compound after 15 min,
90 min, 20 h: 67%, 61%, 0%), all substances that were active in the
fluorometric enzyme assay showed sufficient stability in the assay buffer
for the duration of the assay (Tris pH 9.0, 83-100%). Under cell-assay
conditions (HEPES pH 7.4), the stability of the compounds was even
significantly increased due to the lower pH value (95-100%). The
inversion of the amide bond increased the stability of the oxidation-
labile dihydroxy group (compare 25a with 34a: 95%, 94%, 88% after
15 min, 90 min, 20 h in Tris buffer), which means that the new benzo-
furan derivatives are not only more potent than the previous derivatives,
but also have higher stability.**

2.5. Docking studies

Until now, no crystal structure of the flaviviral NS2B/NS3 protease in
complex with a benzo[d]thiazole inhibitor was solved. However, pre-
viously a specific allosteric binding site for non-competitive benzo[d]
thiazole inhibitors of the NS2B/NS3 protease had been proposed by
biochemical and computational investigations.?”->%4¢5455 This promi-
nent cavity is located on the back side of the protein as viewed from the
active site (Ser135, Asp175, and His51) and is formed by the AAs Met49,
Lys74, Leu76, Trp83, Lys84, Leu85, Glu86, Gly87, Glu88, Trp89,
Vall46, Vak147, Gly148, Leul49, Asn152, Alal64, Ile165, and Ile166.

The allosteric binding site was shown to be existing for both the open
and closed conformations of the DENV2 and ZIKV NS2B/NS3.°%%8
However, the most stable predicted binding modes of benzo[d]thiazole

E88 w89

ligands were previously found for the open conformation of the DENV2
protease (PDB code: 2FOM).>>%7 Hence, molecular docking studies of a
comprehensive set of inhibitors were performed to the 2FOM-protein
receptor by FlexX docking within the LeadIT worksuite.®

The key interactions between the NS2B/NS3 protein and the
respective ligands are exemplarily shown for a representative top in-
hibitor from each investigated SAR series 8e, 23b, 25b, and 34e
(Figure 4). The docking of the non-covalently bound ligands resulted in
conformations that aligned well with the docking poses obtained in our
previous study.37 When docked into the allosteric site the benzo[d]
thiazole moiety was inserted into the lipophilic sub-pocket generated by
the residues Leu76, Gly148, and Ile165. Here, the catechol motif of all
four ligands forms a hydrogen-bonding network to the residues Asn152,
Lys74, and Gly148.

In their docking pose, the two Y-shaped inhibitors 8e and 23b show
beneficial interactions with the two spatially separated hydrophobic
subsites (Figure 4 A,B). One arm of each inhibitor interacts hydro-
phobically with the subsite determining residues Trp89/Alal66 resp.
Vall46/147 analogously to the overlay of the two proline-derived
parent compounds (Figure 2).

However, compared to the linear truncated inhibitor 25b, the cate-
chol motif in the Y-shape inhibitors is slightly twisted because the ste-
rically demanding Y-shape substituent exerts a geometric constraint on
the benzothiazole moiety (Figure 4C). This could be the reason why
there was only a slight increase in inhibitory potency with the Y-shaped
structures despite the increased hydrophobic contact area: The selected
Y-shape geometry does not yet optimally fit the binding pocket. Of note,
the connector moiety (AA resp. sulfonamide) showed only few in-
teractions with the protein (Lys74, Trp84, and Asn167) indicating that
the type of connector is of minor importance if the hydrophobic moieties
can find one of the hydrophobic subsites.

The truncated inhibitor 25b incorporates an aromatic iodine sub-
stituent oriented toward the acidic residues Glu86,/Glu88. A favorable
carboxylate-halogen interaction could determine the reason for the high
inhibitory potency of this compound despite its small size.” The in-
hibitors 8e, 23b, and 25b have higher inhibitory potency for the ZIKV

Cc D

Fig. 4. Docking poses of each top inhibitor from the respective SAR series in complex with the DENV2 NS2B/NS3 protease (PDB: 2FOM) highlighting the proposed
interaction features upon allosteric binding. (A) Docking pose for phenylalanine-derived inhibitor 8e. (B) Docking pose for Y-shaped inhibitor 23b. (C) Docking pose
for truncated inhibitor 25b. (D) Docking pose for benzofuran-derived inhibitor 34e.
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Fig. 5. Residue differences between DENV2 (grey) and ZIKV (orange) NS2B/
NS3 within the allosteric binding site explaining the protease inhibitor selec-
tivity by five differences in AA composition (K74Q, G87A, E88A, V147I, and
A166T). (A) Docking pose for phenylalanine-derived inhibitor 8e. (B) Docking
pose for benzofuran-derived inhibitor 34e. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of
this article.)

protease than for the DENV2 homolog, while this trend is reversed for
the benzofuran derivative 34e, which preferentially inhibits the DENV2
NS2B/NS3. The differences in inhibitory potencies may be explained by
the binding mode of the inhibitors. The benzofuran motif has a slightly
tilted binding mode compared to the benzothiazole fragment, which
allows better interaction of the amide carbonyl atom with Lys74 in the
DENV2 protease (Figure 4D). This residue is replaced in the ZIKV pro-
tease by a K74Q exchange, by which the positive charge at the pocket
entry is lost and might explain the inverse selectivity of the benzofuran
inhibitors for the DENV2 protease (Figure 5B).

In a sequence-based alignment between DENV2 (pdb: 2FOM) and
ZIKV (pdb: 5GXJ) proteases, five core residue differences of the allo-
steric binding pocket were identified (K74Q, G87A, E88A, V1471, and
A166T), which might explain the protease selectivity. The superior
inhibitory potency of large and hydrophobic Y-shaped structures for the
ZIKV protease might be explained by an Glu88pgny2 to Ala88zky ex-
change, which reduces the polarity of the respective DENV2 subsite and
further enhances the space for hydrophobic substituents in the ZIKV
protease as shown for the phenylalanine derivate 8e (Figure 5A).

10
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2.6. Antiviral activity

To determine the antiviral activity of NS2B/NS3 inhibitors in a
cellular context, we studied the suppression of viral replication by a
luciferase replication assay. Briefly, Huh7 cells were transfected by
electroporation of DENV2 (strain New Guinea C, NGC) or ZIKV (strain
H/PF/2013) subgenomic luciferase reporter replicon RNAs, expressing
the luciferase gene and all NS genes to monitor viral replication.®®%°
After 4 h, 10 uM of the respective inhibitor was added. As a quantity for
the determination of viral replication, luciferase activity was measured
at 24, 48, 72, and 96 h after electroporation. A depiction of the DENV2/
ZIKV RNA replication time curves for active compounds can be found in
SI Figure 1.

Prior to viral replication analyses, the effect of inhibitors on
mammalian cell integrity, potential cytotoxicity was determined by
luminescent cell viability assay at varying compound concentrations.
While most of the compounds had no measurable effects on Huh7 cell
viability at concentrations between 1.25 and 10 pM, only the dimethoxy
derivate 24b showed cytotoxic effect by a reduction of substrate turn-
over at concentrations > 5 pM (SI Figure 2). Therefore, the measured
decrease in RNA replication of 24b (Figure 6A) is probably not solely
due to the antiviral properties of this compound but is caused by its
cytotoxicity, which is why this compound was not used for further
investigations.

The effect on DENV2 replication was tested for the top inhibitors of

>
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Fig. 6. ZIKV and DENV2 RNA replication quantified by luciferase activity as-
says. (A) Inhibition of DENV2 NGC replication by the most potent compounds
(10 uM) 72 h after electroporation. (B) Inhibition of ZIKV HPF replication by
the most potent compounds (10 uM) 96 h after electroporation. Shown are
means + standard deviation (n = 3). ****, P < 0.0001; ***, P < 0.001; *, P <
0.05. Statistical significance was calculated by using one-way ANOVA.
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each SAR optimization series (Tables 1-4): Truncated para-iodine deri-
vate 25b, Y-shaped 2,2-diphenylacetic acid inhibitor 23b, truncated
benzofuran inhibitor 34e, proline-containing benzofuran inhibitor 36e,
and pipecolic acid-containing benzofuran inhibitor 36n. In addition, the
corresponding dimethoxy derivates 24b, 22b, 33e, 35e, and 35n were
also tested for their effect on DENV2 replication since it was shown in
our previous work that the dimethoxy compounds can act as prodrugs.
After enzymatic metabolization, the corresponding dihydroxy de-
rivatives are released.’” At a concentration of 10 pM, both the para-
iodine derivate 25b and the Y-shaped 2,2-diphenylacetic acid inhibitor
23b showed a significant decrease in RNA copies of DENV2 replication
after 72 h (Figure 6A). Furthermore, the attenuation of viral replication
was even more pronounced for the corresponding dimethoxy derivates
24b and 22b, which agrees with our previous study. The increased ac-
tivity can probably be attributed to a higher membrane permeability of
these prodrugs. However, the other benzofuran-consisting inhibitors
tested for DENV2 inhibition showed no significant reduction of viral
replication. The reason for this could not be conclusively elucidated
here, as these had even shown a selectivity shift towards better inhibi-
tion of DENV2 protease in the fluorometric enzyme assay (Table 4).

To further investigate the DENV2 insusceptibility to the benzofuran-
based inhibitors, sequence analysis was performed to identify possible
amino acid differences between the recombinantly expressed NS2B/NS3
protease and DENV2 NGC protease (SI Figure 3). The protein construct
used in the fluorometric assay in fact showed two point mutations near
the allosteric pocket (T120A, N167Q). To study the activity and inhi-
bition of the native cellular protease sequence in the context of the
fluorometric assay, a double mutant of our NS2B/NS3 protease was
recombinantly expressed by site-directed mutagenesis and tested for
both protease activity compared to the wildtype and inhibition by
selected compounds. The activity of the DENV2 protease T120A/
N167Q-mutant appears to be slightly decreased compared with the
wild type (SI Figure 4, wildtype: kear = 0.709 + 0.039 mAU s~'; T120A/
N1670Q: ket = 0.447 £ 0.003 mAU s~ ). Inhibition by benzofuran in-
hibitor 34e and para-iodine derivative 25b was evaluated for the
T120A/N167Q-mutant by determination of the ICsg values (34e: 0.73 +
0.015 pM, 25b: 8.01 + 1.25 puM). Since neither the activities nor the
inhibition rates did severely differ, it can be assumed that the two mu-
tations have only minimal influence on the inhibition of the compounds,
and insusceptibility to benzofurans is most likely due to cellular causes
(metabolism, permeability, etc.).

Besides DENV2 replication inhibition, ZIKV H/PF/2013 reporter
virus replication was analyzed by a luciferase assay for the benzofuran
inhibitor 34e, the para-iodine derivate 25b, the 2,2-diphenylacetic acid
inhibitor 23b, and its corresponding dimethoxy derivate 22b, which
showed efficient reduction of DENV2 replication. Luciferase activity was
significantly reduced by 10 uM of benzofuran inhibitor 34e and para-
iodine derivate 25b after 96 h. Compounds 22b and 23b, on the other
hand, showed no significant effect on ZIKV replication. That our in-
hibitors have a generally lower efficiency to inhibit ZIKV replication
compared to DENV2 inhibition could be since ZIKV replication factories
are additionally surrounded by intermediate filaments in cage-like
structures. This could lead to stronger protection of the ZIKV protease
from inhibitors compared to DENV2.”°

3. Conclusions

In this work, we have optimized allosteric inhibitors for the DENV2
and ZIKV NS2B/NS3 proteases. Hereby, we found new lead structures
with good inhibitory properties. By exchanging the individual moieties
of the lead structures 1a,b, different series of inhibitors were synthe-
sized and investigated regarding their inhibitory effects on the NS2B/
NS3 proteases of DENV2 and ZIKV. Replacing the amino acid linker with
(R/S)-alanine (8a,b), isoleucine (8c), tert-leucine (8d), phenylalanine
(8e), tyrosine (12a), and aspartic acid (12b) did not significantly
improve the inhibitory effect. Nevertheless, the ZIKV protease was
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inhibited by the compounds 8a—f and 12a in the low micromolar range
(ICs0 = 2.13-6.48 uM). In the series of newly designed Y-shaped in-
hibitors (Table 2), 2,2-diphenylacetic acid derivate 23b was the most
promising compound with a sub-micromolar ICsq for ZIKV (0.95 uM). Y-
shaped compounds 23b and 20b as well as AA-based compounds with
hydrophobic side chains 8c-f demonstrated with ICsg values in the low
micromolar range that addressing both binding subsites with Y-shaped
inhibitors is a promising strategy for further improvement. By truncating
the inhibitor scaffold (Table 3), we were able for the first time to achieve
inhibition in the low micromolar range for the DENV2 protease and
simultaneously increased the ligand efficacy to obtain new starting
points for further DENV2 drug discovery. The iodine-substituted inhib-
itor 25b was the most promising compound of this series with an ICsg of
4.38 uM for DENV2 and a sub-micromolar ICsy of 0.67 uM for ZIKV,
respectively. By exchanging the benzo[d]thiazole core heterocycle, we
could show that other heteroaromatic systems can serve as scaffolds
besides benzo[d]thiazoles. In this SAR series, the benzofuran derivate
34e showed the best inhibitory properties (IC5o(DENV2) = 0.69 uM,
IC50(ZIKV) = 1.04 puM). In contrast to the benzo[d]thiazole-based
compounds, 34e inhibits both the ZIKV and the DENV2 NS2B/NS3
proteases in the same order of magnitude. Screening of selected com-
pounds against various serine and cysteine proteases demonstrated
excellent off-target selectivity of our inhibitors. The most potent in-
hibitors and their respective methoxy prodrugs were administered in a
cell-based assay for their antiviral potential to interfere with DENV2 and
ZIKV replication. The compounds 22b, 23b, and 25b highlighted their
antiviral potential by significantly attenuating DENV2 replication,
whereas 25b and 34e showed reduced ZIKV replication. In summary, we
identified two promising compounds that resemble suitable starting
points for upcoming drug development. First, N-(5,6-dihydroxybenzo[d]
thiazol-2-yl)-4-iodobenzamide (25b) and second, 5,6-dihydroxy-N-
phenylbenzofuran-2-carboxamide (34e), both of them containing only
20 and 21 heavy atoms, respectively, and with ligand efficiencies above
0.4 are good starting points for further NS2B/NS3 inhibitor
development.

4. Experimental section
4.1. Expression constructs

A pET15b expression vector, harboring a thrombin-cleavable N-ter-
minal hexahistidine-tagged DENV2 NS2B cofactor domain covalently
linked to the NS3 protease domain via a Gly4SerGlys-linker (GenBank
ID: AY037116.1) with two point mutations in the NS3 region (I30A and
L31A for better solubility, herein referred to as WT), was kindly pro-
vided by the group of W. Diederich (University of Marburg, Germany).”*
The pET11a vector, containing the sequence of the French Polynesia
ZIKV strain (GenBank ID: KJ776791.1) protease was used as described
previously.>”®17? To abolish autocatalytic cleavage of the covalently
linked construct, a point mutation (R95A) was introduced. The construct
contains a N-terminal hexahistidine tag provided with a tobacco etch
virus (TEV) protease cleavage site. The DENV2 T120A-N167Q mutant
for validation of antiviral activity measurements and the DENV2 T122C
mutant suitable for maleimide coupling based binding site verification
were generated using the Kapa HiFi PCR kit (Kapa Biosystems) and the
following primers:

(i) T120A: 5-GACCAATGCGGGTACCATTGGCG-3' and
5/_GGTACCCGCATTGGTCTTAAACAGGC-3,
(i) N1670Q:

5'-CGATTGCCCAGACGGAAAAGTCCATTGAAGATAACC-3' and
5'-CTTTTCCGTCTGGGCAATCGCGGACACGTAG-3/,

(iii) T122C: 5-CAATACGGGTTGCATTGGCGCGGTTAGCCTGG-3’
and 5'-CGCCAATGCAACCCGTATTGGTCTTAAACAGGCCC-3'.
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4.2. Protein preparation

The DENV2 and ZIKV proteases were expressed in E. coli BL21-Gold
(DE3) (Agilent Technologies) cells according to the literature.®’ Briefly,
cells were grown in LB media with the presence of 100 pg/mL ampicillin
at 37 °C. Overexpression was induced by the addition of 1 mM IPTG at
an ODggg nm of ~0.8 and incubated at 20 °C for 16 h. Cells were har-
vested by centrifugation, shock frozen in liquid nitrogen, and stored at
—20 °C until further use. For purification, cells were resuspended in lysis
buffer (20 mM Tris-HCI pH 8, 300 mM NaCl, 2 mM imidazole, 0.1% (v/
v) Tritony.109, RNase, lysozyme) and lysed by sonication (Sonopuls,
Bandelin). Cell debris was removed by centrifugation and the superna-
tant was subjected to affinity chromatography using a HisTrap HP col-
umn (GE Healthcare, Chicago, USA). Histidine-rich proteins and other
impurities were removed by subsequent increasing amounts of elution
buffer (20 mM Tris-HCI pH 8, 300 mM NacCl, 250 mM imidazole). Eluted
fractions were further purified by size exclusion chromatography (SEC)
using a HiLoad 16/600 Superdex 75 pg (GE Healthcare, Chicago, USA)
and eluted in SEC buffer (20 mM Tris-HCI pH 8, 150 mM NacCl). Prior to
storage at —80 °C, proteins were concentrated, and flash-frozen with
liquid nitrogen.

