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Abstract

For further development of successors of Agometatihrough modulation of its
pharmacokinetic properties, we report herein theigihe synthesis and pharmacological
results of a new family of melatonin receptor ligan Issued from the introduction of
quinazoline and phthalazine scaffolds carrying #ryleamide lateral chain and a methoxy
group as bioisosteric ligands analogs of previoukdyeloped Agomelatine. The biological
activity of the prepared analogs was compared wigt of Agomelatine. Quinazoline and
phthalazine rings proved to be a versatile scaffotdeasy feasible MiTand MT; ligands.
Potent agonists with sub-micromolar binding affinitere obtained. However, the presence
of two nitrogen atoms resulted in compounds witldp affinity for both MT, and MT,, in
comparison with the parent compound, balanced byetthibition of good pharmacokinetic

properties.
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1. Introduction

Melatonin (MLT) is a neurohormone mainly synthedizg the pineal gland following
a circadian rhythm [1]. This rhythmicity is impontafor melatonin physiological functions
[2]. Once synthesized, melatonin is then releastalthe bloodstream and travels to different
organs and tissues of the body [1] to obtain delrahysiological responses mainly on the
central nervous system (CNS) [3]. MLT regulatesaety of physiological functions through
the activation of two membrane receptors ;Mihd MT; [4]. Both, MT; and MT; receptor
subtypes are classified as class A G-protein coupdeeptors (GPCRS). Since its discovery,
several studies have demonstrated the involvenfevit® and its receptors in the regulation
of different physiological processes such as sa&pwakefulness [5], core body temperature
and blood pressure [6]. Some studies have dembedtmossible role of MiTand/or MT,
receptors in several disorders including insomméd mood disorders, depression, anxiety,
Alzheimer, Parkinson’s diseases [7]. Melatonin &kis® demonstrated to possess antioxidant
and anti-inflammatory effects [8].

Consequently, the melatonergic system representsintaresting target for the
development of new therapeutic agents. Accordinglyearch for melatonin receptor ligands
has led to the design and synthesis of severaldgaviany of these ligands have been or are
in their way to be used as therapeutic agentsdBssRamelteon a high affinity nonselective
MT/MT, receptor agonist was developed and commerciafmethe treatment of insomnia
and sleep disorders [9]. More interestingly, thecdvery of Agomelatine (AGM) was
ingenious because of its unique pharmacologicdllerdGM is a high-affinity nonselective
MT1/MT, melatonin receptor agonist and 5-d Eerotonin receptor selective antagonist. It is
marketed as an antidepressant with a high efficecgleep, circadian rhythm disorder, and
depression [10]. However, up to recently the abseariexperimental 3D models of Mand

MT, hindered the structure-based drug design. Indeeslatonin receptor models were



constructed and refined using 3D structures ofediffit templates including serotonin
receptors such as the human 5:kl&nd 5-Hbg [11]. Fortunately, very recently a group of
researchers described high-resolution XFEL (X-regefelectron laser) structures of the
human MT receptor in complex with ramelteon, 2-phenylmeiatp 2-iodomelatonin, and
AGM; and the human M receptor in complex with 2-phenylmelatonin (2-PMand
ramelteon [12]. Progress in understanding the obleelatonin receptors will be boosted by
these structural findings of the Mand MT, receptors subtypes. Moreover, the determination
of the human M7 melatonin receptor subtype selectivity reportedhis work will lead
certainly to the design and synthesis of highleskle ligands and hence the comprehension
of this system.

Following our contribution to the understandingtioé melatonin system, we reported
the design and synthesis of analogues of agomelasued from the replacement of the
naphthalene scaffold by different heterocyclesffeégl) [13]. Herein we report the synthesis
and the pharmacological evaluation of two aza-cydboisosteric analogues of AGM.
Quinazoline and phthalazine are two heterocycles #ttracted much interest among the
scientific community and have been under deep tigetson due to their different biological
properties. Besides, phthalazine was extensivebd ua the preparation of a variety of
bioactive molecules with different pharmacologigadoperties including antimicrobial,
antibacterial, cardio tonic, anticancer, antifungabsodilatation activity, antimalarial,
anticonvulsant, and anti-inflammatory activitieA[1On the other hand, quinazoline is a
pharmacologically promising heterocycle due to different biomedical properties. This
heterocycle is present in different powerful antieaial, antiviral, antifungal, anti-
inflammatory, antimalarial, antitubercular and @t/ agents [14]. It is also present in some
inhibitors of the epidermal growth factor (EGF) eptors of tyrosine kinase. Quinazolines

were also employed as ligands for benzodiazepidezkBA-receptors in the CNS system or



as DNA binders, and as anticancer with remarkattiity [15]. Our main objective was to
investigate the effect of the pharmacokinetic proge modulation via the introduction of two

nitrogen atoms into the naphthalene cycle.

