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Abstract

Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb), remains a worldwide scourge with
more than 10 million people affected yearly. Among the proteins essential for the survival of Mtb,
InhA has been and is still clinically validated as a therapeutic target. A new family of diaryl ethers has
been designed with the ambition of fully occupying the InhA substrate-binding site. Thus, eleven
compounds, featuring three pharmacophores within the same molecule, were synthesized. One of
them, compound 21, showed good inhibitory activity against InhA. The crystal structure of compound
21 in complex with InhA/NAD" showed how the molecule fills the substrate-binding site as well as the
minor portal of InhA. This study represents a further step towards the design of new inhibitors of

InhA.



1. Introduction

According to the recent World Health Organization (WHO) report, Tuberculosis (TB) caused by
Mycobacterium tuberculosis (Mtb) affects nearly 10 million people each year worldwide and remains
one of the leading causes of death due to a single infectious agent [1]. Emergence of multidrug-
resistant (MDR) and of extensively drug-resistant (XDR) TB augurs for a growing incidence, leading to
an increasing number of victims. In the last 60 years, no new anti-TB drugs have been approved by
the US-FDA for MDR-TB treatment with the exception of bedaquiline, delamanid and pretomanid, for
which resistances are already emerging [2]. Therefore, there is a real need for new drugs capable of
eradicating TB.

Mycobacteria present a unique cell wall that acts as a barrier to antibiotics. Biosynthetic pathways of
cell wall components, such as mycolic acids, are very attractive targets for the development of
antitubercular drugs. In that respect, enzymes belonging to the type Il Fatty Acid Synthesis (FAS-II)
system required for the mycolic acid biosynthesis are essential for mycobacterial survival [3]. As such,
they represent privileged targets for the discovery of new anti-TB drugs [4]. Among them, InhA
catalyzes the reduction by the cofactor NADH of the double bond at position 2 of growing trans-2-
enoyl-ACP substrates. InhA is the primary target of isoniazid (INH), a first-line anti-TB drug and one of
the most effective compounds to treat TB. INH acts as a prodrug requiring activation by KatG, a
catalase-peroxidase, to generate the adduct INH-NAD that inhibits InhA [5, 6]. Since the beginning of
the clinical use of INH, resistances to this antibiotic have been observed, mainly through mutations in
the activating enzyme KatG [7] and less commonly in InhA. Consequently, the discovery of direct
inhibitors of InhA that do not require pre-activation by KatG is crucial. Only a limited set of potent
direct inhibitors with activity against INH-resistant and wild-type strains of Mtb have been identified
[8]. These include triclosan (TCL), a highly effective broad-spectrum diaryl ether antibacterial agent,
and its analogues, some of which have shown promising activities against InhA [9-14].

The substrate-binding site of InhA can be divided in three distinct sites as illustrated in Figure 1 [15,
16]. Site | corresponds to the catalytic site. Site Il corresponds to a hydrophobic pocket where sits the
aliphatic chain of the substrate, as exemplified by the structure of InhA/NAD" with a C16 fatty acyl
substrate analogue (ligand ID THT in PDB 1BVR, chain A) [6]. Site Il is solvent-exposed and narrows
the size of the entrance of the protein at the so-called major portal. It is noteworthy that in the X-ray
structure reported for the InhA/NAD'/TCL complex (ligand ID TCL in PDB 1P45, chain A), two
molecules of TCL were found to bind within the substrate-binding site of InhA [17] (Figure 1). One
TCL molecule (TCL1) occupies site | and part of site Ill and shows close contacts with the cofactor and
with Tyrl58, which belongs together with Phel49 and Lys165 to the catalytic triad of InhA. The
second TCL molecule (TCL2) binds to the hydrophobic pocket defined by site Il. The presence of these



two TCL molecules was recently exploited to develop macrocyclic or dimeric, TCL-based, bis-diaryl
ether inhibitors of InhA (Figure 2). For instance, we reported the synthesis of macrocyclic diaryl ether
analogues such as compound MO01 that showed an ICsy inhibitory activity of 4.6 uM [18]. On the
other hand, Chetty et al. designed and synthesized a series of flexible di-triclosan analogues, which
displayed InhA inhibition also in the micromolar range (Cpd2 and Cpd38, Figure 2) [19, 20]. A more
rigid acyclic bis-diaryl ether derivative (Cpdé6l, Figure 2) showed a similar inhibitory activity against
InhA [21]. It is worth mentioning that another part of the protein, the minor portal located behind
site Il, has been little exploited until now. This site was recently targeted through the design of
coumarin diaryl ethers that are highly effective against both InhA and mycobacterial growth (e.g.
Cpd7b, ligand ID VZR in PDB 80TN, chain D; Figures 1 and 2) [22]. This site may also be targeted,
although in a lesser extent, by alkyl chains grafted onto TCL (e.g. compound 8PP, ligand ID 8PS in PDB
2B37, chain D; Figures 1 and 2) [12-14, 23]. Thus, several choices of pharmacophore groups can be
used to occupy the different sites defining the substrate-binding site of InhA. Following this line, we
report here on the design, synthesis and characterization of new InhA inhibitors incorporating within
the same molecule two diaryl ether moities and an alkyl chain grafted on a nitrogen atom (Figure 2).

The high-resolution structure of the most potent compound revealed a previously unseen occupation

Site Il

Site 1l

of the active site with maximum opening of the minor portal.

Figure 1. Overlaid X-ray structures of TCL1 and TCL2 (respectively pink and magenta, PDB 1P45:A), 8PS (cyan,
PDB 2B37:A), VZR (blue, 80TN:D), and THT (grey, 1BVR:A) binding to InhA in the presence of NAD" (green). The
substrate binding site is divided in three sites i.e site |, site Il and site Ill (after [15, 16]).
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Figure 2. Bis-diaryl ether inhibitors of InhA.

2. Results and discussion

2.1. Synthesis of the molecules

The synthetic routes of bis-diaryl ether compounds and their analogues are depicted in Schemes 1-6.
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Scheme 1. Synthesis of the precursors 1-10.

The initial steps start with the synthesis of the various precursors, i.e. aldehydes 1, 2 and 3 and
halides 7-9 and 10 (Scheme 1). Condensation of differently substituted phenols with 4-
fluorobenzaldehyde affords diaryl ethers 1, 2 and 3 in good yields, which were subsequently reduced
using NaBH,. The resulting alcohols were treated with triphenylphosphine/carbon tetrabromide or

mesyl chloride to afford the bromide or chloride derivatives 7, 8, 9 and 10.
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(a) Octylamine, CH,Cl,; (b) NaBH,4, MeOH/EtOH

Scheme 2. Synthesis of the precursors 11-14.



Reductive aminations of substituted aldehydes with octylamine were achieved with NaBH, to provide

the desired secondary amines 11- 14 without contamination of by-products (Scheme 2).
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Scheme 3. Synthesis of diaryl ether derivatives 16 and 21-24.



In order to synthesize diaryl ether 15, octylamine was treated with bromide derivative 8 using
potassium carbonate as base (Scheme 3). Various substituted diaryl ether derivatives 17-20 were
synthesized by condensing compounds 8 or 9 with secondary amines 11, 13 and 14 using the same
conditions. Each bis-diaryl ether molecule was demethylated using hydrogen bromide in acetic acid
under reflux (Scheme 3). For these molecules, the reaction with HBr/AcOH by comparison with BBr;
has the merit of being much cleaner and above all reproducible. Nevertheless, secondary amine

derivative 25 was synthesized in one-step from 13 wusing BBr; at low temperature.
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N
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(a) Octyl bromide, K,CO3, CH3CN, reflux, 62%; (b) HBr, AcOH, 150 °C, quant.

Scheme 4. Synthesis of derivatives 25 and 27.

In addition to mono-alkylated bis-diaryl ether derivatives listed above, miscellaneous analogs or
truncated compounds such as 27, 33 and 34 have been synthesized to verify their ability to inhibit
the InhA protein. Bis-Cg-alkylated amine 27 was synthesized from compound 12 and octyl bromide
after demethylation in good yield (Scheme 4). Compounds 33 and 34, deprived of alkyl chain, have
also been synthetized to determine the impact of this chain on recognition by InhA. To this end,
compounds 31 and 32 were synthesized by reductive amination of amines 29 and 30 in the presence
of 4-phenoxybenzaldehyde and aldehyde 2, respectively, in good yields (Scheme 5). Final compounds

33 and 34 were obtained after demethylation using BBr; in excellent yields.
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Scheme 5. Synthesis of diaryl ether compounds 33 and 34.

Two bifunctionalized diaryl ethers 38 and 39 were synthesized in two steps from aldehyde 35

(Scheme 6). Unlike the other molecules shown above, these molecules have two secondary amines
containing either a benzyl or an octyl group.
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Scheme 6. Synthesis of compounds 38 and 39.



2.2. InhA inhibition assay

The inhibition activity of synthesized compounds was investigated via a well-known procedure [24].
Initial velocities were measured at fixed concentrations of NADH (250 uM), dodecenoyl Coenzyme A
(DDCoA, 50 uM) and inhibitors as a first screening (50 uM). The reactions were initiated by the
addition of InhA enzyme. Triclosan was used as a control. As shown in Table 1, compound 21 showed
the best inhibitory activity with ICsy of 0.70 uM, making it one of the most efficient derivatives
bearing two diaryl ethers as compared to previous studies [19, 20]. Surprisingly, comparing
compounds 22 and 21, the presence of a chlorine atom on the aromatic leads to a significant
decrease in inhibitory activity. If a hydroxyl group is absent as found in compound 24, compared to
compound 21, a decrease in affinity was observed with an ICs of 1.82 uM. This may be due to the
loss of a hydrogen bond with a residue of InhA. Bis-diaryl ether derivative 33 bearing no alkyl chain
showed an ICsq of 1.38 puM while the same compound with a different hydroxyl positioning and

bearing a chloride atom displays no capacity to inhibit InhA.

Table 1. Structure and inhibitory activity of diaryl ether derivatives toward InhA enzyme and Mtb H37Rv strain.
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®ND, not determined; ®Not soluble at 50 uM; NI, no inhibition.

2.3. Inhibition of mycolic acid biosynthesis in Mtb H37Rv

Compounds were screened against Mtb strain H37Rv by determining the minimum inhibitory
concentrations (MIC). Results are reported in Table 1. As a general trend, most of the compounds
showed poor antimycobacterial activities with MIC values in the range of 10 to > 40 ug/mL. Among
diaryl ether derivatives, 34 and 39 showed the best inhibitory activity with MIC of 5 and 2.5 pg/mL,

respectively. The best inhibitor 21 of the enzyme InhA was poorly active against Mtb with a MIC of 20

ug/mL.



2.4. Insilico studies of compound 21

As designed, compound 21 consists of three fragments: two diaryl ethers and one C8-alkyl chain.
Each of these three fragments may bind into the TCL1 or the TCL2 site as shown in Figure 1.
Therefore, molecular docking of compound 21 to InhA was performed to gain insights into the
possible binding modes. The structure of InhA in complex with NAD* and compound PT70 (2-(o-
tolyloxy)-5-hexylphenol, ligand ID TCU in PDB 2X22, chain A, hereafter 2X22:A), in which the minor
portal is opened, was chosen, offering more space in the vicinity of the protein substrate-binding
site. The most realistic complex of compound 21 with InhA/NAD" was selected on the basis of
docking scores and similarities (or compliance) with X-ray crystal structure complexes of InhA with
known inhibitors. After docking, the best poses show that compound 21 is able to dock with one
diaryl ether group within the TCL1-binding site (site 1) in the major portal and the other diaryl ether in
the minor portal. For the first diaryl ether, typical m-stacking interactions between the hydroxyl-
substituted (A) ring and the nicotinamide ring of the cofactor as well as hydrogen bonding between
the hydroxyl moiety of the A ring and the 2-hydroxyl group of the cofactor and hydroxyl group of
Tyr158 are observed as found for other complexes with diaryl ethers. The other diaryl ether expands
in the minor portal with a higher degree of fluctuation, covering the entire binding site surface of site
Il. The corresponding poses can be classified in two clusters, H+ and B+, which share the same values
of docking scores (Figure 3). In the case of the H+ set, the second diaryl ether is in the upper part of
the minor portal and the alkyl chain in the lower part. In the case of the B+ set, the relative position

of the alkyl chain and diaryl ether is inverted (i.e. with the alkyl chain in the upper part of the minor

portal). Interestingly, the position of the nitrogen atom is conserved in the two sets.