4.3. Molecular Modeling

Docking calculations were performed applying the FlexX algorithm
as implemented in LeadIT.”® The non-covalent mode was started from
the program GUI with advanced settings. A standardized ligand prepa-
ration protocol was executed with MOE2020 prior docking. Ligand
minimization was performed using the MMFF94x force field.”* 3D co-
ordinates of minimized structures were exported from MOE as single
libraries in SDF file format to be imported to LeadIT. Modeling the pu-
tative binding mode of inhibitors to the allosteric pocket of DENV2
NS2B/NS3 protease was done using the crystal structure in the open
conformation thereof (pdb entry: 2FOM). The binding site was defined
as 11 A shell around the core residue K73 including 24 receptor defining
residues in the NS2B-protein chain: K73, K74, L76, W83, L85, E86, G87,
E88, W89, T118, T120, 1123, V146, V147, G148, L149, Y150, G151,
N152, V154, A164, 1165, A166, and N167. Chemical receptor properties
were kept in FlexX default settings: No alternate protonation states from
ligand preparation; Ligand binding driven by entropy and enthalpy
(hybrid approach); Full score contribution threshold = 0.3; No score
contribution threshold = 0.7; Consider R/S stereo mode during docking;
Maximum allowed overlap volume = 2.9 10\3; Clash factor = 0.6;
Consider hydrogens in internal clash tests; Maximum number of solu-
tions per iteration = 500; Maximum number of solutions per fragmen-
tation = 500, Number of poses to keep = Top 10. A torsion subgraph was
defined to force the thiazole-attached amide bond to be restricted in a
planar constitution with the aromatic system as determined by QM-
calculations.®’

4.4. Fluorometric assays

The determination of the inhibitory activity of the compounds
against the proteases was performed with an assay based on the fluo-
rogenic substrates or FRET-based substrates. The inhibitors and the
substrate were prepared as stock solutions in DMSO. The fluorescence
was measured in white flat-bottom 96-well microtiter plates from
Greiner Bio-One using a Tecan Infinite F2000 PRO plate reader. Mea-
surements were performed in at least three independent experiments. In
each well a total volume of 200 pL was used, consisting of 180 L buffer,
5 pL enzyme solution, 10 uL inhibitor in DMSO or pure DMSO as control,
and 5 pL solution of the corresponding substrate. Initial screenings were
performed at inhibitor concentrations of 20 uM. ICsy values were
determined with dilution series between 0.01 uM and 100 uM. The
fluorescence was measured every 30 s for 10 min at 25 °C with the
corresponding excitation and emission wavelengths. ICs5¢ values were
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calculated with GraFit (Version 6.0.12; Erithacus Software Limited, East
Grinstead, West Sussex, UK)”° by fitting the remaining enzymatic ac-
tivity to the four-parameter ICsq equation

Ymax — Ymin
; G
1+ <%L>

with Y [AF/min] as the substrate hydrolysis rate, Yy, as the maximum
value of the dose-response curve, measured at inhibitor concentrations
of [I] = 0 uM, Ypmin as the minimum value, obtained at high inhibitor
concentrations, and s as the Hill coefficient.”®

Buffers and Substrates. Rhodesain (50 mM Na-acetate pH 5.5, 5
mM EDTA, 200 mM NaCl, 5 mM DTT, 10 uyM Z-Phe-Arg-AMC),77 SARS-
CoV-2 MP™ (20 mM Tris pH 7.5, 0,1 mM EDTA, 200 mM NaCl, 1 mM
DTT, 50 uM Dabcyl-KTSAVLQ|SGFRKME-Edans),”® DENV2 and ZIKV
NS2B/NS3 (50 mM Tris pH 9.0, 20% (v/v) Glycerol, 1 mM Chaps, 100
uM Boc-Gly-Arg-Arg-AMC),%” urokinase plasminogen activator (50 mM
Tris pH 7.4, 50 mM NaCl, 0.5 mM EDTA, 240 M Z-Gly-Gly-Arg-AMC),””
Staphylococcus aureus sortase A (50 mM Tris pH 7.5, 150 mM NacCl, 5
mM CaCl,,0.5 mM Glyy, 25 uM Abz-LPETG-Dap(dnp)-OH),*’ thrombin
(50 mM Tris pH 8.0, 100 mM NaCl, 5 mM CaCly, 0.01% Tween-20, 200
uM Z-Gly-Gly-Arg-AMC), trypsin (50 mM Tris pH 8.0, 100 mM NaCl, 5
mM EDTA, 40 uM Z-Phe-Arg-AMC), and a-chymotrypsin (50 mM Tris pH
8.0, 100 mM NaCl, 5 mM EDTA, 75 uM Succ-Leu-Tyr-AMG).%!

Y = + Ymin

4.5. Antiviral activity and cytotoxicity

4.5.1. Cell culture

Huh?7 cells were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 2 mM 1-glutamine, 1x non-essential AA,
100 U/mL penicillin, 100 pg/mL streptomycin (all from GIBCO, Life
Technologies), and 10% fetal calf serum (Capricorn).

4.5.2. Plasmids

Plasmids encoding the wildtype ZIKV H/PF/2013 sub-genomic
replicon expressing a Renilla luciferase gene (pFK-sgR2A-H/PF/2013)
as well as the replication-defective mutant (pFK-sgR2A-H/PF/2013-
GAA) were previously described.®® Plasmid encoding the DENV2 strain
New Guinea C (NGC) sub-genomic replicon expressing a Firefly lucif-
erase gene (pDVWSK601ACprME-LucUbi) were also described previ-
ously.®® Plasmids were kindly provided by R. Bartenschlager
(Heidelberg).

4.5.3. In vitro transcription

10 pg plasmid were linearized by restriction using Xhol and Xbal for
ZIKV-based and DENV2-based plasmids, respectively. Linearized
plasmid was purified using the Nucleospin Extract II kit (Macherey-
Nagel). In vitro transcription reactions were carried out in 100 pL final
volume containing the linearized plasmid DNA in transcription buffer
containing 80 mM HEPES pH 7.5, 12 mM MgCl,, 2 mM spermidine, 40
mM dithiothreitol (DTT), 3.125 mM of ATP, CTP, and UTP, 1.5625 mM
GTP (all from Roche), 100 U RNAsin ribonuclease inhibitor (Promega),
and 1 mM cap structure analog. For DENV2 transcripts, m7G(5')ppp(5)
G RNA cap structure analog (New England Biolabs) was used. For ZIKV
transcripts, é—O-Me-m7G(5’)ppp(5’)G RNA cap structure analog (New
England Biolabs). Reactions were supplemented with 80 U T7 RNA po-
lymerase (Promega). After incubation for 3 h at 37 °C, 80 U T7 RNA
polymerase was added and transcription was carried out for another 3 h.
Transcription was terminated by the addition of 10 U RQ1 RNase-free
DNase (Promega) and incubation at 37 °C for 30 min. RNA was puri-
fied using phenol:chloroform:isoamyl alcohol (25:24:1) (Applichem),
precipitated with isopropanol, and the RNA pellet was dissolved in
RNase-free water. RNA integrity was determined by using agarose gel
electrophoresis and concentration was determined by measuring optical
density at 260 nm.
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4.5.4. Replication analysis and luciferase assays

Quantification of luciferase activity was used to determine ZIKV and
DENV2 RNA replication as described previously.®®®° In brief, single-cell
suspensions of Huh7 cells were prepared by trypsinization and washed
once with phosphate-buffered saline. Cells were resuspended at a con-
centration of 1 x 107 cells per mL in Cytomix containing 2 mM ATP and
5 mM glutathione. 10 pg of in vitro transcribed RNA was mixed with 400
pL of the cell suspension (4x10° cells) and transfected by electroporation
using a Gene Pulser system (Bio-Rad) in a cuvette with a gap width of
0.4 cm (Bio-Rad) at 975 pF and 270 V.52 Cells were resuspended in 15
mL culture medium. Cells were seeded in duplicate wells in a 12-well
plate: 500 pL for the time points 4 h and 24 h and 1 mL for the time
points 48 h, 72 h, and 96 h. 4 h after electroporation, cells were treated
with 10 pM compound or an equivalent volume of DMSO, as vehicle
control, in culture medium supplemented with 15 mM HEPES (Gibco,
Life technologies). Compound- or DMSO-containing culture medium
was replenished after 48 h. Cells were lysed at 4, 24, 48, 72, and 96 h
after electroporation by addition of 250 uL luciferase lysis buffer (0.1%
(v/v) Tritong 100, 25 mM glycylglycine, 15 mM MgSOy4, 15 mM K3POy4
pH 7.8, 4 mM EGTA, 10% (v/v) glycerol, and 1 mM DTT). For detection
of Renilla luciferase activity, 100 pL lysate was mixed with 200 pL
luciferase assay buffer (25 mM glycylglycine, 15 mM MgSO4, 15 mM
K3PO4 pH 7.8, and 4 mM EGTA) supplemented with 14 or 28 nM coe-
lanterazine (P.J.K). For detection of firefly luciferase activity, 100 pL
lysate was mixed with 350 pL luciferase assay buffer freshly supple-
mented with 1 mM DTT and 2 mM ATP, and p-luciferin substrate (200
uM p-Luciferin, P.J.K.) in 25 mM glycylglycine. All measurements were
done in duplicates by using a tube luminometer (Berthold Technolo-
gies). Replication efficiency was determined relative to the 4 h values,
which reflect input transcript levels.

4.5.5. Cell viability assay

To determine the impact of compound treatment on cell viability,
Huh?7 cells were seeded at a density of 4x10° cells per well in white-
walled 96-well plates (Greiner Bio-One) and one day after seeding
cells were treated with 1.25, 2.5, 5, 10, 20, and 40 M compound or
equivalent volumes of DMSO for 96 h. Cell viability was measured using
the CellTiter-Glo Luminescent Cell Viability Assay (Promega) following
manufacturer instructions. Cell viability was determined by measure-
ment with a plate luminometer (Berthold Technologies) and values
normalized to untreated cells.

4.5.6. Statistical significance

Statistical analysis was performed by using the GraphPad Prism.
Statistical significance was calculated by using one-way ANOVA for
single time points and by using 2way ANOVA for replication curves.
*xx% p < 0.0001; *** p < 0.001; **, p < 0.01; *, p < 0.05.
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4.6. Chemistry

All reagents and solvents were of analytical grade quality and pur-
chased from Sigma-Aldrich, Carbolution, BLDpharmatech, or Fish-
erScientific. Chemicals were used without further purification. Solvents
were purified by distillation and desiccated by standard methods if
necessary. 'H and 3C spectra were recorded on a Bruker Fourier 300
using DMSO-dg, CDCl3, MeOD-d4 as solvent. Chemical shifts § are given
in parts per million (ppm) using residual proton peaks of the solvent as
internal standard. HPLC and mass spectra were obtained by LC-MS
consisting of a 1100 series HPLC system from Agilent with an Agilent
Poroshell 120 EC-C1g 150 x 2.10 mm, 4 um column. Detection wave-
length was 254 nm. The purities of the inhibitors were higher than 95%
in all cases. The molecular mass was detected by an Agilent 1100 series
LC/MSD Trap with electron spray ionization (ESI) in positive mode.
Column chromatography was performed with silica gel (0.06-0.02 mm)
obtained from Carl Roth. All reactions were monitored by thin-layer
chromatography using Macherey-Nagel ALUGRAM Xtra SIL G/UV254
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silica gel 60 plates for detection at 254 nm. Melting points (uncorrected)
were determined in open capillaries using a Schorpp MPM-H3 melting
point device. Specific rotations [oc]D20 were measured on a P3000
polarimeter from Kriiss and are reported in cm® g ™! dm ™.

2-Amino-5,6-dimethoxybenzo [d] thiazole (5): was prepared ac-
cording to the literature.®*

(Hetero)aromatic carboxylic acids (32a-1): were prepared ac-
cording to literature procedures.

5,6-Dimethoxybenzo[d]thiazole-2-carboxylic acid (320):°> 400 mg,
1.65 mmol, yield: 89%. mp: 140-142 °C. 'H NMR: (300 MHz, DMSO-dg)
6 =7.73 (s, 1H), 7.67 (s, 1H), 3.87 (s, 6H) ppm. 13C NMR: (75 MHz,
DMSO-dg) § = 161.6, 150.3, 149.9, 147.4, 129.4, 105.5, 103.4, 103.2,
56.0, 55.8 ppm.

6-Methoxybenzo[d]thiazole-2-carboxylic acid (32b):°> 360 mg, 1.72
mmol, yield: 82%. mp: 120-122 °C. 'H NMR: (300 MHz, DMSO-dg) 6§ =
9.17 (s, 1H), 8.06 (d, J = 9.0 Hz, 1H), 7.76 (d, J = 2.5 Hz, 1H), 7.22 (dd,
J = 9.0, 2.5 Hz, 1H), 3.86 (s, 3H) ppm. *C NMR: (75 MHz, DMSO-de) §
=157.6, 153.5, 147.6, 135.2, 123.5, 115.8, 104.8, 55.8 ppm.

5,6-Dimethoxy-1H-indole-2-carboxylic acid (32¢):>>*" 330 mg, 1.49
mmol, yield: 99%. mp: decomp. > 205 °C. 'HNMR: (300 MHz,
DMSO-dg) § =11.45 (s, 1H), 7.07 (s, 1H), 6.96 (d, J = 2.1 Hz, 1H), 6.89
(s, 1H), 3.77 (s, 3H), 3.74 (s, 3H) ppm. '3C NMR: (75 MHz, DMSO-dg) 6
= 162.7, 149.2, 145.6, 132.5, 126.6, 119.9, 107.7, 102.7, 94.5, 55.7,
55.5 ppm.

5,6-Dimethoxybenzo[b]thiophene-2-carboxylic acid (32d):>° 320 mg,
1.34 mmol, yield: 94%. mp: 256-258 °C. 'H NMR: (300 MHz, DMSO-dg)
8 =7.94 (s, 1H), 7.55 (s, 1H), 7.45 (s, 1H), 3.84 (s, 3H), 3.81 (s, 3H)
ppm. 3C NMR: (75 MHz, DMSO-dg) § = 163.7, 150.4, 148.5, 135.2,
132.3,132.0, 130.1, 106.3, 104.2, 55.9, 55.6 ppm.

5,6-Dimethoxybenzofuran-2-carboxylic acid (32e):°*°” 220 mg, 1.00
mmol, yield: 99%. mp: decomp. > 250 °C. 'HNMR: (300 MHz,
DMSO-dg) 6 = 7.52 (s, 1H), 7.31 (s, 1H), 7.21 (s, 1H), 3.83 (s, 3H), 3.79
(s, 3H) ppm. '3C NMR: (75 MHz, DMSO-ds) 6 = 160.0, 150.7, 150.5,
147.2, 145.0, 118.6, 114.1, 103.2, 95.6, 56.0, 55.9 ppm.

6,7-Dimethoxyquinoline-3-carboxylic acid (32):°® 390 mg, 1.67
mmol, yield: 99%. mp: 265-267 °C. 'H NMR: (300 MHz, DMSO-dg) 5 =
9.10 (s, 1H), 8.72 (s, 1H), 7.52 (s, 1H), 7.43 (s, 1H), 3.96 (s, 3H), 3.92 (s,
3H) ppm. 13C NMR: (75 MHz, DMSO-ds) § = 166.9, 153.9, 149.9, 147.7,
146.6, 136.1, 122.4, 122.3, 107.5, 106.7, 55.9, 55.8 ppm.

5-Methoxybenzofuran-2-carboxylic acid (32g): 160 mg, 0.83 mmol,
yield: 91%. mp: 217-219 °C. 'H NMR: (300 MHz, DMSO-dg) 6 =
7.61-7.59 (m, 1H), 7.58 (s, 1H), 7.26 (d, J = 2.6 Hz, 2H), 7.08 (dd, J =
9.0, 2.6 Hz, 2H), 3.79 (s, 3H) ppm. 13C NMR: (75 MHz, DMSO-dg) § =
160.1, 156.1, 150.1, 146.8, 127.5, 117.2, 113.7, 112.8, 104.3, 55.7
ppm.

6-Methoxybenzofuran-2-carboxylic acid (32h): 190 mg, 0.99 mmol,
yield: 87%. mp: 211-213 °C. 'H NMR: (300 MHz, DMSO-dg) 6 =7.64 (d,
J=8.7 Hz, 1H), 7.58 (d, J = 1.0 Hz, 1H), 7.28 (dd, J = 2.3, 1.0 Hz, 1H),
6.97 (dd, J = 8.7, 2.3 Hz, 1H), 3.83 (s, 3H) ppm. '*C NMR: (75 MHz,
DMSO-dg) § = 160.1, 160.1, 156.5, 145.3, 123.4, 120.0, 113.9, 113.8,
95.9, 55.8 ppm.

4,6-Dimethoxybenzofuran-2-carboxylic acid (32i): 530 mg, 2,39
mmol, yield: 99%. mp: 235-237 °C. 'H NMR: (300 MHz, DMSO-dg) & =
7.45(d, J =1.0 Hz, 1H), 6.85 (dd, J = 1.9, 1.0 Hz, 1H), 6.44 (d, J = 1.9
Hz, 1H), 3.87 (s, 3H), 3.81 (s, 3H) ppm. 13C NMR: (75 MHz, DMSO-dp):
6 = 161.6, 160.0, 157.2, 154.4, 144.2, 111.1, 111.0, 95.3, 88.5, 56.0,
55.9 ppm.

6-Methoxy-5-nitrobenzofuran-2-carboxylic acid (32j): 590 mg, 2.5
mmol, yield: 75%. decomp. > 250 °C. 'H NMR: (300 MHz, DMSO-ds) &
= 8.34 (s, 1H), 7.69 (dd, J = 9.1, 1.0 Hz, 2H), 3.98 (s, 3H) ppm. '3C
NMR: (75 MHz, DMSO-dg) § = 159.5, 157.2, 152.5, 147.7, 138.0, 120.0,
119.0, 113.9, 97.7, 57.3 ppm.

6, 7-Dimethoxy-2-naphthoic acid (32m):°>°! 500 mg, 2.17 mmol,
yield: 99%. mp: 245-247 °C. 'H NMR: (300 MHz, CDCl3) 6 = 12.80 (s,
1H), 8.44 (s, 1H), 7.80 (s, 2H), 7.49 (s, 1H), 7.36 (s, 1H), 3.91 (s, 3H),
3.89 (s, 3H) ppm. '3C NMR: (75 MHz, CDCls) 5 = 167.8, 151.1, 149.8,
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131.5, 128.9, 128.0, 126.4, 126.0, 123.5, 107.7, 106.3, 55.6 ppm.

tert-Butyl  (S)-2-(phenylcarbamoyl)pyrrolidine-1-carboxylate
(30a): was prepared according to the literature.®® 1.80 g, 6.20 mmol,
yield: 89%. mp: 187-189 °C. R¢ = 0.37 (CH/EtOAc 2:1). [a]p>’ = 80 (¢
= 5 in MeCN). 'H NMR: (300 MHz, DMSO-dg) § = 9.96 (s, 1H), 7.59 (d,
J = 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.03 (t, J = 7.6 Hz, 1H),
4.27-4.17 (m, 1H), 3.46-3.29 (m, 2H), 2.28-2.09 (m, 1H), 1.97-1.72
(m, 3H), 1.39 (s, 3H), 1.27 (s, 6H) ppm. '*C NMR: (75 MHz, DMSO-d) &
= 171.5, 153.2, 139.1, 128.7, 123.2, 119.2, 119.0, 78.5, 60.4, 46.6,
31.0, 28.2, 28.0, 23.4 ppm.

tert-Butyl (S)-2-(phenylcarbamoyl)piperidine-1-carboxylate
(30b): was prepared according to the literature.®” 355 mg, 1.47 mmol,
yield: 90%. mp: 183-185 °C. R¢ = 0.66 (CH/EtOAc 2:1). [alp?® = -131
(c =10 in CHCl3). 'H NMR: (300 MHz, DMSO-dg) 5 = 9.89 (s, 1H), 7.58
(d,J=7.7Hz, 2H), 7.29 (t,J = 7.7 Hz, 2H), 7.03 (t, J = 7.7 Hz, 1H), 4.65
(s, 1H), 3.94-3.69 (m, 1H), 3.34 (s, 2H), 2.17-1.99 (m, 1H), 1.80-1.50
(m, 4H), 1.36 (s, 11H) ppm. °C NMR: (75 MHz, DMSO-dg) § = 170.8,
155.3, 139.0, 128.7, 123.2, 119.3, 78.9, 28.0, 27.5, 24.2, 19.6 ppm.