2. Resultsand discussion
2.1. Chemistry

Synthesis of amide§a-d is depicted in Scheme 1. First, key intermediatevas
prepared following two synthetic routes. Using Stmogytryptamine, the primary amine was
protected with a phthalimide group to give intermagell. Oxidative cleavage of the indole
heterocycle into compourlwas achieved using Naldn methanol [16]. Quinazoling was
then obtained by cyclization & in the presence of ammonium formatformamide. The
second method employed the commercially availabteehoxyquinazolin-2-one as starting
material. Chlorination of 6-methoxyquinazolin-2-obg POC} gave 4-chloroquinazoliné.
Heck cross-coupling reaction df with N-vinylphthalimide in the presence of palladium
acetate and trttolyl)phosphine [17] led to the unsaturated comqubs. Hydrogenation of
this compound gave the desired quinazoleDeprotection of the phthalimide group via
hydrazinolysis in ethanol furnished the primary ae. Finally, target amide3a-d were
synthesized frond by reaction with the appropriate acid chloride][18

<Insert Scheme 1 here>

Synthesis of 2,4,6-trisubstituted quinazoliresa-c is described in Scheme 2. First,
kinurenamine8 was obtained by oxidative cleavage of melatonideurthe same conditions
previously described for compourd[16]. Compound8 was then submitted to a selective
acidic hydrolysis of its formamide function leading primary amine9. N-acylation of
compound9 by treatment with different acyl chlorides leadsatmides10a-c. Substituted

quinazolines1la-c were obtained by cyclization of compound6a-c under the same



conditions as previously described for compowdvoreover, this method also allowed
access to the acetamida previously described in Scheme 1 directly fromukenamines.
Amino-quinazolinel2 and piperazino-quinazolind$-14 were prepared in one step (Scheme
3). Reaction of commercially availabl&l-acetylethylene-diamine, 1-(cyclopropanoyl)-
piperazine and\-ethylpiperazine-1-carboxamide with 4-chloro-6-metyguinazoline4 at
room temperature in the presence of triethylamie&gd the desired quinazolin&-14 in
good yields.
<Insert Scheme 2 here>
<Insert Scheme 3 here>

The phthalazine derivatives were prepared follovthregmethod described in Scheme 4.
Therefore, phthalaziné&9a-d were prepared in six steps starting from commédycealailable
2-formyl-5-methoxybenzoic acid. First, condensatas this later compound with hydrazine
in EtOH led to 7-methoxyphthalazinH2-one (5) [19]. Chlorination of15 with phosphorous
oxychloride followed by treatment with ethyl cyacetate inthe presence of sodium hydride
(NaH) produced the cyanoestiat. Refluxing of compound? in an acidic medium (5M HCI)
led, after decarboxylation, to cyanometii§l Selective catalytic hydrogenation of the cyano
group of 18, with Raney-nickel, provided the aminoethyl ph#zahe 19 which was then
transformed into the desired amid23a-d according to a variant of the Schotten-Baumann
procedure, by reaction with the appropriate acitbrate in the presence of potassium
carbonate in a biphasic medium (ethyl acetate/Water

<Insert Scheme 4 here>

2.2. Pharmacology
<Insert Table 1 here>
First, all synthesized compounds were submittebinding affinity experiments to the

serotonergic 5-H7: receptor subtype using Chinese Hamster OvariarQ)Gt¢ll lines stably



