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Abstract

In this work, 2-N-acylaminoalkyl)indoleda-1d, that incorporate pMeOBnN group at the
3-position of the indole ring were virtual screeraslpotential melatoninergic ligands by
analog-based design study using pharmacophore mgddétharmacophore models for
melatoninergic agonist and antagonist activity wdeweloped in order to identify the
molecular constraints that define the geometriati@hship among chemical features in
each model. The best hypothesis consisted of ataifes for agonists and eight features for
antagonists. The models suggest that the agomstsm@tagonists can share the same 3D
arrangement for the six common pharmacophoric aisneentified: two hydrogen bond
acceptors (HBA), one hydrogen bond donor (HBD), bgdrophobic area (H), and two
aromatic rings (AR). The extra hydrofobic interaatimight be used as criterion for
identified the pharmacological antagonist profBased on the pharmacophore fit, it was
found that structure$c and1d show a good structural overlay that meets theiregpents
for the antagonistic pharmacophore hypothesis. Mdée modeling studies using the PCM
solvation model predicted that the most stable @onérs ofla-1d match the antagonist
pharmacophore hypothesis in contrast to those engtis phase. Structuréa-1c were

synthesized only but the activities were not tested
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1. Introduction

Melatonin (5-methoxyN-acetyltryptamine), hormone primarily secreted Ine t
pineal gland, has wide functions in vertebrate oigjas, with effects almost on all tissues
and organs [1-3]. Melatonin production and secretice regulated by sunlight sensed by
the eyes and control circadian rhythms. This hoenoais a complex mechanism of action.
It can cross the cell plasma membrane and exeatitsns in all cells of the body. Most of
the regulatory functions exerted by this hormone mediated by two high-affinity G-
protein-coupled receptors, named MT1 and MT2 [4hiclw have been recognized as
promising targets in the treatment of a numberuwhan diseases and disorders. Melatonin
modulates neurogenesis, synaptic functions, nelioyt@skeleton and gene expression [5].
Additionally, melatonin is a powerful endogenous antioxidant lvea in the prevention of
the oxidative stress both through its direct fragical scavenging effect and by increasing
antioxidant activity [6-10]. Therefore, a lot of @imental and theoretical work has been
devoted to understanding the molecular mechanismdsrlying such unique properties of
melatonin and of alternate molecules capable ofiokimg its effects [11].

Previous studies on a great number of structudifferent MLT receptor ligands, which
range from simple indole derivatives and their $isteres to phenylalkyl amides and
constrained melatoninergic agents [12], have detmates that suitably spaced alkoxyaryl
core and the amido side chain seem to be criticaetermining the binding affinity and
biological activity of these melatoninergic ligands3-17]. In this line, structure activity
relationship studies of regioisomeric melatonindshgnalogues in which the MLT side
chain was shifted from the C-3 to the either th& BF to the C-2 indole position, allowed
to the development of indole MLT agonist and antasfocompounds, provided they keep
an appropriate spatial relationship of its pharmpaooic groupsi(e. the aromatic moiety,

the methoxy substituent and the amido group) [18].



We now report a virtual screened of a series dN-2cylaminoalkyl)indole
derivativesla-1d bearing a methoxyaryl group separated by an indietespacer from the
secondary amide, as potential melatoninergic ligaitheir structure design was based on
pharmacophore mapping study using available agordstl antagonists for melatonin
receptors. Because compouridsld have hydrogen bond donor and acceptor sites, their
conformational stability in the gas phase and intiomum solvent was also analyzed. The
most stable conformers in continuum solvent weratiap superposed with the
pharmacophore models and served to validate theingat results. The synthesis of
compoundsla-1c has been performed. The structure, atom numbestcigeme, and

dihedral angle definitions of studied compoutdsld are displayed in Fig. 1.

1a:R"=H,n=1
1b: R'=Me, n=1
1c:R'=H,n=2
1d: R'=Me, n=2

Fig. 1. (a) Structures of compounds-1d and numbering. The indole nitrogen atom is
designated as Nand the amide nitrogen as.NMinimal structural requirements for the
biological activity of melatoninergic ligands ardosvn in bold. (b) Dihedral angle
definitions forla and1b: 71 = £(CyC3CsCr); 70 = £(C3CoCoNy); 73 = £(CoCoN2Cop). (C)
Dihedral angle definitions fofic and 1d: 7; = £(C,C3CgCy); 12 = £(C3CoCoCho); 73 =
£(C2CyC10N2); 74 = £(CoC10N2C-0).

2. Results and discussion

2.1. Pharmacophore modeling



Pharmacophore mapping methodology based on 3Dnmadigts of the
pharmacophore features of already known active cotds acting as agonists and
antagonists for melatonin receptors was explored omler to predict whether
indolylbenzylamidesla-1d meet the requirements of the pharmacophore hypeshand
therefore could function as potential melatoninedggands. In addition, the goal was to
estimate to what extent the pharmacophore mapsl dmul/aluable in dissecting important
features for the modeling of new melatoninergiatds with agonist or antagonist profiles.
Pharmacophore features were identified based aegeptative training sets of 8 agonists
and 8 antagonists. The selection of these moleowbss supported on their structural
diversity, affinity and potency (Supporting Infortitan). Screens were carried out using the
LigandScout 3.12 [19] program for automatic generabf the hypotheses, which were
scored by setting root mean square deviation (RM88lpw 1.0, and using default
parameters.

The generated agonist and antagonist models wetlgzed using several criteria:
(i) the number of pharmacophoric elements, (i) tRMSD fit of corresponding
pharmacophoric elements, (iii) the degree of oped& molecular volumes, and (iv) the
distances between pharmacophore features. Thesadopi hypothesis was composed of
six essential features for activity: two hydrogemd acceptors (HBA); one hydrogen bond
donor (HBD); one hydrophobic area (H); and two aatmring features (AR). In Fig. 2,
the pharmacophoric elements allow a certain sphletaerance surrounding the ideal
position of a particular feature in 3D space. Tésuits were consistent with a previously

developed melatonin receptor ligands model [20-24].

Fig. 2. (a) 6-Points pharmacophore model, key featuresidecHBA (red), HBD (green),
H (yellow), and AR (blue), distance relation in (8) Superposition of the 8 representative

agonist melatoninergic compounds on the 6-poingsmphacophore model.



The antagonist pharmacophore hypothesis is shoviig. 3. In this case, the best
quality option was composed of eight key featuses,of which are in common with the
agonist model above described. The extra hydroghotieraction identified as a ring
aromatic feature, might contribute to conferringagonist activity. These results suggest
that agonists and antagonists can share the samamgement for their mutual

pharmacophoric features in agreement with prewopitdiction [25].

Fig. 3. (a) 8-Points pharmacophore model, key featuresigdecHBA (red), HBD (green),
H (yellow), and AR (blue), distance relation in (8) Superposition of the 8 representative

antagonist melatoninergic compounds on the 8-pphésmacophore model.

The 3D-pharmacophore models for melatoninergimasfjaand antagonist activity
were then used for the prediction of melatonineggitivity of indolylbenzylamideda-1d.
The test set molecules were flexibly aligned with themical features of the models and
the inspection of the resulting structural supeitpos showed the best-fit with the
antagonist pharmacophore hypothesis, (Supportifgrrivation) largely because the
hydrophobic benzyl center has no comparable comestitin the agonist model. As shown
in Fig. 4, the antagonist model identified the deling six mutual pharmacophoric
elements inla-1d: one HBA (the amide oxygen); one HBD (the amiddrbgen); two H
(the hydrophobic part of the indole ring and thezy group); and two AR (the benzene
part of the indole ring and the benzyl group). Thseults suggest that the hydrophobic
benzyl center led to compounds with antagonistmperties. This hypothesis obviously
needs to be supported by further experimental dataddition, compound4c and 1d

showed superior structural overlay with the antégfanodel compared tba and1b in the



series. Shortening the acetyl side chain by a netleycould prevent the proper alignment
of 1a and1b.

Fig. 4. Alignment of indolylbenzylamide$a-1d with the chemical features of (a) agonist

model (b) antagonist model.

2.2. Conformational Analysis

Analysis of the conformational stability @&-1d structures is important especially
when these molecules can be involved in attragtitramolecular N-H---O or NC-H---O
H-bond interactions. One of the main questionsdiaays been whether intramolecular H-
bonds, which are supposed to exist in some gaept@gormations, are maintained after
aqueous solvation. Therefore, taking into accohat the aqueous phase results better
simulate the biological environment, the structysarameters of the lower energy 3D
structures ofla-1d in the gas phase and aqueous solution were cotiyedyastudied. All
computational optimizations were carried out byngsthe Gaussian 03 or 09 program
package [26,27]. The characterization of the mimmenergy conformers in gas pha€g)(
or aqueous solutiorC{) of 1la-1d (Gibbs energies among conformers, expressedativel
terms, the respective mole fractions given by tl@tABnann populations, and relevant
dihedral angles) are presented in Table 1. Thelateswalues for the lowest Gibbs energy
conformer of every compound are given in Table Bilevthe corresponding distanceb (
D) and angular parameterd {) used in the description of H-bonds are given abl€ 3.
The schematic drawing of the most stable conformokis-1d in the gas phase are given in

Fig. 5, while those in the presence of the impligter solvent are given in Fig. 6.



