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Abstract

A new family of melatonin receptor ligands, characterized by a tetrahydroquinoline (THQ) scaffold
carrying an amide chain in position 3, was devised as conformationally-constrained analogs of
flexible N-anilinoethylamides previously developed. Molecular superposition models allowed to
identify the patterns of substitution conferring high receptor binding affinity and support the THQ
ring as a suitable scaffold for the preparation of melatonin ligands. The biological activity of 3-
acylamino-THQs was compared with that of the corresponding tetralin derivatives. The THQ ring
proved to be a versatile scaffold for easy feasible MT1 and MT: ligands, which resulted as more polar
bioisosteres of their tetralin analogs. Potent partial agonists, with sub-nanomolar binding affinity for
the MT> receptor were obtained and a new series of THQ derivatives is presented. The putative
binding mode of potent THQs and tetralines was discussed on the basis of their conformational

equilibria as inferred from molecular dynamics simulations and experimental NMR data.

Introduction

Melatonin (N-acetyl-5-methoxytryptamine, 1, Figure 1) is a tryptophan-derived hormone mainly
secreted by the pineal gland following a circadian rhythm, with peak concentrations reached at night.
In humans melatonin is also produced by other organs and tissues, such as the retina, gastrointestinal
tract, lymphocytes, bone marrow and skin, leading to high local concentrations found in some body
districts. This widespread distribution is correlated with the numerous physiological processes
modulated by melatonin, which span from central nervous system (CNS)-related activities, such as
the regulation of circadian rhythms, of the sleep-wake cycle and hormone secretion, to peripheral
organs control. Peripherally, melatonin is involved in the modulation of the immune system, of retinal

functions, in the homeostasis of glucose concentrations and of the cardiovascular system.*



Alteration of melatonin secretion or transmission has been correlated with several pathological
processes, like sleep disturbances and disrupted circadian rhythms, and a beneficial role of melatonin
administration has been proposed for pathologies as diverse as neurodegenerative diseases, diabetes,

multiple sclerosis and cancer.?3
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Figure 1. Structures of melatonin and melatonin receptor ligands.

Melatonin exerts many of its activities by activating two G protein-coupled receptors (GPCR), named
MT;: and MT>. These receptors are mainly expressed in the CNS, particularly in the hypothalamic
suprachiasmatic nucleus (SCN), but have also been detected in many peripheral tissues. 4 In the last
decades great efforts have been made in the biochemical and pharmacological characterization of
these receptors. Melatonin signaling through GPCRs is not a mere redundant system, as could be
assumed from MT1 and MT> co-expression in many tissues and the similar affinity of melatonin for
the two receptors. In fact, in different tissues, either one or the other receptor exerts a predominant
activity, and in some cases the two receptors mediate opposite effects. The MTy receptor inhibits
neuronal firing in mouse SCN, inhibits prolactin secretion in photoperiodic species, modulates visual
function, affects lymphocyte differentiation and mediates vasoconstriction in rat caudal artery. The
MT> receptor is mainly involved in phase-shifting of circadian rhythms in the SCN, promotion of
non-REM sleep in mice and in rat caudal artery vasodilation.4 The complexity of melatonin receptors

signaling and activity is further increased by their ability to couple with different G proteins, to homo-
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and heterodimerize® and to act as presynaptic heteroreceptors modulating the release of other
neurotransmitters.4-°

The understanding of the mechanisms underlying melatonin activity has led to the approval of
synthetic receptor ligands for CNS-related pathologies. The nonselective MT1/MT> agonists
ramelteon and tasimelteon have obtained marketing authorization for insomnia and non-24-h sleep-
wake disorder, respectively. Agomelatine, endowed with MT1/MT> agonist and 5HT, antagonist
activities, is prescribed for the treatment of major depression.” Additionally, several receptor subtype-
selective ligands have been prepared, with intrinsic activities spanning from full agonist, to partial
agonist, antagonist and inverse agonist.® These compounds include widely used pharmacological
tools, such as the nonselective antagonist luzindole and the MT2-selective partial agonist 4-P-PDOT
(2, Figure 1). New selective ligands might be developed as new therapeutic options for pathologies
in which MT1 or MT2 have a relevant role.

Our studies on melatonin receptor ligands have led to the synthesis of several classes of compounds,
among which N-anilinoethylamides are characterized by pharmacodynamic and metabolic profiles
that could be finely tuned by proper scaffold decoration.®%'t UCM765 (3, Figure 1) is an MT> partial
agonist which selectively promotes non-rapid eye movement sleep and exerts anxiolytic effects in
rodents.*2'® Starting from these highly flexible ligands we devised a series of 2-acylaminomethyl-
tetrahydroquinolines as conformationally-constrained, closed analog of the N-anilinoethylamide
structure (Figure 2).* Insertion of the tetrahydroquinoline (THQ) scaffold afforded potent
compounds, with predictable structure-activity relationships (SAR) based on superposition models
with known melatonin ligands. UCM1014 (4, Figure 1) is an MT. full agonist with remarkable
selectivity for this receptor subtype (more than 10000-fold MT2/MT; selectivity). Interestingly, high
binding affinities could be obtained also for 2-acylaminomethylTHQs lacking the methoxy group,*
which is a metabolically liable substituent. In fact, cytochrome-catalyzed demethylation has been

observed for melatonin receptor ligands characterized by different scaffolds.'® For aniline derivatives,
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in particular, this was the major route of metabolic inactivation.!® Given the positive results obtained
for 2-acylaminomethyl-THQs, we tested the possibility to get new melatonin receptor ligands with
different patterns of substitution on the THQ scaffold. In particular, we i) explored the class of 3-
acylaminomethyl-THQs by preparing a series of derivatives with different substituents on the
nitrogen atom and in position 4 of the THQ ring and ii) compared the behavior of THQs with that of
the corresponding tetralin analogues to evaluate if the THQ scaffold can be considered as a valuable
bioisostere of the tetralin ring present in some of the best known and most characterized MT1/MT>
ligands (e.g., 4-P-PDOT, 2 in Figure 1). This would allow to extend the chemical space of melatonin
receptor ligands, going toward more polar compounds that may improve the solubility and

metabolism liabilities of the reference compounds employed so far, at least as far as they are related
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Key intermediate for the synthesis of the 3-propionamidotetrahydroquinolines 7a-b (Scheme 1) was
3-propionamidotetrahydroquinoline (6)!° that was obtained by N-acylation of the commercially
available 3-aminoquinoline with propionic anhydride and subsequent reduction of the pyridine ring
with NaBH3CN/AcOH. The N-phenyl (7a) and N-benzyl (7b) target compounds were respectively

prepared by palladium-catalyzed N-aryl amination or N-benzylation of 6.
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#Reagents and conditions: a) propionic anhydride, EtsN, THF, reflux, 3 h, yield 81%; b) NaBH3CN,
AcOH, 50 °C — rt, 20 h, yield 40%; c) bromobenzene, Pd(OAC)2, (£)-BINAP, t-BuOK, toluene, 100

°C, 6 h, yield 46%; d) benzyl bromide, EtsN, toluene, reflux, 1 h, yield 61%.

The synthetic route adopted for the preparation of tetralin derivatives 9-11 is depicted in Scheme 2.

The first step involved the reaction of 1-phenyl-3,4-dihydronaphthalen-2(1H)-one!” with



trimethylsilyl cyanide and Znl, followed by treatment with phosphorus oxychloride in pyridine to
give the intermediate nitrile 8 which was converted into the dihydronaphthalene derivative 9 by
reduction with LiAIH4/AICI3 and subsequent N-acylation of the crude intermediate amine with
propionic anhydride. The trans-(10) and cis-(11) tetralin target compounds were respectively
obtained by reduction of the unsaturated nitrile 8 with LiAlH4 followed by N-acylation with propionic

anhydride or by Pd-catalyzed hydrogenation of 9.

Scheme 22
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®Reagents and conditions: a) trimethylsilyl cyanide, Znl., toluene, rt, 18 h; b) POCls, Py, reflux, 1 h,
two steps (a, b) yield 65%; c) LiAIH4/AICI3, dry THF, rt, 1h; d) propionic anhydride, EtsN, THF, rt,
16 h, two steps (c, d) yield 37%; e) LiAIH4, THF, reflux, 2 h, two steps (d, e) yield 30%; f) H. (4

atm), 10% Pd-C, MeOH, 60 °C, 6 h, yield 47%.



