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ABSTRACT

An exploration of the chemical space around a 2,5-dimethylpyrrole scaffold of antitubercular
hit compound 1 has led to the identification of new derivatives active against Mycobacterium
tuberculosis (M. tuberculosis) and multidrug-resistant clinical isolates. Analogues
incorporating a cyclohexanemethyl group on the methyleneamine side chain at C3 of the
pyrrole core, including 5n and Sq, exhibited potent inhibitory effects against the M.
tuberculosis strains, substantiating the essentiality of the moiety to their antimycobacterial
activity. In addition, selected derivatives showed promising cytotoxicity profiles against human
pulmonary fibroblasts and/or murine macrophages, proved to be effective in inhibiting the
growth of intracellular mycobacteria, and elicited either bactericidal effects, or bacteriostatic
activity comparable to 1. Computational studies revealed that the new compounds bind to the

putative target, MmpL3, in a manner similar to that of known inhibitors BM212 and SQ109.
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1. Introduction

Tuberculosis (TB) remains a grave global health security threat and is now the second
preeminent cause of mortality from a single infectious agent, after COVID-19. The ongoing
coronavirus pandemic adds fuel to the fire and may conceivably jeopardise past gains on its
containment. According to the latest World Health Organization (WHO) estimates, 10 million
people developed TB in 2020 and 1.5 million died (up from 1.4 million deaths in 2019) [1].
Over the years, the rampant emergence of drug resistance in the causative pathogen,
Mycobacterium tuberculosis (M. tuberculosis), has been an encumbrance on global
commitments to end TB [2,3]. Current treatment regimens for TB disease rely on combination
of mainly decades-old drugs and are associated with suboptimal efficacy, toxicity, long
duration and poor adherence which may ultimately lead to drug-resistant cases [4,5]. The
treatment of drug-susceptible TB comprises a 2-month initial phase which requires a cocktail
of four first-line drugs (isoniazid, rifampicin, ethambutol and pyrazinamide), continued by a 4-
month or longer phase involving isoniazid and rifampicin to eliminate dormant bacilli [6,7].
Multidrug-resistant (MDR), pre-extensively drug-resistant (pre-XDR) or extensively drug-
resistant (XDR) TB therapy involves much more toxic and expensive drugs and is tainted by a
diminished chance of success [8,9]. As evidenced by the latest global data, success rates for
the treatment of drug-resistant TB are unsatisfactory (~ 57% for MDR- or rifampicin-resistant
TB) in comparison to drug-susceptible cases (~ 85%) [1,8]. Inasmuch as available TB antibiotic
therapies have provided some relief, they fall short of curbing the recalcitrance of M.
tuberculosis, and this highlights the unmet medical need [2,3]. Potential anti-TB agents
continue to emerge as reflected by the 2020 global clinical development pipeline which consists
of 22 drugs in total; recently updated to 25 drugs in August 2021[1,8,10]. Two candidates
(bedaquiline and delamanid) have only recently received accelerated approval for the treatment
of drug-resistant forms of TB. More recently, the WHO has recommended pretomanid (a
nitroimidazole developed by TB Alliance), under operational research conditions, for the
treatment of fluoroquinolone-resistant MDR-TB (pre-XDR) in combination with bedaquiline
and linezolid [8,11]. Other drug candidates in the pipeline are either repurposed drugs including
levofloxacin, or novel compounds such as diarylquinoline TBAJ-876 (a 3,5-dialkoxypyridine
analogue of bedaquiline), ethylenediamine SQ109, and benzothiazinone BTZ043 and its
optimized analogue, macozinone; some of these represent previously unexplored
targets/pathways and/or new chemical classes [8,10,12]. Although new TB drug treatments are

on the horizon, the fact that M. tuberculosis not only displays resistance to existing anti-TB



drugs but also to some of the candidates currently undergoing advanced clinical trials,
accentuates the need for innovative and intensified drug discovery efforts.

In efforts to expedite the launch of new and effective anti-TB drugs, multiple drug discovery
campaigns are homing in on strategies that offer the prospect of capitalizing on previous
research gains as opposed to conventional approaches such as target-based high-throughput
methods [13—-17]. With an eye toward identifying new antibacterial chemical entities, we
adopted a molecular hybridization strategy at the outset focusing on the antitubercular 1,5-
diarylpyrrole BM212 and the clinical candidate SQ109, by virtue of the fact that both target
the mycolic acid transporter protein MmpL3 and they have similar topological distribution of
their chemical features as previously revealed by in silico modelling [18]. By retaining the rigid
scaffold of BM212 as the template and carrying out modifications with respect to the flexible
structure of SQ109, we successfully generated distinct sets of hybrids endowed with activity
against M. tuberculosis, MDR-TB clinical isolates and/or a panel of Gram-positive and Gram-
negative bacteria. The investigations were pivotal in identifying the 2,5-dimethylpyrrole
scaffold as one of the key features requisite for antimycobacterial activity, wherein further
optimization led to the identification of 1 with enhanced potency against M. tuberculosis and

intracellular mycobacteria (Fig. 1) [18-21].
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Fig. 1. Rationale behind this work and the strategy adopted in designing analogues of 1.

Altogether, these findings have provided the impetus for further investigation of 1. Herein, we
report a more extensive structure-activity relationship (SAR) interrogation of 1 with the aim to

identify new antitubercular compounds eligible for hit-to-lead development (Fig. 1).

2. Results and discussion



2.1. Chemistry

SAR considerations deduced from our previous works only underscored the indispensability
of the 2,5-dimethylpyrrole scaffold of 1 to antimycobacterial activity and suggested the benefit
of having bulky, aliphatic and lipophilic substituents on the methyleneamine side chain on C3
of the pyrrole [18-21]. On that account, next we sought to expand the scope of the investigation
focusing on the N1 position and C3 of the pyrrole nucleus as key sites for diversification (Fig.
1). To better understand the importance of the presence of an N-phenyl moiety as determined
previously, which may favour n—= interactions and H-bonding with respect to binding to
biological targets [20], it was decided to replace it with non-planar puckered cycloalkanes.
Furthermore, the N-phenyl moiety was replaced with other rings including pyridine to
incorporate heteroaromaticity, as well as with more flexible benzyl or picolyl moieties to
interrogate whether free rotation at that position has any effect. The synthesis of this series of
pyrrole derivatives Sa-r was achieved through an adaptation of classical synthetic methods as

previously reported (Scheme 1 and Table 1) [20,21].
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Scheme 1. Synthetic route followed for the synthesis of pyrroles Sa-r.

The synthetic route started from microwave-assisted Paal-Knorr pyrrole synthesis through
condensation of commercially available 2,5 hexadione 2 with the appropriate primary amines.
The corresponding pyrroles 3a-k were then formylated under Vilsmeier-Haack reaction
conditions involving an in situ generation of the formylating agent from DMF and phosphorus
oxychloride. Subsequently, the formylated pyrroles 4a-k and appropriate amines were
subjected to reductive amination using Na(AcO):BH as a reducing agent to afford the desired
analogues S5a-r. The derivative Sr was designed as a hybrid of the N-phenyl-2,5-
dimethylpyrrole scaffold with the antitubercular drug isoniazid. Another set of pyrroles Ss-ab



was distinctly designed with the aim to impart some degree of hydrophilicity and to further
investigate structural diversity at the N1 and C3 positions (Table 1). In essence, either a polar
guanidine functional group or a primary amine was introduced on a cyclic or acyclic aliphatic
side chain terminating the methyleneamine on C3. In addition, various polar para substituents
on the N-phenyl ring were explored to determine whether their electronic and steric factors
have any preponderant role on activity. The preparation of this series of pyrrole derivatives Ss-
ab was carried out using the synthetic routes described in Schemes 2-5. The synthesis of the
pyrroles 5t-x bearing a guanidine chain involved previous preparation of aminoalkylguanidines
7a-c from the reaction of 1,3-di-boc-2-trifluoromethylsulfonyl guanidine 6 with the appropriate

amine under basic conditions (Scheme 2).
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Scheme 2. Preparation of aminoalkylguanidines 7a-c.

The synthesis of derivatives Sv and Sy involved an O-alkylation of the N-phenol moiety of 9
with tert-butyl-chloroacetate 10 in the presence of Nal, followed by reductive amination with
the appropriate amine and fert-butyl or Boc-deprotection using HCI/AcOEt (Scheme 3). The
carbaldehyde 13 was obtained from intermediate 12 under Vilsmeier-Haack conditions. Both
the formylation of the pyrrole ring and the formation of the dimethyl amide chain were
achieved at the same time by treating 12 with POCl3; in DMF. Finally, the reaction of 13 with
cyclohexylamine under reductive amination conditions led to derivative Ss, while its reaction
with di-Boc-guanidine 7b followed by Boc-deprotection using HCI/AcOEt afforded St
(Scheme 3). Derivatives 5z and Saa were synthesised using a slightly different synthetic route
as depicted in Scheme 4. The pyrrole intermediates were obtained through microwave-assisted
Paal-Knorr condensation between 2,5-hexanedione 2 and fert-butyl-4-aminobenzoate 14 using
different organic solvents. Ethanol was used for the synthesis of intermediate 15, playing a key
role as a reagent since it displaced the tert-butyl group from 14, while THF was used to afford

intermediate 16. Subsequently, treatment of both pyrrole intermediates 15 and 16 with



formaldehyde, glacial acetic acid and commercially available cyclohexylamine, under
Mannich reaction conditions, afforded the derivatives 5z and 17. The final step for the synthesis
of derivative 5aa involved a tert-butyl ester-cleavage of 17 with a freshly prepared HCI/AcOEt

solution.
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Finally, the guanidine and amino derivatives Su, Sw, 5x and 5ab were obtained by following
the synthetic route reported in Scheme 5. The aldehyde 4k, synthesised as previously reported,
was reacted with the appropriate Boc-protected amines and guanidines under reductive
amination conditions, followed by deprotection in HCI/AcOEt yielding derivatives Su, Sw, 5x

and 5ab as hydrochloric salts.
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Scheme 5. Synthesis of derivatives Su, Sw, 5x and 5ab.

2.2. Biological evaluation

2.2.1. In vitro antimycobacterial activity

The library of pyrrole compounds 5a-ab was first screened in vitro for growth inhibition of M.
tuberculosis  (H37Rv). Generally, the tested compounds exhibited significant
antimycobacterial activity with minimum inhibitory concentration (MIC) that inhibited 90% of

bacterial growth in the range 0.40->25 pg/mL (Table 1).

Table 1. Structures of the 2,5-dimethylpyrrole derivatives Sa-ab and their minimum inhibitory concentration

(MICoo)* against M. tuberculosis (H37Rv).
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2The results are mean =+ standard deviation of three independent tests; MOX = moxifloxacin, INH = isoniazid. MICs
determined in vitro by a 96-well microtiter plate assay.