2.2.1. Gas Phase

Analysis of the distancesl,(D) and angular parameterg, @) (Table 3) suggests
that the conformational stability ofa-1d in the gas phase is affected by attractive
intramolecular N-H---O or NC—H---O H-bond intemangi In the most stable two pair of
specularCgallCqal and Cga2/Cqa2 conformations ofla, carrying 91% of the total
population, the arrangements make possible thedfiom of an intramolecular N-H---O
hydrogen bond between the indolé-8iH proton and the O atom of the carbonyl amide
group, closing a seven-membered ring, as assigreatd relatively short N-H---O < 2.2 A
distances (Table 3). As a result, the amidometldg shain is fairly rigid. Therefore, the
main conformational freedom involves the rotatidrtlee aromatic methoxy group which
was close to 0° or 180° owing to the resonance twghbenzyl group (Fig. 5). While for
the homologuedc, six most stable conformers were identified. Thel conformation and
the pair of specularCyc2/Cy,c2 conformations, contributing over 90% of the total
population, are stabilized by an eight-memberegmoblecular H-bond, as assigned for the
relatively short N-H---O < 2.1 A distances (Tabje The aforementioned hypothesized
cyclic H-bond formation delivers significant statyilto the particular structure in the gas
phase. Concerning the minimum energy conformeraddar theN-methyl derivativesb
(Cybl andCyh2) andld (Cyd1l/Cydl’ specular pair) with highest abundance (a Boltzman
population density greater than 85%), show thay théibited typical directional features
between theN-methyl group and the oxygen atom of the carbonylida group in
concordance with the formation of a carbon-oxygei€N- - - O hydrogen bonding. H-bond
(d) and carbon-oxygen distancd3) (in the minimum energy conformations 4§ and 1d
are within the typical van der Waals distanaksj...o= 2.7 A;D = 3.7 A, frequently used
as cutoffs for C—H- - - O hydrogen bond identifica{i@®-31] (Table 3).
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Fig. 5. Geometries for the minimum energy conformers ingag phase found fda (Cga),
1b (Cyb), 1c, (C,c) andld (Cyd). The stability increases from right to left iacé row.
Specular conformations, with the same absoluteegabf dihedral angles)(but opposite
signs, were found for the minimum energy confornarsa (CjallCqal; Cqa2/Cq4a2), 1b
(Cyb3/Cyh3), 1c (Cyc2/Cyc2), andld (Cyd1/Cydl). Intramolecular H-bonding is indicated

as a red dashed line.

2.2.2. Aqueous Solution

Analysis of the dihedral angles (Table 1) as wvaslithe corresponding lengthd (
D), and angular preferenced ¢) of H-bond interactions (Table 3) provides evidericat
the structural parameters of the conformerslafin vacuo, namelyCgallCsaland
Cga2LCq4a2, (Fig. 5) or in solutionCsal andCsa2 (Fig. 6) are not much different. The
exception are the dihedral angles characteriziegotiientation of the benzyl group. The
relatively short N—H---O < 2.3 A distance (Tablém3yonformersCsal andCsa2, carrying
100% of the total population, suggested the presefhntramolecular H-bond. Therefore,
the intramolecular N-H---O H-bond supposed to éxigias-phase remains after aqueous

solvation. In contrast, as can be seen in Tablaadl3, the solvent environment modify



severely the geometries of the conformerdlwsfid altering the dihedral angles involved in
the intramolecular H-bond interaction predictedha corresponding gas phase structures.
As a result of these geometric changes, the stadgliintramolecular H-bond force
important in the gas-phase is breaking in watemnable the formation of intermolecular H-
bonds with solvent molecules. It is of further nelst to observe that in théd NMR
spectra, recorded in CD£LION.H for 1a at 8.90 occurs 0.3Bpm high frequency from
oN:H of 1c at 8.52 (Table 4), consistent with the assumptibat an amount of
intramolecular H-bonding is present ia [32]. The change of solvent from CDQCio
DMSO-ds moves the BMH indole and MH amide resonance proton signals at higher-
frequency (Table 4), indicating the formation afeirmolecular H-bonding between the NH
groups and solvent DMSO.
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Fig. 6. Geometries for the minimum energy conformers ingfjgeous solution found for
la (Csa), 1b (Cd), 1c, (Cc) andld (Cd). The stability increases from right to left iach

row.
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Tablel
Relative Gibbs energies in the gas ph#&&gs(e) and in agueous solutiodn re), Molar fractionsy, %), and selected dihedral angles (

°) for the minimum energy conformers t#-1d.?

gas phase agueous solution
Ggas,retlj ){gasC Tld T2d T3d T4d Gsoln,re? ){solnC Tld T2d T3d T4d
la la
Cgal 0.00 28.36 55.2 -1085 -77.2 - Cal 0.00 7457 -111.2 1154 79.6 -
Cqal 0.00 28.36 -55.3 1085 77.2 - Ca2 0.64 2543 -82.3 112.7 78.8 -

Cqga2 0.16 21.64 68.5 -1084 -77.0 - - - - - - - -
Cqa2 0.16 2164 -68.6 1084 77.0 - - - - - - - -

1b 1b
Cybl 0.00 46.68 68.5 -92.0 -110.4 - Csd1 0.00 58.35 -78.7 105.1 1644 -
Cyb2 0.08 40.59 73.3 -90.9 -109.1 - Csb2 0.20 4165 -81.2 105.6 1594 -

Cyb3 1.18 6.36 -110.3 -104.8 -120.6 - - - - - - - -

Cgh3 1.18 6.36 110.3 104.8 120.6 - - - - - - - -
1c 1c

Cycl 0.00 4259 -75.6 158.7 -60.1 107.1 Ccl 0.00 42.17 112.3 921 618 88.9

Cyc2 0.35 23.47 809 -119.2 -124.2 74.8 Cc2 0.32 18.68 -828 955 64.7 89.0

Cyc2 0.35 2347 -80.8 119.2 1241 -74.7 Cc3 0.44 1526 -84.8 1200 -61.6 178.3

Cyc3 117 595 865 -759 -453 -61.7 Cc4 0.59 1185 -90.2 1253 -62.6 -91.8

Cych 1.69 245 -102.2 99.2 -71.3 -1275 CL5 0.62 11.26 -85.2 121.0 -61.6 137.1

CyC5 1.79 207 914 -112.7 64.2 1585 C6 0.64 10.89 -865 1199 -62.1 -176.8
1d 1d

Cydl 0.00 43.00 805 -975 -171.8 78.4 Cdl 0.00 36.67 -112.0 850 614 886

CydY 0.01 4246 -806 97.2 1716 -78.7 C4d2 0.27 2325 -89.1 1135 -60.6 173.7

Cqd2 135 439 81.0 -112.8 46.9 -115.0 Cd3 031 21.73 -85 881 631 894

Cyd3 139 415 -89.2 738 505 76.7 CJd4 0.41 1835 -93.0 1120 -63.2 -174.3

Cyd4 147 361 -84.6 1122 -47.0 114.2 - - - - - - -

Cyd5 1.71 239 -96.3 106.7 -65.9 -154.3 - - - - - - -

2 All energy values are in kcal/mdlVales relative the most stable confornféBoltzmann populations relative to the lowest Gibbs
energy conformef’ Dihedral definitions fodla-1d see Fig. 1. The absolute Gibbs energy valueshotawest energy conformers are
given in Table 2.




Table2
Absolute values (hartrees) @yas and Gso for the conformers ofla-1d presenting the
lowest Gibbs energy(gal-Cqyd1 andCsal-Cdl).

compound Gyas Gsoin
la -996.112861 -989.872149
1b -1035.420662 -1028.896868
1c -1035.429171 -1028.910397

1d -1074.738495 -1067.935904




Table3
Distances d andD in A) and angular parameter$ &ndg in °) for the minimum energy

conformers ofla-1d.?

