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ABSTRACT

We recently reported a series of naphthofuranic pmmmds as constrained agomelatine
analogues. Herein, in order to explore alternattieyl amide side chain rigidification,
naphthocyclopentane and quinolinocyclopentane dgvies with various acetamide
modulations were synthesized and evaluated attnetatonin (MT, MT,) and serotonin (5-
HT,c) receptors. These modifications has led to comgewrith promising dual affinity and
high MTs receptors agonist activity. Enantiomeeparation was then performed on selected
compounds allowing us to identify levogyre enan&osn(-)17g and (-)17k as the highest

(MT41, MTy) / 5-HT,c dual ligands described nowadays.
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1. Introduction

Since its discovery [1], melatonin remains oneha most studied neurohormones by
the scientific community due to its therapeutic spectives and physio-pathological
implications. In fact, during the last half centunpelatonin has attracted an extensive
campaign of research to fully study its physiolagiand pathological processes. Overall,
however, it is clear that the melatoninergic systith haven't delivered all its secrets! To
date, the available evidences indicate that thigalermone, that is mainly synthesized by
the pineal gland following a circadian rhythm [&,one of the most promising therapeutic
targets considering its physiological implicatioh®terestingly, and consistent with reported
findings, melatonin is a key player in several pblggjical processes such as hormonal
secretion, core body temperature regulation andmune system control [3-5] but also
participates in several pathological processesudict depression and anxiety [6-7].
Although, despite the consented efforts, the melatonechanisms of action have not yet
been fully resolved. Moreover, it has been demaitestrthat, through its signalling pathways,
melatonin contributes to the control of replicatiand survivalof many parasites such as
Plasmodium falciparupPlasmodium knowlesirypanosoma cruziloxoplasma gondiiand
Leishmania infantunf8-9]. In this context, severah vitro andin vivo studies have shown
that melatonin receptor antagonists such as lundere able to inhibit th€lasmodium
falciparum growth [10-11]. These findings may constitute a new pramgisapproach to
research and development of new efficient antigpacaagents with rapid action and low
toxicity.
The aforementioned physiological and pathologi¢edots of melatonin are attributed to the
activation of its binding sites, two major receptofMT, and MT,) belonging to the
superfamily of high-affinity G protein-coupled reters (GPCRs) [12], and the enzyme

guinone reductase 2 (QR2 previousely known Mas) [6a]. The design and synthesis of



melatoninergic ligands has led to a large number defrivatives with different
pharmacological profiles. However, only very few lateninergic ligands (ramelteon,
tasimelteon and agomelatine) are commercializei umow [13-14].

Agomelatine marketed nowadays for the treatmentajor depression behaves as a dual
ligand acting as a full agonist at melatonin Mihd MT; receptor subtypes and an antagonist
for serotonin 5-HJc receptor subtype [15]. The mechanism of actiontlwE new
antidepressant is not yet fully elucidated but appé¢o be caused by the synergy between this
combination MT/MT activation and 5-H7- deactivation [16]. Research for new successors
has led our lab to perform a number of pharmacoitatidns of agomelatine. Besides,
different positions of the aromatic nucleus, theral acetamide chain and the methoxy group
were targeted. One of the strategies adopted agiomelatine analogues was based on the
blockade of its major metabolic sites [17-18]. Rl we also described compounds issued
from constrained naphthalenic-like structures esigc the (8,9-dihydro-H-furo[3,2-
flchromen-1-yl) derivatives [19] and naphthofurahgands [20]. This later modulation has
led to compounds with an interesting pharmacoldgicafile and a sub-nanomolar binding
affinity especially at melatonin receptors. Inspfae chose to extent this successful concept
into a new conformationally restricted structuraubSequently, herein we describe the
synthesis and pharmacological evaluation of a renes of naphthocyclopentane derivatives

as new dual ligands analogues of agomelatine.

Figure 1. Melatonin, Agomelatine and its quinolinic analogue
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2. Resultsand discussion
2.1. Chemistry

Synthetic routes to the designed compounds aretdepin Schemes 1-5. The synthesis
of key intermediate ketond® and 11 was accomplished as shown in Scheme 1. Compound
10 was prepared from commercially available 2-hydr@xyethoxy-naphthalenel), which
was converted to the triflat2 by action of triflic anhydride. Heck reaction [2{jas then
realized using ethyl acrylate in the presence d(ttphenylphosphine)palladium(ll)
dichloride to give compound4). Catalytic hydrogenation and subsequent basicdhygls
gave propionic aci®. Finally, intramolecular Friedel-Crafts acylatianth methanesulfonic
acid [22] afforded ketond0. The same procedure was used starting from conmhetre
methoxy-8-bromo-quinoline3f to get compound. Intramolecular Friedel-Crafts acylation

on the latter was then realized using chlorosutf@uid [23] to obtain compourid.

CO,C,H
CI:H3 (|;H3 2%2115 C|:H3 COZC2H5
0] X\ R b 0] X\ c e} x\
= = —
1,X = CH, R = OH 4,X=CH 6, X = CH
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3,X=N,R=Br
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H
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GHa O X
O Xy e (X = CH) B
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10, X = CH g’izﬁH
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Scheme 1%. Synthesis of key intermediat&8 and11.
®Reagents and conditionga) THO, EtN, CH,Cl, -20 °C to rt, 100%; (b) ethyl acrylate,
PdCL(PPh),, EN, DMF, 120 °C, 77% fod and 93% fol5; (c) Pd/C, H, CH,CI,/EtOH, rt,



96% for6 and 80% fof7; (d) (i) 6M NaOH, EtOH, rt, (ii) 6M HCI, 93% fo8 and 73% for9;
(e) CHSOH, 90°C, 70%; (f) CISGH, 0°C to rt, 84%.

Naphthocyclopentane derivativés-19 were synthesized according to the general route
outlined in Scheme 2. On one hand, ketd@eavas first cyanated using trimethylsilyl cyanide
[24] followed by a dehydration reaction to afforqqacoindenel2. Alkene was then
selectively reduced under;ldtmosphere to give compoud8. The later wagC-methylated
by action of methyl iodide in the presence of sodinydride afforded compourit. On the
other hand, a Horner-Emmons olefination [25] on oket 10 with diethyl
cyanomethylphosphonate was realized to afford ayestloylenated compourid which was
selectively hydrogenated to afford its saturateal@gue {6). Finally, catalytic hydrogenation

of cyano derivatived3, 14 and16 with Raney-nickel provided aminoalkyl derivatives 19.
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Scheme 22. Synthesis of primary amindg-19.

®Reagents and conditiona) (i) Trimethylsilyl cyanide, zinc iodide, GBIy, rt (ii) Acetyl
chloride, acetic acid, rt, 83%; b) Pd/C,, KH,CI,/EtOH, rt, 72%; c) Chl, NaH, DMF, 0 °C
to rt, 91%; d) NaH, diethyl cyanomethylphosphondidf, -10 °C to rt, 50%; e) Raney Ni,
H,, EtOH, 50 bars, 60°C, 79% f&v, 93% forl8 and 30% for9.

Preparation of amine24-25 is depicted in scheme 3. To obtain the amide
hydrocyanation of keton&l using trimethylsilyl cyanide followed by dehydiati to afford
cyanoindene20 was attempted unsuccessfully. Thus, ketddewas cyanomethylated by a

Horner-Emmons olefination with diethyl cyanometthdgphonate to give, after (selective)



hydrogenation, the nitril@l. Then, a Curtius reaction was realized wtrevas first treated
under basic condition to afford ac2@ before being activated to react with sodium aZide
resulting carboxylic azid@3, not isolated was treated with NaOH to providera24d with
one-methylene linker. To get ami2& (two-methylene linker), reduction of cyano function

21 using Raney-nickel as catalyst was realized.
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Scheme 3% Synthesis of aminezt-25.

®Reagents and conditiong) (i) trimethylsilyl cyanide, zinc iodide, GBI, rt, (ii) acetyl
chloride, acetic acid, rt; b) (i) NaH, diethyl cyanethylphosphonate, THF, -10 °C to rt, (ii)
Pd/C, H, CH.CI/EtOH, rt, 55%; c) LiAlH, AICl3, ELO/CH,Cl,, 0 °C to rt, 90%; d) (i) 6M
NaOH, (i) 6M HCI; e) CICQEt, EgN, NaNg, 0 °C to rt; f) 1M NaOH, THF, rt, 66% over two
steps.

The synthesis of final compounds is illustrated é3ob 4. First, amides ligand$76-
19a, 24a-25a, and 17b) were synthesized from corresponding aminks10 and 24-25),

according to a variant of the Schotten-Baumann gaore, by reaction with the appropriate

acid chloride. Carbamatk/c and sulfonamide%7d, 17e and19b were obtained respectively



by reaction of amind7 and 19 with methyl chloroformate or methanesulfonyl cider To

synthesize primary ureb/f and thiouredl7j, reaction between corresponding ami7eand

potassium cyanate in acidic medium or potassiuocitanate in dioxane was performed. For

the alkylureas X7h-i, 19c-d and 24c) and alkylthioureas1fk-m, 18b and 19e-f) series,

treatment of corresponding amines with alkyl iso@ta or alkyl isothiocyanate was realized.

Finally, reaction between amined7 and 19 with methylN-phenylcarbamate in

dimethylsulfoxide allowed to get methyl ure&@@ and24b) molecules.

Ro
NH v=
NHSO,R, ( n2 (NH
0] . 2 acde,f 'e) /x
I — K =
NN
17d-e, 19b 17,18, 19, 24, 25 17a-c, 17f-m, 193,
19c-g, 24a-c, 25a
Compounds n R1 X Y R, Conditions Rdt
17a 1 H CH O CH a 86%
18a 2 H CH O CH a 76%
Amides 19a 1 CH CH O CH a 80%
24a 1 H N 0] ChH a 85%
25a 2 H N 0] ChH a 84%
17b 1 H CH O CHOCH; a 73%
Carbamate 17¢ 1 H CH o OCH a 88%
17d 1 H CH - ChH b 70%
Sulfonamides 17e 1 H CH - GHs b 70%
19 1 CH CH - CH b 50%
17f 1 H CH O NH c 84%
179 1 H CH O NHCH d 68%
17h 1 H CH O NHGHs e 57%
Ureas 17i 1 H CH O NHGH-, e 77%
19c 1 CH CH O NHGHs e 67%
19d 1 CH CH O NHGH- e 70%
24b 1 H N 0] NHCH d 55%
24c 1 H N 0] NHGH- e 78%
17 1 H CH S NH f 25%
Thioureas 17k 1 H CH S NHCH e 87%
171 1 H CH S NHGHs e 64%
17m 1 H CH S NHGH- e 56%




1% 1 CH CH S NHCH e 57%
19f 1 CH CH S NHGHs e 51%
199 1 CH CH S NHGH- e 41%

Scheme 4. Synthesis of finals compoundga-m, 19a-g, 24a-c, 25a.

®Reagents and conditiona) RCOCI, K,COs;, EtOAc/HO, 0°C to rt; b) RSO.CI, E&N,
CH.Cl,, 0°C to rt; c) KNCO, HO/HCI, rt; d)N-methylphenylcarbamate, &, DMSO, 60°C;
e) RINCX, EN, CH,Cl,, 0°C to rt; f) KSCN, Dioxane, THF, 60°C.

2.2. Pharmacology

Biological ResultsSynthesized compounds were assayed at humanad MT, receptors
stably transfected in Chinese Hamster Ovarian (CE@s, using 241Jiodomelatonin as
radioligand [26]. Serotoninergic 5-Hd binding affinity was performed using Chinese
Hamster Ovarian (CHO) cell lines stably expressihghuman 5-HJ: receptors. In Tables 1-
2 are depicted the chemical structures, bindingniaff's and intrinsic activity of the
synthesized ligands.