All the derivatives (5a, Se, 5j, 5Sn and 5q) bearing a cyclohexanemethyl moiety on the

methyleneamine side chain at C3 of the pyrrole nucleus, displayed an MICo less than 10



pg/mL apart from the N-(2-pyridyl)- and N-(a-picolyl)-substituted analogues (Sb and Sh,
respectively). These observations are congruent with our previous SAR deductions [20], and
re-emphasize the essentiality of a cyclohexanemethyl group on the methyleneamine side chain
while they seem to suggest that a pyridine moiety at the N1 position is unfavourable. Notably,
the lowest MICqg values corresponded to compounds with either a cyclohexyl (Sa 1.74 pg/mL),
a 4-chlorobenzyl (Se 1.39 pg/mL), a 4-fluorobenzyl (5n 0.73 pg/mL) or a 2-benzothiazolyl (5q
0.40 pg/mL) ring on the N1 position, thus suggesting that the replacement of the N-phenyl
group with other rings is to some extent tolerated. Interestingly, analogue 5r, obtained by
molecular hybridization of the N-phenyl-2,5-dimethylpyrrole scaffold with isoniazid,
displayed the second most potent antimycobacterial activity (0.49 pg/mL). On the other hand,
analogues bearing a benzyl moiety on the methyleneamine side chain at C3 (5d, Sm and Sp)
were less potent than their cycloalkyl counterparts, as was foreseeable. The introduction of
more polar substituents on the methyleneamine side chain including those incorporating a
guanidine functionality generally led to a decrease in antimycobacterial potency, while the
derivative 5x with an acyclic group stood out (MICy of 3.58 pg/mL). Moreover, the presence
of bulkier, more electron-withdrawing and polar groups on the para position of the N-aryl ring
(as exemplified by Ss, Sy and 5aa) in place of a halide substituent, appeared less desirable.
Taken together, these SAR results indicate that lipophilicity is positively implicated in the
antimycobacterial activity of the 5a-5ab series. The presence of a pyridine ring on the pyrrole
nitrogen as well as of guanidine/amine groups on either the N-phenyl ring or the side chain has
yielded compounds with lower biological activities, while an increased lipophilicity of the N-

pyrrole substituents led to more potent derivatives like 5q.
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Fig. 2. Correlation between MIC and ClogP values of pyrroles 5Sa-5ab. The most active compounds Sn, 5q and
Sr are highlighted in red.

A good linear correlation between the ClogP and MIC values of the pyrrole derivatives has
been observed in the 5a-Sab series (Fig. 2), clearly showing that compounds with higher
lipophilicity present higher antimycobacterial activity. This direct correlation could partly be
attributed to the lipophilic nature of the M. tuberculosis cell wall, which allows compounds
with higher lipophilicity to permeate more readily and to reach their site of action. Compound
Sr, despite presenting a pyridine ring on its side chain, still showed high antitubercular activity.
It is plausible that in this specific case, Sr behaves like a prodrug releasing isoniazid, which is

in turn responsible for the observed MIC.
2.2.2. Cytotoxicity and Selectivity Index (SI)

Pyrrole derivatives displaying an MICyo lower than 10 pg/mL were further tested for
cytotoxicity against human pulmonary fibroblasts (MRC-5 cell line - ATCC CCL-171) and
murine macrophages (J774A.1 cell line - ATCC TIB-67), and selectivity indices were
determined to rule out compounds with potential cytotoxic effects (Table 2). All three best hit
compounds (5n, 5q and 5r) were selective against both cell lines. Compound Sr showed an
excellent SI of 144.86 (macrophages) and 177.29 (fibroblasts), almost 7 times higher than that
of the most potent compound 5q. Analogues Sa, 5g and 5i displayed SI higher than 10 against
murine macrophages or fibroblasts, but not against both cell lines. The rest of the compounds
including guanidine-incorporating derivatives (5t and 5x) had very low SI values indicative of

poor cytotoxicity profiles.

Table 2. Cytotoxicity and selectivity index of selected derivatives against human pulmonary fibroblasts and

murine macrophages.

MICop ICso® I1Cso”
Cmpd H37RV ATCC TIB-67 SI¢ ATCC CCL-171 SI¢
(ng/mL) (ng/mL) (ng/mL)
5a 1.74 11.99+0.08 6.89 26.70£9.00 15.35
Se 1.39 5.92+0.53 4.25 10.75+1.04 7.71
5f 7.94 17.56+£0.71 2.21 33.34+4.94 4.20
S5g 6.04 60.64+4.24 13.53 23.4444.16 5.23
5i 5.58 94.02+5.98 15.75 13.71£2.24 2.30
5j 4.88 25.06+12.12 5.13 15.58+2.57 3.19
Sm 6.96 15.69+4.95 2.26 16.16+2.26 2.32

10



S5n 0.73 9.88+3.10 13.57 20.98+10.11 28.82

So 6.58 13.44+3.91 2.04 18.26+3.26 2.78
5q 0.40 8.47+0.86 21.18 10.31+1.41 25.81
Sr 0.49 78.52+8.81 144.86 96.09+1.09 177.29
5t 8.91 12.77 £ 2.81 1.43 36.01 +£3.02 4.04
S5x 3.58 13.02 +£2.23 3.64 32.43+7.49 9.06
Sz 5.14 9.17+0.61 1.78 19.93 £ 1.94 3.87
MOX 0.07 14.56+1.34 208.96 > 100 1434.89

The results are mean + standard deviation of three independent tests. *Cytotoxicity against murine macrophages (J774A.1 cell
line - ATCC TIB-67) at 24h; *Cytotoxicity against human pulmonary fibroblasts (MRC-5 cell line - ATCC CCL-171) at 24h;
¢Calculated as the ratio between 1Csp and MICoy.

2.2.3. Activity against drug-resistant M. tuberculosis clinical isolates

Next, selected candidates were screened against a panel of drug-resistant clinical isolates
(Table 3). Intriguingly, all compounds retained considerable activity against the MDR-TB and
isoniazid-resistant clinical isolates, except for the isoniazid hybrid (Sr MICo >25) that
displayed the next best activity against M. tuberculosis (H37Rv) and the least cytotoxic effects.
The hybrid 5r showed no activity against the drug-resistant strains, thus indirectly supporting
the hypothesis that it may act as a prodrug releasing isoniazid inside the mycobacterial cells
following hydrolysis. Among the tested analogues, Sg, 5i and 5n demonstrated the most
superior overall activity.

Table 3. MICoo (ng/mL) of selected analogues and clinical antibiotics against M. tuberculosis (H37Rv) and five
drug-resistant clinical isolates.*

Cmpd H37Rv CF16 CFel CF76 CF152 CF161

I T I v \%

Sg 6.04+0.22 8.7042.87 10.1542.61  9.1342.91 432£591 9.94+1.48

Si 5.58+0.24 7514326 9.16£2.03  8.184221  635:0.66  6.12+0.07

Sn 0.7340.58 7.6943.39 038240 18.80:637 7.53+2.05  7.31:2.21

5q 0.40+0.16 20114272 23514090 19.62+6.43 10.93+1.07 13.62+5.00
Sr 0.49+0.26 > 25 >25 >25 >25 >25
RIF 0.05+0.03 0.2040.12 >25 >25 >25 25
INH 0.1140.01 25 >25 >25 25 25

MOX <0.098 0.14+0.03 02740.16  0.20+0.10  0.57+0.13  0.17+0.02

AMK 0.2540.08 0.2240.12 0914036  0.25:0.09 0.1940.13  0.24+0.08

11



Sensitive Resistant to

Classification o MDR-TB MDR-TB MDR-TB MDR-TB
strain isoniazid

RIF = rifampicin; INH = isoniazid; MOX = moxifloxacin; AMK = amikacin. *The MIC was determined by a 96-well

microdilution assay and resazurin was used as an indicator of bacterial viability. The results are mean + standard deviation of
three independent tests.

2.2.4. Time-kill kinetics

A time-kill assay was then conducted in order to determine whether the best compounds were
bactericidal or bacteriostatic [22]. The mean of the untreated control at day 12 was 7.54 Logio
CFU/mL (Fig. 3). Thus, for a compound to be considered bactericidal it should have a count
lower than 4.54 Logio CFU/mL, which represents 99.9% reduction of the bacterial inoculum.
All the compounds were evaluated at 1 x MIC, only 5g (3.94 Logio CFU/mL) and 5i (2.65
Logio CFU/mL) were considered bactericidal, while the others (5n, Sq and 5r) presented a
bacteriostatic effect. At the concentration tested (0.07 pg/mL), moxifloxacin showed no
inhibition of mycobacterial growth. However, it is worth mentioning that usually the

bactericidal/bacteriostatic action is concentration-dependent and this further highlights the

great potential of 5g and Si [23].
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Fig. 3. Time-kill of Mycobacterium tuberculosis challenged with the compounds: 1 (0.32 pg/mL), Sg (4.48
pg/mL), 5i (5.97 pg/mL), 5n (0.73 pg/mL), 5q (0.40 pg/mL), 5r (0.49 pg/mL), and Moxifloxacin (MOX) (0.07
pg/mL).

2.2.5. Activity against intracellular M. tuberculosis

Given that M. tuberculosis has the ability to survive and replicate within macrophages [24], the
compounds that exhibited an all-round superior biological profile, including significant
antimycobacterial activity against either drug-sensitive or drug-resistant M. tuberculosis
clinical isolates as well as low cytotoxicity, were further assessed for their ability to penetrate
cell membranes and inhibit intracellular bacilli. In general, the compounds exhibited moderate
to remarkable growth inhibition of intramacrophagic M. tuberculosis, with the exception of Si

bearing a benzyl group on the methyleneamine side chain (Fig. 4).
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Furthermore, in some instances, their intramacrophagic activity exceeded that of reference
antibiotics isoniazid and moxifloxacin. It is worth mentioning that the change in the percentage
of inhibition of intracellular bacilli for both Sg and 5q were the best results in this evaluation,

unfortunately higher concentrations could not be tested due to cytotoxicity.

2.3. Molecular docking

Finally, molecular docking simulations were carried out to rationalise the activity profiles
observed. Having designed the pyrrole series using the drugs SQ109 and BM212 as templates,
a similar mode of action, namely, inhibition of the mycolic acid transporter MmpL3, was
hypothesised. The cryo-EM structure of MmpL3 from M. tuberculosis [25] was used to
perform molecular docking simulations to find the putative binding mode of the new pyrroles
(Figs. 5 and S1, Table S1). The structure of BM212 and SQ109 were used for comparison. In
agreement with previous results, the new pyrroles were able to occupy the same binding pocket

on M. tuberculosis already described for SQ109, BM212, and our previous hybrid pyrroles

[20], and showed two alternative binding poses that were different in terms of docking scores.

