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ABSTRACT. Two series of easily accessible anilines were identified as inhibitors of
influenza A virus subtype HINI, and extensive chemical synthesis and analysis of the
structure-activity relationship were performed. The compounds were shown to interfere
with low pH-induced membrane fusion mediated by the H1 and H5 (group 1)
hemagglutinin (HA) subtypes. A combination of virus resistance, HA interaction and
molecular dynamics simulation studies elucidated the binding site of these aniline-based
influenza fusion inhibitors, which significantly overlaps with the pocket occupied by
some H3 HA-specific inhibitors, indicating the high relevance of this cavity for drug

design.

Introduction

Influenza A and B viruses are highly contagious respiratory pathogens and the cause
of annual epidemics with high medical and economic burden.' Besides, influenza A
causes occasional pandemics due to gene reassortment between human and zoonotic
viruses. The notorious 1918 Spanish influenza infected one third of the world
population with >40 million deaths.” The recent pandemic of 2009 was caused by a
swine-origin HIN1 virus that killed ~300,000 people within only 18 months,
particularly in younger populations.” Hence, cost-effective antiviral strategies must be

developed for preventing and eradicating emerging influenza pandemics.

Influenza therapy currently relies on two classes of antiviral drugs: the M2 proton
channel blockers (restricted to influenza A) and neuraminidase inhibitors (NAIs).* The
currently approved M2 inhibitors suffer from global virus resistance, making it
necessary to develop new chemical scaffolds.” Resistance is also a growing issue for the
NALISs, particularly oseltamivir.® Hence, there is an urgent need for new drugs having

superior efficacy, high barrier for resistance, and eventually targeting other proteins
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relevant for the viral life cycle.”'® The most extensively studied targets are the influenza
hemagglutinin (HA)'', RNA polymerase complex,'? and NS1 protein. "

The homotrimeric HA, abundantly present on the viral envelope, has a crucial and
dual role in virus entry into the host cell.' First, the HA globular head mediates virus
binding via its receptor-binding site for sialylated cell surface glycans. The second
function lies in the HA stem domain. After endosomal uptake, this domain undergoes
low pH-induced and drastic refolding, which leads to release of the hydrophobic fusion
peptide and fusion of the viral envelope with the endosomal membrane."> Once the viral
genome segments are released into the cytoplasm and transferred into the cell nucleus,
viral RNA replication begins.'

One notable difficulty in targeting HA is related to its sequence diversity. The
eighteen HA subtypes of influenza A fall into two phylogenetic groups, for instance H1
and HS5 belong to group 1 whereas H3 and H7 are in group 2. In the last years, several
broadly neutralizing antibodies against HA group 1, 2, or both, have advanced towards
clinical trials.'® They target conserved head or stem epitopes which were revealed by
cocrystallographic analyses.'” In contrast, broadly-acting small molecule inhibitors of
HA are challenging since the only example is arbidol (umifenovir, Chart 1), which is
commercially available in Russia and in clinical trials elsewhere.'"® Besides other
antiviral mechanisms of action, arbidol was shown to prevent fusion by inhibiting the
conformational change of HA at low pH."” Only recently, cocrystallization of arbidol
with H3 and H7 HAs (PDB codes: ST6N and 5T6S, respectively) revealed that it binds
in a hydrophobic cavity within the HA trimer stem, clamping the protomers together.20
This site partially overlaps with that of terz-butylhydroquinone (TBHQ),”' another
influenza fusion inhibitor for which HA cocrystallization data are available (PDB codes:

3EYK and 3EYM).” The structure-activity relationship (SAR) of TBHQ derivatives
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was recently revisited.” In addition, the literature contains many molecules (some of
which are shown in Chart 1) which, based on mechanistic and virus resistance data,
classify as HA stem-binding fusion inhibitors.’ Although the HA subtype-dependent
antiviral activity of these molecules forms an obstacle for clinical development, they are
suitable scaffolds to design inhibitors that potentially cover a broader range of HA

subtypes.

Chart 1. Structures of some reported inhibitors of influenza A HA-mediated fusion.
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TBHQ and a substituted azaspiro compound, 1,>* which were predicted to target the
same HA stem pocket, are restricted towards H3 (a group 2) HA. The structurally
related compounds 2 (BMY-27709),”7%" 3 (BMS-199945),” and 4 (CL385319)*!
(Chart 1) proved limited to HA subtypes H1, H2 and/or H5 (group 1). The latter activity
spectrum was also reported for 5 (RO5464466) and its 2-chloro derivative, 6

(RO5487624),*** and the entirely different inhibitors 7 (S20)** and 8 (MBX2546).*°"¢
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All these HA fusion inhibitors potently suppress replication of some influenza A virus
subtypes in cell-based assays, and for 6 activity was confirmed in a lethal mouse model
with influenza HIN1.%

We here describe the synthesis, antiviral activity and mechanism of action of two
series of novel aniline derivatives and related compounds of general structures I and II
(Scheme 1). Considering that the benzamide group of 3 could be replaced by an aniline
group as in 5 and 6, we reasoned that, starting from 4, compounds of general structure I
may also display anti-influenza activity. On the other hand, the similar physicochemical
properties between the 1,3,3-trimethylcyclohex-1-yl moiety present in 3 and the
adamantyl unit, suggest that they may behave as bioisosteric groups (see Table S1 in
Supporting Information). This inspired us to take advantage of the well-known antiviral
activity of adamantane derivatives,”’ and the large experience of our group in the
synthesis of adamantane-containing and adamantane-related polycyclic compounds,Sg'43
to explore compounds in which the cyclohexyl moiety of 5 is replaced by a bulkier
adamantane. Specifically, we developed a series of analogs to investigate: a) the optimal
substitution for the aromatic moiety in series I and II; b) the effects of the heteroatom in
the linker of I; and c) the size of the hydrophobic moiety. Anti-influenza A activity was
evaluated in cell-based assays with HIN1 and H3N2 strains. The fusion inhibiting effect
was demonstrated in an influenza polykaryon assay, and resistant virus was selected and
characterized. Finally, NMR experiments and molecular dynamics simulations were

conducted to predict the plausible binding site of the lead compounds within the HA

protein.
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Scheme 1. General structures of the newly designed HA inhibitors. Y = NH, O, S; m =

lor2;n=0,1o0r2;Z=H or CH;.
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Results and discussion

Chemistry. The synthesis of piperidines with general structure I (n = 1) and related
ring-expanded (n = 2) and ring-contracted (n = 0) analogs is shown in Scheme 2. These
compounds could be accessed in just one facile synthetic step from commercially
available starting materials. Anilines, phenols or thiophenols bearing the desired
substitution were used for the aromatic moiety, as well as a range of diverse chloroalkyl
compounds. The attack of the nucleophilic group in the aromatic moiety to the
chloroalkyl derivative upon heating furnished the desired products in low (for the less
reactive anilines) to very good (for the phenols and thiophenols) yields. While a few of
the alkylated anilines were obtained in high yields (ca 80%) by heating a neat mixture
of the aniline and N-(2-chloroethyl)piperidine hydrochloride at 120 °C overnight,** the
less reactive anilines (e.g. bearing electron-withdrawing groups) needed the addition of
base, either K,COj; or NaH, KI catalyst and extended (30 hours) heating, furnishing the
products in only low to moderate yields. The corresponding alkylation of phenols and
thiophenols proceeded in medium to very high yields by using NaOH in refluxing

ethanol.
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A different synthetic strategy was undertaken for the preparation of the
(adamantylmethyl)anilines of general structure II (Scheme 3). Compounds of structure
19 were prepared via a three-step route, starting from the commercially available 1-
adamantanecarboxylic acid, 16a. Using thionyl chloride, the corresponding acyl
chloride was readily obtained and added to a solution of the corresponding aniline in
dry acetone. Upon continuous heating, the desired amides 18a-w did precipitate in good
yields. Without further purification, this precipitate was treated with sodium bis-(2-
methoxyethoxy)aluminum hydride to furnish the corresponding anilines in moderate to
good yields. Aniline 19x was synthesized in a similar way, starting from commercially
available 3,5-dimethyl-1-adamantanecarboxylic acid, 16b.

The preparation of the 3-hydroxyadamantane derivatives 22a-b was first envisaged
as a direct step, through the direct low-temperature hydroxylation with HNO3/H,SO, of
anilines 19. Unfortunately, this procedure led to complex mixtures of products,
probably arising from competitive oxidation of the aniline. Alternatively, derivatives
22a-b were accessed from 3-hydroxyadamantanecarboxylic acid, 20,” which reacted
with the required aniline using EDC as a coupling agent to furnish amides 21a-b, and
finally to products 22a-b after reduction with sodium bis-(2-methoxyethoxy)aluminum
hydride. Finally, aniline 25, featuring an additional methylene unit in the linker, was

prepared in an analogous manner to the 19 series (Scheme 3).
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Scheme 2. Synthesis of the general scaffold I derivatives 9-15.”
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9b: 2-CHj 9h: 2-Br  9n: 3,5-diCF, 10b: 2-CH,CH, N7 N
9c: 2-CH,CH;  9i:3-CF;  90: 3-Cl, 5-CF4 10c: 2-CH(CHs),

9d: 2-CH(CH3), 9j:4-CF;  9p: 3-Cl, 5-F
9e: 2-C(CH3);  9k: 2-CF; 9q: 3-F, 5-CFs
9f: 2-OCH, 9l: 3,5-diCl

-HCI -HCI
1) NaOH, EtOH, A
R + /\/[\Q ) Na N/\/Y R n=1,2
v Cl Y=0,S

N 2) HCl/dioxane
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‘HClI ‘HCI -HCI
13a:H  13c: 2-CH,CHy 14a: 2-CH,CH;, 15a:H  15c: 2-CH,CH
: : - 2-CH3CH3
13b: 4-Cl  13d: 2-CH(CH3), 14b: 2-CH(CHjs), 15b: 4-Cl

“Reagents and conditions: (a) K,COj;, KI, DMF, heat; (b) heat; (c) NaH, KI, dry DMF,

heat. See experimental for further details.
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1
2 . oq
3 Scheme 3. Synthesis of anilines 19a-x, 22a-b and 25.*
4
5
6 “HCI
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8 Y o] ¥ o] borc Y o] R Af Y 19
9 16 17 18
10 16a: Y =H 17a:Y =H 18-19a:R=H,Y=H 18-19i: R=2-CF3 Y=H 18-19q: R=3,5-diF, Y =H
11 16b: Y = CH, 17b.Y = CH; 19b:R=4-CHy Y=H 18-19j: R=3-CF5 Y=H 18-19r: R=35-diCl, Y = H
19¢: R=2-CHs Y =H 18-19k: R=4-CF3 Y=H 18-19s: R =3,5-diCF3 Y =H
12 18-19d: R = 2-CH,CH; Y=H 18191 R=4-Cl, Y=H 18-19t R=3.F, 5.CFs Y =H
13 18-19e: R = 2-CH(CHa) Y =H 18-19m:R=2-Br,Y=H 18-19u: R = 3-Cl, 5-CF5, Y = H
18-19f. R=4-OBn, Y=H 18-19n: R=2-Cl, Y=H 18-19v: R=3-CF3,4-Cl, Y =H
14 18-19g: R = 3-OBn, Y = H 18190:R=3-Cl Y=H 18-19W:R=23456-F, Y =H
15 18-19h: R =3-OCF3 Y =H 18-19p: R = 2,6-diF, Y = H 18-19x: R = 3-Cl, Y = CHj
16
17 OH OH
OH :
18 oH g HzN@R ! b y Hel
19 ~ OH ——— N\® — N\©R
Y c 2)f
20 16a 20 © 21 O R 22
21 21a:R=H 22a:R=H
22 21b: R = 4-CI 22b: R = 4-Cl
23
: O w0 30 .y
25 b H 2)f @\ﬁ H
26 23 24 25
27
28
29 “Reagents and conditions: (a) SOCl,, 80 °C, 2 h; (b) Et;N, acetone, reflux, 3 h; (c)
30
;; EDC-HCI, DMAP, dichloromethane, rt, overnight; (d) NaAlH,(OCH,CH,OCH;),,
;i toluene, 95 °C, 24 h; (e) BH;-THF, 0°C to rt, 24 h; (f) HCI/Et,O; (g) HNOs, H2SOq, 1t,
35 . . . . .
36 overnight, 95%. See experimental and Supporting Information for further details.
37
38
39
40 . : . . . .
41 Of note, while the reduction of 18], featuring a trifluoromethyl group in the meta
42
43 position, proceeded as expected to furnish aniline 19j, the reduction of its ortho and
44
45 para isomers, 18i and 18k, did not furnish the expected anilines, but 19¢ and 19b,
46
47 respectively (Scheme 4). The formation of 19b and 19¢ can be easily explained taking
48
gg into account the strong basicity of the hydride reagent, which triggers a dehalogenation
51 . . . . .
52 reaction that competes with the reduction process. In order to avoid this problem, we
53
54 switched from the hydride to borane, an electrophilic reductor agent that smoothly
55
56 furnished anilines 19i and 19Kk.
57
58 9
59

60 ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

Scheme 4. Reduction of amides 18i-k with sodium bis-(2-methoxyethoxy)aluminum

hydride.”

@m@ EL@
@m@ @@ RO Sy v

“Reagents and conditions: (a) NaAlH,(OCH,CH,OCH3;),, toluene, 95 °C, 24 h. See

experimental for further details.

Overall, from the aforementioned synthetic work, fifty eight new amines were
synthesized, fully characterized as the corresponding hydrochloride derivatives and

subsequently tested for antiviral activity.

Anti-influenza virus activity and cytotoxicity in cell culture. The novel compounds
were tested in MDCK cells using three influenza A strains [A/Hong Kong/7/87 (H3N2
subtype); A/PR/8/34 (HIN1 subtype); and A/Virginia/ATCC3/2009 (HIN1 subtype)] as
well as an influenza B strain (B/Hong Kong/5/1972). The A/Hong Kong/7/87 strain
carries an amantadine-sensitive wild-type M2 channel, while the other influenza A
strains carry mutations in M2 that confer resistance to amantadine, i.e. V27T plus S3IN
in A/PR/8/34 and S31IN in A/Virginia/ATCC3/2009. The inhibitory effect of the
compounds on virus replication as well as their cytotoxicity, were monitored by
microscopic examination of the viral cytopathic effect (CPE) at three days post
infection, and confirmed by the colorimetric MTS cell viability assay (Table 1).*

All compounds were found to be inactive against influenza A/H3N2 and influenza B

(results not shown). On the other hand, several ones displayed favorable activity against

10
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the influenza A/HINI strains revealing some interesting SAR trends. Regarding the
aromatic moiety, ring-substitution is required for activity, as the unsubstituted 9a, 13a,
15a and 19a were inactive (data not shown). Moreover, the ortho position is the most
appropriate substitution site for anti-influenza activity, whereas para-, meta- or full ring
substitution patterns, e.g. 9g, 9i, 19w respectively, were deleterious. More specifically,
the isopropyl group in ortho position yielded very potent compounds (9d, 13d and 19e).
Of note, compounds 9l-q, featuring two electron withdrawing groups in the meta
positions, were inactive, in sharp contrast with 4 and several analogs of 6 that feature
one or two electron withdrawing groups in the meta positions (Chart 1).*** Within the
series of 2-alkyl-N-[2-(piperidin-1-yl)ethyl]anilines 9a-d, progressive chain increase
from hydrogen (9a), methyl (9b), ethyl (9¢), to isopropyl (9d), increased the antiviral
activity against both A/HINI strains. In addition, the drop in activity for the ferz-butyl-
substituted compound 9e, sets the length limit for this structural part.

Regarding the linker between the aromatic ring and the piperidine, a length of three
atoms was found to be optimal for the inhibitory activity (e.g. 9d vs 11). Concerning the
nature of the linker’s heteroatom, a nitrogen was similar or slightly better than oxygen
(compare 9¢ vs 13¢, 9d vs 13d, 10b vs 14a and 10c vs 14b), while the sulfur analogs
were always inactive (15a-c).

Focusing our attention on the heterocyclic ring, piperidine seemed to give the best
activity. Ring-contraction from piperidine to pyrrolidine reduced the antiviral activity
for both A/HINT strains (e.g. 9d vs 12). Ring-expansion from piperidine to the azepane
ring was deleterious for the activity against the A/PR/8/34 strain and also increased the

cytotoxicity (e.g. 9¢ vs 10b).

11
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Table 1. Antiviral activity in influenza virus HIN-infected MDCK?® cells. For the sake

of clarity, only active compounds are shown.

Compound  Antiviral ECso (uM)™€ Cytotoxicity (uM)

Influenza A/HIN1

A/PR/8/34 A/Virginia/ATCC3/2009

CCso’ MCC®

CPE MTS CPE MTS
9¢ 21 21 13 9.6 >100 100
9d 4.6 5.5 1.7 1.5 >100 100
9e 29 32 36 26 >100 >100
of >100 >100 32 8.3 >100 >100
9h 45 48 45 47 >100 >100
9k 15 10 5.4 2.6 61 100
10a >100 >100 <0.8 <0.8 11 20
10b >100 >100 1.7 1.5 14 20
10c 8.4 8.9 1.6 1.3 52 100
11 >100 >100 18 7.9 74 60
12 23 39 17 8.0 >100 >100
13¢ 8.9 11 8.0 5.7 >100 100
13d 30 15 0.89 1.0 >100 >100
14a >100 >100 4.0 <0.8 11 20
14b >100 >100 2.6 2.0 26 20
18f >100 >100 52 39 >100 >100
19d >100 >100 0.19 0.15 0.87 2.0
19e¢ >100 >100 0.8 <0.8 3.4 4.0
19q >100 >100 0.21 0.12 1.9 2.0
22a 5.6 5.2 >100 >100 23 20
25 >100 >100 <0.8 <0.8 1.6 4
Amantadine 85 178 >500 >500 >500 >500
Ribavirin 16 45 12 9.8 >100 >100

“MDCK: Madin-Darby canine kidney cells. ”"50% Effective concentration, or
concentration producing 50% inhibition of viral cytopathicity, as determined by
microscopic scoring of the cytopathic effect (CPE) or by measuring the cell viability

with the colorimetric formazan-based MTS assay. “All compounds were inactive

(highest tested concentration: 100 pM) against influenza A/H3N2 (A/HK/7/87) and
influenza B (B/HongKong/5/1972). 150% Cytotoxic concentration, as determined by

measuring the cell viability with the colorimetric formazan-based MTS assay.
“Minimum compound concentration that causes a microscopically detectable alteration
of normal cell morphology. Values shown are the mean of 2 or 3 determinations.
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Remarkably, 18f and 22a seemed not to follow the previous activity trends. The amide
18f displayed antiviral activity against A/Virginia/ATCC3/2009 and stood out for two
reasons: it is the only amide from series 18a-x endowed with anti-influenza activity, and
it bears a para-benzyloxy group in the aromatic moiety, being the only active
compound with an electron donating group. Interestingly, 22a, which bears a hydroxyl
group in the adamantane moiety, is not only the sole active analog with an unsubstituted
aromatic moiety, but also the only one to inhibit A/PR/8/34 but not
A/Virginia/ATCC3/2009. Taking into account the unique antiviral profile of
adamantanol-containing compound, 22a, and that 5 and 6 also feature a hydroxyl group,
further derivatives of 22a should be explored.

Activity in the influenza polykaryon assay. While this work was in progress, Basu et
al. reported that compound 14a (MBX-2329 in their paper) inhibits influenza HA-
mediated membrane fusion, as demonstrated in a hemolysis assay with influenza
A/PR/8/34.>° Hence, we determined the inhibitory activity of 9d and 14a in the
polykaryon assay which is based on cell-cell fusion when HA-transfected cells are
exposed to low pH.>* We included not only HI HA (from A/PR/8/34), but also H5 HA
(derived from the avian H5N1 virus A/duck/Hunan/795/2002) and H3 HA (from the
A/X31 virus). As shown in Figure 1, compounds 9d and 14a, at a concentration of 100
uM, provided 100% inhibition of H1 and H5 HA-mediated polykaryon formation. The
two compounds were equipotent for HI HA (ECsp: 10.1 and 9.6 uM for 9d and 14a,
respectively), whereas for HS HA, 14a was two-fold more active than 9d (ECsy: 16.7
and 39.6 uM, respectively). This means that 14a produces a similar effect on H1 HA as
9d. The lack of activity of 14a in the CPE reduction assay with A/PR/8/34 thus appears
related to its relatively high cytotoxicity, which most likely obscures an antiviral effect.