Figure 3. Best docking poses of compound 21 to the InhA structure (PDB 2X22, chain A). A. Fluctuation of type
H+ (alkyl chain down). B. Fluctuation of type B+ (alkyl chain up). The different poses of compound 21 are shown



as different shades of gray. Compound PT70 (ligand ID TCU, hot pink) and NAD" (green) of 2X22:A (light blue
surface) are shown.

2.5. X-ray structure of the InhA/NAD"/21 complex

To gain further insight into protein-ligand interactions, we succeeded in obtaining the X-ray structure
of the complex of compound 21, the best diaryl ether derivatives (in terms of 1Csg) in our series, with
InhA and NAD" (PDB code 80TL). Crystals were obtained in the presence of PEG 4000 after successive
incubation of the protein with the cofactor then with compound 21. They belong to space group
€222, with 6 molecules in the asymmetric unit and diffracted X-rays to a maximum resolution of 2.1
A. Clear electron density was visible in the substrate-binding site of InhA that allows for unambiguous
positioning of the cofactor and the ligand. The latter was observed in only one of the six molecules of
the asymmetric unit (Figure 4), a quite common feature when considering structures of
InhA/NAD(H)/ligand complexes obtained in C2, and €222, space groups available in the PDB. In all 6
chains of the asymmetric unit, the NAD" molecules adopt strictly the same position and canonical
conformation observed in other deposited InhA structures. Differences are observed for the so-called
“substrate-binding loop” (SBL, residues 192-226 encompassing helices H6 and H7) where H6 adopts
an open conformation in the unpopulated chains (Figure 4A) and a closed conformation in the only
one chain bearing the ligand (Figure 4B). Furthermore, the Phe149 and Tyr158 side chains are in the
so-called out and in conformation, respectively, in the populated molecule but adopt various, and

even alternate, in/out orientations in the molecules that only contains the cofactor (Figure 4).



Figure 4. X-ray structure of the InhA/NAD’/21 complex. A. Five of the six molecules making up the crystal have
no bound ligand (only 80TL:A is shown). B. Bound ligand in the sixth molecule (80TL:F). Cartoon representation
showing the difference in the conformation of the SBL loop (residues 192-226, orange), with helix H6 from open
to closed. The NAD" (green), the ligand (gray) and the side chains of the catalytic triad Phe149-Tyr158-Lys165
(cyan) are shown as sticks. In the non-populated molecules, the side chains of Phel49 and Tyr158 adopt
alternative in/out conformations whereas in the ligand complex, Phe149 and Tyr158 side chains are out and in,
respectively

As found in other InhA-diaryl ether structures, the hydroxyl-substituted ring A of 21 is stacked with
the NAD" nicotinamide and its hydroxyl moiety makes hydrogen bonds with the hydroxyl group of
Tyr158 and the 2'-hydroxyl group of NAD" (Figure 5A). Two additional hydrogen bonds are formed
between the hydroxyl group of the other hydroxyl-substituted ring of 21 (i.e. A’), which adopts two
alternate conformations rotated by 180°, and either the main-chain oxygen atom of 1le202 or the
side-chain nitrogen atom of GIn214 (Figure 5B). Another polar contact might be formed between the
protein and the ligand through a cation-n interaction involving the Phel49 side chain and the
nitrogen atom of 21, which would require protonation of the amine (Figure 5C). In addition to polar
contacts, binding of 21 occurs through numerous, i.e. 80 in total, non-bonded contacts involving the
cofactor and protein residues. Among top contributors, number of contacts in parentheses, are
found NAD" (28), Tyr158 (8), l1e202 (7), and GIn214 (5). Other contacts involved Gly96 (3), Phe97 (3),
Gly104 (1), Phe149 (3), Met155 (1), Pro156 (2), Alal57 (3), Met161 (4), Lys165 (1), Pro193 (1), Ala198
(3), Met199 (1), Val203 (2), Val206 (2), Leu218 (1), and Trp222 (1). From the ligand perspective, 64%



(51) of these contacts involve the AB diphenyl ether (Figure 5A), 23% (19) the A’B’ diphenyl ether
(Figure 5B), 4% (3) the benzylic CH, groups, and 9% (7) the alkyl chain (Figure 5C).

Figure 5. Detailed interactions of compound 21 with InhA/NAD".
Three different zooms are shown that correspond to A. The AB
diaryl ether. B. The A’B’ diaryl ether. Both observed orientations
of cycle A’ are shown. C. The alkyl chain. The protein is shown as
cartoon using the same color scheme as in Figure 4. In each panel,
the considered part of the ligand is in yellow while the remaining
part is in light gray. The cofactor is in green. Protein residues
involved in defining the inhibitor-binding pocket are shown as
sticks and labeled with their number of non-bonded contacts with
the ligand given in parentheses. Hydrogen bonds are displayed as
cyan dotted lines. The putative cation-m interaction is shown as
magenta dotted lines. Distances are indicated.

93(1) W222(1) ‘
r/‘ o E—

Comparison of docking and crystallographic binding poses shows similar comformations for the AB
diaryl ether and the nitrogen (Figure 6). Beyond nitrogen, in the direction of the minor portal,
significant differences are observed with the alkyl chain and the A’B’ diaryl ether mainly due to a very

different opening of the minor portal in the 2X22:A vs. 80TL:F structures.
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Figure 6. Comparison of the two best docking poses (black, grey) with the crystallographic conformation
(orange) of compound 21 in 80TL:F (gray surface). The side chain of Tyr258 and NAD" are shown in cyan and
green, respectively.

2.6. Compared analysis of the functional and structural effect of InhA complexation to alky!

diaryl ethers

Compound 21 has 6.6 fold improved ICsq compared to macrocyclic diaryl ether analogues such as
compound MO1 (0.7 uM vs. 4.6 uM) [18]. This might be explained by the fact that the latter are rigid
molecules although more flexible bis-diaryl ether analogues have also been shown to display InhA
inhibition in the micromolar range [20, 21]. However, the difference in inhibition of both protein
activity and Mtb growth between the alkyl bis-diaryl ether compound 21 and smaller alkyl diaryl
ethers, which display ICsy values up to 10 times lower (at nearby InhA concentrations, i.e. 50 and 100
nM, Table 2), is quite striking. To try to rationalize these differences, we compared the
crystallographic structures of the corresponding complexes in terms of both the number of hydrogen
bonds/non-bonded contacts and minor portal opening (Table 2 and Figure 7). For instance,
compound 21 makes two more hydrogen bonds with the protein (alternating between either the
main-chain oxygen atom of 11e202 or the side-chain nitrogen atom of GIn214 and the hydroxyl group
on the A’ ring) than alkyl diaryl ethers and as many non-bonded contacts with InhA and NAD" as the
alkyl diaryl ether compound (8PP), which bears an octyl chain. Another major difference is the wider
opening of the minor portal in the structure of the complex with 21 compared to alkyl diaryl ethers

(Figure 7). Indeed, the alkyl part of compound 21 extends towards the minor portal in a manner



reminiscent of what has been observed for coumarin diaryl ethers [22], and opening is further

accentuated by the presence of the A’B’ diaryl ether.

Table 2. Structure and properties of diaryl ether analogues bearing an alkylated chain.

Compound N° non-
IC MIC
PDB:chain  name (PDB Structure ( 50) (ug/ mL) bonded Ref.
nM ug/ mL
ligand ID) contacts’
Q\OH
o] b This
8OTL:F 21 (VZE) OH 700 20 80:28-52
0 work
: NW
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O
2B36:A 5PP (5PP) ©/ 17¢ 1 47:28-19 [14]
4
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7
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5
Br OH
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5
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5
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® Total number: with cofactor-with protein, determined using the LigPlot+ program [25]. InhA concentration:

®50 nM, 1 nM, %100 nM and °20nM. ‘ND, not determined.



3. Conclusions

Over the past decade, InhA has been demonstrated as a promising target and various types of
inhibitors have been identified that bind to the substrate site. In the present study, the
substrate-binding site was exploited by designing bis-diaryl ether molecules bearing a chain
reminiscent of the substrate. A series of eleven alkyl bis-diaryl ether derivatives were synthesized
and one of them displayed nanomolar inhibitory activity against the enzyme. The X-ray structure of
the corresponding complex with InhA and NAD" was obtained. This structure revealed the protein
adaptability to a relatively large inhibitor and the observed opening of the minor portal underlines its
plasticity. Such an opening of the minor portal raises the question of whether it could act as an

entry/exit gate for compounds (substrates and/or inhibitors).



Lig ID VZE in 80TL:F Lig ID 5PP in 2B36:A Lig ID 8PS in 2B37:D
4 /80:28-52 2/47:28-19 2/83:38-45

Lig ID TCU in 2X23:G Lig ID 2TK in 40HU:A Lig ID JUS in 40IM:A
2/70:34-36 2/61:28-33 2/72:31-41

Lig ID 1S5 in 40XN:B Lig ID 1TN in 40XY:B Lig ID 1US in 40YR:C
3/63:30-33 2/67:32-35 2/59:31-28

Figure 7. Effect of alkyl diaryl ether binding on minor portal opening. In each panel, the chemical
structure and compound name (upper lines) and PDB identifiers as well as the number of hydrogen
bonds and the number of (total:with cofactor/with protein) non-bonded contacts (lower lines) are
given. The protein molecular surface is represented in lightblue. Residues interacting with compound
21 are displayed in orange on all structures, which are represented in the same orientation.



4. Experimental section

4.1. Chemistry

All commercial reagents were purchased from Sigma-Aldrich or Alfa Aesar and were used without
further purification. CH,Cl, and N,N-dimethylformamide were purified over a solvent purification
system. Proton and carbon nuclear magnetic resonance (‘*H NMR and *C NMR) spectra were
recorded on Bruker advance (300 MHz/75 MHz or 500 MHz/125 MHz) spectrometers. Chemical shifts
were recorded in parts per million (ppm, J) relative to the corresponding deuterated solvent (7.26
ppm and 77.0 ppm for CDCl3). 'H NMR splitting patterns are designated as singlet (s), doublet (d),
triplet (t) and multiplet (m) or broad (b). Coupling constants (J) are reported in hertz (Hz). High-
resolution mass spectrometry (HRMS) was performed on a Thermo-Finnigan MAT 95 XL instrument.
Analytical thin-layer chromatography (TLC) was carried out on Merck 60 F254 pre-coated silica gel
plates (0.2 mm thickness). Visualization was accomplished by UV irradiation at 254 nm. Flash column

chromatography was performed on a Puriflash from Interchim or Combiflash from Serlabo.
General procedure for the aromatic substitution (compounds 1-3).

Phenol (1 eq) and 4-fluorobenzaldehyde (1.1-1.2 eq) were dissolved in N,N-dimethylformamide (20
mL). To this mixture, add K,CO; (2.5 eq) and heat to 120 °C. After 18 h of stirring, the mixture was
concentrated under reduced pressure. The resulting residue was diluted with ethyl acetate and
washed with water. The combined organic layers are washed with brine, dried over MgSQ,, filtered,
and concentrated under reduced pressure. The product was purified by flash chromatography to

afford the desired diaryl ether derivative.
General procedure for the reduction of aldehydes (compounds 4-6).

Sodium borohydride (2-4 eq) was added to a stirred solution of aldehyde derivative (1 eq) in
methanol (10 mL) at 4 °C. The mixture was stirred 30 minutes at this temperature and then overnight
at room temperature. Once the reaction was complete, the reaction mixture was concentrated under
reduced pressure and diluted with ethyl acetate. The organic layer was washed with water and brine,
dried over MgSO,, filtered, and concentrated under reduced pressure to afford the desired

compound. No further purification step was necessary.
General procedure for the bromation of alcohol derivatives (compounds 7-9).

To a solution of alcohol derivative (1 eq) solubilized in dichloromethane (10 mL), were added carbon
tetrabromide (1.25-1.5 eq) and triphenylphosphine (1.4-2 eq) at 4 °C. Then, the reaction mixture was

stirred at room temperature for 24 h. The solvent was evaporated under reduced pressure and ethyl



acetate was added. The reaction mixture was washed with water (3x). The organic layer was washed
with brine, dried over MgSQO,, filtered, and concentrated under reduced pressure to give the crude

compound which was purified by flash chromatography.
General procedure for the reductive amination (compounds 11-14).