P
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Fig. 5. Docking poses of pyrrole 5n into the cryo-EM structure of MmpL3 from Mycobacterium tuberculosis. A)
The N-aryl substituent is accommodated within a hydrophobic pocket defined by Leu243, Leu699, Ala700,
Leu703, and Leu637, while the cyclohexyl ring at the opposite edge is located within another hydrophobic pocket
delimited by Tyr252, Tyr641, and Phe644. Asp251 and the basic nitrogen atom of Sn give a charge-reinforced
hydrogen bond; B) A ligand interaction diagram showing the interaction between the binding site and Sn; C)
Alternative binding pose of the inhibitor within the same binding site. Positions of the terminal edges of 5n
undergo a reciprocal replacement within the two hydrophobic pockets of the binding site; D) A ligand interaction
diagram showing the interaction between the binding site and the alternative binding pose of Sn.

The most representative pose for pyrrole Sn was characterized by the N/-aryl moiety within a
hydrophobic pocket defined by Leu243, Leu699, Ala700, Leu703 and Leu637 (Figs. SA and
5B). Moreover, the C3 side chain at the opposite molecular edge was located within another
hydrophobic pocked delimited by Tyr252, Tyr641, and Phe644. Lastly, a charge-reinforced
hydrogen bond between the Asp251 side chain and the basic protonatable amino group at the
C3 of the inhibitors was an additional common interaction. An alternative pose of Sn showed
an opposite orientation of the phenyl and cyclohexyl molecular edges within the two
hydrophobic pockets. An additional n—mn stacking between the pyrrole nucleus and the phenyl
ring of Tyr641 was also found in the alternative orientation (Figs. 5C and 5D). These results
from docking simulations clearly suggested that the new pyrroles could be able to bind a pocket

within the MmpL3 structure.

3. Conclusions

A series of new 2,5-dimethylpyrroles designed as analogues of 1 were subjected to phenotypic
whole-cell screening which revealed their inhibitory potency against M. tuberculosis. Three
hits (5n, 5q and 5r) showed high activity with an MICoy below 1 pg/mL, as well as low
cytotoxicity against macrophages and pulmonary fibroblasts. Furthermore, the most active
derivatives demonstrated promising activity against a panel of MDR-TB clinical isolates,
notable growth restriction of intracellular M. tuberculosis, and presented either bacteriostatic
or bactericidal effects at 1 x MIC. Derivative Sr showed an excellent activity against M.
tuberculosis and a high SI of about 145 and 177 against macrophages and pulmonary
fibroblasts, respectively. However, the low activity of S5r against MDR-TB clinical isolates
suggests that it may be a prodrug of isoniazid. Finally, molecular docking studies have been
carried out on MmpL3 as the plausible target of the new pyrroles, which suggested a binding
mode similar to that of the parent drugs BM212 and SQ109. In conclusion, this work provided
an extensive SAR study on 2,5-dimethylpyrrole compounds, highlighting the key functional

groups needed for antitubercular activity against wild-type, MDR and intracellular
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mycobacteria. Three compounds, Sn, 5q and Sr, together with the hit pyrrole 1, will be used in

follow-on pre-clinical studies.
4. Experimental section
4.1. Chemistry

4.1.1. General

All reagents and solvents were purchased from commercial suppliers and utilized without
further purification. Chemical reactions were carried out under a nitrogen atmosphere in over-
dried glassware unless stated otherwise. The reactions were monitored by TLC using
commercially available pre-coated plates and visualized with UV light at 254 nm; KMnO4 was
used to reveal the products. Flash column chromatography was carried out using Sigma Aldrich
silica gel (particle size 40-63 um, pore size 60 A). '"H NMR and *C NMR spectra were
recorded with a Bruker Ascend 400 spectrometer, at room temperature (rt) operating at the
frequencies indicated. Chemical shifts are expressed in parts-per-million (ppm) relative to the
internal solvent peak or tetramethylsilane (TMS). Coupling constants (J) are reported in Hertz
(Hz). Spin multiplicities are denoted by the following abbreviations and combinations thereof:
s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) and br (broad). HPLC analysis was
carried out using a Perkin-Elmer 1100 HPLC system coupled with UV/Vis set to 254 nm.
HRMS (high-resolution mass) were measured on a Thermo Q-Exactive mass spectrometer with
an ESI source. Compounds 3a, 3c-e and 4b-c were synthesized according to previously
described methodologies [26-31]. All final compounds showed >95% purity, determined by
HPLC analysis, before being submitted for biological assays.

4.1.2. General procedure for the synthesis of pyrroles 3, 8, 15 and 16. The pyrrole scaffolds

were synthesized as described in the literature [19,32].

4.1.2.1. I-cyclohexyl-2,5-dimethyl-1H-pyrrole (3a). (Used in the next step without further

purification)

4.1.2.2. 2-(2,5-dimethyl-1H-pyrrol-1-yl)pyridine (3b). Yield: 36%. 'H NMR (400 MHz,
CDClz) 8.46-8.44 (m, 1H), 7.67-7.63 (m, 1H), 7.13-7.11 (m, 1H), 7.07-7.05 (d, J = 7.9 Hz,
1H), 5.77 (s, 2H), 2.00 (s, 6H) ppm. 3*C NMR (100 MHz, CDCl3) 6 151.8, 149.1, 137.7, 128.2,
122.1, 121.7, 106.7, 12.9 ppm.
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4.1.2.3. 1-(4-chlorobenzyl)-2,5-dimethyl-1H-pyrrole (3c). (Used in the next step without

further purification)

4.1.2.4. 2,5-dimethyl-1-(1-phenylethyl)-1 H-pyrrole (3d). (Used in the next step without further

purification)

4.1.2.5. 2-((2,5-dimethyl-1H-pyrrol-1-yl)methyl)pyridine (3e). (Used in the next step without

further purification)

4.1.2.6. 2,5-dimethyl-1-(4-methylbenzyl)-1H-pyrrole (3f). Yield: 80%.'H NMR (400 MHz,
CDCl3) 6 7.13 (d, J = 6.0 Hz, 2H), 6.82 (d, J= 9.0 Hz, 2H), 5.89 (s, 2H), 5.00 (s, 2H), 2.34 (s,
3H), 2.17 (s, 6H) ppm. *C NMR (100 MHz, CDCl3) § 136.4, 135.4,129.3, 127.8, 125.5, 105.2,
46.4, 20.9, 12.4 ppm.

4.1.2.7. 1-cyclopentyl-2,5-dimethyl-1H-pyrrole (3g). Yield: 42%. '"H NMR (400 MHz, CDCl5)
8 5.95 (s, 2H), 4.74-4.70 (m, 1H), 2.49 (s, 6H), 2.25-2.08 (m, 6H), 1.90-1.85 (m, 2H) ppm. 1*C
NMR (100 MHz, CDCls) 6 128.1, 106.2, 56.4, 31.4, 25.2, 14.3 ppm.

4.1.2.8. 1-(4-fluorobenzyl)-2,5-dimethyl-1H-pyrrole (3h). Yield: 68%. '"H NMR (400 MHz,
CDCl3) 6 7.00-6.95 (m, 2H), 6.85-6.81 (m, 2H), 5.85 (s, 2H), 4.96 (s, 2H), 2.13 (s, 6H) ppm.
BC NMR (100 MHz, CDCl3) 162.9, 134.0, 127.7, 127.0, 115.5, 105.4, 45.9, 12.2 ppm.

4.1.2.9. 1-(cyclohexylmethyl)-2,5-dimethyl-1H-pyrrole (3i). Yield: 41%. '"H NMR (400 MHz,
CDCl3) 6 5.77 (s, 2H), 3.55-3.54 (d, J = 7.1 Hz, 2H), 2.21 (s, 6H), 1.74-1.63 (m, 7H), 1.21-
1.17 (m, 4H) ppm.

4.1.2.10. 2-(2,5-dimethyl-1H-pyrrol-1-yl)benzo[d]thiazole (3j). Yield: 43%. 'H NMR (400
MHz, CDCIl3) 6 7.60-7.54 (m, 2H), 7.34-7.32 (td, J = 7.7 Hz, 1H), 7.16-7.12 (m, 1H), 5.30 (s,
2H), 2.19 (s, 6H) ppm.

4.1.2.11. 1-(4-chlorophenyl)-2,5-dimethyl-1H-pyrrole (3k). Yield: 43%. 'H NMR (400 MHz,
CDCl3) 6 7.46 (d, J = 8.8 Hz, 2H), 7.20 (d, J = 8.7 Hz, 2H), 5.92 (s, 2H), 2.05 (2 s, 6H) ppm.
3C NMR (100 MHz, CDCl3) 8 133.4, 129.3, 128.8, 105.9, 77.0, 76.7, 13.0 ppm.

4.1.2.12. 4-(2,5-dimethyl-1H-pyrrol-1-yl)phenol (8): Yield 76%. '"H NMR (400 MHz, CDCl5)
0 7.07 (d, J= 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 5.88 (s, 2H), 5.18 (br. s, 1H), 2.01 (s, 6H)
ppm. C NMR (100 MHz, CDCI3) 6 155.1, 132.0, 129.6, 129.2, 115.9, 105.4, 13.1 ppm.
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4.1.2.13. ethyl 4-(2,5-dimethyl-1H-pyrrol-1-yl)benzoate (15). Yield: 72%. "H NMR (400 MHz,
CDCl3) 6 8.16 (d, J = 8.7 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H), 5.93 (s, 1H), 4.42 (q, /= 7.1 Hz,
2H), 2.05 (s, 6H), 1.42 (t, J = 7.2 Hz, 3H) ppm. *C NMR (100 MHz, CDCl3) § 166.1, 143.2,
130.6, 129.8, 128.8, 128.2, 106.6, 61.4, 14.5, 13.2 ppm.

4.1.2.14. tert-butyl 4-(2,5-dimethyl-1H-pyrrol-1-yl)benzoate (16). Yield: 94%. 'H NMR (400
MHz, CDCl3) & 8.09 (d, J = 8.6 Hz, 2H), 7.26 (d, J = 8.6 Hz, 2H), 5.92 (s, 2H), 2.04 (s, 6H),
1.62 (s, 9H) ppm. 3C NMR (100 MHz, CDCI3) & 142.8, 131.3, 130.5, 128.8, 128.1, 108.5,
81.6,28.3, 13.2 ppm.

4.1.3. Synthesis of tert-butyl 2-(4-(2,5-dimethyl-1H-pyrrol-1-yl)phenoxy)acetate (12). To a
stirred solution of 4-(2,5-dimethyl-1H-pyrrol-1-yl)phenol 8 (2.67 mmol) in acetone (10 mL),
K>CO3 (8.0 mmol) was added and the resulting mixture was allowed to stir at room temperature
for 30 minutes. After that, ters-butyl chloroacetate 10 (2.93 mmol) and sodium iodide (0.26
mmol) were added to the stirring solution and the reaction mixture was heated at 60 °C
overnight. After evaporation of the solvent, the resulting crude was dissolved and extracted in
ethyl acetate. The organic layer was washed with a saturated solution of NaHCO3 and then
with brine. The organic layer was subsequently collected, dried over MgSQs, filtered, and
concentrated in vacuo to give a crude that was purified by silica flash column chromatography
(Hexane as eluent) to afford 395 mg of the pure product 12. Yield: 50 %. 'H NMR (400 MHz,
CDCl) 6 7.14 (d, J=8.7 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 5.89 (s, 2H), 4.58 (s, 2H), 2.02 (s,
6H), 1.52 (s, 9H) ppm. *C NMR (100 MHz, CDCl3) § 167.9, 157.3, 132.6, 129.3, 129.0, 115.0,
105.4, 82.5, 66.0, 28.1, 13.0 ppm.