(S)-S-Benzyl-N-(tert-butoxycarbonyl)cysteine (4f): was prepared
according to the literature.®® 1100 mg, 3.31 mmol, yield: 81%. mp:
76 °C. R¢ = 0.48 (CH/EtOAc 1:1). [o]p”° = —44 (c = 10 in MeOH). 'H
NMR: (300 MHz, DMSO-dg) § = 7.35-7.27 (m, 5H), 4.18-4.05 (m, 1H),
3.75 (s, 2H), 2.89-2.57 (m, 2H), 1.39 (s, 9H) ppm. '*C NMR: (75 MHz,
DMSO-ds) § = 172.5, 155.3, 138.3, 128.8, 128.3, 126.8, 78.2, 53.2,
35.2, 32.4, 28.2 ppm.

N-Benzoyl-N-phenylglycine (21a): was prepared according to the
literature.”” 826 mg, 3.24 mmol, yield: 81%. mp: 160 °C. R¢= 0.43 (CH/
EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) 6§ = 12.77 (s, 1H), 7.32-7.09
(m, 10H), 4.49 (s, 2H) ppm. '3C NMR: (75 MHz, DMSO-dg) 6 = 170.6,
169.8, 143.9, 135.8, 129.2, 128.8, 128.5, 128.1, 127.6, 126.8, 52.1
ppm.

2,2-Diphenylacetic acid (21b): was prepared according to the
literature.”® 1060 mg, 5.00 mmol, yield: 99%. mp: 146 °C. R¢ = 0.80
(CH/EtOAc). 'H NMR: (300 MHz, DMSO-dg) § = 12.71 (s, 1H), 7.32 (s,
8H), 7.28-7.19 (m, 2H), 5.06 (s, 1H) ppm. °C NMR: (75 MHz,
DMSO-dg) § = 173.3, 139.5, 128.4, 128.3, 126.8, 56.2 ppm.

2,2-Bis-(4-methoxyphenyl)acetic acid (21c): was prepared ac-
cording to the literature.”” 568 mg, 2.09 mmol, yield: 95%. mp: 107 °C.
Rf= 0.64 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) § = 12.48 (s,
1H), 7.24-7.17 (m, 4H), 6.90-6.83 (m, 4H), 4.90 (s, 1H), 3.71 (s, 6H)
ppm. 13C NMR: (75 MHz, DMSO-dg) § = 173.9, 158.0, 131.9, 129.4,
113.7, 55.0, 54.6 ppm.

1-(4-Iodophenyl)-3-(6-Nitrobenzo [d] thiazol-2-yl)thiourea (28):
A mixture of 2-amino-6-nitrobenzo[d]thiazole (195 mg, 1.0 mmol, 1.1
eq.), 4-iodophenyl isothiocyanate (234 mg, 0.9 mmol, 1.0 eq.), and DBU
(179 pL, 1.2 mmol, 1.33 eq.) in DCM (5 mL) was stirred at room tem-
perature for 7 d. The mixture was evaporated and conc. HCI (5 mL) was
added. The crude product was filtrated and washed with HCI (3x 10 mL)
and pentane (3x 10 mL) to yield 28 (280 mg, 0.61 mmol, yield: 68%).
mp: 231 °C. R¢=0.20 (EtOAc). 'H NMR: (300 MHz, DMSO-dg) 6 = 11.22
(s, 1H), 8.87 (d, J = 2.4 Hz, 1H), 8.26 (dd, J = 8.8, 2.4 Hz, 1H),
7.74-7.63 (m, 3H), 7.54 (d, J = 8.8 Hz, 2H) ppm. 3C NMR: (75 MHz,
DMSO-dg) § = 166.8, 164.5, 153.5, 151.5, 143.0, 142.6, 138.9, 138.2,
137.7,137.3, 132.2, 125.1, 122.6, 120.9, 119.6, 119.2 ppm. MS (ESI)
m/z [M + H'] caled for C14HoIN40,S 456.92 (100%), 457.92 (15.1%),
458.92 (9.0%), found 456.89 (100%), 457.87 (16.3%), 458.88 (8.0%);
purity (HPLC) = 96%.

General procedure for the amide bond formation mediated by
TBTU

The respective carboxylic acid (1.0 eq.), TBTU (1.1 eq.), and HOBt
were dissolved in dry DMF and DIPEA (4.0 eq.) was added while cooling
with an ice-water bath. The corresponding amine (1.0 eq.) was added
after 30 min and the solution was stirred for 2 d at r.t. Water and EtOAc
were added and the aqueous phase was extracted three times with EtOAc
and the combined organic phases were washed with 2 M HCl, saturated
NaHCOs-solution, and saturated NaCl-solution three times each. The
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organic phase was dried with MgSO4 and the solvent was evaporated
under reduced pressure.

(S)-2-(tert-Butoxycarbonylamino)-N-(5,6-dimethoxybenzo [d]
thiazol-2-yl)propionamide (6a): 864 mg, 2.27 mmol, yield: 48%. mp:
93-100 °C. R¢ = 0.37 (CH/EtOAc 2:1). [alp>® = -39 (¢ = 10 in EtOAc).
'HNMR: (300 MHz, CDCl3) 6 = 7.31 (s, 1H), 7.23 (s, 1H), 4.01-3.81 (m,
7H), 1.56-1.34 (m, 12H) ppm. ‘3C NMR: (75 MHz, CDCl3) § = 171.8,
157.3,155.8,149.7,147.9,141.3, 123.3, 103.0, 102.9, 80.9, 56.5, 56.3,
50.6, 28.4, 18.1 ppm.

(R)-2-(tert-Butoxycarbonylamino)-N-(5,6-dimethoxybenzo [d]
thiazol-2-yl)propionamide (6b): 561 mg, 1.47 mmol, yield: 77%. mp:
83-85 °C. Ry = 0.37 (CH/EtOAc 2:1). [a]p”” = +43 (c = 10 in EtOAc). 'H
NMR: (300 MHz, CDCl3) 6 = 7.31 (s, 1H), 7.23 (s, 1H), 4.01-3.81 (m,
7H), 1.56-1.34 (m, 12H) ppm. ‘3C NMR: (75 MHz, CDCl3) § = 171.8,
157.3,155.8,149.7,147.9,141.3, 123.3, 103.0, 102.9, 80.9, 56.5, 56.3,
50.6, 28.4, 18.1 ppm.

(S),(S)-2-(tert-Butoxycarbonylamino)-N-(5,6-dihydroxybenzo
[d] thiazol-2-yl)-3-methylpentanoicamide (6¢): 308 mg, 0.82 mmol,
yield: 99%. mp = 99-103 °C. R¢ = 0.47 (CH/EtOAc 1:1). [alp?® =-14 (¢
= 10 in EtOAc). 'H NMR: (300 MHz, CDCl3) 6 = 7.39 (s, 1H), 7.17 (s,
1H), 4.40-4.25 (m, 1H), 3.89 (s, 3H), 3.89 (s, 3H), 1.83-1.68 (m, 1H),
1.46-1.27 (m, 10H), 1.05-0.83 (m, 1H), 0.78-0.58 (m, 6H) ppm. *3C
NMR: (75 MHz, CDCl3) § = 171.5, 157.9, 156.0, 149.9, 148.0, 140.5,
122.8, 102.9, 102.7, 80.4, 59.4, 56.5, 56.4, 37.6, 28.4, 24.7, 15.5, 11.1
ppm.

(S)-2-(tert-Butoxycarbonylamino)-N-(5,6-dimethoxybenzo [d]
thiazol-2-yl)-3,3-dimethylbutyramide (6d): 1500 mg, 3.55 mmol,
yield: 82%. mp = 185-195 °C. R¢ = 0.51 (CH/EtOAc 1:1). [a]lp?® = +9 (¢
=10 in DCM). 'H NMR: (300 MHz, DMSO-dg) 6 = 7.54 (s, 1H), 7.29 (s,
1H), 4.22 (d, J = 8.6 Hz, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 1.37 (s, 9H),
0.96 (s, 9H) ppm. ‘3C NMR: (75 MHz, DMSO-ds) & = 170.9, 170.4,
155.9, 148.9, 147.0, 142.5, 122.9, 103.7, 103.5, 78.4, 62.1, 56.0, 55.7,
34.0, 28.2, 26.5 ppm.

(S)-2-(tert-Butoxycarbonylamino)-N-(5,6-dimethoxybenzo [d]
thiazol-2-yl)-3-phenylpropionamide (6e): 370 mg, 0.81 mmol, yield:
72%. mp: 96-98 °C. R¢ = 0.70 (CH/EtOAc 1:1). [alp®’ = +24 (¢ =10 in
EtOAc). 'H NMR: (300 MHz, CDCl3) 6 = 7.32 (s, 1H), 7.24 (s, 1H),
7.21-7.14 (m, 3H), 7.09-6.98 (m, 2H), 4.87-4.60 (m, 1H), 3.96 (s, 3H),
3.90 (s, 3H), 3.26-2.99 (m, 2H), 1.39 (s, 9H) ppm. '3C NMR: (75 MHz,
CDCl3) 6§ = 170.9, 157.8, 155.6, 150.0, 148.1, 139.8, 135.7, 129.2,
128.8, 127.3, 122.6, 102.8, 102.6, 77.4, 56.5, 56.4, 56.1, 38.3, 28.3
ppm.

tert-Butyl (S)-(3-(benzylthio)-1-((5,6-dimethoxybenzo [d] thia-
zol-2-yl)amino)-1-oxopropan-2-yl)carbamate (6f): 305 mg, 0.60
mmol, yield: 34%. mp: 99 °C. R¢ = 0.51 (CH/EtOAc 1:1). [a]p*° = -61 (¢
=5in MeOH). TH NMR: (300 MHz, DMSO-dg) 6 = 12.46 (s, 1H), 7.56 (s,
1H), 7.37-7.17 (m, 6H), 4.64-4.42 (m, 1H), 3.93-3.72 (m, 8H),
2.87-2.58 (m, 2H), 1.40 (s, 9H) ppm. 13C NMR: (75 MHz, DMSO-dg) 5 =
170.3, 155.2, 154.0, 148.9, 147.0, 142.5, 138.2, 128.9, 128.3, 126.9,
122.9, 103.7, 103.5, 78.5, 55.9, 55.74, 54.3, 35.0, 32.6, 28.1 ppm.

(S)-3-(4-(Benzyloxy)phenyl)-2-(tert-butoxycarbonylamino)-N-
(5,6-dimethoxybenzo [d] thiazol-2-yl)propionamide (9a): 1039 mg,
1.84 mmol, yield: 97%. mp: 86-88 °C. R¢ = 0.59 (CH/EtOAc 1:1). [o]p*°
=-38 (¢ = 10 in DCM). 'H NMR: (300 MHz, CDCl3) § = 7.46-7.23 (m,
7H), 6.87 (d, J = 8.3 Hz, 2H), 6.75 (d, J = 8.3 Hz, 2H), 4.95 (s, 2H),
4.81-4.63 (m, 1H), 3.96 (s, 3H), 3.91 (s, 3H), 3.18-2.86 (m, 2H), 1.40 (s,
9H) ppm. 3C NMR: (75 MHz, CDCls) 6 = 170.9, 157.9, 157.3, 155.6,
149.7, 147.8, 142.0, 137.0, 130.2, 128.6, 128.0, 127.9, 127.6, 123.5,
115.0, 103.4, 102.8, 70.0, 69.9, 56.5, 56.3, 38.7, 37.6, 28.4 ppm.

Benzyl (S)-3-((tert-butoxycarbonyl)amino)-4-((5,6-dimethox-
ybenzo [d] thiazol-2-yl)amino)-4-oxobutanoate (9b): 604 mg, 1.17
mmol, yield: 95%. mp = 73-75 °C. R¢ = 0.36 (CH/EtOAc 1:2). [alp”’ =
-17 (¢ =10 in DCM). 'H NMR: (300 MHz, CDCl3) 6 = 7.35-7.30 (m, 5H),
7.29 (s, 1H), 7.22 (s, 1H), 4.91-4,69 (m, 1H), 5.14 (d, J = 2.2 Hz, 2H)
3.94 (s, 3H), 3.93 (s, 3H), 3.20 (dd, J = 17.5, 4.6 Hz, 1H), 2.87 (dd, J =
17.5, 5.6 Hz, 1H), 1.47 (s, 9H) ppm. '3C NMR: (75 MHz, CDCl3) § =
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171.3, 169.1, 155.9, 155.6, 149.4, 147.7, 142.4, 135.1, 128.6, 128.5,
128.3,123.8,103.5,102.7, 81.5, 67.2, 56.4, 56.2, 51.3, 35.7, 28.3 ppm.

3-(tert-Butoxycarbonylamino)-N-(5,6-dimethoxybenzo [d] thia-
zol-2-yl)propionamide (14): 1.58 g, 4.10 mmol, yield: 78%. mp:
130-135 °C. Rf = 0.23 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg)
6 =7.53 (s, 1H), 7.28 (s, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.30-3.19 (m,
2H), 2.63 (t, J = 6.8 Hz, 2H), 1.36 (s, 9H) ppm. ‘3C NMR: (75 MHz,
DMSO-dg) 6§ = 170.0, 156.3, 155.5, 148.9, 146.9, 142.5, 122.8, 103.7,
103.5, 77.7, 55.9, 55.7, 36.0, 35.6, 28.2 ppm.

(S)-2-benzamido-N1-(5,6-dimethoxybenzo [dl thiazol-2-y1)-N4,
N*-diethylsuccinamide (19a): 200 mg, 0.41 mmol, yield: 35%. mp:
121-123 °C. R¢ = 0.32 (CH/EtOAc 1:1). [a]p®® = +2 (¢ = 10 in DCM). 'H
NMR: (300 MHz, CDCl3) 6 = 7.90 (d, J = 7.2 Hz, 1H), 7.59-7.39 (m, 3H),
7.29 (s, 1H), 7.19 (s, 1H), 5.28 (td, J = 6.8, 3.0 Hz, 1H), 3.93 (s, 3H),
3.92 (s, 3H), 3.54-3.24 (m, 5H), 2.84-2.63 (m, 1H), 1.28-1.19 (m, 6H)
ppm. 3C NMR: (75 MHz, CDCl5) 6 = 170.3, 169.6, 167.4, 156.4, 149.5,
147.7, 141.6, 133.0, 132.2, 128.7, 127.4, 123.2, 103.2, 102.6, 56.4,
56.1, 50.6, 42.6, 40.8, 34.4, 14.1, 13.0 ppm.

(S)-2-Benzamido-N1-(5,6-dimethoxybenzo [d] thiazol-2-yl)-N4-
phenylsuccinamide (19b): 88 mg, 0.18 mmol, yield: 65%. mp:
205-208 °C. R = 0.17 (CH/EtOAc 1:1). [a]p?* = +3 (c = 10 in DCM). 'H
NMR: (300 MHz, DMSO-dg) 6 = 7.93 (d, J = 7.5 Hz, 2H), 7.65 (d, J = 8.0
Hz, 2H), 7.57-7.42 (m, 4H), 7.35-7.23 (m, 3H), 7.05 (t, J = 7.4 Hz, 1H),
5.14-5.01 (m, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.22-3.01 (m, 2H) ppm.
13C NMR: (75 MHz, DMSO-dg) 6§ = 170.0, 169.3, 166.9, 156.7, 149.4,
147.4, 143.0, 139.5, 134.3, 131.9, 129.1, 128.7, 128.0, 123.8, 123.3,
119.8, 104.2, 104.0, 56.5, 56.2, 51.5, 37.5 ppm.

(2-((5,6-Dimethoxybenzo [d] thiazol-2-yl)amino)-2-oxoethyl)-
N-phenylbenzamide (22a): 300 mg, 0.67 mmol, yield: 52%. mp:
231 °C. Rf = 0.61 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) 6 =
12.41 (s, 1H), 7.53 (s, 1H), 7.32 (d, J = 4.8 Hz, 1H), 7.31-7.09 (m, 10H),
4.80 (s, 2H), 4.01-3.87 (m, 6H) ppm. *C NMR: (75 MHz, DMSO-de) 5 =
169.7, 167.6, 156.1, 148.9, 147.0, 143.8, 142.5, 135.4, 129.8, 128.8,
128.4,127.8, 127.5, 126.6, 122.8, 103.7, 103.6, 55.9, 55.7, 53.1 ppm.

N-(5,6-Dimethoxybenzo [d] thiazol-2-yl)-2,2-diphenylaceta-
mide (22b): 550 mg, 136 mmol, yield: 68%. mp: 234 °C. R = 0.59 (CH/
EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) 6 = 12.69 (s, 1H), 7.54 (s,
1H), 7.40-7.24 (m, 11H), 5.40 (s, 1H), 4.04-3.85 (m, 6H) ppm. '3C
NMR: (75 MHz, DMSO-dg) 6§ = 170.3, 156.2, 148.9, 147.0, 142.4, 138.9,
128.5,128.5,127.1,122.8,103.6, 103.5, 59.7, 55.9, 55.7 ppm. MS (ESI)
m/z [M + H+] calcd for C23H20N203$ 405.12 (1000/0), 406.12 (24.90/0),
407.12 (4.5%), found 405.23 (100%), 406.19 (24.8%), 407.15 (4.0%);
purity (HPLC) = 99%.

N-(5,6-Dimethoxybenzo [d] thiazol-2-yl)-2,2-bis-(4-methox-
yphenyl)acetamide (22c): 120 mg, 0.25 mmol, yield: 25%. mp: 242 °C.
Rf = 0.40 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) 6 = 12.52 (s,
1H), 7.53 (s, 1H), 7.31-7.17 (m, 5H), 6.91 (d, J = 8.4 Hz, 4H), 5.25 (s,
1H), 4.00-3.84 (m, 6H), 3.72 (s, 6H) ppm. '°C NMR: (75 MHz,
DMSO-dg) 6§ = 172.0, 158.3, 156.3, 148.9, 147.0, 142.5, 131.3, 129.5,
122.8, 113.9, 103.6, 103.5, 55.9, 55.7, 55.1, 54.4 ppm.