Octylamine (1 eq) was added to a solution of aldehyde (1 eq) in 50 mL anhydrous dichloromethane
with molecular sieves. The reaction mixture was stirred overnight at room temperature. Molecular
sieves were removed by filtration and the solution was concentrated in vacuo. The residue was
diluted with methanol/ethanol (1/1, 50 mL) and sodium borohydride (3 eq) was slowly added to the
ice-cooled solution. Once the reaction was complete as seen by TLC, saturated solution of NH,Cl was
added and the resulting solution was concentrated in vacuo. Ethyl acetate was added and the organic
layer was washed with water and brine, dried over MgSQ,, filtered, and concentrated under reduced

pressure to give the desired compound. No further purification was needed.
General procedure of demethylation (compounds 16, 21-24).

CH3;COOH (1 mL) and HBr 48% (1 mL) were added to the methoxybenzene derivative (0.162-0.322
mmol). The mixture was stirred at 150 °C for 5 h. Then a NaHCO; ,,; agueous solution was added
slowly and was extracted with ethyl acetate. The combined organic layers were washed with water,

dried over MgSQ,, filtered, and concentrated in vacuo to give the desired compound.
4-(2-Methoxyphenoxy)benzaldehyde (1) [26].

The product 1 was synthesized as described in the general procedure for aromatic substitution with
guaiacol (500 mg, 4 mmol) and 4-fluorobenzaldehyde (600 mg, 4.8 mmol). Purification by flash
chromatography (linear gradient petroleum ether/ethyl acetate: 95/5 to 90/10) gave compound 1 as
a lightly yellow oil (75%, 0.801 g). Rf= 0.27 (petroleum ether/ethyl acetate: 9/1). 'H NMR (300 MHz,
CDCl3) 6 9.90 (s, 1H, CHO); 7.85 — 7.78 (m, 2H, ArH); 7.28 — 7.19 (m, 1H, ArH); 7.10 (dd, J = 7.9, 1.8 Hz,
1H, ArH); 7.06 — 6.95 (m, 4H, ArH); 3.79 (s, 3H, OCHs); *C NMR (75 MHz, CDCl5) & 190.8; 163.5; 151.6;
142.8;131.8; 130.8; 126.4; 122.5; 121.3; 116.2; 113.0; 55.8.

4-(4-Chloro-2-methoxyphenoxy)benzaldehyde (2) [19].

The product 2 was synthesized as described previously in the general procedure for aromatic
substitution with 4-chloro-2-methoxyphenol (0.700 g, 4.4 mmol) and 4-fluorobenzaldehyde (0.657 g,
5.3 mmol) and K,CO; (1.22 g, 8.8 mmol). Purification by flash chromatography (petroleum ether and
ethyl acetate: 9/1) gave compound 2 as a white powder. Yield: 91% (1.050 g). R;= 0.65 (petroleum
ether/EtOAc: 80/20). *H NMR (300 MHz, CDCls) § 9.91 (s, 1H, ArCHO); 7.90 — 7.77 (m, 2H, ArH); 7.10 —



6.92 (m, 5H, ArH); 3.78 (s, 3H, OCH;); NMR C (75 MHz, CDCls): § 190.9; 163.3; 152.4; 141.7; 132.0;
131.5;131.3;123.4; 121.3; 116.3; 113.8; 56.3.

3-Methoxy-4-phenoxybenzaldehyde (3).

The product 3 was synthesized as described previously in the general procedure for aromatic
substitution with phenol (1 g, 10.6 mmol) and 4-fluoro-3-methoxybenzaldehyde (1.8 g, 11.7 mmol)
and K,CO; (3.68 g, 26.3 mmol). Purification by flash chromatography (linear gradient petroleum
ether/ethyl acetate: 95/5 to 80/20) gave compound 3 as a light beige oil (66%, 0.212 g). R;= 0.26
(petroleum ether/EtOAc: 9/1). *H NMR (300 MHz, CDCl;) & 9.88 (s, 1H, CHO), 7.52 (d, J = 1.9 Hz, 1H,
ArH), 7.40 — 7.32 (m, 3H, ArH), 7.20 — 7.13 (m, 1H, ArH), 7.07 — 7.01 (m, 2H, ArH), 6.91 (d, J = 8.2 Hz,
1H, ArH), 3.94 (s, 3H, OCHs) ; *C NMR (75 MHz, CDCl3) & 190.8; 155.7; 152.1; 150.9; 132.1; 129.9;
125.7; 124.3; 119.9; 117.7; 110.5; 56.0.

(4-(2-Methoxyphenoxy)phenyl)methanol (4).

The product 4 was synthesized as described in the general procedure for aldehyde reduction with
compound 1 (330 mg, 1.45 mmol) and sodium borohydride (219 mg, 5.8 mmol) to give compound 4
as a lightly yellow oil (89%, 0.229 g). R; = 0.47 (petroleum ether/ethyl acetate: 7/3). 'H NMR (300
MHz, CDCl3) 6 7.31 — 7.26 (m, 2H, ArH), 7.14 (ddd, J = 8.2, 7.0, 2.0 Hz, 1H, ArH), 7.05 — 6.95 (m, 2H,
ArH), 6.95 — 6.90 (m, 3H, ArH), 4.62 (s, 2H, ArCH,OH), 3.83 (s, 3H, OCH;); *C NMR (75 MHz, CDCl;) &
157.5; 151.3; 144.9; 134.9; 128.5; 124.9; 121.0; 121.0; 117.1; 112.8; 64.9; 55.9; HRMS (DCI/CH,, [M])
Calculated for C14H1403: 230.0943. Found: 230.0944.

(4-(4-Chloro-2-methoxyphenoxy)phenyl)methanol (5) [20].

The product 5 was synthesized as described in the general procedure for aldehyde reduction with
compound 2 (600 mg, 2.29 mmol), sodium borohydride (183 mg, 4.83 mmol) to give compound 5 as a
white solid (99%, 0.632 g). Ry = 0.16 (petroleum ether/ethyl acetate: 8/2). 'H NMR (300 MHz, CDCl5) &
7.24—-7.18 (m, 2H, ArH) ; 6.97 (m, 1H, ArH); 6.91 — 6.79 (m, 4H, ArH); 4.51 (s, 2H, CH,0H); 3.75 (s, 3H,
OCH;); 3.40 (b, 1H, OH) ; *C NMR (75 MHz, CDCl3) § 156.9; 151.7; 143.5; 135.2; 129.5; 128.4; 121.6;
120.7; 118.9; 113,3 (C2) ; 64,2 (C13); 55,9 (C14); HRMS (DCI-CH,4, [M]*) Calculated for Cy;H;305Cl:
264.0553. Found: 264.0557.

(3-Methoxy-4-phenoxyphenyl)methanol (6).

The product 6 was synthesized as described in the general procedure for aldehyde reduction with

compound 3 (500 mg, 2.191 mmol) and sodium borohydride (249 mg, 6.57 mmol) to give 6 as a



white solid (92%, 464 mg). "H NMR (300 MHz, CDCl;) & 7.36 — 7.25 (m, 2H, ArH), 7.10 — 7.01 (m, 2H,
ArH), 6.99 — 6.86 (m, 4H, ArH), 4.68 (s, 2H, Ar-CH;), 3.84 (s, 3H, OCHs); BC NMR (75 MHz, CDCl3) o
157.8; 151.5; 144.4; 137.6; 129.5; 122.5; 120.9; 119.5; 117.1; 111.5; 65.1; 55.9; HRMS (DCI-CH,, [M]")
Calculated for C14H1,05: 230.0943. Found: 230.0948.

1-(4-(Bromomethyl)phenoxy)-2-methoxybenzene (7).

The compound 7 was synthesized as described in the general procedure for bromation with
compound 4 (299 mg, 1.3 mmol), carbon tetrabromide (539 mg, 1.625 mmol) and
triphenylphosphine (477 mg, 1.82 mmol). Purification on silica with petroleum ether and ethyl
acetate (9:1) gave compound 7 as a yellow oil (76%, 0.293 g). Ry = 0.65 (petroleum ether/ethyl
acetate: 9/1). "H NMR (300 MHz, CDCl,) & 7.36 — 7.27 (m, 2H, ArH); 7.17 (ddd, J = 8.2, 7.2, 1.9 Hz, 1H,
ArH); 7.01 (dd, J = 8.0, 1.7 Hz, 2H, ArH); 6.97 —6.93 (m, 1H, ArH); 6.91 — 6.85 (m, 2H, ArH); 4.50 (s, 2H,
Ar-CH,); 3.82 (s, 3H, OCHs); BC NMR (75 MHz, CDCl;) & 158.2; 151.6; 144.3; 131.5; 130.4; 125.3;
121.6; 121.1; 116.9; 112.8; 55.9; 33.6 ; HRMS (DCI-CH,, [M]") Calculated for C;4H;50,Br: 292.0099.
Found: 292.0110.

1-(4-(Bromomethyl)phenoxy)-4-chloro-2-methoxybenzene (8) [27].

The compound 8 was synthesized as described in the general procedure for bromation with
compound 5 (0.632 g, 2.41 mmol), carbon tetrabromide (1.199 g, 3.615 mmol) and triphenyl
phosphine (0.948 g, 3.615 mmol). Purification on silica with petroleum ether and ethyl acetate (9:1)
gave the desired compound 8 as a white solid (70%, 0.547 g). Ry = 0.79 (petroleum ether/ethyl
acetate: 80/20). 'H NMR (300 MHz, CDCl3) § 7.34 — 7.29 (m, 2H, ArH); 6.99 (m, 1H, ArH); 6.92 (m, 2H,
ArH); 6.87 (m, 2H, ArH); 4.40 (s, 2H, ArCH,); 3.70 (s, 3H, OCHs); *C NMR (75 MHz, CDCl;) & 157.9;
152.1; 142.9; 131.9; 130.5; 130.1; 122.4; 120.9; 116.9; 113.5; 56.1; 33.5; HRMS (DCI-CH,, [M])
Calculated for Cy4H1,0,CIBr: 325.9709. Found: 325.9706.

4-(Bromomethyl)-2-methoxy-1-phenoxybenzene (9).

The compound 9 was synthesized as described in the general procedure for bromation with
compound 6 (230 mg, 1 mmol), carbon tetrabromide (497 mg, 1.5 mmol) and triphenylphosphine
(525 mg, 2 mmol). Purification on silica with petroleum ether and ethyl acetate (9:1) gave 9 as a
lightly pink oil (88%, 0.257 g). Rf = 0.67 (petroleum ether/ethyl acetate: 9/1). 'H NMR (300 MHz,
CDCl;) 6 7.36 — 7.28 (m, 2H, ArH), 7.12 — 7.03 (m, 2H, ArH), 7.01 — 6.88 (m, 4H, ArH), 4.51 (s, 2H, Ar-
CH,), 3.86 (s, 3H, OCHs); *C NMR (75 MHz, CDCl;) § 157.3; 151.1; 145.4; 133.9; 129.5; 122.8; 121.6;



120.3; 117.5; 113.3; 55.9; 33.6; HRMS (DCI/CH,, [M]) Calculated for C;4H130,Br: 292.0099. Found:
292.0102.

4-Chloro-1-(4-chloromethyl)phenoxy)-2-methoxybenzene (10).

The product 10 was synthesized as described previously [20]. Briefly, to a ice-cooled solution of 5
(498 mg, 1.88 mmol) solubilized dichloromethane (15 mL) under argon, was added triethylamine
(0.626 mL, 4.51 mmol). After 5 min of stirring, methanesulfonyl chloride (0.175 mL, 2.26 mmol) was
added dropwise. The reaction mixture was stirred at room temperature for 23 h. Then the organic
solution was washed with water and brine, dried over MgSO,, filtered, and concentrated in vacuo.
Purification by flash chromatography (linear gradient petroleum ether/ethyl acetate: 90/10 to 30/70)
gave 10 as a white solid (67%, 0.356 g). R;= 0.78 (petroleum ether/ethyl acetate: 9/1). *H NMR (300
MHz, CDCl5) & 7.35 — 7.28 (m, 2H, ArH), 7.02 — 6.99 (m, 1H, ArH), 6.93 (d, J = 2.0 Hz, 2H, ArH), 6.92 —
6.86 (m, 2H, ArH), 4.56 (s, 2H, ArCH,); 3.79 (s, 3H, OCHs); **C NMR (75 MHz, CDCl3) & 157.8; 151.5;
144.4; 137.6; 129.5; 122.5; 120.9; 119.5; 117.1; 111.5; 65.1; 55.9; **C NMR (75 MHz, CDCl5) & 157.8;
152.0; 143.0; 131.5; 130.0; 122.2; 120.8; 116.7; 113.3; 56.0; 45.8; HRMS (DCI/CH,, [M]’) Calculated
for C14H1,0,Cl,: 282.0214. Found: 282.0216.