The 4-phenyl-tetrahydroquinoline derivative 12 was prepared by hydrogenation of 4-
phenylquinoline-3-carbonitrile'® in the presence of Raney-Ni and subsequent N-acylation of the
intermediate methanamine with propionic anhydride. The tetrahydroquinoline derivative 12 was then
converted to the corresponding N*-methyl derivative 13 by reductive amination with 37% HCHO,

NaBH3CN (Scheme 3).
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#Reagents and conditions: a) H2 (4 atm), Raney-Ni, 2M NHz in EtOH, THF, 40 °C, 12 h; b) propionic
anhydride, EtsN, THF, rt, 1 h, two steps (a, b) yield 46%; ¢) 37% HCHO, NaBH3CN, MeOH/AcOH,

40 °C, 3 h, yield 72%.

3-Methanamidotetrahydroquinoline 14 (Scheme 4) was prepared by hydrogenation (4 atm, 60 °C) of
commercially available 3-cyanoquinoline in the presence of Raney-Ni and ammonia (a contemporary
reduction of the nitrile and pyridine ring occurs), followed by N-acetylation of the intermediate
primary methanamine. N!-substituted 3-methanamido derivatives 15a-e were prepared by N?*-

alkylation of 14 with the suitable alkyl halide (15a-d) or by palladium-catalyzed N*-arylation (15e)
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using bromobenzene, palladium (II) acetate and [2,2’-bis-(diphenylphosphino)-1,1’-binaphthyl]

(BINAP) (Scheme 4).

Scheme 42
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#Reagents and conditions: a) Hz (4 atm), Raney-Ni, 2M NHs in EtOH, THF, 60 °C, 16 h; b) Ac20,
EtsN, THF, rt, 1 h, two steps (a, b) yield 70%; c¢) R-X, EtzN, toluene, A, 1-16 h, yield 46-85%; d)

bromobenzene, Pd(OACc)., BINAP, t-BuOK, toluene, 100 °C, 24 h, yield 29%.

Results and discussion

Table 1 reports hMT1 and hMT2 binding affinity, agonist potency and intrinsic activity values of new
and reference compounds. Chiral compounds were tested as racemic mixtures. The best characterized
melatonin receptor ligands with a tetralin scaffold are 4-P-PDOT (2, Figure 1) and its derivatives.®
Cis-4-P-PDOT is about hundred times selective for the MT> receptor and behaves as an MT> partial

9



agonist.?° The principal aim of our investigation was to assess if the THQ scaffold can actually mimic
the function of the tetralin ring at the melatonin receptors. As a first step, we explored the potential
of the classical isosteric CH/N replacement preparing the 3-propionylaminoTHQ derivative 7a. This
compound showed nanomolar affinity (Ki) and agonist potency (ECso) (MT1 Kj = 22 nM, ECsg = 20
nM; MT: K; =2 nM, ECso = 1 nM) and it behaved as a partial agonist at the MT> receptor. Compared
to cis-4-P-PDOT, it resulted less potent at M T2 receptor and thus less MT»-selective, while affinity
at MT receptor and partial agonist behavior were conserved. The N-benzyl substituent of compound
7b (MT:1 Ki = 892 nM; MT2 Ki = 6 nM, ECso = >10000 nM) restored MT> selectivity and shifted
intrinsic activity toward antagonism. This is consistent with the greater hindrance of the benzyl group
in a region of the receptor binding site located out of the plane defined by the THQ nucleus.
Occupation of this region has been proposed as one of the major determinants for MT> selectivity and
limited intrinsic activity.?! Thus, for the 3-propionamido derivatives, bioisosterism between the

tetralin and THQ scaffolds was confirmed.

Table 1. Binding Affinity, Agonist Potency and Intrinsic  Activity of 3-

Acylaminotetrahydroquinoline and Tetralin Derivatives at Human MT: and MT2 Melatonin

Receptors?
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] ECso Emax . ECso Emax
Ki (nM) ("M) (%) Ki (nM) ("M) (%)
0.23 1.7 0.52 0.4 0.4
1 (MLT)® 123+13 76+6
[0.21;0.26] | [1.1;2.5] [0.40;0.58] | [0.3;0.6]
2 (cis-4-P- 6 0.69 110
SDOTY 23+6 46+2
) [46:126] [0.60:0.79]
22 20 2 1 11
Ta Ph 293 41+3
[16;33] [15;29] [1;4] [1;2]
892 6 149
7b Bn > 10000
[553;1440] [3.5;11]
28 3.8 7.4
9 16+8 306
[22;34] [3.3;4.3]
62 0.23 270
10 (trans) 61+4 78+9
[28:136] [0.20;0.26]
3.5 0.22 16
11 (cis) 56+8 75+3
[2.3;5.2] [0.18;0.28]
3.4 0.48 7.1
cis-13 82+7 753
[3.2; .6] [0.46:0.49]
430 110 3.9
14 H
[210;881] [62;194]
83 15 10 5.5
15a Me > 10000 3246
[54;128] [8;28] [5;34]
20 1 7 20
15b Et > 10000 5948
[14;28] [0.2;3] [3;17]
59 1 3 59
15¢c Bn 2814
[25;140] [0.8;2] [2;4]
246 47 80 5.2
15d Phenethyl 4745
[136;445] [34:65] [76;94]
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15e Ph > 10000 > 10000

3 0.3 10
[1:4] [0.2;0.4]

&K and ECso (NM) values are geometric mean values (with 95% confidence limits shown in brackets)
of at least two separate experiments performed in duplicate. Emax values are arithmetic mean values

+ SEM. PChiral compounds were tested as racemates. “Taken from ref. 22. 9 Taken from ref. 20.

As discussed in the Introduction, an excellent class of THQ melatonin receptor ligands is that of 2-
acylaminomethyl-THQs, in which the amide side chain is linked to the tetralin scaffold through a
methylene bridge (Figure 2).1* According to pharmacophore models previously developed by us, the
THQ ring is not involved in polar interactions with the receptor binding site. For this reason we
thought that, also in this case, the THQ nitrogen atom could simply mimic a CH group. To evaluate
this hypothesis, we prepared the two trans- and cis-1-phenyltetralin diastereoisomers 10 and 11,
respectively, and investigated their preferred conformational states. The conformational equilibrium
of compounds 10 and 11 was firstly simulated by means of metadynamics runs, following a protocol
previously applied to similar compounds.'* Briefly, the compounds were solvated into a water box
and the two dihedral angles t1 and t2 were used as the collective variables to deposit biasing
potentials that force the exploration of the conformational space. t1 and 12 (Figure 3a) describe the

conformation of the THQ ring and the orientation of the amide side chain, respectively.
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180 45 180 45
-
4.0 ' 4.0
120 120
35 35
60 3.0, 60 o 30,
~ o 250 ~ o 2.52
- 203 ) 203
.NHCOEt ~60 152 -60 152
C(X
1.0 1.0
—120! ~120
0.5 0.5
~18055"60 30 0 30 60 90 ©°O ~18059 60 —30 0 30 60 90 °O
b) 71 C) 71

12




Figure 3. a) Representation of t1 (C1—C>—C3—Cs, pink bonds) and t2 (H.—C2—Cos—N, blue bonds)
dihedral angles. b and c) Free energy surfaces for compounds (1S,2S)-10 (b) and (1S,2R)-11 (c)

obtained after 25 ns of well-tempered metadynamics simulations.

Free energy surface (FES) calculated for one enantiomer of the trans isomer 10 (Figure 3b)
highlighted the preference for a trans-diequatorial arrangement of the two substituents (t1 ~ 60° for
the 1S,2S enantiomer). The amide side chain is free to rotate, with three free energy minima
corresponding to t2 values around 60, 180 and -60 °. *H NMR spectrum showed vicinal coupling
constants between H? and the two distinct H® protons of 9.0 and 3.0, which is consistent with a
prevalent conformation of the tetralin ring with H? in an axial arrangement. This confirms the
diequatorial conformation of the two substituents (see Supporting Information Figure S1 and Table
S1 for complete assignment of chemical shifts, geminal and vicinal coupling constants). The
metadynamics simulation for compound 11 revealed an equilibrium between the equatorial (t1 ~ 60°
for the 1S,2R enantiomer) and the axial arrangement (t1 ~ 60°) of the side chain, with a small
difference in energy content between the two (about 0.6 kcal/mol, Figure 3c). The side chain is free
to rotate with t2 minima located at the typical values of -60, 180 and 60°. In fact, NMR spectrum of
compound 11 shows a mixture of axial and equatorial amide side chain. In particular, J2-3a = 6.5 Hz
originates from the combination of a gauche and an anti arrangement of the two protons while Jz-3¢ =
3.5 Hz derives from two gauche arrangements (see Supporting Information Figure S2 and Table S2
for complete NMR data).