expressing the human 5-breceptors and revealed the absence of any biradfivgty or
activity towards this receptor subtype. Seconddipig assays for melatonin MTand MT,
receptor subtypes consisted of addition of membpaeparations from transfected CHO cells
stably expressing the human melatonin ;T MT, diluted in binding buffer (50 mM Tris—
HCI buffer, pH 7.4, containing 5 mM Mgglto 2-[*I]iodomelatonin (20 pM for MT and
MT, receptors expressed in CHO cells) and the tesietpound. Non-specific binding was
defined in the presence of 1 uM melatonin, and diaia the dose-response curves were
analyzed using the program PRISM (Graph Pad Soétwar., San Diego, CA, USA) to yield
ICs0. Results are expressed as pKi (pKi = -Log10 (Mijth Ki = ICs¢/1 + ([L]/KD), where
[L] is the concentration of radioligand used in #esay and KD, the dissociation constant of
the radioligand characterizing the membrane préjpard21]. Evaluation of the prepared
quinazoline and phthalazine derivatives for théiindies for melatonin receptors MTand
MT, receptors subtypes using transfected CHO celldystadpressing the human melatonin
MT, or MT,, revealed that strict bioisosteric replacementhefnaphthalene moiety of AGM
with quinazoline or phthalazine derivatives deceglashe affinity for both melatonergic
receptors MT and MT, and showed weak Miselectivity a, Table 1;20, Table 2). To
further investigate the effect of this pharmacomation on the melatonergic affinity, we
then analysed the effect of the replacement ohttetamide function ofa by an ethylamide
(7b) and a propyl amider€). The obtained results showed a conservationeoMii, affinity
and an improvement of Mbinding affinity in comparison with the acetamida However,
the introduction of a cyclopropylamidéd) decreased the binding affinities at both Mifd

the MT, (Table 1).

Further modulations offa were performed specially the introduction of artima

substituents at position C-2 of the quinazolinegrithe equivalent position to C-3 of



agomelatine, site to hydroxylation during its meilam. First, the introduction of a phenyl
(11a) or am-methoxyphenyl 11b) has led to an increase of the MAnd a decrease of MT
binding affinities and the improvement of the pSelectivity (57 and 11-folds respectively)
in comparison with the parent compourd (Table 1). In contrary, the introduction of a
methyl cyclopropyl grouplflc) showed the most interesting results of this seae increase
in both MT; and MT; binding affinities in comparison with the paréfa, and in accordance
with the previously observed effects on the nagdktiederivatives [20]. The ethyl amide side
chain was also replaced by an aminoethyl amidendi@) or piperazine derivatived3-14).
These two modulations have led to a loss in theatoeérgic affinity as shown in Table 1.
This loss may result from the addition of a H-batwhor/acceptor (compount?) and a
molecular restriction (compounds$-14) which hinder the free rotation of the lateral icha
and hence disturb its binding to the receptor.
<Insert Table 2 here>

The observed decrease of the melatonergic affibyy the replacement of the
naphthalene scaffold with quinazoline was confirmatth the second modulation. In fact, the
modification of the two nitrogen atoms pattern wmee introduction of a phthalazine ring
proved to be unfavourable for the melatonergicnéffi Accordingly, compoun®0a, the
strict bioisostere of the AGM, showed a significdatrease in affinity for both MTand MT,
receptors in comparison with agomelatine and quilvaa 7a. Further modulations of the
acetamide group had no positive effect on the igffi(iTable 2). The replacement of the
acetamide with an ethyl or a propyl group (comp@2@b-d) showed a weak improvement
of both melatonin MT and MT, affinities in comparison with the acetamiéd@a, and the
conservation of a weak MBelectivity over MT. Finally, the replacement of the acetamide
over a cyclopropyl amid20d has led to the drop in both M&and MT, affinities (Table 2).

<Insert Table 3 here>



In addition, the intrinsic activities of the synsiteed compounds were determined. The
obtained results revealed that most compounds ledhay MT/MT; full agonists exceptlb
(Table 3). Compoundlb bearing a methoxyphenyl in the C2-position exleidbian M, full
agonist and MT partial agonist activity. Such a pharmacologicadfipe is very sought in
pharmacology as a tool to assess the role of esggptor subtype. Moreover, to investigate
the pharmacokinetics of the prepared compoundscalmilation of the logP (ClogP) was
realized using Data Warrior software. The obtaire=iilts showed that due to the presence of
more nitrogen atoms in the skeleton, quinazolind ahthalazine derivatives are more
hydrophilic than agomelatine. This high hydrophilicmay grant good solubility and
absorption to these compounds and hence improwepih@macokinetic properties (Table 4).
On another important aspect, drug absorption amchgebility test (Caco2 test) of the most
interesting prepared compounds is shown in Tabl®©Btained results showed a 100%
absorption for the tested compounds except forptitbalazine20a which exhibit only 2%
absorption hence confirming the ClogP results al{dable 4). Bioavailability results (Table
5) showed in general a good bioavailability in hanzed rodents for the tested compounds
except compoundla which exhibits a very poor bioavailability of onR/to 7% due to the
presence of the sterically hindered phenyl in thH2 gdsition of the quinazoline ring.