4.1.4. General procedure for the synthesis of aldehydes 4, 9 and 13. Aldehydes were
synthesized as described in the literature [18,19].

4.1.4.1. 1-cyclohexyl-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4a). Yield: 75%. 'H NMR
(400 MHz, CDCI3) 6 9.19 (s, 1H), 5.65 (s, 1H), 3,40-3.38 (t, J=3.7 Hz, 1H), 1.98 (s, 3H), 1.7
(s, 3H), 1.40-1.27 (m, 6H), 0.83-0.76 (m, 2H), 0.70-0.62 (m, 2H) ppm. '3C NMR (100 MHz,
CDCl3) 0 184.4,137.2,129.4,120.9, 107.0, 56.2, 31.3, 25.8, 24.8, 13.9, 11.2 ppm.

4.1.4.2. 2,5-dimethyl-1-(pyridin-2-yl)-1H-pyrrole-3-carbaldehyde (4b). (Used in the next step

without further purification)

4.1.4.3. 1-(4-chlorobenzyl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4c). (Used in the next

step without further purification)
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4.1.4.4. 2,5-dimethyl-1-(1-phenylethyl)-1H-pyrrole-3-carbaldehyde (4d). Yield: 73%. 'H
NMR (400 MHz, CDCl3) 6 9.80 (s, 1H), 7.36-7.33 (m, 2H), 7.30-7.29 (m, 1H), 7.08-7.06 (m,
2H), 6.31 (s, 1H), 5.57-5.55 (d, J = 7.1 Hz, 1H), 2.18 (s, 3H), 2.05 (s, 3H), 1.90-1.88 (d, J =
7.2 Hz, 3H) ppm.

4.1.4.5. 2,5-dimethyl-1-(pyridin-2-ylmethyl)-1 H-pyrrole-3-carbaldehyde (4e). Yield: 26%. 'H-
NMR (400 MHz, CDCI3) 6 9.85 (s, 1H), 7.63 (td, J= 7.7, 1.7 Hz, 2H), 7.21 (dd, J=7.1, 5.3
Hz, 2H), 6.38 (s, 1H), 5.15 (s, 2H), 2.44 (s, 3H), 2.15 (s, 3H). '3C NMR (100 MHz, CDCl3) &
185.2, 156.6, 149.9, 137.5, 130.2, 122.7, 122.1, 119.9, 106.7, 77.1, 48.8, 12.3, 10.6 ppm.

4.1.4.6. 2,5-dimethyl-1-(4-methylbenzyl)-1H-pyrrole-3-carbaldehyde (4f). Yield: 16%. 'H
NMR (400 MHz, CDCl3) 6 9.83 (s, 1H), 7.12 (d, /= 7.9 Hz, 2H), 6.79 (d, J= 8.0 Hz, 2H), 6.35
(s, 1H), 5.01 (s, 2H), 2.42 (s, 3H), 2.32 (s, 3H), 2.13 (s, 3H) ppm.

4.1.4.7. I-cyclopentyl-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4g). Yield: 61%. 'H NMR
(400 MHz, CDCl3) 6 9.72 (s, 1H), 6.31 (s, 1H). 4.69-4.57 (m, 1H), 2.56 (3H), 2.29 (s, 3H),
2.14 —-2.06 (m, 4H), 1.98 — 1.92 (m, 4H) ppm.

4.1.4.8. I1-(4-fluorobenzyl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4h). Yield 88%. 'H
NMR (400 MHz, CDCIl3) 6 9.84 (s, 1H), 7.01 (t, J= 8.7 Hz, 2H), 6.88-6.85 (m, 2H), 6.36 (br.
s, 1H), 5.02 (s, 2H), 2.42 (s, 3H), 2.13 (s, 3H) ppm. 3C NMR (100 MHz, CDCl3) & 185.3,
163.5,161.1, 138.0, 132.3 (d), 130.2, 127.3, 127.2, 122.0, 116.2, 116.0, 106.7, 46.2, 12.3, 10.6

4.1.4.9. 1-(cyclohexylmethyl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4i). Yield: 34%. 'H
NMR (400 MHz, CDCl3) 6 9.19 (s, 1H), 5.65 (s, 1H), 3.44 — 3.32 (m, 1H), 1.98 (s, 3H), 1.70
(s, 3H), 1.44 — 1.11 (m, 9H), 0.88 — 0.74 (m, 2H) ppm.

4.1.4.10. I-(benzo[d]thiazol-2-yl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4j). (Used in the

next step without further purification)

4.1.4.11. 1-(4-chlorophenyl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (4k). Yield: 81%. 'H
NMR (400 MHz, CDCls) 6 9.84 (s, 1H), 7.30 (d, J= 8.5 Hz, 2H), 6.83 (d, /= 8.6 Hz, 2H), 6.37
(s, 1H), 5.02 (s, 2H), 2.41 (s, 3H), 2.12 (d, 3H) ppm.

4.1.4.12. 1-(4-hydroxyphenyl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde (9). Yield: 39%. 'H
NMR (400 MHz, CD30D) 6 9.71 (s, 1H), 7.07 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H),
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6.31 (br. s, 1H), 2.26 (s, 3H), 1.97 (s, 3H) ppm. '*C NMR (100 MHz, CD;0D) & 187.2, 159.4,
133.2, 130.1, 129.5, 122.8, 117.2, 105.9, 12.6, 11.1 ppm.

4.1.4.13. 2-(4-(3-formyl-2,5-dimethyl-1H-pyrrol-1-yl)phenoxy)-N,N-dimethylacetamide (13).
Yield: 40%. 'H NMR (400 MHz, CDCl3) 4 9.79 (s, 1H), 7.07-7.00 (m, 4H), 6.29 (s, 1H), 4.72
(s, 2H), 3.07 (s, 3H), 2.96 (s, 3H), 2.20 (s, 3H), 1.91 (s, 3H) ppm. 3*C NMR (100 MHz, CDCl5)
o 185.1, 167.3, 158.3, 139.2, 131.3, 130.2, 129.0, 121.7, 115.5, 105.4, 67.3, 36.5, 35.7, 12.6,
11.2 ppm.

4.1.5. Synthesis of tert-butyl 2-(4-(3-formyl-2,5-dimethyl-1H-pyrrol-1-yl)phenoxy)acetate
(11). To a stirred solution of 1-(4-hydroxyphenyl)-2,5-dimethyl-1H-pyrrole-3-carbaldehyde 9
(2.32 mmol) in dry DMF (5 mL), K2COs3 (4.64 mmol) was added and the resulting mixture was
allowed to stir at room temperature for 30 minutes. After that, fert-butyl chloroacetate (3.48
mmol) and sodium iodide (0.26 mmol) were added to the stirring solution and the reaction
mixture was heated at 90 °C overnight. After evaporation of the solvent, the resulting crude
was dissolved and extracted in ethyl acetate. The organic layer was washed with a saturated
solution of NaHCO3 and then with brine. The organic layer was subsequently collected, dried
over MgSQOy, filtered, and concentrated in vacuo. Removal of the solvent gave 750 mg of the
desired product that proved to be pure enough to be used in the next step without any further
purification. Yield: 98%. '"H NMR (400 MHz, CDCl3) 4 9.86 (s, 1H), 7.11 (d, J= 8.9 Hz, 2H),
7.00 (d, J = 8.9 Hz, 2H), 6.36 (br. s, 1H), 4.58 (s, 2H), 2.26 (s, 3H), 1.97 (s, 3H), 1.50 (s, 9H)
ppm. BC NMR (100 MHz, CDCl3) 6 185.4, 167.7, 131.4, 129.2, 115.6, 105.7, 82.9, 66.0, 28.2,
12.8, 11.4 ppm.

4.1.6. General procedure for the synthesis of aminoguanidines 7. Into a round bottom flask,
the appropriate amine (3.06 mmol) and EtsN (0.76 mmol) were dissolved in DCM (15 mL).
Then a solution of 1,3-di-boc-2-trifluoromethylsulfonyl guanidine 6 (0.76 mmol) in DCM (15
mL) was added dropwise and the resulting mixture was stirred at room temperature for 24 h.
After completion, the reaction mixture was concentrated under reduced pressure to give a crude
residue that was purified with flash chromatography (EtOAc/MeOH 9:1 v/v), affording the

desired aminoguanidine compounds 7.

4.1.6.1. 1-(4-aminobutyl)-2,3-di-boc-guanidine (7a). Yield: 97 %. "H NMR (400 MHz, CDCl5)
0 8.42 (br. s, 1H), 4.21 (br. s, 1H), 3.39 (t, /= 6.7 Hz, 2H), 2.86 (t, /= 6.7 Hz, 2H), 1.70-1.56
(m, 4H), 1.49 (d, J = 1.8 Hz, 18H) ppm. '*C NMR (100 MHz, CDCls) & 163.4, 156.4, 153.4,
83.4,79.8,40.8, 40.1, 28.4, 28.2, 26.2 ppm.
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4.1.6.2. 1-(8-aminooctyl)-2,3-di-boc-guanidine (7b). Yield: 99 %. 'H NMR (400 MHz,
CDs;0D) 6 4.99 (br. s, 2H), 3.35 (t,J=7.1 Hz, 2H), 2.77 (t,J = 7.5 Hz, 2H), 1.63-1.55 (m, 4H),
1.53 (s, 9H), 1.47 (s, 9H), 1.37 (br. s, 8H) ppm. 3C NMR (100 MHz, CD;0D) § 164.5, 157.4,
154.2,84.4,80.2,41.7,41.6, 31.1, 30.2, 30.1, 30.0, 28.6, 28.3, 27.7, 27.6 ppm.

4.1.6.3. 1-(4-aminocyclohexyl)-2,3-di-boc-guanidine (7c). Yield: 94 %. '"H NMR (400 MHz,
CDCl3) 6 11.49 (br. s, 1H), 8.19 (d, J = 8.2 Hz, 1H), 4.01-3.91 (m, 1H), 2.73-2.62 (m, 2H),
2.07-2.03 (m, 2H), 1.92-1.88 (m, 2H), 1.48 (d, J = 6.4 Hz, 18H), 1.30-1.20 (m, 4H) ppm. 13C
NMR (100 MHz, CDCl3) & 163.9, 155.6, 153.4, 83.1, 79.3, 50.0, 48.4, 34.5, 31.6, 28.4, 28.2

4.1.7. General procedure for the synthesis of pyrroles 5. Pyrroles 5 were synthesized as

previously described in the literature [18,19].