A major difference between the 1,2-disubstituted THQ and tetralin derivatives is that the last scaffold

presents trans- and cis- isomerism, while the first allows nitrogen inversion, which leads to a single
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couple of enantiomers with the N-substituent only influencing the conformational arrangement of the
side chain in position 2.1* The THQ derivative corresponding to 10 and 11 is a sub-nanomolar MT;
agonist (K; = 0.06 nM, Emax = 90%) with moderate selectivity toward the MT1 subtype (K; = 1.6 nM,
Emax = 69%).14

The trans isomer 10 in its diequatorial conformation can be closely superposed to the bioactive
conformation of melatonin (Figure 4a). The aromatic portion of the tetralin ring is positioned in the
same region as the benzene of the indole of MLT and the amide groups point in the same direction.
The phenyl substituent occupies the out-of-plane region related to selectivity for the M T receptor.
Consistently with its shape, compound 10 (MT: Ki = 62 nM; MT: K; = 0.23 nM) is a potent and
selective (~300 times) MT. partial agonist. The cis isomer 11 (MT1 Ki = 3.5 nM; MT: K; = 0.22 nM)
can also be superposed to melatonin with an equatorial arrangement of its side chain (Figure 4a). This
can account for its high affinity at the MT. receptor subtype. However, this compound shows higher
MT1 binding affinity, and thus lower selectivity, than 10. The binding mode depicted in Figure 4a is
in contrast with this behavior, since the axial phenyl ring would be accommodated in the out-of-plane
region hampered at the MT1 receptor. One possible explanation for its lower selectivity is that
compound 11 can also be superposed to melatonin with its side chain in axial conformation (Figure
4b), which allows to position the phenyl ring in a region which corresponds to position 2 of the
melatonin ring, allowed for both receptor subtypes.

Partial unsaturation of the tetralin scaffold (9) unexpectedly led to a significant reduction of MT>
affinity, and of selectivity, compared to the trans isomer 10. While this is in apparent contrast with
the diequatorial-like arrangement of its substituents, conjugation with the double bond affects the

conformational space of the phenyl ring, and this may be the cause for lower MT> affinity.
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Figure 4. a) Superposition of the bioactive conformation of melatonin (green carbons) with
compound 10 (yellow carbons) and compound 11 (orange carbons) with equatorial arrangement of
its side chain. b) Superposition of melatonin and compound 11 with axial arrangement of its side

chain.

Thus, also for 1-phenyl-2-acylaminomethyl derivatives, THQ and tetralin scaffolds can give similar
binding profiles at melatonin receptors. To put forward the comparison, we explored the possibility
to apply another isosteric CH/N replacement at the atom opposite to the one carrying the phenyl ring.
This resulted in the synthesis of compound 13, a THQ derivative having a phenyl ring in position 4,
and the acylaminomethyl side chain in position 3. With the synthetic route applied we only obtained
the racemic mixture of the cis isomers. NMR analysis demonstrated the cis configuration of the 3,4-
disubstituted THQ, given the small coupling constant calculated for protons 3 and 4 (Js3-4 ~ 5.0 Hz).
The phenyl ring is in pseudo-axial position and the amide chain has equatorial arrangement, as
confirmed from the large coupling constant Jza-3 (~ 11.5 Hz) and the small one Jze3 (~ 4.0 Hz).
Additionally, a small constant for the long range W coupling between protons 2e and 4 could be
measured (*Jze-4~ 1.0 Hz), consistent with the axial arrangement of the phenyl ring. In the 2D-NOESY
spectrum the cross-peak observed between proton 2a and the hydrogens of the phenyl ring is only

15



compatible with a pseudo-axial arrangement of the phenyl substituent (see Supporting Information
Figures S3 and S4 and Table S3 for complete data and spectra).

While affinity and intrinsic activity data for cis-13 (MT1 Ki = 3.4 nM; MT: K; = 0.48 nM), very similar
to those of the cis-substituted tetralin 11, further confirmed the bioisosterism between the two series,
its NMR spectra clearly show a different conformational behavior. In particular, the equatorial
arrangement of its side chain rules out the explanation proposed for the reduced subtype selectivity
of 11, which was attributed to a conformational equilibrium between axial and equatorial
arrangements. As the superposition of the preferred conformation of cis-13 placed its axial phenyl
ring in the position occupied by the phenyl of compound 11, which is considered forbidden at MT;
receptor (Figure 5a), the accommodation of cis-13 within the MT1 binding site could be different,

flipping around the THQ nucleus and leaving the MT:-forbidden region empty (Figure 5b).

4

Figure 5. a) Superposition of melatonin (green carbons), compound cis-13 (gray carbons) and 11
yellow carbons). b) Superposition of melatonin and compound cis-13 in the alternative orientation

discussed in the text.

Compound 13 also introduces a new application of the design of melatonin ligands based on the THQ

scaffold. According to the superposition represented in Figure 5b, 3-acylaminomethyl-THQs should
16



allow substitution at nitrogen with groups that can be accommodated in allowed regions of the MT;
and, particularly, MT. binding sites. We therefore prepared compounds 14 and 15a-e in which we
investigated the influence on receptor activity of the size and shape of the substituent on the THQ
nitrogen atom. The presence of an alkyl substituent significantly improved MT1 and MT: binding
affinity, with a 5 to 10-fold increase in potency for the N-methyl derivative (15a) compared to the N-
unsubstituted one (14). The potency of the compounds was roughly correlated with the size of the
substituent. In fact, moving from methyl (15a) to ethyl (15b) to phenyl (15e), nanomolar and
subnanomolar binding affinities could be reached. In particular, the N-phenyl derivative 15e had
similar MT1 and MT2 binding affinities to 4-phenyl-THQ 13 and the tetralin analog 11. The N-benzyl
derivative 15c had higher MT.-selectivity, as already observed for compounds with out-of-plane
substituents. NMR investigations of 15e pointed out that the acylaminomethyl side chain has an
equatorial arrangement which allows a good superposition with melatonin (Figure 6). J values for
proton Hs with the two distinct Hz protons (Hza and Hze; J = 10.0 and 4.5 Hz, respectively) are
consistent with a fixed arrangement of the THQ nucleus, with Hz anti to H2a. NOE contact between
H2a and Haa is in line with this arrangement with equatorial side chain (see Supplementary Material
Figure S5, S6 and Table S4 for spectra and complete data). Similar NMR patterns, supporting
equatorial amide side chain conformations, were recorded for the other 3-acylaminomethylTHQs 14

and 15b-d.
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Figure 6. Superposition of melatonin (green carbons) and the enantiomers of compound 15e.

Since stereoselectivity is known to play a role for melatonin receptor ligands,?® to investigate the
influence of chirality on the interaction of these derivatives with the receptor, the chiral resolution of
the potent compound 15e was performed. Briefly, on the basis of our previous experience the
racemate 15e was resolved by chiral high-performance liquid chromatography (HPLC), this approach
being an effective way for both the analytical and the preparative separations of chiral compounds.?42°
A proper chiral resolution method was set up in analytical scale, and then it was suitably scaled-up to
(semi)-preparative scale, allowing to obtain both enantiomers of 15e in good yields and high
enantiomeric excess.

Binding affinity and intrinsic activity of (+)- and (-)-15e were evaluated and are reported in Table 2.
The enantiomers displayed similar potencies and intrinsic activities at both receptors, likely due to
the equatorial arrangement of the acetylaminomethyl side chain, which allows good superposition of

each enantiomer to the putative active conformation of melatonin (Figure 6).
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Table 2. Binding Affinity and Intrinsic Activity of Enantiomers of Compound 15e at Human MT;

and MT2 Melatonin Receptors.?

Compd.? MT1 MT>
Ki (nM) Emax (%0) Ki (nM) Emax (%0)
(£)-15€ 2.4[2.21;2.61] 2749 1.2 [1.09:1.33] 101
(-)-15e 3.02 [2.45;3.72] 3018 1.38[1.16;1.64] 29+2
(+)-15e 1.58 [1.2;2.09] 25+9 0.78[0.61;0.99] 5+3

2K values are geometric mean values (with 95% confidence limits shown in brackets) of at least two

separate experiments performed in duplicate. Emax values are arithmetic mean values + SEM.

Summarizing the observed SARs, MT binding affinity is very high when an aromatic substituent is
close to the amide side chain (1,2 substitution) for both tetralin and THQ derivatives (e.g., compounds
10, 11 and 13), which is consistent with the remarkable affinity previously observed for 2-
acylaminomethylTHQ derivatives. However, the versatility of the THQ scaffold allowed to achieve

sub-nanomolar MT> binding affinity also for compound 15e, having 1,3 substitution pattern.