No inhibition of H3 HA-induced polykaryon formation was observed (data not shown),

13
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consistent with the lack of antiviral activity of 9d and 14a against H3N2 virus. Finally,
the possibility was excluded that the different activity against the HIN1 and H3N2
viruses could be related to an action of these molecules on the neuraminidase
component, since 9d and 14a produced no inhibition in an enzymatic neuraminidase
assay with A/PR/8/34 virus (ICsy values of 9d and 14a and zanamivir: >100 uM; 100

UM and 1.4 nM, respectively; method adapted from reference 46).

pH 5.2

H1 HA

H5 HA

ECs (M)
9d 14a
H1-HA 10.1+£1.0 9615
H5-HA 396+18 16.7+15

Untransfected
control

Figure 1. Inhibition of HA-induced polykaryon formation at low pH. HeLa cells
expressing HA subtype H1 (top row) or HS (middle row) were treated with trypsin to
render the HA fusion-competent. After pre-incubation with compound 9d or 14a at 100
uM, the cells were briefly exposed to pH 5.2 to induce membrane fusion, then incubated
with medium during 3 h to allow polykaryon formation. The panels on the right show
HA-transfected controls exposed to pH 7, and the bottom row are untransfected control
cells. Representative fields are shown (original magnification x200). The table
summarizes the ECsy values (mean = SEM; n = 3), defined as the compound
concentration at which the number of polykaryons was 50% compared to the no

compound control.

14
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Selection and characterization of 9d-resistant virus mutants. Having confirmed that
9d represents a class of influenza fusion inhibitors with group 1 specificity, we next
characterized its binding interaction with the HA protein. First, we selected resistant
mutants by serial virus passaging under compound 9d. As shown in Table 2, virus
clones obtained after three passages under up to 50 uM of compound 9d were resistant
to 9d and its ring-expanded analogue 10¢, whereas the control virus passaged in the
absence of compound was equally sensitive as the parent A/PR/8/34 virus used at the
start. Sequencing revealed that both 9d-resistant virus clones contained four
substitutions in HA (Table 2). The changes S186,P and 110,V were considered less
relevant since they were linked to cell culture adaptation in a previous A/PR/8/34
passage study.39 The two remaining HA changes are both located in the HA stem, with
T107,I lying at a more membrane-distal site than R153,I. The resistance to 9d was not
related to an increase in the viral fusion pH (which indicates that the HA has become
less stable allowing its refolding at less acidic pH), since the pH to achieve 50%
hemolysis was 5.4 for the virus passaged under 9d compared to 5.3 for the virus
passaged in the absence of compound (data not shown).

We thus concluded that either Thr107, or Argl53; lies at or close to the region involved
in inhibitor binding. Support for the relevance of Thr107, comes from the finding that
an azide analogue of 3 localized to this region in HA; in photoaffinity labelling
experiments.28 Also, substitution of Phel10, was observed in HIN1 influenza viruses

with resistance to 2.2
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Table 2. Phenotypic and genotypic characterization of HIN1 virus that was passaged

under 9d.°

No cpd- Parent

Compound  9d™-cll  9d"™-cl2 ol virus Cytotoxicity (M)

Substitutions in HA"

T107,1 T107,1

RIS RIS31 oRA -

Antiviral ECso (UM)° CCs'  MCC®
9d >100 >100 2.3 4.6 >100 100
10c >100 >100 1.5 8.4 52 100
Ribavirin 11 11 15 16 >100 100

“A/PR/8/34 virus was passaged three times under compound 9d (at 12.5, 25 and 50
uM, successively); a control was included that was passaged in the absence of
compound. The harvested viruses were plaque-purified (cll and cl2: clone 1 and 2,
respectively) prior to HA sequencing. The parent virus means the virus stock that was
used to start passage #1. “The residues are numbered per HA polypeptide part, i.e. HA,
and HA,. Clones 1d"*-cll and 1d"*-cI2 contained the indicated substitutions besides two
additional changes (S186;P and 110,V) previously associated to cell-culture
adaptation.3 ?¢50% Effective concentration determined by cytopathic effect (CPE) assay;
similar ECsy values were obtained by MTS assay (data not shown). “50% Cytotoxic
concentration, as determined by measuring the cell viability with the colorimetric
formazan-based MTS assay. “Minimum compound concentration that causes a
microscopically detectable alteration of normal cell morphology. Values shown are the
mean of 2 or 3 determinations.

NMR experiments. The saturation transfer difference (STD) NMR experiment has
been shown to be useful to characterize the interaction between small molecules and
large protein targets, including interactions between an inhibitor and influenza
hemagglutinin.®*” In this experiment, the 'H atoms of the protein are selectively
saturated and the observation of magnetization transfer from the protein 'H to the ligand
'H is observed, which enables identification of ligand 'H in closest proximity to the
protein surface.”® Taking into account that the sequence identity between H1 and H5
HA in the HA2 region is very high (see Table S2 and Figure S1 in the Supporting
Information), we assayed the binding of 9d and 10c¢ to recombinant H5 HA, a group 1

HA, by STD NMR. As shown in Figure 2A, the signals of 9d and 10c clearly suggest
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binding to H5 HA. Interestingly, in matched experiments, 10¢ exhibited significantly
stronger STD signals than 9d, which suggests a better interaction with 'H in closer
proximity to the H5 HA surface. As shown in Figure 2B, quantitation of the individual
STD signals suggests that the aromatic moiety of both molecules is in closest relative
contact to the HS HA surface and that the piperidine and azepane moieties of 9d and
10c¢, respectively, are more distant. In addition, the isopropyl group of 9d appears to

make better relative contact with the H5 HA surface.

A B
9od
100%
STD 9d + H5 HA . L .
86% ’ = S00% <10% <10%
1l W J, (- " 65% .~ /SK/N 0%
78% ” 46%  <10%

STD 10c + H5 HA

i W -

100%

'H (ppm)
Figure 2. STD NMR experiments (A) and relative STD signals (B) of compounds 9d
and 10c in the presence of recombinant H5S HA. The experimental conditions were 100
uM compound and 1 pM HS5 HA in 20 mM PO4/pH 7.5, 150 mM NacCl, and 100%
H,0 performed on a Bruker 900 MHz Avance spectrometer equipped with a cryoprobe
at 25°C.
Molecular modeling studies.
Homology modeling. A 3D model of Hl HA in the open form was built up from the X-
ray crystal structure of TBHQ bound to X31 HA (see Experimental Section and Figure

S2 in the Supporting Information). Although the residues that shape the TBHQ pocket
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in H3 HA appeared to be generally conserved in the HI1 protein, two important
differences were noted. First, Arg54, in H3 HA, which forms a salt bridge with Glu97,
in the X-ray structure, is replaced by Ser in A/PR/8/34, and by Thr in
A/Virginia/ATCC3/2009, respectively. Second, the electrostatic potential in the binding
pocket shows a more pronounced negative potential in HI HA compared to the H3
protein (Figure 3), which can stabilize positively charged ligands such as 9d, whereas in
H3 HA the site is less polar, and hence better suited to accommodate hydrophobic

ligands.
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Figure 3. Comparison of (/eff) the binding sites for the HI HA subtypes (A) A/PR/8/34
and (B) A/Virginia/ATCC3/2009, and (C) the H3 HA subtype A/HK/7/87 obtained by
homology modelling. HA2 residues that differ among the three strains are shown in red
font. (Right) Representation of the solvent-screened electrostatic potential for (A)
A/PR/8/34, (B) A/Virginia/ATCC3/2009, and (C) A/HK/7/87. The isosurface

corresponds to electrostatic potential values ranging from -9 (red) to +3 (blue) kcal/mol.

Docking and Molecular Dynamics calculations. Choice of the starting structures of
the ligand-protein complexes used in MD simulations relied on the analysis of both
docking score and population of poses, as well as on the comparison with the available
X-ray structural information, specifically regarding the binding mode of THBQ.”'
Clusterization was performed to identify poses with similar arrangement in the binding
pocket (poses were grouped into a single cluster if the RMSD was less than 2 A). This
process led to two and four major binding poses in the binding cavity of A/PR/8/34 and
A/Virginia/ATCC3/2009, respectively (see Figure S3 in the Supporting Information).

With regard to A/PR/8/34, the most populated pose of compound 9d revealed that
the backbone oxygens of Lys58, and Thr54, act as hydrogen-bond acceptors of the
protonated piperidine and aniline nitrogen atoms (see Figure S3 in the Supporting
Information for the docking scores). In the second cluster, the protonated piperidine
interacts with the backbone of Val55,. A solution pertaining to the first, best-scored
cluster was selected for MD simulations (see below). With regard to
A/Virginia/ATCC3/2009, clusters 1 and 4 show a similar orientation of compound 9d in
the binding pocket, which is reversed in clusters 2 and 3. Keeping in mind the docking
scores reported in Figure S3, and the resemblance with the position occupied by TBHQ
in the X-ray structure, clusters 1 and 4 were considered for subsequent MD simulations.
However, only the simulation starting from cluster 4 led to a stable complex along the
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trajectory (see below). We note that the representative poses of cluster 1 in A/PR/8/34
and cluster 4 in A/Virginia/ATCC3/2009 adopt a similar arrangement in the binding
pocket (see Figure S3 in the Supporting Information). Finally, attempts to dock
compound 9d within the TBHQ binding site of H3 HA (A/HK/7/87) models were
unsuccessful, likely due to the reduced accessibility caused by the Arg54, side chain
and the electrostatic repulsion with the positive charge of 9d, in agreement with its H1
selectivity in biological experiments.

Next, the structural integrity of the selected poses of compound 9d bound to
A/PR/8/34 and A/Virginia/ATCC3/2009 was examined by MD simulations. In both
cases a stable accommodation of the ligand in the binding pocket was found after the
first 25 ns of simulation (see Figure S4 in the Supporting Information). The 2-
isopropylaniline moiety is placed in a subpocket delimited by Leu98,, Leu99,, and
LeulO1,, matching most of the region filled by TBHQ in H3 HA, whereas the
piperidine ring would occupy the inner part of the cavity, facing Tyr308; in A/PR/8/34
and Phe309; in A/Virginia/ATCC3/2009 (Figure 4). According to this arrangement, it
can be expected that relatively small hydrophobic substituents bound to the aniline
moiety, such as ethyl (9¢), #-butyl (9e) and bromine (9h), would be tolerated, while
substitutions in meta (9i and 91-q) or para (9g, 9j, 13b or 15b) may be expected to
cause steric clashes with residues in the binding pocket, thus explaining the reduced
antiviral activity. On the other hand, binding of 9d would be assisted by stable
hydrogen-bonding interactions between the piperidine and aniline nitrogen atoms with
the backbone carbonyl groups of Glu57, and Thr54, in A/PR/8/34, and of Val55, and
Ser54, in A/Virginia/ATCC3/2009 (Figure 4). Among the two hydrogen-bond
interactions, the former can be expected to be more stabilizing, since it involves a

positively charged hydrogen-bond donor (i.e., the protonated piperidine). This is
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reflected in average distances close to 2.8 A (piperidine N) and 3.5 A (aniline N), and
O H-N angles in the range of 130°-160°. It was further quantified by means of QM
calculations performed at the MO062X/6-311++G(d,p) level for model systems
composed of formaldehyde and either protonated trimethylamine or methylaniline (see
Table S3 in the Supporting Information). These calculations were performed for two
distinct orientations, which correspond to a linear hydrogen-bond arrangement and a
geometry shifted 45° from linearity (chosen according to the range of O "H-N angles
sampled in simulations; see above). The results indicate that the interaction of the
protonated piperidine with the carbonyl group of Glu57, (in A/PR/8/34) / Val55, (in
A/Virginia/ATCC3/2009) is intrinsically around 13 kcal/mol more stabilizing than the
interaction formed by the aniline nitrogen atom. Hence, it can be concluded that the
hydrogen bond formed by the aniline moiety is less stabilizing for the binding of

compound 9d.

Figure 4. Protein-inhibitor complexes for compound 9d within the HA2 polypeptide of
(A) A/PR/8/34 and (B) A/Virginia/ATCC3/2009, obtained after 50 ns of MD

simulations.
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Hence, along the MD simulations, we observed a stable interaction pattern that
resulted from ligand anchoring due to hydrogen bonding, especially involving the
piperidine moiety (see Figure S4 in the Supporting Information). Nevertheless, from a
wider perspective, MM/PBSA calculations performed for the set of snapshots collected
along the last 15 ns of MD trajectories, showed that the calculated HA binding affinity
of compound 9d for A/Virginia/ATCC3/2009 exceeds that of A/PR/8/34 by around 3.5
kcal/mol (see Table S4 in the Supporting Information). This preference can be mainly
ascribed to the non-polar contribution (-16.0 and -19.5 kcal/mol, respectively for
A/PR/8/34 and A/Virginia/ATCC3/2009). In this context, we noted that non-
electrostatic interactions were identified to have a major contribution in the binding of
14a to HA.* Taking together the lower impact of the hydrogen bond formed by the
aniline moiety on the interaction energy, and the significant contribution of the non-
electrostatic terms, it can be expected that the replacement of the aniline moiety (in 9d)
by a phenoxy- group (in 13d) should not be a critical modification in terms of binding
affinity, since loss of the weaker hydrogen-bond may be counterbalanced by non-
electrostatic interactions in the binding pocket.

The arrangement of compound 9d in the binding pocket shows a significant overlap
with both TBHQ and arbidol (see Figure S5 in the Supporting Information). Moreover,
this pocket is also close to the residues (Glul03;, Asn104,, and Glul05,) in HA2 that
were primarily implicated in an A/PR/8/34 HA photoaffinity labelling study with an
azide analog of fusion inhibitor 3 (see Figure S5 in the Supporting Information).28 Very
recently, this HA binding pocket of A/PR/8/34 was proposed to accommodate the

fusion inhibitor 8.%°
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Impact of 9d-resistance mutation T107,I. As explained above, serial passaging of
A/PR/8/34 in the presence of compound 9d resulted in a resistant virus carrying a
Thr107—lle change in HA2 (Table 2). Residue Thr107, is located near the fusion
peptide portion and helps to stabilize the orientation of the three a-helices that form the
“TBHQ pocket” (Figure 5) through a water-assisted network of polar interactions
involving Thr107,, Argl06,, Glul03,, Lys51, and Thr54,. The Thr107—Ile change
could destabilize these interactions, particularly the electrostatic interaction between
Lys51; and Glul03,, which in turn interact with Argl06, and water molecules below
the ligand binding site. Such a destabilization could weaken the binding affinity for 9d,
thus explaining why the mutant virus is insensitive to 9d.

Finally, we noted that most of the resistance mutations obtained under the fusion
inhibitors 7°* and 8 co-localize with the position of Thr107,, which is placed close to
the proposed binding pocket for compound 9d (see Figure S6 in the Supporting

Information).

23

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

Figure 5. (A) Putative effects of the 9d-associated Thr107—Ile mutation on water-
assisted polar network among residues pertaining to HA2, and HA2, helices in
A/PR/8/34 HA. Detailed view of specific interactions in (B) HA2,, and (C) HA2, and
HAZ2, helices. The Thr107—lle change not only would break the interaction between
the hydroxyl group of Thr107, and Lys51,, but would also destabilize the electrostatic
interaction between Lys51, and Glul03,, which in turn interacts with Argl06, and

water molecules below the ligand binding site.

Binding mode for the adamantane analogues. To evaluate the effect of substitution of
the piperidine by the adamantane moiety, the docking and MD simulations protocol
described for compound 9d was also performed for compound 25, which contains
aniline and adamantane moieties linked by two methylene units. This compound was
found to be potent against the A/Virginia/ATCC3/2009 strain, yet poorly active against

A/PR/8/34.
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The different activity profile of compound 25 can be explained by its distinct
accommodation in the binding site (see Figure 6). Compound 25 nicely fills the binding
site of A/Virginia/ATCC3/2009, where the adamantane moiety occupies the
hydrophobic cavity formed by Trp92,, Tyr94,, Phe309; and Pro308,, forming van der
Waals interactions with these residues (see Figure 6C). On the opposite site of the
binding pocket, the aniline nitrogen atom is engaged in a hydrogen bond with the
backbone oxygen of Ser54,, while the aromatic ring fills the hydrophobic region
occupied by TBHQ in the reference structure 3EYM.

The worse binding of compound 25 to A/PR/8/34 is reflected in the shift of the
adamantane unit toward the entrance of the cavity, where it is surrounded by polar
residues (Asp90,, Lys321;, Asn60,, and Arg324;) and becoming more exposed to the
aqueous solvent (see Figure 6A). This agrees with the worse fit of the adamantane unit
in the interior of the cavity, as the presence of Tyr308; in A/PR/8/34 (replaced by
Phe309; in A/Virginia/ATCC3/2009) tends to reduce the hydrophobicity of the pocket,
but possibly more importantly changes the shape of the inner pocket in
A/Virginia/ATCC3/2009 due to the hydrogen bond formed by Tyr308; with Tyr94, in

A/PR/8/34 (see Figure 6B, D).
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Figure 6. Front (A, C) and back (B, D) view of the MD-derived protein-ligand complex for
compound 25 in the HAs from A/PR/8/34 (A, B) and A/Virginia/ATCC3/2009 (C, D). Key

residues in the binding site are shown in red. Solid contours reflect the shape of the binding site.
Note the distinct shape of the pockets due to the replacement of Tyr308 in A/PR/8/34 by

Phe309, in A/Virginia/ATCC3/2009, which breaks the hydrogen bond formed between Tyr94,

and Tyr308; in the former.

Evaluation against other viruses. In addition to influenza virus testing, all compounds
underwent broad evaluation in CPE reduction assays with a panel of DNA and RNA

viruses, i.e. herpes simplex virus type 1 and type 2; vaccinia virus; feline coronavirus;
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feline herpesvirus; vesicular stomatitis virus (VSV); Coxsackie B4 virus; respiratory
syncytium virus; para-influenza-3 virus; reovirus-1; Sindbis virus; and Punta Toro
virus.”® Three derivatives carrying the adamantyl scaffold proved active against the
veterinary virus VSV, with antiviral ECsy values of 45 uM (14b); 12 pM (19t) and 12
pM (19u) (data not shown). Compound 19i was a potent inhibitor of parainfluenza-3
virus (ECsop: 9 uM) whereas 19f displayed activity against Coxsackie B4 virus (ECsy:
8.9 uM). Based on these results, the general scaffolds I and II appear relevant for the

design of novel antiviral compounds against diverse viruses with medical importance.

Conclusions

Two series of novel anilines have been synthesized, characterized and evaluated as
antiviral compounds. Several ones displayed activity against A/HIN1 influenza with
ECsp values in the low micromolar range. Influenza fusion, virus resistance as well as
NMR experiments with the lead molecule 9d demonstrated that it interferes with HA-
mediated fusion by binding to the HA stem and preventing its refolding at low pH. MD
simulations suggest that ligand 9d is able to fill the “TBHQ pocket” in the HAs of
A/PR/8/34 and A/Virginia/ATCC3/2009. This implies that the “TBHQ pocket”
represents a common and particularly relevant site for small-molecule HA fusion
inhibitors, although distinct chemotypes are required to address the different polarity of

this cavity in group-1 versus group-2 HA subtypes.

Experimental Section

Chemical Synthesis. General Methods. Melting points were determined in open
capillary tubes with a MFB 595010M Gallenkamp. 400 MHz 'H/100.6 MHz "*C NMR

spectra, and 500 MHz 'H NMR spectra were recorded on Varian Mercury 400, and
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Varian Inova 500 spectrometers, respectively. The chemical shifts are reported in ppm
(0 scale) relative to internal tetramethylsilane, and coupling constants are reported in
Hertz (Hz). Assignments given for the NMR spectra of the new compounds have been
carried out on the basis of DEPT, COSY 'H/'H (standard procedures), and COSY
'H/BC (gHSQC and gHMBC sequences) experiments. IR spectra were run on Perkin-
Elmer Spectrum RX I spectrophotometer. Absorption values are expressed as wave-
numbers (cm'); only significant absorption bands are given. High-resolution mass
spectrometry (HRMS) analyses were performed with an LC/MSD TOF Agilent
Technologies spectrometer. The elemental analyses were carried out in a Flash 1112
series Thermofinnigan elemental microanalyzator (AS5) to determine C, H and N.
Column chromatography was performed on silica gel 60 AC.C (35-70 mesh, SDS, ref
2000027). Thin-layer chromatography was performed with aluminum-backed sheets
with silica gel 60 F,s4 (Merck, ref 1.05554), and spots were visualized with UV light
and 1% aqueous solution of KMnO,. The analytical samples of all of the new
compounds which were subjected to pharmacological evaluation possessed purity 295%
as evidenced by their elemental analyses.

General Procedure A. To a solution of the required aniline (2 eq) in dry DMF at
room temperature, the chloroalkyl derivative (1 eq), K,COs (2 eq) and KI (0.1 eq) were
sequentially added. The reaction mixture was stirred and heated at 90 °C during 30 h.
After cooling down to room temperature, the resulting crude material was dissolved in
DCM. The solution was washed with water, dried over anh. Na,SQ,, filtered and
concentrated in vacuo to obtain the desired product and some recovered starting
materials. Column chromatography (Hexane/Ethyl acetate mixtures) gave the expected

product. An analytical sample of its hydrochloride salt was prepared by adding an

28

ACS Paragon Plus Environment

Page 28 of 83



Page 29 of 83

oNOYTULT D WN =

Journal of Medicinal Chemistry

excess of HCI either in diethyl ether or 1,4-dioxane to a solution of the base in ethyl
acetate.