The actual reported work focuses on the design symthesis of new constrained
naphtho- and and quinolinocyclopentane derivatagsiual ligands for melatonin MMMT »
and serotonin 5-HX receptor subtypes as successors of agomelatimen@&Ww modulation of
the agomelatine structure concerned the inclusiaadon C2 of the amide lateral chain into
a cyclopentane moiety (Chart 1). This free movenrestriction of the lateral chain has
already been performed as naphthofuranic derivatared had shown no marked effect at
melatonin binding affinity at both MTand MT, in comparison with agomelatine [20]. The
same effect was actually observed with synthesiwatiamidel7a, however this modulation
exhibited a noticeable improvement of the serotexrgic 5-HT,c binding affinity by a factor

10 (Table 1). This pharmacological effect confirmg previous findings. At this point, we



have no confirmed explanations for such effect amther investigations are in course in

order to find out the basis of these results.

Chart 1: Rigidification of Agomelatine

OCH3 H OCH3 H
N._ _CH . . . N. _CH
il 3 Bioisosterie | SN i 3
0] > 0]
O Principle
Agomelatine (I) Quinoline
Rigidification ﬂ ﬂ Rigidification
0}
OCHj R,
| ~N R, ( NH
Bioisosterie 2/ N

>
Principle

Sulfonamides Amides, carbamate,
ureas and thioureas

Amides, ureas and thioureas

To further investigate the effect of the acetamfdaection modulation,17a was
considered as a lead compound. Thus, different esnidreas, thioureas known for their
positive effect at both melatonin and serotonirdhlig affinities were introduced (compounds
17b-17m). The resulted compounds were then tested for bweding affinities at MT, MT;
and 5-HTGc. The obtained results are shown in Table 1 andalehat these modulations had
no or a slight effect at both MTand MT, receptor subtypes (compare X@a) except for
thioureasl7l and17m. Indeed, substitution of the acetamide groufi#af with ethyl (L71) or
propyl (17m) thiourea led to a loss of two logs at the Maffinity and one log at MJ
showing a slight M7 selectivity. This effect was already reported betlvaven’t been able to
explain the reason yet. In light of the resultsaoi#d with acetamid&7a, we also extended

the length of the ethyl amide lateral chain frono tw three carbond8a). This extension was



performed to further investigate the role of thaetal chain on the binding affinities
especially at 5-HJc. However, resulting compouri8a had shown the same profile A&
with a slight decrease of the binding affinities ith melatonin and serotonin 5-kT
receptor subtypes.

To block one of the metabolic site caused by thelaiion of the lateral amide chain
observed with agomelatine derivatives, we introducan angular methyl group
attached to carbon-C1 of the naphthocyclopentang (19a-g). Indeed, angular methyl
groups are known for their resistance to metabokiclation, probably due to local steric
hindrance. Interestingly, this modulation led tsaane good binding affinities at both MT
and MT; and a loss of the serotoninergic 54dbinding affinity. Additional investigations
are necessary to understand such an effect wighcimstrained structure. Concerning the
introduction of a nitrogen atom through the bioteas replacement of naphthalene with
quinoline (compoun@4a), a similar melatoninergic binding affinity tra with a very slight
decrease at the at 5-biTbinding affinity is observed. Instead5a showed an increase in
MT . binding affinity and a decrease towards 5;H¢ompared to its quinolic analoguk38).
Moreover, a pronounced decrease in both MT1 and &-Ifeceptors is observed comparing

25a and its inferior homologue?4a).

Table 1. MT;and MT; binding affinity data of synthesized analoguesetatonin

Compound Ki (nM)[I95] (n)
h-MT, h-MT h-5H T
Ag(l) 0.1[0.1;0.1] (2) 0.2[0.1; 0.6] (2) 708[46; 893)
17a 0.3[0.2;1.3](2) 0.2[0.02;0.6] (2) 61 [35;972)
Amides 18a 4[3.0;5.2] (2) 2[0.9; 2.1] (2) 180 [102 ; 335)
19a  0.1[0.07;0.7](2) 0.1[0.05;0.7] (2) >10000
17b 0.6[0.4:1.1](2) 0.1[0.07;0.3](2) 200[1230Q2] (2)
24a 0.4[0.2;0.8] (2) 0.2[0.1;0.4] (2) 160 [12512 (2)




25a 5[4.3;6.2] (2) 0.8[0.65; 1.1] (2) 1600
Carbamate  17c 2[0.9;2.3] (2) 0.4[0.1; 0.7] (2) 100 [83 ; 133)
Sulfon- 17d 0.8[0.2:1.3](2) 0.1[0.07;0.4] (2) 580 [43723] (2)
amides 19b 0.6[0.3;1.1](2)  0.2[0.09; 0.4] (2) >10000
17e 7[4.3:;9.2] (2) 0.4[0.1;0.6] (2) 400 [277 : 3718)
17f 0.3[0.1;0.5](2) 0.1[0.08;0.4] (2) 145[9723 (2)
179 0.6[0.5:;0.8] (2) 0.2[0.07;0.5] (2) 170[138%7] (2)
(+)-179  32[28;41](2) 970 [734; 1120] (2) >10000
(-)-179 0.4[0.1;0.9](2) 0.07[0.02;0.1] (2) 15 [7 ;]28)
Ureas 17h 2[1;2.7](2) 0.1[0.07; 0.3] (2) 60 [53; 69] (2)
17i 5[3.5;6.2] (2) 0.2[0.1;0.5](2)  190[123;218)
19¢c 0.8[0.6;1.3] (2) 0.3[0.1; 0.5] (2) >10000
19d 2[1.1;3.7](2) 0.2 [0.09; 0.4] (2) >10000
24b 1[0.7 ; 1.6] (2) 0.2[0.11; 0.3] (2)  340[297 :4392)
24c 7[5.2;9.3]1 (2) 0.4[0.2;0.7]1(2)  285[207 ; 41Q)
17] 6[4.7 ;8.3 (2) 0.4[0.1;0.9] (2) 72 [43 ; 11(7)
17k 4[2.7;7.1] (2) 0.3[0.1; 0.7] (2) 30 [18 ; 54)(
(+)-17k 99 [43:127] (2) 9[2; 14] (2) >10000
_ (-)-17k  3[1.6;4.2](2)  0.1[0.08;0.17] (2) 9[3; 13
Thioureas ., 29 [15 ; 47] (2) 2[1.1: 3.1] (2) 8[3:16] (2)
17m 63[48;79] (2) 3[1.6;5.1] (2) 42 [23; 75] (2)
19 1[0.3;2.5] (2) 0.2[0.1; 0.4] (2) >10000
19f 42.1:6.2] (2) 3[1.3;5.7] (2) >10000
199 9[6.2;13] (2) 0.3[0.1; 0.7] (2) >10000

Finally, replacement of the amide function dfa by a methylureal/g) and a
methylthiourea 17k) led to the most interesting compounds profilest the are looking for
with a good balance between the melatoninergic sabtoninergic binding affinities.
Compoundsl7g and17k were then submitted to enantiomeric resolutionitegatb two pairs
of compounds: (+}7g, (-)-17g, (+)-17k and (-)47k. Evaluation of these four compounds

revealed that binding to melatoninergic MMT, and serotoninergic 5-H¢E receptors is



enantioselective. Indeed, levogyre enantiomerdqg)and (-)-17k were more potent than
their dextrogyre counterpart and their mixturesb{€al). These two compounds represent the
most interesting dual ligands for described nowaddjowever, further investigations are
needed in order to determine the enantioselecteffigct on the ADME properties. Intrinsic
activity evaluation for all compounds towards metat MT; and MT, receptors was
performed and the results are depicted in Table Zeneral, two intrinsic activity profiles
were observed. A first group with M/MT, partial agonist/full agonist profile including

compoundsl7a, 17b, 17h, 17g, 17i, 17k, 19c, 19d and (-)-17g. A second group with an

MT/MT, partial agonist profile was reported and includespoundd7c, 17d, 17f, 17}, 171,

17m, 19a, 19e, 19f, 19qg, 24b and24c. Evaluation of intrinsic activity of these compalsnat

5-HT,c showed an antagonist activity profile (data naiveh).

Table 2. Intrinsic activity of most interesting synthesizsmmpounds.

Cpd. h-MT, h-MT,
ECso(NM) [195] (N)  Emax (%) ESM (n) | ECs(NM) [195] (N) Emax (%) £ESM (n)
| 1.4[0.7;2.5] (4) 99 + 6 (4) 0.18[0.1;0.39] (3) 87 (3)
17a 0.9 [0.9;2.4] (2) 78 +1(2) 0.2 [0.1;0.5] (2) 1387 (2)
19a  0.2[0.1;0.4] (2) 79+ 3 (2) 0.2 [0.09;0.42] (2) 83 (2)
17b 5[3.1:6.4] (2) 81+3(2) 0.4 [0.1;0.8] (2) 99 ¥2)
24a  0.05[0.02;0.08] (2) 53 + 4 (2) - -
17d 412.2;6.8] (2) 30+ 1 (2) 1[0.4;2.8] (2) 63 +2)(2
17e 10000 - 1000 -
17¢ - - 5[2.3;7.9] (2) 71+2(2)
17f 2[0.7:4.1] (2) 53+ 3 (2) 0.9 [0.5:1.8] (2) 5614(2)
179 5[2.9:8.4] (2) 66 + 4 (2) 3[1.7:5.4] (2) 95 + B)(
()-179  3[1.7:4.4] (2) 51+ 5 (2) 0.6 [0.4:0.7] (2) 133+ @)
17h 20 [14;27] (2) 64+ 2 (2) 3[1.7:4.3] (2) 103 +2)(
19¢ 5[2.3:9.1] (2) 66 + 3 (2) 0.3 [0.1;0.6] (2) 10912)
17i 30 [13:68] (2) 76+ 6 (2) 20 [10;50] (2) 96 + 10 (2)




19d 9[5.3;11.7] (2) 74+1 (2) 0.7 [0.4:1.1] (2) 1@ (2)
24b  0.2[0.08;0.5] (2) 42 £4 (2) - -
24¢ 0.9 [0.7:1.4] (2) 35+ 1 (2) - -
17] 16 [0.9:2.4] (2) 32 +3(2) 5[2.9:6.2] (2) 39 (3
17k 8 [6.3;10.5] (2) 52 + 4 (2) 6 [4.3;8.8] (2) 98 ¥2)
()-17k  10[7.2:13.7] (2) 63+ 2 (2) - -
1% 6 [3.4:9.2] (2) 44+1(2) 3[1.4:5.2] (2) 84 + B)(
17| 70 [63;79] (2) 38 + 6 (2) 50 [37:67] (2) 67 +2(2
19f 10 [7.1;14.3] (2) 47 £2 (2) 21.3;3.1] (2) 64 £2)
17m 20 [15:36] (3) 40+ 12 (3) >10000 ND
199 100 [83;119] (2) 50 +1 (2) 412.6:6.3] (2) 8B2)

ECso values are geometric mean values (with 95% conéeddimits in parentheses) Emax

values are arithmetic mean = S.E.M. ND: Not detagdi

3. Conclusions

The present work deals with the optimization of ewnseries of constrained agomelatine
analogues. Indeed, constrained structures revealdoe of interest in our case and the
inclusion of the ethyl amide side chain into a riaphyclopentane structure seems to confirm
our actual strategy. Obtained acetamid@a exhibited a very interesting pharmacological
profile in comparison to agomelatine. Modulationtbé acetamide group df7a revealed
once again that the nature of this group is impdrta the melatonin binding affinity but
critical to the serotonin 5-H:F receptor. Among prepared derivatives, methyl urégand
methyl thioureal7k exhibited the most interesting profiles and showresl enantioselective
character of the binding affinity at these threeeptors. Thus, this enantiomeric separation
allows us to describe the levogyre enantiomersl{g)-and (-)-17k as the highest (MT

MT,)/5HT,c dual ligands found nowadays.