N-(5,6-Dimethoxybenzo [d] thiazol-2-y])-2,2-bis-(4-chlor-
ophenyl)acetamide (22d): 230 mg, 0.48 mmol, yield: 54%. mp:
251 °C. Ry = 0.48 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) & =
7.54 (s, 1H), 7.46-7.27 (m, 9H), 5.47 (s, 1H), 3.81 (d, J = 4.4 Hz, 6H)
ppm. 3C NMR: (75 MHz, DMSO-dg) § = 169.8, 156.0, 148.9, 147.1,
142.4,137.5,132.0,130.4, 128.6,122.8, 103.6, 103.5, 56.0, 55.7, 54.5
ppm.

N-(5,6-Dimethoxybenzo [d] thiazol-2-yl)-4-iodobenzamide
(24b): 223 mg, 0.51 mmol, yield 51%. mp: 298 °C. R¢ = 0.66 (CH/EtOAc
1:1). H NMR: (300 MHz, DMSO-dg) 6 = 12.81 (s, 1H), 7.95 (d, J = 8.6
Hz, 2H), 7.88 (d, J = 8.6 Hz, 2H), 7.59 (s, 1H), 7.30 (s, 1H), 4.06-3.82
(m, 6H) ppm. '3C NMR: (75 MHz, DMSO-dg) § = 172.5, 158.7, 149.0,
147.2, 137.5, 137.0, 131.6, 130.1, 129.4, 122.9, 103.7, 100.9, 56.0,
55.6 ppm. MS (ESI) m/z [M + H'] caled for Gi¢H13IN203S 440.97
(100%), 441.97 (17.3%), 442.97 (4.5%), found 441.05 (100%), 442.05
(16.3%), 443.00 (4.3%); purity (HPLC) = 97%.
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4-Chloro-N-(5,6-dimethoxybenzo [d] thiazol-2-yl)benzamide
(24c): 378 mg, 1.08 mmol, yield: 85%. mp: 254 °C. Rf = 0.30 (DCM/
MeOH 49:1). 'H NMR: (300 MHz, DMSO-dg): 6§ = 7.89 (d, J = 8.3 Hz,
2H), 7.38 (d, J = 8.3 Hz, 2H), 7.34 (s, 1H), 7.07 (s, 1H) 3.90-3.76 (m,
6H) ppm. >*C NMR: (75 MHz, DMSO-dg): § = 165.1, 157.8, 149.5, 147.6,
142.4,138.0,131.4,130.7,129.2, 123.3, 104.2, 103.6, 56.4, 56.2 ppm.

4-Methyl-N-(5,6-dimethoxybenzothiazol-2-yl)benzamide (24d):
502 mg, 1.53 mmol yield: 99%. mp: 254 °C. R = 0.30 (DCM/MeOH
49:1). 1H NMR: (300 MHz, DMSO-dg): § = 8.02 (d, J = 7.8 Hz, 2H), 7.57
(s, 1H), 7.35 (d, J = 7.8 Hz, 2H), 7.30 (s, 1H), 3.82 (s, 6H), 2.38 (s, 3H)
ppm. 3C NMR: (75 MHz, DMSO-dg): § = 165.8, 157.8, 149.4, 147.5,
143.5,142.7,123.4,129.7, 129.6, 128.7, 104.2, 103.7, 56.4, 56.2, 21.6
ppm. i

N-(5,6-dimethoxybenzo [d] thiazol-2-yl)- [1,1-biphenyl] -4-car-
boxamide (24e): 295 mg, 0.75 mmol, yield: 75%. mp: 273 °C. Rf=0.70
(CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) 6 = 12.71 (s, 1H),
8.27-8.19 (m, 2H), 7.87 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 7.6 Hz, 2H),
7.58-7.48 (m, 4H), 7.32 (s, 1), 3.88-3.81 (m, 6H) ppm. '3C NMR: (75
MHz, DMSO-dg) § = 170.4, 157.1, 149.0, 147.1, 138.8, 144.3, 139.1,
129.9, 129.6, 128.9, 128.1, 126.9, 126.7, 126.7, 107.4, 106.4, 98.9,
59.7, 55.9 ppm.

3,4-Dichloro-N-(5,6-dimethoxybenzo [d] thiazol-2-yl)benza-
mide (24f): 95 mg, 0.29 mmol, yield: 24%. mp: 150 °C. R¢= 0.30 (DCM/
MeOH 49:1). '"H NMR: (300 MHz, DMSO-de): 5 = 8.43 (s, 1H), 8.12 (d, J
= 8.5 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.64 (s, 1H), 7.36 (s, 1H),
4.00-3.84 (m, 6H) ppm. '3C NMR: (75 MHz, DMSO-d): 6 = 172.5,
164.1, 149.5, 147.7, 142.2, 135.8, 133.2, 131.4, 130.7, 129.0, 123.4,
104.2, 103.5, 56.44, 56.2 ppm.

4-Iodo-N-(6-nitrobenzo [d] thiazol-2-yl) benzamide (27): 171
mg, 0.30 mmol, yield: 74%. mp: 211 °C. R¢ = 0.21 (CH/EtOAc 3:1). 'H
NMR: (300 MHz, DMSO-dg) § = 13.34 (s, 1H), 9.10 (d, J = 2.4 Hz, 1H),
8.31 (dd, J = 9.0, 2.4 Hz, 1H), 8.01-7.88 (m, 5H) ppm. '3C NMR: (75
MHz, DMSO-dg) § = 177.6, 165.8, 150.4, 143.1, 138.3, 137.6, 130.2,
121.8,119.1, 101.7 ppm. MS (ESI) m/z [M + H'] caled for C;4HgIN303S
425.93 (100%), 426.94 (15.1%), 427.93 (4.5%), found 425.88 (100%),
426.91 (14.6%), 427.90 (2.0%); purity (HPLC) = 97%.

5,6-Dimethoxy-N-phenylbenzo [d] thiazole-2-carboxamide
(33a): 180 mg, 0.57 mmol, yield: 90%. mp: 205-207 °C. R¢= 0.76 (CH/
EtOAc 1:2). 'H NMR: (300 MHz, DMSO-dg): § = 10.87 (s, 1H), 7.89 (d, J
= 7.4 Hz, 2H),7.79 (s, 1H), 7.59 (s, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.15 (t,
J = 7.4 Hz, 1H), 3.90 (s, 3H), 3.89 (s, 3H) ppm. °C NMR: (75 MHz,
DMSO-dg): 6 = 161.8, 158.3, 149.9, 147.0, 138.0, 129.4, 128.8, 124.3,
120.6, 104.9, 103.6, 56.0, 55.8 ppm. MS (ESI) m/z [M + H'] caled for
C]6H14N203S 315.1, found 315.2.

6-Methoxy-N-phenylbenzo [d] thiazole-2-carboxamide  (33b):
180 mg, 0.63 mmol, yield: 88%. mp: 163-165 °C. Rf = 0.67 (CH/EtOAc
2:1). 'H NMR: (300 MHz, DMSO-dg): 5§ = 10.99 (s, 1H), 8.08 (d, J = 9.1
Hz, 1H), 7.96-7.85 (m, 2H), 7.81 (d, J = 2.6 Hz, 1H), 7.44-7.31 (m, 2H),
7.24(dd, J = 9.1, 2.6 Hz, 1H), 7.21-7.09 (m, 1H), 3.88 (s, 3H) ppm. 1°C
NMR: (75 MHz, DMSO-dg): § = 161.8, 158.7, 158.3, 147.1, 138.3,
138.0,128.7,124.8,124.4,120.7,117.4,104.8, 55.9 ppm. MS (ESI) m/z
[M + H'] caled for C15H19N205S 285.1, found 285.1.

5,6-Dimethoxy-N-phenyl-1H-indole-2-carboxamide (33c): 140
mg, 0.47 mmol, yield: 69%. mp: decomp. > 215 °C. Ry = 0.23 (CH/
EtOAc 2:1). 'H NMR: (300 MHz, DMSO-dg): § = 11.44 (s, 1H), 10.02 (s,
1H), 7.84-7.67 (m, 2H), 7.55-7.27 (m, 3H), 7.16-7.02 (m, 2H), 6.93 (s,
1H), 3.79 (s, 3H), 3.78 (s, 3H) ppm. 13C NMR: (75 MHz, DMSO-dg): § =
159.7, 148.8, 145.5, 139.2, 132.0, 129.7, 128.7, 123.3, 120.1, 119.9,
104.1, 102.8, 94.6, 55.8, 55.5 ppm. MS (ESI) m/z [M + H'] calcd for
C17H16N203 297.1, found 297.2.

5,6-Dimethoxy-N-phenylbenzo [b] thiophene-2-carboxamide
(33d): 160 mg, 0.50 mmol, yield: 99%. mp: 204-206 °C. R¢ = 0.36 (CH/
EtOAc 2:1). 'H NMR: (300 MHz, DMSO-dg): § = 10.38 (s, 1H), 8.19 (s,
1H), 7.75 (d, J = 7.7 Hz, 2H), 7.59 (s, 1H), 7.44 (s, 1H), 7.36 (t, J = 7.7
Hz, 2H), 7.11 (t, J = 7.7 Hz, 1H), 3.86 (s, 6H) ppm. '3C NMR: (75 MHz,
DMSO-dg): 5§ = 160.5, 149.9, 148.5, 138.8, 137.5, 134.3, 132.5, 128.8,
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125.7, 123.8, 120.4, 106.2, 104.3, 55.9 ppm. MS (ESI) m/z [M + H]
caled for C;7H15NO3S 314.1, found 314.2.
5,6-Dimethoxy-N-phenylbenzofuran-2-carboxamide (33e): 180
mg, 0.61 mmol, yield: 90%. mp: 187-189 °C. R¢ = 0.37 (CH/EtOAc 2:1).
'H NMR: (300 MHz, DMSO-dg): 5§ = 10.33 (s, 1H), 7.81 (d, J = 7.7 Hz,
2H), 7.67 (s, 1H), 7.36 (t, J = 7.7 Hz, 2H), 7.32-7.24 (m, 2H), 7.11 (d, J
= 7.7 Hz, 1H), 3.86 (s, 3H), 3.82 (s, 3H) ppm. 3C NMR: (75 MHz,
DMSO-dg): § = 156.7, 150.3, 149.8, 147.7, 147.2, 138.6, 128.7, 123.8,
120.4, 118.9, 111.1, 103.3, 95.5, 56.0, 55.9 ppm. MS (ESI) m/z [M +
H'] caled for C17H;sNO4 298.10 (100%), 299.10 (18.4%), 300.11
(1.6%), found 298.18 (100%), 299.18 (16.7%), 300.17 (1.0%); purity
(HPLC) = 99%.
6,7-Dimethoxy-N-phenylquinoline-3-carboxamide (33f): 140
mg, 0.45 mmol, yield: 70%. mp: 201-203 °C. Rf = 0.53 (DCM/MeOH
19:1). 'H NMR: (300 MHz, DMSO-dg): § =10.48 (s, 1H), 9.17 (d, J = 2.2
Hz, 1H), 8.74 (d, J = 2.2 Hz, 1H), 7.82 (d, J = 7.7 Hz, 2H), 7.49 (s, 1H),
7.47 (s, 1H), 7.38 (t, J = 7.7 Hz, 2H), 7.13 (t, J = 7.7 Hz, 1H), 3.98 (s,
3H), 3.94 (s, 3H) ppm. '*C NMR: (75 MHz, DMSO-dg): 5 = 164.4, 153.6,
150.0, 146.5, 146.1, 139.1, 134.1, 128.7, 125.8, 123.8, 122.1, 120.3,
107.5, 106.4, 55.9, 55.8 ppm. MS (ESI) m/z [M + H'] caled for
C17H15NO4 298.1, found 298.2.
5-Methoxy-N-phenylbenzofuran-2-carboxamide (33g): 170 mg,
0.64 mmol, yield: 94%. mp: 168-170 °C. R¢ = 0.40 (CH/EtOAc 4:1). Bii
NMR: (300 MHz, DMSO-dg) 6§ = 10.48 (s, 1H), 7.87-7.77 (m, 2H),
7.73-7.66 (m, 3H), 7.62 (d, J = 9.1 Hz, 1H), 7.42-7.33 (m, 2H),
7.34-7.27 (m, 2H), 7.18-7.04 (m, 2H), 3.81 (s, 3H) ppm. '3C NMR: (75
MHz, DMSO-dg) 6 = 156.7, 156.1, 149.4, 138.4, 128.7, 127.8, 124.1,
120.5, 116.5, 112.6, 110.8, 104.2, 55.6 ppm.
6-Methoxy-N-phenylbenzofuran-2-carboxamide (33h): 165 mg,
0.62 mmol, yield: 91%. mp: 134-136 °C. Rf = 0.4 (CH/EtOAc 4:1). B
NMR: (300 MHz, DMSO-dg) 6 = 10.37 (s, 1H), 7.86-7.76 (m, 2H),
7.74-7.64 (m, 2H), 7.36 (dd, J = 8.6, 7.3 Hz, 2H), 7.30-7.23 (m, 1H),
7.17-7.06 (m, 1H), 6.99 (dd, J = 8.6, 2.3 Hz, 1H), 3.85 (s, 3H) ppm. 13C
NMR: (75 MHz, DMSO-dg) § = 159.7, 156.7, 155.8, 148.0, 138.5, 128.7,
123.9, 123.2,120.4, 120.3, 113.4, 110.8, 95.9, 55.7 ppm.
4,6-Dimethoxy-N-phenylbenzofuran-2-carboxamide (33i): 160
mg, 0.54 mmol, yield: 79%. mp: 144-146 °C. R¢ = 0.25 (CH/EtOAc 4:1).
'H NMR: (300 MHz, DMSO-dg) § = 10.25 (s, 1H), 7.84-7.75 (m, 2H),
7.76-7.70 (m, 2H), 7.41-7.30 (m, 2H), 7.16-7.05 (m, 1H), 6.89-6.83
(m, 2H), 6.49 (d, J = 1.9 Hz, 1H), 3.91 (s, 3H), 3.84 (s, 3H) ppm. 1°C
NMR: (75 MHz, DMSO-dg) § = 161.2, 156.6, 154.2, 146.6, 138.6, 128.7,
123.8,120.3, 111.1, 108.1, 95.2, 88.5, 55.9, 55.8, 52.8 ppm.
6-Methoxy-5-nitro-N-phenylbenzofuran-2-carboxamide (33j):
760 mg, 2.4 mmol, yield: 97%. mp: 184-186 °C. Ry = 0.44 (CH/EtOAc
2:1). 'H NMR: (300 MHz, DMSO-dg): § = 10.51 (s, 1H), 8.44 (s, 1H),
7.85 (d, J = 0.9 Hz, 1H), 7.81-7.73 (m, 2H), 7.67 (d, J = 0.9 Hz, 1H),
7.43-7.32 (m, 2H), 7.20-7.08 (m, 1H), 4.00 (s, 3H) ppm. '3C NMR: (75
MHz, DMSO-dg): § = 157.2, 156.5, 152.7, 150.6, 138.7, 138.5, 129.2,
124.7,121.0, 120.4, 119.8, 111.3, 98.0, 57.8 ppm.
5,6-Dimethoxy-N-(4-iodophenyl)benzo [d] thiazole-2-carbox-
amide (33k): 230 mg, 0.52 mmol, yield: 76%. mp: 181-185 °C. Rf =
0.55 (CH/EtOAc 2:1). 'H NMR: (300 MHz, DMSO-dg): § = 10.96 (s, 1H),
7.78-7.67 (m, 5H), 7.57 (s, 1H), 3.89 (d, J = 2.0 Hz, 6H) ppm. 1°C NMR:
(75 MHz, DMSO-dg): § = 161.4, 158.4, 150.0, 150.0, 146.9, 137.9,
137.4, 129.5, 122.7, 104.9, 103.5, 88.3, 56.0, 55.8 ppm.
(S)-1-(5,6-Dimethoxybenzo [d] thiazole-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (35a): 210 mg, 0.51 mmol, yield: 81%.
mp: 237-239 °C. R¢ = 0.47 (CH/EtOAc 1:2). [a]p?° = -10 (¢ = 5 in
DMSO). 'H NMR: (300 MHz, DMSO-dg): § = 10.2 (s, 1H), 7.74-7.52 (m,
3H), 7.38-7.20 (m, 3H), 7.11-6.39 (m, 1H), 4.76-4.56 (m, 1H),
4.36-4.23 (m, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.79-3.72 (m, 1H),
2.37-1.82 (m, 4H) ppm. 3C NMR: (75 MHz, DMSO-de): § = 171.2,
169.0, 159.0, 149.9, 149.7, 147.5, 139.5, 128.7, 128.5, 123.3, 119.2,
105.5,103.2, 62.3, 55.9, 55.5, 48.7, 32.1, 21.8 ppm. MS (ESI) m/z [M +
H*] caled for Go1Ha1N304S 412.1, found 412.1.
(S)-1-(6-Methoxybenzo [d] thiazole-2-carbonyl)-N-
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phenylpyrrolidine-2-carboxamide (35b): 150 mg, 0.39 mmol, yield:
54%. mp: 209-211 °C. R¢ = 0.28 (CH/EtOAc 2:1). [alp?’ = -6 (c =5 in
DMSO). 'H NMR: (300 MHz, DMSO-dg): 6 = 10.21 (s, 1H), 8.05 (d, J =
9.0 Hz, 1H), 7.78-7.57 (m, 2H), 7.55-7.48 (m, 1H), 7.34-7.17 (m, 3),
7.14-6.95 (m, 1H), 5.58-5.39 (m, 1H), 4.34-4.17 (m, 1H), 3.84 (s, 3H),
3.78-3.64 (m, 1H), 2.47-1.85 (m, 4H) ppm. 3C NMR: (75 MHz,
DMSO-dg): 6§ = 170.9, 169.9, 159.0, 147.6, 147.2, 139.3, 128.7, 125.3,
124.8,123.3,119.3,117.0, 104.3, 62.2, 55.8, 49.6, 32.2, 21.7 ppm. MS
(ESI) m/z [M + H™] caled for CooH;9N303S 382.1, found 382.1.
(S)-1-(5,6-Dimethoxy-1H-indole-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (35c): 250 mg, 0.63 mmol, yield: 93%.
mp: 113-115 °C. R¢ = 0.33 (CH/EtOAc 1:2). [a]p?® = —62 (¢ = 5 in
DMSO). 'H NMR: (300 MHz, DMSO-dg): 6 = 11.26 (s, 1H), 10.10 (s, 1H),
7.71-7.53 (m, 2H), 7.36-7.24 (m, 2H), 7.14-7.00 (m, 2H), 6.96-6.88
(m, 2H), 4.74-4.64 (m, 1H), 4.09-3.85 (m, 2H), 3.40 (s, 6H), 2.31-2.06
(m, 1H), 2.06-1.89 (m, 3H) ppm. 1°C NMR: (75 MHz, DMSO-ds): 5 =
170.8, 160,4, 148.7, 145.3, 139.3, 131.1, 129.0, 128.7, 123.2, 120.2,
119.2, 105.4, 102.8, 94.5, 61.7, 55.7, 55.4, 48.8, 29.1, 25.1 ppm. MS
(ESI) m/z [M + H+] caled for C22H23N304 394.2, found 394.2.
(S)-1-(5,6-Dimethoxybenzo [b] thiophene-2-carbonyl)-N-phe-
nylpyrrolidine-2-carboxamide (35d): 210 mg, 0.50 mmol, yield: 99%.
mp: 95-97 °C. Re= 0.13 (CH/EtOAc 2:1). [a]p”” =-16 (c = 5 in MeCN).
H NMR: (300 MHz, DMSO-dg): 5 = 10.10 (s, 1H), 7.90 (s, 1H), 7.62 (d,
J=7.7 Hz, 2H), 7.55 (s, 1H), 7.45 (s, 1H), 7.30 (d, J = 7.7 Hz, 2H), 7.04
(t, J =7.7 Hz, 1H), 4.70-4.60 (m, 1H), 4.04-3.92 (m, 2H), 3.84 (s, 3H),
3.83 (s, 3H), 2.33-2.22 (m, 1H), 2.18-2.06 (m, 1H), 2.05-1.89 (m, 2H)
ppm. 3C NMR: (75 MHz, DMSO-dg): § = 170.4, 161.1, 149.8, 148.3,
139.2, 136.9, 133.5, 132.8, 128.7, 126.8, 123.2, 119.2, 106.3, 103.9,
62.0, 55.8, 55.6, 49.4, 29.2, 25.2 ppm. MS (ESI) m/z [M + H'] calcd for
C22H22N204S 411.1, found 411.2.
(S)-1-(5,6-Dimethoxybenzofuran-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (35e): 250 mg, 0.63 mmol, yield: 93%.
mp: 184-186 °C. R = 0.17 (CH/EtOAc 1:2). [o]p”’ = -80 (¢ = 5 in
MeCN). 'H NMR: (300 MHz, DMSO-dg): 56 =10.11 (s, 1H), 7.67-7.55 (m,
2H), 7.44 (s, 1H), 7.36-7.24 (m, 3H), 7.15 (s, 1H), 7.01-6.98 (m, 1H),
4.72-4.62 (m, 1H), 4.05-3.97 (m, 2H), 3.84 (s, 3H), 3.80 (s, 3H),
2.33-2.18 (m, 1H), 2.16-1.83 (m, 3H) ppm. *C NMR: (75 MHz,
DMSO-dg): § = 170.4, 157.6, 150.1, 149.5, 147.8, 147.1, 139.2, 128.7,
123.2, 119.2, 118.6, 112.5, 103.1, 95.5, 61.6, 61.3, 59.8, 56.0, 55.8,
48.6, 48.1, 32.3, 29.0, 25.0, 21.7, 20.7, 14.1 ppm. MS (ESI) m/z [M +
H'] caled for CyoHaoN20s 395.15 (100%), 396.16 (23.8%), 397.16
(2.7%), found 395.20 (100%), 396.17 (26.7%), 397.16 (2.4%); purity
(HPLC) = 99%.
(S)-1-(6,7-Dimethoxyquinoline-3-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (35f): 30 mg, 0.57 mmol, yield: 89%. mp:
112-114 °C. Ry = 0.18 (DCM/MeOH 49:1). [alp?® = —44 (¢ = 5 in
MeCN). 'H NMR: (300 MHz, DMSO-dg): § = 10.13 (s, 1H), 8.83 (d, J =
2.1 Hz, 1H), 8.46 (d, J = 2.1 Hz), 7.65 (t, J = 7.8 Hz, 2H), 7.48 (s, 1H),
7.42 (s, 1H), 7.32 (t, J = 7.8 Hz, 2H), 7.05 (t, J = 7.8 Hz, 1H), 4.73-4.62
(m, 1H), 3.96 (s, 3H), 3.92 (s, 3H), 3.74-3.60 (m, 2H), 2.38-2.25 (m,
1H), 2.38-2.04 (m, 3H) ppm. 13C NMR: (75 MHz, DMSO-dg): § = 170.4,
166.7, 153.3, 150.0, 146.3, 145.2, 139.2, 133.2, 128.7, 127.2, 123.2,
122.0, 119.2, 107.4, 106.3, 61.0, 55.8, 54.9, 29.8, 25.2. MS (ESI) m/z
[M + H'] caled for Co3H,3N304 406.2, found 406.2.
(S)-1-(4,6-Dimethoxybenzofuran-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (35i): 260 mg, 0.67 mmol, yield: 98%. mp:
125-128 °C. R¢ = 0.43 (CH/EtOAc 1:2). [a]p*® = =50 (¢ = 5 in MeOH).
'H NMR: (300 MHz, DMSO-dg): § = 'H NMR: (300 MHz, DMSO-dg) 6§ =
10.36-9.96 (m, 1H), 7.66-7.52 (m, 2H), 7.41-7.23 (m, 3H), 7.09-6.99
(m, 1H), 6.88 (s, 1H), 6.50-6.35 (m, 1H), 5.14-4.59 (m, 1H), 4.09-3.94
(m, 1H), 3.93-3.63 (m, 6H), 2.46-1.82 (m, 4H) ppm. °C NMR: (75
MHz, DMSO-dg): § = 170.3, 161.0, 157.4, 156.2, 154.1, 146.7, 139.1,
128.7,123.2, 119.3, 119.2, 110.8, 109.2, 95.1, 88.3, 61.6, 61.3, 55.9,
55.7, 48.6, 48.2, 32.3, 29.0, 25.0, 21.7 ppm.
(S)-1-(6,7-Dimethoxy-2-naphthoyl)-N-phenylpyrrolidine-2-car-
boxamide (35m): 150 mg, 0.37 mmol, yield: 86%. mp: 173-175 °C. R¢
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= 0.33 (CH/EtOAc 1:2). 'H NMR: (300 MHz, DMSO-dg): 6§ = 10.10 (s,
1H), 8.01 (s, 1H), 7.79 (d, J = 8.3 Hz, 1H), 7.72 (s, 1H), 7.65 (d, J = 8.3
Hz, 1H), 7.52-7.41 (m, 2H), 7.39-7.19 (m, 3H), 7.11-6.99 (m, 1H),
4.70-4.59 (m, 1H), 3.93-3.82 (m, 6H), 3.73-3.55 (m, 2H), 2.35-2.24
(m, 1H), 2.04-1.80 (m, 3H) ppm. *C NMR: (75 MHz, DMSO-de): § =
170.7, 168.6, 150.3, 149.8, 139.2, 131.7, 129.6, 128.7, 127.9, 126.1,
125.6, 123.2, 122.7, 119.2, 107.1, 106.3, 60.8, 55.5, 50.2, 29.8, 25.2
ppm. MS (ESI) m/z [M + H™] caled for Co4Ho4N2O4 405.2, found 405.2.