General Procedure B. A solution of the required aniline (2 eq) and 1-(2-
chloroethyl)piperidine hydrochloride (1 eq) was stirred and heated at 120 °C overnight.
After cooling down to room temperature, the resulting mixture was dissolved in water
and solid sodium acetate was added to obtain pH 5.5. The excess of aniline was
extracted with diethyl ether. The aqueous layer was alkalized with 2 N NaOH aqueous
solution and extracted with diethyl ether. The combined organic layers were dried over
anh. Na,SQO,, filtered and concentrated in vacuo to obtain the desired product. An
analytical sample of its hydrochloride salt was prepared by adding an excess of HCl
either in diethyl ether or 1,4-dioxane to a solution of the base in ethyl acetate.

General Procedure C. Sodium hydroxide (0.800 g, 20 mmol, 2 eq) was refluxed in
ethanol (150 mL) for 30 min. To the resulting solution was added the corresponding
phenol or tiophenol (10 mmol, 1 eq) and further refluxed for 1 h. A solution in ethanol
(35 mL) of either 1-(2-chloroethyl)piperidine hydrochloride or 1-(2-chloroethyl)azepane
hydrochloride (10 mmol, 1 eq) was added to the basic solution and the reaction mixture
refluxed for further 3 h. After pouring into cold water (125 mL), the product was
extracted with DCM (4 x 125 mL) and the joined extracts were washed with water (4 x
150 mL), dried over anh. Na,SO, filtered and concentrated in vacuo to obtain the
desired product. Its hydrochloride salt was prepared by adding an excess of HCI either
in diethyl ether or 1,4-dioxane to a solution of the base in ethyl acetate.

N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9a.°>' Following general
procedure B, aniline (1.82 mL, 20 mmol) and 1-(2-chloroethyl)piperidine hydrochloride
(1.83 g, 10 mmol) gave the product as an orange oil (2.06 g, 86% yield), that formed its

hydrochloride salt as a white solid (904 mg). The analytical sample was obtained by
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crystallization from EtOAc/Pentane, mp = 185-186 °C. IR (ATR) v: 691, 747, 830, 851,
871,902, 949, 988, 1013, 1027, 1075, 1125, 1155, 1178, 1194, 1243, 1268, 1290, 1324,
1356, 1405, 1433, 1472, 1497, 1534, 1602, 2575, 2537, 2639, 2848, 2948, 3026, 3273
cm™. "H-NMR (400 MHz, CDs;0D) &: 1.60-1.78 (complex signal, 2 H, 11-H,), 1.80-
1.94 [complex signal, 4 H, 10(12)-H;], 3.15-3.34 [complex signal, 4 H, 9(13)-H, ], 3.27
(t,J=6.4 Hz, 2 H, 8-H,), 3.53 (t, /= 6.4 Hz, 2 H, 7-H,), 6.68 (m, 1 H, 4-H), 6.70 [m, 2
H, 2(4)-H], 7.15 [m, 2 H, 3(5)-H]. "C-NMR (100.5 MHz, CD;0D) &: 22.8 (CH,, C11),
24.2 [CH,, C10(12)], 39.5 (CHa,, C7), 54.7 [CH,, C9(13)], 57.1 (CH,, C8), 114.1 [CH,
C2(6)], 119.0 (CH, C4), 130.3 [CH, C3(5)], 149.1 (C, C1).
2-methyl-N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9b. Following the
general procedure A, 2-methylaniline (1.07 mL, 10 mmol), 1-(2-chloroethyl)piperidine
hydrochloride (920 mg, 5 mmol), K,CO; (1.38 g, 10 mmol) and KI (83 mg, 0.5 mmol)
in dry DMF (2 mL) were mixed to obtain a yellowish oil (1.38 g). After column
chromatography, the product was obtained as a colourless oil (557 mg, 51% yield) that
formed its hydrochloride salt as a white solid (600 mg), mp = 182-183 °C. IR (ATR) v:
665, 708, 753, 771, 804, 854, 930, 948, 963, 988, 1008, 1049, 1079, 1117, 1132, 1170,
1196, 1226, 1261, 1292, 1330, 1405, 1451, 1479, 1514, 1582, 1600, 1648, 2400, 2526,
2612, 2936, 3321 cm™. '"H-NMR (400 MHz, CD;OD) &: 1.55 (m, 1 H, 11-H,y), 1.76-
2.00 [complex signal, 5 H, 11-Heq and 10(12)-H,], 2.30 (s, 3 H, CH3), 3.04 [m, 2 H,
9(13)-Hax], 3.45 (t, J = 6.8 Hz, 2H, 8-H>), 3.62 (m, 2 H, 9(13)-H), 3.72 (t, J = 6.8 Hz,
2 H, 7-H,), 6.89 (dd, J=J’=7.8 Hz, 1 H, 4-H), 6.97 (d, J=7.8 Hz, 1 H, 6-H), 7.15 (d,
J=78Hz, 1 H, 3-H), 7.18 (ddd, J =J’ = 7.8 Hz, I’’ = 1.2 Hz, 1 H, 5-H). "C-NMR
(100.5 MHz, CDs0D) &: 17.8 (CH3), 22.6 (CH», C11), 24.1 [CH,, C10(12)], 41.2 (CHa,

C7), 54.8 [CH,, C9(13)], 55.8 (CH,, C8), 114.9 (CH, C6), 122.7 (CH, C4), 127.1 (CH,
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C5), 128.4 (CH, C3), 132.1 (C, C2), 142.9 (C, C1). HRMS-ESI+ m/z [M+H]" calcd for
[C14H2oN,+H]'™: 219.1856, found: 219.1858.
2-Ethyl-V-|2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9c. Following general
procedure B, 2-ethylaniline (2.47 mL, 20 mmol) and 1-(2-chloroethyl)piperidine
hydrochloride (1.83 g, 10 mmol) gave the product as a yellow oil (1.93 g, 83%), that
formed its hydrochloride salt as a pale brown solid (818 mg), mp = 173-174 °C. IR
(ATR) v: 728, 745, 799, 833, 902, 925, 947, 993, 1013, 1050, 1087, 1136, 1164, 1193,
1238, 1261, 1287, 1304, 1329, 1369, 1426, 1452, 1478, 1518, 1586, 1600, 2507, 2610,
2867, 2924, 2947, 3341 cm™. '"H-NMR (400 MHz, CD;0D) &: 1.21 (t, J=7.6 Hz, 3 H, -
CH,CHs;), 1.56-1.68 (complex signal, 2 H, 11-H,), 1.76-1.86 [complex signal, 4 H,
10(12)-H,], 2.55 (q, J = 7.6 Hz, 2 H, -CH,CH3), 2.98-3.12 [complex signal, 4 H, 9(13)-
H,], 3.13 (t, J= 6.4 Hz, 2 H, 8-H,), 3.51 (t, /= 6.4 Hz, 2 H, 7-H,), 6.64-6.70 (complex
signal, 2 H, Ar), 7.01-7.10 (complex signal, 2 H, Ar). BC-NMR (100.5 MHz, CD5;0D)
d: 13.8 (CH3, -CH,CH3), 23.4 (CHa, C11), 24.8 (CH,, CH,CH3), 24.9 [CH,, C10(12)],
40.2 (CHy, C7), 55.0 [CH2, C9(13)], 57.4 (CH,, C8), 111.3 (CH, C6), 118.9 (CH, C4),
128.0 (CH, C5), 129.3 (CH, C3), 130.0 (C, C2), 146.2 (C, C1). HRMS-ESI+ m/z
[M+H]" calcd for [CisHxN,+H]": 233.2012, found: 233.2005.
2-isopropyl-V-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9d. Following
general procedure B, 2-isopropylaniline (2.83 mL, 20 mmol) and 1-(2-
chloroethyl)piperidine hydrochloride (1.83 g, 10 mmol) gave the product as a brown oil
(2.02 g, 82%), that formed its hydrochloride salt as a pale brown solid (1.15 g), mp =
140-141 °C. IR (ATR) v: 760, 855, 948, 966, 1007, 1039, 1096, 1172, 1193, 1257,
1270, 1294, 1327, 1356, 1376, 1403, 1445, 1513, 1583, 1599, 2356, 2529, 2614, 2861,
2932, 3328 cm™. 'H-NMR (400 MHz, CD;0D) &: 1.22 [d, J = 6.8 Hz, 6 H, -CH(CH3),],

1.54-1.66 (complex signal, 2 H, 11-H,), 1.74-1.84 [complex signal, 4 H, 10(12)-H;],
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2.94-3.05 [complex signal, 5 H, 9(13)-H,, and -CH(CHs;),], 3.07 (t, /= 6.4 Hz, 2 H, 8-
H,), 3.47 (t, J = 6.4 Hz, 2 H, 7-H,), 6.68 (broad d, J = 8.0 Hz, 1 H, 6-H), 6.70 (dt, J =
7.2Hz,J'=1.2Hz, 1 H, 5-H), 7.05 (dt, /J=7.6 Hz, J’= 1.6 Hz, 1 H, 4-H), 7.12 (dd, J =
7.6 Hz, J’ = 1.6 Hz, 1 H, 3-H). ®C-NMR (100.5 MHz, CD;OD) &: 23.1 [CHj, -
CH(CH3),], 23.6 (CH,, C11), 25.2 [CH,, C10(12)], 27.9 [CH, -CH(CHj3),], 40.5 (CHa,
C7), 55.0 [CH,, C9(13)], 57.5 (CH,, C8), 111.9 (CH, C6), 119.1 (CH, C4), 126.1 (CH,
C5), 127.7 (CH, C3), 134.6 (C, C2), 145.6 (C, C1). HRMS-ESI+ m/z [M+H]" calcd for
[C16Ha6N,+H] ™ 247.2169, found: 247.2166.
2-t-butyl-N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9e. Following the
general procedure A, 2-fert-butylaniline (1.56 mL, 10 mmol), 1-(2-
chloroethyl)piperidine hydrochloride (0.92 g, 5 mmol), K,CO;5 (1.38 g, 10 mmol) and
KI (83 mg, 0.5 mmol) in dry DMF (2.5 mL) were mixed to obtain a brown oil (0.99 g).
After column chromatography, the product was obtained as a yellow oil (290 mg, 20%
yield) that formed its hydrochloride salt as a white solid (234 mg), mp = 101-102 °C. IR
(ATR) v: 747, 773, 847, 899, 987, 1054, 1108, 1147, 1173, 1194, 1232, 1256, 1287,
1305, 1367, 1387, 1444, 1504, 1576, 1594, 2346, 2537, 2661, 2950, 3379, 3416 cm™.
'H-NMR (400 MHz, CD;0D) &: 1.42 (s, 9 H, C(CH3)3], 1.56 (m, 1 H, 11-H,,), 1.76-
2.00 [complex signal, 5 H, 11-Heq and 10(12)-H,], 3.05 [td, /= 12.4 Hz, J'=3.2 Hz, 2
H, 9(13)-Ha], 3.37 (t, J = 6.8 Hz, 2 H, 8-H»), 3.63 (dm, J = 12.4 Hz, 2 H, 9(13)-H.),
3.73 (t,J=6.8 Hz, 2 H, 7-H,), 6.77 (ddd, J=J = 7.6 Hz, J”’= 1.2 Hz, 1 H, 4-H), 6.84
(dd,J=8.0,J°=1.2,1H, 6-H), 7.14 (ddd, J=8.0 Hz, J’=7.6 Hz, J”’=1.6 Hz, 1 H, 5-
H), 7.28 (dd, J = 7.6 Hz, J’ = 1.6 Hz, 1 H, 3-H). "C-NMR (100.5 MHz, CD;0D) &:
22.5 (CH,, Cl11), 24.2 [CH,, C10(12)], 30.7 [CH3, C(CH3)3], 35.3 [C, C(CHj3)3], 42.1

(CH,, C7), 55.0 [CH,, C9(13)], 56.1 (CH,, C8), 116.1 (CH, C6), 122.0 (CH, C4), 128.1
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(CH, C5%), 128.5 (CH, C3%*), 137.6 (C, C2), 143.6 (C, C1). HRMS-ESI+ m/z [M+H]"
caled for [C7HogNo+H]: 261.2325, found: 261.2333.
2-methoxy-/N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, of. > Following the
general procedure A, 2-methoxyaniline (0.56 mL, 5 mmol), 1-(2-chloroethyl)piperidine
hydrochloride (0.92 g, 5 mmol), K,CO; (2.07 g, 15 mmol) and KI (83 mg, 0.5 mmol) in
dry DMF (2.5 mL) were mixed to obtain a brown oil (0.94 g). After column
chromatography, the product was obtained as a yellow oil (380 mg, 29% yield) that
formed its hydrochloride salt as a yellow solid (291 mg), mp = 174-175 °C. IR (ATR) v:
638, 754, 798, 827, 853, 948, 971, 1023, 1039, 1098, 1121, 1163, 1186, 1263, 1289,
1325, 1413, 1439, 1501, 1578, 1612, 2341, 2532, 2651, 2940, 3328 cm™. "H-NMR (400
MHz, CD;0D) 6: 1.55 (m, 1 H, 11-H,), 1.78-2.06 [complex signal, 5 H, 11-Heq and
10(12)-Hs], 3.06 [m, 2 H, 9(13)-Hy], 3.51 (t, J = 6.8 Hz, 2 H, 8-H,), 3.63 (m, 2 H,
9(13)-Heq), 3.87 (t, J = 6.8 Hz, 2 H, 7-H>), 4.00 (s, 3 H, OCH3), 7.10 (ddd, J=J = 7.6
Hz,J’=1.2Hz, 1 H, 5-H), 7.24 (dd, /= 8.4,J°=1.2, 1 H, 3-H), 7.43 (ddd, J= 8.4 Hz,
J’=17.6Hz,J =1.6Hz | H, 4-H), 7.51 (dd, J=7.6 Hz, J' = 1.6 Hz, 1 H, 6-H). °C-
NMR (100.5 MHz, CD;0D) &: 22.5 (CH,, C11), 24.2 [CH,, C10(12)], 44.5 (CH,, C7),
53.8 (CHa, C8), 55.0 [CHa, C9(13)], 56.9 (CH3, OCHj3), 113.8 (CH, C6), 122.6 (CH,
C3), 123.0 (CH, C4), 126.2 (C, Cl1), 130.9 (CH, C5), 153.1 (C, C2). HRMS-ESI+ m/z
[M+H]" calcd for [C14H2,N,O+H]™: 235.1805, found: 235.1814.
4-chloro-N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9g.> Following general
procedure B, 4-chloroaniline (2.55 g, 20 mmol) and 1-(2-chloroethyl)piperidine
hydrochloride (1.83 g, 10 mmol) gave a pale yellow oil (1.74 g). After column
chromatography (Hexane/Ethyl acetate mixture) the product was obtained as a yellow
oil (1.16 g, 73% yield) that formed its hydrochloride salt as a white solid (310 mg), mp=

198-199 °C. IR (ATR) v: 651, 704, 809, 829, 861, 957, 971, 1004, 1070, 1091, 1134,
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1183, 1200, 1253, 1292, 1310, 1460, 1478, 1488, 1520, 1599, 2542, 2639, 2947, 3261
cm™. 'TH-NMR (400 MHz, CD;0D) &: 1.50-1.80 (complex signal, 2 H, 11-H,), 1.81-
1.98 [complex signal, 4 H, 10(12)-H;], 3.00-3.42 [complex signal, 4 H, 9(13)-H;], 3.29
(t, J=6.4 Hz, 2 H, 8-H»), 3.53 (t, / = 6.4 Hz, 2 H, 7-H,), 6.68 [m, 2 H, 2(6)-H], 7.11
[m, 2 H, 3(5)-H]. "C-NMR (100.5 MHz, CD;0D) &: 22.7 (CH,, C11), 24.1 [CH,,
C10(12)], 39.4 (CH,, C7), 54.6 [CH,, C9(13)], 56.8 (CH,, C8), 115.3 [CH, C2(6)],
123.4 (CH, C4), 130.1 [CH, C3(5)], 147.9 (C, C1).
2-bromo-N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9h. Following the
general procedure A, 2-bromoaniline (1.13 mL, 10 mmol), 1-(2-chloroethyl)piperidine
hydrochloride (0.92 g, 5 mmol), K,CO; (1.38 g, 10 mmol) and KI (83 mg, 0.5 mmol) in
dry DMF (2.5 mL) were mixed to obtain a brown oil (1.78 g). After column
chromatography, the product was obtained as a yellow oil (134 mg, 8% yield) that
formed its hydrochloride salt as a dark yellow solid (139 mg), mp = 161-162 °C. IR
(ATR) v: 654, 752, 948, 964, 1018, 1090, 1173, 1194, 1222, 1271, 1297, 1336, 1405,
1452, 1504, 1589, 2485, 2614, 2940, 3317 cm™. '"H-NMR (400 MHz, CD;0D) &: 1.47-
1.61 (complex signal, 2 H, 11-H;), 1.78-2.00 [complex signal, 4 H, 10(12)-H;], 3.03 [td,
J=12.0Hz, J'=3.2 Hz, 2 H, 9(13)-Ha], 3.35 (t, /= 6.4 Hz, 2 H, 8-H), 3.61 (dm, J =
12.0 Hz, 2 H, 9(13)-Heg), 3.69 (t, J = 6.4 Hz, 2 H, 7-H,), 6.65 (ddd, J=J = 8.0 Hz, J~’
=1.6 Hz, 1 H, 5-H), 6.85 (dd, /=8.0,J"= 1.2, l H, 6-H), 7.24 (ddd, J=J"=8.0 Hz, J”’
= 1.2 Hz, 1 H, 4-H), 7.44 (dd, J = 8.0 Hz, J' = 1.6 Hz, 1 H, 3-H). *C-NMR (100.5
MHz, CD;0D) 6: 21.3 (CH,, C11), 22.9 [CH,, C10(12)], 38.2 (CH,, C7), 53.6 [CH,,
C9(13)], 55.3 (CHy, C8), 109.8 (C, C2), 111.8 (CH, C6), 119.0 (CH, C4), 128.6 (CH,
C5), 132.7 (CH, C3), 144.0 (C, Cl). HRMS-ESI+ m/z [M+H]" caled for

[C13H oBrN,+H]™: 283.0804, found: 283.0815.
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N-|2-(piperidin-1-yl)ethyl]-3-(trifluromethyl)aniline hydrochloride, 9i.*
Following the general procedure A, 3-trifluoromethylaniline (2.5 mL, 20 mmol), 1-(2-
chloroethyl)piperidine hydrochloride (1.830 g, 10 mmol), K,COs (2.76 g, 20 mmol) and
KI (166 mg, 1 mmol) in dry DMF (4 mL) were mixed to obtain a brown oil (3.73 g).
After column chromatography the product was obtained as a yellow oil (1.04 g, 38%
yield) that formed its hydrochloride salt as a white solid (824 mg), mp = 169-170 °C. IR
(ATR) v: 636, 658, 696, 737, 786, 802, 815, 860, 869, 897, 915, 959, 974, 993, 1000,
1037, 1067, 1116, 1168, 1226, 1247, 1319, 1340, 1455, 1477, 1545, 1617, 2262, 2543,
2639, 2944, 3061, 3251 cm™. "H-NMR (400 MHz, CD;OD) &: 1.58-1.78 (complex
signal, 2 H, 11-Hy), 1.82-1.96 [complex signal, 4 H, 10(12)-H,], 3.00-3.45 [complex
signal, 4 H, 9(13)-H,], 3.31 (t, /= 6.4 Hz, 2 H, 8-H,), 3.59 (t, J = 6.4 Hz, 2 H, 7-H,),
6.90-6.98 (complex signal, 3 H, Ar), 7.32 (t, / = 8.6 Hz, 1 H, 5-Ar). BC-NMR (100.5
MHz, CD;0D) &: 22.7 (CH,, C11), 24.2 [CH,, C10(12)], 39.1 (CH,, C7), 54.7 [CHa,
C9(13)], 56.8 (CH», C8), 110.1 (q, J = 4 Hz, CH, C2), 114.9 (q, J = 4 Hz, CH, C4),
117.0 (m, CH, C5), 125.9 (q, J =270 Hz, C, CF3;), 131.0 (CH, C6), 132.6 (q, J =32 Hz,
C, C3), 149.6 (C, C1).