Conclusions

3-Acylamino-THQ derivatives were prepared as conformationally-constrained analogues of flexible
N-anilinoethylamide melatonin ligands. Even if newly synthesized compounds do not reach the
remarkable affinity and MT> selectivity of a previously described THQ derivative, i.e., compound 4,
they prove that the THQ nucleus is a synthetically accessible scaffold for melatonin receptor ligands,
endowed with peculiar versatility. We demonstrated that THQ derivatives can mimic the SARs
observed for tetralin ones (e.g., 4-P-PDOT) and vice versa, avoiding the presence of the aromatic

methoxy group which, in some melatonergic agents, is responsible for low metabolic stability. The
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THQ scaffold has higher polarity and lacks one stereocenter, compared to the tetralin one. It was also
possible to obtain potent melatonin ligands with different topology, belonging to the class of 3-
acylaminomethyl-THQs, which was suggested by alternative accommodations of the ligands within

the binding site, all of them fulfilling the pharmacophore requirements for proper receptor binding.

Experimental section

General procedures

Melting points were determined on a Buchi B-540 capillary melting point apparatus and are
uncorrected. *H NMR and *3C NMR spectra were recorded on a Bruker AVANCE 200 or 400
instrument. Chemical shifts (6 scale) are reported in parts per million (ppm) relative to the central
peak of the solvent. Coupling constants (J) are given in hertz (Hz). *H and 3C signals were
unambiguously assigned by COSY, NOESY, DEPT135, HMQC and HMBC experiments. EI MS
spectra (70 eV) were taken on a Fisons Trio 1000 instrument; only molecular ions (M*) and base
peaks are given. ESI MS spectra were taken on a Waters Micromass ZQ instrument; only molecular
ions (M+1)" are given. High-resolution mass spectroscopy was performed on a Micromass Q-ToF
Micro mass spectrometer (Micromass, Manchester, UK) using an ESI source. The purity of tested
compounds, determined by high pressure liquid chromatography (HPLC), was greater than 95%
(Supporting Information Table S5). These analyses were performed on a Waters HPLC/UV/MS
system (separation module Alliance HT2795, Photo Diode Array Detector 2996, mass detector
Micromass ZQ); software: MassLynx 4.1). Column chromatography purifications were performed
under “flash” conditions using Merck 230—400 mesh silica gel. Analytical thin-layer chromatography
(TLC) was carried out on Merck silica gel 60 F254 plates.

Chiral HPLC runs were conducted on a Jasco (Cremella, LC, Italy) HPLC system equipped with a

Jasco AS-2055 plus autosampler, a PU-2089 plus quaternary gradient pump, and an MD-2010 plus
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multi-wavelength detector. Experimental data were acquired and processed by Jasco Borwin PDA
and Borwin Chromatograph Software. Solvents used for chiral chromatography were HPLC grade
and supplied by Carlo Erba (Milan, Italy). Optical rotation values were measured on a Jasco
(Cremella, LC, Italy) photoelectric polarimeter DIP 1000 with a 0.2 dm cell at the sodium D line
(A=589 nm); sample concentration values (c) are given in 1072 gmL ™.

3-Quinolinecarbonitrile and 3-aminoquinoline were purchased from commercial suppliers and used

without further purification.

N-(Quinolin-3-yl)propionamide (5). A solution of 3-aminoquinoline (1 g, 7 mmol), EtsN (1.53 mL,
11 mmol) and propionic anhydride (0.9 mL, 7 mmol) in THF (30 mL) was heated at reflux for 3 h.
After removing the solvent by distillation under reduced pressure, the residue was taken up in CH2Cl,
washed twice with 2N NaOH, once with brine and dried (Na2SOs). The solvent was removed under
reduced pressure and the crude residue was purified by crystallization. White solid, mp 167-8 °C
(CH2Cl,-petroleum ether); 81% yield. 'H NMR (200 MHz, DMSO-de): & 1.12 (t, 3H, J = 7.5 Hz),
2.43 (q, 2H, J = 7.5 Hz), 7.50-7.65 (m, 2H), 7.86-7.95 (m, 2H), 8.70 (s, 1H), 8.92 (s, 1H), 10.57 (s,

1H). EI MS (m/z): 200 (M"), 144 (100).

(+)-N-(1,2,3,4-Tetrahydroquinolin-3-yl)propionamide (6).1* NaBH3;CN (0.265 g, 4.2 mmol) was
added portion wise during 5 min to a solution of N-(quinolin-3-yl)propionamide 5 (0.2 g, 1 mmol) in
AcOH (3 mL) and the resulting mixture was stirred at room temperature for 1 h, at 50 °C for 1 h and
finally at room temperature for 18 h. The reaction mixture was quenched with water, adjusted to pH
11 by adding 30% NaOH, and the aqueous phase was extracted with CH2Cl> (3x). The combined
organic layers were dried (Na2SO4) and concentrated under reduced pressure to afford a crude residue
which was purified by silica gel flash chromatography (CH2Cl>-EtOAc 6:4 as eluent) and

crystallization. White solid, mp 90-1 °C (diethyl ether-petroleum ether); 40% yield. *H NMR (200
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MHz, CDCls): 8 1.12 (t, 3H, J = 7.5 Hz), 2.17 (q, 2H, J = 7.5 Hz), 2.74 (ddd, 1H, J1= 2.0, J2 =3.5, J3
=16.5Hz), 3.08 (dd, 1H, J1: =5.0, J» = 16.5 Hz), 3.22 (ddd, 1H, J1 = 2.0, J, = 4.0, J3 = 11.5 Hz), 3.39
(dd, 1H, 31 = 2.5, J = 11.5 Hz), 3.94 (brs, 1H), 4.44-4.56 (m, 1H), 5.95 (brs, 1H), 6.55 (dd, 1H, J; =
1.0, J2 = 8.0 Hz), 6.69 (ddd, 1H, J1 = 1.0, J2 = J3 = 7.5 Hz), 6.96-7.08, (m, 2H). EI MS (m/z): 204
(M), 130 (100).

(x)-N-(1-Phenyl-1,2,3,4-tetrahydroquinolin-3-yl)propionamide (7a). A Schlenk flask was
charged with Pd(OACc)2 (22 mg, 0.1 mmol), (£)-BINAP (60 mg, 0.1 mmol), t-BuOK (0.26 g, 2.32
mmol) and 6 (0.204 g, 1 mmol) in dry toluene (2 mL) under nitrogen atmosphere. Bromobenzene
(0.2 mL, 2 mmol) was added dropwise via syringe and the resulting mixture was stirred at 100 °C for
6 h. After cooling to room temperature the reaction mixture was quenched with water and then
extracted twice with CH.Cl,. The combined organic phases were dried over Na,SO4 and concentrated
by distillation under reduced pressure to yield a crude residue that was purified by silica gel flash
chromatography (cyclohexane-EtOAc 3:7 as eluent) and crystallization. Beige solid, mp 163-4 °C
(CH:Cl,-petroleum ether); 46% yield. *H NMR (200 MHz, CDCls): 8 1.09 (t, 3H, J = 7.5 Hz), 2.14
(q, 2H, J = 7.5 Hz), 2.83 (ddd, 1H, J1= 2.0, J» = 3.5, Js = 16.5 Hz), 3.22 (dd, 1H, J; = 5.5, J,= 16.5
Hz), 3.59 (ddd, 1H, J1 = 2.0, J2 = 4.5, J3 = 11.5 Hz), 3.76 (dd, 1H, J1 = 2.5, Jo = 11.5 Hz), 4.53-4.63
(m, 1H), 5.79 (brs, 1H), 6.71-6.80 (m, 2H), 6.94-7.44 (m, 7H). 3C NMR (100 MHz, CDCls): § 173.3,
147.4, 143.9, 130.5, 129.7, 126.9, 125.2, 124.7, 120.3, 118.9, 115.1, 54.0, 42.7, 33.4, 29.7, 9.7. El
MS (m/z): 280 (M"), 206 (100). HRMS (ESI): m/z calculated for C1sH20N20, [M + H]* 281.1654.
Found: 281.1631.