4. Experimental section

4.1. Chemistry
Chemicals and solvents were obtained from commlesources, and used without

further purification unless otherwise noted. Reawtiwere monitored by TLC performed on
Macherey—Nagel AlugrafhSil 60/UV.s4 sheets (thickness 0.2 mm). Purification of prosuct
was carried out by recrystallization or column chatography. Column chromatography was
carried out using Macherey—Nagel silica gel (23@-#@sh). Melting points were determined
on a Buichi SMP-20 capillary apparatus and are uwacted. FT-IR spectra were recorded on
a Thermo Nicolet Avatar 320 FT-IR spectrometer. NBfectra were recorded on a Bruker
DRX 300 spectrometer (operating at 300 MHz idrand 75 MHz for=C). Chemical shifts
are expressed in ppm relative to either tetramsillayle (TMS). Chemical shifts are reported
as positiond in ppm), multiplicity (s = singlet, d = doubletsttriplet, g = quartet, p = pentet,
dd = double doublet, br = broad and m = multipledupling constantJ(in Hz), relative
integral and assignment. Mass spectra were recadeal Varian triple quadrupole 1200W
mass spectrometer equipped with a non-polar C18-§&8KSuper ODS (4.6 x 50 mm)
column, using electrospray ionization and a UV dete(diode array). HRMS-ESI spectra
were recorded on a Thermo Scientific Exactive spewtter.
4.2. (7-Methoxy-2-naphthyl)trifluoromethanesulfang).

A solution of trifluoromethane sulfonic anhydride9(92 mL, 120 mmol) in methylene
chloride (20 mL) was added dropwise to a stirrddtgm of 7-methoxy-2-naphthdl (17.42
g, 100 mmol) and triethylamine (20.85 mL, 150 mmolinethylene chloride (320 mL) at -70
°C. The reaction mixture was stirred for 20 mim@m temperature, hydrolyzed with water
and extracted with methylene chloride. The combioggnic layers were washed with water,
brine, dried over MgS§) filtered and concentrated under vacuum. The prodas obtained

quantitatively without further purification as allgsv oil; *H NMR (300 MHz, CDCJ) 6: 7.84



(d, 1H, 9.0 Hz), 7.78 (d, 1H, 9.0 Hz), 7.65 (d, B Hz), 7.25-7.21 (m, 2H), 7.15 (d, 1H, 2.7
Hz), 3.94 (s, 3H); LC-MSm/z= 275 (MH).
4.3. Ethyl (E)-3-(7-methoxynaphtalen-2-yl)prop-ate(4).

To a solution o2 (30.63 g, 100 mmol) in DMF (150 mL) under an inamosphere,
were added ethyl acrylate (11.97 mL, 110 mmol)tbghenylphosphine) palladium chloride
(7.72 g, 11 mmol) and triethylamine (15.29 mL, 1i®nol). The reaction mixture was
refluxed at 120 °C for 15 h, cooled to room tempery hydrolyzed with water and then
extracted twice with ethyl acetate. The combineganic layers were washed with a 1 M
solution of HCI, water and brine, dried over MgS@ltered and evaporated under reduced
pressure. The residue was purified by column chtography (SiQ, cyclohexane/ EtOAc:
7/3) to gived (77%) as a white solid; mp 90-92 °& NMR (300 MHz, CDCJ) §: 7.87-7.72
(m, 2H), 7.77 (d, 1H, 8.4 Hz), 7.74 (d, 1H, 8.7 H2)64 (dd, 1H, 8.4 Hz and 1.5 Hz), 7.19
(dd, 1H, 8.7 Hz and 2.4 Hz), 7.16 (d, 1H, 2.4 Hz55 (d, 1H, 15.9 Hz), 4.30 (g, 2H, 7.2 Hz),
3.95 (s, 3H), 1.37 (t, 3H, 7.2 Hz); IR, cmY): 1705 (CO); LC-MSm/z= 257 (MH).

4.4. Ethyl 3-(7-methoxynaphtalen-2-yl)propano@ye

A solution of4 (10 g, 40 mmol) in 60 mL of ethanol/ methylenecctde (1/1) with
palladium 10% on charcoal was stirred under hydrcgtenosphere at room temperature for
6h. The mixture was then filtered and concentrateder reduced pressure. The crude product
was recrystallized from petroleum ether to g8/¢96%) as a white solid; mp 82-84 °&4
NMR (300 MHz, CDC}) &: 7.72-7.69 (m, 2H), 7.56 (s, 1H), 7.21 (dd, 1H} Biz and 1.5
Hz), 7.12-7.09 (m, 2H), 4.15 (g, 2H, 6.9 Hz), 3(833H), 3.10 (t, 2H, 7.5 Hz), 2.71 (t, 2H,
7.5 Hz), 1.24 (t, 3H, 6.9 Hz); IR(cm™): 1720 (CO); LC-MSm/z= 259 (MH).

4.5. 3-(7-Methoxynaphtalen-2-yl)propionic a¢g).
Compound6 (9 g, 34.85 mmol) was dissolved in ethanol (40 nfb)lowed by the

addition of 6M solution of NaOH (40 mL). The reacti mixture was stirred at room



temperature, for 3 h, hydrolyzed with a 2 M solatiof HCI and extracted twice with
methylene chloride. The combined organic layersewemashed with water, dried over
MgSQ,, filtered and concentrated under reduced pressilifee crude product was
recrystallized from methanol to affoR1(93%) as a white solid; mp 175-177 °& NMR
(300 MHz, CDC}) 6: 10.2 (br s, 1H), 7.73-7.70 (m, 2H), 7.57 (s, 1AHR1 (dd, 1H, 8.4 Hz
and 1.8 Hz), 7.13-7.10 (m, 2H), 3.93 (s, 3H), AU2H, 7.5 Hz), 2.79 (t, 2H, 7.5 Hz); IR,(
cm™): 2833 (OH), 1694 (CO); LC-MSn/z= 231 (MH).

4.6. 8-Methoxy-2,3-dihydro-1H-cyclopentala]naphiénall-ong(10).

Methanesulfonic acid (20 mL) was added dropwisthéacid8 (6.20 g, 26.90 mmaol).
Stirring was maintained for 2 h at 90 °C, and tlie& mixture was poured into water and
extracted twice with diethyl ether. The combinedamic phases were washed with water,
dried over MgSQ@ filtered and concentrated under reduced pressline. residue was
recrystallized from acetonitrile to affofd (70%) as a white solid; mp 122-124 °&t NMR
(300 MHz, CDC}4) d: 8.60 (d, 1H, 2.4 Hz), 7.97 (d, 1H, 8.4 Hz), 7(@91H, 9.0 Hz), 7.38 (d,
1H, 8.4 Hz), 7.20 (dd, 1H, 9.0 Hz and 2.4 Hz), 48BH), 3.23-3.20 (m, 2H), 2.83-2.79 (m,
2H); IR (v, cmb): 1681 (CO); LC-MSm/z= 213 (MH).

4.7. (8-Methoxy-3H-cyclopenta[a]naphthalen-1-yl)eanitrile (12).

Step 1:To a solution ofl0 (4.74 g, 22.33 mmol) in DCM (70 mL), was added zinc
iodide (142 mg, 0.45 mmol) trimethylsilyl cyanideasvthen added dropwise at O °C (7 mL,
55.83 mmol). The mixture was stirred at room terapge during 3 h and a saturated solution
of NaHCQ; was added. Extraction was realized with methyldreride and the organic layer
was washed with water, dried over MgS@ltered and concentrated undesicuum The
residue was purified by column chromatography ¢SiGyclohexane/EtOAc: 9/1) and
recrystallized from cyclohexane to afford 8-Methabey((trimethylsilyl)oxy)-2,3-dihydro-

1H-cyclopentad] naphthalen-1-yl) carbonitrile (83%) as a yellonlid; mp 67-69 °C;'H



NMR (300 MHz, CDC}) 6: 7.80-7.78 (m, 2H),7.68 (d, 1H, 2.7 Hz), 7.221H, 8.4 Hz), 7.16
(dd, 1H, 9.0 Hz and 2.7 Hz), 3.98 (s, 3H), 3.300219, 3H), 2.58 (M, 1H),0.29 (s, 9H); IR, (
cm®): 2230 (CN); LC-MSm/z= 312 (MH).

Step 2 To a solution of this compound (3 g, 9.63 mmal)aicetic acid (3 mL) was
added dropwise at 0 °C acetyl chloride (2.05 mL928mol). The mixture was stirred at
room temperature during 1 h, hydrolyzed and exhetith methylene chloride. The organic
layer was washed with water, dried over MgSiiXered and concentrated undexcuum The
residue was recrystallized from toluene to afft2d(83%) as a white solid; mp 111-112 °C,;
'H NMR (300 MHz, CDC})) §: 8.22 (d, 1H, 2.4 Hz), 7.83 (d, 1H, 9.0 Hz), 7(d6 1H, 8.1
Hz), 7.51-7.48 (m, 2H), 7.20 (dd, 1H, 9.0 Hz andl Bz), 4.01 (s, 3H), 3.75 (d, 2H, 1.5 Hz);
IR (v, cmit): 2229 (CN); LC-MSm/z= 222 (MH).

4.8. (8-Methoxy-2,3-dihydro-1H-cyclopenta[a]naph#ra1-yl)carbonitrile(13).

A solution of 12 (1.10 g, 5 mmol) in 60 mL of ethanol/dichlorometka(1/2) with
palladium 10% on charcoal was stirred under hydiagenosphere at room temperature for 6
h. The mixture was filtered, concentrated undemuced pressure. The crude product was
recrystallized from toluene to gii8 (72%) as a white solid; mp 103-105 & NMR (300
MHz, CDC}) &: 7.80 (d, 1H, 9.0 Hz), 7.75 (d, 1H, 8.1 Hz), 7(881H, 8.1 Hz), 7.21 (d, 1H,
2.4 Hz), 7.17 (dd, 1H, 9.0 Hz and 2.4 Hz), 4.47, (td, 8.4 Hz and 5.4 Hz), 3.98 (s, 3H),
3,36 (m, 1H), 3.16 (m, 1H), 2.77-2.70 (m, 2H); IR ¢m?): 2227 (CN); LC-MS:m/z= 224
(MH™).

4.9. (8-Methoxy-1-methyl-2,3-dihydro-1H-cyclopeatapphtalen-1-yl)carbonitrilg14).

To a solution ofL3 (0.86 g, 3.85 mmol) in DMF (30 mL) under argon asphere was
added at 0 °C sodium hydride (185 mg, 7.7 mmolg iFxture was stirred at 0 °C during 15
min, then methyl iodide (820 mg, 5.78 mmol) was extldnd stirring was continued for

additional 45 min. The mixture was hydrolyzed witater and extracted with ethyl acetate.



The organic layer was washed with water, dried dwg8Q,, filtered and concentrated under
reduced pressure. The residue was purified by flagiromatography (Si§)
cyclohexane/EtOAc: 5/5) and recrystallized fromlofiexane to afford4 (91%) as a white
solid; mp 95-97 °C*H NMR (300 MHz, CDC)) §: 7.79 (d, 1H, 9.0 Hz),7.74 (d, 1H, 8.1
Hz),7.54 (d, 1H, 2.4 Hz), 7.22 (d, 1H, 8.1 Hz),5(#id, 1H, 9.0 Hz and 2.4 Hz), 3.99 (s, 3H),
3.22-3.10 (m, 2H), 2.85 (m, 1H), 2.45 (m, 1H), 1(383H); IR ¢, cm): 2231 (CN); LC-MS:
m/z= 238 (MH).