N-[2-(piperidin-1-yl)ethyl]-4-(trifluromethyl)aniline hydrochloride, 9j. Following
the general procedure A, 4-trifluoromethylaniline (2.5 mL, 20 mmol), 1-(2-
chloroethyl)piperidine hydrochloride (1.83 g, 10 mmol), K,CO3 (2.76 g, 20 mmol) and
KI (166 mg, 1 mmol) in dry DMF (4 mL) were mixed to obtain a brown oil (3.69 g).
After column chromatography, the product was obtained as a yellow oil (437 mg, 16%
yield) that formed its hydrochloride salt as a white solid (421 mg), mp= 206-207 °C. IR
(ATR) v: 634, 808, 836, 953, 970, 1007, 1073, 1096, 1121, 1158, 1195, 1267, 1321,
1461, 1492, 1538, 1615, 2547, 2639, 2930, 3261 cm™. "H-NMR (400 MHz, CD;0D) &:
1.45-1.1.63 (complex signal, 2 H, 11-H,), 1.78-2.00 [complex signal, 4 H, 10(12)-H;],
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3.02 [td, J=12.4 Hz, J'=3.2 Hz, 2 H, 9(13)-Hy], 3.33 (t, /= 6.4 Hz, 2 H, 8-H»), 3.59
[m, 2 H, 9(13)-Hq], 3.62 (t, J = 6.4 Hz, 2 H, 7-H,), 6.79 [d, J = 8.8 Hz, 2 H, 2(6)-H],
7.41 [d, J = 8.8 Hz, 2 H, 3(5)-H]. ®C-NMR (100.5 MHz, CD;0D) &: 22.6 (CH,, C11),
24.1 [CHy, C10(12)], 38.8 (CH3, C7), 54.6 [CH», C9(13)], 56.6 (CH,, C8), 113.2 [CH,
C2(6)], 120.0 (q, J = 32 Hz, C, C4), 126.5 (q, J = 269 Hz, C, CF3), 127.6 [q, J = 4 Hz,
CH, C3(5)], 150.5 (C, C1).

N-[2-(piperidin-1-yl)ethyl]-2-(trifluromethyl)aniline hydrochloride, 9k. Following
the general procedure A, 2-trifluoromethylaniline (2.51 mL, 20 mmol), 1-(2-
chloroethyl)piperidine hydrochloride (1.83 g, 10 mmol), K,CO3 (2.76 g, 20 mmol) and
KI (166 mg, 1 mmol) in dry DMF (4 mL) were mixed to obtain a brown oil (3.65 g).
After column chromatography, the product was obtained as a yellowish oil (972 mg,
36% yield) that formed its hydrochloride salt as a white solid (787 mg), mp = 165-166
°C. IR (ATR) v: 648, 753, 762 856, 899, 950, 964, 1007, 1030, 1053, 1090, 1107, 1127,
1158, 1224, 1258, 1281, 1304, 1335, 1404, 1452, 1478, 1520, 1583, 1609, 2405, 2496,
2519, 2610, 2947, 3341 cm™. "H-NMR (400 MHz, CD;0OD) &: 1.46-1.60 (complex
signal, 1 H, 11-H,y), 1.76-2.00 [complex signal, 5 H, 10(12)-H, and 11-H,g], 3.05 [td, J
=12.0 Hz, J' = 2.8 Hz, 2 H, 9(13)-Hu], 3.34 (t, J = 6.6 Hz, 2 H, 8-H»), 3.62 (dm, J =
11.6 Hz, 2 H, 9(13)-He), 3.75 (t, J = 6.4 Hz, 2 H, 7-H»), 6.81 (t, /= 7.6 Hz, 1 H, 4-H),
6.98 (d, J= 8.4 Hz, 1 H, 6-H), 7.42-7.50 (complex signal, 2 H, 3-H and 5-H). >C-NMR
(100.5 MHz, CD;0D) &: 22.6 (CH,, C11), 24.2 [CH,, C10(12)], 39.1 (CH,, C7), 54.9
[CHa,, C9(13)], 56.3 (CH,, C8), 113.2 (CH, C6), 115.3 (q, J = 29.1 Hz, C, C2), 117.9
(CH, C4), 126.4 (q, J =271 Hz, C, CF3), 127.8 (m, CH, C3), 134.7 (CH, C5), 145.8 (C,
Cl).

3,5-dichloro-N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 91. Following the

general procedure A, 3,5-dichloroaniline (1.62 g, 10 mmol), 1-(2-chloroethyl)piperidine
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hydrochloride (0.92 g, 5 mmol), K,CO; (1.38 g, 10 mmol) and KI (83 mg, 0.5 mmol) in
dry DMF (2 mL) were mixed to obtain a dark oil (1.67 g). After column
chromatography, the product was obtained as a brown oil (465 mg, 34 % yield) that
formed its hydrochloride salt as a brown solid (527 mg), mp = 195-196 °C. IR (ATR) v:
677, 771, 799, 854, 895, 930, 953, 973, 1016, 1077, 1102, 1130, 1168, 1246, 1319,
1365, 1383, 1426, 1443, 1469, 1524, 1565, 1590, 2040, 2162, 2546, 2632, 2850, 2951,
3265 cm™. "H-NMR (400 MHz, CD;0D) &: 1.54 (m, 1 H, 11-H,,), 1.78-1.99 [complex
signal, 5 H, 11-Heq and 10(12)-H,], 3.01 [td, J = 12.0 Hz, J" = 4.0 Hz, 2 H, 9(13)-Ha],
3.32(t,J=6.4Hz, 2 H, 8-H»), 3.57 (t, /= 6.4 Hz, 2 H, 7-H,), 3.60 [m, 2 H, 9(13)-H,q],
6.68-6.71 (complex signal, 3 H, Ar-H). *C-NMR (100.5 MHz, CD;0D) &: 22.6 (CH,,
C11), 24.1 [CH,, C10(12)], 39.1 (CH,, C7), 54.6 [CHa, C9(13)], 56.4 (CH,, C8), 112.4
[CH, C2(6)], 118.2 (CH, C4), 136.7 [C, C3(5)], 150.8 (C, C1). HRMS-ESI+ m/z
[M+H]" caled for [C13H;sCLN,+H]": 273.0920, found: 273.0917.
3,5-difluoro-N-|2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9m. A mixture of
3,5-difluroroaniline (2.58 g, 20 mmol), 1-(2-chloroethyl)piperidine hydrochloride (1.84
g, 10 mmol), NaH (0.72 g, 30 mmol) and KI (166 mg, 1 mmol) in dry DMF (4 mL)
were stirred under N, atmosphere at 90 °C for 24 hours. The mixture was allowed to
reach room temperature, poured into ice and extracted with DCM (3 x 10 mL). The
combined organics were dried over anh. Na,SQy, filtered and concentrated in vacuo to
obtain a dark oil (2.66 g). After column chromatography, the product was obtained as a
yellowish oil (232 mg, 11% yield) that formed its hydrochloride salt as a yellowish solid
(250 mg), mp = 173-174 °C. IR (ATR) v: 670, 776, 801, 842, 882, 945, 960, 978, 993,
1039, 1084, 1107, 1132, 1180, 1201, 1216, 1239, 1307, 1327, 1362, 1385, 1426, 1443,
1469, 1512, 1542, 1618, 2470, 2546, 2668, 2946, 3032, 3225 cm™. "H-NMR (400 MHz,
CDs;OD) 6: 1.54 (m, 1 H, 11-Hy), 1.78-1.99 [complex signal, 5 H, 11-H¢q and 10(12)-
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H,], 3.02 [td, /= 12.0 Hz, J’ = 3.2 Hz, 2 H, 9(13)-Hy], 3.32 (t, J= 6.4 Hz, 2 H, 8-H,),
3.54-3.62 (complex signal, 2 H, 9(13)-H,), 3.58 (t, J = 6.4 Hz, 2 H, 7-H,), 6.20 (m, 1
H, 4-H), 6.33 [m, 2 H, 2(6)-H]. >C-NMR (100.5 MHz, CD;0D) &: 22.6 (CH,, C11),
24.1 [CHy, C10(12)], 39.3 (CHa,, C7), 54.7 [CH,, C9(13)], 56.4 (CH,, C8), 93.5 (t, J =
27 Hz, CH, C4), 97.0 [m, CH, C2(6)], 151.3 (m, C, C1), 165.7 [dd, /=243 Hz, J’ = 16
Hz, C, C3(5)]. HRMS-ESI+ m/z [M+H]" calcd for [Ci3H;gFoN,+H]": 241.1511, found:
241.1514.

N-|2-(piperidin-1-yl)ethyl]-3,5-bis(trifluoromethyl)aniline hydrochloride, 9n.
Following the general procedure A, 3,5-bis(trifluoromethyl)aniline (1.55 mL, 10 mmol),
1-(2-chloroethyl)piperidine hydrochloride (0.92 g, 5 mmol), K,CO3 (1.38 g, 10 mmol)
and KI (83 mg, 0.5 mmol) in dry DMF (2 mL) were mixed to obtain a dark oil (2.20 g).
After column chromatography, the product was obtained as a brown oil (515 mg, 30%
yield) that formed its hydrochloride salt as a brown solid (175 mg), mp = 162-163 °C.
IR (ATR) v: 680, 700, 730, 854, 882, 968, 991, 1011, 1122, 1165, 1178, 1274, 1317,
1362, 1383, 1405, 1433, 1471, 1562, 1615, 2536, 2622, 2860, 2941, 3093, 3265 cm™.
"H-NMR (400 MHz, CD;OD) &: 1.55 (m, 1 H, 11-Hyy), 1.76-2.00 [complex signal, 5 H,
11-Heq and 10(12)-Hy], 3.04 [td, J = 12.2 Hz, J' = 3.2 Hz, 2 H, 9(13)-Ha], 3.36 (t, J =
6.4 Hz, 2 H, 8-H»), 3.61 [dm, J = 12.2 Hz, 2 H, 9(13)-H,], 3.66 (t, /= 6.4 Hz, 2 H, 7-
H,), 7.15 (m, 1 H, 4-H), 7.18 [m, 2 H, 2(6)-H]. *C-NMR (100.5 MHz, CD;0D) &: 22.6
(CH,, C11), 24.1 [CH,, C10(12)], 38.8 (CH,, C7), 54.7 [CH,, C9(13)], 56.5 (CH,, C8),
110.7 (sept, J = 4 Hz, CH, C4), 113.2 [m, CH, C2(6)], 125.1 (q, J = 271.5 Hz, C, CF3),
133.6 [q, J = 32.5 Hz, C, C3(5)], 150.5 (C, C1). HRMS-ESI+ m/z [M+H]" calcd for
[C1sH gF6No+H]™: 341.1447, found: 341.1449.

3-chloro-N-[2-(piperidin-1-yl)ethyl]-5-(trifluoromethyl)aniline hydrochloride, 9o.

Following the general procedure A, 3-chloro-5-trifluoromethylaniline (1.38 mL, 10
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mmol), 1-(2-chloroethyl)piperidine hydrochloride (0.92 g, 5 mmol), K,CO; (1.38 g, 10
mmol) and KI (83 mg, 0.5 mmol) in dry DMF (2 mL) were mixed to obtain a dark oil
(2.02 g). After column chromatography, the product was obtained as a brown oil (320
mg, 21% yield) that formed its hydrochloride salt as a brown solid (327 mg), mp = 191-
192 °C. IR (ATR) v: 690, 703, 824, 837, 900, 971, 988, 1014, 1097, 1120, 1165, 1236,
1259, 1279, 1302, 1347, 1428, 1464, 1595, 1605, 2541, 2632, 2946, 3088, 3270 cm™.
"H-NMR (400 MHz, CD;OD) &: 1.56 (m, 1 H, 11-Hyy), 1.72-2.04 [complex signal, 5 H,
11-Heq and 10(12)-Hz], 3.02 [m, 2 H, 9(13)-Ha], 3.33 (t, J = 6.4 Hz, 2 H, 8-H,), 3.50-
3.70 [very broad signal, 2 H, 9(13)-H], 3.60 (t, J = 6.4 Hz, 2 H, 7-H>), 6.88 (complex
signal, 2 H, 4-H and 6-H), 6.94 (m, 1 H, 2-H). *C-NMR (100.5 MHz, CD;OD) §: 22.6
(CH, C11), 24.1 [CHa, C10(12)], 38.9 (CH,, C7), 54.7 [CH,, C9(13)], 56.5 (CH,, C8),
109.0 (q, J = 3.8 Hz, CH, C6), 114.4 (q, J = 4.0 Hz, CH, C4), 116.2 (CH, C2), 125.0 (q,
J =272.0 Hz, C, CF3), 133.9 (q, J = 32.5 Hz, C, C5), 136.9 (C, C3), 150.9 (C, C1).
HRMS-ESI+ m/z [M+H]" calcd for [C4H;sCIF3N,+H]": 307.1183, found: 307.1176.
3-chloro-5-fluoro-N-[2-(piperidin-1-yl)ethyl]aniline hydrochloride, 9p. Following
the general procedure A, 3-chloro-5-fluoroaniline (0.54 mL, 5 mmol), 1-(2-
chloroethyl)piperidine hydrochloride (0.46 g, 2.5 mmol), K,CO3 (691 mg, 5 mmol) and
KI (42 mg, 0.25 mmol) in dry DMF (2 mL) were mixed to obtain a dark oil (1.10 g).
After column chromatography, the product was obtained as a yellow oil (210 mg, 33%
yield) that formed its hydrochloride salt as a white solid (199 mg), mp = 194-195 °C. IR
(ATR) v: 670, 776, 804, 849, 885, 938, 963, 981, 1001, 1036, 1079, 1110, 1135, 1170,
1198, 1218, 1246, 1269, 1319, 1360, 1385, 1426, 1451, 1476, 1509, 1534, 1603, 2359,
2546, 2587, 2632, 2951, 3012, 3048, 3255 cm™. 'H-NMR (400 MHz, CD;0D) &: 1.54
(m, 1 H, 11-Hg), 1.78-1.99 [complex signal, 5 H, 11-H¢q and 10(12)-H,], 3.02 [td, J =
12.0 Hz, J* = 3.6 Hz, 2 H, 9(13)-Ha], 3.32 (t, J = 6.2 Hz, 2 H, 8-H;), 3.52-3.62

39

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

[complex signal, 2 H, 9(13)-H,], 3.58 (t, J = 6.2 Hz, 2 H, 7-H,), 6.44 [complex signal,
2 H, 2-H and 6-H], 6.58 (m, 1 H, 4-H). *C-NMR (100.5 MHz, CD;0D) &: 22.6 (CH.,
Cl11), 24.1 [CH,, C10(12)], 39.2 (CH,, C7), 54.6 [CH,, C9(13)], 56.4 (CH,, C8), 99.3
(d, /=26 Hz, CH, C6), 105.8 (d, J =26 Hz, CH, C4), 110.2 (d, J = 3 Hz, CH, C2),
136.7 (d, J = 14 Hz, C, C3), 151.2 (d, J= 12 Hz, C, Cl1), 165.3 (d, J = 244 Hz, C, C5).
HRMS-ESI+ m/z [M+H]" calcd for [C13H sCIFN,+H]™: 257.1215, found: 257.1218.
3-fluoro-N-[2-(piperidin-1-yl)ethyl]-5-(trifluoromethyl)aniline hydrochloride, 9q.
Following the general procedure A, 3-fluoro-5-trifluoromethylaniline (0.64 mL, 5
mmol), 1-(2-chloroethyl)piperidine hydrochloride (460 mg, 2.5 mmol), K,CO;3 (691 mg,
5 mmol) and KI (42 mg, 0.25 mmol) in dry DMF (2 mL) were mixed to obtain a brown
oil (1.10 g). After column chromatography, the product was obtained as a yellow oil (71
mg, 10% yield) that formed its hydrochloride salt as a white solid (38 mg), mp = 193-
194 °C. IR (ATR) v: 698, 720, 806, 829, 857, 887, 917, 948, 963, 988, 1011, 1082,
1100, 1122, 1165, 1203, 1211, 1264, 1307, 1332, 1362, 1378, 1453, 1481, 1529, 1603,
1623, 1651, 2354, 2556, 2637, 2936, 3255 cm™. "H-NMR (400 MHz, CD;0D) &: 1.54
(m, 1 H, 11-Hg), 1.78-2.00 [complex signal, 5 H, 11-H¢q and 10(12)-H,], 3.02 [td, J =
12.4 Hz, J' = 3.2 Hz, 2 H, 9(13)-Ha], 3.33 (t, J = 6.4 Hz, 2 H, 8-H;), 3.56-3.64
[complex signal, 2 H, 9(13)-Hcg], 3.60 (t, J = 6.4 Hz, 2 H, 7-H,), 6.64 (dm, J = 8.4 Hz, 1
H, 4-H), 6.68 (dt, J=11.6,J’ = 2.4 Hz, 1 H, 2-H), 6.78 (m, 1 H, 6-H). *C-NMR (125.7
MHz, CD;0D) &: 22.6 (CH,, C11), 24.1 [CH,, C10(12)], 38.9 (CH,, C7), 54.7 [CHa,
C9(13)], 56.5 (CH,, C8), 101.5 (dq, J = 25.6 Hz, J’=3.8 Hz, CH, C4), 103.0 (d, J=25.7
Hz, CH, C2), 106.8 (m, CH, C6), 125.0 (dq, J = 2.4 Hz, J’ = 271.3 Hz, C, CF3), 134.1
(dq, J =10.6 Hz, J’ = 32.6 Hz, C, C5), 151.7 (d, J = 11.2 Hz, C, C1), 165.4 (d, J =
243.5 Hz, C, C3). HRMS-ESI+ m/z [M+H]" caled for [Ci4HsCIF,Ny2+H]": 291.1479,

found: 291.1488.
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N-[2-(azepan-1-yl)ethyl]-2-(trifluoromethyl)aniline hydrochloride, 10a. Following
the general procedure A, 2-(trifluoromethyl)aniline (1.26 mL, 10 mmol), 1-(2-
chloroethyl)azepane hydrochloride (0.99 g, 5 mmol), K,COs (1.38 g, 10 mmol) and KI
(83 mg, 0.5 mmol) in dry DMF (2.5 mL) were mixed to obtain a brown oil (1.86 g).
After column chromatography, the product was obtained as an orange oil (351 mg, 22%
yield) that formed its hydrochloride salt as a yellow solid (376 mg), mp = 138-139 °C.
IR (ATR) v: 646, 742, 801, 855, 938, 1031, 1093, 1132, 1165, 1240, 1258, 1292, 1336,
1470, 1522, 1581, 1612, 2625, 2935, 3359 cm™. 'H-NMR (400 MHz, CD;0D) &: 1.76-
1.84 [complex signal, 4 H, 11(12)-H;], 1.86-2.04 [complex signal, 4 H, 10(13)-H;], 3.30
[m, 2 H, 9(14)-H,], 3.39 (t, /= 6.8 Hz, 2 H, 8-H»), 3.54 (m, 2 H, 9(13)-H,,), 3.73 (t, J =
6.8 Hz, 2 H, 7-H,), 6.81 (tt,J=7.2 Hz, J'= 0.8 Hz, 1 H, Ar), 6.96 (d, J =8.8 Hz, 1 H,
6-H), 7.42-7.50 (complex signal, 2 H, Ar). C-NMR (100.5 MHz, CD;OD) &: 24.7
[CHa, C11(12)], 27.3 [CHa, C10(13)], 39.4 (CH,, C7), 56.5 [CH,, C9(14)], 56.7 (CH,,
C8), 113.3 (CH, C6), 115.7 (q, J = 29.5 Hz, C, C2), 118.1 (CH, C4), 126.4 (q, J = 260
Hz, C, CF3), 127.8 (q, J = 5.5 Hz, CH, C3), 134.7 (CH, C5), 145.9 (C, C1). HRMS-
ESI+ m/z [M+H]" calced for [CisHz F3N,+H]": 287.1730, found: 287.1739.