(S)-1-(5,6-Dimethoxybenzofuran-2-carbonyl)-N-phenyl-
piperidine-2-carboxamide (35n): 155 mg, 0.38 mmol, yield: 56%. mp:
104-106 °C. R¢ = 0.22 (CH/EtOAc 2:1). [a]p?® = -148 (c = 10 in MeCN).
'H NMR: (300 MHz, DMSO-dg) § = 10.01 (s, 1H), 7.67-7.57 (m, 2H),
7.37-7.26 (m, 3H), 7.21 (s, 1H), 7.12-7.01 (m, 1H), 5.15 (d, J = 3.9 Hz,
1H), 4.36 (d, J = 12.8 Hz, 1H), 3.92-3.70 (m, 6H), 2.23 (d, J = 14.0 Hz,
1H), 1.91-1.63 (m, 3H), 1.61-1.37 (m, 3H) ppm. 3C NMR: (75 MHz,
DMSO-dg) § = 169.8, 160.6, 149.8, 149.1, 147.5, 147.0, 138.9, 128.7,
123.5,119.7,118.4,103.1, 95.5, 55.9, 55.9, 28.1, 27.8, 24.7, 20.2 ppm.
MS (ESI) m/z [M + Na'] caled for Ca3H24N20s 431.16 (100%), 432.16
(24.9%), 433.17 (2.7%), found 431.30 (100%), 432.30 (26.0%), 433.26
(2.4%); purity (HPLC) = 99%.

General procedure for the deprotection of Boc-groups by HCl1

The Boc-protected amide was placed in a round-bottom flask and
dissolved in HCI (4 M in dioxane). After stirring for 30 min at room
temperature, crystallization was induced by the addition of pentane and
the product was obtained by filtration.

(S)-2-Amino-N-(5,6-dimethoxybenzo [d] thiazol-2-y1)-3-(4-ben-
zoxyphenyl)propionamide hydrochloride (10a): 387 mg, 0.77 mmol,
yield: 87%. mp: 215-219 °C. [a]p?® = +46 (c = 10 in DMSO). 'H NMR:
(300 MHz, DMSO-dg) 5 = 7.58 (s, 1H), 7.47-7.25 (m, 6H), 7.26-7.11 (m,
2H), 7.01-6.86 (m, 2H), 5.07 (s, 1H), 5.03 (s, 1H), 4.43-4.33 (m, 1H),
3.85-3.76 (m, 6H), 3.24-3.05 (m, 2H) ppm. 3C NMR: (75 MHz,
DMSO-dg) § = 170.3, 157.6, 155.4, 149.1, 147.3, 142.3, 137.1, 130.7,
128.4,127.8,127.7,127.0,123.0,114.8,103.8, 103.7, 69.2, 56.0, 55.8,
53.3, 35.8 ppm.

(S)-Benzyl 3-amino-4-((5,6-dimethoxybenzo [d] thiazol-2-yl)
amino)-4-oxobutanoate hydrochloride (10b): 414 mg, 0.92 mmol,
yield: 95%. mp: 178-180 °C. [a]lp?® = +35 (¢ = 10 in H,0). 'H NMR:
(300 MHz, DMSO-dg) § = 7.58 (s, 1H), 7.38-7.23 (m, 6H), 5.13 (s, 2H),
4.55-4.42 (m, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 3.20 (d, J = 6.2 Hz, 2H)
ppm. 13C NMR: (75 MHz, DMSO-dg) § = 168.8, 167.0, 156.1, 149.1,
147.3, 141.9, 135.6, 128.4, 128.2, 128.1, 122.9, 103.8, 103.4, 66.4,
56.0, 55.8, 49.2, 34.8 ppm.

3-Amino-N-(5,6-dimethoxybenzo [d] thiazol-2-yl)propionamide
hydrochloride (15): 291 mg, 0.92 mmol, yield: 70%. mp: 225-235 °C.
'H NMR: (300 MHz, DMSO-ds) § = 7.54 (s, 1H), 7.29 (s, 1H), 3.81 (s,
3H), 3.79 (s, 3H), 3.18-3.03 (m, 2H), 2.98-2.86 (m, 2H) ppm. 3C NMR:
(75 MHz, DMSO-dg) § = 169.1, 156.1, 149.0, 147.0, 142.5, 122.8,
103.8, 103.6, 56.0, 55.8, 34.3, 32.5 ppm.

(S)-N-Phenylpyrrolidine-2-carboxamide hydrochloride (31a):
310 mg, 1.38 mmol, yield: 99%. mp: 237-239 °C. [a]p”° =-36 (S,c =5
in DMSO). 'H NMR: (300 MHz, DMSO-dg) § = 11.02 (s, 1H), 10.19 (s,
1H), 8.66 (s, 1H), 7.65 (d, J = 7.7 Hz, 2H), 7.34 (t, J = 7.7 Hz, 2H), 7.10
(t, J = 7.7 Hz, 1H), 4.47-4.35 (m, 1H), 3.33-3.19 (m, 2H), 2.47-2.36 (m,
1H), 2.04-1.84 (m, 3H) ppm. 13C NMR: (75 MHz, DMSO-ds) § = 166.8,
138.3, 128.9, 124.1, 119.5, 59.5, 45.6, 29.8, 23.7 ppm.

(S)-N-Phenylpiperidine-2-carboxamide hydrochloride (31b):
355 mg, 1.47 mmol, yield: 90%. decomp. > 270 °C. [alp”’ = +3 (¢ = 3in
MeOH). 'H NMR: (300 MHz, DMSO-dg) 6 = 11.09 (s, 1H), 9.64 (d, J =
9.4 Hz, 1H), 8.83 (d, J = 10.9 Hz, 1H), 7.74-7.56 (m, 2H), 7.42-7.24 (m,
2H), 7.16-6.96 (m, 1H), 4.11-3.89 (m, 1H), 3.31-3.17 (m, 1H),
2.97-2.82 (m, 1H), 2.34-2.22 (m, 1H), 1.86-1.42 (m, 5H) ppm. *3C
NMR: (75 MHz, DMSO-dg) 6 = 167.3, 138.4, 128.8, 123.9, 119.4, 57.6,
43.3,27.1,21.7, 21.2 ppm.
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4.7. General procedure for the formation of amides by acid chlorides

The respective amine or the corresponding hydrochloride (1.0 eq.)
was dissolved in dichloromethane and triethylamine (1.1 eq., in the case
of the hydrochlorides 2.1 eq.) was added, followed by the addition of the
acyl chloride (1.1 eq.) while cooling the reaction mixture with an ice-
water bath. The cooling bath was removed, and the mixture was stir-
red for 16 h. After removal of the solvent under reduced pressure, the
residue was purified by silica column chromatography.

(S)-N-(3-(4-(benzyloxy)phenyl)-1-((5,6-dimethoxybenzo [d]
thiazol-2-yl)amino)-1-oxopropan-2-yl)benzamide (11a): 241 mg,
0.42 mmol, yield: 71%. mp: 182-184 °C. Ry = 0.38 (CH/EtOAc 1:1).
[olp?° = -18 (¢ = 5 in DCM). 'H NMR: (300 MHz, CDCl3) § = 7.85-7.77
(m, 2H), 7.47-7.24 (m, 10H), 7.01 (d, J = 8.6 Hz, 2H), 6.79 (d, J = 8.6
Hz, 2H), 5.37 (t, J = 6.9 Hz, 1H), 4.95 (d, J = 1.2 Hz, 2H), 3.99 (s, 3H),
3.89 (s, 3H), 3.28 (d, J = 6.9 Hz, 2H) ppm. *3C NMR: (75 MHz, CDCls) &
=170.6,167.8, 158.1, 157.4, 149.8, 148.0, 141.6, 137.0, 133.4, 132.2,
130.4, 128.7, 128.7, 128.1, 127.8, 127.6, 127.4, 123.0, 115.2, 103.3,
102.9, 70.0, 56.5, 56.3, 55.4, 37.5 ppm.

(S)-Benzyl 3-benzamido-4-((5,6-dimethoxybenzo [d] thiazol-2-
yl)amino)-4-oxobutanoat (11b): 286 mg, 0.51 mmol, yield: 76%. mp:
191-192 °C. R¢ = 0.28 (CH/EtOAc 1:1). [a]p”’ = -6 (c = 10 in DCM). 'H
NMR: (300 MHz, CDCl3) § = 7.81 (d, J = 7.2 Hz, 2H), 7.56-7.48 (m, 1H),
7.47-7.38 (m, 2H), 7.37-7.29 (m, 5H), 7.27 (s, 1H), 7.20 (s, 1H),
5.40-5.29 (m, 1H), 5.19 (s, 2H), 3.94 (s, 3H), 3.91 (s, 3H), 3.27 (dd, J =
17.0, 4.5 Hz, 1H), 2.95 (dd, J = 17.0, 5.8 Hz, 1H) ppm. '*C NMR: (75
MHz, CDCl3) § =171.9, 168.7,168.0, 156.1, 149.6, 147.8, 142.2,135.2,
132.6, 128.9, 128.8, 128.7, 128.5, 128.3, 127.5, 123.7, 103.5, 102.7,
70.0, 67.5, 56.5, 56.2, 50.2, 35.1 ppm.

N-(3-((5,6-dimethoxybenzo [d] thiazol-2-yl)amino)-3-0xo-
propylDbenzamide (16): 120 mg, 0.31 mmol, yield: 40%. mp:
124-127 °C. Rg = 0.28 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg)
§ = 7.88-7.80 (m, 2H), 7.53 (s, 1H), 7.52-7.39 (m, 3H), 7.28 (s, 1H),
3.82 (s, 3H), 3.80 (s, 3H), 3.59 (dt, J = 6.6, 5.5 Hz, 2H), 2.79 (t, J = 6.6
Hz, 2H) ppm. '3C NMR: (75 MHz, DMSO-ds) 5 = 170.5, 166.8, 156.8,
149.3, 147.3, 143.0, 134.8, 131.6, 128.7, 127.6, 123.3, 104.1, 103.9,
56.4, 56.2, 35.9, 35.6 ppm.

N-(5,6-Dimethoxybenzo [d] thiazol-2-yl)-benzamide (24a): 326
mg, 1.04 mmol, yield: 72%. mp: 190-195 °C, R¢ = 0.39 (CH/EtOAc 1:1).
'H NMR: (300 MHz, CDCls) 5 = 8.13-8.01 (m, 2H), 7.60-7.48 (m, 1H),
7.45-7.34 (m, 2H), 7.24 (s, 1H), 6.57 (s, 1H), 3.94 (s, 3H), 3.51 (s, 3H)
ppm. 13C NMR: (75 MHz, CDCl3) 6 = 165.8, 159.2, 149.1, 147.6, 140.7,
133.1, 131.9, 129.1, 128.4, 122.9, 102.5, 102.5, 56.3, 55.7 ppm.

(S)-3-benzamido-4-((5,6-dimethoxybenzo [d] thiazol-2-yl)
amino)-4-oxobutanoic acid (18): 11b (2.19 g, 4.22 mmol, 1 eq.) was
dissolved in THF and LiOH (1.01 g, 41.29 mmol, 10 eq.), dissolved in
water, was added. After stirring for 1 h, the organic solvent was removed
under reduced pressure. The aqueous phase was acidified with HCIl and
extracted with ethyl acetate three times. The combined organic phases
were washed with water and brine, dried with Mg»SO4 and the solvent
was evaporated to yield the 18 (1.77 g, 4.12 mmol, yield: 98%). mp:
210-211 °C. R¢ = 0.34 (CH/EtOAc 1:2). [a]p?® = +39 (c = 10 in DMF).
'H NMR: (300 MHz, DMSO-de) § = 7.99-7.84 (m, 2H), 7.64-7.41 (m,
4H), 7.29 (s, 1H), 5.14-4.89 (m, 1H), 3.82 (s, 3H), 3.80 (s, 3H),
3.01-2.75 (m, 2H) ppm. *C NMR: (75 MHz, DMSO-ds) & = 171.8,
170.7, 166.9, 156.8, 149.4, 147.4, 143.0, 134.1, 132.0, 128.7, 128.0,
123.4, 104.1, 104.0, 56.4, 56.2, 51.1, 35.9 ppm.