4.10. 2-(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]n#pdlen-1-ylidene)acetonitrilgl5).

Dry THF (5 mL) was added at -10 °C to sodium hydrgD% (1.8 g, 4.4 mmol) under
argon. A solution of diethyl cyanomethylphosphon@té mL, 44 mmol) in dry THF (10 mL)
was then added dropwise. The mixture was stirreiuargon until precipitation of the ylure
and the solution of compouri® (2.13 g, 10.04 mmol) in THF (10 mL) was added dnse.
The mixture was stirred for 16 h, and then hydretyzThe formed solid was filtered,
dissolved in diethyl ether, dried over Mg&diltered and concentrated under reduced
pressure. Recrystallization from toluene afft&d(50%) as a white solid; mp 135-137 €},
NMR (300 MHz, CDC)) 6: 7.83 (d, 1H, 9.0 Hz), 7.81 (d, 1H, 8.1 Hz), 7(d91H, 2.4 Hz),
7.32 (d, 1H, 8.1 Hz), 7.20 (dd, 1H, 9.0 Hz and 22}, 6.02 (m, 1H), 3.98 (s, 3H), 3.31-3.19
(m, 4H); IR @, cm?): 2228 (CN); LC-MSm/z= 236 (MH).

4.11. 2-(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]n#pdlen-1-yl)acetonitrilg16).

This compound was obtained frold in 75% vyield as described fa8; mp 82-84 °C
(methanol);*H NMR (300 MHz, CDG)) 6: 7.79 (d, 1H, 9.0 Hz), 7.69 (d, 1H, 8.1 Hz), 7.27
(d, 1H, 8.1 Hz), 7.13 (dd, 1H, 9.0 Hz and 2.4 Hz)2 (d, 1H, 2.4 Hz), 4.01 (m, 1H), 3.96 (s,
3H), 3.29 (m, 1H), 3.06 (m, 1H), 2.83 (m, 1H), 28245 (m, 2H), 2.31 (m, 1H); IR( cm™):

2241 (CN); LC-MSm/z= 238 (MH).



4.12. 8-Methoxy-2,3-dihydro-1H-cyclopenta[a]napHéral-yl)methylamine hydrochloride
(17).

An NHs-saturated solution oft3 (1.12 g, 5 mmol) in 60 mL of ethanol was
hydrogenated over Raney nickel under pressure é5§) lat 60 °C for 16 h. After filtration
and evaporation of ethanol, the oil was dissolvecther, washed with water, dried over
MgSQ, and treated with gaseous HCI. The obtained soéid fitered to givel7 (79%) as a
white solid; mp 247-248 °CH NMR (300 MHz, CDCJ) &: 8.42 (br s, 3H), 7.82 (d, 1H, 9.0
Hz), 7.70 (d, 1H, 8.20 Hz), 7.25 (d, 1H, 8.20 HZ)}8 (d, 1H, 2.4 Hz), 7.10 (dd, 1H, 9.0 Hz
and 2.4 Hz), 3.99 (m, 1H), 3.93 (s, 3H), 3.15-3106 2H), 2.92 (m, 1H), 2.72 (m, 1H) , 2.39
(m, 1H) , 2.18 (m, 1H); IRY cm?) : 3200-2800 (NK'CI); **C NMR (75 MHz, DMSO#dg) §

: 163.1, 146.8, 142.2, 135.8, 135.4, 133.0 (2CK.Q,2122.5, 107.8, 61.1, 46.7, 46.0, 36.1,
33.5; LC-MS:m/z= 228 (MH).
4.13. 2-(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]n#pdden-1-yl) ethylaminél8).

Amine 18 was obtained from6 in 65% vyield as described for compoutitf *H NMR
(300 MHz, CDC}) d: 8.52 (br s, 2H), 7.75 (d, 1H, 8.7 Hz), 7.61 (H, 8.1 Hz), 7.24 (d, 1H,
8.1 Hz), 7.20 (d, 1H, 2.4 Hz), 7.08 (dd, 1H, 8.7 &l 2.4 Hz), 3.93 (s, 3H), 3.76 (M, 1H),
3.41-2.85 (m, 6H), 2.42-2.07 (m, 2H); LC-M®i{z= 242 (MH).

4.14. (8-Methoxy-1-methyl-2,3-dihydro-1H-cyclopéajmaphthalen-1-yl)methylamingl9).

Amine 19 was obtained from4 in 93% vyield as described for compouti mp 70-72
°C; 'H NMR (300 MHz, CDC}J) 6: 8.42 (br s, 2H), 7.76 (d, 1H, 9.0 Hz),7.62 (d, B2 Hz),
7.40 (d, 1H, 2.4 Hz), 7.21 (d, 1H, 8.2 Hz), 7.08,(dH, 9.0 Hz and 2.4 Hz), 3.93 (s, 3H),
3.11-2.98 (m, 4H), 2.34 (m, 1H), 1.97 (m, 1H), 1(843H); IR ¢, cm?): 3290 (NH); LC-
MS: m/z= 242 (MH).

4.15. (E)-Ethyl-3-(2-methoxyquinolin-7-yl)prop-8eate(5).



This product was obtained from commercially 7-breZamethoxyquinoline(3) as
described for compoun@4). The crude product was purified by flash chromedpby
(cyclohexane/EtOAc : 5/5) to affol(93%) as a white solid; mp 105-107 “&t NMR (300
MHz, CDCL) 6 : 7.99 (s, 1H), 7.96 (d, 1H, 8.7 Hz), 7.84 (d, 18,2 Hz), 7.71 (d, 1H, 8.4
Hz), 7.55 (d, 1H, 8.4 Hz), 6.93 (d, 1H, 8.7 HzB®(d, 1H, 16.2 Hz), 4.30 (g, 2H, 7.2 Hz),
4.09 (s, 3H), 1.37 (t, 3H, 7.2 HZ)’*C NMR (75 MHz, DMSOsg) & : 166.9, 162.9, 146.7,
144.3, 138.2, 135.5, 128.1, 128.0, 126.1, 122.9,411114.1, 60.6, 53.5, 14.3; IR, (Cm'l) :
1700 (C=0); LC-MS m/z= 258 (MH).

4.16. Ethyl 3-(2-methoxyquinolin-7-yl)propanoéig.

This product was obtained frofnas described for compoud The crude product was
purified by flash chromatography (cyclohexanefCH: 9/1) to afford7 (80%) as a white
solid; mp 91-93 °C*H NMR (300 MHz, CDC}) J: 7.94 (d, 1H, 8.7 Hz), 7.70 (d, 1H, 2.4 Hz),
7.64 (d, 1H, 8.1 Hz), 7.25 (dd, 1H, 8.7 Hz and 22, 6.86 (d, 1H, 8.1 Hz), 4.15 (q, 2H, 7.2
Hz), 4.08 (s, 3H), 3.13 (t, 2H, 7.5 Hz), 2.73 ({,Z.5 Hz), 1.25 (t, 3H, 7.2 HZ)’C NMR (75
MHz, DMSO-dg) 0: 172.3, 162.8, 146.2, 140.3, 137.2, 128.8, 1286,3, 122.3, 113.4, 61.6,
53.6, 34.1, 30.5, 14.3; IR (cm™*): 1715 (CO); LC-MSm/z= 260 (MH).

4.17. 3-(2-Methoxyquinolin-7-yl)propanoic agf@).

This product was obtained froihas described for compour{fl). The crude product
was purified by flash chromatography (DCM/MeOH 1)to afford9 (73%) as a white solid;
mp 185-187 °C*H NMR (300 MHz, CDCJ) &: 10.3 (br s, 1H), 7.95 (d, 1H, 9.0 Hz), 7.72 (d,
1H, 2.4 Hz), 7.65 (d, 1H, 8.1 Hz), 7.26 (dd, 1H) Biz and 2.4 Hz), 6.87 (d, 1H, 8.1 Hz), 4.08
(s, 3H), 3.14 (t, 2H, 7.5 Hz), 2.81 (t, 2H, 7.5 HZC NMR (75 MHz, DMSO#g) §: 174.3,
162.2, 146.1, 139.3, 136.2, 128.8, 127.5, 126.1,6,2112.4, 53.2, 35.1, 30.4; IR, cm™):
1695 (C=0); LC-MS m/z= 232 (MH).

4.18. 2-Methoxy-7,8-dihydrocyclopenta[h]quinolime@e(11).



Chlorosulfonic acid (20 mL) was added dropwise &COto acid9 (2.31 g, 1 mmol).
Stirring was maintained for 24 h at room tempemgtand then the mixture was poured into
ice and extracted twice with diethyl ether. The borad organic layers were washed with
water, dried over MgSg filtered and concentrated under reduced pres3ine.residue was
purified by column chromatography (SiCcyclohexane/EtOAc: 7/3) to givEL (84%) as a
white solid; mp 155-157 °GH NMR (300 MHz, CDCJ) 6: 7.99 (d, 1H, 8.9 Hz), 7.88 (d, 1H,
8.4 Hz), 7.39 (d, 1H, 8.4 Hz), 6.94 (d, 1H, 8.9 HE)LI (s, 3H), 3.20 (M, 2H), 2.78 (M, 2H);
13C NMR (75 MHz, DMSO¢g) 6: 205.0, 164.4, 160.9, 143.5, 138.6, 134.7, 130&}.2,
122.2,113.1, 53.8, 37.1, 26.1; IR €m™): 1645 (C=0); LC-MSm/z= 214 (MH).

4.19. 2-(2-Methoxy-8,9-dihydro-7H-cyclopenta[h]qolin-9-yl)acetonitrile(21).

Dry THF (5 mL) was added at -10 °C to sodium hyer@d% (0.88 g, 22 mmol) under
argon. A solution of diethyl cyanomethylphosphon@t& mL, 44 mmol) in dry THF (10 mL)
was then added dropwise. The mixture was stirretiuargon until precipitation of the ylure
and the solution of compourid (2.13 g, 10.0 mmol) in THF (10 mL) was added drigew
The mixture was stirred for 16 h, and then hydretiyavith water. The formed solid was
filtered, dried and used without further purificatifor the next step. A solution of this crude
product in 60 mL of ethanol/dichloromethane (1/2aswstirred with palladium 10% on
charcoal under hydrogen atmosphere at room temyper&dr 6 h. The mixture was filtered
and concentrated under reduced pressure. The cpuoduct was purified by flash
chromatography (cyclohexane/EtOAc: 9/1) to affatd55%) as a white solid; mp 66-67 °C;
'H NMR (300 MHz, CDCJ) §: 7.99 (d, 1H, 8.9 Hz), 7.61 (d, 1H, 7.8 Hz), 7(29 1H, 7.8
Hz), 6.87 (d, 1H, 8.9 Hz), 4.08 (m, 1H), 4.04 (8)33.42 (dd, 1H, 16.5 Hz and 3.9 Hz), 3.29
(m, 1H), 3.09 (m, 1H), 2.99 (dd, 1H, 16.5 Hz and 81z), 2.60 (m, 1H), 2.20 (m, 1H);
3¢ NMR (75 MHz, DMSO+dg) o: 161.1, 155.4, 138.5, 137.2, 132.7, 127.6, 12522.1,

117.1, 111.2, 53.8, 36.1, 31.2, 30.7, 24.6;:dRc(ri): 2225 (CN): LC-MSm/z= 239 (MH).



4.20. 2-(2-Methoxy-8,9-dihydro-7H-cyclopenta[h]golim-9-yl)acetic acid22).