(x)-N-(1-Benzyl-1,2,3,4-tetrahydroquinolin-3-yl)propionamide (7b). A solution of 6 (0.204 g, 1
mmol), EtsN (0.8 mL, 5.7 mmol) and benzyl bromide (5 mmol) in dry toluene (6 mL) was heated for
1 h under reflux. After cooling to room temperature, the reaction mixture was poured into water,

extracted with EtOAc (4x), and the combined organic phases were washed with brine and dried
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(Na2S0Oa). The solvent was removed by distillation in vacuo and the residue was purified by silica gel
flash chromatography (cyclohexane-EtOAc 3:7 as eluent) and crystallization. Beige solid, mp 132-3
°C (CH2Cl,-petroleum ether); yield 61%. *H NMR (400 MHz, DMSO-de): 8 0.99 (t, 3H, J = 7.5 Hz),
2.10 (q, 2H, J = 7.5 Hz), 2.69 (dd, 1H, J1 = 9.0, J2= 15.5 Hz), 2.93 (ddd, 1H, J1 = 1.5, J2 =45, Js =
15.5 Hz), 3.17 (dd, 1H, J1 = 8.5, J» = 11.0 Hz), 3.40 (ddd, 1H, J; = 1.5, J» = 4.0, Js = 11.0 Hz), 4.13
(dddd, 1H, J1 = 4.0, Jo = 4.5, J3 = 8.5, J4 = 9.0 Hz), 4.43 (d, 1H, J = 17.0 Hz), 4.53 (d, 1H, J = 17.0
Hz), 6.50-6.53 (m, 2H), 6.90-6.95 (m, 2H), 7.20-7.34 (m, 5H), 7.77 (d, 1H, J = 7.5 Hz). 1*C NMR
(100 MHz, CDCl3): 6 173.4 (CO), 144.6, 138.3, 130.4, 128.7, 127.7, 127.1, 126.8, 118.6, 117.1,
111.5, 54.9 (C3), 53.2 (C2), 41.9 (CH,Ph), 33.5 (C4), 29.7 (CH2CH3), 9.7 (CH2CHa). EI MS (m/2):
294 (M"), 220 (100). HRMS (ESI): m/z calculated for C19H22N20, [M + H]" 295.1810. Found:
295.1810.

1-Phenyl-3,4-dihydronaphthalene-2-carbonitrile  (8). = A  solution of  1-phenyl-3,4-
dihydronaphthalen-2(1H)-onet’ (1 g, 4.5 mmol), trimethylsilyl cyanide (0.8 mL, 6 mmol), and Znl;
(0.038 g, 0.11 mmol) in dry toluene (3.5 mL) was stirred at room temperature for 18 h. Pyridine (6
mL) and afterward POCIz (1.3 mL, 14 mmol) were added to the above solution, and the resulting
mixture was refluxed for 1 h. After cooling to room temperature, the reaction mixture was poured
into 5% HCl/ice and the aqueous phase was extracted with EtOAc. The combined organic extracts
were washed with brine, dried (Na2SO.), and concentrated under reduced pressure to give a crude
residue that was purified by flash chromatography (silica gel, cyclohexane-EtOAc 9:1 as eluent) and
crystallization. White solid, mp 81-2 °C (diethyl ether-petroleum ether); 65% yield. *H NMR (200
MHz, CDCl3): & 2.64-2.73 (m, 2H), 2.95-2.99 (m, 2H), 6.86-7.51 (m, 9H). ESI MS (m/z): 232

(M+H)*,
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N-[(1-Phenyl-3,4-dihydronaphthalen-2-yl)methyl]propionamide (9). A suspension of aluminum
trichloride (0.293 g, 2.2 mmol) in dry THF (2.8 mL) was added to a stirred ice-cooled suspension of
LiAIH4 (0.041 g, 1.1 mmol) in dry THF (1.3 mL) under a nitrogen atmosphere. The mixture was
stirred for 10 min, a solution of the nitrile 8 (232 mg, 1.0 mmol) in dry THF (0.9 mL) was then added
dropwise and the resulting mixture was stirred at room temperature for 2 h. Water was carefully added
at 0 °C, and the resulting mixture was filtered through a Celite pad. The filtrate was concentrated in
vacuo, and partitioned between water and EtOAc. The combined organic phases were washed with
brine, dried (Na2SO4) and concentrated under reduced pressure to yield the crude desired amine which
was used without any further purification. EtsN (0.15 mL, 1.07 mmol) and propionic anhydride (0.136
mL, 1.07 mmol), were added to a stirred solution of the above crude amine in dry THF (12 mL) and
the mixture was stirred at room temperature for 16 h. The solvent was evaporated in vacuo, and the
residue was dissolved in EtOAc. The solution was washed with 2N NaOH, with brine, dried (Na2SOa)
and then concentrated under reduced pressure to give a crude residue that was purified by flash
chromatography (silica gel, cyclohexane-EtOAc 7:3 as eluent) and crystallization. White solid, mp
154-5 °C (EtOAc-petroleum ether); 37% vyield. *H NMR (200 MHz, CDCl3): & 1.14 (t, 3H, J = 7.5
Hz), 2.19 (q, 2H, J = 7.5 Hz), 2.41-2.49 (m, 2H), 2.85-2.93 (m, 2H), 3.91 (d, 2H, J = 6.0 Hz), 5.29
(brt, 1H), 6.61 (dd, 1H, J1 = 1.5, J» = 7.0 Hz), 7.00-7.19 (m, 5H), 7.35-7.49 (m, 3H). 3C NMR (100
MHz, CDClz): 6 173.7, 138.5, 136.8, 136.1, 135.3, 133.7, 129.9, 128.6, 127.2, 126.9, 126.2, 126.0,
42.1, 29.8, 28.3, 25.9, 9.9. ESI MS (m/z): 292 (M+H)*. HRMS (ESI): m/z calculated for C20H21NO,

[M + H]* 292.1701. Found: 292.1715.

(x)-trans-N-[(1-Phenyl-1,2,3,4-tetrahydronaphthalen-2-yl)methyl]propionamide (20). A
solution of 8 (0.1 g, 0.43 mmol) in dry THF (1.5 mL) was added dropwise to a stirred ice-cooled
suspension of LiAIH4 (0.035 g, 0.92 mmol) in dry THF (0.5 mL) stirred under nitrogen atmosphere

at 0 °C. The reaction mixture was refluxed for 2 h, quenched by water addition at 0 °C and then
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filtered on Celite. The filtrate was extracted with EtOAc (3x) and the combined organic phases were
dried (Na2SOs), and concentrated under reduced pressure to give the desired crude corresponding
amine. EtsN (0.08 mL, 0.57 mmol) and propionic anhydride (0.07 mL, 0.54 mmol) were added to a
solution of the above crude amine in THF (5 mL), and the resulting mixture was stirred at room
temperature for 16 h. After distillation of the solvent under reduced pressure, the residue was
partitioned between EtOAc and 2N NaOH. The organic layer was washed with brine, dried (Na2SOs),
and concentrated under reduced pressure to give a crude residue which was purified by flash
chromatography (silica gel, CH2Clz-acetone 95:5 as eluent) and crystallization. White solid, mp 120-
1 °C (EtOAc-petroleum ether); 30% vyield. *H NMR (400 MHz, MeOD): § 1.11 (t, 3H, J = 7.5 Hz),
1.57 (dddd, 1H, J1 = 6.5, J2 = 8.5, J3 = 9.0, J4= 13.5 Hz), 2.03 (dddd, 1H, J1=3.0,J2=J3=5.5, Ja=
13.5 Hz), 2.14 (ddddd, 1H, J1 = 3.0, J2 = 5.5, J3 = J4 = 8.0, Js = 9.0 Hz), 2.17 (q, 2H, J = 7.5 Hz),
2.87-2.99 (m, 2H), 3.14 (dd, 1H, J; = 5.5, J, = 13.5 Hz), 3.19 (dd, 1H, J; = 8.0, J, = 13.5 Hz), 3.84
(d, 1H,J=8.0 Hz), 6.71 (d, 1H, J = 8.0 Hz), 6.98 (ddd, 1H, J1 = 1.5, J> = J3 = 8.0 Hz), 7.06-7.14 (m,
4H), 7.20 (dddd, 1H, J1 = J2= 1.5, Js = Jo = 7.5 Hz), 7.27-7.31 (m, 2H). 13C NMR (100 MHz, CDCly):
5 173.8 (CO), 145.8, 139.0, 136.6, 130.2, 129.3, 128.6, 126.5, 125.93, 125.89, 50.7 (C1), 43.7 (C2),
42.8 (C11), 29.6 (C4), 28.8 (CH2CHs3), 26.2 (C3), 9.8 (CH2CHs). ESI MS (m/z): 294 (M+1)*. HRMS

(ESI): m/z calculated for C2H23NO, [M + H]" 294.1858. Found: 294.1858.