0 _o=—=cx\""
X—/I:I\’/LZ/ 7 e
7
gas phase agueous solution
d D 0 7] d D 0 7,
la la

Csal 217 3.32 13251 109.69 Cal 227 3.30 132.05105.84
Cqal 217 3.32 13250 109.68 Ca2 229 3.34 130.91106.64
Cqa2 218 3.33 131.72 110.22 - - - - -
Cqa2 218 3.33 131.70 110.21 - 9 - - -

1b 1b

Chbl 2.36 3.31 164.01 103.12 Chl 368 425 =~ b

Cb2 2.35 3.79 164.10 10490 Ch2 354 418 - -

Chb3 247 379 -° » -

Chb3 247 348 -° b -

1c 1c

Ccl 201 3.31 150.69 10523 Cgl 4.05 4.02 = -

Cc2 202 379 15222 13343 CgL2 4.03 421 - p

Cc2 202 3.79 152.15 13340 Cg3 500 471 ° b

Cc3 295 348 P -3 Cc4 571 489 ™ b

Cc4  6.18 546  -° & Cc5 4.03 421 ° -

Cc5 510 562  -° » Cc6 512 477 ° b

1d 1d

Cdl 262 371 177.23 12656 Cdl 3.19 374 ™ b

Cdl 2.62 3.71 178.97 126.68 Cd2 4.69 507 ™ -

Cd2 264 369 - b Cd3 325 373 ° b
b

Cd4 512 528 - -

Cd3 258 349 -°
Cd3 258 348 °
Cd4 557 599 -
& According to geometric criteria, the hydrogen b®iuthe generic molecule-X---O (X

b
b
b

= C, N) are determined by the following parametdrs: 1.5-3.2 A,.D = 2.54.0 A, 6 =
90-180°,¢ = 106-260° [28-31].
P Electron lone pair direction of the acceptor cagd@xygen is deviated too severely from

the hydrogen donor atom.



Table4
SelectedH spectral dataj(in ppm)for 1a-1c in CDCk and DMSOd solutions?

compond  solvent NH Ni;-Me Nx>-H  Meamide
la CDCls 8.90 - 575 1.93
DMSOds  10.69 - 825 1.85

1b CDCls - 3.70 5.07 1.82
DMSO-ds - 3.69 820 1.82

1c CDCl; 8.52 - 5.40 1.77
DMSOds 10.80 - 7.94 1.76

®The indole nitrogen atom is designated ashd the amide nitrogen as.N

2.2.3. Mapping of the solvated minimum energy conformers of 1a-1d

The benefit of complementing pharmacophore mappsglts with the information
obtained about the predicted conformational prefeeeorla-1d in agueous solution is to
determine how well statistically significant confoers characterize the antagonist
pharmacophore model. In order to check whethereanatal feature is present in a given
conformer all sets of conformers té-1d were aligned with the agonist and antagonist
hypotheses by a rigid fit procedure. An inspectdiresults showed that, in general, the
two most stable conformers dé-1d, namelyCal,Csa2,Chl, Ch2,Ccl, Cc2, andCydl,
together withCd3, mapped reasonably well the antagonist hypathé&sicept forCa2,
C«l1 andCd1, the pharmacophore maps on all these confororetsvo hydrogen-bond
acceptor sites, one hydrogen-bond donor site aral dmmatic hydrophobic regions,
whereas these conformers either do not map atrathap fewer of the features of the

agonist model (Fig. 7). The fit scores are preskmd able S4 in the Supplementary.



Fig. 7. Alignment of the lower energy conformerslaft-1d with the chemical features of

(a) agonist model (b) antagonist model.

2.3. Synthesis of 2-(N-acylaminoalkyl)indol e derivatives

In sharp contrast with the number of B-dcylaminoethyl)indoles identified as
melatoninergic ligands, those examples related witir regioisomeres in which the 2-
aminoethyl appendage is attached at the C2 indote are very scarce [33-35]. The
synthesis of 2N-acylaminoalkyl)indolesla-1d was started with the study of the
electrophilic benzylation of electron deficient ol 2 (Scheme 1) [36]. Thus, the
benzylation of2 with pMeOBNCI conducted under various conditions, fromtd@0 °C
and for 45 min up to 90 h reaction time, showed the best result was observed when the
reaction was performed with 2.25 equivpdfleOBNCI in glacial acetic acid at 60 °C for
1.5 h. Under these conditions theOBn group was introduced at the C3 and C5-pasitio
of the indole nucleus to afford the mono- and dizydated compound3a and3b in 2:1
ratio and in a global yield of 62%. In every expsnt, we found tha?2 was never fully
consumed and in no case Wwésubstitution observed [37]. It is worthy to mentithat the
ease of displacement of the halide depended stramglthe electrophilicity; under the
conditions analyzed no reaction occurred with Bri&lhgle crystals oBa and 3b were
obtained, the X-ray data showed that the carborodigand the hydrogen atomNl are
syn oriented with respect to one another, and thedddi@ngle between the carbonyl group

and the N(1)-C(2) bond is about 0° in both compaufaloring conjugative interactions
(Fig. 8).
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3a: R = pMeOBn, R2=H
3b: Rl = R? = pMeOBn

Scheme 1. Preparation of 3-substituted- and 3,5-disubstit@earbometoxyindole3a and
3b. Reagents and conditiong) p-MeOBnNCI, glacial AcOH, room temperature, 1.5 h.
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Fig. 8. X-ray structures o8a (a) and3b (b); ellipsoids drawn at the 30% probability level
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The multistep transformation 8& to la-1c (Scheme 2) was conducted following a
slightly modified literature procedur{88]. Briefly, ester3a was saponified and the
carboxilic acid4 was converted to the carboxamiléy reaction with oxalyl chloride and
then with ammonium hydroxide in 88% combined yi&eduction of amid& with LiAIH 4
afforded the corresponding unstable anBn@he 2-(-acylaminomethyl)indole derivative
la was prepared biN-acylation of6 with acetic anhydride in 62% global yield frosn
Treatment ofla with KOH in DMSO, followed by Mel provided the;NN,-dimethylated
product7. Selective N-methylation ofla was carried out with Mel in the presence of a
weaker base, G80;, to givelb in 62% isolated yield. Alternatively, the carbaxidcid4
was converted to thi,N-diethylcarboxamid@ by reaction with dicyclohexylcarbodiimide
(DCC) and then with diethylamine, albeit in only28% yield. Reduction of amidgwith
LiAIH 4, gave the\,N-diethylmethanamin® in 49% yield. Reaction of the ammonium salt

of 9 with potassium cyanide provided the nitril® in 36% yield. In solutionlO was



unstable, decomposition occurs noticeably for 1, edyereas upon standing neat at room
temperaturelO crystallized as reddish needles. Structures ofpoomds8 and 10 from
single crystal X-ray diffraction studies are showrkig. 9. Treatment ofO with Mel using
CsCO; as a base furnished thd-methylated productlla in mixture with the C-
monomethylated an@,N-dimethylated productdlb andl1lc in 5:2:4 ratio, respectively,
and in a global yield of 55%. Finally, the B-&cylaminoethyl)indole derivativéc was
prepared by hydrogenation 4D over Raney nickel and concomitaNtacylation with
acetic anhydride in 65% vyield of the crude proditoivas observed that compouhd was
spontaneously oxidized in air. Indeed, mass speetoc and NMR analyses revealed that
upon storage, nedt degraded in the presence of oxygen, allowing ¢yeam entry to the
2,2-disubstituted indoline-3-one derivati¥2 (Scheme 3). Under these circumstances, the

N-methyl derivativeld could not be obtained from unstahte



pMeOBn
%\/N(Rz)COMe

N
pMeOBn !
s :
\ Rl_pR2=
N~ ~CO,Me o 7.R'=R%=Me
e fE1b:R1=Me,R2=H
3a 1a:R'=R?=H

10:R"=R2=H
pMeOBn j f [ 11a: R' = Me, R2= H
% — E11b:R1:H,R2:Me
N NHCOMe 10 e R = R = Me
|

H
1c

Scheme 2. Synthesis o2-(N-acylaminoalkyl)indolesla-1d. Reagents and conditions) (
20% ag NaOH, MeOH, THF, reflux, 6 )(oxalyl chloride, CHCI,, DMF, rt, 4.5 h; €)

NH4OH, rt, 18 h; @) LIAIH 4, THF, reflux, 6 h; €) (Ac).0, NEg, THF, rt, 6 h; {) CCG;,

DMF, Mel, rt, 24 h; §) KOH, DMSO, Mel, reflux, 4 h;i{) DMPA, DCC, CHC{, EbNH,

reflux, 24 h; () Mel, MeOH, rt, 2 h, then 40% aq KCN, reflux, h&j) H,, Raney-Ni W2,
Ac,0, 3 atm, rt, 5 h.



Fig. 9. X-ray structures o8 (a) andl0 (b); ellipsoids drawn at the 30% probability level

MeO
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Scheme 3. Formation of 2,2-disubstituted indoline-3-one dative 12.