N-(4-(2-Methoxyphenoxy)benzyl)octan-1-amine (11).

The product 11 was synthesized as described in the general procedure for reductive amination with
compound 1 (158 mg, 0.692 mmol), octylamine (0.115 mL, 0.692 mmol) and sodium borohydride
(78.5 mg, 2.076 mmol) to give 11 as a beige solid (quant., 0.250 g). R; = 0.13 (100 % ethyl acetate). 'H
NMR (300 MHz, CDCl3) & 7.48 — 7.39 (m, 2H, ArH), 7.13 (ddd, J = 8.8, 6.2, 2.9 Hz, 1H, ArH), 7.01 — 6.94
(m, 1H, ArH), 6.93 — 6.84 (m, 4H, ArH), 3.92 (s, 2H, ArCH,), 3.76 (s, 3H), 2.80 — 2.55 (m, 2H, NHCH,),
1.83 — 1.66 (m, 2H, NHCH,-CH,), 1.34 — 1.15 (m, 10H, CH, alkyl), 0.89 — 0.76 (m, 3H, CHs alkyl). ; **C
NMR (75 MHz, CDCl3) 6 158.7; 151.5; 143.9; 131.; 125.4; 125.37; 121.6; 121.1; 116.9; 112.8; 55.8;
50.3; 46.2; 31.6; 29.0; 28.97; 26.80; 26.5; 22.4; 14.0; HRMS (ESI, [M+H]") Calculated for C,,H3,NO,:
342.2433. Found: 342.2436.

N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)octan-1-amine (12).

The product 12 was synthesized as described in the general procedure for reductive amination with
compound 2 (0.240 g, 0.914 mmol), octylamine (0.118 g, 9.136 mmol) and sodium borohydride
(0.104 g, 2.749 mmol) to afford 12 (quant., 343 mg). R;= 0.15 (petroleum ether/ethyl acetate: 6/4).
'H NMR (300 MHz, CDCl5) & 7.29 — 7.20 (m, 2H, ArH); 6.95 (t, J = 1.3 Hz, 1H, ArH); 6.89 — 6.83 (m, 4H,
ArH); 3.79 (s, 3H, OCHs); 3.74 (s, 2H, Ar-CH,); 2.61 (t, J = 7.3 Hz, 2H, NCH,); 1.58 — 1.43 (m, 2H, NCH,-



CH,); 1.35 - 1.18 (m, 10H, CH, alkyl); 0.91 — 0.82 (m, 3H, CH; alkyl) ; *C NMR (75 MHz, CDCl;) § 156.5;
151.8; 143.9; 134.3; 129.5; 129.4; 121.4; 120.7; 117.1; 113.2; 56.0; 53.1; 49.2; 31.7; 29.7; 29.4; 29.2;
27.2; 22.6; 14.0; HRMS (ESI, [M+H]") Calculated for C,,H3,CINO,: 376.2043. Found: 376.2045.

N-(3-Methoxy-4-phenoxybenzyl)octan-1-amine (13).

The product was synthesized as described in the general procedure for reductive amination with 3-
methoxy-4-phenoxybenzaldehyde 3 (507 mg, 2.2 mmol), octylamine (287 mg, 2.2 mmol) and sodium
borohydride (6.67 mmol) to give 13 as a white solid (quant., 0.756 g). Ry = 0.11 (petroleum
ether/ethyl acetate: 7/3). "H NMR (300 MHz, CDCl;) & 8.69 (s, 1H, CH,-NH-CH,); 7.49 (d, J = 2.0 Hz,
1H, ArH); 7.31 - 7.23 (m, 2H, ArH); 7.10 — 7.01 (m, 1H, ArH); 6.96 (dd, J = 8.1, 2.0 Hz, 1H, ArH); 6.93 —
6.83 (m, 3H, ArH); 4.02 (s, 2H, Ar-CH,); 3.91 (s, 3H, OCHs); 2.83 — 2.68 (m, 2H, NH-CH, alkyl); 1.91 -
1.74 (m, 2H, NHCH,-CH, alkyl); 1.40 — 1.12 (m, 10H, CH, alkyl); 0.92 — 0.76 (m, 3H, CH; alkyl); *C NMR
(75 MHz, CDCl5) 6 156.7; 151.3; 146.2; 129.4; 126.4; 122.9; 122.6; 119.7; 117.7; 114.3; 56.2; 50.3;
45.8; 31.5; 28.9; 28.8; 26.6; 25.9; 22.4; 13.8; HRMS (ESI, [M+H]") Calculated for C,,H3;,NO,: 342.2433.
Found: 342.2434.

N-(4-Phenoxybenzyl)octan-1-amine (14).

The product 14 was synthesized as described in the general procedure for reductive amination with
commercially available 4-phenoxybenzaldehyde (0.400 g, 2.02 mmol), octylamine (0.261 g, 2.02
mmol) and sodium borohydride (0.229 g, 6.06 mmol) to afford 14 as a lightly yellow oil (quant., 0.628
g). Rs=0.13 (100 % ethyl acetate). 'H NMR (300 MHz, CDCl5) § 8.62 (br, 2H); 7.56 — 7.47 (m, 2H, ArH);
7.35—7.27 (m, 2H, ArH); 7.15 — 7.08 (m, 1H, ArH); 7.00 — 6.92 (m, 4H, ArH); 3.97 (s, 2H, Ar-CH,-NH-);
2.79 — 2.66 (m, 2H,NH-CH,); 1.88 — 1.69 (m, 2H, NH-CH2-CH,); 1.38 — 1.13 (m, 10H, CH, alkyl); 0.89 —
0.78 (m, 3H, CHj; alkyl); BC NMR (75 MHz, CDCl5) 6 157.4; 156.2; 134.7; 129.7; 123.1; 118.9; 118.7;
53.2; 49.2; 31.8; 29.7; 29.5; 29.2; 27.3; 22.6; 14.1; HRMS (ESI, [M+H]") Calculated for C,H3oNO:
312.2327. Found: 312.2329.

N,N-Bis(4-(4-chloro-2-methoxyphenoxy)benzyl)octan-1-amine (15).

To a solution of compound 8 (150 mg, 0.46 mmol, 2.1 eq) in acetonitrile (10 mL), were added
octylamine (30 mg, 0.22 mmol, 1 eq) and K,CO; (95 mg, 0.69 mmol, 3.1 eq). The mixture was stirred
overnight at reflux under inert gas (argon). The reaction mixture was concentrated and ethyl acetate
was added. The organic solution was washed with water, dried over MgSO,, filtered, and
concentrated in  vacuo. Purification by flash  chromatography (linear gradient

dichloromethane/methanol: 100/0 to 80/20) gave 15 as a yellow oil (76%, 0.108 g), R = 0.9



(dichloromethane/methanol: 97/3).*H NMR (300 MHz, CDCl5) 8 7.28 (m, 4H, ArH); 6.98 (m, 2H, ArH);
6.91 - 6.85 (m, 8H, ArH); 3.83 (s, 6H, 2 OCH3); 3.50 (s, 4H, 2 ArCH,); 2.40 (t, / = 7.2 Hz, 2H, NCH,); 1.25
(m, 12H, CH, alkyl); 0.88 (m, 3H CH; alkyl) ; *C NMR (75 MHz, CDCl5) : & 156.5; 152.0; 144.2; 134.5;
130.1; 129.4; 121.5; 120.9; 117.1; 113.4; 57.6; 56.2; 53.4; 31.9; 29.5; 29.4; 27.4; 26.9; 22.8; 14.2;
HRMS (ESI, [M+H]") Calculated for C3sH4,Cl,NO,4: 622.2491. Found: 622.2502.

N,N-Bis(4-(4-chloro-2-hydroxyphenoxy)benzyl)octan-1-amine (16).

The product 16 was synthesized as described in the general procedure of demethylation with
compound 15 (100 mg, 0.162 mmol) to give 16 as a white powder (95%, 0.090 g). R; = 0.69
(dichloromethane/methanol: 9/1). *H NMR (300 MHz, CDCl;) & 7.32 (m, 4H, ArH); 7.05 (dd, J = 1.9 Hz;
0.8 Hz, 2H, ArH); 6.93 (m, 4H, ArH); 6.79 (m, 4H, ArH); 4.39 (br, 2H, 2 OH); 3.56 (s, 4H, 2 ArHCH,); 2.44
(t,J = 7.2 Hz, 2H, NCH,); 1.29 — 1.17 (m, 12H, CH, alkyl); 0.87 (m, 3H, CH; alkyl), >C NMR (75 MHz,
CDCl;) 6 155.6; 148.3; 142.5; 130.6; 129.5; 120.6; 119.8; 117.8; 116.8; 57.5; 53.4; 32.0; 29.9; 29.5;
29.4; 27.4; 22.8; 14.3; C, missing. HRMS (DCI-CH,, [M]") Calculated for CsHs;NO4Cl,: 593.2100.
Found: 593.2098.

N-(3-Methoxy-4-phenoxybenzyl)-N-(4-(2-methoxyphenoxy)benzyl)octan-1-amine (17).

Compounds 9 (144 mg, 0.49 mmol) and 11 (167 mg, 0.49 mmol) were dissolved in acetonitrile (10
mL). K,CO3 (169 mg, 1.225 mmol) was slowly added and the reaction mixture was stirred at reflux
under argon overnight. The solvent was removed in vacuo and ethyl acetate was added. The organic
solution was washed with water, dried over MgSQ,, filtered, and concentrated in vacuo. Purification
by flash chromatography (linear gradient petroleum ether/ethyl acetate: 100/0 to 90/10) gave 22 as
a colorless oil (40%, 0.109 g). Ry = 0.53 (petroleum ether/ethyl acetate with few drops of ammonia
solution)."H NMR (300 MHz, CDCl5) & 7.31 — 7.24 (m, 4H, ArH); 7.12 (ddd, J = 8.2, 7.0, 2.0 Hz, 1H,
ArH); 7.07 = 7.00 (m, 2H, ArH); 7.00 — 6.96 (m, 1H, ArH); 6.96 — 6.93 (m, 2H, ArH); 6.93 — 6.86 (m, 6H,
ArH); 3.84 (s, 3H, OCH); 3.82 (s, 3H, OCHs); 3.53 (s, 4H, Ar-CH,N); 2.43 (t, J = 7.2 Hz, 2H, NCH,-alkyl);
1.55 — 1.47 (m, 2H, NCH,CH,); 1.30 — 1.19 (m, 10H, CH, alkyl); 0.91 — 0.81 (m, 3H, CHj; alkyl); *C NMR
(75 MHz, CDCl5) 6 158.1; 156.7; 151.4; 151.2; 145.3; 143.5; 137.1; 134.0; 129.8; 129.4; 124.6; 122.2;
121.1; 121.0; 120.8; 120.6; 117.0; 113.0; 112.8; 58.0; 57.7; 56.0; 55.9; 53.5; 31.8; 29.4; 29.3; 27.3;
27.0; 22.6; 14.1; HRMS (ESI, [M+H]") Calculated for C3H4sNO,4: 554.3270. Found: 554.3280.

N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-N-(3-methoxy-4-phenoxybenzyl)octan-1-amine (18).