Compound2l1 (1.2 g, 5 mmol) was dissolved in ethanol (20 miojlowed by the
addition of 6M solution of NaOH (10 mL). The reactimixture was refluxed during 24 h.
After cooling to room temperature, water was adaled the solution was extracted twice with
diethyl ether. The aqueous solution was acidifiathva 6M solution of HCI. The formed
solid was filtered and dried to affo2? (85%) as a white solid; mp 149-150 °& NMR
(300 MHz, CDC}) ¢: 8.00 (d, 1H, 8.8 Hz), 7.59 (d, 1H, 8.4 Hz), 7(891H, 8.4 Hz), 6.87 (d,
1H, 8.7 Hz), 4.20 (m, 1H), 4.08 (s, 3H), 3.66 (&iH, 15.8 Hz and 4.0 Hz), 3.17 (m, 1H), 3.05
(m, 1H), 2.62-2.53 (m, 2H), 2.08 (m, 1HYC NMR (75 MHz, DMSOds) d: 177.9, 162.1,
145.6, 143.2, 139.8, 139.3, 127.0, 124. 0, 1211.3,68, 53.5 40.64, 38.8, 32.1, 31.5; iIR¢m
1): 1680 (C=0); LC-MSm/z= 258 (MH).

4.21. (2-Methoxy-8,9-dihydro-7H-cyclopenta[h]quime®-yl)methylamine hydrochloride
(24).

To a solution o22 (0.5 g, 2 mmol) in THF (20 mL) was added at O fi€thylamine
(0.42 mL, 3 mmol) and ethyl chloroformate (0.28 n8Lmmol). After 1 h stirring, sodium
azide (195 mg, 3 mmol) was added at 0 °C and thetimm mixture was stirred for an
additional 2 h. The mixture was hydrolyzed with @ratind extracted with GE&l,. The
organic layer was washed with water, dried over MgSiltered and concentrated under
reduced pressure at cold condition. The crude mto@@3) was dissolved in THF (10 mL),
followed by the addition of 1 M solution of NaOH i§3L). The reaction mixture was refluxed
during 2 h. A solution of 1 M HCI was added and thaction mixture was extracted twice
with diethyl ether. The aqueous phase was therfiddsvith 2 M solution of NaOH and
extracted with diethyl ether. The organic layer wdaged over MgSQ filtered and treated
with gaseous HCI. The obtained solid was filter@g@jive 24 (66%) as a white solid; mp 218-

220 °C;'H NMR (300 MHz, CDGJ) o: 8.54 (br s, 3H), 8.00 (d, 1H, 8.94 Hz), 7.62 1Hi,



7.60 Hz), 7.32 (d, 1H, 7.60 Hz), 6.85 (d, 1H, 8:84), 4.00-3.93 (m, 4H), 3.12-3.04 (m, 2H),
2.90 (m, 1H), 2.70 (m, 1H), 2.40 (m, 1H) , 2.16 (Kh); IR (v, cm?) : 3210-2800 (NH'CI);
13C NMR (75 MHz, DMSO¢g) 6: 158.4, 147.6, 142.5, 138.2, 139.2, 126.1, 124217,
111.5, 53.8, 45.5, 43.1, 41.5, 32.4; LC-M®/z= 229 (MH).

4.22. 2-(2-Methoxy-8,9-dihydro-7H-cyclopenta[h]qoilin-9-yl)ethanamine hydrochloride
(25).

To a suspension of LIAIH(0.38 g, 10 mmol) in EO (10 mL) at 0 °C was added a
solution of AICE (1.33 g, 10 mmol) in EO (10 mL). After 5 min stirring, a solution @fl
(0.6 g, 2.5 mmol) in CECI, (10 mL) was added dropwise at 0 °C. The resultiriggure was
stirred at room temperature during 1 h. An aquesmistion of sodium hydroxide 10% was
added carefully and the mineral solid was filteeattl washed with ED. The filtrate was
washed with water, dried over Mgd@nd treated with gaseous HCI. The obtained solid w
filtered to give25 (90%) as a white solid; mp 228-229 %&; NMR (300 MHz, CROD-dg) J:
8.10 (d, 1H, 8.9 Hz), 7.65 (d, 2H, 7.8 Hz), 7.311H, 7.8 Hz), 6.89 (d, 1H, 8.9 Hz), 4.90 (br
s, 3H), 4.07 (s, 3H), 3.88 (m, 1H), 3.21 (m, 1H1,2B2.95 (m, 3H), 2.38 (m, 2H), 2.00 (m,
2H); °C NMR (75 MHz, DMSOdg) 6: 162.2, 145.4, 143.2, 139.9, 139.3, 127.0, 12421,0,
111.0, 52.5 40.6, 38.4, 32.1, 31.6, 30.9; WRqm") : 3200-2820 (NECI); LC-MS : m/z=
243 (MH").

4.23. General procedure for synthesis of amitlésb, 18a, 19a, 24a, 25a and carbamate
17c.

To a solution of corresponding amit@é, 19, 24, 25 (2 mmol) in EtOAc (30 mL) and
water (10 mL) were added,&O; (4 mmol) and the corresponding acid chloride arol)
at 0 °C. The mixture was stirred at room tempeeatduring 2 h and the layers were
separated. The organic layer was washed with 1Iitiso of HCI, water, dried over MgSQO

filtered and concentrated under reduced pressure.



4.24. N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]ddpalen-1-yl)methyllacetamidé 7a).

The crude product was recrystallized from toluenafford 17a (86%) as a white solid;
mp 130-132 °C*H NMR (300 MHz, DMSO#ds) 6: 8.28 (br t, 1H), 7.79 (d, 1H, 9.0 Hz), 7.64
(d, 1H, 8.4 Hz), 7.56 (d, 1H, 2.1 Hz), 7.22 (d, B# Hz), 7.08 (dd, 1H, 9.0 Hz and 2.1 Hz),
3.92 (s, 3H), 3.68-3.59 (m, 2H), 3.12 (m, 1H), 2(80 1H), 2.73 (m, 1H), 2.19-2.13 (m, 2H),
1.88 (s, 3H);"*C NMR (75 MHz, DMSOsg) &: 170.1, 158.0, 141.5, 139.2, 131.4, 130.4,
128.2, 127.5, 121.3, 117.6, 103.3, 55.7, 44.7,, 815, 29.3, 23.2; IRv( cm?) : 3284 (NH),
1639 (C=0); MS (APCI, pos. 30 V) m/z: [M+H]270.15. HRMS (ES): m/z = calcd. for
C17H20NO, [M+H]* 270.14886 found: 270.14868.
4.25. N-[2-(8-Methoxy-2,3-dihydro-1H-cyclopenta[aphthalen-1-yl)ethyl]acetamidé8a).

The crude product was recrystallized from toluenafford 18a (76%) as a white solid;
mp 141-142 °C*H NMR (300 MHz, DMSOd) 6: 8.35 (br t, 1H), 7.78 (d, 1H, 9.0 Hz), 7.58
(d, 1H, 8.6 Hz), 7.52 (d, 1H, 2.0 Hz), 7.22 (d, Bb Hz), 7.08 (dd, 1H, 9.0 Hz and 2.0 Hz),
3.95 (s, 3H), 3.82 (m, 1H), 3.42 (m, 1H), 3.23-3( 2H), 3.05 (M, 1H), 2.42 (m, 1H), 2.27
(m, 1H), 2.00-1.92 (m, 2H), 1.82 (s, 3HJC NMR (75 MHz, DMSOds) 6: 170.1, 158.0,
141.5, 139.2, 131.4, 130.4, 128.2, 127.5, 121.3.6,.1103.3, 54.0, 46.2, 43.0, 33.5, 32.5,
30.8, 23.4; MS (APCI, pos. 30 V) m/z: [M+H]284.34. HRMS (ES): m/z= calcd. for

Ci1gH22NO, [M+H] " 284.16092 found: 284.16034.

4.26. N-[(8-Methoxy-1-methyl-2,3-dihydro-1H-cyclapga]naphthalen-1-yl)methyl]
acetamidg19a).

The crude product was recrystallized from cyclomexto afford19a (80%) as a white
solid; mp 84-86 °C*H NMR (300 MHz, DMSOsg) &: 7.92 (br t, 1H), 7.69 (d, 1H, 9.0 Hz),
7.45 (d, 1H, 8.7 Hz), 7.36 (d, 1H, 2.1 Hz), 7.22XH, 8.7 Hz), 7.10 (dd, 1H, 9.0 Hz and 2.1

Hz), 3.91 (s, 3H), 3.69 (dd, 1H, 13.3 Hz and 6.3,1341 (dd, 1H, 13.3 Hz and 6.3 Hz), 3.11-



3.03 (m, 2H), 2.23 (m, 1H),1.78 (m, 1H), 1.88 (5{),31.47 (s, 3H)*C NMR (75 MHz,
DMSO-dg) o: 171.0, 157.6, 142.1, 140.2, 131.4, 129.5, 12828.0, 121.3, 117.3, 102.9,
55.6, 47.0, 45.2, 38.5, 29.8, 24.9, 23.2; iRqmM?) : 3251 (NH), 1624 (C=0); MS (APCI,
pos. 30 V) m/z: [M+H], 284.25. HRMS (ES): mvVz=calcd. for GgH»NO, [M+H]"
284.12337 found: 284.12259.

4.27. N-[(2-Methoxy-8,9-dihydro-7H-cyclopenta[h]golin-9-yl)methyllacetamidé4a).

The crude product was recrystallized from toluenafford 24a (85%) as a white solid;
mp 110-111 °C*H NMR (300 MHz, CDCJ) §: 8.03 (d, 1H, 8.9 Hz), 7.61 (d, 1H, 8.0 Hz),
7.36 (br s, 1H), 7.33 (d, 1H, 8.0 Hz), 6.88 (d, 8t§ Hz), 4.12 (s, 3H), 4.06 (m, 1H), 3.69 (m,
1H), 3.59 (m, 1H), 3.23 (m, 1H), 3.00 (m, 1H), 241, 1H), 2.06 (m, 1H), 1.86 (s, 3H);
13C NMR (75 MHz, CDCJ) §: 170.1, 162.4, 146.6, 143.5, 139.9, 139.8, 12122,0, 121.8,
111.7, 53.5, 45.0, 42.4, 32.2, 30.6, 23.2; 9Rcm?) : 3290 (NH), 1626 (C=0); MS (APCI,
pos. 30 V) m/z: [M+H], 271.26. HRMS (ES): m/z= calcd. for GeH1oNoO, [M+H]"
271.1441 found: 271.14364.

4.28. N-[2-(2-Methoxy-8,9-dihydro-7H-cyclopenta[hjgolin-9-yl)ethyl]lacetamid€25a).

The crude product was recrystallized from toluenafford 25a (84%) as a white solid;
mp 119-120 °C!H NMR (300 MHz, CDCJ) §: 7.98 (d, 1H, 8.9 Hz), 7.56 (d, 1H, 8.0 Hz),
7.28 (d, 1H, 8.0 Hz), 6.85 (d, 1H, 8.9 Hz), 5.80.5b1H), 4.08 (s, 3H), 3.84 (m, 1H), 3.46 (m,
1H), 3.33-3.16 (m, 2H), 3.00 (m, 1H), 2.40 (m, 1RR5 (m, 1H), 2.07-1.92 (m, 2H), 1.89 (s,
3H); **C NMR (75 MHz, CDCJ) 6: 170.5, 161.4, 145.6, 142.5, 139.8, 139.2, 127222,
122.4, 111.5, 53.5, 45.0, 42.4, 32.2, 31.5, 308&2;2R @, cm?): 3285 (NH), 1628 (C=0);
MS (APCI, pos. 30 V) m/z: [M+H] 285.24. HRMS (ES): mVz = calcd. for G7H,:1N,0»
[M+H] " 285.15975 found: 285.15932.

4.29. 2-Methoxy-N-[(8-methoxy-2,3-dihydro-1H-cy@ofa[a]naphtalen-1-yl)methyl]

acetamidg17b).