3. Conclusions

Pharmacophoric models for melatoninergic agonist antagonist ligands were
generated and used these models for the virtuaésitrg ofla-1d compounds. Analysis of
the resulting structural alignment showed the f[iestvith the antagonist eight-point
pharmacophore model, largely because the hydropHmmzyl center has no comparable
constituent in the agonist model. Compourddsand 1d exhibited superior structural
overlay with the antagonist model over its lowemiotoguesla and 1b. In addition,
theoretical conformational analysis in the gas phat the B3LYP/6-31G+(d,p) level
hypothesized intramolecular H-bonding as essentadtor in determining stable

conformations forla-1d. These results diverge with those in the aquedwase where



conformational changes do not permit such H-bondaddition, statistically significant
conformers calculated at the same level using PGIvagon model matched the antagonist
pharmacophore mapping. Although this initial stedggests that indolds-1d bearing an
amidoalkyl side chain at C-2 andpamethoxybenzyl substructure at C-3 are expected to
show activity as antagonist melatoninergic ligarttisjr relative stability, which decreases

in the orderlb > 1a > 1c, discourages biological studies.

4. Experimental section

4.1 Computational Part

Automated pharmacophoric studies were carriedusutg the LigandScout 3.12
program available from Inte:Ligand GmbH (http://mwvmeligand.com/). The three-
dimensional structure of the moleculles1d was built using ChemBioOffice 12.0 [39]. All
computational optimizations were carried out byngsthe Gaussian 03 or 09 program
package [26,27]. A Monte Carlo random conformaticsearch with the MMFF94 force-
field minimization [40] was applied for every compw to give 14-16 conformers in the
first 3 kcal/mol. The calculations were carried asing the Spartan 04 molecular modeling
software program [41,42]. Geometry optimizationg fgas-phase conformers were
performed at the DFT level by applying the B3LYRdtional [43] and 6-31G+(d,p) basis
set [44]. A frequency analysis was carried outdohecase to ascertain that a real minimum
had been obtained (i.e., no imaginary vibratiomafifiencies). To simulate physiological
conditions, the conformational search was perfornmedhe presence of an aqueous
environment using the free energy perturbation MitFethod implemented in Monte
Carlo simulations. The calculations were carrietl wsing the Spartan 14 software [45].
Geometry optimizations were performed at the DFVelleby applying the B3LYP
functional and 6-31G+(d,p) basis set using Tomagsolarizable continuum model (PCM)
[46-48] and the dielectric constant of water at.29&K = 78.4).



4.2 Chemistry

All reagent-grade chemicals were purchased frorm&idldrich Co. and were used
as received. Melting points were determined on kEct®thermal instrument and are
uncorrected. IR spectra were obtained in chlorofdcow-resolution mass spectra were
conducted on a Varian CP 3800 GC spectrometer pedigvith a selective mass Varian
Saturn 2000 detector. MS analyses were obtaingberelectron impact (EI) mode at an
ionizing voltage of 70 eV. High-resolution mass cpe (HRMS) were recorded on an
Agilent LCTOF spectrometer at the UCR Mass Speattoyn Facility, University of
California, Riverside, CA and on a Waters SynaptHEXMS spectrometer at the Central
Analytical Laboratory, Department of Chemistry @idchemistry, University of Colorado
at Boulder!H and**C NMR spectra were recorded on Varian Mercury speetters (300
MHz for *H and 75 MHz forC) using CDC{ as a solvent unless indicated otherwise.
Chemical shifts are given in ppm)(and are referenced to TMS as internal standard.
values are quoted in Hertz, with the normal ablatsws (s, singlet; d, doublet; t, triplet; q,
quartet; br, broad; m, multiplet). All structuradssgnments were supported by gHMBC,
gHSQC, and NOESY. Analytical thin-layer chromatqudma (TLC) was performed on
silica gel 60 F254 coated aluminum sheets (0.25 thrtkness) with a fluorescent
indicator. Visualization was accomplished with Ughit (254 nm). Flash chromatography
was performed on silica gel 60 (230-400 mesh).

4.2.1. Methyl 3-(4-methoxybenzyl)-1H-indole-2-carboxylate (3a) and methyl 3,5-bis(4-
methoxybenzyl)-1H-indole-2-carboxylate (3b). A glacial acetic acid suspension (16.5 M, 48
mL) of commercial available methyHtindole-2-carboxylate?) (2.98 g, 17.01 mmoL)
was stirred at 60 °C until solution, then brougptta room temperature ampdMeOBNCI
(2.25 mL, 16.5 mM) was added. After stirring at motemperature for 1.5 h, the reaction
was diluted with water until cloudy (15 mL). Theusgus layer was extracted with EtOAc
(3 x 30 mL), and the combined organic layers weissived with saturated aqueous
NaHCG; and brine, dried over N80O,, and concentrated in vacuo to give a mixture of
mono- and di-benzylated compour®s and3b in 2:1 ratio, as determined B NMR.
The mixture was separated by flash chromatogragtexane/EtOAc 4:1) to afford



successively3a (1.94 g, 7.0 mmol, 41% vyield) ang@b (0.99 g, 2.38 mmol, 21%).
Recrystallization oBa or 3b from hexane/EtOAc gave colorless crystals suitédnleX-ray
crystallography. FoBa: Mp: 158-159 °CR; = 0.60 (hexane/EtOAc 7:3) NMR (CDCkL)
5: 8.75 (br s, 1H, NH), 7.61 (dnd,= 8.2 Hz, 1H, H-4), 7.37 (dnd, = 8.2 Hz, 1H, H-7),
7.31 (dddJ = 8.3, 6.7, 1.2 Hz, 1H, H-6), 7.19 (dih= 8.8 Hz, 2H, Hd), 7.10 (ddd, = 8.2,
6.7, 1.2 Hz, 1H, H-5), 6.77 (dnd, = 8.8 Hz, 2H, k), 4.44 (s, 2H, Ch 3.94 (s, 3H,
CO,Me), 3.75 (s, 3H, OMe):*C NMR (CDC}) 5: 162.8 (C=0), 157.7 (@), 136.1 (C-7a),
133.1 (@), 129.3 (®), 127.9 (C-3a), 125.6 (C-6), 123.3 (C-3), 123.22)C121.2 (C-4),
120.2 (C-5), 113.7 (@), 111.7 (C-7), 55.1 (OMe), 51.7 (GKde), 29.6 (CH); IR (CHCE,
cm?) vmax = 3460, 3344, 1697; GC-MS (EIl, 70 eWz (%) = 295 (M, 87), 264 (100);
HRMS: nVz calcd for GgH17/NO3 (M + H) 296.1282, found 296.1282. CCDC-1469876.
For 3b: Mp: 164-166 °CR; = 0.45 (hexane/EtOAc 7:3% NMR (CDCL) §: 8.75 (br s, 1H,
NH), 7.39 (m, 1H, H-4), 7.25 (dd,= 8.5, 0.7 Hz, 1H, H-7), 7.16 (dr= 8.8 Hz, 2H, H),
7.12 (d,J = 1.8 Hz, 1H, H-6), 7.08 (dnd, = 8.8 Hz, 2H, k), 6.81 (dm,J = 8.8 Hz, 2H,
Hm'), 6.76 (dmJ = 8.8 Hz, 2H, W), 4.39 (s, 2H, Ch), 3.96 (s, 2H, Ch), 3.91 (s, 3H,
CO,Me), 3.77 (s, 3H, OMe"), 3.75 (s, 3H, OM&JC NMR (CDCE) 6: 162.7 (CO), 157.9
(Cp), 157.7 (@), 134.7 (C-7a), 133.8 {§, 133.5 (C-5), 133.1 (§; 129.8 (@), 129.3
(Co), 128.1. (C-3a), 127.3 (C-6), 123.3 (C-3), 12T22), 120.6 (C-4), 113.8 (6), 113.7
(Cm), 111.8 (C-7), 55.2 (OMe’), 55.2(0OMe), 51.7 (@), 41.1 (CH'), 29.6 (CH); IR
(CHCls, cmi®) vinax = 3455, 3351, 1695; GC-MS (El, 70 eV): m/z (%)35456), 281 (19),
264(100), 221(30); HRMS1z calcd for GeH2sNO4 (M + Na) 438.1681, found 438.1673.
CCDC-1469877.