(i) General procedure for boc-deprotection and tert-butyl ester-cleavage. Into a sealed vial, 3
mL of a freshly prepared HCI/AcOEt solution was added to the appropriate Boc-protected
pyrrole or tert-butyl ester derivative (0.2 mmol). The resulting mixture was stirred at room
temperature for 24 h and then the solvent was removed under reduced pressure. The residue
was washed several times with small portions of cold Et:O affording the desired compounds

as HCl salts in quantitative yields.

4.1.7.1. 1-cyclohexyl-N-((1-cyclohexyl-2,5-dimethyl- 1 H-pyrrol-3-yl)methyl)methanamine
(5a). Yield: 13%. '"H NMR (400 MHz, CDCl3) 6 5.91 (s, 1H), 3.87 (s, 1H), 3.78 (s, 2H), 2.58-
2.56 (d, J=8 Hz, 2H), 2.25-2.24 (d, /=4 Hz, 6H), 1.91-1.81 (m, 8H), 1.73-1.68 (m, 6H), 1.40-
1.34 (m, 2H), 1.20-1.10 (m, 2H), 0.97-0.86 (m, 4H) ppm. *C NMR (100 MHz, CDCls) & 128.6,
127.8, 127.0, 108.5, 56.7, 52.6, 44.0, 35.6, 32.4, 31.1, 26.6, 26.3, 25.8, 25.7, 14.8, 11.8 ppm.
HRMS: m/z (ESI) calculated for C2oH3sN2" 303.2795, found: 303.2801 [M + H]".

4.1.7.2. 1-cyclohexyl-N-((2,5-dimethyl-1-(pyridin-2-yl)-1 H-pyrrol-3-yl)methyl)methanamine
(5b). Yield: 55%. '"H NMR (400 MHz, CDCl3) 6 8.53-8.51 (m, 1H), 7.76-7.72 (m, 1H), 7.23-
7.20 (m, 1H), 7.13-7.11 (d,J = 7.9 Hz, 1H), 5.86 (s, 1H), 3.52 (s, 2H), 2.44-2.42 (d, /= 6.7 Hz,
2H), 2.26 (s, 1H), 2.02 (s, 3H), 1.99 (s, 3H), 1.66-1.62 (m, 6H), 0.92-0.79 (m, 5H) ppm. 1*C
NMR (100 MHz, CDCl3) 6 152.9, 149.0, 145.1, 135.5, 127.8, 127.0, 117.9, 116.5, 108.4, 56.8,
44.1,35.7,31.2,26.3,25.7, 14.5, 11.7 ppm. HRMS: m/z (ESI) calcd for C19H2sN3™ 298.2278,
found: 298.2276 [M + H]".

21



4.1.7.3. N-benzyl-1-(2,5-dimethyl- 1-(pyridin-2-yl)-1 H-pyrrol-3-yl)methanamine (5c).Yield:
45%. '"H NMR (400 MHz, CDCl;) § 8.58-8.56 (dd, J=4.9, 1.3 Hz, 1H), 7.80-7.76 (td, J= 7.7,
1.9 Hz, 1H), 7.35-7.33 (m, 2H), 7.31 (s, 1H), 7.29 (s, 1H), 7.26-7.24 (m, 1H), 7.23-7.20 (m,
1H), 7.18-7.16 (ddd, J= 7.6 Hz, 3.1, 1.8, 1H), 5.94 (s, 1H), 3.83 (s, 2H), 3.62 (s, 2H), 2.08 (s,
3H), 2.02 (s, 3H), 1.22 (s, 1H). 3C NMR (100 MHz, CDCl3) & 152.1, 149.4, 140.7, 137.9,
128.3, 128.2, 127.9, 126.8, 125.5, 122.3, 122.1, 118.6, 108.1, 53.2, 44.8, 13.0, 10.8 ppm.
HRMS: m/z (ESI) calcd for Ci9H22N3* 292.1808, found: 292.1812 [M + H]".

4.1.7.4.  N-benzyl-1-(1-(4-chlorobenzyl)-2,5-dimethyl-1H-pyrrol-3-yl)methanamine  (5d).
Yield: 60%. 'H NMR (400 MHz, CDCl3) & 7.34-7.29 (m, 4H), 7.23-7.21 (m, 3H), 6.78-6.76
(d,J=8.3 Hz, 2H), 5.88 (s, 1H), 4.91 (s, 2H), 3.8 (s, 2H), 3.6 (s, 2H), 2.09 (s, 3H), 2.01 (s, 3H)
ppm. C NMR (100 MHz, CDCl3) & 140.7, 137.2, 132.9, 128.9, 128.4, 128.3, 127.1, 127.1,
126.8, 124.9, 117.7, 106.8, 53.3, 46.3, 45.0, 12.3, 10.0 ppm. HRMS: m/z (ESI) calcd for
C21H24CIN,* 339.1623, found: 339.1627 [M + H]".

4.1.7.5. 1-(1-(4-chlorobenzyl)-2,5-dimethyl-1 H-pyrrol-3-yl)-N-
(cyclohexylmethyl)methanamine (5e). Yield: 68%. '"H NMR (400 MHz, CDCls) 6 7.17-7.15 (d,
J=8.4 Hz, 2H), 6.72-6.7 (d, J= 8.3 Hz, 2H), 5.81 (s, 1H), 4.86 (s, 2H), 3.49 (s, 2H), 2.40-2.39
(d, J=6.7 Hz, 2H), 2.02 (s, 3H), 1.98 (s, 3H), 1.69-1.61 (m, 4H), 1.42 (m, 1H), 1.12 (m, 4H),
0.84 (m, 2H) ppm. *C NMR (100 MHz, CDCl3) 8§ 137.5, 133.2, 129.2, 127.4, 125.0, 118.4,
107.1, 56.7, 46.6, 46.3, 38.3, 32.0, 27.1, 26.5, 12.6, 10.3 ppm. HRMS: m/z (ESI) calcd for
C21H30CIN,* 345.2092, found: 345.2099 [M + H]".

4.1.7.6. N-benzyl-1-(2,5-dimethyl-1-(1-phenylethyl)- 1 H-pyrrol-3-yl)methanamine (5f). Yield:
60%. 'H NMR (400 MHz, CDCl3) § 7.36-7.32 (m, 3H), 7.31-7.28 (m, 3H), 7.25-7.21 (m, 2H),
7.05-7.02 (m, 2H), 6.85 (s, 1H), 5.49-5.43 (q, J = 7.2 Hz, 1H), 3.82 (s, 2H), 3.6 (s, 2H), 2.07
(s, 3H), 1.98 (s, 3H), 1.86-1.84 (d, J= 7.2 Hz, 3H) ppm. *C NMR (100 MHz, CDCls) § 142.6,
140.7, 128.5, 128.4, 128.3, 127.5, 126.9, 126.8, 126.1, 125.3, 117.6, 107.4, 53.3, 52.6, 45.1,
19.5, 13.8, 11.2 ppm. HRMS: m/z (ESI+) caled for C2oHa7N2™ 319.2169, found: 319.2173 [M
+H]".

4.1.7.7. I-cyclohexyl-N-((2,5-dimethyl-1-(1-phenylethyl)- 1 H-pyrrol-3-yl)methyl)methanamine
(5g). Yield: 64%. 'H NMR (400 MHz, CDCls) 8 7.31-7.28 (m, 2H), 7.25- 7.23 (d, J= 7.4 Hz,
1H), 7.04-7.01 (m, 2H), 5.85 (s, 1H), 5.46-5.44 (d, J = 8 Hz, 1H), 3.58 (s, 2H), 3.1-3.07 (m,
1H), 2.49-2.47 (d, J = 6.7 Hz, 2H), 2.05 (s, 3H), 2.02 (s, 3H), 1.86-1.84 (d, J = 7.2 Hz, 3H),
1.78-1.69 (m, 5H), 1.19-1.13 (m, 2H), 0.96-0.83 (m, 4H) ppm. 3C NMR (100 MHz, CDCls) &
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142.6, 128.5, 127.5, 126.9, 126.1, 125.3, 116.4, 107.5, 77.3, 52.6, 46.0, 38.0, 30.9, 26.1, 25.9,
19.5, 13.8, 11.2 ppm. HRMS: m/z (ESI) caled for C2»HisNa*™ 325.3628, found: 325.3628 [M +
HJ".

4.1.7.8. 1-cyclohexyl-N-((2,5-dimethyl- 1-(pyridin-2-ylmethyl)- 1 H-pyrrol-3-
yl)methyl)methanamine (5h). Yield: 62%. '"H NMR (400 MHz, CDCIs) & 8.57-8.55 (m, 1H),
7.60-7.56 (m, 1H), 7.18-7.15 (dd, J = 7.4 Hz, 1H), 6.44-6.42 (d, /= 7.9 Hz, 1H), 6.10 (s, 1H),
5.09 (s, 2H), 3.88 (s, 2H), 2.61-2.60 (d, J = 6.9 Hz, 2H), 2.11 (s, 3H), 2.07 (s, 3H), 2.04-1.98
(m, 2H), 1.89-1.86 (m, 2H), 1.74-1.70 (m, 3H), 1.26-1.24 (m, 2H), 0.97-0.94 (m, 2H). 13C
NMR (100 MHz CDCls) & 158.0, 149.4, 137.3, 128.3, 127.5, 122.2, 119.8, 107.8, 51.8, 50.0,
43.5,35.2,31.0,26.1, 25.5, 12.1, 10.1 ppm. HRMS: m/z (ESI) calcd for C20H30N3™ 312.2434,
found: 312.2439 [M + H]".

4.1.7.9. N-benzyl-1-(2,5-dimethyl-1-(p-tolyl)-1H-pyrrol-3-yl)methanamine (5i). Yield: 56%.
'"H NMR (400 MHz, CDCl3) § 7.39-7.37 (m, 2H), 7.34-7.30 (m, 3H), 7.10-7.08 (d, J= 7.8 Hz,
2H), 6.78-6.76 (d, J = 8.0 Hz, 2H), 5.94 (s, 1H), 3.85 (s, 2H), 3.65 (s, 2H), 2.31 (s, 3H), 2.12
(s, 3H), 2.01 (s, 3H) ppm. *C NMR (100 MHz, CDCls) & 136.8, 135.5, 133.4, 129.5, 128.9,
128.7, 128.5, 128.0, 127.6, 127.3, 125.7, 106.7, 46.7, 44.42,21.2, 12.4, 10.1 ppm. HRMS: m/z
(ESI) calcd for C21H2sN»>* 305.2012, found: 305.2013 [M + H]".