The crude product was purified by flash chromatphya(cyclohexane / EtOAc : 5/5)
and recrystallized from toluene to affotdb (73%) as a white solid; mp 103-104 °&
NMR (300 MHz, CDC)) 6: 7.72 (d, 1H, 8.9 Hz), 7.66 (d, 1H, 8.5 Hz), 7(d01H, 2.4 Hz),
7.26 (d, 1H, 8.5 Hz), 7.11 (dd, 1H, 8.9 Hz and22}, 6.76 (br s, 1H), 4.00 (s, 3H), 3.94-3.86
(m, 4H), 3.38 (s, 3H), 3.24-3.15 (m, 2H), 3.00 @Hl), 2.35 (m, 1H), 2.13 (m, 1H}°C NMR
(75 MHz, CDC}) ¢: 169.9, 158.1, 141.6, 138.0, 131.3, 130.0, 12827.6, 120.8, 117.5,
102.5, 72.0, 59.1, 55.4, 44.0, 41.8, 31.7, 29.3(uRcm?): 3318 (NH), 1635 (C=0); MS
(APCI, pos. 30 V) m/z: [M+H], 300.24. HRMS (ES): m/z = calcd. for GgH2oNO3 [M+H]"
300.15214 found: 300.15259.

4.30. Methyl-N-[(8-methoxy-2,3-dihydro-1H-cyclopgainaphthalen-1-yl)methyl]
carbamatg17c).

The crude product was purified by flash chromatpya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affotdc (88%) as a white solid; mp 76-78 °&f NMR
(300 MHz, DMSOdg) J: 7.80 (d, 1H, 9.0 Hz), 7.65 (d, 1H, 8.1 Hz), 7(§5LH, 5.7 Hz), 7.46
(d, 1H, 2.4 Hz), 7.23 (d, 1H, 8.1 Hz), 7.09 (dd, BD Hz and 2.4 Hz), 3.91 (s, 3H), 3.69 (m,
1H), 3.58 (s, 3H), 3.45 (m, 1H), 3.08 (m, 1H), 2(8Q 1H), 2.75 (m, 1H), 2.19-2.15 (m, 2H);
3C NMR (75 MHz, DMSOsg) 6: 158.0, 157.6, 141.6, 139.0, 131.4, 130.4, 128276,
121.3, 117.5, 103.1, 55.6, 51.8, 44.9, 43.4, 394); IR {, cm?) : 3296 (NH), 1722 (C=0);
MS (APCI, pos. 30 V) m/z: [M+H] 286.24. HRMS (ES): m/z = calcd. for G;H2oNO3
[M+H] * 286.12337 found: 286.12359.

4.31. General procedure for synthesis of sulfonartitdi-e and 19b.

To a solution of corresponding amité or 19 (404 mg, 2 mmol) in CECl, (50 mL)

were added at 0 °C triethylamine (0.70 mL, 5 mnaoiyl the corresponding alkyl sulfonyl

chloride (2.6 mmol). The mixture was stirred atmoemperature for 2 h and hydrolyzed with



water. The organic layer was washed with 1 M soiuf HCI, water, dried over MgSQ©
filtered and concentrated under reduced pressure.

4.32. N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]dbalen-1-yl)methyljmethansulfon-
amide(17d).

The crude product was treated with diisopropyl etlaad recrystallized from
cyclohexane to afford7d (70%) as a white solid; mp 110-112 °&f NMR (300 MHz,
DMSO-ds) 6: 7.82 (d, 1H, 9.0 Hz),7.68 (d, 1H, 8.4 Hz),7.361¢, 6.3 Hz),7.26 (d, 1H, 2.1
Hz), 7.25 (d, 1H, 8.4 Hz), 7.09 (dd, 1H, 9.0 Hz &l Hz), 3.89 (s, 3H),3.72 (m, 1H),3.31
(m, 1H), 3.11 (m, 1H),2.93 (m, 1H), 2.87 (s, 3HB2(m, 1H),2.25-2.21 (m, 2H}’C NMR
(75 MHz, DMSO¢) o: 158.0, 142.0, 138.5, 131.2, 130.5, 128.2, 127728,.4, 117.6, 103.0,
55.6, 45.4, 45.3, 40.1, 31.5, 28.9; I} ¢m") : 3294 (NH); LC-MS m/z= 306 (MH). MS
(APCI, pos. 30 V) m/z: [M+H], 306.27. HRMS (ES): m/z = calcd. for GeH2oNO3S [M+H]"
306.14312 found: 306.14372.

4.33. N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]@palen-1-yl)methyl]ethansulfon-
amide(17e).

The crude product was recrystallized from cyclomext affordl7e (70%) as a white
solid; mp 109-110 °C*H NMR (300 MHz, DMSOsg) 6: 7.82 (d, 1H, 9.0 Hz), 7.67 (d, 1H,
8.4 Hz), 7.41 (t, 1H, 6.3 Hz), 7.26 (d, 1H, 2.7 HA5 (d, 1H, 8.4 Hz), 7.09 (dd, 1H, 9.0 Hz
and 2.7 Hz), 3.89 (s, 3H), 3.71 (m, 1H), 3.27 (id),13.16-2.74 (m, 5H), 2.23-2.17 (m, 2H),
1.16 (t, 3H, 7.5 Hz)**C NMR (75 MHz, DMSOs) §: 158.0, 142.0, 138.5, 131.2, 130.5,
128.2, 127.8, 121.4, 117.6, 103.0, 55.6, 46.1, 48663, 31.4, 28.8, 8.6; IR (cm?): 3298
(NH); MS (APCI, pos. 30 V) m/z: [M+H] 320.27. HRMS (ES): myz = calcd. for
C17H2oNOsS [M+H]* 320.15232 found: 320.15254.

4.34. N-[(8-Methoxy-1-methyl-2,3-dihydro-1H-cyclagga]naphtalen-1-yl)methyljmethane

sulfonamidg19b).



The crude product was recrystallized from cyclomext afford19b (50%) as a white
solid; mp 98-100 °C*H NMR (300 MHz, DMSO#€g) J: 7.82 (d, 1H, 9.0 Hz),7.68 (d, 1H, 8.1
Hz),7.39 (d, 1H, 1.8 Hz), 7.21 (d, 1H, 8.1 Hz),7(@#, 1H, 9.0 Hz and 1.8 Hz),7.03 (t, 1H,
6.9 Hz), 3.88 (s, 3H), 3.42 (dd, 1H, 13.2 Hz ar®i 182),3.26 (dd, 1H, 13.2 Hz and 6.9 Hz),
2.97-2.94 (m, 2H), 2.77 (s, 3H),2.38 (m, 1H), 1(88 1H), 1.56 (s, 3H)}*C NMR (75 MHz,
DMSO-dg) 0: 157.4, 142.7, 140.8, 131.3, 131.0, 129.0, 12”23,6, 116.9, 103.1, 55.4, 50.5,
50.2, 39.8, 38.1, 30.6, 25.0; IR, €m™) : 3297 (NH); MS (APCI, pos. 30 V) m/z: [M+H]
320.24. HRMS (ES): m/z = calcd. for G/H2:NOsS [M+H]™ 320.12328 found: 320.12247.
4.35. N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]naphthatéryl)methyl]urea(17f).

To a solution of amin&7 (0.45 g, 2 mmol) in water (10 mL) and 1 M soluti@inHCI
(1 mL) was added potassium cyanate (0.2 g, 2.5 pnibke mixture was stirred at room
temperature during 24 h). The solid was filteredsked with water and recrystallized from
acetonitrile to afford17f (84%) as a white solid; mp 173-175 °&4 NMR (300 MHz,
DMSO-dg) &: 7.79 (d, 1H, 8.97 Hz), 7.64 (d, 1H, 8.20 Hz),67(8, 1H, 2.4 Hz), 7.23 (d, 1H,
8.2 Hz), 7.00 (dd, 1H, 8.97 Hz and 2.4 Hz), 6.26t(4H, 6 Hz), 5.51 (br s, 2H), 3.90 (s, 3H),
3.67 (m, 1H), 3.49 (m, 1H), 3.11 (m, 1H), 2.89 (th]), 2.76 (M, 1H), 2.19-2.09 (m, 2H);
3¢ NMR (75 MHz, DMSOsdg) o: 160.5, 155.7, 141.1, 138.5, 130.5, 130.0, 12728.5,
121.4, 118.2, 102.5, 55.8, 46.2, 44.2, 31.4, 2R, cm?): 3425 (NH), 3340 (NH), 1625
(C=0); MS (APCI, pos. 30 V) m/z: [M+H] 271.23. HRMS (ES): m/z= calcd. for
C16H19N20, [M+H]* 271.12418 found: 320.12357.

4.36. N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]naphthaléryl)methyl]-N-methyl-urea
(179).

To a solution of aminel7 (1.93 g, 8.49 mmol) in DMSO (50 mL) were added

triethylamine (1.77 mL, 12.74 mmol) and th&amethylphenylcarbamate (1.92 g, 12.74

mmol). The mixture was stirred at 60 °C during thén, hydrolyzed and extracted with ethyl



acetate. The organic layer was washed with 1 Mtisolwof HCI, water, dried over MgSQO
filtered and concentrated under reduced pressure.cfude product was recrystallized from
toluene to afford.7g (68%) as a white solid; mp 160-161 € NMR (300 MHz, DMSOe)

5 7.79 (d, 1H, 9.0 Hz), 7.64 (d, 1H, 8.1 Hz), 7(B31H, 2.1 Hz), 7.22 (d, 1H, 8.1 Hz), 7.07
(dd, 1H, 9.0 Hz and 2.1 Hz), 6.23 (br t, 1H), 5(@91H, 5.4 Hz), 3.91 (s, 3H), 3.69 (m, 1H),
3.52 (m, 1H), 3.11 (m, 1H), 2.91-2.74 (m, 2H), 2(89 3H, 4.5 Hz), 2.14-2.10 (m, 2H);
3% NMR (75 MHz, DMSO+dg) o: 159.5, 157.9, 141.6, 139.5, 131.5, 130.3, 12827 .4,
121.3, 117.5, 103.5, 55.6, 45.3, 42.8, 31.6, 2862; IR {, cm?): 3333 (NH), 1624 (C=0);
LC-MS : m/z= 285 (MH). MS (APCI, pos. 30 V) m/z: [M+H] 285.23. HRMS (ES):
m/z = calcd. for G;H21N,0, [M+H] " 285.12416 found: 285.12346.

4.37. General procedure for synthesis of alkyl utéa-i, 19c-d, 24b-c and thioureal7k-m,
19e-g and 24b.

To a solution of corresponding amidé, 18, 19 or 24 (1 mmol) in CHCI, (10 mL)
were added triethylamine (2 mmol) and the corredpanalkyl isocyanate or isothiocyanate
(1.2 mmol) at 0 °C. The mixture was stirred at rommperature during 2 h and hydrolyzed.
CH.CI, was added and the organic layer was washed wittMasolution of HCI| and water,
dried over MgS@Q filtered and concentrated under reduced pressure.