4.2.2. 3-(4-Methoxybenzyl)-1H-indole-2-carboxylic acid (4). To a stirred and cooled (0 °C)
suspension o8a (0.3 g, 1.02 mmol) in MeOH (6 mL) was added 20%esys NaOH (1.2
mL). The ice bath was removed, and the reactionheased at reflux for 6 h. The reaction
mixture was cooled (0 °C) and 1 M HCI was addedwiirring to adjust the pH to about
3-4. The solids were filtered off, washed with wadad dried at 50 °C overnight to gide
as a white solid (0.27 g, 0.97 mmol, 95%). Mp: 243 °C.R; = 0.18 (hexane/EtOAc 7:3).
'H NMR (AcOD-d,) 5: 7.61 (br dJ = 8.2 Hz, 1H, H-4), 7.44 (br d,= 8.2 Hz, 1H, H-7),
7.28 (dddJ=18.2,7.0,1.2 Hz , H-6), 7.19 (dd= 8.8 Hz, 2H, &), 7.05 (ddd,) = 8.2, 7.0,



1.2 Hz, 1H, H-5), 6.77 (dnd, = 8.8 Hz, 2H, Hh), 4.46 (s, 2H, Ch) 3.71 (s, 3H, OMe)**C
NMR (AcOD-d,) &: 167.8 (CO), 158.8 (), 138.3 (C-7a), 134.2 {§ 130.2 (®), 128.7
(C-3a), 126.8 (C-6), 125.9 (C-3), 123.4 (C-2), 12@C-4), 121.5 (C-5), 114.6 (), 113.2
(C-7), 55.4 (OMe), 30.3 (Cht IR (CHCk, cmi*) vmayx = 3080, 1712; GC-MS (El, 70 eV):
m/z (%) = 121 (100). HRMSwz calcd for G/H1sNO3 (M - H) 280.0979, found 280.0987.

4.2.3. 3-(4-Methoxybenzyl)-1H-indole-2-carboxamide (5). To a suspension @f (273 mg,
0.97 mmol) in CHCI, (6 mL) and DMF (0.02 mL) was added dropwise oxalyloride
(0.2 mL, 2.35 mmol) and the mixture was allowedtiofor 4.5 h at room temperature. The
reaction mixture was cooled (0 °C) and concentratgdeous NEDH (1.05 mL) was
added by portions. The ice bath was removed, aedrélaction was stirred at room
temperature for 18 h. The solids were filtered wffished with water, dissolved in EtOAc,
dried over NaSQOy, and concentrated in vacuo. The resulting yellbvaslid was purified
by crystallization (CHCIl,/hexane) to gives (250 mg, 0.89 mmol, 93%) as colorless
needles. Mp: 155-156 °C (G8l,/hexane) (lit. [49] 150-152 °CR; = 0.37 (hexane/EtOAc
3:7);*H NMR (CDCW) 6: 9.55 (br s, 1H, NH), 7.65 (dnd,= 8.1, Hz, 1H, H-4), 7.45 (dn,

= 8.2 Hz, 1H, H-7), 7.32 (ddd,= 8.2, 6.9, 1.2 Hz, 1H, H-6), 7.15 (ddb= 8.1, 6.9, 1.0
Hz, 1H, H-5), 7.11 (dmJ = 8.8 Hz, 2H, ), 6.82 (dm,J = 8.8 Hz, 2H, Hh), 5.87 (br s,
2H, NH,), 4.36 (br s, 2H, CH), 3.75 (s, 3H, OMe)**C NMR (CDC}) §: 163.5 (CO), 158.5
(Cp), 135.4 (C-7a), 131.0 {§ 129.0 (®), 128.9 (C-3a), 127.2 (C-2), 125.2 (C-6), 120.4
(C-5), 120.3 (C-4), 116.2 (C-3), 114.5n( 111.8 (C-7), 55.3 (OMe), 29.3 (GH IR
(CHCls, cmi®) vinax = 3493, 3445, 3384, 1659; GC-MS (EI, 70 ez (%) = 280 (M, 8),
263 (100), 249 (18), 220 (26). HRM8?z calcd for GH1gN20, (M + H) 281.1285, found
281.1291.

4.2.4. (3-(4-Methoxybenzyl)-1H-indol-2-yl)methanamine (6). In a dry flask, under Ar, a
solution of5 (424 mg, 1.51 mmol) in anhydrous THF (10 mL) wasled dropwise to a
suspension of LiAlH (424 mg, 11.2 mmol) in anhydrous THF (10 mL). Thixture was
stirred at reflux during 20 h. The reaction wasledd0 °C), quenched with water (8 mL)
and filtered over Celite. Following concentratidhe residue was partitioned between
CH,CI, (30 mL) and water (15 mL). The aqueous layer wadsaeted with CHCl, (2 x 15



mL), and the combined organic layers were washet tmine, dried over N&Qy, and
concentrated in vacuo. The reddish oil residue wasfied by flash chromatography
(CH.Cl,/MeOH 9:1) to give6 (321 mg, 1.21 mmol, 80%) as an unstable yellovagh
experiencing decomposition even after short NMR ueigon times. Ry = 0.16
(CH,Cl,/MeOH 9:1);'H NMR (CDCEk) &: 8.63 (br s, 1H, NH), 7.42 (br d,= 7.6 Hz, 1H,
H-4), 7.32 (br dJ = 7.6 Hz, 1H, H-7), 7.14 (br dd,= 7.0, 7.0 Hz, 1H, H-6), 7.10 (d~
8.8 Hz, 2H, H), 7.04 (br ddJ = 7.6, 7.6 Hz, 1H, H-5), 6.76 (dm,= 8.8 Hz, 2H, ),
4.01 (s, 2H, CkPh), 3.98 (s, 2H, C#\) 3.74 (s, 3H, OMe), 1.94 (br s, 2H, NWH>C
NMR (CDCk) d: 157.7 (@), 135.3 (C-7a), 134.7 (C-2), 133.6iJC129.0 (®), 128.6 (C-
3a), 121.6 (C-6), 119.2 (C-5), 118.7 (C-4), 11T, 110.7 (C-7 and C-3), 55.2 (OMe),
37.1 (CHN), 28.9 (CHPh); IR (CHC}, cmi’) vmax = 3456, 3363; GC-MS (El, 70 eW/z
(%) = 266 (M, 1), 248 (100), 233 (24), 218 (36). HRMS/z calcd for G/H:gN,O (M +
Na) 289.1317, found 289.1317.

4.2.5. N-((3-(4-Methoxybenzyl)-1H-indol-2-yl)methyl)acetamide (1a). To a solution of
amine6 (0.152g, 0.57 mmol) in a mixture of THF (3 mL) amethylamine (0.1 mL, 0.8
mmol) was added acetic anhydride (0.075mL, 0.8 mnmidle mixture was stirred at room
temperature for 6 h until disappearance of stantimagerial (TLC). The resulting solution
was concentrated in vacuo and the residue was taen EtOAc (25 mL). The organic
layer was washed with saturated aqueous NafHa@®@l brine, dried over N8O, and
concentrated in vacuo. The oil residue was purifiegd flash chromatography
(hexane/EtOAc 3:2) to givéa (135 mg, 0.44 mmol, 77%) as an unstable yellowithR;

= 0.22 (37 (hexane/EtOAc 3:7H NMR (CDCh) d: 8.90 (br s, 1H, NH), 7.46 (br d,=
7.6 Hz, 1H, H-4), 7.31 (br d,= 8.2 Hz, 1H, H-7), 7.16 (ddd,= 7.7, 7.7,1.2 Hz, 1H, H-6),
7.10 (dm,J = 8.8 Hz, 2H, W), 7.05 (ddd) = 7.7, 7.7, 1.2 Hz, 1H, H-5), 6.80 (dth= 8.8
Hz, 2H, Hm), 5.75 (br tJ = 5.9 Hz, 1H, NHCO), 4.39 (d,= 5.9 Hz, 2H, CEN), 4.05 (br
s, 2H, CHPh), 3.75 (s, 3H, OMe), 1.93 (s, 3H, COMEE NMR (CDC}) 6: 171.5 (CO),
157.8 (®), 135.4 (C-7a), 133.7 (¢ 132.7 (C-2), 129.1 (@, 127.8 (C-3a), 122.1 (C-6),
119.3 (C-5), 118.9 (C-4), 113.8 rffy, 111.7 (C-3), 111.0 (C-7), 55.2 (OMe), 35.1
(CH,NH), 28.9 (CHPh), 23.0 (COMe)*H NMR (DMSO-dg) J: 10.69 (br s, 1H, NH), 8.25
(brt,J =5.3 Hz, 1H, NHCO), 7.30 (br d,= 7.6 Hz, 1H, H-4), 7.28 (br d,= 8.2 Hz, 1H,



H-7), 7.12 (dm,) = 8.8 Hz, 2H, t8), 6.98 (ddd,] = 8.2, 7.0, 1.2 Hz, 1H, H-6), 6.85 (ddd
= 7.6, 7.0, 1.2 Hz, 1H, H-5), 6.76 (drdh= 8.8 Hz, 2H, ), 4.41 (d,J = 5.8 Hz, 2H,
CH,N), 3.94 (s, 2H, ChPh), 3.68 (s, 3H, OMe), 1.85 (s, 3H, COMEC NMR (DMSO-
de) 6: 169.2 (CO), 157.2 (), 135.4 (C-7a), 133.7 {§ 132.7 (C-2), 129.1 (&), 127.6 (C-
3a), 120.7 (C-6), 118.4 (C-5), 118.3 (C-4), 113Fn), 111.0 (C-7), 110.7 (C-3), 54.9
(OMe), 34.1 (CHN), 28.5 (CHPh), 22.5 (COMe); IR (CHG) cmi) vmax = 3441, 1692,
1665; GC-MS (EI, 70 eV)n/z (%) = 308 (M, 25), 248 (72), 237 (100), 219 (23).