Compounds 10 (155 mg, 0.55 mmol) and 13 (187 mg, 0.55 mmol) were solubilized in acetonitrile (10

mL) under argon. K,CO; (1.37 mmol) was slowly added and the reaction mixture was stirred at reflux



overnight under argon. The solvent was removed in vacuo and ethyl acetate was added. The organic
solution was washed with water, dried over MgSQO,, filtered, and concentrated in vacuo. Purification
with flash chromatography (linear gradient petroleum ether/EtOAc: 95/5 to 90/10) gave 19 as a
lightly yellow oil (33%, 0.107 g). R¢= 0.35 (petroleum ether/EtOAc; 9/1). 'H NMR (300 MHz, CDCl3) &
7.32 —=7.25 (m, 4H, ArH); 7.07 — 7.04 (m, 1H, ArH); 7.04 — 7.00 (m, 1H, ArH); 6.98 (t, J = 1.3 Hz, 1H,
ArH); 6.97 —6.92 (m, 2H, ArH); 6.91 - 6.87 (m, 6H, ArH); 3.83 (s, 3H, OCHs); 3.83 (s, 3H, OCHs); 3.53 (s,
4H, Ar-CH,); 2.50 — 2.37 (m, 2H, NCH, alkyl); 1.60 — 1.45 (m, 2H, NCH2-CH2 alkyl); 1.33 — 1.23 (m,
10H, CH, alkyl); 0.92 — 0.84 (m, 4H, CH; alkyl); >C NMR (75 MHz, CDCl;) & 158.1; 156.3; 151.8; 151.2;
144.1; 143.5; 137.1; 134.4; 129.9; 129.4; 129.3; 122.2; 121.4; 120.9; 120.8; 120.6; 117.0; 116.9;
113.3; 112.9; 58.0; 57.6; 56.1; 55.9; 53.5; 31.8; 29.4; 29.3; 27.3; 27.0; 22.6; 14.1. HRMS (ESI, [M+H]")
Calculated for C3¢H43CINO,: 588.2881. Found: 558.2882.

N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-N-(4-phenoxybenzyl)octan-1-amine (19).

Compounds 8 (142.6 mg, 0.46 mmol) and 14 (150 mg; 0.46 mmol) were dissolved in acetonitrile (10
mL) and K,CO; (158.2 mg, 1.14 mmol) was added. The reaction mixture was stirred at reflux for 24 h.
The solvent was removed in vacuo and ethyl acetate was added. The organic solution was washed
with water, dried over MgSO,, filtered, and concentrated in vacuo. Purification by flash
chromatography (linear gradient (dichloromethane/methanol: 100/0 to 97/3)) gave 19 as a yellow oil
(74%, 0.191 g). Ry = 0.8 (dichloromethane/methanol: 97/3). 'H NMR (300 MHz, CDCl5) § 7.39 — 7.32
(m, 6H, ArH); 7.12 (m, 1H, ArH); 7.07 — 6.98 (m, 5H, ArH); 6.96 — 6.92 (m, 4H, ArH); 3.85 (s, 3H, OCHs);
3.57 (s, 4H, ArCH,); 2.47 (t, J = 7.1 Hz, 2H, NCH, alkyl); 1.64 — 1.27 (m, 10H, CH, alkyl); 0.94 (m, 3H,
CHs alkyl) ; *C NMR (75 MHz, CDCl3) § 157.5; 156.5; 156.0; 151.9; 144.2; 135.0; 134.5; 130.1; 130.0;
129.7; 129.4; 123.1; 121.5; 120.9; 118.7; 117.0; 113.4; 57.7; 56.2; 53.4; 32.0; 29.5; 29.4; 27.4; 27.0;
22.8; 14.2; HRMS (ESI, [M+H]") Calculated for C3sH;CINO;: 558.2775. Found: 558.2770.

N-(3-methoxy-4-phenoxybenzyl)-N-(4-phenoxybenzyl)octan-1-amine (20).

To a solution of compound 14 (95.6 mg, 0.3 mmol) dissolved in acetonitrile (10 mL), compound 9
(90.2 mg, 0.3 mmol) and K,CO3 (106 mg, 0.76 mmol) were added. The mixture was refluxed for 21 h
under argon. The solvent was removed in vacuo, ethyl acetate was added, and the organic mixture
was washed with water (3X) and brine, dried over MgSQ,, filtered, and concentrated in vacuo.
Purification by flash chromatography (linear gradient petroleum ether with 0.5 % ammonia
solution/ethyl acetate: 100/0 to 80/20) gave 20 as a yellow oil (97%, 154.6 mg). Ry = 0.37 (petroleum
ether/ethyl acetate with few drops of ammonia solution; 9/1). *H NMR (300 MHz, CDCl;): 6 7.41 —
7.27 (m, 6H, ArH); 7.17 — 7.09 (m, 2H, ArH); 7.08 — 7.01 (m, 4H, ArH); 7.01 — 6.98 (m, 2H, ArH); 6.98 —



6.93 (m, 3H, ArH); 3.87 (s, 3H, OCHs); 3.60 (s, 4H,Ar-CH,-N); 2.50 (t, J = 7.1 Hz, 2H,N-CH, alkyl); 1.67 —
1.52 (m, 2H, NHCH2-CH,); 1.42 — 1.23 (m, 10H, CH, alkyl); 0.99 — 0.87 (m, 3H, CH; alkyl). *C NMR (75
MHz, CDCl) & 158.1; 157.4; 155.9; 151.2; 143.5; 137.0; 134.8; 130.0; 129.6; 129.4; 123.0; 122.2;
120.9; 120.6; 118.64; 118.59; 117.0; 112.9; 58.0; 57.7; 55.8; 53.5; 31.8; 29.4; 29.3; 27.3; 27.0; 22.6;
14.1; HRMS (DCI-CH,, [M+H]") Calculated for CssHz;,NOs: 524.3165. Found: 524.3158.

5-(((4-(2-Hydroxyphenoxy)benzyl)(octyl)amino)methyl)-2-phenoxyphenol (21).

To a solution of compound 17 (100 mg, 0.18 mmol) in dry dichloromethane, boron tribromide (0.54
mL, 0.54 mmol) was slowly added at -80 °C under argon. The reaction mixture was stirred at - 80 °C
for 1 h then for 4 h at room temperature. The reaction was quenched with cold water at 4 °C
followed by a saturated NaHCO; (aq) solution. The aqueous solution was extracted with
dichloromethane (3 x). Combined organic layers were dried over MgSQ,, filtered, and concentrated
in vacuo. Purification by flash chromatography (linear gradient dichloromethane/methanol/ammonia

solution: 99.5/0/0.5 to 95/5) gave 21 as a lightly yellow oil (71%, 0.068 g). R; = 0.22

(dichloromethane/methanol: 97/3 with few drops of ammonia solution)."H NMR (300 MHz, CDCl5) &
7.38 —7.29 (m, 4H, ArH), 7.14 — 7.07 (m, 2H, ArH), 7.05 — 7.01 (m, 3H, ArH), 7.01 — 6.94 (m, 3H, ArH),
6.90 — 6.79 (m, 4H, ArH), 3.53 (s, 2H, Ar-CH,-N), 3.49 (s, 2H, Ar-CH,-N), 2.49 — 2.36 (m, 2H, NCH,),
1.60 — 1.43 (m, 2H, CH, alkyl), 1.35 — 1.13 (m, 10H, CH, alkyl), 0.93 — 0.82 (m, 3H, CH; alkyl) ; *C NMR
(75 MHz, CDCl3) 6 157.0; 155.5; 147.4; 147.2; 143.7; 142.0; 137.0; 135.3; 130.1; 129.8; 124.5; 123.4;
120.7; 120.5; 118.7; 118.6; 117.7; 116.3; 116.1; 57.7; 57.6; 53.4; 31.9; 29.4; 29.3; 27.3; 26.9; 22.6;
14.1; HRMS (ESI, [M+H]") Calculated for C34,H4oNO,: 526.2957. Found: 526.2957.

5-Chloro-2-(4-(((3-hydroxy-4-phenoxybenzyl)(octyl)Jamino)methyl)phenoxy)phenol (22).

The product 22 was synthesized as described in the procedure of demethylation with compound 18
(100 mg, 0.17 mmol). Purification by flash chromatography (linear gradient petroleum ether/ethyl
acetate: 95/5 to 90/10) gave compound 22 as a brown oil (92%, 0.090 g). R; = 0.69 (petroleum
ether/ethyl acetate: 7/3). *H NMR (300 MHz, CDCl5) & 7.37 — 7.27 (m, 4H, ArH); 7.14 — 7.03 (m, 3H,
ArH); 7.02 —6.96 (m, 2H, ArH); 6.93 —6.88 (m, 2H, ArH); 6.83 —6.77 (m, 4H, ArH); 3.64 (s, 2H, Ar-CH,);
3.61 (s, 2H, Ar-CH,); 2.62 — 2.41 (m, 2H, NCH,); 1.65 — 1.45 (m, 2H, NCH,-CH, alkyl); 1.29 — 1.16 (m,
10H,CH, alkyl); 0.93 — 0.81 (m, 3H, CH; alkyl); *C NMR (75 MHz, CDCl;) § 156.8; 156.1; 148.6; 147.5;
142.9; 142.2; 133.9; 132.4; 130.8; 129.8; 129.5; 123.5; 121.2; 120.3; 120.1; 118.8; 117.9; 117.4;
117.0; 116.8; 57.1; 57.0; 52.1; 31.8; 29.3; 29.2; 27.1; 25.9; 22.6; 14.1; HRMS (DCI-CH,, [M+H])
Calculated for C34,H3oCINO,: 560.2568. Found: 560.2574.

5-Chloro-2-(4-((octyl(4-phenoxybenzyl)amino)methyl)phenoxy)phenol (23).



The product 23 was synthesized as described in the general procedure of demethylation with
compound 19 (180 mg, 0.322 mmol) solubilized in CH;COOH/HBr 48% (1.5/1.5 mL). Purification by
flash chromatography (linear gradient dichloromethane/methanol: 100/0 to 95/5) gave 23 as a
viscous brown oil (quant., 0.210 g). R;= 0.66 (dichloromethane/methanol: 9/1). ‘*H NMR (300 MHz,
CDCl5) & 8.33 (br, 1H, OH), 7.44 — 7.38 (m, 2H, ArH), 7.37 — 7.30 (m, 4H, ArH), 7.15 — 7.08 (m, 2H,
ArH), 7.04 — 6.98 (m, 2H, ArH), 6.98 — 6.92 (m, 2H, ArH), 6.89 — 6.84 (m, 2H, ArH), 6.82 (d, J = 8.6 Hz,
1H, ArH), 6.76 (dd, J = 8.6, 2.3 Hz, 1H, ArH), 3.84 (s, 2H, Ar-CH,), 3.81 (s, 2H, Ar-CH,), 2.72 — 2.54 (m,
2H, NCH; alkyl), 1.74 — 1.57 (m, 2H, NCH,-CH, alkyl), 1.25 — 1.14 (m, 10H, CH, alkyl), 0.87 (t, J = 6.7 Hz,
3H, CH; alkyl) ; *C NMR (75 MHz, CDCl;) § 157.5; 157.1; 156.7; 149.0; 141.9; 131.5; 129.9; 129.8;
123.7; 120.9; 120.4; 119.3; 118.6; 117.4; 117.2; 56.8; 52.2; 31.8; 29.8; 29.2; 27.1; 25.3; 22.7; 14.2; C,
missing; HRMS (ESI, [M+H]") Calculated for C34H35CINO5: 544.2618. Found: 544.2600.

5-((octyl(4-phenoxybenzyl)amino)methyl)-2-phenoxyphenol (24).

The product 24 was synthesized as described in the general procedure of demethylation with
compound 20 (91.4 mg, 0.175 mmol) solubilized in CH;COOH/HBr 48% (1/1 mL). Purification by flash
chromatography (linear gradient dichloromethane/methanol: 100/0 to 96/4) gave 24 as a yellow oil
(43%, 44.7 mg). Ry= 0.26 (dichloromethane/methanol; 97/3). '"H NMR (300 MHz, CDCl3) & 7.37 — 7.27
(m, 6H, ArH); 7.15 — 7.05 (m, 3H, ArH); 7.04 — 6.91 (m, 6H, ArH); 6.87 — 6.78 (m, 2H, ArH); 3.53 (s, 2H,
Ar-CH,-NH); 3.50 (s, 2H, Ar-CH,-NH); 2.42 (t, J = 7.1 Hz, 2H, NHCH,); 1.58 — 1.44 (m, 2H, NHCH,-CH,);
1.36 — 1.16 (m, 10H, CH, alkyl); 0.94 — 0.80 (m, 3H, CHs alkyl); *C NMR (75 MHz, CDCl5) § 157.5;
157.0; 155.9; 147.2; 142.0; 137.1; 134.9; 130.0; 129.8; 129.6; 123.4; 123.0; 120.8; 118.66; 118.65;
118.60; 117.8; 116.3; 57.75; 57.66; 53.34; 31.9; 29.5; 29.3; 27.3; 26.9; 22.6; 14.1; HRMS (DCI-CH,,
[M+H]") Calculated for C34H4oNO5: 510.3008. Found: 510.3008.