4.1.7.10. I-cyclohexyl-N-((2,5-dimethyl-1-(p-tolyl)-1H-pyrrol-3-yl)methyl)methanamine (5j).
Yield: 89%. 'H NMR (400 MHz, CDCl3) § 7.09-7.07 (d, J= 7.8 Hz, 2H), 6.77-6.75 (d, J = 8.1
Hz, 2H), 5.91 (br s, 1H), 3.63 (br s, 2H), 2.50-2.49 (d, J = 6.5 Hz, 2H), 2.31 (s, 3H), 2.11 (s,
3H), 2.08 (s, 3H), 1.98 (s, 1H), 1.82-1.80 (m, 1H), 1.72-1.69 (m, 5H), 1.26-1.23 (m, 3H), 0.93-
0.90 (m, 2H). 3C NMR (100 MHz, CDCl3) & 140.0, 135.5, 134.1, 129.6, 129.5, 127.5, 125.7,
106.9, 77.1, 46.7, 31.6, 30.9, 26.2, 26.1, 21.1, 12.3, 10.1 ppm. HRMS: m/z (ESI) calcd for
C21H31N2" 311.2482, found: 311.2486 [M + H]".

4.1.7.11. N-benzyl-1-(1-cyclopentyl-2,5-dimethyl-1H-pyrrol-3-yl)methanamine (5k). Yield:
95%. 'H NMR (400 MHz, CDCls) & 7.38-7.36 (m, 2H), 7.35-7.30 (m, 3H), 5.83 (s, 1H), 4.52-
4.43 (m, 1H), 3.84 (s, 2H), 3.58 (s, 2H), 2.25 (s, 3H), 2.18 (s, 3H), 2.05-1.84 (m, 7H), 1.70-
1.62 (m, 2H) ppm. 13C NMR (100 MHz, CDCl3) & 139.8, 128.9, 128.7, 128.5, 127.2, 127.1,
126.9, 107.5, 56.5, 52.9, 44.8, 31.4, 25.2, 14.1, 11.5 ppm. HRMS: m/z (ESI) calcd for
CioH27N>* 283.2169, found: 283.2170 [M + H]".
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4.1.7.12.  I-cyclohexyl-N-((1-cyclopentyl-2,5-dimethyl-1H-pyrrol-3-yl)methyl)methanamine
(51). Yield: 82%. 'H NMR (400 MHz, CDCls) 8 5.84 (s, 1H), 4.52-4.47 (m, 1H), 3.62-3.61 (m,
2H), 2.52-2.51 (d, J = 6.3 Hz, 2H), 2.25-2.24 (m, 5H), 2.02-1.96 (m, 2H), 1.95-1.85 (m, 3H),
1.82-1.78 (m, 2H), 1.72-1.63 (m, 5H), 1.29-1.11 (m, 6H), 0.96-0.87 (m, 3H) ppm. '*C NMR
(100 MHz, CDCl3) 6 128.6, 127.4, 126.0, 107.9, 56.3, 44.7, 37.8, 36.5, 31.2, 31.2, 26.4, 25.8,
25.0,13.9, 11.3 ppm. HRMS: m/z (ESI) calcd for C19H33N>" 289.2638, found: 289.2637 [M +
H]".

4.1.7.13. N-benzyl-1-(1-(4-fluorobenzyl)-2,5-dimethyl- 1 H-pyrrol-3-yl)methanamine  (5m).
Yield: 77%. 'H NMR (400 MHz, CDCl3) 8 7.37-7.30 (m, 5H), 7.00-6.95 (m, 2H), 6.85-6.81
(dd, J=8.7,5.3, 2H), 5.93 (s, 1H), 4.95 (s, 2H), 3.84 (s, 2H), 3.63 (s, 2H), 2.12 (s, 3H), 2.03
(s, 3H), 1.26 (s, 1H) ppm. *C NMR (100 MHz, CDCls) & 162.9, 134.0, 128.4, 128.2, 128.2,
127.0, 127.0, 126.8, 124.9, 115.5, 115.3, 106.6, 52.6, 46.0, 44.4, 12.0, 10.0 ppm. HRMS: m/z
(ESI+) caled for C21H24FN>* 323.1918, found: 323.1918 [M + H]".

4.1.7.14. 1-cyclohexyl-N-((1-(4-fluorobenzyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)methanamine (5n). Yield: 94% 'H NMR (400 MHz CDCls) § 7.00-6.94 (m, 2H),
6.84-6.80 (m, 2H), 5.93 (s, 1H), 4.95 (s, 2H), 3.64 (s, 2H), 2.50-2.49 (d, /= 6.7 Hz, 2H), 2.11
(s, 3H), 2.08 (s, 3H), 1.80-1.76 (m, 2H), 1.73-1.68 (m, 3H), 1.58-1.53 (m, 1H), 1.27-1.15 (m,
3H), 0.96-0.86 (m, 2H) ppm. *C NMR (100 MHz, CDCl3) & 162.7, 133.7, 127.0, 126.7, 125.3,
115.3, 115.1, 106.7, 54.2, 45.8, 44.5, 36.5, 31.0, 26.1, 25.5, 11.8, 9.6 ppm. HRMS: m/z (ESI)
calcd for C21H30FN2*™ 329.2388, found: 329.2393 [M + H]".

4.1.7.15. N-benzyl-1-(1-(cyclohexylmethyl)-2,5-dimethyl-1H-pyrrol-3-yl)methanamine (50).
Yield: 93% 'H NMR (400 MHz, CDCl3) 8 7.38-7.31 (m, 5H), 5.83 (s, 1H), 3.88-3.83 (m, 2H),
3.61 (s, 2H), 3.52 (d, J= 6.9 Hz, 2H), 2.17 (s, 3H), 2.11 (s, 3H), 1.74-1.67 (m, 3H), 1.64-1.61
(m, 2H), 1.27-1.27 (m, 2H), 1.18-1.16 (m, 2H), 0.99-0.85 (m, 3H) ppm. *C NMR (100 MHz,
CDCl3) 6 140.0, 128.6, 128.4, 127.3, 127.2, 127.0, 126.9, 106.2, 50.2, 46.6, 44.8, 39.6, 31.1,
26.5,26.1, 12.8, 10.5 ppm. HRMS: m/z (ESI) calcd for C21H3i1N>" 311.2482, found: 311.2435
M+ H]".

4.1.7.16. 1-(1-(benzo[d]thiazol-2-yl)-2,5-dimethyl- 1 H-pyrrol-3-yl)-N-benzylmethanamine
(5p). Yield: 94% 'H NMR (400 MHz, CDCl3) 6 8.04 (d, J= 8.1 Hz, 1H), 7.87 (d, /= 8.0 Hz,
1H), 7.53 (ddd, J= 8.2, 7.3, 1.3 Hz, 1H), 7.47 — 7.42 (m, 1H), 7.39 (d, J = 7.0 Hz, 2H), 7.36 —
7.31 (m, 3H), 6.05 (s, 1H), 5.30 (s, 1H), 3.86 (s, 2H), 3.65 (s, 2H), 2.28 (s, 3H), 2.21 (s, 3H)
ppm. 3C NMR (100 MHz, CDCI3) & 158.5, 150.3, 140.3, 135.1, 129.3, 128.3, 128.1, 126.8,
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126.8, 126.4, 125.5, 123.4, 121.4, 120.0, 109.8, 53.0, 44.5, 13.3, 11.0 ppm. HRMS: m/z (ESI)
calcd for C21H2N3S* 348.1529, found: 348.1544 [M + H]".

4.1.7.17. 1-(1-(benzo[d]thiazol-2-yl)-2,5-dimethyl- 1 H-pyrrol-3-yl)-N-
(cyclohexylmethyl)methanamine (5q). Yield: 60% 'H NMR (400 MHz, CDCls) & 8.05-8.03 (d,
J=28.1Hz, 1H), 7.89-7.87 (d, J = 8.1 Hz, 1H), 7.56-7.52 (m, 1H), 7.47-7.43 (m, 1H), 6.07 (s,
1H), 3.67 (s, 2H), 2.54-2.52 (d, 8 Hz, 2H), 2.29 (s, 3H), 2.27 (s, 3H), 1.83-1.79 (m, 2H), 1.76-
1.70 (m, 3H), 1.66 (br's, 1H), 1.29-1.17 (m, 3H), 0.99-0.90 (m, 2H) ppm. 1*C NMR (100 MHz,
CDCl) 6 158.2, 150.0, 134.8, 129.1, 126.7, 126.2, 125.2, 123.1, 121.1, 109.6, 55.2, 44.8, 37.2,
31.1, 26.3, 25.7, 13.0, 10.7 ppm. HRMS: m/z (ESI) calcd for C21H2sN3S™ 354.1998, found:
354.1996 [M + H]".

4.1.7.18. N'-((1-(4-chlorophenyl)-2,5-dimethyl-1H-pyrrol-3-yl)methyl)isonicotinohydrazide
(5r). Yield: 59%. '"H NMR (400 MHz, CDCls) & 8.75 (m, 2H), 7.82 (m, 2H), 7.47 (d, J = 8.1
Hz, 2H), 7.17-7.11 (m, 2H), 6.44 (s, 1H), 2.12 (s, 2H), 1.98 (s, 3H), 1.25 (s, 3H) ppm. *C NMR
(100 MHz, CDCl3) ¢ 167.3, 149.7, 136.3, 134.7, 132.0, 130.4, 129.9, 129.5, 128.1, 124.0,
121.2, 105.3, 48.6, 12.9, 11.4 ppm. HRMS: m/z (ESI) calculated for C19H20CIN4sO" 355.1320,
found: 709.5138 [2M + H]".

4.1.7.19. 2-(4-(3-((cyclohexylamino)methyl)-2,5-dimethyl- 1 H-pyrrol-1-yl)phenoxy)-N, N-
dimethylacetamide (5s). Yield: 59 %. '"H NMR (400 MHz, CDCl3) 6 7.07 (d, J = 8.8 Hz, 2H),
6.99 (d, J = 8.9 Hz, 2H), 5.94 (s, 1H), 4.72 (s, 2H), 3.69 (s, 2H), 3.11 (s, 3H), 3.00 (s, 3H),
2.67-2.60 (m, 1H), 2.01-1.97 (m, 2H), 1.95 (s, 3H), 1.94 (s, 3H), 1.80-1.70 (m, 2H), 1.63-1.58
(m, 1H), 1.27-1.22 (m, 5H) ppm. '3C NMR (100 MHz, CDCls) & 167.7, 157.5, 132.6, 129.5,
128.5, 126.6, 115.1, 106.7, 67.7, 55.9, 41.9, 36.7, 35.8, 32.4, 26.0, 25.1, 12.9, 10.8 ppm.
HRMS: m/z (ESI) calculated for C23H34N302" 384.2646, found: 384.2634 [M + H]".