4.38. N-Ethyl-N-[(8-methoxy-2,3-dihydro-1H-cyclopenta[a]naphtalénd)methyl]urea
(17h).

The crude product was purified by flash chromatpya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affot@h (57%) as a white solid; mp 148-150 °&§
NMR (300 MHz, DMSOdg) &: 7.79 (d, 1H, 9.0 Hz), 7.65 (d, 1H, 8.1 Hz), 7.6l 1H,
2.4 Hz), 7.23 (d, 1H, 8.1 Hz), 7.08 (dd, 1H, 9.0 &hd 2.4 Hz), 6.11 (t, 1H, 6.0 Hz), 5.84 (t,
1H, 5.4 Hz), 3.91 (s, 3H),3.67 (m, 1H), 3.51 (m,)18113-3.00 (M, 3H), 2.93-2.74 (m, 2H),

2.15-2.10 (m, 2H) , 1.00 (t, 3H, 7.2 HZJC NMR (75 MHz, DMSOd) J: 158.8, 157.9,



141.6, 139.5, 131.5, 130.3, 128.2, 127.4, 121.3.511103.6, 55.6, 45.3, 42.7, 34.6, 31.6,
29.2, 16.2; IR, cml): 3317 (NH), 1622 (C=0); MS (APCI, pos. 30 V) mf+H]*,
300.21. HRMS (ES): mVz = calcd. for GgH23NO, [M+H] ™ 300.16812 found: 300.16734.
4.39.  N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]naphtaldryl)methyl]-N-propylurea
(171).

The crude product was purified by flash chromatpgya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affdkd (77%) as a white solid; mp 139-141 %€ NMR
(300 MHz, DMSOd) 6: 7.79 (d, 1H, 9.0 Hz), 7.64 (d, 1H, 8.1 Hz), 7(B01H, 2.4 Hz), 7.23
(d, 1H, 8.1 Hz), 7.08 (dd, 1H, 9.0 Hz and 2.4 H&Z)0 (t, 1H, 6.0 Hz), 5.90 (t, 1H, 5.7 Hz),
3.91 (s, 3H), 3.68 (m, 1H), 3.51 (m, 1H), 3.08 (kh), 2.96 (q, 2H, 6.6 Hz), 2.92-2.76 (m,
2H), 2.16-2.10 (m, 2H), 1.38 (m, 2H), 0.84 (t, b Hz) ;**C NMR (75 MHz, DMSO#) 6
158.8, 158.0, 141.8, 139.3, 131.7, 130.3, 128.2,512121.3, 117.8, 103.8, 56.0, 46.2, 45.6,
44.0, 31.4, 28.8, 22.5, 11.9; IR, (cmY) : 3294 (NH), 1623 (C=0); MS (APCI, pos. 30 V)
m/z: [M+H]", 313.25. HRMS (ES): mVz = calcd. for GoH2sN>O, [M+H]" 313.18377 found:
313.18334.

4.40. N-Ethyl-N*-[(8-methoxy-1-methyl-2,3-dihydro-1H-cyclopenta[aphthalen-1-yl)
methyljurea(19c).

The crude product was purified by flash chromatpya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affotfc (67%) as a white solid; mp 143-145 °t
NMR (300 MHz, DMSOsg) 6: 7.82 (d, 1H, 9.0 Hz), 7.66 (d, 1H, 8.1 Hz), 7(40 1H, 2.4
Hz), 7.20 (d, 1H, 8.1 Hz), 7.09 (dd, 1H, 9.0 Hz &4 Hz), 5.83 (br t, 1H, 5.4 Hz), 5.64 (br t,
1H, 6.3 Hz), 3.88 (s, 3H), 3.71 (dd, 1H, 13.5 Hd &3 Hz), 3.36 (dd, 1H, 13.5 Hz and 6.3
Hz), 3.01-2.98 (m, 4H), 2.24 (m, 1H), 1.78 (m, 1H)47 (s, 3H), 0.92 (t, 3H, 7.2 Hz);
3¢ NMR (75 MHz, DMSO+dg) o: 158.8, 157.4, 142.6, 141.2, 131.4, 131.0, 12928.0,

121.6, 116.9, 102.9, 55.5, 47.1, 45.9, 38.2, 33067, 24.9, 16.1; IRv( cmil): 3279 (NH),



1623 (C=0); MS (APCI, pos. 30 V) m/z: [M+H]313.26. HRMS (ES): mvz = calcd. for
C1oH2sN,0, [M+H] * 313.18377 found: 313.18344.

4.41.  N-[(8-Methoxy-1-methyl-2,3-dihydro-1H-cyclopenta[ajshthalen-1-yl)methyl]-R
propylurea (19d).

The crude product was recrystallized from toluenaftord19d (70%) as a white solid;
mp 115-117 °C*H NMR (300 MHz, DMSO€) §: 7.82 (d, 1H, 9.0 Hz), 7.66 (d, 1H, 8.1 Hz),
7.40 (d, 1H, 2.4 Hz), 7.20 (d, 1H, 8.1 Hz), 7.09,(dH, 9.0 Hz and 2.4 Hz), 5.83 (br t, 1H,
5.7 Hz), 5.59 (br t, 1H, 6.0 Hz), 3.87 (s, 3H),7B(dd, 1H, 13.8 Hz and 6.0 Hz), 3.38 (dd,
1H, 13.8 Hz and 6.0 Hz), 2.94-2.87 (m, 4H), 2.23 (i), 1.79 (m, 1H), 1.46 (s, 3H), 1.30
(m 2H), 0.78 (t, 3H, 7.2 Hz)*C NMR (75 MHz, DMSOds) &: 158.9, 157.4, 142.6, 141.1,
131.3, 131.0, 129.0, 128.0, 121.6, 116.9, 102.%,58. .4, 47.2, 41.5, 38.1, 30.7, 24.9, 23.6,
16.1; IR ¢, cm?): 3313 (NH), 1624 (C=0); LC-MSm/z= 327 (MH). MS (APCI, pos. 30
V) m/z: [M+H]", 327.26. HRMS (ES): nvz = calcd. for GoH,7N,O, [M+H]" 327.19942
found: 327.19834.

4.42. N-[(8-methoxy-2,3-dihydro-1H-cyclopenta[a]naphthalésyl)methyl]-N-methyl-thio-
urea(17k).

The crude product was purified by flash chromatplhyécyclohexane/EtOAc : 5/5) and
recrystallized from toluene to afforiVk (87%) as a white solid; mp 159-161 °&f NMR
(300 MHz, CDC}) §: 7.75 (d, 1H, 9.0 Hz), 7.65 (d, 1H, 8.1 Hz), 7(481H), 7.26 (d, 1H, 8.1
Hz), 7.10 (dd, 1H, 9.0 Hz and 2.4 Hz), 5.90 (b2HK), 4.23-4.04 (m, 2H), 3.99 (s, 3H), 3.53
(m, 1H), 3.20 (m, 1H), 3.00 (m, 1H), 2.83 (s, 3BB8 (M, 1H), 2.14 (m, 1H}*C NMR (75
MHz, CDCk) ¢: 183.6, 158.0, 141.8, 139.3, 131.7, 130.3, 12B27,5, 121.3, 117.8, 103.9,
56.0, 46.4, 44.0, 31.4, 30.8, 28.8; IR ¢m): 3392 (NH), 1213 (C=S); MS (APCI, pos. 30
V) m/z: [M+H]", 301.26. HRMS (ES): mz = calcd. for G/H2N,OS [M+H]" 301.13691

found: 301.13648.



4.43.  N-Ethyl-N-[(8-methoxy-2,3-dihydro-1H-cyclopenta[a]naphthaléryl)methyl]thio-
urea(171).

The crude product was purified by flash chromatpya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affdkd (64%) as a white solid; mp 200-202 %€ NMR
(300 MHz, DMSO#) 6: 7.80-7.77 (m, 2H), 7.72 (br s, 1H), 7.65 (d, B# Hz), 7.46 (s,
1H), 7.24 (d, 1H, 8.4 Hz), 7.06 (dd, 1H, 9.0 Hz @M Hz), 4.09-3.98 (m, 2H), 3.91 (s, 3H),
3.35 (m, 2H), 3.20-2.86 (m, 3H), 2.15-2.12 (m, 2HP8 (t, 3H, 6.9 Hz)**C NMR (75 MHz,
DMSO-dg) o: 182.6, 158.0, 141.8, 139.3, 131.7, 130.3, 12827.5, 121.3, 117.8, 103.8,
56.0, 46.2, 44.0, 38.5, 31.4, 28.8, 14.9; ¥Rom?): 3245 (NH), 1213 (C=S); MS (APCI, pos.
30 V) m/z: [M+H]', 315.22. HRMS (ES): m/z = calcd. for GgH23N,0S [M+H]" 315.19942
found: 315.19834.

4.44. N-[(8-Methoxy-2,3-dihydro-1H-cyclopenta[a]naphthaléryl)methyl]-N-propylthio-
urea(17m).

The crude product was recrystallized from toluenafford17m (56%) as a white solid,;
mp 137-139 °C*H NMR (300 MHz, DMSOds) J: 7.80-7.77 (m, 2H), 7.73 (br s, 1H), 7.65
(d, 1H, 8.1 Hz), 7.50 (s, 1H), 7,24 (d, 1H, 8.1 HzP7 (dd, 1H, 9.0 Hz and 2.4 Hz), 4.15-
3.98 (m, 2H), 3.91 (s, 3H), 3.33 (m, 2H), 3.17-2(86 3H), 2.15-2.11 (M, 2H), 1.50 (m, 2H),
0.87 (t, 3H, 6.6 Hz)**C NMR (75 MHz, DMSOds) 6: 184.1, 158.0, 141.8, 139.3, 131.7,
130.3, 128.2, 127.5, 121.3, 117.8, 103.8, 56.(®, 4.6, 44.0, 31.4, 28.8, 22.5, 11.9; IR (
cml): 3295 (NH), 1213 (C=S); MS (APCI, pos. 30 V) mjt+H]*, 329.22. HRMS (ES):
m/z = calcd. for GgH2sN,0S [M+H]" 329.16092 found: 329.16034.

4.45, N-Methyl-N-[(8-methoxy-1-methyl-2,3-dihydro-1H-cyclopenta[aphthalen-1-yl)
methyl]thiourea(19e).

The crude product was recrystallized from toluemafford19e (57%) as a white solid;

mp 144-146 °C*H NMR (300 MHz, DMSO#&g) §: 7.82 (d, 1H, 9.0 Hz), 7.68 (d, 1H, 8.2 Hz),



7.52 (d, 1H, 2.4 Hz), 7.43 (br s, 1H), 7.22 (d, B Hz), 7.19 (br s, 1H), 7.08 (dd, 1H, 9.0
Hz and 2.4 Hz), 4.41 (m, 1H), 3.89 (s, 3H), 3.61 {id), 2.96-2.93 (m, 2H), 2.82 (d, 3H, 3.6
Hz), 2.34 (m, 1H), 1.80 (m, 1H), 1.54 (s, 3t}C NMR (75 MHz, DMSO#dg) J: 182.3, 157.5,
142.5, 140.9, 131.3, 131.0, 129.0, 128.2, 121.6,21102.8, 55.6, 51.3, 51.1, 38.2, 31.0,
30.6, 24.7; IR, cmY): 3297 (NH), 1212 (C=S); MS (APCI, pos. 30 V) mfai+H]*
315.23. HRMS (ES): m/z = calcd. for GgH23N0S [M+H]" 315.14528 found: 315.14434.
4.46. N-Ethyl-N*-[(8-methoxy-1-methyl-2,3-dihydro-1H-cyclopenta[aphthalen-1-yl)
methyl]thiourea(19f).

The crude product was recrystallized from toluemafford 19f (51%) as a white solid;
mp 125-127 °C*H NMR (300MHz, DMSO#ds) d: 7.2 (d, 1H, 9.0 Hz), 7.67 (d, 1H, 8.1 Hz),
7.52 (d, 1H, 2.4 Hz), 7.44 (br s, 1H), 7.21 (d, B, Hz), 7.11-7.07 (m, 2H), 4.44 (m, 1H),
3.90 (s, 3H), 3.64 (m, 1H), 3.36 (q, 2H, 7.5 HzPL2.94 (m, 2H), 2.33 (m, 1H), 1.82 (m,
1H), 1.54 (s, 3H), 1.03 (t, 3H, 7.5 H2JC NMR (75 MHz, DMSO#) §: 183.7, 157.5, 142.6,
140.8, 131.3, 131.0, 129.0, 128.2, 121.6, 117.2,71(%5.6, 51.2, 51.0, 38.8, 38.2, 30.7, 24.8,
14.8; IR ¢, cmi): 3294 (NH), 1223 (C=S); MS (APCI, pos. 30 V) m[+H]*, 329.27.
HRMS (EST): nv/z = calcd. for GgH2sN,OS [M+H]" 329.16094 found: 329.16023.