5-((Octylamino)methyl)-2-phenoxyphenol (25).

To a solution of compound 13 (104 mg, 0.29 mmol) dissolved in dichloromethane (25 mL), boron
tribromide (0.87 mL, 0.87 mmol) was added drop wise at -80 °C under argon. The reaction mixture
was stirred at this temperature for 1 h and then was gradually warmed to room temperature and
stirred for 4 h. Cold water (10 mL) was added at 4 °C followed by addition of a saturated water
solution of NaHCOs;. The aqueous layer was extracted with dichloromethane (2x) and the combined
organic layers were dried over MgSO,, filtered, and concentrated under reduced pressure to give
compound 25 as a beige powder (99%, 0.099 g). R;= 0.37 (dichloromethane/methanol: 9/1 with a
drop of ammonia solution). "H NMR (300 MHz, CDCl5) § 7.33 — 7.25 (m, 2H, ArH); 7.10 — 7.01 (m, 1H,
ArH); 6.97 — 6.89 (m, 3H, ArH); 6.80 (d, J = 8.2 Hz, 1H, ArH); 6.69 (dd, J = 8.2, 2.1 Hz, 1H, ArH); 5.14



(br, 1H); 3.67 (br, 1H); 2.66 — 2.55 (m, 2H, Ar-CH,-NH); 1.54 — 1.41 (m, 2H, -NH-CH,-alkyl); 1.32 — 1.17
(m, 12H, CH, alkyl); 0.94 — 0.80 (m, 3H, CH; alkyl); **C NMR (75 MHz, CDCl3) § 157.3; 148.3; 142.8;
136.2; 129.7; 123.0; 120.1; 119.5; 117.5; 117.2; 53.2; 49.1; 31.8; 29.5; 29.4; 29.2; 27.3; 22.6; 14.1;
HRMS (ESI, [M+H]") Calculated for C»;H3oNO,: 328.2271. Found: 328.228545

N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-N-octyloctan-1-amine (26).

Compound 12 (100 mg, 0.27 mmol) and 1-bromooctane (51 mg, 0.27 mmol) were dissolved in
acetonitrile (10 mL). Then K,CO; (93 mg, 0.66 mmol) was slowly added. The reaction mixture was
stirred at reflux for 22 h. The solvent was removed in vacuo and ethyl acetate was added. The
organic layer was washed with water, dried over MgSO,, filtered, and concentrated in vacuo.
Purification by flash chromatography (linear gradient dichloromethane/methanol: 100/0 to 95/5)
gave 26 as a yellow oil (44%, 0.057 g). Ry = 0.29 (dichloromethane/methanol: 97/3). 'H NMR (300
MHz, CDCls) & 7.28 — 7.22 (m, 2H, ArH); 7.00 — 6.96 (m, 1H, ArH); 6.91 — 6.84 (m, 4H, ArH); 3.84 (s, 3H,
OCHs); 3.51 (s, 2H, Ar-CH»-N); 2.44 — 2.31 (m, 4H, N-CH,-alkyl); 1.52 — 1.38 (m, 4H, N-CH,-CH,-alkyl);
1.30 — 1.19 (m, 20H, CH,); 0.95 — 0.81 (m, 6H, CH5 alkyl); **C NMR (75 MHz, CDCl5) & 156.1; 151.7;
144.3; 130.0; 129.2; 121.2; 120.8; 117.0; 113.3; 57.9; 56.1; 53.6; 31.8; 29.5; 29.3; 27.4; 26.9; 22.6;
14.1; C, missing; HRMS (DCI-CH,, [M+H]") Calculated for CsoH,,CINO,: 488.3295. Found: 488.3283.

5-Chloro-2-(4-((dioctylamino)methyl)phenoxy)phenol (27).

The product 27 was synthesized as described in the general procedure of demethylation with
compound 26 (57 mg, 0.116 mmol). Filtration on silica (dichloromethane/methanol: 9/1) gave 27 as a
brown oil (95%, 0,062 g). R; = 0.5 (dichloromethane/methanol: 9/1). *H NMR (300 MHz, CDCl;) &
10.08 (br, 1H, OH); 7.22 — 7.15 (m, 2H, ArH); 7.09 (d, J = 2.4 Hz, 1H, ArH); 6.86 (d, J = 8.5 Hz, 1H, ArH);
6.83 — 6.78 (M, 2H, ArH); 6.76 (dd, J = 8.6, 2.4 Hz, 1H); 3.95 (s, 2H, Ar-CH,-N); 2.86 — 2.66 (m, 4H, N-
CH,-alkyl ); 1.71 — 1.50 (m, 4H N-CH,-CH,-alkyl); 1.32 — 1.13 (m, 20H, CH, alkyl); 0.96 — 0.78 (m, 6H,
CHs alkyl); BC NMR (75 MHz, CDCl;) 6 156.3; 149.2; 142.4; 130.9; 129.6; 120.3; 119.9; 117.3; 117.2;
57.1; 52.9; 31.8; 29.3; 29.2; 27.2; 22.6; 14.1; C, missing; HRMS (DCI-CH,, [M+H]") Calculated for
Ca9H4sCINO,: 474.3139. Found: 474.3126.

3-Methoxy-4-phenoxybenzonitrile (28).

A solution of phenol (0.564 g, 6 mmol), 4-fluoro-3-methoxybenzonitrile (0.756 g, 5 mmol) and K,CO;
(0.829 g, 6 mmol) in anhydrous N,N-dimethylformamide was heated at 120 °C and stirred overnight.
The reaction mixture was concentrated and the resulting residue was diluted with ethyl acetate. The

organic layer was washed with water and brine, dried over MgSQ,, filtered, and concentrated in



vacuo. Purification by flash chromatography (petroleum ether/ethyl acetate 9/1) gave 28 as a white
solid (1.121g, 82%). Ry = 0.44 (petroleum ether/ ethyl acetate: 9/1). 'H NMR (300 MHz, CDCl5) & 7.41
—7.33 (m, 2H, ArH); 7.23 = 7.14 (m, 3H, ArH); 7.05 - 6.98 (m, 2H, ArH); 6.88 —6.83 (m, 1H, ArH); 3.91
(s, 3H, OCHs); ®°C NMR (75 MHz, CDCl;) & 155.6; 150.65; 150.61; 130.0; 125.9; 124.4; 119.1; 118.8;
118.6; 106.7; 115.5; 56.2; HRMS (DCI-CH,, [M+H]") Calculated for Cy;4H:1,NO,: 226.0868. Found:
226.0873.

(3-Methoxy-4-phenoxyphenyl)methanamine (29).

To a solution of compound 28 (207 mg, 0.92 mmol) solubilized in anhydrous tetrahydrofuran (10 mL)
under inert gas (argon), LiAlH, (2 mL, 4.8 mmol) was added dropwise at — 80 °C. The mixture was
stirred 1 h at -80 °C then overnight at room temperature. The reaction was neutralized with addition
of water, in ice bath. The solvent was then removed in vacuo and ethyl acetate was added. The
organic phase was washed with water and brine, dried over MgSQ,, filtered, and concentrated under
reduced pressure to give 29 as a yellowish oil (98 %, 0.206 mg). R = 0.55
(dichloromethane/methanol: 9/1 with few drops of ammonia solution). *H NMR (300 MHz, CDCl;) &
7.30 —7.21 (m, 2H, ArH); 7.04 — 6.97 (m, 2H, ArH); 6.94 — 6.89 (m, 3H, ArH); 6.86 — 6.79 (m, 1H, ArH);
3.84 (s, 2H, Ar-CH,); 3.81 (s, 3H, OCH3); 1.97 (b, 2H, NH,); *C NMR (75 MHz, CDCl;) & 157.9; 151.4;
143.6; 139.6; 129.3; 122.2; 121.0; 119.4; 116.8; 111.7; 55.8; 46.0; HRMS (DCI-CH,4, [M+H]") Calculated
for C14H16NO,: 230.1181. Found: 230.1178.

(4-Phenoxyphenyl)methanamine (30).

The product 30 was synthesized as described for compound 29 [28]. Briefly, to a solution of LiAlH,
(187 mg, 5.2 mmol) in anhydrous tetrahydrofuran (15 mL), was added 4-phenoxybenzonitrile (500
mg, 2.6 mmol) at 4 °C. After 18 h of stirring, water (10 mL) was added and the mixture was stirred for
another 45 minutes. The mixture was filtered, concentrated under vacuum, and then ethyl acetate
was added. The organic layer was washed with brine, dried over MgSO, filtered, and concentrated
under reduced pressure to give compound 32 as a yellowish powder (100%, 0,513 g). (R;= 0.17
dichloromethane/methanol: 90/10 with few drops of ammonia solution). *H NMR (300 MHz, CDCl5) &
7.37 —7.28 (m, 3H); 7.28 — 7.25 (m, 1H, ArH); 7.13 — 7.05 (m, 1H, ArH); 7.04 — 6.96 (m, 4H, ArH); 3.84
(s, 2H, Ar-CH,); >C NMR (75 MHz, CDCl;) & 157.3; 155.8; 138.2; 129.5; 128.3; 122.9; 118.9; 118.5;

45.7. NMR data are in agreement with those already reported in the literature [28].

N-(3-Methoxy-4-phenoxybenzyl)-1-(4-phenoxyphenyl)methanamine (31).



To a solution of compound 29 (150 mg, 0.654 mmol) solubilized in anhydrous dichloromethane (10
mL) with molecular sieves (4 A) under inert gas (argon), 4-phenoxybenzaldéhyde (115 uL, 0.654
mmol) was added. The mixture was stirred overnight at room temperature, filtered, and evaporated
under reduced pressure. The resulting dried imine compound was dissolved in methanol/ethanol
(1:1, 10 mL) and reduced with sodium borohydride (120 mg, 3.17 mmol) for 5 h. Saturated aqueous
solution of NH,Cl was added to neutralize residual sodium borohydride. The mixture was extracted
with ethyl acetate and combined organic layers were washed with brine, dried over MgSQ,, filtered,
and concentrated under reduced pressure. Purification by flash chromatography (linear gradient
petroleum ether/ethyl acetate: 100/0 to 70-30) gave 31 as a yellowish oil (73 %, 0.197 g). R; = 0.08
(petroleum ether/ethyl acetate: 7/3). *H NMR (300 MHz, CDCl5) & 7.39 — 7.28 (m, 6H, ArH); 7.16 —
7.09 (m, 1H, ArH); 7.09 — 7.01 (m, 6H, ArH); 7.01 — 6.96 (m, 3H, ArH), 6.92 (dd, J = 8.1, 1.9 Hz, 1H,
ArH); 3.86 (s, 3H, OCHs); 3.85 (s, 4H, Ar-CH,); 2.07 (br, 1H, NH2); *C NMR (75 MHz, CDCl;) & 158.0;
157.3; 156.0; 151.3; 143.7; 137.0; 135.0; 129.6; 129.4; 129.3; 123.0; 122.2; 120.8; 120.5; 118.8;
118.6; 116.9; 112.5; 55.8; 52.8; 52.5; HRMS (DCI-CH,4, [M+H]") Calculated for C,;H,sNOs: 412.1913.
Found: 412.1903.

N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-1-(4-phenoxyphenyl)methanamine (32).