()-cis-N-[(1-Phenyl-1,2,3,4-tetrahydronaphthalen-2-yl)methyl]propionamide (11). A solution
of 9 (0.3 g, 1.3 mmol) in MeOH (6 mL) was hydrogenated (4 atm) in the presence of 10% Pd/C for
6 hat 60 °C. The catalyst was removed by filtration on Celite and the filtrate evaporated under reduced
pressure to afford a crude product which was purified by flash chromatography (silica gel, CH2Cl»-

acetone 95:5 as eluent) and crystallization. White solid, mp 129-30 °C (diethyl ether-petroleum ether);
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47% yield. *H NMR (400 MHz, DMSO-ds): § 0.99 (t, 3H, J = 7.5 Hz), 1.51 (dddd, 1H, J; = 6.0, J> =
6.5, J3 = 11.5, Js = 13.5 Hz), 1.68 (dddd, 1H, J1 = 1.5, J, = 3.5, Js = 6.5, Ja4 = 13.5 Hz), 2.09 (q, 2H,
J =7.5Hz), 2.05-2.13 (m, 1H), 2.54 (ddd, 1H, J1 = J> = 6.0, J3 = 13.0 Hz), 2.82 (ddd, 1H, J1 = 6.5,
J2 =115, J3 = 18.0 Hz), 2.93 (ddd, 1H, J; = J2=5.5, J3 = 13.0 Hz), 3.00 (ddd, 1H, J1 = 1.5, J>= 6.0,
Js= 18.0 Hz), 4.25 (d, 1H, J = 5.0 Hz), 6.85 (d, 1H, J = 7.5 Hz), 6.96-6.98 (m, 2H), 7.03 (dd, 1H, J;
=J2=7.0Hz), 7.12 (dddd, 1H, J1 = J. = 1.5and Js = J4 = 7.5 Hz), 7.15-7.26 (m, 4H), 7.72 (brt, 1H).
13C NMR (100 MHz, CDCls3): § 173.8 (CO), 143.1, 138.8, 136.4, 130.6, 130.0, 128.9, 128.1, 126.5,
126.2, 125.9, 47.9 (C1), 42.8 (C11), 38.8 (C2), 29.7 (CH2CHs3), 28.8 (C4), 21.6 (C3), 9.9 (CH2CHb).
ESI MS (m/z): 294 (M+1)*. HRMS (ESI): m/z calculated for C20H23sNO, [M + H]* 294.1858. Found:

294.1858.

(x)-N-[(4-Phenyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]propionamide (12). A solution of 4-
phenylquinoline-3-carbonitrile'® (0.230 g, 1 mmol) in THF (5 mL) and 2M NHs in EtOH (0.6 mL)
was hydrogenated (4 atm) over Raney-Ni for 16 h at 60 °C. The catalyst was filtered on Celite, the
filtrate was concentrated in vacuo, and the residue partitioned between EtOAc and water. The organic
phase was washed with brine, dried (Na:SO4) and evaporated under reduced pressure to give the
corresponding crude oily amine which was used without any further purification. EtsN (0.14 mL, 1
mmol) and propionic anhydride (0.13 mL, 1 mmol) were added to a cold solution of the above crude
amine in THF (6 mL) and the resulting mixture was stirred at room temperature for 1 h. The solvent
was removed by distillation under reduced pressure, the residue was taken up in EtOAc and washed
with a saturated aqueous solution of NaHCO3z and then with brine. After drying over Na>SOs, the
solvent was removed by distillation in vacuo to give a crude product that was purified by silica gel
flash chromatography (EtOAc-MeOH 98:2 as eluent) and crystallization. White solid, (CHClIz-

hexane); 46% yield. *H NMR (400 MHz, acetone-dg): & 1.05 (t, 3H, J = 7.5 Hz), 2.15(q, 2H, J=7.5
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Hz), 2.28-2.36 (m, 1H), 2.71 (ddd, 1H, J1 = 6.0, J> = 9.0, Js = 14.0 Hz), 3.05 (ddd, 1H, J1 = 3.0, J, =
J3=11.5Hz), 3.16 (ddd, 1H, J1 = J,= 5.5, J3 = 14.0 Hz), 3.29 (dddd, 1H, J; = 1.0, J2= Js = 4.0, Js =
11.5 Hz), 4.16 (d, 1H, J = 4.5), 5.27 (brs, 1H), 6.63 (dd, 1H, J1 = 1.0, Jo= 8.0 Hz), 6.78 (dd, 1H, J; =
1.0, J2 = 7.5 Hz), 6.93 (ddd, 1H, J; = 1.5, J> = J3 = 8.0 Hz), 7.00 (brs, 1H), 7.14-7.21 (m, 3H), 7.25-

7.29 (m, 2H). ESI MS (m/z): 295 (M+H)".

()-cis-N-[(1-Methyl-4-phenyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]propionamide (13).
Sodium cyanoborohydride (0.1 g, 1.20 mmol) and a 37% aqueous solution of HCHO (0.5 mL) were
added to a solution of 12 (0.5 mmol), in MeOH (5 mL) and AcOH (to pH = 5). The resulting mixture
was stirred at room temperature for 1 h and then at 40 °C for 3 h. A 30% NaOH aqgueous solution was
added, and the aqueous phase was extracted with EtOAc. After drying over Na;SOs, the combined
organic layers were concentrated by distillation under reduced pressure to give a crude residue which
was purified by silica gel flash chromatography (cyclohexane-EtOAc 6:4 as eluent) and
crystallization. White solid, mp 167-8 °C (EtOAc-petroleum ether); 72% yield. *H NMR (400 MHz,
DMSO-ds): & 0.99 (t, 3H, J = 8.0 Hz), 2.09 (g, 2H, J = 8.0 Hz), 2.28 (ddddd, 1H, J1 = 4.0, J,= 4.5, J
=5.0,J4=9.0, Js= 11.5 Hz), 2.52 (dd, 1H, J1: = 9.0 Hz, J> = not computable), 2.93 (dd, 1H, J1=J>=
11.5 Hz), 2.95 (s, 3H), 2.96 (dd, 1H, J1 =5 Hz, J2=n.c.), 3.10 (ddd, 1H, J1 =1, J2= 4.0, J3= 115
Hz), 4.13 (dd, 1H, J: = 1.0, J> = 4.5 Hz), 6.47 (ddd, 1H, J: = 1.0, Jo=J3=7.5 Hz), 6.70 (d, 1H, J1 =
8.0 Hz), 6.78 (dd, 1H, J1= 1.5, Jo= 7.5 Hz), 6.98-7.00 (m, 2H), 7.05 (ddd, 1H, J1= 1.5, J,= 7.5, Js=
8.0 Hz), 7.16-7.19 (m, 1H), 7.23-7.27 (m, 2H), 7.76 (brt, 1H). 23C NMR (100 MHz, MeOD): § 175.7
(CO), 145.9 (C9), 142.5 (C10), 129.54 (C5), 129.47, 127.5, 127.4 (C7), 126.0, 124.5, 116.0 (C6),
110.6 (C8), 49.4 (C11), 46.2 (C4), 40.5 (C2), 37.8 (NCH3), 36.7 (C3), 28.7 (CH2CHs3), 9.1 (CH2CHb).
ESI MS (m/z): 309 (M+H)*. HRMS (ESI): m/z calculated for C20H24N20, [M + H]" 309.1967. Found:

309.1967.
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(¥)-N-[(1,2,3,4-Tetrahydroquinolin-3-yl)methyl]acetamide (14). To prepare this compound,
quinoline-3-carbonitrile (0.154 g, 1 mmol) was submitted to catalytic hydrogenation (Raney-Ni, H>
4 atm, 60 °C, 16 h) and the corresponding methanamine was N-acylated with acetic anhydride
following the procedure described for the synthesis of 12. Purification by silica gel flash
chromatography (EtOAc-MeOH 95:5 as eluent) and crystallization. White solid, mp 126-7 °C
(diethyl ether-petroleum ether), 70% yield. *H NMR (200 MHz, CDCls): & 1.98 (s, 3H), 2.18-2.23
(m, 1H), 2.53 (dd, 1H, J; = 8.0, J> = 16.0 Hz), 2.86 (dd, 1H, J1 = 5.0, J, =11.0 Hz) 3.05 (dd, 1H, J1 =
8.0, Jo =11.0 Hz), 3.17-3.43 (m, 3H), 3.83 (brs, 1H), 5.68 (brs, 1H), 6.49 (d, 1H, J = 7.5 Hz), 6.63
(dd, 1H, J; = 1.0, J; = 7.5 Hz), 6.94-7.02 (m, 2H). 3C NMR (100 MHz, CDCl3): & 170.4, 144.0,
129.7, 126.9, 120.0, 117.6, 114.3, 44.7, 42.3, 32.5, 30.7, 23.3. EI MS (m/z): 204 (M*), 130 (100).