4.8. General procedure for the deprotection of methoxy groups by BBrs

At -78 °C, the respective aryl ether (1.0 eq.) was dissolved in DCM
and BBr3 (1 M in DCM, 8.0 eq.) was added dropwise. The cooling bath
was removed after 30 min and stirring was continued for 16 h at r.t.
While cooling with an ice-water bath, DCM (20 mL) was added, followed
by 2 mL of MeOH. The product was obtained by filtration or the solvent
was evaporated under reduced pressure and the residue was purified by
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silica column chromatography.

(S)-2-Amino-N-(5,6-dihydroxybenzo [d] thiazol-2-yl)propiona-
mide hydrobromide (7a): 292 mg, 0.78 mmol, yield: 66%. mp:
148-152 °C. [o]p*° = 0 (¢ = 10 in DMF). 'H NMR: (300 MHz, DMSO-ds)
8§ =7.27 (s, 1H), 7.13 (s, 1H), 4.23-4.08 (m, 1H), 1.48 (d, J = 7.0 Hz,
3H) ppm. 13C NMR: (75 MHz, DMSO-de) 5 = 169.3, 155.5, 144.7, 144.0,
142.3,122.2, 107.0, 106.3, 49.1, 17.2 ppm.

(R)-2-Amino-N-(5,6-dihydroxybenzo [d] thiazol-2-yl)propiona-
mide hydrobromide (7b): 326 mg, 0.98 mmol, yield: 93%. mp:
149-153 °C. [a]p”’ = 0 (¢ = 10 in DMF. 'H NMR: (300 MHz, DMSO-ds)
§=7.27 (s, 1H), 7.13 (s, 1H), 4.23-4.08 (m, 1H), 1.48 (d, J = 7.0 Hz,
3H) ppm. 3C NMR: (75 MHz, DMSO-dg) § = 169.3, 155.5, 144.7, 144.0,
142.3, 122.2, 107.0, 106.3, 49.1, 17.2 ppm.

(S,S)-2-Amino-N-(5,6-dihydroxybenzo [d] thiazol-2-y1)-3-meth-
ylpentoicamide hydrobromide (7c): 308 mg, 0.82 mmol, yield: 99%.
mp: 281-283 °C. [a]p?’ = +29 (¢ = 10 in DMF). ‘H NMR: (300 MHz,
DMSO-dg) 6 = 7.26 (s, 1H), 7.13 (s, 1H), 4.06-3.86 (m, 1H), 2.04-1.90
(m, 1H), 1.66-1.45 (m, 1H), 1.26-1.05 (m, 1H), 0.99-0.81 (m, 6H) ppm.
13C NMR: (75 MHz, DMSO-d) § = 167.6, 154.8, 146.4, 145.9, 144.4,
121.9, 106.6, 106.5, 56.8, 36.3, 24.1, 14.7, 11.1 ppm.

(S)-2-Amino-N-(5,6-dihydroxybenzo [d] thiazol-2-y1)-3,3-dime-
thylbutyricamide hydrobromide (7d): 292 mg, 0.78 mmol, yield:
66%. mp: 140-150 °C. [a]p>" = +34 (c = 10 in MeOH). 'H NMR: (300
MHz, DMSO-de) 6 = 7.27 (s, 1H), 7.14 (s, 1H), 3.97-3.79 (m, 1H), 1.03
(s, 9H) ppm. 3C NMR: (75 MHz, DMSO-ds) § = 170.5, 166.9, 145.9,
144.4, 143.7, 121.8, 106.5, 106.5, 60.4, 33.5, 26.2 ppm.

(S)-2-Amino-N-(5,6-dihydroxybenzo [d] thiazol-2-yl)-3-pheny]l-
propionamide hydrobromide (7e): 231 mg, 0.56 mmol, yield: 86%.
mp: 254-256 °C. [alp>’ = +13 (¢ = 10 in DMF). 'H NMR: (300 MHz,
DMSO-dg) 6 = 7.35-7.21 (m, 6H), 7.11 (s, 1H), 4.41-4.27 (m, 1H),
3.27-3.08 (m, 2H) ppm. 'C NMR: (75 MHz, DMSO-ds) & = 167.4,
146.3, 145.9, 144.6, 144.4, 134.4, 129.6, 128.7, 127.5, 121.9, 106.6,
106.5, 53.9, 36.8 ppm.

(S)-2-amino-3-(benzylthio)-N-(5,6-dihydroxybenzo [d] thiazol-
2-yl)propanamide (7f): 120 mg, 0.26 mmol, yield: 99%. mp: 180 °C.
[odp?” = +88 (¢ = 5 in MeOH). 'H NMR: (300 MHz, DMSO-dg) 6 = 8.69
(s, 3H), 8.60 (s 2H), 7.37-7.14 (m, 6H), 7.13 (s, 1H), 4.67 (s, 1H), 4.01
(s, 2H), 3.15 (s, 2H) ppm. '3C NMR: (75 MHz, DMSO-ds) 6 = 166.0,
154.4, 147.6, 145.0, 144.1, 138.0, 129.4, 128.9, 127.6, 122.4, 105.7,
102.7, 55.4, 49.0, 35.5 ppm.

(S)-N-(1-(5,6-dihydroxybenzo [d] thiazol-2-ylamino)-3-(4-
hydroxyphenyl)-1-oxopropan-2-yl)benzamide (12a): 92 mg, 0.20
mmol, yield: 77%. mp: 121-125 °C. R¢ = 0.49 (CH/EtOAc 1:1). [a]p” =
49 (¢ = 10 in MeOH). 'H NMR: (300 MHz, DMSO-dg) 6 = 8.74 (d, J =
7.7 Hz, 1H), 7.90-7.75 (m, 2H), 7.58-7.39 (m, 3H), 7.23 (s, 1H), 7.20 (d,
J = 8.3 Hz, 2H), 7.12 (s, 1H), 6.65 (d, J = 8.3 Hz, 2H), 4.91-4.78 (m,
1H), 3.15-2.90 (m, 2H) ppm. 13C NMR: (75 MHz, DMSO-dg) 6 = 171.3,
167.0, 156.0, 146.1, 145.7, 144.1, 143.4, 141.6, 140.6, 140.4, 133.7,
131.6,130.3,128.3,127.8,127.6, 115.0, 106.4, 105.2, 55.8, 36.0 ppm.
MS (ESI) m/z [M + H"] caled for Co3H;9N305S 450.14 (100%), 451.12
(24.9%), 452.10 (4.5%), found 450.14 (100%), 451.09 (24.2%), 452.08
(4.6%); purity (HPLC) = 95%.

(S)-3-Benzamido-4-((5,6-dihydroxybenzo [d] thiazol-2-yl)
amino)-4-oxobutanoic acid (12b): AlCl3 (257 mg, 1.92 mmol, 10.0
eq.) was stirred in ethanethiol (1 mL) for 15 min while cooling with an
ice-water bath. A solution of 11b (100 mg, 0.19 mmol, 1.0 eq.) in
dichloromethane was added, the ice bath was removed, and the sus-
pension was stirred for 16 h at r.t. Concentrated HCI (2 mL) was added
under ice-cooling and after stirring for 30 min, 12b (67 mg, 0.17 mmol,
yield: 87%) was collected by filtration as a colorless solid. mp:
175-178 °C. R = 0.28 (CH/EtOAc 1:1). [()c]D20 =45 (c =10 in MeOH).
1H NMR: (300 MHz, DMSO-dg) 6 = 8.89 (d, J = 7.0 Hz, 1H), 7.99-7.80
(m, 2H), 7.62-7.42 (m, 4H), 7.11 (s, 1H), 5.07-4.91 (m, 1H), 3.00-2.72
(m, 2H) ppm. '3C NMR: (75 MHz, DMSO-ds) 5 = 171.4, 170.3, 166.5,
156.4, 148.9, 147.0, 142.5, 133.6, 131.6, 128.3, 127.6, 122.9, 103.7,
103.5, 50.6, 35.5 ppm. MS (ESI) m/z [M + H™] caled for C1gH15N306S
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402.07 (100%), 403.07 (19.5%), 404.06 (4.5%), found 402.13 (100%),
403.14 (21.9%), 404.14 (6.8%); purity (HPLC) = 95%.

N-(3-((5,6-dihydroxybenzo [d] thiazol-2-yl)amino)-3-oxo-
propylbenzamide (17): 58 mg, 0.16 mmol, yield: 87%. mp:
118-120 °C. R = 0.26 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg)
§=12.55(d, J=38.6 Hz, 1H), 8.63 (d, J = 5.7 Hz, 1H), 7.82 (d, J = 7.1
Hz, 2H), 7.55-7.39 (m, 3H), 7.32-7.04 (m, 1H), 3.65-3.50 (m, 2H),
2.84-2.68 (m, 2H) ppm. °C NMR: (75 MHz, DMSO-ds) 5 = 170.4,
166.5, 156.0, 146.1, 144.0, 143.3, 134.4, 131.3, 128.4, 127.3, 121.7,
105.9, 105.2, 35.5, 35.2 ppm. MS (ESI) m/z [M + H'] caled for
C17H15N304S 358.08 (100%), 359.08 (18.4%), 360.09 (4.5%), found
358.08 (100%), 359.08 (18.4%), 360.09 (5.0%); purity (HPLC) = 95%.

(S)-2-Benzamido-N1-(5,6-dihydroxybenzo [dl thiazol-2-yl)-N4,
N4-diethylsuccinamide (20a): 41 mg, 0.09 mmol, yield: 44%. mp:
162-164 °C. R = 0.22 (CH/EtOAc 1:2). [()(]D20 = +3 (c =10 in MeOH).
'H NMR: (300 MHz, DMSO-dg) § = 12.14 (s, 1H), 9.18 (s, 2H), 8.77 (d, J
=7.2Hz, 1H), 7.98-7.79 (m, 2H), 7.59-7.42 (m, 3H), 7.23 (s, 1H), 7.11
(s, 1H), 5.17-4.98 (m, 1H), 3.35-3.19 (m, 4H), 3.07-2.84 (m, 2H), 1.13
(t, J = 7.0 Hz, 3H), 0.99 (t, J = 7.0 Hz, 3H) ppm. 3C NMR: (75 MHz,
DMSO-dg) 6 = 170.4, 168.1, 166.3, 155.6, 145.5, 143.8, 142.0, 133.8,
131.5, 128.2, 127.5, 121.9, 106.5, 106.3, 50.8, 41.3, 34.0, 14.0, 13.0
ppm. MS (ESI) m/z [M + H™] caled for CapHo4N4O5S 457.15 (100%),
458.15 (23.8%), 459.14 (4.5%), found 457.12 (100%), 458.04 (26.1%),
459.14 (4.0%); purity (HPLC) = 95%.

(S)-2-Benzamid0-N1-(5,6-dihydroxybenzo [d]l thiazol-2-yl)-N4-
phenylsuccinamide (20b): 62 mg, 0.13 mmol, yield: 85%. mp:
209-211 °C. Ry = 0.40 (CH/EtOAc 1:2). [a]p®° = +8 (c = 10 in MeOH).
'H NMR: (300 MHz, DMSO-dg) 5§ = 10.27 (s, 1H), 8.89 (d, J = 7.0 Hz,
1H), 7.91 (d, J = 6.8 Hz, 2H), 7.63 (d, J = 7.4 Hz, 2H), 7.57-7.41 (m,
3H), 7.36-6.98 (m, 5H), 3.81 (d, J = 7.8 Hz, 1H), 3.08 (d, J = 6.8 Hz,
2H) ppm. 13C NMR: (75 MHz, DMSO-dg) § = 169.5, 168.5, 166.4, 155.3,
145.5, 143.8, 141.3, 138.9, 133.8, 131.4, 128.6, 128.2, 127.5, 123.3,
121.5, 119.3, 106.3, 105.6, 51.0, 37.0 ppm. MS (ESD) m/z [M + H*]
caled for CasHaoN4OsS 477.12 (100%), 478.12 (26.0%), 479.11 (4.5%),
found 477.09 (100%), 478.06 (25.8%), 479.11 (3.8%); purity (HPLC) =
99%.

(2-((5,6-Dihydroxybenzo [d] thiazol-2-yl)amino)-2-oxoethyl)-N-
phenylbenzamide (23a): 54 mg, 0.13 mmol, yield: 50%. mp: 266 °C.
Rf=0.41 (CH/EtOAc 1:3). 'H NMR: (300 MHz, DMSO-dg) 6 = 7.36-7.03
(m, 12H), 4.75 (s, 2H) ppm. '*C NMR: (75 MHz, DMSO-dg) § = 169.7,
167.4, 155.2, 145.6, 143.9, 143.8, 141.8, 135.4, 129.7, 129.0, 128.3,
127.8,127.5,126.6, 121.8, 106.5, 106.3, 53.0 ppm. MS (ESI) m/z [M +
H'] caled for CapHi7N304S 420.09 (100%), 421.10 (23.8%), 422.09
(4.5%), found 420.22 (100%), 421.20 (19.6%), 422.19 (5.1%); purity
(HPLC) = 99%.

N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-2,2-diphenylacetamide
(23b): 75 mg, 0.19 mmol, yield: 53%. mp: 251 °C. R¢ = 0.43 (CH/EtOAc
1:1). 'H NMR: (300 MHz, DMSO-dg) 6 = 12.56 (s, 1H), 7.44-7.19 (m,
11H), 7.09 (s, 1H), 5.36 (s, 1H) ppm. >C NMR: (75 MHz, DMSO-ds) § =
170.2, 155.2, 145.6, 144.0, 141.7, 139.0, 128.5, 127.1, 121.8, 106.5,
106.3, 56.1 ppm. MS (ESI) m/z [M + H*] caled for Co1H16N203S 377.09
(100%), 378.09 (22.7%), 379.08 (4.5%), found 377.08 (100%), 378.00
(25.0%), 379.06 (4.3%); purity (HPLC) = 98%.

N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-2,2-bis-(4-hydrox-
yphenyl)acetamide (23c): 59 mg, 0.14 mmol, yield: 85%. mp: 261 °C.
Rf = 0.25 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) 6§ = 12.37 (s,
1H), 7.21 (s, 1H), 7.10 (s, 5H), 6.72 (d, J = 8.3 Hz, 4H), 5.12 (s, 1H)
ppm. 13¢ NMR: (75 MHz, DMSO-dg) 6 = 171.0, 156.2, 155.3, 145.4,
143.8, 141.7, 129.7, 129.4, 121.7, 115.0, 106.4, 106.2, 54.5 ppm. MS
(ESI) m/z [M + H'] caled for Cy;H;6N2O5S 409.08 (100%), 410.08
(22.7%), 411.07 (4.5%), found 409.07 (100%), 410.01 (23.2%), 411.01
(4.1%); purity (HPLC) = 97%.

N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-2,2-bis-(4-chlor-
ophenyl)acetamide (23d): 103 mg, 0.23 mmol, yield: 70%. mp:
273 °C. R¢ = 0.52 (CH/EtOAc 1:1). 'H NMR: (300 MHz, DMSO-dg) & =
12.60 (s, 1H), 9.17 (s, 2H), 7.42 (d, J = 8.3 Hz, 4H), 7.34 (d, J = 8.3 Hz,
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5H), 7.22 (s, 1H), 7.09 (s, 1H), 5.36 (s, 1H) ppm. '*C NMR: (75 MHz,
DMSO-dg) § = 169.5, 155.1, 145.6, 144.0, 137.5, 132.0, 130.3, 128.6,
121.8, 106.5, 106.3, 54.6 ppm. MS (ESI) m/z [M + H'] caled for
CaoH14CloN203S 445.01 (100%), 446.01 (22.7%), 447.01 (63.9%),
found 444.98 (100%), 445.98 (27.6%), 446.96 (75.2%); purity (HPLC)
= 95%.

N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)benzamide (25a): 105
mg, 0.37 mmol, yield: 99%. mp: 253-260 °C, Rf = 0.38 (DCM/MeOH
9:1). 'H NMR: (300 MHz, DMSO-dg) 5 = 11.73 (s, 1H), 8.32 (s, 2H),
8.20-8.04 (m, 2H), 7.68-7.59 (m, 1H), 7.59-7.45 (m, 2H), 7.27 (s, 1H),
7.16 (s, 1H) ppm. °C NMR: (75 MHz, DMSO-de) § = 165.4, 156.3,
145.7, 144.1, 141.7, 132.6, 132.3, 128.6, 128.2, 122.0, 106.5, 106.4
ppm. MS (ESI) m/z [M + H™] caled for C14H;oN203S 287.04 (100%),
288.04 (15.1%), 289.04 (4.5%), found 287.11 (100%), 288.10 (16.3%),
289.09 (4.2%); purity (HPLC) = 99%.

N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-4-iodobenzamide
(25b): 40 mg, 0.01 mmol, yield: 29%. mp: 228 °C. R¢= 0.31 (CH/EtOAc
1:3). 'H NMR: (300 MHz, DMSO-dg) 6 = 8.20-8.07 (m, 2H), 7.70-7.56
(m, 2H), 7.26 (s, 1H), 7.14 (s, 1H) ppm. 3C NMR: (75 MHz, DMSO-de) &
=168.0,145.7,144.1,137.4,131.2,130.1, 128.7, 121.7, 117.7, 106.4,
105.8 ppm. MS (ESI) m/z [M + H'] caled for Cy4HgIN2O3S 412.94
(100%), 413.94 (15.1%), 414.93 (4.5%), found 413.03 (100%), 414.01
(20.0%), 415.00 (3.0%); purity (HPLC) = 99%.

4-Chloro-N-(5,6-dihydroxybenzo [d] thiazol-2-yl)benzamide
(25c¢): 29 mg, 0.09 mmol, yield: 32%. mp: 293 °C. Ry = 0.36 (DCM/
MeOH 49:1). 'H NMR: (300 MHz, DMSO-dg): 6 = 7.87 (d, J = 8.2 Hz,
2H), 7.37 (d, J = 8.2 Hz, 2H), 7.01 (s, 1H). 6.89 (s, 1H) ppm. '3C NMR:
(75 MHz, DMSO-dg): 6 = 164.7, 158.1, 145.7, 144.1, 137.5, 131.2,
130.1,128.7, 121.7, 106.4, 106.0 ppm. MS (ESI) m/z [M + H*] caled for
C14HoCIN203S 321.00 (100%), 322.01 (15.1%), 323.00 (32.0%), found
321.04 (100%), 322.03 (15.9%), 323.02 (35.9%); purity (HPLC) = 98%.