Compounds 2 (131 mg, 0.5 mmol) and 30 (100 mg, 0.5 mmol) were dissolved in dry dichloromethane
(20 mL) in the presence of molecular sieves (4 A). The reaction mixture was stirred at room
temperature for 20 h. Molecular sieves were filtered and the reaction mixture was concentrated in
vacuo. The residue was dissolved in methanol/ethanol (1:1, 20 mL) and NaBH, (57 mg, 1.5 mmol) was
added. After 2 h, NH,Cl,,. was added and the reaction mixture was extracted with ethyl acetate (3x)
and the combined organic layers were washed with brine, dried over MgSO,, filtered, and
concentrated under reduced pressure. Purification by flash chromatography (linear gradient
dichloromethane (0.5 % of ammonia solution)/methanol: 100/0 to 92:8) gave compound 32 as a
lightly yellow oil (39%, 0.086 g). R;= 0.76 (dichloromethane with few drops of ammonia solution). *H
NMR (300 MHz, CDCl3) & 7.38 — 7.26 (m, 6H, ArH); 7.13 — 7.06 (m, 1H, ArH); 7.03 — 6.95 (m, 5H, ArH);
6.93 — 6.85 (m, 4H, ArH); 3.83 (s, 3H, OCH;); 3.79 (s, 2H, CH,); 3.78 (s, 2H, CH,); >C NMR (75 MHz,
CDCls) 0 157.4; 156.5; 156.1; 151.8; 144.0; 135.2; 134.7; 129.7; 129.5; 129.4; 123.0; 121.4; 120.8;
118.9; 118.6; 117.2; 113.3; 26.1; 52.6; 52.5; HRMS (ESI, [M+H]*) Calculated for C,;H,sCINOs:
446.1523. Found: 446.1522.

2-Phenoxy-5-(((4-phenoxybenzyl)amino)methyl)phenol (33).



To a solution of 31 (157 mg, 0.382 mmol) solubilized in anhydrous CH,Cl, (10 mL) boron tribromide
(1.5 mL, 1.5 mmol) was added drop wise at -80 °C under inert gas (argon). The mixture was stirred for
5 h followed by the addition of cold methanol (5 mL) to neutralize the reaction. The solvent was
removed in vacuo, followed by 3 extractions with ethyl acetate and saturated solution of NaHCO;.
Combined organic layers were dried over MgS0,, filtered, and concentrated at reduced pressure.
Purification by flash chromatography (linear gradient dichloromethane/methanol: 100/0 to 90/10)
gave 33 as a brown solid (92 %, 0.140 g). Ry= 0.41 (dichloromethane/methanol: 9/1). 'H NMR (300
MHz, CDCl5) & 7.37 — 7.26 (m, 6H, ArH); 7.14 — 7.04 (m, 2H, ArH); 7.03 — 7.00 (m, 2H, ArH); 7.00 — 6.96
(m, 3H, ArH); 6.96 — 6.93 (m, 2H, ArH); 6.83 (d, J = 8.2 Hz, 1H, ArH); 6.77 (dd, J = 8.2, 2.0 Hz, 1H, ArH);
4.65 (br, 2H); 3.79 (s, 2H, Ar-CH,); 3.74 (s, 2H, Ar-CH,); >C NMR (75 MHz, CDCl;) & 157.2; 157.1;
156.3; 148.0; 142.7; 135.9; 133.8; 129.8; 129.7; 129.67; 123.1; 120.2; 119.4; 118.8; 118.75; 117.6;
116.8; 52.1; 52.0; HRMS (DCI-CH,) [M+H]") Calculated for C,gH,4NO5: 398.1756. Found: 398.1769.

5-Chloro-2-(4-(((4-phenoxybenzyl)amino)methyl)phenoxy)phenol (34).

The product 34 was synthesized as described previously with compound 30 (80 mg, 0.171 mmol) to
give 34 as a lightly brown oil (quant., 0.075 g). R;= 0.4 (dichloromethane/methanol with a drop of
ammonia solution). "H NMR (300 MHz, CDCl5) & 7.38 — 7.29 (m, 2H, ArH); 7.29 — 7.23 (m, 2H, ArH);
7.23 = 7.15 (m, 2H, ArH); 7.14 — 7.07 (m, 1H, ArH); 7.02 (p, J = 1.6 Hz, 1H, ArH); 7.00 — 6.93 (m, 4H,
ArH); 6.82 — 6.73 (m, 4H, ArH); 4.65 (s, 1H, NH); 3.79 (s, 2H, CH,); 3.73 (s, 2H, CH,); *C NMR (75 MHz,
CDCl3) & 157.2; 156.4; 156.2; 149.3; 142.3; 134.0; 133.9; 129.9; 129.8; 127.7; 129.6; 123.2; 120.6;
120.0; 118.9; 118.8; 117.5; 117.2; 52.5; 52.2; HRMS (ESI, [M+H]") Calculated for C,gH,sCINO;:
432.1366. Found: 442.1369.

4-(4-Formylphenoxy)-3-methoxybenzaldehyde (35).

The product 35 was synthesized as described previously. Briefly, to a solution of vanilline (5.93 g, 39
mmol) dissolved in anhydrous N,N-dimethylformamide (70 mL), were added K,CO; (10.78 g, 78
mmol) and 4-fluorobenzaldehyde (6.28 mL, 58.5 mmol). The solution was heated to 120 °C overnight
and then the solvent was removed in vacuo. The mixture was dissolved with EtOAc and washed with
H,O and brine, dried over MgSQ,, filtered, and concentrated at reduced pressure to give 35 as a
beige solid compound (92%, 9.27 g). Ry = 0.48 (petroleum ether/EtOAc; 7/3). 'H NMR (300 MHz,
CDCl5): 6 9.96 (d, J = 7.4 Hz, 2H), 7.90 — 7.84 (m, 2H), 7.57 (d, / = 1.8 Hz, 1H), 7.50 (dd, J = 8.1, 1.8 Hg,
1H), 7.19 (d, J = 8.1 Hz, 1H), 7.11 — 7.00 (m, 2H), 3.89 (s, 3H); **C NMR (75 MHz, CDCl;) & 190.7; 190.6;
162.0; 151.9; 148.9; 134.1; 131.9; 131.8; 125.3; 121.4; 117.3; 111.2; 56.0; HRMS (DCI-CH,, [M+H]")
Calculated for C;5H130,4: 257.0814. Found: 257.0821.



N-Benzyl-1-(4-(4-((benzylamino)methyl)-2-methoxyphenoxy)phenyl)methanamine (36).

The product 36 was synthesized as described previously. Briefly, to a solution of compound 35 (100
mg, 0.39 mmol) dissolved in dichloromethane (30 mL), benzylamine (85 pL, 0.78 mmol) was added.
This mixture was stirred at room temperature for 24 h. The solvent was evaporated and
ethanol/methanol (1:1, 20 mL) was added followed by sodium borohydride (44.3 mg, 1.17 mmol) at 4
°C. The reaction was stirred 24 h at room temperature. The solvent was then removed in vacuo and
the mixture was dissolved with dichloromethane. The organic layer was washed with saturated
NaHCO; solution and brine, dried over MgSQ,, filtered, and concentrated in vacuo. Purification by
flash chromatography (linear gradient dichloromethane/methanol: 100/0 to 91/10) gave 36 as a
yellow oil (46%, 78.6 mg). Ry= 0.39 (Petroleum ether/ethyl acetate: 6/4 with few drops of ammonia
solution). *H NMR (300 MHz, CDCl;): & 7.41 — 7.35 (m, 8H, ArH); 7.32 — 7.27 (m, 4H, ArH); 7.08 (d, J =
1.8 Hz, 1H, ArH); 6.99 — 6.94 (m, 3H, ArH); 6.91 (dd, J = 8.1, 1.9 Hz, 1H, ArH); 3.87 (s, 2H, Ar-CH,-NH);
3.86 (s, 3H, OCH3); 3.84 (s, 4H, NH-CH,); 3.79 (s, 2H, Ar-CH,-NH) ; *C NMR (75 MHz, CDCl;) § 156.9;
151.2; 143.8; 140.08; 140.02; 136.9; 134.1; 129.2; 128.3; 128.2; 128.01; 127.98; 126.85; 126.77;
120.6; 120.4; 116.9; 112.5; 55.8; 53.1; 52.9; 52.8; 52.4; HRMS (DCI-CH,;, [M+H]") Calculated for
Cy9H31N,0,: 439.2386. Found: 439.2357

N-(4-(2-Methoxy-4-((octylamino)methyl)phenoxy)octan-1-amine (37)

Compound 35 (100 mg, 0.39 mmol), octylamine (130 L, 0.78 mmol) and sodium borohydride (44.3
mg, 1.17 mmol) were used to give 37 as an orange oil (100%, 188.2 mg). R; = 0.45 (petroleum
ether/ethyl acetate: 6/4 with few drops of ammonia solution). '"H NMR (300 MHz, CDCls): § 7.23 —
7.16 (m, 2H, ArH); 6.98 (d, / = 1.8 Hz, 1H, ArH); 6.89 — 6.83 (m, 3H, ArH); 6.80 (dd, /= 8.1, 1.9 Hz, 1H,
ArH); 3.79 (s, 3H, OCHs); 3.74 (s, 2H, ArCH,); 3.69 (s, 2H, ArCH,); 2.60 (dt, J = 10.6, 7.2 Hz, 4H, NCH,);
1.54 — 1.40 (m, 4H, NCH2-CH,); 1.34 — 1.19 (m, 20H, CH, alkyl); 0.90 — 0.80 (m, 6H, CHs alkyl); *C
NMR (75 MHz, CDCl5) 6 156.8; 151.1; 143.8; 137.1; 134.2; 129.1; 120.5; 120.3; 116.8; 112.4; 55.7;
53.7; 53.3; 49.4; 49.3; 31.7; 29.9; 29.8; 29.4; 29.1; 27.2; 22.5; 13.4; HRMS (DCI-CH,, [M+H]")
Calculated for C3;Hs;N,0,: 483.3951. Found: 483.3930.

5-((benzylamino)methyl)-2-(4-((benzylamino)methyl)phenoxy)phenol (38).

The product 38 was synthesized as described previously. Briefly, to a solution of compound 35 (78.6
mg, 0.18 mmol) dissolved in anhydrous dichloromethane (25 mL), boron tribromide (0.54 mL, 0.54
mmol) was added dropwise at -80 °C under argon. The mixture was stirred at the same temperature
for 1 h, then warmed to room temperature for 4 h. Cold water (10 mL) was added and the solution

was extracted with dichloromethane. The organic layer was washed with saturated NaHCOs, dried



over MgSQ0,, filtered, and concentrated under reduced pressure to give 38 as a beige oil (78%, 62
mg). Ry = 0.31 (dichloromethane/methanol with a drop of ammonia solution; 90/10). ‘*H NMR (300
MHz, DMSO): 6 7.37 — 7.23 (m, 12H, ArH); 6.96 (s, 1H, ArH); 6.94 — 6.88 (m, 2H, ArH); 6.82 (d, /= 8.2
Hz, 1H, ArH); 6.77 (dd, J = 8.2, 1.8 Hz, 1H, ArH); 3.81 (d, J = 1.3 Hz, 4H, NH-CH, alkyl); 3.76 (s, 2H, Ar-
CH,-NH); 3.73 (s, 2H, Ar-CH,-NH); 2.66 (br, 1H); C NMR (75 MHz, DMSO) & 156.2; 147.9; 142.5;
139.9; 139.8; 136.9; 134.8; 129.7; 128.44; 128.41; 128.2; 127.1; 127.0; 120.1; 119.3; 117.5; 116.3;
53.1; 53.0; 52.5; 52.3; HRMS (ESI, [M+H]") Calculated for CysH,9N,0,: 425.2229. Found: 425.2226.

5-((octylamino)methyl)-2-(4-((octylamino)methyl)phenoxy)phenol (39).

The product 39 was synthesized as described previously for compound 38. Compound 37 (188.2 mg,
0.39 mmol) and boron tribromide (1.17 mL, 1.17 mmol) were used to give 39 as a yellow oil (90%,
182.8 mg). Ry = 0.11 (petroleum ether/ethyl acetate: 6/4 with few drops of ammonia solution). H
NMR (300 MHz, CDCl5): 6 7.20 — 7.13 (m, 2H); 6.82 — 6.75 (m, 3H); 6.73 (d, J = 2.0 Hz, 1H); 6.66 (dd, J
= 8.1, 2.0 Hz, 1H); 4.42 — 4.16 (m, 3H); 3.68 (s, 2H); 3.62 (s, 2H); 2.59 (td, J = 7.3, 3.2 Hz, 4H); 1.56 —
1.40 (m, 4H); 1.35 — 1.18 (m, 20H); 0.94 — 0.76 (m, 6H) ; >C NMR (75 MHz, CDCl;) & 156.9; 149.3;
142.7; 136.6; 133.5; 129.7; 120.3; 119.5; 117.6; 116.9; 74.5; 53.18; 53.12; 49.3; 49.0; 31.76; 31.75;
29.5; 29.46; 29.43; 29.40; 29.20; 29.18; 27.28; 27.26; 22.6; 14.0; HRMS (DCI-CH,4, [M+H]") Calculated
for C3oH49N,0,: 469.3794. Found: 469.3782.