4.1.7.20. boc-protected 2-(4-(3-(((8-guanidinooctyl)amino)methyl)-2,5-dimethyl-1 H-pyrrol-1-
yl)phenoxy)-N,N-dimethylacetamide (5t intermediate ). Yield: 63 %. 'H NMR (400 MHz,
CDCl3) 6 11.49 (br. s, 1H), 8.27 (s, 1H), 7.07 (d, /= 8.8 Hz, 2H), 6.98 (d, J = 8.9 Hz, 2H), 5.98
(s, 1H), 4.71 (s, 2H), 3.70 (s, 2H), 3.40-3.35 (m, 4H), 3.10 (s, 3H), 2.99 (s, 3H), 2.73-2.64 (m,
4H), 1.95 (s, 6H), 1.63 (br. s, 2H), 1.53 (br. s, 2H), 1.48 (s, 9H), 1.47 (s, 9H), 1.40 (br. s, 1H),
1.29 (br. s, 9H) ppm. 3C NMR (100 MHz, CDCls3)  167.6, 163.7, 157.5, 156.2, 153.4, 132.5,
129.5,128.7,127.1,115.2, 106.9, 83.1,79.3, 67.7,48.2,44.8,42.2,41.0,36.7, 35.8, 33.7,29.4,
29.3,29.0, 28.4, 28.2,27.3,26.9, 12.9, 10.9 ppm.
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4.1.7.21. 2-(4-(3-(((8-guanidinooctyl)amino)methyl)-2,5-dimethyl- 1 H-pyrrol-1-yl)phenoxy)-
N,N-dimethylacetamide (5t). Yield: 100 %. '"H NMR (400 MHz, DMSO-ds) § 10.36 (br. s, 1H),
8.94 (br. s, 1H), 8.07-7.90 (m, 2H), 7.60-7.02 (m, 4H), 6.75 (br. s, 1H), 4.88 (br. s, 2H), 4.10-
3.80 (m, 4H), 3.15-3.01 (m, 4H), 2.85 (s, 3H), 2.73 (s, 3H), 2.06-1.92 (m, 3H), 1.83- 1.45 (m,
6H), 1.28 (br. s, 7H) ppm. 3C NMR (100 MHz, DMSO-ds) § 166.9, 156.9, 143.9, 129.0, 128.8,
128.5,128.2,127.0, 124.2, 115.4, 65.8,48.5,47.4,41.7,40.5, 35.5, 34.9, 28.3, 28.3, 25.8, 25.6,
12.6, 10.6 ppm. HRMS: m/z (ESI) calculated for C26H43N6O>" 471.3442, found: 471.3401 [M
+H]".

4.1.7.22. boc-protected 1-(4-(((1-(4-chlorophenyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)amino)cyclohexyl)guanidine (5u intermediate). Yield: 79%. 'H NMR (400 MHz,
CDCl3) 6 11.53 (br. s, 1H), 8.20 (d, /= 8.2 Hz, 1H), 7.43 (d, /= 8.6 Hz, 2H), 7.12 (d, J = 8.6
Hz, 2H), 6.00 (s, 1H), 4.07-3.98 (m, 1H), 3.70 (s, 2H), 2.69-2.61 (m, 1H), 2.15-2.08 (m, 4H),
1.99 (s, 3H), 1.50 (s, 9H), 1.49 (s, 9H), 1.29-1.22 (m, 4H) ppm. 3C NMR (100 MHz, CDCl3)
0 164.0, 155.5, 153.5, 137.5, 133.7, 129.7, 129.5, 128.4, 107.4, 83.1, 79.3, 60.5, 48.6, 31.5,
28.4,28.2,12.9,10.9 ppm.

4.1.7.23. 1-(4-(((1-(4-chlorophenyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)amino)cyclohexyl)guanidine (5u). Yield: 100 %. 'H NMR (400 MHz, CDCl3) &
10.56 (br. s, 1H), 9.20 (br. s, 1H), 7.42 (d, J = 8.5 Hz, 2H), 7.11 (d, J = 8.5 Hz, 2H), 6.22 (s,
1H), 3.99 (br. s, 2H), 3.02 (br. s, 1H), 2.30-2.25 (m, 3H), 2.15 (br. s, 1H), 2.00 (s, 3H), 1.94 (s,
3H), 1.45-1.24 (m, 5H) ppm. *C NMR (100 MHz, CDCI3) & 156.8, 152.6, 136.8, 134.2, 129.7,
128.9, 110.0, 52.7, 49.6, 40.5, 29.7, 12.9, 11.3 ppm. HRMS: m/z (ESI) calculated for
C20H29CINs* 374.2106, found: 374.2093 [M + H]".

4.1.7.24. boc-protected tert-butyl 2-(4-(3-(((8-guanidinooctyl)amino)methyl)-2,5-dimethyl-
1H-pyrrol-1-yl)phenoxy)acetate (5v intermediate).Yield: 59 %. 'H NMR (400 MHz, CDCls) &
11.49 (br. s, 1H), 8.28 (br. s, 1H), 7.08 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 5.89 (s,
1H), 4.54 (s, 2H), 3.58 (s, 2H), 3.41-3.36 (m, 2H), 2.65 (t, J = 7.2 Hz, 2H), 1.96 (s, 3H), 1.94
(s, 3H), 1.56-1.52 (m, 2H), 1.49 (s, 9H), 1.48 (s, 9H), 1.32-1.26 (m, 9H) ppm. *C NMR (100
MHz, CDCl) & 167.9, 163.7, 157.3, 156.2, 153.4, 132.7, 129.4, 128.2, 125.8, 117.7, 115.0,
106.5, 83.0, 82.6, 79.2, 66.0, 49.8, 45.9, 41.1, 30.1, 29.5, 29.3, 29.0, 28.4, 28.2, 28.1, 27.5,
26.9, 12.8, 10.7 ppm.

4.1.7.25. 2-(4-(3-(((8-guanidinooctyl)amino)methyl)-2,5-dimethyl- 1 H-pyrrol-1-
yl)phenoxy)acetic acid (5v). Yield: 100 %. '"H NMR (400 MHz, CD30D) & 7.13-7.06 (m, 4H),
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6.00 (br. s, 1H), 4.74 (s, 2H), 4.27 (q, J = 7.2 Hz, 1H), 4.02 (s, 2H), 3.17 (t, J = 7.2 Hz, 2H),
3.00 (t,J= 8.0 Hz, 2H), 2.00 (s, 3H), 1.97 (s, 3H), 1.75-1.68 (m, 2H), 1.60-1.57 (m, 2H), 1.43-
1.38 (m, 10H) ppm. 3C NMR (100 MHz, CD30D) & 172.5, 159.4, 158.8, 133.2, 130.8, 130.6,
130.3, 116.5, 109.8, 66.3, 66.2, 47.8, 45.0, 42.6, 30.3, 30.2, 30.0, 28.3, 27.8, 27.7, 27.3, 12.9,
10.9 ppm. HRMS: m/z (ESI) calculated for C2aH36NsO3™ 442.2824, found: 442.2792 [M - H]".

4.1.7.26. boc-protected 1-(4-(((1-(4-chlorophenyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)amino)butyl)guanidine (5w intermediate). Yield: 56 %. '"H NMR (400 MHz, CDCl3)
0 11.49 (br. s, 1H), 8.33 (br. s, 1H), 7.41 (d, /= 8.6 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 5.91 (br.
s, 1H), 3.59 (s, 2H), 3.45-3.40 (m, 2H), 2.69 (t, J = 6.5 Hz, 2H), 1.99 (s, 3H), 1.96 (s, 3H),
1.66-1.58 (m, 4H), 1.49 (s, 9H), 1.48 (s, 9H) ppm. *C NMR (100 MHz, CDCl3) § 163.8, 156.2,
153.4,137.7,133.6,129.7,129.4, 128.1, 125.7, 118.1, 107.2, 83.1, 79.3, 49.2, 45.7, 40.9, 28 4,
28.2,27.5,27.1,12.9, 10.8 ppm.

4.1.7.27. 1-(4-(((1-(4-chlorophenyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)amino)butyl)guanidine (5w). Yield: 100 %. '"H NMR (400 MHz, CDsOD) & 7.50 (d,
J=8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 5.45 (s, 1H), 4.01 (s, 2H), 3.57 (d, /= 7.1 Hz, 2H),
3.22 (t, J = 6.8 Hz, 2H), 2.00 (s, 3H), 1.95 (s, 3H), 1.69- 1.65 (2H), 1.14 (t, J = 7.0 Hz, 2H)
ppm. *C NMR (100 MHz, CD;0D) & 158.8, 138.5, 135.5, 131.5, 131.1, 130.8, 130.6, 130.1,
126.1, 110.4, 47.3, 45.0, 42.0, 28.6, 27.2, 12.8, 10.9 ppm. HRMS: m/z (ESI) calculated for
Ci1sH27CINs* 348.1950, found: 348.2003 [M + H]".

4.1.7.28. boc-protected 1-(8-(((1-(4-chlorophenyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)amino)octyl)guanidine (5x intermediate). Yield: 25 %. '"H NMR (400 MHz, CDCl3)
0 11.48 (br. s, 1H), 8.27 (br. s, 1H), 7.41 (d, J= 8.6 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 6.18 (s,
1H), 3.91 (s, 2H), 3.39-3.34 (m, 2H), 2.85- 2.81 (m, 2H), 2.01 (s, 3H), 1.95 (s, 3H), 1.85 (br.
s, 2H), 1.57-1.52 (m, 2H), 1.49 (s, 9H), 1.48 (s, 9H), 1.32-1.27 (m, 8H) ppm. *C NMR (100
MHz, CDCIs) & 163.8, 156.2, 153.4, 137.0, 134.1, 129.7, 129.6, 129.2, 128.9, 109.1, 108.3,
83.1,79.3,45.6,42.9,41.0, 29.8, 29.3, 29.1, 29.0, 28 .4, 28.2, 27.0, 26.9, 12.8, 11.1 ppm.

4.1.7.29. 1-(8-(((1-(4-chlorophenyl)-2,5-dimethyl- 1 H-pyrrol-3-
yl)methyl)amino)octyl)guanidine (5x). Yield: 100 %. 'H NMR (400 MHz, CD;0D) § 7.55 (d,
J=8.6 Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H), 6.05 (s, 1H), 4.03 (s, 2H), 3.16 (t, J = 7.0 Hz, 2H),
3.01 (t,J=7.9 Hz, 2H), 2.03 (s, 3H), 2.00 (s, 3H), 1.75-1.69 (m, 2H), 1.63-1.57 (m, 2H), 1.44-
1.39 (m, 8H) ppm. *C NMR (100 MHz, CD;0D) & 158.8, 138.5, 135.5, 131.5, 130.9, 130.6,
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130.1, 110.5, 47.9, 44.9, 42.6, 30.3, 30.2, 30.0, 27.8, 27.7, 27.3, 12.8, 10.9 ppm. HRMS: m/z
(ESI) calculated for C22H3sCINs* 404.2576, found: 404.2593 [M + HJ".

4.1.7.30. tert-butyl 2-(4-(3-((cyclohexylamino)methyl)-2,5-dimethyl-1 H-pyrrol-1-
yl)phenoxy)acetate (5y intermediate). Yield: 69 %. 'H NMR (400 MHz, CDC13) § 7.09 (d, J =
8.7 Hz, 2H), 6.94 (d, J= 8.7 Hz, 2H), 5.90 (s, 1H), 4.55 (s, 2H), 3.62 (s, 2H), 2.54 (br. s, 1H),
1.97 (s, 3H), 1.95 (s, 3H), 1.74-1.72 (m, 2H), 1.62-1.60 (m, 1H), 1.49 (s, 9H), 1.33- 1.23 (m,
5H), 1.19-1.11 (m, 3H) ppm. 3C NMR (100 MHz, CDCI3)  167.9, 157.3, 132.7, 129.4, 128.3,
125.8,117.6, 115.0, 106.4, 82.6, 66.0, 56.6, 42.8, 33.5, 29.8, 28.1, 26.3, 25.2, 12.8, 10.7 ppm.