4-Methyl-N-(5,6-dihydroxybenzothiazol-2-yl)benzamide (25d):
135 mg, 0.45 mmol, yield: 99%. mp: 331 °C. Rf = 0.57 (DCM/MeOH
19:1). 'H NMR: (300 MHz, DMSO-dg): 6 = 8.00 (d, J = 8.0 Hz, 2H), 7.34
(d, J = 8.0 Hz, 2H), 7.26 (s, 1H), 7.14 (s, 1H), 2.38 (s, 3H) ppm. °C
NMR: (75 MHz, DMSO-dg): § = 165.3, 156.6, 145.7, 144.1, 143.0,
129.2,128.3, 121.8, 106.4, 106.2, 21.1 ppm. MS (ESI) m/z [M + H']
caled for C15H;2N203S 301.06 (100%), 302.06 (16.2%), 303.05 (4.5%),
found 301.06 (100%), 302.06 (10.0%), 303.05 (2.8%); purity (HPLC) =
99%.

N-(5,6-dihydroxybenzo [d] thiazol-2-yl)-[1,1’-biphenyl] -4-car-
boxamide (25e): 163 mg, 0.45 mmol, yield: 94%. mp: 273 °C. Rf=0.36
(CH/EtOAc 1:2). 'H NMR: (600 MHz, DMSO-dg) 6§ = 8.21 (d, J = 8.4 Hz,
2H), 7.86 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 7.3 Hz, 2H), 7.51 (t, J = 7.7
Hz, 2H), 7.43 (t, J = 7.3 Hz, 1H), 7.27 (s, 1H), 7.14 (s, 1H) ppm. *3C
NMR: (151 MHz, DMSO-dg) 6 = 158.4, 158.2, 145.7, 144.0, 144.0,
138.9,129.1, 128.9, 128.4, 127.0, 126.8, 106.4 ppm. MS (ESI) m/z [M
+ H™] caled for CaoHy4N203S 363.07 (100%), 364.08 (21.6%), 365.07
(4.5%), found 363.05 (100%), 364.03 (20.7%), 365.03 (4.2%); purity
(HPLC) = 99%.

3,4-Dichloro-N-(5,6-dihydroxybenzo [d] thiazol-2-yl)benzamide
(25f): 36 mg, 0.10 mmol, yield: 52%. mp: 272 °C. R = 0.53 (DCM/
MeOH 19:1). '"H NMR: (300 MHz, DMSO-dg): § = 8.41-8.31 (m, 1H),
8.05 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.36-7.24 (m, 1H),
7.21-7.09 (m, 1H) ppm. 3C NMR: (75 MHz, DMSO-de): § = 164.0,
163.4, 156.3, 146.3, 145.8, 144.4, 144.2, 143.5, 141.8, 135.6, 135.3,
133.1, 132.3, 131.5, 130.9, 130.2, 128.4, 122.0, 121.4, 106.6, 105.7,
105.0 ppm. MS (ESI) m/z [M + H'] caled for C;4HgCloN2O3S 354.96
(100%), 355.97 (15.1%), 356.96 (63.9%), found 355.01 (100%), 356.02
(15.6%), 356.96 (69.9%); purity (HPLC) = 98%.

5,6-Dihydroxy-N-phenylbenzo [d] thiazole-2-carboxamide
(34a): 90 mg, 0.31 mmol, yield: 97%. mp: 297-299 °C. R¢ = 0.47 (CH/
EtOAc 1:2 + 0.1% TFA). 'H NMR: (300 MHz, MeOD-dy): 6 =7.76 (d, J =
7.9 Hz, 2H), 7.51 (s, 1H), 7.41-7.33 (m, 3H), 7.16 (t, J = 7.9 Hz, 1H)
ppm. *3C NMR: (75 MHz, MeOD-d4): 5 = 161.5, 160.2, 149.0, 148.4,
148.2,138.8, 131.3, 130.6, 129.9, 125.9, 121.7, 109.3, 106.7 ppm. MS
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(ESD) m/z [M + H'] caled for Ci4H1oN203S 287.04 (100%), 288.04
(15.1%), 289.04 (4.5%), found 287.11 (100%), 288.08 (17.3%), 289.07
(4.0%); purity (HPLC) = 99%.
6-Hydroxy-N-phenylbenzo [d] thiazole-2-carboxamide (34b): 20
mg, 0.07 mmol, yield: 20%. decomp. > 225 °C. Rf = 0.62 (DCM/MeOH
19:1 + 0.1% TFA). 'H NMR: (600 MHz, DMSO-dg): § = 10.96 (s, 1H),
10.24 (s, 1H), 8.01 (d, J = 8.9 Hz, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.51 (d,
J = 2.4 Hz, 1H), 7.41-7.35 (m, 2H), 7.17-7.09 (m, 2H). 13C NMR: (151
MHz, DMSO-dg): § = 160.7, 158.4, 157.2, 146.2, 138.3, 138.1, 128.8,
125.0,124.4,120.7, 117.4,107.0 ppm. MS (ESI) m/z [M + H*] calcd for
C14H10N205S 271.05 (100%), 272.05 (15.1%), 273.05 (4.5%), found
271.12 (100%), 272.10 (17.3%), 273.09 (3.8%); purity (HPLC) = 97%.
5,6-Dihydroxy-N-phenyl-1H-indole-2-carboxamide (34c): 40
mg, 0.15 mmol, yield: 44%. mp: 207-209 °C. R¢ = 0.18 (DCM/MeOH
19:1 + 0.1% TFA). 'H NMR: (300 MHz, DMSO-dg): 6 = 11.11 (s, 1H),
9.91 (s, 1H), 9.05 (s, 1H), 8.50 (s, 1H), 7.82-7.70 (m, 2H), 7.41-7.28 (m,
2H), 7.17 (s, 1H), 7.11-7.00 (m, 1H), 6.90 (s, 1H), 6.83 (s, 1H) ppm. 13C
NMR: (75 MHz, DMSO-dg): 6 = 159.9, 145.6, 141.9, 139.3, 132.2,
129.1,128.6,123.1,120.0,119.9,104.9,103.7, 97.1 ppm. MS (ESI) m/z
[M + H'] caled for C15H;2N203 269.08 (100%), 270.09 (16.2%), 271.09
(1.2%), found 269.15 (100%), 270.13 (15.8%), 271.10 (0.8%); purity
(HPLC) = 96%.
5,6-Dihydroxy-N-phenylbenzo [b] thiophene-2-carboxamide
(34d): 90 mg, 0.32 mmol, yield: 99%. decomp. > 215 °C. Ry = 0.24
(DCM/MeOH 14:1 + 0.1% TFA). 'H NMR: (300 MHz, DMSO-dg): § =
10.25 (s, 1H), 9.69 (s, 1H), 9.33 (s, 1H), 8.08 (s, 1H), 7.74 (d, J = 7.7 Hz,
2H), 7.35 (t,J = 7.7 Hz, 2H), 7.30-7.22 (m, 2H), 7.09 (t, J = 7.7 Hz, 1H)
ppm. 3C NMR: (75 MHz, DMSO-ds): § = 160.7, 147.5, 145.4, 138.9,
136.2,133.2,132.2,128.7, 125.5, 123.7, 120.2, 109.5, 107.2 ppm. MS
(ESI) m/z [M + H'] caled for Cy5H;1NOsS 286.05 (100%), 287.05
(16.2%), 288.04 (4.5%), found 286.00 (100%), 286.97 (18.8%), 288.00
(4.3%); purity (HPLC) = 99%.
5,6-Dihydroxy-N-phenylbenzofuran-2-carboxamide (34e): 80
mg, 0.30 mmol, yield: 88%. mp: 180-182 °C. Rf = 0.18 (DCM/MeOH
14:1 + 0.1% TFA). 'H NMR: (300 MHz, DMSO-de): 5 = 10.27-10.14 (m,
1H), 7.86-7.75 (m, 2H), 7.59-7.50 (m, 1H), 7.34 (t, J = 7.9 Hz, 2H),
7.16-6.92 (m, 3H) ppm. '3C NMR: (75 MHz, DMSO-ds): § = 156.9,
149.5, 147.4, 147.1, 143.9, 138.7, 128.7, 123.8, 120.4, 118.7, 111.2,
106.1, 97.7 ppm. MS (ESI) m/z [M + H'] caled for C;5H;1NO,4 270.07
(100%), 271.07 (16.2%), 272.08 (1.2%), found 270.14 (100%), 271.12
(17.5%), 272.10 (0.8%); purity (HPLC) = 99%.
6,7-Dihydroxy-N-phenylquinoline-3-carboxamide (34f): 30 mg,
0.10 mmol, yield: 29%. mp: 224-226 °C. R¢ = 0.24 (DCM/MeOH 14:1 +
0.1% TFA). 'H NMR: (300 MHz, DMSO-dg/TFA): 6 = 9.32 (s, 2H),
8.11-6.74 (m, 9H) ppm. ‘*C NMR: (75 MHz, DMSO-ds/TFA): 6 = 161.7,
157.6, 151.0, 141.6, 139.3, 138.8, 136.2, 129.0, 125.7, 124.6, 124.4,
120.8, 110.5, 102.5 ppm. MS (ESI) m/z [M + H'] calced for C;¢H;2N203
281.08 (100%), 282.09 (17.3%), 283.09 (1.4%), found 281.15 (100%),
282.14 (18.4%), 283.10 (0.9%); purity (HPLC) = 98%.
5-Hydroxy-N-phenylbenzofuran-2-carboxamide (34g): 40 mg,
0.16 mmol, yield: 42%. mp: 229-231 °C. R¢ = 0.26 (CH/EtOAc 4:1 +
0.1% TFA). 'H NMR: (300 MHz, DMSO-de) 6 = 10.43 (s, 1H), 9.45 (s,
1H), 7.86-7.76 (m, 2H), 7.64-7.58 (m, 2H), 7.51 (d, J = 8.9 Hz, 1H),
7.42-7.30 (m, 2H), 7.18-7.11 (m, 1H), 7.08 (d, J = 2.5 Hz, 1H), 6.96
(dd, J = 8.9, 2.5 Hz, 1H) ppm. 13C NMR: (75 MHz, DMSO-de) § = 156.8,
154.0, 149.2, 148.8, 138.4, 128.7, 128.0, 124.0, 120.5, 116.5, 112.3,
110.6, 106.4 ppm. MS (ESI) m/z [M + H'] caled for C;5H;1NO3 254.07
(100%), 255.08 (16.2%), 256.08 (1.2%), found 254.13 (100%), 255.10
(16.0%), 256.09 (1.0%); purity (HPLC) = 99%.
6-Hydroxy-N-phenylbenzofuran-2-carboxamide (34h): 40 mg,
0.16 mmol, yield: 42%. mp: 237-239 °C. Rf = 0.3 (CH/EtOAc 2:1 +
0.1% TFA) 'H NMR: (300 MHz, DMSO-dg) 6 = 10.31 (s, 1H), 9.99 (s,
1H), 7.80 (d, J = 7.7 Hz, 2H), 7.64 (s, 1H), 7.59 (d, J = 8.5 Hz, 1H), 7.35
(t, J = 7.9 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 7.02 (s, 1H), 6.86 (dd, J =
8.5, 2.1 Hz, 1H) ppm. 13C NMR: (75 MHz, DMSO-dg) 5 = 157.9, 156.8,
156.0, 147.4, 138.5, 128.7, 123.9, 123.2, 120.4, 119.2, 113.9, 111.1,
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97.6 ppm. MS (ESI) m/z [M + H'] caled for C15H;1NO3 254.07 (100%),
255.08 (16.2%), 256.08 (1.2%), found 254.12 (100%), 255.16 (15.9%),
256.13 (1.1%); purity (HPLC) = 99%.

4,6-Dihydroxy-N-phenylbenzofuran-2-carboxamide (34i): 25
mg, 0.09 mmol, yield: 27%. decomp. > 270 °C. R¢ = 0.34 (DCM/MeOH
19:1 + 0.1% TFA).'H NMR: (300 MHz, DMSO-dg) § = 10.27 (s, 1H),
10.20 (s, 1H), 9.79 (s, 1H), 7.78 (d, J = 7.9 Hz, 2H), 7.64 (s, 1H), 7.34 (t,
J=7.7 Hz, 2H), 7.09 (t, J = 7.3 Hz, 1H), 6.48 (s, 1H), 6.25 (s, 1H) ppm.
13C NMR: (75 MHz, DMSO-de) 6 = 159.1, 157.2, 156.8, 152.6, 145.5,
138.7,128.7,123.7,120.3, 109.6, 109.0, 98.4, 89.4 ppm. MS (ESI) m/z
[M 4 H*] caled for C15H11NO4 270.07 (100%), 271.07 (16.2%), 272.08
(1.2%), found 270.10 (100%), 271.13 (14.5%), 272.10 (0.7%); purity
(HPLC) = 98%.

6-Hydroxy-5-nitro-N-phenylbenzofuran-2-carboxamide (34j):
610 mg, 2.00 mmol, yield: 86%. decomp. > 230 °C. R = 0.60 (CH/
EtOAc 2:1). 'H NMR: (300 MHz, DMSO-dg): § = 11.32 (s, 1H), 10.49 (s,
1H), 8.43 (s, 1H), 7.83-7.73 (m, 3H), 7.41-7.31 (m, 3H), 7.13 (t,J =7.3
Hz, 1H) ppm. 13C NMR: (75 MHz, DMSO-de): 6 = 157.1, 156.1, 152.0,
150.0, 138.2, 136.2, 128.7, 124.2, 120.5, 120.5, 119.2, 111.1, 100.3
ppm. MS (ESI) m/z [M + H™] caled for Ci5H1oN2O5 299.06 (100%),
300.06 (16.2%), 301.07 (1.2%), found 299.06 (100%), 300.04 (16.9%),
301.02 (0.7%); purity (HPLC) = 98%.

5,6-Dihydroxy-N-(4-iodophenyl)benzo [d] thiazole-2-carbox-

amide (34k): 30 mg, 0.07 mmol, yield: 31%. decomp. > 140 °C. R =
0.26 (DCM/MeOH 49:1 + 0.1% TFA). 'H NMR: (300 MHz, DMSO-dg): 6
=10.91 (s, 1H), 9.94 (s, 1H), 9.65 (s, 1H), 7.85-7.59 (m, 4H), 7.49 (s,
1H), 7.44 (s, 1H) ppm. 13C NMR: (75 MHz, DMSO-dg): 5 = 160.2, 158.6,
147.7, 147.1, 146.7, 138.0, 137.4, 128.4, 122.8, 108.4, 106.4, 88.2
ppm. MS (ESI) m/z [M + H'] caled for C;4HoIN,03S 412.95 (100.0%),
413.95 (15.1%), 414.94 (4.5%), found 412.88 (100.0%), 413.85
(14.0%), 414.90 (5.9%); purity (HPLC) = 99%.

6-Amino-5-hydroxy-N-phenylbenzofuran-2-carboxamide (341):
34j (0.59 g, 1.98 mmol, 1.0 eq.) and tin(Il)chloride dihydrate (2.23 g,
9.89 mmol, 5.0 eq.) were dissolved in ethanol (8 mL) and HCI (2 mL)
was added. After heating for 2 h at 70 °C, the reaction mixture was
cooled to r.t. and poured into iced water. The pH was adjusted to 6.5
with 1 m NaOH. The remaining ethanol was removed under reduced
pressure and the residue was extracted with ethyl acetate. Combined
organic extracts were washed with brine, dried over Na;SO4 and the
solvent was evaporated in vacuo. The crude product was purified by
silica column chromatography to yield 34k (30 mg, 1.1 mmol, yield:
56%). decomp > 250 °C. R¢ = 0.08 (DCM/MeOH 10:1). 'H NMR: (600
MHz, DMSO-dg) 6 = 10.37 (s, 1H), 7.79 (d, J = 7.5 Hz, 2H), 7.68 (s, 1H),
7.52 (s, 1H), 7.40-7.32 (m, 2H), 7.22 (s, 1H), 7.12 (t, J = 7.5 Hz, 1H)
ppm. 3C NMR: (151 MHz, DMSO-ds) § = 156.6, 153.1, 150.0, 148.1,
138.5,128.8, 124.0, 120.5,119.0, 111.1, 98.2 ppm. MS (ESI) m/z [M +
H*'] caled for C15H;oN203 269.08 (100%), 270.09 (16.2%), 271.09
(1.2%), found 268.99 (100%), 269.95 (17.1%), 271.00 (1.1%); purity
(HPLC) = 97%.

(S)-1-(5,6-Dihydroxybenzo [d] thiazole-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36a): 10 mg, 0.03 mmol, yield: 13%. mp:
112-114 °C. R¢ = 0.30 (DCM/MeOH 14:1 + 0,1% TFA). [a]p”’ = -36 (¢
= 5 in MeOH). 'H NMR: (300 MHz, DMSO-dg): § = 10.16 (d, J = 13.8
Hz, 1H), 10.02-9.29 (m, 2H), 7.65-7.57 (m, 1H), 7.56-7.49 (m, 1H),
7.45-7.35 (m, 1H), 7.34-7.19 (m, 3H), 7.11-6.95 (m, 1H), 5.56-5.23
(m, 1H), 4.74-4.44 (m, 1H), 4.37-4.12 (m, 1H), 3.94-3.81 (m, 1H),
3.80-3.59 (m, 1H), 2.47-2.16 (m, 2H) ppm. °C NMR: (75 MHz,
DMSO-dg): § = 171.0, 170.0, 161.1, 159.1, 147.6, 147.5, 147.1, 146.9,
146.5, 139.3, 128.7, 128.7, 127.3, 123.3, 123.1, 119.3, 119.2, 108.7,
108.6, 106.0, 62.1, 32.2, 29.0, 25.0, 21.6 ppm. MS (ESD m/z [M + H*]
caled for C19H17N304S 384.09 (100%), 385.10 (20.5%), 386.09 (4.5%),
found 384.14 (100%), 385.12 (21.0%), 386.10 (3.5%); purity (HPLC) =
95%.

(S)-1-(6-Hydroxybenzo [d] thiazole-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36b): 40 mg, 0.11 mmol, yield: 42%.
decomp > 145 °C. R¢ = 0.36 (DCM/MeOH 14:1 + 0.1% TFA). [a]p™ =
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-104 (¢ = 5 in MeOH). 'H NMR: (300 MHz, DMSO-dg): § =10.18 (d, J =
12.9 Hz, 2H), 8.01-6.94 (m, 8H), 5.52-4.67 (m, 1H), 4.33-4.18 (m, 1H),
3.80-3.66 (m, 1H), 2.46-1.85 (m, 4H) ppm. *C NMR: (75 MHz,
DMSO-dg): 6 =170.9, 169.9, 161.3, 161.1, 159.1, 158.7, 157.1, 157.0,
146.7, 146.4, 139.3, 139.1, 137.5, 137.4, 128.7, 128.7, 125.4, 125.0,
123.3,123.1, 119.3, 119.2, 117.1, 117.0, 106.5, 62.1, 49.6, 48.7, 32.1,
29.0, 24.9, 21.7 ppm. MS (ESI) m/z [M + H'] caled for C;9H;7N303S
368.10 (100%), 369.10 (20.5%), 370.09 (4.5%), found 368.14 (100%),
369.18 (27.2%), 370.14 (2.4%); purity (HPLC) = 99%.