4.2. Molecular docking simulations

Molecular graphics were performed with the UCSF Chimera package [29]. The protein structures
were downloaded from the RCSB Protein Database and aligned with MatchMaker [30] on the
reference structure 1BVR (1BVR:A) [6]. The protein structures were prepared (structure checks,
rotamers, hydrogenation, splitting of chains) using Biovia (www.3dsbiovia.com) Discovery Studio
Visualizer 2021 (DSV), UCSF Chimera and in-house Python codes. Molecular modeling studies were
carried out with Molegro Virtual Docker 6 (www.molexus.com) software using PDB entry 2X22:A
[12], characterized by an opened minor portal, as docking target. Three molecular docking protocols
(MSE, OPT and OPT-S) and two internal scoring schemes (Moldock and Rerank) [31] were combined
in a multimodal (docking) and consensus (scoring) approach. The OPT-S calculation set is similar to

OPT protocol but it is extended to a higher number of runs.

The protocols share the same set of flexible residues: Alal54, Alal57, Alal64, Ala198, Ala201,
Ala206, Argl95, Asn231, Asp148, Aspl150, GIn214, Glu219, 1le202, lle215, Leu217, Leu218, Lys165,
Met98, Metl03, Metl55, Metl6l, Metl199, Met232, Pheld49, Phe97, Prol93, Thrl62, Thril95,

Trp160, Trp22, Tyrl58. Softened potentials were used with a tolerance of 1 and a strength 0.9.



According to structural studies, these residues cover different cases of minor and major portal
fluctuations in known InhA structures. No displaceable water molecules were considered in the
binding site (known as mainly hydrophobic). The corresponding NAD molecule (from 2X22:A) was
treated as cofactor and was set as NAD" with partial negative charges on phosphates and positive
charge on nicotinamide group. Clustering of poses (tabu clustering) was set with an RMS threshold of
1.9 A in order to be a little more discriminant on the best poses. Templates (pharmacophoric profile)
were used with a strength of -500 and a grid resolution of 0.4 A using conserved atom positions along
InhA ligands: ether group (oxygen, hydrogen donor); alcohol group (oxygen, hydrogen
donor/acceptor) and ring (carbons) of ligand TCU (PT70, taken from 2X22:A), similarity measure
parameters were let at their default values. In the case of OPT (Differential evolution algorithm)
protocol, the docking process used 10,000 iteration steps, and a grid resolution of 0.3 A, along 40
independent runs. The convergence was reached for all ligands, internal parameters (population size,
crossover rate, scaling factor...) of the algorithm were let as default. A final minimization (per run)
was parameterized using 4,000 steps for side chains and 2,000 steps for protein backbone followed
by a minimization and optimization (hydrogen bonds) of ligands. The same parameters were applied
to the MSE (Simplex evolution algorithm) protocol, internal parameters (population size, number of
iterations, energy threshold...) of the algorithm were let as default. These protocols were validated
with ligands such as TCU of 2X22:A. Typical RMSD (Root Mean Square Deviation) values between the
docking poses and X-ray structures were in the range 0.5-1.0 A for the best poses. The most realistic
complexes (best poses) were selected on the basis of best combination of MolDock, Rerank scores

and similarities (or compliance) with X-ray crystal structure complexes of InhA with known inhibitors.
4.3. Preparation and evaluation of inhibition of InhA
All experiments were carried out as recently described [22].

4.4. Crystallization and structure determination

To obtain crystals of the InhA/NAD+/21 complex, cleaved InhA (in 30 mM PIPES, 150 mM NaCl, pH
6.8) was incubated at 8 mg mL™ with 5.6 mM NAD" for 1 h at 4 °C (corresponding to a protein/NAD"
ratio of 1:20) followed by 4 h incubation with compound 21 at a final concentration of 28 mM
(corresponding to a protein/ligand ratio of 1:100) and 5.6% DMSO. Crystallization assays were
performed using the vapor diffusion method by mixing, with the help of a Mosquito crystallization
robot (SPT Labtech, Melbourn, UK), 200 nL of InhA previously incubated with NAD" and compound 21
with 200 nL of reservoir containing 14% (w/v) PEG 4000, 100 mM ADA (N-2(acetamido)iminodiacetic
acid), 100 mM ammonium acetate, 5 % (v/v) DMSO, pH 6.8. Crystals were obtained within a few days

at 22 °C. These crystals were cryoprotected with glycerol before being flash frozen in liquid nitrogen.



Diffraction data were collected at the ESRF beamline ID30B [32] and processed with autoProc [33]
and XDS [34] (Table 3). The structure was solved by molecular replacement with MOLREP [35] using
the A chain of PDB 4TRO as template. Refinement was performed using Buster/TNT [36]. The
dictionary for compound 21 (5-(((4-(2-hydroxyphenoxy)benzyl)(octyl)amino)methyl)-2-
phenoxyphenol) was generated using Grade2 [37] and used in Coot (0.9.8.1) for model building [38].

Hydrogen bonds and non-bonded contacts between InhA and ligands were analysed using the

LigPlot" program [25].



Table 3. Crystallographic data for the InhA/NAD"/21 structure.

PDB code 80TL
Data Collection and processing

Beamline ESRF, ID30B
Space group c222,

Cell parameters

a, b, c(A) 80.85, 100.88, 376.07

a 8, (%) 90.00, 90.00, 90.00
Resolution range (A) 62.22-2.11 62.22-5.72 2.14-2.11
No. observations 752,360 38,030 38,601
No. reflections 84,677 4,652 4,438
Multiplicity 8.9 8.2 8.7
Completeness (%) 95.0 98.3 99.2
<l/c> 9.7 22.1 2.4
Rmerge 0.165 0.063 0.877
Rpim 0.058 0.031 0.310
CC(1/2) 0.996 0.998 0.673
Structure refinement
Resolution range (A) 30.65-2.11
No. reflections (work/test) 80,266 / 4,373

Rwork/Rfree 0.1998 / 0.2373
No. non-H atoms
Protein 11,603
Cofactor 264
Ligand 47
Solvent 496
Average B factors (A%)
Overall 31.57
Protein 31.42
Cofactor 27.63
Ligand 33.60
Solvent 36.83
Model quality
Rms deviation
Bond lengths (A) 0.0075
Bond angles (°) 0.94
Ramachandran plot
Most favoured (%) 96.36
Allowed/outliers (%) 3.26 0.38

4.5. Inhibition of Mtb growth

Mycobacterium tuberculosis H37Rv reference strain was used. It was cultivated at 37 °C in
Middlebrook 7H9 (liquid medium, Difco - Becton Dickinson), supplemented with 0.05% v/v Tween-80
(Sigma-Aldrich) or on Middlebrook 7H10, both supplemented with 0.2% v/v glycerol (Sigma-Aldrich)
and 10% Middlebrook OADC enrichment (Difco - Becton Dickinson). All the tested compounds were

dissolved in DMSO (Sigma Aldrich), instead Streptomycin (Duchefa Biochemie), used as control, was



dissolved in water. Experiments performed with Mtb strain were conducted in the BLS3 safety

laboratory by authorized researchers.

The minimum inhibitory concentration (MICy) of the compounds against Mtb H37Rv strain was
established using the REMA method [39]. Mtb H37Rv cultures in exponential phase of growth were
diluted to concentrations of about 10° bacteria/mL. 100 pL of bacterial suspensions were added to
each 96-well black plate (Fluoronunc, Thermo Fisher, Waltham, MA, USA) containing 100 pL of
Middlebrook 7H9 in the absence of Tween 80 and in the presence of a serial two-fold dilution of the
tested compounds. A positive growth control and a negative control without inoculum were also
included. After 7 days of incubation at 37°C, 10 uL of resazurin (0.025% w/v) was added to each well.
Then, after an additional night of incubation, bacterial viability was assessed using a FluoroskanTM
Microplate Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA; excitation = 544 nm, emission
= 590 nm). Finally, bacterial viability was measured as the percentage of resazurin turnover in the

absence of the compound. Experiments were performed in duplicate at least twice.
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Determination of I1Cso for compound 33
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4-(2-Methoxyphenoxy)benzaldehyde (1).
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4-(4-Chloro-2-methoxyphenoxy)benzaldehyde (2).
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3-Methoxy-4-phenoxybenzaldehyde (3).
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(4-(2-Methoxyphenoxy)phenyl)methanol (4).
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(4-(4-Chloro-2-methoxyphenoxy)phenyl)methanol (5).
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(3-Methoxy-4-phenoxyphenyl)methanol (6).
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1-(4-(Bromomethyl)phenoxy)-2-methoxybenzene (7).
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1-(4-(Bromomethyl)phenoxy)-4-chloro-2-methoxybenzene (8).
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4-(Bromomethyl)-2-methoxy-1-phenoxybenzene (9).
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4-Chloro-1-(4-chloromethyl)phenoxy)-2-methoxybenzene (10).
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N-(4-(2-Methoxyphenoxy)benzyl)octan-1-amine (11).
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N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)octan-1-amine (12).
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N-(3-Methoxy-4-phenoxybenzyl)octan-1-amine (13).
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N-(4-Phenoxybenzyl)octan-1-amine (14).
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N,N-Bis(4-(4-chloro-2-methoxyphenoxy)benzyl)octan-1-amine (15).
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N,N-Bis(4-(4-chloro-2-hydroxyphenoxy)benzyl)octan-1-amine (16).
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N-(3-Methoxy-4-phenoxybenzyl)-N-(4-(2-methoxyphenoxy)benzyl)octan-1-amine (17).
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N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-N-(3-methoxy-4-phenoxybenzyl)octan-1-amine (18).
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N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-N-(4-phenoxybenzyl)octan-1-amine (19).
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N-(3-methoxy-4-phenoxybenzyl)-N-(4-phenoxybenzyl)octan-1-amine (20).
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5-(((4-(2-Hydroxyphenoxy)benzyl)(octyl)amino)methyl)-2-phenoxyphenol (21).
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5-Chloro-2-(4-(((3-hydroxy-4-phenoxybenzyl)(octyl)Jamino)methyl)phenoxy)phenol (22).
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5-Chloro-2-(4-((octyl(4-phenoxybenzyl)amino)methyl)phenoxy)phenol (23).
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5-((octyl(4-phenoxybenzyl)amino)methyl)-2-phenoxyphenol (24).
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5-((Octylamino)methyl)-2-phenoxyphenol (25).
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N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-N-octyloctan-1-amine (26).
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5-Chloro-2-(4-((dioctylamino)methyl)phenoxy)phenol (27).
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3-Methoxy-4-phenoxybenzonitrile (28).
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(3-Methoxy-4-phenoxyphenyl)methanamine (29).
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(4-Phenoxyphenyl)methanamine (30).
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N-(3-Methoxy-4-phenoxybenzyl)-1-(4-phenoxyphenyl)methanamine (31).
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N-(4-(4-Chloro-2-methoxyphenoxy)benzyl)-1-(4-phenoxyphenyl)methanamine (32).
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2-Phenoxy-5-(((4-phenoxybenzyl)amino)methyl)phenol (33).
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5-Chloro-2-(4-(((4-phenoxybenzyl)amino)methyl)phenoxy)phenol (34).
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4-(4-Formylphenoxy)-3-methoxybenzaldehyde (35).
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N-Benzyl-1-(4-(4-((benzylamino)methyl)-2-methoxyphenoxy)phenyl)methanamine (36).
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N-(4-(2-Methoxy-4-((octylamino)methyl)phenoxy)octan-1-amine (37).
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5-((benzylamino)methyl)-2-(4-((benzylamino)methyl)phenoxy)phenol (38).
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5-((octylamino)methyl)-2-(4-((octylamino)methyl)phenoxy)phenol (39).
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