4.47.  N-[(8-Methoxy-1-methyl-2,3-dihydro-1H-cyclopenta[ajshthalen-1-yl)methyl]-Ri
propylthiourea(19g).

The crude product was recrystallized from toluenafford 19g (41%) as a white solid;
mp 109-111 °C*H NMR (300 MHz, DMSO&) §: 7.82 (d, 1H, 9.0 Hz), 7.67 (d, 1H, 8.1 Hz),
7.50-7.46 (m, 2H), 7.22 (d, 1H, 8.1 Hz), 7.11-7(AY 2H), 4.43 (m, 1H), 3.89 (s, 3H), 3.63
(m, 1H), 3.31 (g, 2H, 7.2 Hz), 2.98-2.95 (m, 2HB2 (M, 1H), 1.80 (m, 1H), 1.52 (s, 3H),
1.43 (m, 2H), 0.82 (t, 3H, 7.2 HZ)*C NMR (75 MHz, DMSOs,) §: 182.6, 157.5, 142.6,

140.8, 131.3, 131.0, 129.0, 128.3, 121.6, 117.2,71.(5.6, 51.2, 51.1, 45.4, 38.2, 30.7, 24.8,



225, 11.8; IR ¢, cm): 3213 (NH), 1223 (C=S); MS (APCI, pos. 30 V) m[M+H]*,
342.32. HRMS (ES): m/z = calcd. for GoH27N,0S [M+H]" 342.17658 found: 342.176223.
4.48. (8-Methoxy-2,3-dihydro-1H-cyclopenta[a]napdin-1-yl)methylthioureél?j).

To a solution ofL7 (0.50 g, 2,20 mmol) in a mixture of dioxane/THFL)6(35 mL) was
added 12 M HCI (0.2 mL) and potassium thiocyai@d®y mg, 4,40 mmol). The mixture was
stirred at 60 °C during 16 h then hydrolyzed andlaested with EtOAc. The organic layer was
washed with water, dried over Mga@iltered and concentrated under reduced pres3ine.
crude product was purified by flash chromatografatyglohexane/ EtOAc : 5/5) to affodd]
(25%) as a white solid; mp 86-87 °& NMR (300 MHz, DMSOd) 6: 7.94 (br s, 1H), 7.79
(d, 1H, 9.0 Hz), 7.75 (d, 1H, 2.4 Hz), 7.66 (d, Bl Hz), 7.24 (d, 1H, 8.1 Hz), 7.09 (dd, 1H,
9.0 Hz and 2.4 Hz), 7.04 (br s, 2H), 4.00 (m, 1891 (s, 3H), 3.60 (m, 1H), 3.20-2.86 (m,
3H), 2.13-2.08 (m, 2H)**C NMR (75 MHz, DMSOs) 6: 183.0, 157.7, 141.6, 139.5, 131.7,
130.0, 128.1, 127.5, 121.3, 118.0, 102.1, 55.98,484.1, 31.3, 28.8; IRv( cmi’, KBr): 3291
(NH), 1213 (C=S); MS (APCI, pos. 30 V) m/z: [M+H]287.22. HRMS (ES): vz = calcd.
for C16H1oN,0S [M+H]" 287.17658 found: 287.176253.

4.49. N-[(2-Methoxy-8,9-dihydro-7H-cyclopentah]quinolim@)methyl]-N-methylurea
(24b).

The crude product was purified by flash chromatpya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affoPdb (55%) as a white solid; mp 142-143 °&§
NMR (300 MHz, CDC})) 6: 8.00 (d, 1H, 8.9 Hz), 7.58 (d, 1H, 7.7 Hz), 7(811H, 7.7 Hz),
6.87 (d, 1H, 8.9 Hz), 5.78 (br s, 1H), 4.25 (btH), 4.13 (s, 3H), 4.0 (m, 1H), 3.61 (m, 2H),
3.20 (m, 1H), 3.00 (m, 1H), 2.69 (d, 2H, 4.3 HzZ4®@(m, 1H), 2.10 (m, 1H)-*C NMR (75
MHz, CDCk) o: 162.4, 159.2, 146.6, 143.5, 139.67, 139.5, 12123,9, 121.6, 111.7, 53.6,

45.2, 43.6, 42.2, 32.3, 30.2, 27.1; I} ¢miY): 3290 (NH), 1626 (C=0); MS (APCI, pos. 30



V) m/z: [M+H]", 286.25. HRMS (ES): mVz = calcd. for GgH2oN:O, [M+H] ™ 286.155 found:
286.15461.

4.50. N-[(2-Methoxy-8,9-dihydro-7H-cyclopentalh]quinolim@)methyl]-N-propylurea
(24c).

The crude product was purified by flash chromatpgya(cyclohexane/EtOAc : 5/5)
and recrystallized from toluene to affoPdc (78%) as a white solid; mp 167-168 °t
NMR (300 MHz, CDC}) : 8.00 (d, 1H, 8.8 Hz), 7.59 (d, 1H, 8.3 Hz), 7(811H, 8.3 Hz),
6.87 (d, 1H, 8.8 Hz), 5.75 (br t, 1H), 4.19 (biH), 4.13 (s, 3H), 4.0 (m, 1H), 3.63 (m, 2H),
3.35 (m, 1H), 3.10-2.95 (m, 3H), 2.40 (m, 1H), 2(&2 1H), 1.41 (q, 2H, 7.5 Hz), 0.85 (t,
3H, 7.53 Hz);"*C NMR (75 MHz, CDCJ) &: 162.4, 158.5, 146.6, 143.6, 139.5 (2C), 127.2,
123.9, 121.6, 111.7, 53.6, 45.2, 43.6, 42.2, 33032, 23.4, 11.2; IRy cm): 3325 (NH),
1613 (C=0); MS (APCI, pos. 30 V) m/z: [M+H]314.35. HRMS (ES): mvz = calcd. for

C18H24N305 [l\/|+H]+ 313.17902 found 313.17743.

5. Pharmacological methods
5.1. Reagents and Chemicals.

2-[**1]-lodomelatonin (2200 Ci/mmol) was purchased frbiBN (Boston, MA). Other
drugs and chemicals were purchased from Sigma-&ld/aint Quentin, France).
5.2. Cell Culture.

HEK (provided by A.D. Strosberg, Paris, France) @O cell lines stably expressing
the human melatonin MTor MT, receptors were grown in DMEM medium supplemented
with 10% fetal calf serum, 2 mM glutamine, 100 IWnpenicilin and 100 pg/mi
streptomycin. Grown at confluence at 37 °C (95%6@CQ), they were harvested in PBS
containing EDTA 2 mM and centrifuged at 1000 x g fomin (4 °C). The resulting pellet

was suspended in TRIS 5 mM (pH 7.5), containing BZTmM and homogenized using a



Kinematica polytron. The homogenate was then deged (95 000g, 30 min, 4 °C) and the
resulting pellet suspended in 75 mM TRIS (pH 78),5 mM MgC} and 2 mM EDTA.
Aliquots of membrane preparations were stored@f&until use.

5.3. Binding Assays.

2-[**1]iodomelatonin binding assay conditions were egaby as previously described
[27]. Briefly, binding was initiated by addition of menaoe preparations from stable
transfected HEK or CHO cells diluted in binding teuf(50 mM Tris-HCI buffer, pH 7.4
containing 5 mM MgG) to 2-[*1]-iodomelatonin (25 or 200 pM for MTand MT
receptors, respectively, expressed in HEK cells20rpM for MT; and MT, receptors
expressed in CHO cells) and the tested drug. Naifgpbinding was defined in the presence
of 1 uM melatonin. After 120 min incubation at 3T, °reaction was stopped by rapid
filtration through GF/B filters presoaked in 0.5%\) polyethylenimine. Filters were washed
three times with 1 ml of ice-cold 50 mM Tris-HClfber, pH 7.4.

Data from the dose-response curves (7 concentsaitiodiuplicate) were analysed using
PRISM program (Graph Pad Software Inc., San Di€g9,to yield 1Gso (inhibitory
concentration 50). Results are expressediad®,/ 1 + ([L)/Kp), where [L] is the
concentration of radioligand used in the assaykandhe dissociation constant of the
radioligand characterising the membrane prepar#8h

[**S] GTR/S binding assay was performed according to puldishethodology [27].
Briefly, membranes from transfected CHO cells egpireg MT; or M T, receptor subtype and
compounds were diluted in binding buffer (20 mM HES pH 7.4, 100 mM NaCl, 3 uM
GDP, 3 mM MgC} and 20 pg/mL saponin). Incubation was started byatidition of 0.2 nM
[**S]GTR/S to membranes (20 pg/ml) and drugs, and furthbowied for 1 h at room
temperature. For experiments with antagonists, nands were pre-incubated with both the

melatonin (3 nM) and the antagonist for 30 min piibe addition of FS]GTRS. Non



specific binding was defined using cold G/BP(10 uM). Reaction was stopped by rapid
filtration through GF/B filters followed by thre@scessive washes with ice cold buffer.

Usual levels of $S]GTPys binding (expressed in dpm) were for CHO-M&F MT,
membranes: 2000 for basal activity, 8000 in thesgmee of melatonin 1 uM and 180 in the
presence of GTFS 10 uM which defined the non specific binding. ®&tom the dose-
response curves (7 concentrations in duplicatewenlyzed by using the program PRISM
(Graph Pad Software Inc., San Diego, CA) to yiel@HEffective concentration 50 %) and
Emax (Maximal effect) for agonists. Antagonist potescage expressed asKICso / 1 +
(JAgo)/ECsp ago), where 16y is the inhibitory concentration of antagonist tigates 50%
inhibition of [**S] GTRS binding in the presence of a fixed concentratbrmelatonin
([Ago]) and EGp ago is the E&; of the molecule when tested alongaxl(maximal inhibitory
effect) was expressed as a percentage of thatwauksevith melatonin at 3 nM for MT
receptor.

Serotonin 5-H3¢ binding assay was determined according to repdests [29]. First
incubation of 200 ul solution from membrane CHQ beés, stably expressing the human 5-
HT,c receptors, for 60 min at 37 °C in binding buff®&0 (mM Tris—HCI buffer, pH 7.4,
containing 10 mM MgGl and 0.1% BSA) containing the radioligantH]-mesulergine (1
nM). Non-specific binding was defined in the preseof 10 uM mianserine. Dose—response
curves are obtained by displacement of the radioliy Reaction was stopped by rapid
filtration through GF/B filters presoaked in 0.1%8\) polyethylenimine. Filters were washed
three times with 1 mL of ice-cold 50 mM Tris—HClIffar, pH 7.4. Residual radioactivity was
revealed by addition of Microscint 20 and measurgdising TopCount calculator (Packard).
IC50 was determined from dose—response curves andgesel expressed as & ICso/1 +
([L)/KD), where [L] is the concentration of radiglknd used in the assay and KD, the

dissociation constant of the radioligand charasiegi the membrane preparation.
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HIGHLIGHTS

New constrained analogues of agomelatine were designed and synthesized
Prepared compounds showed good affinities at melatonin and SHT ;¢ receptors
Naphthocyclopentane derivative 17a was considered as the lead

(-)-17k represents one of the highest dual MT and 5HT,c derivative