4.2.6. N-((3-(4-methoxybenzyl)-1-methyl - 1H-indol-2-yl)methyl)acetamide (1b). To a stirred
suspension of amidia (120 mg, 0.37 mmol) and &30; (192 mg, 0.58 mmol) in DMF (2
mL) was added Mel (0.1 mL, 1.8 mmol). After stigiat room temperature for 72 h, the
reaction was quenched with water (20 mL). The agsdayer was extracted with EtOAc
(3 x 30 mL), and the combined organic layers weastved with brine (20 mL), dried over
Na&SOy, and concentrated in vacuo. The oil residue wasigd by flash chromatography
(hexane/EtOAc 1:1 to giviéb (60 mg, 0.19 mmol, 62%) as colorless solid. MpO-171
°C. Ry = 0.22 (hexane/EtOAc 3:7JH NMR (CDCL) &: 7.54 (br d,J = 7.6 Hz, 1H, H-4),
7.28 (br dJ = 8.2 Hz, 1H, H-7), 7.22 (ddd,= 8.2, 7.0, 1.2 Hz, 1H, H-6), 7.11 (dih= 8.8
Hz, 2H, Hb), 7.10 (ddd) = 7.6, 7.0, 1.2 Hz, 1H, H-5), 6.80 (dd+ 8.8 Hz, 2H, k), 5.07
(br d,J = 5.3 Hz, 1H, NH), 4.57 (dl = 5.3 Hz, 2H, ChN), 4.08 (br s, 2H, CkPh), 3.75 (s,
3H, OMe), 3.70 (s, 3H, NMe), 1.82(s, 3H, COME; NMR (CDC}) §: 169.3 (CO), 157.8
(Cp), 136.8 (C-7a), 134.0 (§; 132.5 (C-2), 129.1 (@), 127.4 (C-3a), 122.1 (C-6), 119.3
(C-5), 118.9 (C-4), 113.9 (@), 113.5 (C-3), 109.2 (C-7), 55.2 (OMe), 33.2 (BH 29.6
(NMe), 29.1 (CHPh), 23.0 (COMe)*H NMR (DMSO-ds) J: 8.20 (br t,J = 5.1 Hz, 1H,
NHCO), 7.37 (dm,)) = 8.3 Hz, 1H, H-7), 7.35 (dnd,= 7.6 Hz, 1H, H-4), 7.18 (dnd,= 8.7
Hz, 2H, Hb), 7.09 (ddd, = 8.2, 7.0, 1.3 Hz, 1H, H-6), 6.92 (ddbs= 8.0, 7.0, 1.0 Hz, 1H,
H-5), 6.77 (dm,) = 8.8 Hz, 2H, Hh), 4.48 (d,J = 5.1 Hz, CHN), 4.02 (br s, 2H, ChPh),
3.69 (s, 3H, NMe) 3.66 (s, 3H, OMe) 1.82 (s, 3H,Mx); °C NMR (DMSO«s) J: 168.4
(CO), 157.2 (@), 136.6 (C-7a), 133.7 {7 133.6 (C-2), 129.1 (@, 126.8 (C-3a), 121.2
(C-6), 118.7 (C-4), 118.6 (C-5), 113.5n4 112.1 (C-3), 109.3 (C-7), 54.9 (OMe), 32.2
(CH,N), 29.6 (NMe), 28.8 (CkPh), 22.4 (COMe); IR (CHGJ cm?) vinax = 3434, 1666;



GC-MS (El, 70 eV)m/z (%) = 322 (M, 5), 262 (55), 251 (100), 233 (18). HRMS®/z
calcd for GoH22N2O, (M + Na) 345.1579, found 345.1580.

4.2.7. N-((3-(4-Methoxybenzyl)-1-methyl - 1H-indol-2-yl)methyl)-N-methylacetamide (7). To

a solution of amidda (120 mg, 0.37 mmol) in DMSO (2 mL) was added K®4 (ng, 1.6
mmol). The mixture was stirred at room temperatarel h, and Mel (0.1 mL, 1.8 mmol)
was added. After reacting for further for 4 h ire teame conditions, the reaction was
guenched with water (20 mL). The aqueous layer exasacted with EtOAc (3 x 30 mL),
and the combined organic layers were washed witte {20 mL), dried over N&QO,, and
concentrated in vacuo. The oil residue was purifiegd flash chromatography
(hexane/EtOAc 1:1) to givé (60 mg, 0.18 mmol, 46%) as yellowish solid. Mp:&9®°C.
R = 0.22 (hexane/EtOAcC 3:7§H NMR (CDCk) o: 7.46 (br dJ = 7.6 Hz, 1H, H-4), 7.30
(br d,J = 8.2 Hz, 1H, H-7), 7.24 (ddd,= 8.2, 6.4, 1.2 Hz, 1H, H-6), 7.09 (dths= 8.8 Hz,
2H, Ho), 7.07 (ddd) = 7.6, 6.4, 1.2 Hz, 1H, H-5), 6.75 (dth=8.8 Hz, 2H, Hin), 4.83 (br s,
2H, CHN), 4.12 (br s, 2H, CHPh), 3.75 (s, 3H, OMe), 3.66 (s, 3H, NMe), 2.623(,
NMeCO), 2.08 (s, 3H, COMe}*C NMR (CDC}) d: 170.4 (CO), 157.7 (), 137.2 (C-7a),
133.3 (@), 131.4 (C-2), 129.0 (@, 127.5 (C-3a), 121.9 (C-6), 119.2 (C-5), 119.14)C
114.2 (C-3), 113.7 (@), 109.0 (C-7), 55.2 (OMe), 39.0 (GMN), 33.7 (NMeCO), 29.6
(NMe), 29.1 (CHPh), 21.9 (COMe)*H NMR (DMSO-dq) &: 7.35 (br d, overlapped, 2H,
H-4, H-7), 7.11 (ddd) = 8.2, 6.5,1.2 Hz, 1H, H-6), 7.08 (diths 8.8 Hz, 2H, I8), 6.94 (dd
J=17.5, 6.6 Hz, 1H, H-5), 6.76 (d,=8.8 Hz, 2H, Hn), 4.78 (br s, 2H, CkN), 4.04 (br s,
2H, CHPh), 3.65 (s, 3H, OMe), 3.60 (s, 3H, NMe), 2.623H, NMeCO), 2.01(s, 3H,
COMe); *C NMR (DMSO4ds) d: 169.7 (CO), 157.2 (), 136.8 (C-7a), 133.5 {§§ 131.9
(C-2), 129.0 (@), 126.9 (C-3a), 121.4 (C-6), 118.8 (C-4), 118.75(C113.6 (C-3), 113.5
(Cm), 109.4 (C-7), 54.9 (OMe), 38.2 (GM)), 33.5 (NMeCO), 30.0 (NMe), 28.4 (GPh),
21.7 (COMe); IR (CHG), crmi?) vinax = 1629; GC-MS (EI, 70 eV)Vz (%) = 336 (M, 0.3),
263 (95), 251 (100), 233 (25). HRM®¥z calcd for GiH,4N20, (M + Na) 359.1736, found
359.1737.