<Insert Table 4 here>

<Insert Table 5 here>

3. Conclusions

Herein we investigated the effect of bioisosterioduation of agomelatine through
replacement of the naphthalene moiety by quinaedind phthalazine nucleus. Quinazoline
derivatives Ta-14) showed a decrease in the affinity for both ;Mdnd MT, and the

appearance of an M%electivty. The modulation of the C2-position afirtpzoline led to



some interesting compounds with pronounced »gdlectivty for compoundslla-11b.
Conversely to quinazoline, the introduction of m@i#zine decreased dramatically the
melatonergic affinity for both receptors. In faitte introduction of two nitrogen atoms in the
naphthalene led to the drop of the melatonergimigff The disposition of the two nitrogen
seems to play a role in this decrease in the affiMore interestingly, in general most tested
compounds showed good absorption and bioavaikabifitnally, with the recent exciting
news of the description of both binding sites olatein MT; and MT, receptors, our group
is planning to use this new data to construct nBan®dels and probe the binding modes of
these melatonin ligands. This model is primordiaéxplain why the introduction of nitrogen
atoms to the aromatic cycle bearing the acetamadierdl chain led to the drop of the

melatonergic binding affinity.

4. Experimental Section
4.1. Chemistry

Chemicals and solvents were obtained from commlesoarces and used without
further purification unless otherwise noted. Reatwdiwere monitored by TLC performed on
Macherey—Nagel Alugram® Sil 60/UV254 sheets (theds 0.2 mm). Purification of
products was carried out by recrystallization orluomn chromatography. Column
chromatography was carried out using Macherey—Nsifjed gel (230-400 mesh). Melting
points were determined on a Buchi SMP-20 capillgpparatus and are uncorrected. FT-IR
spectra were recorded on a Thermo Nicolet Avat&ér B2-IR spectrometer. NMR spectra
were recorded on a Bruker DRX 300 spectrometerréipg at 300 MHz fofH and 75 MHz
for 13C). Chemical shifts are expressed in ppm relativeither tetramethylsilane (TMS).
Chemical shifts are reported as positidnn ppm), multiplicity (s = singlet, d = doubletz=t

triplet, q = quartet, p = pentet, dd = double detjbr = broad and m = multiplet), coupling



constant J in Hz), relative integral and assignment. The fyuaf final compounds was
determined by high pressure liquid chromatographf?L(C) using two columns: C18
Interchrom UPTISPHERE. The HPLC analysis was caroigt on a Shimadzu LC-2010AHT
system equipped with a UV detector set at 254 d%dri?n. The compounds were dissolved in
100 mL of buffer B and 900 mL of buffer A. The ehiesystem used was: buffer A
(H2O/TFA, 100:0.1) and buffer B (ACNA®/TFA, 80:20:0.1). Retention times (tr) were
obtained at a flow rate of 0.2 mL/min for 37 minngsa gradient form 100% of buffer A over
1 min, to 100% buffer B over the next 30 min, t®%®of buffer A over 1 min and 100% of
buffer A over 1 min. All tested compounds showeguaity of > 95%. The melting point
analyses were performed on Barnstead Electrothdvialiing Point Series IA9200 and were

not corrected.