(S)-1-(5,6-Dihydroxy-1H-indole-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36¢): 30 mg, 0.08 mmol, yield: 32%.
decomp > 230 °C. R¢ = 0.24 (DCM/MeOH 14:1 + 0.1% TFA). [a]p?° =
-84 (c = 5 in MeOH). 'H NMR: (300 MHz, DMSO-dg): § = 11.15-10.79
(m, 1H), 9.06-8.35 (m, 1H), 7.64-7.24 (m, 5H), 7.08-6.49 (m, 4H),
4.96-4.55 (m, 1H), 4.08-3.82 (m, 2H), 2.43-1.98 (m, 4H) ppm. '°C
NMR: (75 MHz, DMSO-dg): § = 170.8, 161.1, 148.1, 145.9, 141.9,
141.7, 136.4, 131.7, 128.7, 128.3, 127.2, 127.0, 120.3, 119.9, 119.2,
105.0, 96.9, 60.5, 48.7, 40.3, 40.0, 39.8, 39.5, 39.2, 38.9, 38.6, 29.0,
25.3 ppm. MS (ESI) m/z [M + H'] caled for CogH;9N304 366.14 (100%),
367.14 (20.5%), 368.14 (4.5%), found 366.28 (100%), 367.19 (23.7%),
368.10 (0.9%); purity (HPLC) = 99%.

(S)-1-(5,6-Dihydroxybenzo [b] thiophene-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36d): 40 mg, 0.10 mmol, yield: 42%. mp:
150-152 °C. R¢ = 0.24 (DCM/MeOH 14:1 + 0.1% TFA). [alp?’ = -12 (¢
= 5in MeOH). 'H NMR: (300 MHz, DMSO-dg): 6 = 10.06 (s, 1H), 7.78 (s,
1H), 7.65-7.56 (m, 2H), 7.34-7.19 (m, 3H), 7.08-6.99 (m, 2H),
4.67-4.56 (m, 1H), 4.05-3.87 (m, 2H), 2.32-1.86 (m, 4H) ppm. '°C
NMR: (75 MHz, DMSO-dg): § = 171.4, 160.7, 151.8, 146.0, 139.9,
136.4, 134.3, 133.3, 129.5, 129.3, 124.1, 120.0, 110.5, 100.7, 62.8,
50.2, 26.0 ppm. MS (ESI) m/z [M + H'] caled for CaoH;gN204S 383.10
(100%), 384.10 (21.6%), 385.09 (4.5%), found 383.14 (100%), 384.14
(23.2%), 385.14 (4.2%); purity (HPLC) = 99%.

(S)-1-(5,6-dihydroxybenzofuran-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36e): 80 mg, 0.22 mmol, yield: 88%. mp:
146-148 °C. R¢ = 0.21 (DCM/MeOH 14:1 + 0.1% TFA). [(X]D20 =-2(=
5 in MeOH). 'H NMR: (300 MHz, DMSO-dg): § = 10.36-9.97 (m, 1H),
7.71-7.44 (m, 2H), 7.46-7.19 (m, 3H), 7.15-6.54 (m, 3H), 4.13-3.49
(m, 2H), 2.44-1.68 (m, 4H) ppm.'>C NMR: (75 MHz, DMSO-dg): 5 =
164.3, 158.0, 149.2, 147.2, 143.7, 139.2, 128.8, 123.3, 119.5, 119.2,
106.0, 97.8, 61.6, 48.7, 29.1, 25.1 ppm. MS (ESI) m/z [M + H*] calcd for
CaoH1sN20s 367.12 (100%), 368.12 (21.6%), 369.13 (2.2%), found
367.06 (100%), 368.05 (19.5%), 369.05 (1.4%); purity (HPLC) = 98%.

(S)-1-(6,7-Dihydroxyquinoline-3-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36f): 90 mg, 0.24 mmol, yield: 96%. mp:
116-118 °C. Rf = 0.22 (DCM/MeOH 19:1 + 0.1% TFA). 'H NMR: (300
MHz, DMSO-dg/TFA): § = 10.29-9.76 (m, 1H), 9.33-8.26 (m, 2H),
7.84-6.75 (m, 7H), 4.90-4.38 (m, 1H), 3.97-3.43 (m, 2H), 2.31 (s, 1H),
2.11-1.61 (m, 3H) ppm. '3C NMR: (75 MHz, DMSO-de/TFA): § = 171.1,
170.9, 151.5, 145.0, 139.8, 135.6, 129.3, 129.1, 128.0, 127.1, 124.1,
122.8,120.3,110.8, 104.7, 102.8, 62.2, 50.9, 30.6, 25.8 ppm. MS (ESI)
m/z [M + H'] caled for Co1H19N304 378.14 (100%), 379.14 (22.7%),
380.14 (2.5%), found 378.24 (100%), 379.22 (24.4%), 380.20 (1.4%);
purity (HPLC) = 98%.

(S)-1-(4,6-Dihydroxybenzofuran-2-carbonyl)-N-phenyl-
pyrrolidine-2-carboxamide (36i): 100 mg, 0.2 mmol, yield: 81%. mp:
80-85C. Rf=0.11 (DCM/MeOH 19:1 + 0.1% TFA). [()L]D20 =-32(c=5
in MeOH). 'H NMR: (300 MHz, DMSO-dg): 6 = 10.27-10.07 (m, 1H),
7.74-7.23 (m, 5H), 7.19-6.91 (m, 1H), 6.55-5.97 (m, 2H), 5.16-4.59
(m, 1H), 4.04-3.91 (m, 1H), 2.46-1.79 (m, 4H) ppm. °C NMR: (75
MHz, DMSO-dg): § = 170.5, 158.9, 156.9, 152.5, 145.6, 139.2, 128.7,
123.2, 119.5, 119.2, 110.2, 109.3, 98.3, 89.2, 61.6, 49.0, 29.4, 25.5
ppm. MS (ESI) m/z [M + Na'] caled for CogHyg N2Os 389.11 (100%),
390.11 (21.6%), 391.12 (2.2%), found 398.09 (100%), 390.09 (21.3%),
391.10 (1.2%); purity (HPLC) = 95%

(S)-1-(6,7-Dihydroxy-2-naphthoyl)-N-phenylpyrrolidine-2-car-
boxamide (36m): 90 mg, 0.24 mmol, yield: 96%. mp: 200-202 °C. R¢ =
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0.50 (DCM/MeOH 19:1 + 0.1% TFA). [alp?’ = —40 (c = 5 in MeOH). 'H
NMR: (300 MHz, DMSO-dg): § = 10.29-9.89 (m, 1H), 8.20-6.95 (m,
11H), 3.75-3.53 (m, 2H), 2.38-2.15 (m, 1H), 2.04-1.79 (m, 3H)
ppm.'*C NMR: (75 MHz, DMSO-dg): 5 = 170.8, 169.0, 148.2, 147.5,
139.3, 129.5 128.8, 127.7, 125.4, 125,1, 123.2, 121.8, 119.3, 110.3,
109.4, 60.9, 50.2, 29.8, 25.2 ppm. MS (ESI) m/z [M + H*] caled for
CooHyoN2O4 377.14 (100%), 378.15 (23.8%), 379.15 (2.7%), found
377.13 (100%), 378.13 (20.8%), 379.12 (1.4%) and [M—CgHeN']
284.11; purity (HPLC) = 99%
(S)-1-(5,6-Dihydroxybenzofuran-2-carbonyl)-N-phenyl-

piperidine-2-carboxamide (36n): 60 mg, 0.16 mmol, yield: 64%. mp:
81-83 °C. R¢ = 0.13 (DCM/MeOH 19:1 + 0.1% TFA). [alp?’ = +94 (c =
5 in MeOH). 'H NMR: (300 MHz, DMSO-dg): 5 = 9.99 (s, 1H), 9.46 (s,
1H), 9.06 (s, 1H), 7.65-7.54 (m, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.19 (s,
1H), 7.06 (t, J = 7.6 Hz, 1H), 6.99 (s, 1H), 6.92 (s, 1H), 5.18-5.09 (m,
1H), 4.41-4.26 (m, 1H), 2.27-2.15 (m, 1H), 1.84-1.64 (m, 3H),
1.58-1.40 (m, 2H), 1.28-1.10 (m, 1H) ppm. 3C NMR: (75 MHz,
DMSO-dg): 5 = 169.9, 160.7, 148.8, 146.8, 143.7, 138.9, 128.7, 123.5,
119.7, 118.0, 111.9, 105.8, 97.7, 20.2 ppm. MS (ESI) m/z [M + Na']
caled for C2yHaoN2Os 403.13 (100%), 404.13 (22.7%), 405.13 (2.5%),
found 403.22 (100%), 404.22 (22.1%), 405.20 (1.9%); purity (HPLC) =
97%

4.9. General procedure for the formation of sulfonamides

The respective amine educt (1.0 eq.) was dissolved in pyridine and
the corresponding sulfonyl chloride (1.0 eq.) was added portion-wise at
room temperature. After stirring for 16 h, the solvent was removed, and
the residue was purified by silica column chromatography.

(R)-N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-1-tosylpyrrolidine-
2-carboxamide (1b): 86 mg, 0.20 mmol, yield: 71%. mp: 205-209 °C.
R¢ = 0.25 (CH/EtOAc 1:1). [o]p*® = +113 (c = 10 in MeOH). 'H NMR:
(300 MHz, MeOD-dy4) § = 8.69 (d, J = 8.1 Hz, 2H), 8.31 (d, J = 8.1 Hz,
2H), 8.18-8.03 (m, 2H), 5.37-5.19 (m, 1H), 4.99 (q, J = 7.1 Hz, 1H),
4.62-4.41 (m, 1H), 4.32-4.10 (m, 2H), 3.04-2.76 (m, 4H), 2.66-2.44
(m, 1H) ppm. 3C NMR: (75 MHz, MeOD-d,) § = 172.5, 147.4, 145.8,
141.5,134.9, 131.1, 128.9, 123.5, 107.0, 106.7, 63.1, 50.6, 32.0, 25.7,
21.5 ppm. MS (ESI) m/z [M + H'] caled for Ci9H19N305S, 434.08
(100%), 435.08 (20.5%), 436.07 (9.0%), found 434.07 (100%), 435.03
(24.1%), 436.05 (12.7%); purity (HPLC) = 98%.

(S)-N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-2-(4-methyl-
phenylsulfonamido)propionamide (8a): 35 mg, 0.09 mmol, yield:
29%. mp: 185-190 °C. R¢ = 0.45 (CH/EtOAc 1:1). [o]p*’ =32 (c =5 in
MeOH). 'H NMR: (300 MHz, DMSO-dg) 6§ = 11.97 (s, 1H), 9.21 (s, 2H),
8.17 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.1 Hz,
2H), 7.20 (s, 1H), 7.09 (s, 1H), 4.16-3.99 (m, 1H), 2.22 (s, 3H), 1.18 (d,
J = 7.0 Hz, 3H) ppm. 3C NMR: (75 MHz, DMSO-dg) § = 170.4, 158.1,
157.7, 145.6, 143.9, 142.7, 137.8, 129.4, 126.5, 121.9, 106.5, 106.3,
51.6, 20.8, 18.6 ppm. MS (ESI) m/z [M + H'] calcd for C;7H;7N305S,
408.06 (100%), 409.06 (18.4%), 410.06 (9.0%), found 408.07 (100%),
409.06 (22.7%), 410.06 (10.6%); purity (HPLC) = 99%.

(R)-N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-2-(4-methyl-
phenylsulfonamido)propionamide (8b): 85 mg, 0.21 mmol, yield:
70%. mp: 196-199 °C. R¢ = 0.45 (CH/EtOAc 1:1). [a]p”™° = +30 (c =5 in
MeOH). 'H NMR: (300 MHz, DMSO-dg) § = 7.69-7.59 (m, 2H), 7.27 (d,
J=8.1Hz, 2H), 7.20 (s, 1H), 7.08 (s, 1H), 4.07 (q, J = 7.0 Hz, 1H), 2.21
(s, 3H), 1.17 (d, J = 7.0 Hz, 3H) ppm. '3C NMR: (75 MHz, DMSO-dg) 5 =
172.1, 170.4, 155.0, 145.5, 143.9, 142.7, 141.7, 137.8, 129.4, 126.5,
121.9, 106.4, 106.3, 51.5, 21.1, 18.7 ppm. MS (ESI) m/z [M + H*] caled
for C17H17N305S, 408.06 (100%), 409.06 (18.4%), 410.06 (9.0%),
found 408.15 (100%), 409.08 (20.6%), 410.14 (10.6%); purity (HPLC)
= 99%.

(S,S)-N-(5,6-Dihydroxybenzo [d] thiazol-2-y1)-3-methyl-2-(4-
methylphenylsulfonylamido)pentanoicamid (8c): 47 mg, 0.10
mmol, yield: 39%. mp: 253-256 °C. R¢ = 0.35 (CH/EtOAc 1:1). [a]p° =
-30 (¢ = 5 in MeOH). 'H NMR: (300 MHz, DMSO-dg) § = 11.93 (s, 1H),
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9.14 (s, 2H), 8.05 (d, J = 9.2 Hz, 1H), 7.62 (d, J = 8.2 Hz, 2H), 7.21-7.12
(m, 3H), 7.08 (s, 1H), 3.92-3.72 (m, 1H), 2.07 (s, 3H), 1.73-1.62 (m,
1H), 1.56-1.39 (m, 1H), 1.15-0.97 (m, 1H), 0.83-0.63 (m, 6H) ppm. 13C
NMR: (75 MHz, DMSO-dg) § = 169.6, 154.7, 145.5, 143.9, 142.5, 141.8,
137.7, 129.2, 126.6, 122.0, 106.5, 106.2, 60.1, 36.7, 24.2, 20.7, 14.9,
10.2 ppm. MS (ESI) m/z [M + H'] caled for CyoH23N305S; 450.11
(100%), 451.11 (21.6%), 452.10 (9.0%), found 450.22 (100%), 451.10
(22.7%), 452.17 (12.0%); purity (HPLC) = 96%.

(S)-N-(5,6-Dihydroxybenzo [d] thiazol-2-y1)-3,3-dimethyl-2-(4-
methylphenylsulfonamido)butyricamide (8d): 80 mg, 0.18 mmol,
yield: 34%. mp: 254-256 °C. R¢ = 0.43 (CH/EtOAc 1:1). [a]p?° = -29 (¢
= 10 in MeOH). 'H NMR: (300 MHz, DMSO-de) 5 = 11.83 (s, 1H), 9.13
(s. 2H), 7.92 (s. 1H), 7.63 (d, J = 8.1 Hz, 2H), 7.17 (s, 1H), 7.11 (d, J =
8.1 Hz, 2H), 7.07 (s, 1H), 3.80 (s, 1H), 1.95 (s, 3H), 0.89 (s, 9H) ppm. 13C
NMR: (75 MHz, DMSO-dg) § = 168.4, 165.6, 145.5, 143.8, 142.5, 141.8,
137.4,129.0,126.8,121.9, 106.4, 106.2, 63.6, 34.3, 26.2, 20.6 ppm. MS
(ESI) m/z [M + H'] caled for CooHa3N3OsS, 450.11 (100%), 451.11
(21.6%), 452.10 (9.0%), found 450.10 (100%), 451.07 (23.7%), 452.10
(11.5%); purity (HPLC) = 98%.

(S)-N-(5,6-Dihydroxybenzo [d] thiazol-2-yl)-2-(4-methyl-
phenylsulfonamido)-3-phenylpropionamide (8e): 40 mg, 0.09
mmol, yield: 35%. mp: 209-213 °C. R¢ = 0.28 (CH/EtOAc 1:1). [a]p*° =
+8 (¢ = 5 in MeOH). 'H NMR: (300 MHz, DMSO-dg) § = 12.10 (s, 1H),
8.32 (d, J = 9.2 Hz, 1H), 7.41 (d, J = 8.2 Hz, 2H), 7.23-7.12 (m, 6H),
7.12-7.05 (m, 3H), 4.42-4.20 (m, 1H), 3.02-2.87 (m, 1H), 2.81-2.68
(m, 1H), 2.13 (s, 3H) ppm.'>C NMR: (75 MHz, DMSO-d) 6 = 169.6,
154.9, 145.6, 144.0, 142.4, 141.8, 137.7, 136.5, 129.3, 129.2, 128.1,
126.6, 126.4, 122.0, 106.5, 106.3, 57.4, 38.1, 20.8 ppm. MS (ESI) m/z
[M + H'] caled for Ca3Ha1N305S; 484.09 (100%), 485.10 (24.9%),
486.09 (9.0%), found 484.22 (100%), 485.10 (26.3%), 486.17 (13.2%);
purity (HPLC) = 97%.

(S)-3-(Benzylthio)-N-(5,6-dihydroxybenzo [d] thiazol-2-yl)-2-(4-
methylphenylsulfonamido)propionamide (8f): 30 mg, 0.05 mmol,
yield: 32%. mp: 137 °C. R¢ = 0.26 (CH/EtOAc 1:3). [alp?’ =-96 (c = 1
in MeOH). 'H NMR: (300 MHz, DMSO-dg) & = 8.39 (d, J = 8.4 Hz, 1H),
7.68 (d, J = 7.7 Hz, 2H), 7.35-7.18 (m, 5H), 7.13 (dd, J = 7.7, 2.1 Hz,
4H), 4.32-4.19 (m, 1H), 4.08-3.92 (m, 1H), 3.68 (s, 2H), 3.19 (s, 1H),
2.44 (s, 3H), 2.17 (s, 1H) ppm. 13C NMR: (75 MHz, DMSO-dg) § = 174.2,
168.6, 164.5, 154.7, 153.3, 145.5, 144.6, 144.0, 142.9, 142.7, 137.7,
129.3, 128.8, 128.3, 126.9, 126.6, 126.1, 121.9, 106.8, 106.3, 58.0,
55.2, 34.4, 20.8. ppm. MS (ESI) m/z [M + H'] calced for Co4H,3N305S3
530.08 (100%), 531.08 (26.0%), 532.08 (9.0%), found 530.08 (100%),
531.08 (29.6%), 532.08 (17.6%); purity (HPLC) = 99%.
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