4.2.8. N,N-Diethyl-3-(4-methoxybenzyl)-1H-indole-2-carboxamide (8). To a solution o#
(2.0 g, 3.6 mmol) in CHGI(60 mL) was added successively 4-(dimethylaminojinye



(DMAP) (549 mg, 4.5 mmol) and dicyclohexylcarbodiia (DCC) (618 mg, 3.0 mmol) at
room temperature, and J&H (300 uL) was then added dropwise. After stirring at reflu
for 24 h, the reaction was quenched with brinert8). The organic layer was separated,
and the aqueous layer was extracted with GHEIx 10 mL). The combined organic
extracts were dried over pBO,, and concentrated in vacuo. The residue was sdsgén
cool THF (30 mL), filtered, and the filtrate contexted in vacuo. The oil residue was
purified by flash chromatography (hexane/EtOAc @111:1 gradient) to giv@ (243 mg,
0.72 mmol, 20%) as colorless solid. Mp: 174-175 RC= 0.53 (hexane/EtOAc 1:1jH
NMR (CDCk) &: 8.30 (br s, 1H, NH), 7.40 (dnd,= 8.1 Hz, 1H, H-4), 7.34 (dnd = 8.1
Hz, 1H, H-7), 7.19 (ddd] = 8.2, 7.0, 1.3 Hz, 1H, H-6), 7.15 (dh= 8.9 Hz, 2H, I8), 7.03
(ddd,J = 8.1, 7.0, 1.2 Hz, 1H, H-5), 6.77 (dth= 8.8 Hz, 2H, ), 4.09 (s, 2H, CkPh),
3.75 (s, 3H, OMe), 3.45 (d,= 7.1 Hz, 4H, 2 NCh), 1.12 (t,J = 7.1 Hz, 6H, 2 Me)**C
NMR (CDCk) §: 165.2 (C=0), 157.8 (@, 135.8 (C-7a), 132.4 {7 129.3 (®), 128.9 (C-
2), 127.5 (C-3a), 123.2 (C-6), 120.2 (C-4), 11€&H), 114.2 (C-3), 113.7 (6), 111.5 (C-
7), 55.2 (OMe), 41.0 (NC}), 29.9 (CHPh), 13.6 (Me); IR (CHG| cm?) vmax = 3458,
3262, 1611; GC-MS (El, 70 eViwz (%) = 336 (M, 3), 263 (100). HRMSmvz calcd for
C21H24N20, (M + H) 337.1911, found 337.1926. CCDC-1469878.

4.2.9. N-Ethyl-N-((3-(4-methoxybenzyl)-1H-indol-2-yl)methyl)ethanamine (9). In a dry
flask, under Ar, a solution @& (300 mg, 0.9 mmol) in anhydrous THF (6 mL) waseatid
dropwise to a suspension of LiAJH84 mg, 2.2 mmol) in anhydrous THF (2 mL), and the
mixture was stirred at reflux during 4 h. After ésb (0 °C), the reaction was quenched
with water (8 mL) and filtered over Celite. Followg concentration, the residue was
partitioned between Ci€l, (30 mL) and water (15 mL). The aqueous layer wasaeted
with EtOAc (2 x 15 mL), and the combined organigels were washed with brine, dried
over NaSQy, and concentrated in vacuo. The oil residue wagfigad by crystallization
(hexane/ELO) to give9 (140 mg, 0.44 mmol, 49%) as pale yellow crystilp: 113-116
°C; R = 0.47 (hexane/EtOAc 1:1)H NMR (CDCL) d: 8.54 (br s, 1H, NH), 7.39 (dnd,=
7.9 Hz, 1H, H-4), 7.30 (dnJ, = 7.9 Hz, 1H, H-7), 7.12 (ddd,= 8.1, 7.0, 1.3 Hz, 1H, H-6),
7.10 (dm,J = 8.8 Hz, 2H, k), 7.00 (dddJ = 7.8, 7.0, 1.2 Hz, H-5), 6.76 (ddh= 8.7 Hz,
2H, Hm), 4.03 (s, 2H, CkPh), 3.73(s, 3H, OMe), 3.67 (s, 2H, @, 2.51 (q.J = 7.2 Hz,



4H, 2 CHCH), 1.00 (t,J = 7.2 Hz, 6H, 2 ChCHs); *C NMR (CDCh) &: 157.6 (@),
135.3 (C-7a), 133.9 (C-2), 133.7i}C129.1 (®), 128.9 (C3a), 121.2 (C-6), 118.9 (C-5),
118.6 (C-4), 113.6 (@), 111.3 (C-3), 110.5 (C-7), 55.2 (OMe), 48.9 (BB 47.0
(CH,CHs), 28.9 (CHPh), 11.7 (CHCHs); IR (CHCh, cMi') vmax = 3447, 3349; GC-MS
(El, 70 eV):miz (%) = 323 (M, 1), 249 (100), 219 (42).

4.2.10. 2-(3-(4-Methoxybenzyl)-1H-indol-2-yl)acetonitrile (10). To a stirred and cooled (0
°C) solution of9 (300 mg, 0.93 mmol) in MeOH (1.1 mL) was added NB45puL, 2.3
mmol). The reaction was stirred at room temperafor® h, then 40% aqueous KCN (450
uL, 2.9 mmol) was added, and the mixture was refluk@ 1.5 h. The mixture was
extracted with EtOAc (3 x 10 mL), and the combiregdanic layers were washed with
brine, dried over N&O,, and concentrated in vacuo. The residue was pdrifiy flash
chromatography (hexane/EtOAc 7:3) to gitkas an oil, which upon standing neat at room
temperature crystallized as reddish needles (930m38, mmol, 36%). Mp: 120-122 *&

= 0.38 (hexane/EtOAc 7:3)H NMR (CDCh) 6: 8.17 (br s, 1H, NH), 7.45 (drd,= 7.6 Hz,
1H, H-4), 7.33 (dm, = 8.2 Hz, 1H, H-7), 7.20 (ddd,= 8.2, 7.0, 1.2 Hz, 1H, H-6), 7.09
(dm,J = 8.8 Hz, 2H, k), 7.09 (overlapped, 1H, H-5); 6.79 (ddw 8.8 Hz, 2H, Hh), 4.01
(s, 2H, CHPh), 3.74 (s, 3H, OMe), 3.70 (s, 2H, EN); **C NMR (CDCE) 5: 158.0 (@),
135.7 (C-7a), 132.0 (§; 129.1 (®), 128.2 (C-3a), 122.8 (C-6), 122.1 (C-2), 120.15)C
119.1 (C-4), 116.4 (CN), 114.0(§, 113.6 (C-3), 110.9 (C-7), 55.2 (OMe), 29.0 (CH),
15.6 (CHCN); IR (CHC, cmi') vmax = 3456, 3408, 2258; GC-MS (EI, 70 eVi¥z (%) =
276 (M, 100), 237 (15); HRMSm/z calcd for GgHigNo,O (M - H) 275.1179, found
275.1182. CCDC-1469879.

4.211.  2-(3-(4-Methoxybenzyl)-1-methyl-1H-indol-2-yl)acetonitrile  (11a), 2-(3-(4-
methoxybenzyl)-1H-indol-2-yl)propanenitrile (11b) and 2-(3-(4-methoxybenzyl)-1-methyl-
1H-indol-2-yl)propanenitrile (11c). To a stirred suspension of nitri® (120 mg, 0.44
mmol) and C&C0Os; (225 mg, 1.4 mmol) in DMF (3 mL) was added Mel @14, 1.9
mmol). After stirring at room temperature for 24the reaction was quenched with water
(20 mL). The aqueous layer was extracted with Et@Q&x 15 mL), and the combined