N-[2-(azepan-1-yl)ethyl]-2-ethylaniline hydrochloride, 10b. Following general
procedure B, 2-ethylaniline (0.92 mL, 7.5 mmol) and 1-(2-chloroethyl)azepane
hydrochloride (0.99 g, 5 mmol) were mixed to obtain a yellow oil (665 mg). After
column chromatography (Hexane/Ethyl acetate mixture), the product was obtained as a
yellow oil (541 mg, 38% yield) that formed its hydrochloride salt as a white solid (615
mg), mp = 156-157 °C. IR (ATR) v: 654, 705, 718, 770, 793, 876, 915, 948, 990, 1015,
1101, 1271, 1315, 1449, 1485, 1594, 2423, 2459, 2583, 2620, 2857, 2930, 3167, 3240
cm™. "H-NMR (400 MHz, CD;0D) &: 1.33 (t, J = 7.6 Hz, 3 H, CH,CHs3), 1.66-1.86

[complex signal, 4 H, 10(13)-H;], 1.92-2.06 [complex signal, 4 H, 11(12)-H,], 2.83 (q, J
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= 7.6 Hz, 2 H, CH,CHj3), 3.30 [m, 2 H, 9(14)-H,], 3.54-3.64 [complex signal, 2 H,
9(14)-Hy], 3.69 (t, J = 6.8 Hz, 2 H, 8-H,), 3.89 (t, J = 6.8 Hz, 2 H, 7-H,), 7.33-7.40
(complex signal, 2 H, Ar), 7.44 (m, 1 H, Ar), 7.49 (m, 1 H, Ar). ®C-NMR (100.5 MHz,
CD;0D) &: 14.9 (CHs, CH»CHj3), 24.2 (CH,, CH,CHs), 24.9 [CH,, C11(12)], 27.2
[CH,, C10(13)], 45.8 (CHa, C7), 54.5 (CHa,, C8), 56.7 [CH,, C9(14)], 121.9 (CH, Ar),
128.8 (CH, Ar), 129.3 (CH, Ar), 131.4 (C, Ar), 136.1 (C, C2), 137.3 (C, C1). HRMS-
ESI+ m/z [M+H]+ calcd for [C16H26N2+H]+: 247.2169, found: 247.2176.
N-[2-(azepan-1-yl)ethyl]-2-isopropylaniline hydrochloride, 10c. Following general
procedure B, 2-isopropylaniline (1.42 mL, 10 mmol) and 1-(2-chloroethyl)azepane
hydrochloride (0.99 g, 5 mmol) were mixed to obtain a brown oil (1.52 g). After column
chromatography (Hexane/Ethyl acetate mixture), the product was obtained as a brown
oil (680 mg, 46% yield) that formed its hydrochloride salt as a dark green solid (742
mg), mp = 155-156 °C. IR (ATR) v: 618, 757, 873, 917, 951, 1044, 1181, 1312, 1364,
1442, 1452, 1573, 1635, 1997, 2149, 2196, 2361, 2496, 2594, 2863, 2925, 3193, 3312,
3374, 3447, 3509 cm™. "H-NMR (400 MHz, CD;0D) &: 1.33 [d, J = 6.8 Hz, 6 H, -
CH(CHs;),], 1.64-1.90 [complex signal, 4 H, 11(12)-H,], 1.94-2.06 [complex signal, 4
H, 10(13)-Hs], 3.23 [sept, J = 6.8 Hz, 1 H, -CH(CHs),], 3.33 [m, 2 H, 9(14)-H,], 3.60
[m, 2 H, 9(14)-Hy], 3.70 (t, /= 6.8 Hz, 2 H, 8-H,), 3.86 (t, /= 6.8 Hz, 2 H, 7-H,), 7.35
(dt, /=78 Hz,J'=1.6 Hz, 1 H), 7.40 (dt, J=7.8 Hz, J’ = 1.2 Hz, 1 H), 7.48 (dd, J =
7.8 Hz, J'= 1.2 Hz, 1 H), 7.53 (dd, J = 7.8 Hz, J’ = 1.6 Hz, 1 H) (Ar-H). C-NMR
(100.5 MHz, CD;0OD) &: 24.4 [CH3, -CH(CHs),], 24.9 [CH,, C11(12)], 27.2 [CHa,
C10(12)], 28.7 [CH, -CH(CH3),], 46.4 (CH,, C7), 54.5 (CHz, C8), 56.7 [CH,, C9(14)],
122.1 (CH), 128.8 (CH), 129.1 (CH) and 129.7 (CH) (4 CH-Ar), 135.1 (C, C2), 142.3
(C, Cl). HRMS-ESI+ m/z [M+H]" caled for [C;7HxsN,+H]™: 261.2325, found:

261.2334.
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2-isopropyl-/V-[3-(piperidin-1-yl)propyl]aniline hydrochloride, 11. Following the
general  procedure A, 2-isopropylaniline (0.70 mL, 5 mmol), 1-(3-
chloropropyl)piperidine hydrochloride (0.49 g, 2.5 mmol), K,CO3 (0.69 g, 5 mmol) and
KI (42 mg, 0.25 mmol) in dry DMF (2 mL) were mixed to obtain a dark oil (1.65 g).
After column chromatography, 11 was obtained as a grey oil (106 mg, 16% yield) that
formed its hydrochloride salt as a grey solid (95 mg), mp = 220-221 °C. IR (ATR) v:
720, 773, 801, 854, 877, 945, 855, 963, 1014, 1029, 1077, 1092, 1168, 1213, 1228,
1259, 1282, 1302, 1322, 1360, 1383, 1410, 1443, 1466, 1499, 1582, 1595, 2354, 2405,
2501, 2612, 2643, 2668, 2881, 2946 cm™ . 'H-NMR (400 MHz, CD;0D) &: 1.35 [d, J =
6.8 Hz, 6 H, -CH(CHs),], 1.53 (m, 1 H, 12-H,y), 1.78-2.02 [complex signal, 5 H, 12-Hq
and 11(13)-H;], 2.35 (m, 2 H, 8-H,), 2.99 [td, J = 12.4 Hz, J" = 3.2 Hz, 2 H, 10(14)-
Hax], 3.18 [sept, J= 6.8 Hz, 1 H, -CH(CH3),], 3.26 (t, /= 8.0 Hz, 2 H, 9-H»), 3.47 (t, J =
8.0 Hz, 2 H, 7-H»), 3.57 [m, 2 H, 10(14)-He,], 7.39 (m, 1 H, Ar), 7.49-7.56 (complex
signal, 2 H, Ar), 7.60 (dd, J = 8.0 Hz, J’ = 1.6 Hz, 1 H, Ar). "C-NMR (100.5 MHz,
CDs;0D) &: 22.2 (CH,, C12), 22.6 (CH,, C8), 24.2 (CH3, -CH(CHj3),], 24.6 [CHa,
C11(13)], 28.8 [CH, -CH(CHs),], 50.6 (CH,, C7), 54.6 [CH,, C10(14)], 54.8 (CHa, C9),
124.4 (CH, C6), 128.9 (CH, C4), 129.6 (CH, C5), 131.6 (CH, C3), 133.3 (C, C2), 143.7
(C, Cl). HRMS-ESI+ m/z [M+H]" caled for [Ci;;HasN+H]™: 261.2325, found:
261.2330.

2-isopropyl-/V-[2-(pyrrolidin-1-yl)ethyl]aniline hydrochloride, 12. Following the
general procedure A, 2-isopropylaniline (1.41 mL, 10 mmol), 1-(2-
chloroethyl)pyrrolidine hydrochloride (0.85 g, 5 mmol), K,CO3 (1.38 g, 10 mmol) and
KI (83 mg, 0.5 mmol) in dry DMF (2 mL) were mixed to obtain a dark oil (1.88 g).
After column chromatography, the product was obtained as a brown oil (307 mg, 26%

yield) that formed its hydrochloride salt as a brown solid (380 mg), mp = 160-161 °C.
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IR (ATR) v: 758, 806, 864, 910, 928, 960, 1008, 1034, 1067, 1082, 1115, 1183, 1218,
1287, 1314, 1362, 1385, 1423, 1451, 1494, 1537, 1585, 1598, 2389, 2475, 2592, 2683,
2860, 2967, 3291 cm™. "H-NMR (400 MHz, CD;OD) &: 1.33 [d, J = 6.8 Hz, 6 H, -
CH(CHs),], 2.00-2.28 [complex signal, 4 H, 10(11)-H,], 3.12-3.28 [complex signal, 2
H, 9(13)-H,], 3.22 [sept, J = 6.8 Hz, 1 H, -CH(CH3),], 3.70-3.86 (complex signal, 6 H,
9(13)-Hy, 8-H; and 7-H,), 7.31-7.42 (complex signal, 2 H, 4-H and 5-H), 7.44 (dd, J =8
Hz, J’= 1.6 Hz, 1 H, 6-H), 7.53 (m, 1 H, 3-H). ®C-NMR (100.5 MHz, CD;0D) &: 24.0
[CH3, -CH(CH3),], 24.3 [CH,, C10(11)], 28.7 [CH, -CH(CH3)], 47.0 (CH,, C7), 51.8
(CH,, C8), 55.6 [CH», C9(12)], 121.8 (CH, C6), 128.7 (CH, C4), 129.0 (CH, C5), 129.4
(CH, C3), 1353 (C, C2), 142.1 (C, Cl). HRMS-ESI+ m/z [M+H]" caled for
[C1sHasN,+H]': 233.2012, found: 233.2008.

1-(2-phenoxyethyl)piperidine hydrochloride, 13a.>* Following general procedure
C, from phenol (0.94 g, 10 mmol) and 1-(2-chloroethyl)piperidine hydrochloride (1.83
g, 10 mmol), an orange oil (1.85 g) was obtained. Column chromatography
(Hexane/Ethyl acetate mixture) gave the product as a yellow oil (1.43 g, 70% yield) that
formed its hydrochloride salt as a yellowish solid (915 mg). The analytical sample was
obtained by crystallization with EtOAc/Pentane, mp = 170-171 °C. IR (ATR) v: 691,
765, 791, 816, 845, 890, 913, 939, 953, 1002, 1016, 1027, 1087, 1153, 1175, 1227,
1290, 1386, 1412, 1432, 1452, 1472, 1489, 1586, 1595, 2490, 2610, 2856, 2941 cm™.
'H-NMR (400 MHz, CD;0D) &: 1.60-1.80 (complex signal, 2 H, 11-H;), 1.82-1.98
[complex signal, 4 H, 10(12)-H;], 3.15-3.50 [complex signal, 4 H, 9(13)-H;], 3.55 (t, J
= 4.8 Hz, 2 H, 8-H,), 4.38 (t, J = 4.8 Hz, 2 H, 7-H,), 6.97-7.06 (complex signal, 3 H,
2(6)-H and 4-H), 7.32 [m, 2 H, 3(5)-H]. "C-NMR (100.5 MHz, CD;0D) &: 22.6 (CH,,
C11), 24.1 [CH,, C10(12)], 54.9 [CH,, C9(13)], 57.2 (CHa, C8), 63.1 (CH,, C7), 115.7
[CH, C2(6)], 122.9 (CH, C4), 130.7 [CH, C3(5)], 159.2 (C, C1).

44

ACS Paragon Plus Environment

Page 44 of 83



Page 45 of 83

oNOYTULT D WN =

Journal of Medicinal Chemistry

1-[2-(4-chlorophenoxy)ethyl|piperidine hydrochloride, 13b. Following general
procedure C, from 4-chlorophenol (1.29 g, 10 mmol) and 1-(2-chloroethyl)piperidine
hydrochloride (1.83 g, 10 mmol), an orange oil (2.13 g) was obtained. Column
chromatography (Hexane/Ethyl acetate mixture) gave the product as a yellow oil (1.40
g, 59% yield) that formed its hydrochloride salt as a white solid (1.40 g), mp = 199-200
°C. IR (ATR) v: 668, 802, 816, 828, 953, 967, 1007, 1039, 1070, 1093, 1175, 1244,
1284, 1386, 1429, 1458, 1472, 1489, 1578, 1597, 2513, 2622, 2941 cm™. "H-NMR (400
MHz, CD;0D) &: 1.50-1.60 (complex signal, 2 H, 11-H;), 1.81-2.05 [complex signal, 4
H, 10(12)-H,], 2.85-3.80 [complex signal, 4 H, 9(13)-Hz], 3.56 (t, J = 4.8 Hz, 2 H, 8-
H,), 4.37 (t, J = 4.8 Hz, 2 H, 7-H,), 7.01 [m, 2 H, 3(5)-H], 7.31 [m, 2 H, 2(6)-H]. "*C-
NMR (100.5 MHz, CD;0D) &: 22.6 (CH,, Cl11), 24.1 [CH,, C10(12)], 54.9 [CHa,
C9(13)], 57.1 (CH,, C8), 63.5 (CH», C7), 117.3 [CH, C2(6)], 127.8 (C, C4), 130.6 [CH,
C3(5)], 157.9 (C, C1).

1-[2-(2-ethylphenoxy)ethyl|piperidine hydrochloride, 13c.”> Following general
procedure C, from 2-ethylphenol (1.18 mL, 10 mmol) and 1-(2-chloroethyl)piperidine
hydrochloride (1.83 g, 10 mmol), an orange oil (2.20 g) was obtained. Column
chromatography (Hexane/Ethyl acetate mixture) gave the product as a yellow oil (1.42
g, 61% yield) that formed its hydrochloride salt as a white solid (1.18 g), mp = 136-137
°C. IR (ATR) v: 614, 734, 751, 810, 868, 905, 927, 947, 967, 996, 1013, 1053, 1061,
1096, 1127, 1190, 1235, 1295, 1332, 1398, 1426, 1452, 1478, 1495, 1600, 2473, 2507,
2861, 2941 cm™. "H-NMR (400 MHz, CD;OD) &: 1.20 (t, J = 7.6 Hz, 3 H, CH,CHa),
1.56-1.82 (complex signal, 2 H, 11-H;), 1.84-2.02 [complex signal, 4 H, 10(12)-H;],
2.68 (q,J = 7.6 Hz, 2 H, CH,CH3), 3.00-3.85 [complex signal, 4 H, 9(13)-H], 3.60 (t, J
= 4.8 Hz, 2 H, 8-H,), 4.40 (t, J = 4.8 Hz, 2 H, 7-H,), 6.92-7.00 (complex signal, 2 H,
Ar-H), 7.15-7.22 (complex signal, 2 H, Ar-H). BC-NMR (100.5 MHz, CD;0D) &: 15.0
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(CH3, CH,CH3), 22.5 (CH,, C11), 24.1 (CH,, CH,CHs;), 24.2 [CH,, C10(12)], 55.3
[CH,, C9(13)], 57.5 (CH,, C8), 64.0 (CH,, C7), 112.7 (CH, C6), 122.9 (CH, C4), 128.2
(CH, C5), 130.3 (CH, C3), 133.7 (C, C2), 156.8 (C, C1).

1-[2-(2-isopropylphenoxy)ethyl|piperidine hydrochloride, 13d. Following general
procedure C, from 2-isopropylphenol (0.67 mL, 5 mmol) and 1-(2-
chloroethyl)piperidine hydrochloride (0.91 g, 5 mmol), a yellow oil (1.41 g) was
obtained. Column chromatography (Hexane/Ethyl acetate mixture) gave the product as
a yellow oil (0.70 g, 57% yield) that formed its hydrochloride salt as a white solid (793
mg), mp = 176-177 °C. IR (ATR) v: 744, 822, 855, 930, 969, 1010, 1044, 1080, 1111,
1155, 1196, 1240, 1292, 1343, 1356, 1444, 1493, 1597, 2475, 2604, 2956 cm™. 'H-
NMR (400 MHz, CD;0D) &: 1.22 [d, J = 6.8 Hz, 6 H, CH(CHj3),], 1.45-2.10 [complex
signal, 6 H, 11-H;, and 10(12)-H;], 3.16 [m, 2 H, 9(13)-H.], 3.38 [sept, J = 6.8, 1 H,
CH(CHs),], 3.56-3.80 [complex signal, 2H, 9(13)-Hcq], 3.61 (t, J = 4.8 Hz, 2 H, 8-H»),
4.40 (t,J=4.8 Hz, 2 H, 7-H,), 6.95-7.02 (complex signal, 2 H, 5-H and 6-H), 7.17 (ddd,
J=8.8Hz,J'=72Hz J =1.6Hz 1 H, 4-H), 7.25(dd,J=8.0Hz,J'=1.6 Hz, 1 H,
3-H). PC-NMR (100.5 MHz, CD;0D) &: 22.5 (CH,, C11), 23.4 [CH;, CH(CH3),], 24.2
[CH,, C10(12)], 27.4 [CH, CH(CHj3),], 55.2 [CH3, C9(13)], 57.5 (CH,, C8), 64.1 (CH,,
C7), 112.9 (CH, C6), 123.0 (CH, C4), 127.2 (CH, C5), 127.9 (CH, C3), 138.1 (C, C2),
156.1 (C, C1).

1-[2-(2-ethylphenoxy)ethyl]azepane hydrochloride, 14a*° Following general
procedure C, from 2-ethylphenol (0.59 mL, 5 mmol) and 1-(2-chloroethyl)azepane
hydrochloride (0.99 g, 5 mmol), a yellow oil (1.05 g) was obtained. Column
chromatography (Hexane/Ethyl acetate mixture) gave the product as a yellow oil (0.44
g, 35% yield) that form its hydrochloride salt as a white solid (483 mg), mp = 101-102

°C. IR (ATR) v: 734, 749, 804, 881, 915, 951, 1023, 1054, 1067, 1126, 1160, 1186,
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1232, 1289, 1395, 1449, 1475, 1491, 1594, 2527, 2594, 2863, 2930, 3410 cm™. 'H-
NMR (400 MHz, CDs;0OD) 6: 1.20 (t, J = 7.6 Hz, 3 H, -CH,CH3), 1.70-1.86 [complex
signal, 4 H, 11(12)-H;], 1.90-2.05 [complex signal, 4 H, 10(13)-H;], 2.68 (q, J = 7.6 Hz,
2 H, -CH,CHs), 3.40-3.60 [complex signal, 4 H, 9(14)-H,], 3.67 (t, J = 5.2 Hz, 2H, 8-
H,), 4.40 (t, J = 5.2 Hz, 2 H, 7-H,), 6.92-7.02 (complex signal, 2 H, H-Ar), 7.15-7.22
(complex signal, 2 H, H-Ar). BC-NMR (100.5 MHz, CD;0D) §&: 14.9 (CHs, -CH,CH3),
24.1 (CHy, -CH,CH3), 24.6 [CH,, C11(12)], 27.5 [CH,, C10(13)], 56.9 [CH,, C9(14)],
57.7 (CH,, C8), 64.3 (CH,, C7), 112.7 (CH, C6), 122.9 (CH, C4), 128.2 (CH, C5),
130.3 (CH, C3), 133.7 (C, C2), 156.8 (C, C1).

1-[2-(2-isopropylphenoxy)ethyl]azepane hydrochloride, 14b.”> Following general
procedure C, from 2-isopropylphenol (0.67 mL, 5 mmol) and 1-(2-chloroethyl)azepane
hydrochloride (0.99 g, 5 mmol), a yellow oil (1.34 g) was obtained. Column
chromatography (Hexane/Ethyl acetate mixture) gave the product as a yellow oil (0.34
g, 26% yield) that formed its hydrochloride salt as a white solid (316 mg), mp = 168-
169 °C. IR (ATR) v: 742, 819, 922, 953, 1028, 1080, 1114, 1129, 1152, 1194, 1240,
1287, 1341, 1444, 1478, 1493, 1581, 1597, 2506, 2589, 2863, 2935 cm™. "H-NMR (400
MHz, CD;0D) 6: 1.22 [d, /= 7.2 Hz, 6 H, -CH(CH3),], 1.68-1.86 [complex signal, 4 H,
11(12)-H;], 1.88-2.04 [complex signal, 4 H, 10(13)-H;], 3.37 [sept, /= 7.2 Hz, 1 H, -
CH(CHs;),], 3.43 [m, 2 H, 9(14)-H,], 3.63 [m, 2 H, 9(14)-Hy], 3.68 (t, J =5.2 Hz, 2 H, 8-
H,), 4.42 (t, J = 5.2 Hz, 2 H, 7-H,), 6.95-7.04 (complex signal, 2 H, 5-H and 6-H), 7.17
(ddd, J=8.8 Hz,J'=7.6 Hz, J”’= 1.6 Hz, 1 H, 4-H), 7.25 (dd, J=8.0 Hz,J’=1.6 Hz,
1 H, 3-H). "C-NMR (100.5 MHz, CD;0D) §: 23.4 [CHs, -CH(CH3),], 24.6 [CH.,
C10(12)], 27.4 [CH, -CH(CHs),, and CH,, C10(13)], 56.9 [CH,, C9(14)], 57.7 (CHa,
C8), 64.5 (CH,, C7), 113.0 (CH, C6), 123.1 (CH, C4), 127.2 (CH, C5), 127.9 (CH, C3),
138.2 (C, C2), 156.1 (C, C1).

a7

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

1-[2-(phenylthio)ethyl|piperidine hydrochloride, 15a.° Following general
procedure C, from thiophenol (1.0 mL, 10 mmol) and 1-(2-chloroethyl)piperidine
hydrochloride (1.83 g, 10 mmol), the product was obtained as a pale yellow oil (1.94 g,
87% yield) that formed its hydrochloride salt as a white solid (821 mg). The analytical
sample was obtained by crystallization from MeOH/diethyl ether, mp = 191-192 °C. IR
(ATR) v: 690, 742, 835, 853, 897, 946, 961, 1021, 1059, 1095, 1147, 1188, 1209, 1325,
1439, 1452, 1480, 1578, 2516, 2620, 2940 cm™. 'H-NMR (400 MHz, CD;0D) &: 1.50-
1.78 (complex signal, 2 H, 11-Hy), 1.79-1.98 [complex signal, 4 H, 10(12)-H;], 2.60-
3.80 [complex signal, 8 H, 9(13)-H,, 7-H; and 8-H,], 7.27 [tt, J=7.4 Hz, J'= 1.6 Hz, 1
H, 4-H), 7.36 [tm, J = 7.4 Hz, 2 H, 3(5)-H], 7.46 (m, 2 H, 2(6)-H]. >C-NMR (100.5
MHz, CD;0D) &: 22.6 (CH,, C11), 24.2 [CH,, C10(12)], 28.5 (CH,, C7), 54.4 [CH,,
C9(13)], 57.3 (CHa, C8), 128.4 (CH, C4), 130.5 [CH, C2(6)], 131.4 [CH, C3(5)], 135.1
(C, Cl).