HRMS (ESI): m/z calculated for C12H1sN20, [M + H]" 205.1341. Found: 205.1341.

Ni-Alkylation of N-[(1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide: general procedure
(15a-d). A solution of N-[(1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide 14 (0.204 g, 1 mmol),
EtsN (0.8 mL, 5.7 mmol) and the suitable alkyl halide (5 mmol) in dry toluene (6 mL) was heated for
1-24 h. After cooling to room temperature, the reaction mixture was poured into water, extracted with
EtOAc (4x), and the combined organic phases were washed with brine and dried (NazSQO4). The
solvent was removed by distillation in vacuo and the residue was purified by silica gel flash

chromatography and/or crystallization.

(%)-N-[(1-Methyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide (15a). Methyl iodide as
alkylating reagent; 70 °C in a sealed vessel for 16 h. Purification by silica gel flash chromatography
(EtOAc-cyclohexane 8:2 as eluent) and crystallization. Beige solid, mp 109-10 °C (diethyl ether-

petroleum ether), 68% vyield. *H NMR (200 MHz, CDCls): & 1.99 (s, 3H), 2.18-2.34 (m, 1H), 2.54
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(dd, 1H, J1 = 8.5, J» =16.0 Hz), 2.85 (dd, 1H, J; = 5.0, J» = 11.0 Hz) 2.88 (s, 3H), 2.98 (dd, 1H, J; =
8.0, J2 =11.0 Hz), 3.16-3.49 (m, 3H), 5.63 (brs, 1H), 6.58-6.66 (M, 2H), 6.96 (d, 1H, J = 7.5 Hz), 7.09
(dd, 1H, J1 = 1.0, J» =7.5 Hz). 3C NMR (100 MHz, CDCl): § 170.3, 145.7, 129.2, 127.3, 121.6,
117.3, 111.6, 54.3, 42.5, 39.5, 32.7, 31.4, 23.3. ESI MS (m/z): 219 (M+H)*. HRMS (ESI): m/z

calculated for C13H1gN20, [M + H]" 219.1497. Found: 219.1497.

(x)-N-[(1-Ethyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide (15b). Ethyl iodide as
alkylating reagent; 100 °C in a sealed vessel for 16 h. Purification by silica gel flash chromatography
(EtOAc-cyclohexane 8:2 as eluent) and crystallization. Beige solid, mp 84-5 °C (diethyl ether-
petroleum ether), 81% yield. *H NMR (200 MHz, CDCls): § 1.12 (t, 3H, J = 7.0 Hz), 1.99 (s, 3H),
2.13-2.32 (m, 1H), 2.52 (dd, 1H, J; = 8.5, J; = 16.0 Hz), 2.83 (dd, 1H, Ji = 5.0, J2 = 16.0 Hz), 3.02
(dd, 1H, J1 = 8.0, J2 = 11.0 Hz), 3.13-3.49 (m, 5H), 5.65 (brs, 1H), 6.53-6.62 (m, 2H), 6.96 (d, 1H, J
= 7.5 Hz), 7.06 (dd, 1H, J; = 1.5, J = 7.5 Hz). 3C NMR (100 MHz, CDCls): & 170.4, 144.3, 129.6,
127.3,120.9, 116.1, 110.8, 51.3, 45.5, 42.5, 32.5, 31.8, 23.3, 10.6. EI MS (m/z): 232 (M*), 130 (100).

HRMS (ESI): m/z calculated for C14H20N20, [M + H]* 233.1654. Found: 233.1654.

(£)-N-[(1-Benzyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide (15c): Benzyl bromide as
alkylating reagent; 1 h under reflux. Purification by silica gel flash chromatography (EtOAc as eluent)
and crystallization. White solid, mp 97-8 °C (diethyl ether-petroleum ether); 85% vyield. *H NMR
(200 MHz, CDCls): & 1.91 (s, 3H), 2.21-2.34 (m, 1H), 2.57 (dd, 1H, J; = 8.5, J» =16.0 Hz), 2.92 (dd,
1H, J1 = 5.0, J2 = 15.0 Hz) 3.12 (ddd, 1H, J1 = 1.0, J2 = 7.5, J3 = 11.0 Hz), 3.22-3.30 (m, 2H), 3.34
(ddd, 1H, J; = 1.5, J; = 3.5, J3 = 11.5 Hz), 4.36 (d, 1H, J = 16.5 Hz), 4.56 (d, 1H, J = 16.5 Hz), 5.41
(brs, 1H), 6.54-6.65 (m, 2H), 6.97-7.05 (m, 2H), 7.22-7.37 (m, 5H). 3C NMR (100 MHz, CDCl3): &

170.3, 145.1, 138.7, 129.6, 128.7, 127.4, 127.1, 126.9, 120.5, 116.6, 111.2, 55.1, 51.9, 42.1, 32.4,
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31.7, 23.3. EI MS (m/z): 294 (M), 144 (100). HRMS (ESI): m/z calculated for C19H22N20, [M + H]*

295.1810. Found: 295.1810.

(x)-N-[(1-Phenylethyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide (15d). 2-Phenylethyl
bromide as alkylating reagent; 16 h under reflux. Purification by silica gel flash chromatography
(EtOAC as eluent) and crystallization. White solid, mp 123-4 °C (CH2Cl>-petroleum ether); 46%
yield. *H NMR (200 MHz, CDCls): § 1.92 (s, 3H), 2.02-2.20 (m, 1H), 2.49 (dd, 1H, J1 = 8.0, J> =
16.0 Hz), 2.77-2.96 (m, 4H), 3.08-3.18 (m, 3H), 3.46-3.56 (M, 2H), 5.22 (brs, 1H), 6.57-6.70 (m, 2H),
6.97 (dd, 1H, J1 = 1.0, J; = 7.5 Hz), 7.07-7.15 (m, 1H), 7.19-7.37 (m, 5H). 1*C NMR (100 MHz,
CDCl3): & 170.2, 144.5, 140.0, 129.6, 129.0, 128.5, 127.3, 126.2, 120.6, 116.1, 110.4, 53.3, 52.6,
42.2,32.8,32.3,31.7, 23.3. ESI MS (m/z): 309 (M+H)*". HRMS (ESI): m/z calculated for C20H24N20,

[M + H]* 309.1967. Found: 309.2012.

(x)-N-[(1-Phenyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide (15e). This product was
prepared by N!-arylation of 14 with bromobenzene following the procedure described for the
synthesis of 7a. White solid, mp 144-5 °C (diethyl ether-petroleum ether); 29% vyield. *H NMR (400
MHz, DMSO-ds): & 1.81 (s, 3H), 2.13 (dddddd, 1H, J; = 3.5, J2 = 4.5, J3 = J4 = 6.0, Js = 9.0, Js =
10.0 Hz), 2.52 (dd, 1H, J1 = 10.0, J; = 16.0 Hz), 2.84 (ddd, 1H, J1 = 1.5, J, = 4.5, J3 = 16.0 Hz), 3.06
(dd, 1H, J1 = 6.0, J» =13.5 Hz), 3.13 (dd, 1H, J; = 6.0, J2 =13.5 Hz), 3.25 (dd, 1H, J; = 9.0, J; =11.5
Hz), 3.63 (ddd, 1H, J; = 1.5, J, = 3.5, Js = 11.5 Hz), 6.56 (dd, 1H, J1 = 1.0, J» = 8.0 Hz), 6.65 (dddd,
1H, J1 = J2=1.0, J3= J4 = 7.5 Hz), 6.88 (dddd,1H, J1 = J,= 1.5, Js = J4 =8.0 Hz), 7.01-7.40 (m, 6H),
7.95 (brt, 1H). C NMR (100 MHz, CDCls): § 170.3 (CO), 147.9 (C9), 143.8 (C10), 129.8 (C5),

129.5,126.5 (C7), 124.7, 124.0, 122.4, 118.6 (C6), 115.4 (C8), 53.5 (C4), 42.2 (C11), 33.1 (C3), 31.5
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(C2), 23.3 (CHs). EI MS (m/z): 280 (M"), 208 (100). HRMS (ESI): m/z calculated for C1sH20N20, [M

+ H]* 281.1654. Found: 281.1692.