organic layers were washed with brine (10 mL), dimver NaSQ,, and concentrated in



vacuo to give a mixture of mono- and dimethylatedhpoundslla, 11b, and11c in ca.
5:2:4 ratio, respectively as determined by CG/M8e Tixture was separated by flash
chromatography using hexane/&@H,/EtOAc solvent mixture. Elution with 50:48:2 solten
mixture ratio gave successivellc (27 mg, 0.09 mmol, 20% yieldlla (30 mg, 0.1
mmol, 25% vyield), and1b (12 mg, 0.04 mmol, 10% yield) as yellow oils. Fentlelution
with 50:40:10 solvent mixture ratio yielded therstey materiallO (18 mg). Forlla: R =
0.30 (hexane/ChCl/EtOAC 50:48:2)H NMR (CDCk) d: 7.47 (dmJ = 7.6 Hz, 1H, H-4),
7.32 (dmJ = 8.2 Hz, 1H, H-7), 7.26 (overlapped, 1H, H-6}117(dm,J = 8.8 Hz, 2H, 1),
7.09 (overlapped, 1H, H-5); 6.80 (dth= 8.8 Hz, 2H, k), 4.08 (s, 2H, CkPh), 3.81 (s,
3H, NMe), 3.79 (s, 2H, CKN), 3.76 (s, 3H, OMe)**C NMR (CDCh) §: 158.0 (Q),
137.2 (C-7a), 132.3 (§ 129.1 (®), 127.3 (C-3a), 124.2 (C-2), 122.6 (C-6), 119.75(C
119.3 (C-4), 115.9 (CN), 114.0 (@, 113.4 (C-3), 109.1 (C-7), 55.2 (OMe), 30.0 (NMe)
29.3 (CHPh), 14.0 (CHCN); IR (CHCk, cmi’) vmax = 2255, 1827; GC-MS (El, 70 eV):
m'z (%) = 290 (M, 100), 250 (9), 182 (43). HRM®wz calcd for GoH1gN,O (M + Na)
313.1317, found 313.1320. Ftb: R = 0.22 (hexane/C}l,/EtOAc 50:48:2);'H NMR
(CDCly) ¢: 8.12 (br s, 1H, NH), 7.43 (dnd,= 7.9 Hz, 1H, H-4), 7.37 (dnd,= 8.1 Hz, 1H,
H-7), 7.22 (ddd,J = 8.2, 7.0, 1.2 Hz, 1H, H-6), 7.09 (dh,= 8.8 Hz, 2H, H), 7.09
(overlapped, 1H, H-5); 6.80 (drd,= 8.8 Hz, 2H, ), 4.12 (q,J = 7.3 Hz, 1H, CHCN),
4.05 (AB,J = 16.4 Hz, 2H, CkPh), 3.77 (s, 3H, OMe), 1.60 (d= 7.3 Hz, 3H, CHMe);
13C NMR (CDCE) d: 158.0 (@), 135.6 (C-7a), 132.1 {§ 129.1 (®), 128.8 (C-2), 128.3
(C-3a), 122.8 (C-6), 120.2 (CN), 120.1 (C-5), 11@C34), 113.9 (@), 112.3 (C-3), 111.0
(C-7), 55.2 (OMe), 28.9 (Ci#Ph), 23.5 (CHCN), 19.9 (CHMe); IR (CHElcm™) vinay =
3450, 2245, 1727; GC-MS (El, 70 e\jvz (%) = 290 (M, 100), 236 (68). HRMSm/z
calcd for GgHigN,O (M + Na) 313.1317, found 313.1319. Fddc: Rx = 0.43
(hexane/CHCI,/EtOAC 50:48:2)H NMR (CDCL) 6: 7.48 (dmJ = 7.9 Hz, 1H, H-4), 7.32
(dm,J =8.1 Hz, 1H, H-7), 7.26 (ddd,= 8.2, 7.0, 1.2 Hz, 1H, H-6), 7.09 (overlapped, 1H
H-5);7.07 (dm,J = 8.8 Hz, 2H, t8), 6.78 (dm,J = 8.8 Hz, 2H, ), 4.28 (q,J = 7.3 Hz,
1H, CHCN), 4.11 (ABJ = 16.9 Hz, 2H, ChPh), 3.89 (s, 3H, NMe), 3.76 (s, 3H, OMe),
1.54 (d,J = 7.3 Hz, 3H, CHMe)**C NMR (CDCE) 6: 157.9 (®), 137.4 (C-7a), 132.7 {§§
130.0 (C-2), 129.0 (@, 127.3 (C-3a), 122.5 (C-6), 120.0 (CN), 119.85)c4119.3 (C-4),
113.9 (Gn), 112.3 (C-3), 109.1 (C-7), 55.2 (OMe), 30.7 (NM&pP.1 (CHPh), 22.1



(CHCN), 19.2 (CHMe); IR (CHG] cmi®) vimax = 2245, 1846; GC-MS (EI, 70 e\iyz (%)
= 305 (M, 100), 251 (62), 197 (23). HRM8Vz calcd for GoH2oN,O (M + Na) 327.1473,
found 327.1475.

4.2.12. N-(2-(3-(4-Methoxybenzyl)-1H-indol-2-yl)ethyl)acetamide (1c). A solution of 10
(150 mg, 0.5 mmol) was hydrogenated in a Parr bawer W-2 Raney-Ni catalyst
(substrate 30 mg/mL, catalyst 200% wt) in dry,@at room temperature under 45 psi H
for 6 h. The mixture was filtered through Celitedasoncentrated in vacuo to dryness. The
residue was dissolved in GEl, (30 mL) and washed with water and brine. The dman
layer was dried over N&Q,, filtered, and concentrated in vacuo. The oil desi was
purified by flash chromatography (hexane/EtOAc 1tdl)give 1c (114 mg, 0.35 mmol,
65%) as unstable yellow ok = 0.28 (hexane/EtOAc 1:4) NMR (CDCk) 6: 8.52 (br s,
1H, NH), 7.43 (dmJ = 7.8 Hz, 1H, H-4), 7.33 (dml = 8.1 Hz, 1H, H-7), 7.14 (partial
overlapped, 1H, H-5), 7.11 (drd,= 8.8 Hz, 2H, ), 7.05 (dddJ = 8.2, 7.0, 1.2 Hz, 1H,
H-6), 6.77 (dmJ = 8.8 Hz, 2H, H), 5.40 (br t,J = 6.6 Hz, 1H, NHCO), 4.03 (s, 2H,
CH,Ph), 3.75 (s, 3H, OMe), 3.48 (d,= 6.6 Hz, 2H, ChN), 2.95 (t,J = 6.6 Hz, 2H,
CH,C), 1.77 (s, 3H, COMe);>C NMR (CDCE) 6: 170.6 (C=0), 157.8 (), 135.6 (C-7a),
133.7 (@), 132.5 (C-2), 129.0 (@), 128.7 (C-3a), 121.5 (C-4), 119.4 (C-5), 118.66)C
113.8 (Gn), 111.8 (C-3), 110.7 (C-7), 55.2 (OMe), 38.9 (BH 28.9 (CHPh),
26.5(CHC), 23.1 (COMe); IR (CHG| cmi®) vinax = 3453, 3310, 1670; GC-MS (EI, 70 eV):
m'z (%) = 322 (M,100), (El, 70 eV)m/z (%) = 264 (94), 249 (55). HRM$wz calcd for
CooH2oN20, (M + Na) 345.1579, found 345.1570.

4.2.13. N-(2-(2-(4-Methoxybenzyl)-3-oxoindolin-2-yl)ethyl)acetamide (12). Obtained by air
oxidation oflc (100 mg, 0.31 mmol) upon standing (two months)slfrlahromatography
(CH.CI,/ACOEt/MeOH 70:29:1) afforded?2 (103 mg, 0.30 mmol, 98%) as clear &}.=
0.17 (hexane/EtOAc 1:4¥H NMR (CDCh) 6: 7.53 (br dJ = 8.1 Hz, H-4), 7.40 (ddd), =
8.2, 7.0, 1.2 Hz, H-6), 7.06 (drd,= 8.8 Hz, 2H, 1), 6.81 (partial overlapped, 1H, H-7),
6.77 (dm,J = 8.8 Hz, 2H, k), 6.76 (partial overlapped, 1H, H-5), 5.49 (bd & 5.6 Hz,
1H, NHCO), 4.81 (br s, 1H, NH), 3.76 (s, 3H, OM&R4 and 3.02 (2m, 2H, GN), 2.82
(AB, J = 14.1 Hz, 2H, CkPh), 2.09 and 1.87 (2m, 2H, @& ), 1.81 (s, 3H, COMe)?C



NMR (CDCk) ¢: 204.4 (C=0), 169.9 (NHC=0), 160.2 (C-7a), 158Cp)( 137.5 (C-6),
131.2 (@), 127.3 (@), 124.4 (C-4), 120.7 (C-3a), 118.9 (C-5), 113.M[C112.4 (C-7),
69.0 (C-2), 55.2 (OMe), 42.5 (GAh), 35.5 (CHC), 34.9 (CHN), 23.2 (COMe); IR
(CHCls, cmi™) vimax = 3441, 3340, 1675, 1618, GC-MS (EI, 70 emjz (%) = 338 (M, 4),

217 (19), 158 (100); HRMSm/z calcd for GoH2oN.O3 (M + Na) 361.1528, found
361.1530.

4.2 Crystallographic studies

The X-ray data oBa were measured on a Bruker Smart 6000 CCD diffraeter
using Mo Ka radiationi(= 0.71073 A). The X-ray data 8b, 8 and10a were collected on
a Bruker-Nonius CAD4 diffractometer using Cw Kadiation 4 = 1.54184 A). The data
were collected in thev-26 scan mode. Unit cell refinements were done usiddL€
Express v 2.0 software and structures were solyedifect methods using SHELXS-97
program included in the WinGX v 1.64.05 crystallyginic software package. For the
structural refinement, the non-hydrogen atoms weeated anisotropically, and the
hydrogen atoms, included in the structure factdcutation, were refined isotropically.
CCDC 1469876-1469879 contains the supplementarstattggraphic data for this paper.
These data can be obtained free of charge via

http://www.ccdc.cam.ac.uk/conts/retrieving.html.
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Highligths

New 2-(N-acylaminoal kyl)indoles have been synthesized and characterized

Optimized geometry and theoretical calculations have been computed using DFT methods
Conformational dependence in the gas phase and in aqueous sol ution has been investigated

Pharmacophoric properties indicate their ability as antagonist melatoninergic ligands