1-[2-((4-chlorophenyl)thio)ethyl]piperidine hydrochloride, 15b.° Following
general procedure C, from 4-chlorothiophenol (1.45 g, 10 mmol) and 1-(2-
chloroethyl)piperidine hydrochloride (1.83 g, 10 mmol), the product was obtained as a
palid yellow oil (2.31 g, 91% yield) that formed its hydrochloride salt as a white solid
(1.003 g), mp = 206-207 °C. IR (ATR) v: 748, 813, 833, 853, 947, 962, 1007, 1047,
1067, 1093, 1113, 1153, 1270, 1292, 1327, 1349, 1386, 1429, 1458, 1472, 2525, 2542,
2599, 2633, 2941 cm™. '"H-NMR (400 MHz, CD;0D) &: 1.55-1.75 (complex signal, 2
H, 11-H,), 1.80-1.94 [complex signal, 4 H, 10(12)-H;], 3.05-3.40 [complex signal, 8 H,
9(13)-H,, 7-H; and 8-H3], 7.37 [dd, J=9.2 Hz, J’ = 2.0 Hz, 2 H, Ar-H], 7.45 [dd, J =
9.2 Hz, J’ = 2.0 Hz, 2 H, Ar-H]. ®C-NMR (100.5 MHz, CD;0D) §: 22.8 (CH,, C11),
24.4 [CHy, C10(12)], 28.7 (CHy, C7), 54.5 [CHy, C9(13)], 57.2 (CH,, C8), 130.5 [CH,

C3(5)], 132.8 [CH, C2(6)], 134.1 (C) and 134.3 (C) (C1 and C4).
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1-[2-((2-ethylphenyl)thio)ethyl|piperidine hydrochloride, 15¢c. Following general
procedure C, from 2-ethylthiophenol (1.35 mL, 10 mmol) and 1-(2-
chloroethyl)piperidine hydrochloride (1.83 g, 10 mmol), the product was obtained as a
palid yellow oil (2.40 g, 96% yield) that formed its hydrochloride salt as a white solid
(915 mg), mp = 164-165 °C. IR (ATR) v: 679, 742, 768, 793, 853, 902, 947, 964, 987,
1021, 1036, 1056, 1133, 1156, 1184, 1218, 1278, 1398, 1426, 1441, 1458, 1586, 2525,
2565, 2633, 2930, 2976, 3055 cm™ . '"H-NMR (400 MHz, CD;0D) &: 1.21 (t,J = 7.6 Hz,
3 H, CH,CH3;), 1.50-1.75 (complex signal, 2 H, 11-H;), 1.76-1.94 [complex signal, 4 H,
10(12)-H,], 2.81 (q, J = 7.6 Hz, 2 H, CH,CH3), 3.00-3.40 [complex signal, 8 H, 9(13)-
H,, 7-H, and 8-H,], 7.18-7.30 (complex signal, 3 H, Ar), 7.46 (m, 1 H, Ar). "C-NMR
(100.5 MHz, CD;0D) &: 15.5 (CH3, CH,CH3), 22.6 (CH,, C11), 24.3 [CH,, C10(12)],
28.0 (CH,, CH,CH3), 28.3 (CHy, C7), 54.4 [CH,, C9(13)], 57.2 (CH,, C8), 128.1 (CH,
C4), 128.6 (CH, C5), 130.3 (CH, C6), 131.1 (CH, C3), 133.5 (C, C2), 146.1 (C, C1).

General Procedure F. Sodium bis-(2-methoxyethoxy)aluminum hydride (65% wt
solution in toluene, 1.04 g/mL, 4 mmol) was added dropwise to a cool (5 °C, ice bath)
solution of the required amide (1 mmol) in dry toluene (15 mL). The resulting solution
was heated to reflux and stirred for 2 days. The solution was allowed to cool down to
room temperature and 30% aqueous KOH was added dropwise until basic pH. The
organic phase was separated and the aqueous layer was extracted with dichloromethane
(3 x 20 mL). The combined organic extracts were dried over anh. Na,SOy, filtered and
concentrated under vacuo to give the corresponding amine as an oil. The analytical
sample of the aniline, as its hydrochloride, was obtained by dissolving this oil in Et,O
and adding an excess of Et;O/HCI. The resulting suspension was cooled down for 24 h

at 0 °C and the precipitated solid was filtered and dried in vacuo to afford the
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corresponding amine hydrochloride. The analytical sample was obtained by
crystallization from methanol.

General procedure G. A solution of amide (3.1 mmol) in dry THF (25 mL) was
cooled 0 °C with an ice bath and BH3;-THF (1M in THF, 12.4 mmol) was added
dropwise and stirred at room temperature overnight. Methanol (25 mL) and then water
(25 mL) were carefully added. The organic phase was evaporated under vacuo. The
aqueous phase was extracted with DCM (3 x 25 mL). The combined organic extracts
were dried over anh. Na,SQ., filtered and concentrated under vacuo to give the
corresponding amine as an oil. This oil was dissolved in Et,0O and treated with
Et,O/HCI (0.6 N). The resulting suspension was cooled down for 24 h at 0 °C and the
precipitated solid was filtered and dried in vacuo to afford the corresponding amine
hydrochloride. The analytical sample was obtained by crystallization from methanol.

N-[(adamant-1-yl)methyl]aniline hydrochloride, 19a.”” Following the general
procedure F, the reduction of amide 18a (0.50 g, 1.96 mmol) with sodium bis-(2-
methoxyethoxy)aluminum hydride (65% solution in toluene, 2.34 mL, 7.84 mmol),
gave the corresponding amine as an oil (0.41 g, 82%). The corresponding purified
amine hydrochloride 19a was obtained after a treatment with Et,O/HCI (0.6 N) and a
crystallization from methanol, mp = >193 °C (dec). IR (ATR) v: 2896, 2848, 2659,
2425, 1602, 1581, 1499, 1488, 1431, 1394, 1372, 1185, 1031, 993, 750, 690 cm™.'H-
NMR, &y (400 MHz, DMSO): 1.61-1.70 (complex signal, 12 H, adamantyl-CH,), 1.97
[broad s, 3 H, 3°(5°,7°)-H], 2.89 (s, 2 H, CH,N), 7.15 (m, 1 H, 4-H), 7.30 [m, 2 H, 2(6)-
H], 7.37 [m, 2 H, 3(5)-H].”C-NMR, 8¢ (100.6 MHz, DMSO): 27.6 [CH, C3°(5",7")],
33.0 (C, C1), 36.2 [CHy, C4°(6°,10")], 39.4 [CH,, C2°(8°,9%)], 129.4 (CH, Ar-C). Only
an aromatic signal was observed and the CH,NH signal is a very broad band, difficult to

see. MS-DIP (EI), m/e (%); main ions: 241 (M, 94), 106 (100), 79 (11), 77 (14).
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N-[(adamant-1-yl)methyl]-4-methylaniline hydrochloride, 19b.°® Following the
general procedure F, the reduction of amide 18k (1.00 g, 3.1 mmol) with sodium bis-(2-
methoxyethoxy)aluminum hydride (65% solution in toluene, 3.7 mL, 12.4 mmol), gave
the corresponding amine as an oil (0.75 g, 78%). The corresponding purified amine
hydrochloride 19b was obtained after a treatment with Et;O/HCI (0.6 N) and a
crystallization from methanol, mp >226 °C (dec). IR (ATR) v: 2904, 2846, 1595, 1513,
1430, 1369, 1106, 990, 813 cm™'. 'H-NMR, 8y (400 MHz, DMSO): 1.62-1.71 (complex
signal, 12 H, adamantyl-CH,), 1.98 [broad s, 3 H, 3°(5°,7°)-H], 2.29 (s, 3 H, Ar-CH3;),
2.89 (s, 2 H, CH;N), 7.21 (d, J = 8.0 Hz, 2 H, Ar-H), 7.29 (d, J = 8.0 Hz, 2 H, Ar-H).
BC-NMR, 8¢ (100.6 MHz, DMSO): 20.2 (CHs, Ar-CHs), 27.4 [CH, C3°(5°,7)], 32.7
(C, CI), 36.0 [CHy, C4°(6°,107)], 39.2 [CH,, C2°(8°,9)], 62.1 (CH,, CH,N), 120.6
(CH, Ar-C), 129.4 (CH, Ar-C), 134.9 (C, Ar-C), 137.9 (C, Ar-C). MS-DIP (EI), m/e
(%); main ions: 255 (M, 84), 120 (100), 91 (13).

N-[(adamant-1-yl)methyl]-2-methylaniline hydrochloride, 19¢. Following the
general procedure F, the reduction of amide 18i (1.00 g, 3.1 mmol) with sodium bis-(2-
methoxyethoxy)aluminum hydride (65% solution in toluene, 3.7 mL, 12.4 mmol), gave
the corresponding amine as an oil (0.82 g, 85%). The corresponding purified amine
hydrochloride 19¢ was obtained after a treatment with Et;O/HCl (0.6 N) and a
crystallization from methanol, mp >193 °C (dec). IR (ATR) v: 2905, 2844, 1580, 1441,
993, 761 cm”.'"H-NMR, 8y (400 MHz, DMSO): 1.62-1.69 (complex signal, 12 H,
adamantyl-CH,), 1.98 [broad s, 3 H, 3°(5°,7°)-H], 2.36 (s, 3 H, Ar-CHs3), 2.87 (s, 2 H,
CH;N), 3.77 (broad s, 1 H, NH), 7.13 (t, J = 7.2 Hz, 1 H, Ar-H), 7.22-7.27 (complex
signal, 2 H, Ar-H), 7.38 (d, J= 8.0 Hz, 1 H, Ar-H). "C-NMR, & (100.6 MHz, DMSO):
7.1 (CH3, Ar-CH3), 27.7 [CH, C3°(5°,7)], 33.2 (C, CI”), 36.2 [CH,, C4°(6°,10%)], 39.3
[CH,, C2°(8,97)], 61.5 (CH,, CH,N), 120.3 (CH, Ar-CH), 125.6 (CH, Ar-CH), 127.2
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(CH, Ar-CH), 128.9 (C, Ar-C), 131.7 (CH, Ar-CH), 138.8 (C, Ar-CH). MS-DIP (EI),
m/e (%); main ions: 255 (M, 62), 135 (8), 120 (100), 91 (12).
N-[(adamant-1-yl)methyl]-2-ethylaniline hydrochloride, 19d. Following the
general procedure F, the reduction of amide 18d (0.30 g, 1.06 mmol) with sodium bis-
(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 1.27 mL, 4.24 mmol),
gave the corresponding amine as an oil (0.21 g, 72%). The corresponding purified
amine hydrochloride 19d was obtained after a treatment with Et,O/HCI (0.6 N) and a
crystallization from methanol, mp >178 °C. IR (ATR) v: 2900, 2848, 2684, 1583, 1499,
1434, 1372, 1105, 995, 750, 690 cm™. 'H-NMR, 8y (400 MHz, CD;0D): 1.38 (t, J =
7.6 Hz, 3H, CH,CHj3), 1.79-1.86 (complex signal, 12 H, adamantyl-CH,), 2.10 [broad s,
3 H, 3(5,7°)-H], 2.77 (q, J = 7.6 Hz, 2 H, CH,CH3), 3.03 (s, 2 H, CH,N), 4.86 (broad
s, 2 H, NH), 7.38-7.54 (complex signal, 4 H, Ar-H).C-NMR, &¢ (100.6 MHz,
CDs0OD): 14.5 (CH;, CH,CH3), 23.2 (CH,, CH,CH3), 29.4 [CH, C3°(5°,77)], 34.2 (C,
Cl’), 37.4 [CH,, C4°(6°,107)], 40.5 [CH,, C2’(8°,9")], 66.8 (CH,, CH,N), 128.9 (CH,
Ar-C), 131.6 (CH, Ar-C). Only two aromatic signals were observed.
N-[(adamant-1-yl)methyl|-2-isopropylaniline hydrochloride, 19e. Following the
general procedure F, 18e (0.55 g 1.85 mmol) and sodium bis-(2-
methoxyethoxy)aluminum hydride (65% wt solution in toluene, 1.76 mL, 9.00 mmol) in
anhydrous toluene (14 mL), gave 19e as a yellow solid (483 mg, 83%). The pure
product was obtained after crystallization from hot EtOAc as a white solid (195 mg,
37% yield), mp = 107-108 °C. IR (ATR) v: 733, 811, 925, 958, 986, 1039, 1059, 1100,
1117, 1140, 1249, 1256, 1282, 1309, 1352, 1448, 1507, 1582, 1605, 2329, 2349, 2840,
2901, 2967, 3037, 3448 cm™ . "H-NMR (400 MHz, CDCl3) 8: 1.29 [d, J= 6.8 Hz, 6 H, -
CH(CHs;),], 1.62-1.65 [complex signal, 6 H, 2°(8°,9”)-H;], 1.66-1.82 [complex signal, 6
H, 4°(6°,10°)-H,], 2.03 [m, 3 H, 3°(5°,7°)-H], 2.83 (s, 2 H, 7-H>), 2.88 [sept, /= 6.8 Hz,
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1 H, -CH(CHs),], 3.72 (broad s, 1 H, NH), 6.66 (broad d, J = 8.0 Hz, 1 H, 6-H), 6.70
(td, J=7.6 Hz, J’= 1.2 Hz, 1 H, 4-H), 7.08-7.17 (complex signal, 2 H, 3-H and 5-H).
BC-NMR (100.5 MHz, CDCls) &: 22.2 [CH3, -CH(CH3),], 27.4 [CH, -CH(CH3),], 28.4
[CH, C3°(5°,7")], 33.7 (C, C1”), 37.1 [CH,, C4°(6°,10°)], 41.0 [CH,, C2°(8°,9%)], 56.3
(CH,, C7), 110.1 (CH, C6), 116.6 (CH, C4), 124.8 (CH, C5), 126.7 (CH, C3), 131.7 (C,
C2), 145.6 (C, Cl). HRMS-ESI+ m/z [M+H]" caled for [CyHyoN+H]": 284.2373,
found: 284.2382.

N-[(adamant-1-yl)methyl]-4-(benzyloxy)aniline hydrochloride, 19f. Following the
general procedure F, the reduction of amide 18f (2.00 g, 5.5 mmol) with sodium bis-(2-
methoxyethoxy)aluminum hydride (65% solution in toluene, 6.58 mL, 22.0 mmol),
gave the corresponding amine as an oil (1.50 g, 79%). The corresponding purified
amine hydrochloride 19f was obtained after a treatment with Et;O/HCI (0.6 N) and a
crystallization from methanol, mp = 199-200 °C. IR (ATR) v: 2901, 2848, 2494, 2412,
1605, 1577, 1513, 1439, 1250, 1006, 838, 746, 697 cm™. 'H-NMR, &y (400 MHz,
DMSO): 1.58-1.70 (complex signal, 12 H, adamantyl-CH;), 1.97 [broad s, 3 H,
3°(5°,7°)-H], 2.91 (s, 2 H, CH,N), 5.12 (s, 2 H, CH,0), 7.11 (d, J=9.2 Hz, 2 H, Ar-H),
7.33 (m, 1 H, CH,CsHs-Hpur0), 7.37 (t, J = 6.8 Hz, 2 H, CH,CsHs-Hera), 7.42 (d, J = 6.8
Hz, 2 H, CH,Ce¢Hs-Hom), 7.43 (m, 2 H, Ar-H). PC-NMR, 8¢ (100.6 MHz, DMSO):
27.5 [CH, C3°(5°,77)], 32.6 (C, C1’), 36.0 [CH,, C4°(6°,10°)], 39.2 [CH,, C2°(8°,9)],
69.6 (CH,, CH,O), 115.7 [C, C3(5)], 127.7 (CH, CH,C¢Hs-Cprmo), 127.8 (CH,
CH,CsHs-Cpara), 128.4 (CH, CH2CeHs-Cprera), 136.7 (C, CH2C6Hs-Cpy0). No all the C
signals were observed. MS-DIP (EI), m/e (%); main ions: 347 (M, 19), 256 (100), 149
(26), 93 (10), 91 (14).

N-[(adamant-1-yl)methyl]-3-(benzyloxy)aniline hydrochloride, 19g. Following the

general procedure F, the reduction of amide 18g (2.50 g, 6.93 mmol) with sodium bis-
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(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 8.29 mL, 27.72 mmol),
gave the corresponding amine as an oil (2.23 g, 92%). The corresponding purified
amine hydrochloride 19g was obtained after a treatment with Et,O/HCI (0.6 N) and a
crystallization from methanol, mp = 188-193 °C. IR (ATR) v: 2899, 2845, 2411, 1611,
1597, 1498, 1425, 1388, 1255, 1145, 1024, 860, 740, 695 cm™ ."H-NMR, &y (400 MHz,
DMSO): 1.48-1.69 (complex signal, 12 H, adamantyl-CH;), 1.95 [broad s, 3 H,
3°(5°,7°)-H], 2.84 (s, 2 H, CH,N), 5.08 (s, 2 H, CH,0), 6.65-6.82 (complex signal, 3 H,
2-H, 4-H and 6-H), 7.20 (t, J = 8.0 Hz, 1 H, 5H), 7.31 (t, / = 6.8 Hz, 1 H, CH,C¢Hs-
Hpara), 7.37 (t, J = 6.8 Hz, 2 H, CH,C¢Hs-Hypera), 7.42 (d, J = 6.8 Hz, 2 H, CH,CeHs-
Homo). "C-NMR, 8¢ (100.6 MHz, DMSO): 27.6 [CH, C3°(5°,7")], 33.2 (C, C1°), 36.3
[CH,, C4°(6°,10%)], 39.5 [CH,, C2°(8°,97)], 69.2 (CH,, CH,0), 127.5 (C, Ar-C), 127.7
(CH, CH2C¢Hs-Cpyino), 127.8 (CH, CH2CsHs-Cpara), 128.6 (CH, CH,CsHs-Ciera), 130.1
(CH, Ar-C), 136.9 (C, CH,CsHs-Cipso), 159.1 (C, C3). No all the C signals were
observed. MS-DIP (EI), m/e (%); main ions: 347 (M, 100), 212 (97), 93 (11), 91 (37).
N-[(adamantan-1-yl)methyl]-3-(trifluoromethoxy)aniline hydrochloride, 19h.
Following the general procedure F, the reduction of amide 18h (0.50 g, 1.47 mmol)
with sodium bis-(2-methoxyethoxy)aluminum hydride (65% wt solution in toluene, 2.6
ml, 8.84 mmol), get the corresponding amine as an oil (0.41 g, 87%) . The
corresponding purified amine hydrochloride 19h was obtained after treatment with
Et;O/HCL, mp = 195-196 °C. IR (ATR) v: 2902, 1428, 1251, 1213, 116, 864, 791, 681
cm™. HRMS-ESI" m/z [M+H]": calcd for [CisHo3FsNO+H': 326.17, found: 326.1728.
N-[(adamant-1-yl)methyl]-2-(trifluoromethyl)aniline hydrochloride, 19i.
Following the general procedure G, the reduction of amide 18i (0.30 g, 0.93 mmol) with
BH;-THF (1M in THF, 3.72 mmol), gave the corresponding amine as an oil (0.18 g,

62%). The purified amine hydrochloride 19i was obtained after a treatment with
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Et,O/HCI (0.6 N) and a crystallization from methanol. mp = 71-72 °C. IR (ATR) v:
3367, 2906, 2845, 1612, 1585, 1514, 1461, 1292, 1245, 1162, 1095, 1029, 741, 659 cm’
' "TH-NMR, 8y (400 MHz, DMSO): 1.51 (complex signal, 6 H, 2°(8°,9°)-CH,), 1.52-1.69
(complex signal, 6 H, 4°(6°,10°)-CH,), 1.94 [broad s, 3 H, 3°(5’,7)-H], 2.89 (s, 2 H,
CH:N), 4.72 (broad signal, 1 H, NH), 6.65 (t, /= 7.5 Hz, 1 H, Ar-H), 6.90 (d, J = 8.0
Hz, 1 H, Ar-H), 7.37 (complex signal, 2 H, Ar-H).13 C-NMR, 6¢ (100.6 MHz, DMSO):
27.7 [CH, C3°(5°,7)], 34.2 (C, C1), 36.5 [CH,, C4°(6°,10°)], 40.0 [CH,, C2°(8°,9°)],
54.0 (CH,, CHuN), 111.0 (C, q, J = 28.6 Hz, 2C), 112.1 (CH, 6C), 114.9 (CH, 4C),
125.3 (C, q, J = 272.1 Hz, CF3), 126.1 (CH, q, J = 5.3 Hz, 3C), 133.4 (CH, 5C), 146.3
(C, q, J = 1.5 Hz, 1C). MS-DIP (EI), m/e (%); main ions: 309 (M, 100), 174 (64), 154
(33), 135 (58), 93 (12), 91 (7), 79 (13).
N-[(adamant-1-yl)methyl]-3-(trifluoromethyl)aniline hydrochloride, 19j.
Following the general procedure F, the reduction of amide 18j (1.00 g, 3.1 mmol) with
sodium bis-(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 3.7 mL,
12.4 mmol), gave the corresponding amine as an oil (0.99 g, quantitative yield). The
corresponding purified amine hydrochloride 19j was obtained after a treatment with
Et,O/HCI (0.6 N) and a crystallization from methanol, mp = 193-197 °C. IR (ATR) v:
2916, 2851, 2494, 2417, 1582, 1470, 1435, 1327, 1171, 1123, 1096, 797, 692 cm™ .'H-
NMR, oy (400 MHz, DMSO, 50°C): 1.56 (complex signal, 6 H, 2°(8°,9°)-CH;), 1.57-
1.70 (complex signal, 6 H, 4°(6°,10”)-CH,), 1.95 [broad s, 3 H, 3°(5°,7")-H], 2.75 (s, 2
H, CH,N), 4.38 (broad s, 1 H, NH), 6.77 (d, /= 7.6 Hz, 1 H, 6-H), 6.90 (dd, /= 8.0 Hz,
J’=2.0 Hz, 1 H, 4-H), 6.94 (broad s, 1 H, 2-H), 7.24 (t, J = 8.0 Hz, 1 H, 5-H)."’C-
NMR, 8¢ (100.6 MHz, DMSO, 50°C): 27.7 [CH, C3°(5°,7)], 33.8 (C, C1”), 36.4 [CH,,
C4°(6°,10")], 39.8 [CH,, C2°(8°,9%)], 55.2 (CH,, CHyN), 108.2 (CH, C2), 111.2 (CH,

C4), 115.3 (CH, C6), 124.3 (C, q, J = 273.7 Hz, CFs), 129.5 (CH, C5), 129.6 (C, q, J =
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30.7 Hz, C3), 149.7 (C, C1). MS-DIP (EI), m/e (%); main ions: 309 (M, 80), 290 (9),
174 (82), 135 (100), 93 (19), 79 (21).