4.1.1. 2-(2-(5-Methoxy-1H-indol-3-yl)ethyl)isoindoline-1¢one (1). To a solution of 5-
methoxytryptamine (800 mg, 4.2 mmol) in toluene (BQ) was added phthalic anhydride
(686 mg, 4.62 mmol) and &t (0.64 mL, 4.62 mmol). The reaction mixture wastied at
reflux for 24 h with continuous removal of waterthvia Dean—Stark trap. The mixture was
cooled to room temperature and concentrated walerum The residue was putted into 1M
NaOH (20 mL) and extracted with DCM (3 x 100 mLhelcombined organic layers were
washed with 1M HCI and water. The organic phase avesd with MgSQ, filtered, and the
solvent was evaporated under reduced pressure. rébilue was purified by flash
chromatographyPE/AcOEL); 10:0 to 7:3vV)) to affordl as a beige powder (87% yield); mp
165 °C;*H NMR (300 MHz, CBCL,): ¢ 8.08 (br s, 1H), 7.86 — 7.80 (m, 2H), 7.88 — 7169
2H), 7.26 (dJ = 8.8 Hz, 1H), 7.15 (d] = 2.5 Hz, 1H), 7.09 (dJ = 2.1 Hz, 1H), 6.82 (dd] =
8.8,2.5 Hz, 1H), 3.99 (m, 2H), 3.84 (s, 3H), 3.13 ()2 C NMR (75 MHz, CDCL): §

168.2, 154.0, 133.9, 132.2, 131.3, 127.8, 122.9,21111.8, 100.3, 55.6, 38.4, 24.3



4.1.2. N-(2-(3-(1,3-Dioxoisoindolin-2-yl)propanoyl)-4-metkyphenyl)formamide (2). To
solution of1 (437 mg, 1.36 mmol) in methanol (26 mL) was addegpwise a solution of
NalO, (1.17 g, 5.46 mmolh water (30 mL) at 0 °C. The mixture was stirré@@ °C for 12 h
and concentrated undgacuum.The residue was putted into water (25 mL) andaexéd
with DCM (3 x 50 mL). The combined organic layererey dried over MgS® and
evaporated. The residue was purified by flash clatography (PE/AcOEt); 10:0 to 7:8/¥))

to afford2 as a brown powder (71% yield); mp 158 *8;NMR (300 MHz, CDCl,): § 11.09
(br s, 1H), 8.65 (dJ = 9.2 Hz, 1H), 8.42 (d] = 1.7 Hz, 1H), 7.94 — 7.81 (m, 2H), 7.81 — 7.70
(m, 2H), 7.40 (dJ = 2.9 Hz, 1H), 7.15 (ddl = 9.2, 2.9 Hz, 1H), 4.11 (,= 7.2 Hz, 2H), 3.84
(s, 3H), 3.49 (tJ) = 7.2 Hz, 2H);*C NMR (75 MHz, CDCl,): 6 201.7, 168.0, 159.4, 154.8,
134.1, 133.3, 132.1, 123.1, 122.9, 120.5, 115.4,58.1, 33.5, 29.7

4.1.3. 4-Chloro-6-methoxyquinazolin@d). A suspension of 6-methox$)-quinazolin-4-
one (4.4 g, 25 mmol) in PO£{20 mL) was refluxed for 12h. The mixture was camicated
in vacuq carefully hydrolyzed in ice water and alkaliniagdh a 28% ammonia solution. The
solid was filtered off, dissolved in dichlorometieadried over MgS@and concentrateth
vacua Crude product was recrystallized from tolueneafiord 4 (65% yield) as a yellow
solid; mp 78-79 °C*H (300 MHz, DMSOd): & 8.13 (s, 1H), 7.41 (d, 1H, = 2.9 Hz), 7.32
(d, 1H,J = 9.0 Hz), 7.25 (ddj = 9.0, 2.9 Hz, 1H), 3.95 (s, 3H).

4.1.4. (E)-2-(2-(6-Methoxyquinazolin-4-yl)vinyl)isoindoérl,3-dione(5). In a sealed tube
under argon atmosphere, were introduced compdu(@39 g, 2.0 mmol), DMF (5 mL),
triethylamine (1.2 mL, 8 mmol), palladium diacetg@2.5 mg, 0.1 mmol), trttolyl)-
phosphine (61 mg, 0.2 mmol) amdvinylphthalimide (0.52 g, 3 mmol). The mixture was
stirred at 110 °C for 5 h and then hydrolyzed. Tdrened solid was solubilized in GBI,
washed with water and brine, dried over Mg2@d evaporated under reduced pressure. The

crude product was recrystallized from toluene fordf5 as a brown solid (50% yield); mp



236 °C;'H NMR (300 MHz, DMSO-g): 5 9.00 (s, 1H), 8.42 (d] = 15 Hz, 1H)7.92 (d,J =

9.0 Hz, 1H), 7.83 — 7.82 (m, 2H), 7.80 — 7.74 (#d),27.53 (d¢d J= 9.0, 2.8 Hz, 1H), 7.46 (d,

J = 2.8 Hz, 1H), 6.25 (d] = 15 Hz, 1H), 3.88 (s, 3H}*C NMR (75 MHz, CDCL,): § 165.2,
162.2, 159.5, 153.6, 145.1, 132.8, 132.1, 130.8,51A27.4, 123.7, 123.3, 100.6, 95.8, 55.8
4.1.5. 2-(2-(6-Methoxyquinazolin-4-yl)ethyl)isoindoline3idione(3).