4.1.7.31. 2-(4-(3-((cyclohexylamino)methyl)-2,5-dimethyl-1 H-pyrrol-1-yl)phenoxy)acetic acid
(5y). Yield: 100 %. '"H NMR (400 MHz, CD30D) 8 7.14-7.12 (m, 2H), 7.10-7.07 (m, 2H), 5.50
(s, 1H), 4.81 (s, 2H), 4.31-4.25 (m, 1H), 4.05 (s, 1H), 3.82 (s, 2H), 3.12 (br. s, 1H), 2.01 (s,
3H), 1.98 (s, 3H), 1.93-1.91 (m, 2H), 1.44-1.40 (m, 2H), 1.34-1.30 (m, 5H) ppm. 3C NMR
(100 MHz, CD30OD) 6 171.2, 159.4, 133.3, 130.8, 130.6, 130.1, 125.5, 116.5, 110.0, 66.2, 57.3,
52.7,41.8,35.7,30.4,26.2,25.6,12.9, 10.9 ppm. HRMS: m/z (ESI) calculated for C21H27N203"
355.2027, found: 355.2033 [M - HJ.

4.1.7.32. ethyl 4-(3-((cyclohexylamino)methyl)-2,5-dimethyl-1H-pyrrol-1-yl)benzoate (5z):
Yield 42 %. '"H NMR (400 MHz, CDCls) 4 9.41 (br. s, 1H), 8.12 (d, J = 8.5 Hz, 2H), 7.21 (d,
J=28.5Hz, 2H), 6.34 (s, 1H), 4.41 (q, J = 7.1 Hz, 2H), 3.90 (s, 2H), 2.99-2.92 (m, 1H), 2.26-
2.20 (m, 2H), 2.04 (s, 3H), 1.97 (s, 3H), 1.72-1.58 (m, 6H), 1.41 (d, J=7.1 Hz, 2H), 1.25-1.22
(m, 3H) ppm. 3C NMR (100 MHz, CDCls) 8 165.9, 142.5, 130.7, 130.2, 129.0, 128.7, 128.3,
109.0, 61.5, 54.6, 39.6,29.2, 25.0, 24.7, 14.5, 13.0, 11.3 ppm. HRMS: m/z (ESI) calculated for
C22H31N20," 355.2328, found: 355.2321 [M + H]".

4.1.7.33. tert-butyl 4-(3-((cyclohexylamino)methyl)-2,5-dimethyl-1H-pyrrol-1-yl)benzoate
(17). Yield: 45 %. '"H NMR (400 MHz, CDCI3) 6 8.07 (d, J= 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz,
2H), 6.01 (s, 1H), 3.67 (s, 2H), 2.64-2.58 (m, 1H), 2.00 (s, 3H), 1.99 (s, 3H), 1.98-1.95 (m,
2H), 1.79-1.74 (m, 2H), 1.30-1.19 (m, 6H) ppm.

4.1.7.34. 4-(3-((cyclohexylamino)methyl)-2,5-dimethyl-1H-pyrrol-1-yl)benzoic acid (5aa).
Yield 100 %. '"H NMR (400 MHz, CD30D) § 8.18 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.4 Hz,
2H), 5.49 (s, 1H), 4.06 (br. s, 2H), 3.11 (br. s, 1H), 2.21-2.17 (m, 2H), 2.05 (s, 3H), 2.02 (s,
3H), 1.91-1.87 (m, 2H), 1.75-1.70 (m, 2H), 1.45-1.37 (m, 4H) ppm. 3C NMR (100 MHz,
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CD:OD) § 168.8, 143.7, 132.0, 130.4, 129.6, 129.5, 110.8, 57.4, 41.7, 30.4, 26.1, 25.5, 12.8,
10.8 ppm. HRMS: m/z (ESI) calculated for CaoH2sN2O2" 325.1922, found: 325.1821 [M - H]-.

4.1.7.35. tert-butyl (4-(((1-(4-chlorophenyl)-2,5-dimethyl-1 H-pyrrol-3-
yl)methyl)amino)cyclohexyl)carbamate (5ab intermediate). Yield: 57 %. '"H NMR (400 MHz,
CDCl3) 6 7.42 (d, J=8.7 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 6.21 (s, 1H), 4.33 (br. s, 1H), 3.89
(s, 2H), 3.46 (br. s, 1H), 2.93 (br. s, 1H), 2.29-2.24 (m, 2H), 2.13-2.07 (m, 2H), 2.01 (s, 3H),
1.95 (s, 3H), 1.82-1.70 (m, 4H), 1.43 (s, 9H) ppm. 3C NMR (100 MHz, CDCl3) & 158.4, 155.0,
149.4, 137.0, 134.2, 131.7, 129.7, 129.2, 128.8, 108.3, 77.4, 48.6, 40.1, 32.1, 29.8, 29.5, 28.5,
27.9,12.9, 11.2 ppm.

4.1.7.36. N!-((1-(4-chlorophenyl)-2, 5-dimethyl-1H-pyrrol-3-yl)methyl)cyclohexane-1,4-
diamine (5ab). Yield 100 %. 'H NMR (400 MHz, CDs;0D) & 7.52 (d, J= 7.8 Hz, 2H), 7.21 (d,
J = 8.0 Hz, 2H), 6.09 (s, 1H), 4.08 (s, 2H), 3.22 (br. s, 2H), 2.35-2.20 (m, 4H) 2.04 (s, 3H),
1.99 (s, 3H), 1.68-1.55 (m, 4H) ppm. 3C NMR (100 MHz, CD;OD) & 138.3, 135.3, 131.0,
130.7, 130.4, 129.8, 110.3, 55.7, 42.4, 30.7, 29.6, 28.0, 12.7, 10.9 ppm. HRMS: m/z (ESI)
calculated for C19H27CIN3* 332.1888, found: 332.1903 [M + H]".

4.2. Biology

4.2.1. Minimum inhibitory concentration

The minimum inhibitory concentration (MICoo) is the concentration at which 90% of
mycobacterial growth was inhibited compared to an untreated control. The mycobacteria were
cultivated in 7H9 medium added 10% OADC (oleic acid, albumin, dextrose, and catalase). In
a 96-well plate, the compounds, and the antibiotics (MOX, RIF, INH and AMK) were serially
diluted (0.10-25 pg/mL — 100 uL). The mycobacterium inoculum was adjusted to ~10°
CFU/mL and the volume of 100 pL was added to the wells. After seven days, resazurin (0.01%
- 30 uL) was added as the indicator of bacteria viability [33,34].

4.2.2. Cytotoxicity assay

The cytotoxicity index (ICso) is the concentration with 50% viable cells according to an
experimental control without any treatment. Murine macrophages (lineage J774A.1 ATCC
TIB-67) were cultured in RPMI medium with 10% fetal bovine serum (FBS) and human
pulmonary fibroblasts (MRC-5 cell line - ATCC CCL-171) in DMEM medium with 10% FBS
(37 °C and 5% COy).
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Cells were grown in bottles and then seeded in 96-well plates (5x10° cells/mL - 100 puL). One
day later, the compounds were added and serially diluted (0.39-100 pg/mL) in fresh medium.
After 24 h, the treatment was removed and resazurin solution was added as the cell viability
indicator [35]. The same procedure was performed during 72 h to define the non-toxic
concentrations for the intramacrophage assay of infection and treatment. The selectivity index
(SD) is calculated by the ICso/MICy ratio and SI represents how much a compound can
eliminate the microorganism without causing mammalian cell damage. Thus, higher SI values

are considered promising [36].

4.2.3. Time-kill

In 125 mL Erlenmeyer flasks, the M. tuberculosis H37Rv bacillar suspension (50mL) was
added at approximately 10° CFU/mL. The compounds and antibiotic were added (1xMIC) and
the flasks incubated at 37 °C in a shaker. Aliquots (100 pL) were regularly recovered at 1%, 2",
31, 6t 9t and 12" day. A serial decimal dilution was performed and aliquots (100 uL) of each
dilution were plated on 7H11 solid medium plates supplemented with 10% of OADC. These
plates were incubated until the colonies were counted at 37 °C, with 5% CO». The experiment
was performed in biological duplicate and the results expressed in Logio CFU/mL (mean +

standard deviation) versus time (days) [22].

4.2.4. Intramacrophagic activity

The murine macrophages (J774A.1) cell concentration was adjusted to 5x10° cells/mL and 1
mL of this suspension was added to a 24 well plate. After 24 h for macrophages adhesion, the
mycobacterial suspension was added for phagocytosis. M. tuberculosis inoculum was adjusted
to ~10° CFU/mL (RPMI medium + 10% FBS). After 2 h, to remove the extracellular
mycobacteria, three successive washes with phosphate-buffer saline (PBS) were made. Then,
the treatment was added at concentrations non-toxic to the macrophage in 72 h (previously
determined). This treatment remained in contact with the infected cells for 72 h in incubation
at 37 °C with 5% COa,. After this time, the supernatant was discarded, the cells washed with
PBS and then the macrophages had their membranes ruptured with Triton 0.1%. The
intramacrophagic content was diluted and seeded onto solid media plates (7H11 with 10%
OADC). The plates were incubated at 37 °C until the colonies were counted. Results are
displayed as the percentage of inhibition of mycobacterial growth relative to an untreated

control [34].
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4.3. Computational — Molecular docking

The cryo-EM of MmpL3 (entry 7nvh of the protein data bank, 3.0 A resolution) was obtained
from the protein data bank and prepared according to the Protein Preparation Wizard procedure
from Schrodinger suite, release 2019-2 [37]. The structures of the ligands were sketched and
then converted into 3D structures with the LigPrep routine, considering possible tautomeric
states and protonation at pH 7 + 1. The induced fit docking protocol [38] was used to determine
the scores and the poses of the ligands. The grid was defined selecting the key amino acids of
the cavity (Asp640, Tyr641, Asp251, Tyr252), resulting in a box of 30 A for each side. A 34
A thick membrane (numerical value taken from ref. 25) was placed in the trans-helical region
of MmpL3 for consistency. The structures were docked using 0.5 van der Waals scaling for
both the ligand and the receptor. The same structures were afterwards re-docked using extra
precision (XP) Glide scoring function with default parameters [39]. Amide bonds within the
grid were allowed to vary their conformation. Side chains of amino acids within 5 A from the
ligand were optimized and refined using Prime software. At the end, a maximum of 20 poses
per ligand were retained. The interaction between ligands and the receptor were generated with

the Ligand Interaction Visualization tool within Maestro interface.
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