N-[(adamant-1-yl)methyl]-4-(trifluoromethyl)aniline hydrochloride, 19k.
Following the general procedure G, the reduction of amide 18k (0.50 g, 1.6 mmol) with
BH;3-THF (1 M in THF, 6.4 mmol), gave the corresponding amine as an oil (0.30 g,
61%). The corresponding purified amine hydrochlororide 19k was obtained after a
treatment with Et,O/HCI (0.6 N) and a crystallization from methanol, mp = 168-171°C.
IR (ATR) v: 2912, 2849, 2499, 2414, 1617, 1518, 1452, 1414, 1319, 1168, 1129, 1070,
1020, 847, 647 cm™. 'H-NMR, &y (400 MHz, CD;0D): 1.67 (complex signal, 6 H,
2°(8°,9’)-CHy), 1.71-1.81 (m, 6 H, 4°(6,10°)-CH,), 2.02 [broad s, 3 H, 3’(5°,7°)-H],
2.95 (s, 2 H, CH,N), 4.87 (broad signal, 1 H, NH), 7.09 [d, J= 8.4 Hz, 2 H, 2(6)-H],
7.53 [d, J = 8.4 Hz, 2 H, 3(5)-H].C-NMR, 8¢ (100.6 MHz, CD;OD): 29.7 [CH,
C3°(5°,77)], 35.0 (C, C1), 37.9 [CH,, C4°(6°,10%)], 41.2 [CH,, C2°(8°,9%)], 60.2 (CHa,
CH,N), 117.1 [CH, C2(6)], 127.7 [CH, C3(5)], 149.3 (C, C1). The signal from CF; was
not observed.

N-[(adamant-1-yl)methyl]-4-chloroaniline hydrochloride, 191”7 Following the
general procedure F, the reduction of amide 181 (0.25 g, 0.86 mmol) with sodium bis-
(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 1.03 mL, 3.44 mmol),
gave the corresponding amine as an oil (0.21 g, 91%). The corresponding purified
amine hydrochloride 191 was obtained after a treatment with Et,O/HCI (0.6 N) and a
crystallization from methanol, mp = 186-190 °C. IR (ATR) v: 2899, 2845, 2660, 1582,
1491, 1415, 1095, 818 cm™. 'H-NMR, &y (400 MHz, DMSO): 1.58-1.69 (complex
signal, 12 H, adamantyl-CH;), 1.95 [broad s, 3 H, 3°(5°,7°)-H], 2.77 (s, 2 H, CH,N),
6.94 [broad d, J = 7.6 Hz, 2H, 2(6)-H], 7.20 [d, J = 8.8 Hz, 2H, 3(5)-H]."C-NMR, &¢
(100.6 MHz, DMSO): 27.7 [CH, C3°(5’,7°)], 33.6 (C, C1’), 36.4 [CH,, C4°(6°,10°)],
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39.7 [CH,, C2°(8°,9%)], 58.3 (CH,, CH;,N), 136.7 (CH, Ar-C). Only an aromatic signal
was observed. MS-DIP (EI), m/e (%); main ions: 277 (M, *'Cl, 36), 275 M, *Cl,
100), 142 (29), 140 (86), 139 (29), 135 (37), 93 (11), 91 (7), 79 (11).

N-[(adamantan-1-yl)methyl]-2-bromoaniline hydrochloride, 19m. Following the
general procedure F, the reduction of amide 18m (0.90 g, 2.69 mmol) with sodium
bis(2methoxyethoxy)aluminum hydride (65% wt solution in toluene, 3.21 mL, 10.76
mmol), get the corresponding amine 19m as an oil (0.74 g, 86%) . The corresponding
purified amine hydrochloride was obtained after the working with Et;O/HCI1 (0.6 N),
mp= 189-190 °C. IR (ATR) v: 2909, 2847, 2642, 1566, 1440, 1392, 1060, 989, 851, 757
cm™. "TH-NMR, 8y (400 MHz, DMSO): 1.54 [d, J'=2.8 Hz, 6 H, 2°(8°,9°)-H,], 1.60-1.67
[m, 6 H, 4°(6°,10°)-H,], 1.95 [s, 3 H, 3°(5°,7°)-H], 2.87 (s, 2 H, CH,N), 6.5 (dt, J"' = 7.6
Hz,J'=7.5Hz,J=1.5Hz, 1 H, Ar-H), 6.79 (dd, J'= 8.3 Hz, /= 1.5 Hz, 1 H, Ar-H),
7.10 (ddd, J”’=8.6 Hz, J'=7.3 Hz, J= 1.5 Hz, 1 H, Ar-H), 7.23 (dd, J'=7.9 Hz, J =
1.6 Hz, 1 H, Ar-H). "C-NMR, 8¢ (100.6 MHz, MeOD): 29.3 [CH, C3’(5°,7)], 34.2
[CH,, C4°(6°,10%)], 37.3 [CH,, C2°(8°,9")], 40.5 (C, C1°), 63.9 (CH,, CH)N), 123.6 (C,
C2), 126.6 (CH, C6%*), 129.6 (CH, C4%*), 129.8 (CH, C3), 131.9 (CH, C5), 136.6 (C,
Cl).

N-[(Adamantan-1-yl)methyl]-2-chloroaniline hydrochloride, 19n.”” Following the
general procedure F, the reduction of amide 18n (1.00 g, 3.45 mmol) with sodium
bis(2methoxyethoxy)aluminum hydride (65% wt solution in toluene, 4.11 mL, 13.8
mmol), get the corresponding amine 19n as an oil (0.99 g, 95%) . The corresponding
purified amine hydrochloride was obtained after treatment with Et;,O/HCI (0.6 N), mp =
224-225 °C. IR (ATR) v: 2895, 2846, 2649, 1580, 1488, 1429, 1394, 1372, 1184, 1106,
992, 749, 717, 690 ¢cm™. "H-NMR, &y (400 MHz, MeOD): 1.57-1.92 [complex signal,
12 H, adamantyl-H,], 2.07 [s, 3 H, 3°(5’,7°)-H], 3.12 (s, 2 H, CH,N), 7.22-7.78
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(complex signal, 4 H, Ar-H). *C-NMR, 8¢ (100.6 MHz, MeOD): 28.0 [CH, C3°(5°,7)],
32,5 (C, C17), 36.0 [CH,, C2°(8°,9%)], 39.2 [CH,, C4’(6°,10%)], 65.4 (CH,, CH,N),
122.5 (C, C2), 129.5 (CH, 2 Ar-C), 130.2 (CH, 2 Ar-C), 136.7 (C, C1). HRMS-ESI"
m/z [M+H]": caled for [C17H,,CIN+H]: 276.14, found: 276.1521.
N-[(adamant-1-yl)methyl]-3-chloroaniline hydrochloride, 190.”” Following the
general procedure F, the reduction of amide 180 (1.00 g, 3.46 mmol) with sodium bis-
(2-methoxyethoxy)aluminum hydride (65% wt solution in toluene, 4.14 mL, 13.84
mmol), gave the corresponding amine as an oil (0.79 g, 83%). The corresponding
purified amine hydrochloride 190 was obtained after a treatment with Et,O/HCI (0.6 N)
and a crystallization from methanol, mp = 187-190 °C. IR (ATR) v: 2901, 2846, 2682,
2416, 1597, 1578, 1481, 1426, 1098, 989, 878, 785, 678 cm™. 'H-NMR, 8y (400 MHz,
DMSO): 1.53 (broad signal, 6 H, 2°(8°,9°)-CH,), 1.63 (m, 6 H, 4°(6°,10")-CH,), 1.94
[broad s, 3 H, 3°(5°,7")-H], 2.70 (s, 2 H, CH,N), 3.89 (broad signal, 1 H, NH), 6.48 (dd,
J=8.0Hz, J'=1.5Hz 1 H, 6-H), 6.59 (dd, J=8.4 Hz, J'= 1.5 Hz, 1 H, 4-H), 6.66 (t,
J =15 Hz, 1 H, 2-H), 7.03 (t, J = 8.0 Hz, 1 H, 5-H). "C-NMR, 8¢ (100.6 MHz,
DMSO): 27.8 [CH, C3’(5’,7°)], 34.0 (C, C1), 36.6 [CH,, C4°(6°,10%)], 39.9 [CH,,
C2°(8°,97)], 55.2 (CH,, CH,N), 110.9 (CH, C6), 111.4 (CH, C2), 114.8 (CH, C4), 130.2
(CH, C5), 133.5 (C, C3), 150.8 (C, C1). MS-DIP (EI), m/e (%); main ions: 275 (M ",
100), 140 (100), 135 (69), 93 (17), 79 (18), 77 (12).
N-[(adamantan-1-yl)methyl]-2,6-difluoroaniline hydrochloride, 19p. Following
the general procedure F, the reduction of amide 18p (1.00 g, 3.43 mmol) with sodium
bis-(2-methoxyethoxy)aluminum hydride (65% wt solution in toluene, 6.15 mL, 20.59
mmol), gave the corresponding amine as an oil (0.87 g, 92%) . The corresponding
purified amine hydrochloride 19p was obtained after treatment with Et,O/HCI (0.6 N),
mp = 188-189 °C. IR (ATR) v: 2894, 2846, 1509, 1428, 1262, 1096, 956, 795 cm™. 'H-
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NMR, & (400 MHz, MeOD): 1.67 [s, 6 H, 2°(8°,9°)-H;], 1.70-1.84 [m, 6 H, 4°(6°,10°)-
Hs], 2.02 [s, 3 H, 3°(5°,7°)-H], 2.95 (s, 2 H, CH»N), 6.96 21 (dddd, J""’=9.1 Hz, J’" =
82Hz J =29 Hz,J=1.6,1H, Ar-H), 7.08 (ddd, J"’=11.4 Hz, J' = 8.6 Hz, J = 2.8
Hz, 1 H, Ar-H), 7.21 (td, J= 9.2 Hz, 1 H, Ar-H). "C-NMR, 8¢ (100.6 MHz, MeOD):
28.2 [CH, C3°(5°,77)], 33.3 (C, C1’), 36.3 [CHy, C2°(8°,9%)], 39.5 [CH,, C4°(6°,10)],
60.2 (CH,, CHyN), 104.3 (CH, Ar-Cpap,), 111.4 (CH, Ar-Cpera), 119.0 (C, Ar-Corino)
120.8 (C, dd, J = 284.7 Hz, Ar-Cl). HRMS-ESI' m/z [M+H]": calcd for
[C17H, FoN+H']: 278.16, found: 278.1724.

N-[(adamantan-1-yl)methyl)-3,5-difluoroaniline hydrochloride, 19q. Following
the general procedure F, the reduction of amide 18q (1.00 g, 3.43 mmol) with sodium
bis(2-methoxyethoxy)aluminum hydride (65% wt solution in toluene, 6.15 mL, 20.59
mmol), gave the corresponding amine as an oil (0.88 g, 93%) . The corresponding
purified amine hydrochloride 19q was obtained after treatment with Et;O/HCI (0.6 N),
mp = 207-209 °C. IR (ATR) v: 2905, 2661, 1616, 1426, 1129, 983, 862, 681 cm™. 'H-
NMR, &y (400 MHz, CDCls3): 1.48 [s, 6 H, 2°(8°,9°)-H,], 1.56-1.69 [m, 6 H, 4°(6°,10)-
H,], 1.94 [s, 3 H, 3°(5°,7°)-H], 2.68 (d, /= 6.0 Hz, 2 H, CH,N), 3.84 (s, 1 H, NH), 5.88-
6.16 (m, 3 H, Ar-H). HRMS-ESI" m/z [M+H]": calcd for [Ci7H:FaN+H']: 278.16,
found: 278.1722.

N-[(adamantan-1-yl)methyl]-3,5-dichloroaniline hydrochloride, 19r. Following
the general procedure F, the reduction of amide 18r (1.00 g, 3.08 mmol) with sodium
bis(2-methoxyethoxy) aluminum hydride 65% wt solution in toluene, 3.68 mL, 12.35
mmol), gave the corresponding amine as an oil (0.85 g, 89%) . The corresponding
purified amine hydrochloride 19r was obtained after treatment with Et;O/HCI (0.6 N),

mp = 194-195 °C. IR (ATR) v: 2900, 2846, 2657, 1586, 1415, 1106, 914, 862, 802, 674

em’. 'H-NMR, &y (400 MHz, DMSO): 1.50 [d, J= 1.8 Hz, 6 H, 2°(8’,9°)-H,], 1.62 [m,
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6 H, 4°(6°,10°)-H,], 1.92 [s, 3 H, 3°(5°,7°)-H], 2.69 (s, 2 H, CH,N), 3.55 (s, 1 H, NH),
6.48 (t, J'=2.0 Hz, J = 1.8 Hz, 1 H, Ar-H), 6.60 (d, J = 1.8 Hz, 2 H, Ar-H). HRMS-
ESI" m/z [M+H]": calcd for [C;7H2,CI,N+H ]: 310.11, found: 310.1131.

N-[(adamantan-1-yl)methyl]-3,5-bis(trifluoromethyl)aniline hydrochloride, 19s.
Following the general procedure F, the reduction of amide 18s (1.00 g, 2.56 mmol) with
sodium bis-(2-methoxyethoxy)aluminum hydride (65% wt solution in toluene, 3.05 mL,
10.24 mmol), gave the corresponding amine as an oil (0.53 g, 55%). The corresponding
purified amine hydrochloride 19s was obtained after treatment with Et,O/HCI (0.6 N),
mp = 170-171 °C. IR (ATR) v: 2906, 2641, 1585, 1434, 1369, 1274, 1166, 1129, 886,
681 cm™. 'H-NMR, &y (400 MHz, DMSO): 1.54 [s, 6 H, 2°(8°,9°)-H], 1.63 [m, 6 H,
4°(6°,10°)-H,], 1.94 [s, 3 H, 3°(5°,7°)-H], 2.79 (s, 2 H, CH,N), 6.95 (s, 1 H, Ar-H), 7.15
(s, 2 H, Ar-H). "C-NMR, 8¢ (100.6 MHz, MeOD): 29.2 [CH, C3°(5°,7")], 35.1 (C,
C1’), 37.8 [CH,, C2°(8°,9")], 41.3 [CH,, C4°(6°,10%)], 57.4 (CH,, CH,N), 110.1 (CH,
Ar-Cpara), 113.5 (CH, Ar-Corino), 125.9 (CH, d, J = 271.62, CF3), 133.1 (C, Ar-Cieta),
150.6 (C, C1). HRMS-ESI" m/z [M+H]": calcd for [CoH, FeN+H']: 378.16, found:
378.1662.

N-[(adamant-1-yl)methyl]-3-fluoro-5-(trifluoromethyl)aniline hydrochloride, 19t.
Following the general procedure F, the reduction of amide 18t (1.00 g, 3.03 mmol) with
sodium bis-(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 3.62 mL,
12.12 mmol), gave the corresponding amine as an oil (0.80 g, 83%). The corresponding
purified amine hydrochloride 19t was obtained after a treatment with Et;O/HCI (0.6 N)
and a crystallization from methanol, mp = 146-149 °C. IR (ATR) v: 2898, 2852, 2488,
2414, 1610, 1581, 1434, 1348, 1180, 1139, 981, 867, 689 cm™. 'H-NMR, &} (400 MHz,
DMSO): 1.53-1.69 (complex signal, 12 H, adamantyl-CH;), 1.94 [broad s, 3 H,
3°(5°,7°)-H], 2.74 (s, 2 H, CH,N), 5.65 (broad s, 1 H, NH), 6.52 (broad d, J = 8.8 Hz, 1
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H, 4-H), 6.64 (dt, J= 12.4 Hz, J = 2Hz, 1 H, 2-H), 6.80 (broad s, 1 H, 6-H). >C-NMR,
d¢ (100.6 MHz, DMSO): 27.7 [CH, C3°(5°,7°)], 34.0 (C, C1’), 36.5 [CH,, C4’(6°,10)],
39.8 [CHa, C2°(8°,9%)], 54.7 (CH,, CH,N), 97.3 (CH, d, J = 25.8 Hz, C4), 100.5 (CH, d,
J=26.0 Hz, C2), 104.9 (CH, C6), 131.1 (broad C, C5), 152.4 (C, Cl1), 163.3 (C, d, J =
240.9 Hz, C3). The signal from the CF3 group is not clearly visible. MS-DIP (EI), m/e
(%); main ions: 327 (M, 62), 309 (13), 192 (26), 135 (100), 93 (16), 91 (7), 79 (15).
N-[(adamant-1-yl)methyl]-3-chloro-5-(trifluoromethyl)aniline hydrochloride,
19u. Following the general procedure F, the reduction of amide 18u (1.00 g, 2.84
mmol) with sodium bis-(2-methoxyethoxy)aluminum hydride (65% solution in toluene,
3.40 mL, 11.36 mmol), gave the corresponding amine as an oil (0.91 g, 95%). The
corresponding purified amine hydrochloride 19u was obtained after a treatment with
Et,O/HCI (0.6 N) and a crystallization from methanol, mp = 132-138 °C. IR (ATR) v:
2900, 2852, 2476, 2410, 1577, 1435, 1322, 1176, 1138, 1103, 867, 832, 686 cm™. 'H-
NMR, &y (400 MHz, DMSO): 1.53-1.69 (complex signal, 12 H, adamantyl-CH,), 1.94
[broad s, 3 H, 3°(5°,7°)-H], 2.74 (s, 2 H, CH,N), 5.87 (broad s, 1 H, NH), 6.72 (s, 1 H,
Ar-H), 6.88 (broad s, 2 H, Ar-H).’C-NMR, 8¢ (100.6 MHz, DMSO): 27.7 [CH,
C3°(5°,77)], 34.0 (C, C1), 36.5 [CH,, C4°(6°,10°)], 39.8 [CH,, C2°(8°,9")], 54.5 (CHa,
CH,N), 107.0 (CH, C6), 109.9 (CH, C4), 113.6 (CH, C2), 123.7 (C, q, J = 272.7 Hz,
CF3), 131.1 (C, q, J = 31.6 Hz, C5), 134.5 (C, C3), 151.6 (C, C1). MS-DIP (EI), m/e
(%); main ions: 343 (M, 63), 208 (25), 135 (100), 93 (15), 91 (7), 79 (14).
N-[(adamant-1-yl)methyl]-4-chloro-3-(trifluoromethyl)aniline hydrochloride,
19v. Following the general procedure F, the reduction of amide 18v (1.00 g, 3.46 mmol)
with sodium bis-(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 4.14
mL, 13.84 mmol), gave the corresponding amine as an oil (1.90 g, quantitative yield).