Separation of (+)-15e by semi-preparative reverse-phase Chiral HPLC

The enantiomers of compound (z)-15e were completely resolved by a semi-preparative process using
a RegisCell column (@=1 cm, 1=25 cm, 5 um), eluting with hexane/isopropyl alcohol 95/5 at room
temperature with a flow rate of 4 mL min™ (Supplementary Figures S11-13). 11 batches of about 3
mg of (£)-15e were processed and the eluate was properly partitioned according to the UV profile,
affording both (-)- and (+)-15e enantiomers. Analytical control of collected fractions was performed
on a Daicel Chiralcel OD-H column (8=0.46 cm, 1=15 cm, 5 pum) eluting with hexane/isopropyl
alcohol 95/5 at room temperature at a flow rate of 0.5 mL min ! and UV detection at A=285 nm. The
combined fractions containing each enantiomer were concentrated by distillation at reduced pressure.
The chiral stationary phase of both RegisCell and OD-H columns was tris-(3,5-dimethylphenyl)
carbamoyl cellulose.

(+)-N-[(1-Phenyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide [(+)-15e]. Amorphous solid,
11.0 mg, ee: 99.9% determined by analytical chiral HPLC: tR=18.12 min, [a]po ?° = +24.5 ° (c: 0.5,
CHJCly).

(-)-N-[(1-Phenyl-1,2,3,4-tetrahydroquinolin-3-yl)methyl]acetamide [(-)-15¢] Amorphous solid,
11.5 mg, ee: 98.9% determined by analytical chiral HPLC: tR=22.49 min, [a]p 2° = -24.2 ° (c: 0.5,

CH2Cly).

Pharmacology

Reagents and Chemicals
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2-[*?*1]-lodomelatonin (2200 Ci/mmol) was purchased from NEN (Boston, MA). Other drugs and

chemicals were purchased from Sigma-Aldrich (Saint Quentin, France).

Cell Culture

CHO cell lines stably expressing the human melatonin MTy or MT. receptors were grown in DMEM
medium supplemented with 10% fetal calf serum, 2 mM glutamine, 100 1U/mL penicillin and 100
pg/ml streptomycin. Grown at confluence at 37 °C (95% 0./5% CO>), they were harvested in PBS
containing EDTA 2 mM and centrifuged at 1000 g for 5 min (4 °C). The resulting pellet was
suspended in TRIS 5 mM (pH 7.5), containing EDTA 2 mM and homogenized using a Kinematica
polytron. The homogenate was then centrifuged (95000 g, 30 min, 4 °C) and the resulting pellet
suspended in 75 mM TRIS (pH 7.5), 12.5 mM MgCl2 and 2 mM EDTA. Aliquots of membrane

preparations were stored at -80 °C until use.

Binding Assays

2-[*?*I]iodomelatonin binding assay conditions were essentially as previously described.?® Briefly,
binding was initiated by addition of membrane preparations from stable transfected CHO cells diluted
in binding buffer (50 mM Tris-HCI buffer, pH 7.4 containing 5 mM MgCly) to 2-[*?°I]-iodomelatonin
(20 pM for MT1 and MT receptors) and the tested drug. Nonspecific binding was defined in the
presence of 1 UM melatonin. After 120 min incubation at 37 °C, reaction was stopped by rapid
filtration through GF/B filters presoaked in 0.5% (v/v) polyethylenimine. Filters were washed three
times with 1 mL of ice-cold 50 mM Tris-HCI buffer, pH 7.4.

Data from the dose-response curves (7 concentrations in duplicate) were analyzed using the program
PRISM (Graph Pad Software Inc., San Diego, CA) to yield ICso (inhibitory concentration 50). Results

are expressed as Ki = ICso / 1 + ([L]/Kp), where [L] is the concentration of radioligand used in the
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assay and Kp, the dissociation constant of the radioligand characterizing the membrane preparation.?’

Ki (nM) values are geometric mean values of at least two separate experiments performed in duplicate.

Functional Assays

[**S]GTPyS binding assay was performed according to published methodology.?® Briefly, membranes
from transfected CHO cells expressing MT1 or MT> receptor subtype and compounds were diluted in
binding buffer (20 mM HEPES, pH 7.4, 100 mM NaCl, 3 uM GDP, 3 mM MgCl, and 20 pg/mL
saponin). Incubation was started by the addition of 0.2 nM [**S]GTPyS to membranes (20 pg/mL)
and drugs, and further followed for 1 h at room temperature. Nonspecific binding was defined using
cold GTPyS (10 uM). Reaction was stopped by rapid filtration through GF/B filters followed by three
successive washes with ice cold buffer.

Usual levels of [**S]GTPys binding (expressed in dpm) were for CHO-MT1 or MT2 membranes: 2000
for basal activity, 8000 in the presence of melatonin 1 uM, and 180 in the presence of GTPyS 10 uM
which defined the nonspecific binding. Data from the dose-response curves (7 concentrations in
duplicate) were analyzed by using the program PRISM (Graph Pad Software Inc., San Diego, CA) to
yield ECso (Effective concentration 50 %) and Emax (maximal effect) for agonists. ECso (nM) values

are geometric mean values of at least two separate experiments performed in duplicate.

Molecular modelling

Compound structures were built using Maestro 11.0%2 and minimized with Macromodel 11.4%° by
applying the OPLS3 force field®® and the GB/SA continuum solvation model for water to an energy
gradient of 0.05 kJ mol™*A 1, Well-tempered metadynamics simulations of compounds (1S,2S)-10 and
(1S,2R)-11 were performed using Desmond 4.8% implemented within the Schrodinger 2016-4 suite,

by applying the OPLS3 force field. The minimized structures of compound (1S,2S)-10 and (1S,2R)-
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11 were solvated with explicit TIP3P water, placing the simulation box boundaries 10 A far from the
ligand atoms on each side. The systems were equilibrated using the default relaxation protocol
implemented in Desmond 4.8. (1S,2S)-10 and (1S,2R)-11 were then submitted to a 50 ns-long well-
tempered metadynamics simulation using the Langevin coupling scheme in the NVT ensemble, and
setting the temperature at 298 K. Dihedral angles t1 and t2 (Figure 3a) were chosen as collective
variables. The initial height and width of the Gaussian potentials were set to 0.03 kcal mol™ and 2 °,
respectively, while the deposition rate was set to 0.09 ps. In well-tempered metadynamics, the

potential heights w; are resized taking into account the value of the accumulated bias potential Vs, 1:

Vis.e)
wj = w X exp ]{BT

where kg is the Boltzmann constant, while the sampling temperature AT was set to 600 K. The
convergence was assessed by evaluating the evolution of the free-energy profiles and of the relative
free-energy levels of the global and local minima throughout the simulation time. Free-energy
surfaces were calculated every 2.5 ns, and the simulations were considered as converged when free-
energy differences among the global and local minima became constant, after 25 ns of simulation
(see Supporting Information Figures S7 and S8). The FES obtained after 25 ns are represented in
Figure 3b and Figure 3c for (1S,2S5)-10 and (1S,2R)-11, respectively. The well-tempered
metadynamics simulations were replicated for three times for each compound, changing the seed to
assign the initial velocities. At convergence, the free-energy surfaces obtained from each simulation
performed for compounds (1S,2S)-10 and (1S,2R)-11 were superimposable. The conformational
equilibria resulting from these metadynamics simulations in water were compared with the results of
NMR experiments performed in DMSO. We had already demonstrated that the free energy surfaces
obtained from metadynamics simulations in different solvents are comparable, in terms of location

of minima and energy difference.!*
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In order to assess the metadynamics accuracy, a plain molecular dynamics (MD) simulation of
compound (1S,2R)-11 was also performed. The MD simulation was performed in the NVT ensemble,
using the Langevin coupling scheme and setting the temperature at 298 K. The simulation was carried
out for 1 ps, collecting one frame every 100 ps. The frames were then projected onto a t1-t2 grid,
and the free-energy for each cell i of the grid was calculated from the probability distribution of states

as:
N:
AG; = —RT x In l/N0

where N; is the number of frames in the cell i and No is the number of frames in the most populated
cell. The FES thus obtained is represented in Supplementary Figure S9 and shows qualitative

agreement with the result of metadynamics simulations.

Supporting information

The Supporting Information is available free of charge on the ACS Publications website. *H NMR
spectra of compounds 10, 11, cis-13 and 15e, NOESY spectra of compounds cis-13 and 15e, free-
energy surfaces obtained from plain molecular dynamics and metadynamics simulations of
compounds (1S,2S)-10 and (1S,2R)-11, HRMS spectra and purity of target compounds (PDF),
analitical and semi-preparative HPLC chromatograms of racemic 15e and its optically pure

enantiomers.
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