The corresponding purified amine hydrochloride 19v was obtained after a treatment
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with Et,O/HCI (0.6 N) and a crystallization from methanol, mp = 159-164 °C. IR (ATR)
v: 2908, 2498, 2415, 1483, 1461, 1425, 1317, 1266, 1185, 1134, 1039, 834 cm™. 'H-
NMR, oy (400 MHz, DMSO): 1.53 (s, 6 H, 2°(8°,9°)-CH,), 1.54-1.68 (complex signal, 6
H, 4°(6°,10°)-CHy), 1.93 [broad s, 3 H, 3°(5°,7°)-H], 2.72 (s, 2 H, CH,N), 4.75 (broad s,
1 H, NH), 6.83 (dd, /= 8.8 Hz, /"= 2.8 Hz, 1 H, 6-H), 7.06 (d, J = 2.8 Hz, 1 H, 2-H),
727 (t, J = 9.2 Hz, 1 H, 5-H)."C-NMR, 8¢ (100.6 MHz, DMSO): 27.8 [CH,
C3°(5°,77)], 34.0 (C, C1), 36.6 [CH,, C4°(6°,10°)], 39.9 [CH,, C2’(8°,9")], 54.9 (CH,,
CHyN), 110.7 (CH, C2), 114.2 (C, C4), 115.4 (CH, C6), 123.2 (C, q, J = 272.8 Hz,
CF3), 126.6 (C, q, J = 30.0 Hz, C3), 131.8 (CH, C5), 148.8 (C, C1). MS-DIP (EI), m/e
(%); main ions: 343 (M, 90), 210 (15), 209 (11), 207 (22), 135 (100), 93 (16), 91 (8),
79 (15).

N-[(adamantan-1-yl)methyl]-2,3,4,5,6-pentafluoroaniline hydrochloride, 19w.
Following the general procedure F, the reduction of amide 18w (1.00 g, 2.9 mmol) with
sodium bis(2-methoxyethoxy) aluminum hydride (65% wt solution in toluene, 3.68 ml,
12.35 mmol), gave the corresponding amine as an oil (0.65 g, 68%) . The corresponding
purified amine hydrochloride 19w was obtained after treatment with Et;O/HCI (0.6 N),
mp = 185-186 °C. IR (ATR) v: 2898, 2846, 2356, 1644, 1493, 1257, 1085, 870, 799
cm™. "H-NMR, 8y (400 MHz, DMSO): 1.50 [s, 6 H, 2°(8°,9°)-H,], 1.62 [broad signal, 6
H, 4°(6°,10°)-H,], 1.92 [s, 3 H, 3°(5°,7°)-H], 2.65 (s, 2 H, CH,N).

N-[(3,5-dimethyladamantan-1-yl)methyl]-3-chloroaniline hydrochloride, 19x.
Following the general procedure F, the reduction of amide 18x (0.50 g, 1.6 mmol) with
sodium bis-(2-methoxyethoxy)aluminum hydride (65% wt solution in toluene, 1.2 mL,
6.3 mmol), gave the corresponding amine as an oil (0.44 g, 92%). The corresponding
purified amine hydrochloride 19x was obtained after treatment with Et,O/HCI (0.6 N),
mp = 157-160 °C (dec). IR (ATR) v: 2903, 2834, 2582, 2418, 2356, 1597, 1581, 1477,
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1457, 1425, 1375, 1082, 1000, 984, 894, 873, 792, 704, 682 cm™. 'H-NMR, &y (400
MHz, DMSO): 0.79 [s, 6 H, 3(5)-CHs], 1.09 (m, 2 H, adamantyl-CH,), 1.17 (m, 4 H,
adamantyl-CH,), 1.28 [m, 4 H, adamantyl-CH,], 1.37 (m, 2 H, adamantyl-CH,), 2.02
(m, 1 H, adamantyl-CH), 2.74 (s, 2 H, CH,N), 5.27 (broad signal, 1 H, NH), 6.49 (dd, J
=8.0 Hz,J'=2.0 Hz, 1 H, 6-H), 6.60 (dd, J = 8.0 Hz, J’= 2.0 Hz, 1 H, 4-H), 6.67 (t, J
=2.0 Hz, 1 H, 2-H), 7.03 (t, J= 8.0 Hz, 1 H, 5-H). >C-NMR, 8¢ (100.6 MHz, DMSO):
28.9 (CH, C7’), 30.5 [CH3, C3(5)-CH3], 30.7 [C, C3(5)], 35.7 (CH,, C4’), 38.5 [CHa,
C2°(97)]*, 42.8 [CH,, C6°(10°)]*, 46.2 (CH,, C8’), 50.7 (CH,, CH,N), 110.9 (CH, C6),
111.5 (CH, C2), 114.9 (CH, C4), 130.2 (CH, C5), 133.5 (C, C3), 150.7 (C, C1).
3-[(Phenylamino)methyl]adamantan-1-ol hydrochloride, 22a. Following the
general procedure F, the reduction of amide 21a (0.50 g, 1.8 mmol) with sodium bis-(2-
methoxyethoxy)aluminum hydride (65% solution in toluene, 2.15 mL, 7.2 mmol), gave
the corresponding amine as an oil (0.40 g, 85%). The corresponding purified amine
hydrochloride 22a was obtained after a treatment with Et;O/HCl (0.6 N) and a
crystallization from methanol, mp >183 °C (dec). IR (ATR) v: 3329, 2903, 2849, 2670,
2430, 1581, 1493, 1429, 1146, 1051, 755, 693 cm™.'"H-NMR, 8 (400 MHz, DMSO):
1.49-1.54 (complex signal, 12 H, adamantyl-CH,), 2.12 [broad s, 2 H, 5’(7°)-H], 2.93
(s, 2 H, CH,N), 7.01-7.35 (complex signal, 5 H, Ar-H).?C-NMR, 8¢ (100.6 MHz,
DMSO): 29.7 [CH, C5°(7°)], 35.1 (CH,, C6’), 36.5 (C, CI”), 38.5 [CH,, C8(9)], 44.4
[CH,, C4(10)], 47.5 (CH,, C2%), 59.7 (CH,, CH2N), 66.6 (C, C3”), 129.5 (CH, Ar-C).
Only an aromatic signal was observed. MS-DIP (EI), m/e (%); main ions: 257 (M, 50),
151 (6), 107 (20), 106 (100), 93 (12), 77 (11).
3-[((4-Chlorophenyl)amino)methyl]adamantan-1-ol hydrochloride, 22b.
Following the general procedure F, the reduction of amide 21b (0.33 g, 1.08 mmol)
with sodium bis-(2-methoxyethoxy)aluminum hydride (65% solution in toluene, 1.30
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mL, 4.32 mmol), gave the corresponding amine as an oil (0.24 g, 77%). The
corresponding purified amine hydrochloride 22b was obtained after a treatment with
Et,O/HCI (0.6 N) and a crystallization from methanol, mp >172 °C (dec). IR (ATR) v:
2913, 2844, 1575, 1489, 1457, 1414, 1339, 1146, 1093, 1052, 902, 823 cm™.'"H-NMR,
on (400 MHz, DMSO): 1.43-1.56 (complex signal, 12 H, adamantyl-CHy), 2.10 [broad
s, 2 H, 5°(7°)-H], 2.81 (s, 2 H, CH,N), 6.61 (broad s, 1 H, NH), 6.88 [d, /J=8.5Hz, 2 H,
2(6)-H], 7.17 [d, J = 8.5 Hz, 2 H, 3(5)-H].””C-NMR, 8¢ (100.6 MHz, DMSO): 29.8
[CH, C5°(7)], 35.3 (CH,, C6°), 37.2 (C, CI”), 39.4 [CH,, C8(9)], 44.6 [CH,, C4(10)],
47.8 (CH,, C2’), 56.6 (CH,, CH,N), 66.7 (C, C3’), 128.7 (CH, Ar-C). Only an aromatic
signal was observed. MS-DIP (EI), m/e (%); main ions: 293 (M, ’Cl, 20), 291 (M,
3Cl, 61), 142 (34), 141 (30), 140 (100), 139 (19), 95 (14), 93 (16).
N-[2-(Adamant-1-yl)ethyl]-2-isopropylaniline hydrochloride, 25. Following the
general procedure F, amide 24 (0.370 g, 1.18 mmol) and sodium bis-(2-
methoxyethoxy)aluminum hydride (65% wt solution in toluene, 1.15 mL, 5.90 mmol) in
anhydrous toluene (9.5 mL), gave 25 as a yellow oil (340 mg, 86%) that formed its
hydrochloride salt as a yellow solid after the treatment with HCI/Et,O (312 mg), mp =
70-71 °C. IR (ATR) v: 705, 720, 761, 816, 935, 978, 993, 1024, 1054, 1072, 1097,
1155, 1239, 1271, 1317, 1342, 1362, 1385, 1448, 1494, 1552, 1577, 1739, 2359, 2445,
2653, 2845, 2901, 2951, 3397 cm™. 'H-NMR (400 MHz, CD;0D) &: 1.34 [d, J = 6.8
Hz, 6 H, -CH(CHs):], 1.50-1.60 [complex signal, 6 H, 2°(8,9”)-H, and 8-H,], 1.64-1.80
[complex signal, 6 H, 4°(6°,10°)-H,], 1.96 [m, 3 H, 3°(5°,7°)-H], 3.07 [sept, J = 6.8 Hz,
1 H, -CH(CH3),], 3.35 (m, 2 H, 7-H,), 7.37-7.42 (complex signal, 2 H, 4-H and 6-H),
7.53 (m, 1 H, 5-H), 7.60 (d, 1 H, J = 7.6 Hz, 3-H). "C-NMR (100.5 MHz, CDCl;) &:
24.5 [CHs, -CH(CHs),], 28.9 (C, C1°), 29.9 [CH, C3’(5’,7°) and -CH(CHj3),], 32.8
(CH,, C8), 37.8 [CH,, C4°(6°,10°)], 40.6 (CH,, C7), 43.0 [CH,, C2°(8°,9°)], 124.5 (CH,
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C6), 128.9 (CH, C4), 129.6 (CH, C5), 131.6 (CH, C3), 133.1 (C, C2), 143.6 (C, C1).

HRMS-ESI+ m/z [M+H]" calcd for [C»;H3 N+H]": 298.2529, found: 298.2524.

Virological experiments

CPE reduction assays. The procedure to measure anti-influenza virus activity in
MDCK (Madin-Darby canine kidney) cells was reported in detail elsewhere.”* Briefly,
MDCK cells, plated in 96-well plates, were infected with influenza virus A/Hong
Kong/7/87 (H3N2 subtype); A/PR/8/34 (HINI1 subtype); A/Virginia/ATCC3/2009
(HIN1 subtype) or influenza B/Hong Kong/5/1972. Together with virus, the test
compounds were added in serial dilutions. After 72 h incubation at 35 °C, microscopy
was done to score the viral cytopathic effect (CPE) and compound cytotoxicity, after
which the formazan-based MTS cell viability assay was performed. Similar CPE assays
were used to test the compounds against a large panel of DNA and RNA viruses (listed
in the Results section) in suitable human cell lines; all details can be found elsewhere.”
Antiviral activity was expressed as the ECsy value, i.e. compound concentration
producing 50% inhibition of viral cytopathicity, as determined by CPE or MTS assay.
Compound cytotoxicity was expressed as the CCsy value, i.e. 50% cytotoxic
concentration in the MTS assay; or MCC, i.e. minimum compound concentration
causing microscopically detectable alterations of normal cell morphology.

Selection and characterization of compound 9d-resistant influenza virus. MDCK
cells were infected with A/PR/8/34 influenza virus as above, and exposed to 0 or 12.5
uM of compound 9d. Three days later, the supernatants were harvested and inoculated
onto fresh MDCK cells with addition of either 0 or 25 uM of 9d. After this step was
repeated with 50 uM of compound, the passage #3 viruses were plaque-purified in

MDCK cells covered with 0.8% agarose. Picked clones were expanded in the presence
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of 9d and submitted to HA sequencing. After titration, the viruses underwent antiviral
testing in MDCK cells using the CPE reduction assay described above. To estimate the
fusion pH, the mutant viruses were expanded once in embryonated hen eggs. These
allantoic stocks were used in a hemolysis assay with chicken erythrocytes and different
acidic buffers (pH range: 4.6-6.0).** The hemolysis pH was calculated as the pH at
which 50% hemolysis was observed compared to the value at pH 4.9.
Polykaryon assay for HA-mediated cell fusion
A pCAGEN plasmid [kindly provided by Dr. C. Cepko (Boston, MA) via Addgene
(plasmid No. 3211160)*°] in which we cloned the HA ¢cDNA sequence from A/PR/8/34
(H1), A/duck/Hunan/795/2002 (H5 sequence purchased from Sino Biological Inc.) or
A/X31 (H3), was transfected into human HeLa cells as described.” Two days later, the
HA was activated by 15 min incubation with TPCK-treated trypsin. The cells were then
pre-incubated with compound diluted in PBS plus Ca’" and Mg2+ (PBS-CM) for 15 min,
followed by 5 min exposure to compound diluted in acidified PBS-CM of pH 5.2 for the
H1 and H5 HAs or pH 5.0 for the H3 HA (which is 0.2 pH units below the hemolysis
pH of the corresponding viruses). After rinsing with PBS-CM, the cells were incubated
with medium containing 10% fetal calf serum for 3 h, then fixated with 96% ethanol
and stained with Giemsa solution. An inverted microscope at x200 magnification was
used to count the number of polykaryons (containing five or more nuclei) in four
randomly selected microscopic fields. The ECsy value was calculated as the compound
concentration producing 50% reduction in the number of polykaryons compared to the
condition receiving no compound.

Molecular modeling

Homology modelling and electrostatic surface potential analysis. In the

crystallographic structures of HA (H3 and H14 subtypes) bound to TBHQ (PDB entries
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3EYM, 3EYK and 3EYJ), the binding site adopts the “open” form, which is
characterized by the unfolding of the C-terminal region of the helix A (Supporting
Information Figure S2A). This structural feature is also found in the X-ray structures of
H3 and H7 HAs complexed to arbidol (PDB entries 5T6N and 5T6S). No similar
structural information is available for the binding of fusion inhibitors to H1 HA, for
which published X-ray structures are in a “closed” state where residues 56-59 adopt a
full helical arrangement (Figure S2B). Accordingly, PDB entry 3EYM,* i.e. X31-HA
(H3 subtype) co-crystallized with TBHQ, was used as the template to generate 3D
models for the HA proteins of A/PR/8/34 (HI; UniprotKB code: 16TAG2),
A/Virginia/ATCC3/2009 (HI; ATCC® VR-1736), and A/HongKong/7/1987 (H3;
UniprotKB code: Q38TH2). The overall HA amino acid similarity between A/PR/8/34
and A/Virginia/ATCC3/2009 is 81%, and 42% when they are aligned with the
A/HongKong/7/1987 protein (Figure S7). However, when the analysis is restricted to
the HA2 part, which mainly forms the TBHQ binding site, sequence similarity increases
up to 92% between the two HI strains and to 61% with the H3 subtype. This enabled
homology modeling to build a 3D model of H1 HA in the open form.

The 3D structural models were minimized with the staged minimization option on
SYBYL (Tripos force field),”" using the Powell optimization method with Gasteiger-
Hiickel point charges,”' a non-bonded cutoff of 8.0 A, a dielectric constant of 2.0, and a
convergence of 0.001 kcal mol” A or maximum number of 1,500 iterations. This
energy minimization was convenient to relax the structure prior to MD simulations,
although it did not alter significantly the overall fold of the protein (RMSD < 0.32 A
between the homology modeling and energy-minimized structures). After visual
inspection of the optimized structures, linearized Poisson-Boltzmann calculations as

62-63

implemented in APBS (Adaptive Poisson-Boltzmann solver) were performed to
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screen the solvent-dependent electrostatic properties of the previously minimized HA
models. To this end, a single-point multigrid PB calculation without focusing with a
grid spacing of 0.70 A/point was used. Default parameters of Amber force field were
used to set the atomic partial charges and radii of the atoms. A dielectric constant of 2.0
and 78.5 was considered respectively for the biopolymer and the solvent.

Molecular Docking. Surflex-Dock® as implemented in Sybyl X2.1 — Tripos, was used
to perform molecular docking of compound 9d (Figure 4) within the TBHQ binding site
in the A/PR/8/34, A/Virginia/ATCC3/2009 and A/HK/7/87 homology models. The
binding site was defined considering the area covered by a radius of 12 A around
residue Tyr308; (for A/PR/8/34), Phe309; (for A/Virginia/ATCC3/2009) and Phe310,
(for A/HK/7/87). Docking-guided conformational exploration of the binding site was
performed by molecular fragmentation. A maximum of 20 conformations per fragment
were generated. The maximum number of poses per ligand was set to 20 with a
minimum RMSD between final poses of 0.50 A.

Molecular Dynamics simulations. Amber12% was used to perform MD simulations on
the selected ligand—protein complexes previously generated by docking analysis. In this
context, the general Amber force field (GAFF)*® was used to parameterize the ligand,
and the partial charges were derived at the B3LYP/6-31G(d) level,”’ after preliminary
optimization of the molecular structure, by using the restrained electrostatic potential
(RESP)® fitting method implemented in Gaussian09 and Antechamber.

MD simulations were carried out to analyse the conformational flexibility of
compound 9d within the protein environment formed by A/PR/8/34 and
A/Virginia/ATCC3/2009 HA models. Accordingly, the two 9d-A/PR/8/34 and 9d-
A/Virginia/ATCC3/2009 complexes were solvated with a truncated octahedral

(TIP3P)® water box with a layer of 18 A and neutralized by adding Na* ions.
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Complexes were subjected to three-stages of energy minimization that involved firstly
all hydrogen atoms, then water molecules, and finally all the system with a maximum
number of minimization cycles of 10000 for the latter stage. Before MD simulation, a
preliminary heating of the system from 0 to 300 K was accomplished in six steps, the
first being performed at constant volume and the rest at constant pressure. The SHAKE
algorithm’ was applied to constrain bonds involving hydrogen atoms. Periodic
boundary conditions at constant volume were imposed on the system during the MD
simulations. Cut-off for the non-bonded interactions was set to 10 A. The electrostatic
interactions beyond the cut-off within the periodic box were computed by applying the
Particle Mesh Ewald (PME) method.”' Langevin dynamics with a collision frequency of
1.0 was applied for temperature regulation during the heating. Finally, 50 ns of MD
simulation at constant volume and temperature (300 K) were run using the weak-
coupling algorithm72 (with a time constant of 10.0 ps) to stabilize the temperature
during the simulation. Time step for saving of trajectory was set to 2 ps. A total of
50,000 snapshots were collected for each complex.

NMR experiments

Recombinant H5 HA was prepared as previously described.”” Briefly, the
extracellular domain of H5 HA, extended with a C-terminal foldon domain added for
stability and polyhistidine sequence added for subsequent purification, was expressed
by baculovirus infection of Sf9 insect cells and purified by Ni' affinity and size
exclusion chromatography. Compounds were prepared as 100 mM stock solutions in
de-DMSO. The experimental conditions were 100 uM compound and 1 uM H5 HA in
20 mM PO4/pH 7.5, 150 mM NaCl, and 100% ’H,0. STD experiments were performed
on a Bruker 900 MHz Avance spectrometer equipped with a cryoprobe at 25°C as

23,47,73
d, st/

previously describe with a relaxation delay of 2.5 s, saturation time of 1 s, and
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256 scans with "on" resonance saturation at -1.5 ppm (i.e. protein 'H saturation) and
"off" resonance saturation at 30 ppm (i.e. control 'H saturation outside the spectral
range of protein and ligand). Spectra were processed by NMRPipe with a relaxation
delay a 5 Hz line broadening and analyzed by NMRDraw.”* Relative % STD was
calculated as described previously.75 Briefly, % STD = 100 x STDgbs/STDpmax. STD
signal was calculated based on the equation: STD = Al/ly, where Al = I — I, and
Iogr and I, are the resonance intensities after the “off” and “on” presaturation of the
protein  target. Errors in  STD  experiments were estimated as
AL (NAVAD? + (Nires/Lie)*]"> where Naj and Ni ¢ are the noise levels calculated by

NMRDraw in the appropriate spectrum.
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