Method 1. To a solution of2 (200 mg, 0.57 mmol) in formamide (2 mL) was added
ammonium formate (302 mg, 4.79 mmol) in sealed.tilbe reactional mixture was stirred at
135 °C for 24 h. The mixture was putted into w9 mL) and extracted with DCM. The
combined organic layers were dried over Mg®@d evaporated. The residue was washed
with methanol to giv8 as a brown powder (61% yield).

Method 2. To a solution o6 (0.32 g, 1 mmol) in 30 mL of ethanol/THF (1/1) wadded
Pd/C 10%. The mixture was stirred and placed undgirogen atmosphere at room
temperature overnight. The catalyst was filteredcetite and the solvent was evaporated
under reduced pressure. The obtained solid wagstedized from toluene to afford as a
white solid (90% vyield); mp 236 °CH NMR (300 MHz, CDCl,): 6 9.07 (s, 1H), 7.94 (d =

9.2 Hz, 1H), 7.88 — 7.82 (m, 2H), 7.80 — 7.74 (#d),27.53 (dd,J = 9.2, 2.7 Hz, 1H), 7.46 (d,

J = 2.7 Hz, 1H), 4.34 — 4.14 (m, 2H), 4.00 (s, 3BiF9- 3.45 (m, 2H)>*C NMR (75 MHz,
CD.Cl,): 0 168.1, 165.5, 158.5, 152.6, 146.1, 134.0, 13230,5], 126.4, 124.9, 123.1, 101.6,

55.8, 36.3, 33.0

4.1.6. 2-(6-Methoxyquinazolin-4-yl)ethanamif@. To a solution o8 (200 mg, 0.34 mmol)
in EtOH was added hydrazine monohydrate (0.17 nd5 &xmol). The mixture was stirred at
room temperature for 16 h. The mixture was conegedir undevacuumand purified by flash
chromatography (DCM/MeOH, Ndsat; 10:0 to 9:1W\V)) to give6 as brown powder (97%,
yield); mp 71 °CH NMR (300 MHz, CDBCL,): 6 9.08 (s, 1H), 7.94 (dl = 9.2 Hz, 1H), 7.55

(dd,J = 9.2, 2.7 Hz, 1H), 7.35 (d, = 2.7 Hz, 1H), 3.98 (s, 3H), 3.40- 3.34 (m, 2HBB—



3.26 (m, 2H);**C NMR (75 MHz, CBCL,): 6 167.7, 158.2, 152.6, 145.9, 130.5, 125.9, 125.2,
102.0, 55.7, 40.2, 37.9

4.1.7. N-(2-(6-Methoxyquinazolin-4-yl)ethyl)acetamida).

Method 1. To a solution o6 (64 mg, 0.32 mmol), ¥CO; (133 mg, 0.96 mmol) in water (3
mL) and ethyl acetate (20 mL) was added acetylratéo(34 pL, 0.48 mmol). The mixture
was stirred over 4 h. The biphasic mixture was is#pd, and the aqueous layer was extracted
with EtOAc (3 x 20 mL). The combined organic layersre dried over MgSgfiltrated and
concentrated. The residue was dissolved in DCM @edipitated by petroleum ether. The
resulting precipitate was recovered and washed RiEho give7a as a white powder (44%
yield).

Method 2. This compound was prepared from compo@dccording to the procedure
described foB (Method 1). Recrystallization from acetonitrile gaa (60% yield) as a white
solid; mp 78 °C*H NMR (300 MHz, CRCl,): 6 9.08 (s, 1H), 7.94 (dl = 9.2 Hz, 1H), 7.52
(dd,J = 9.2 Hz, 2.8, 1H), 7.43 (d,= 2.7 Hz, 1H), 6.47 (br s, 1H, NH), 3.99 (s, 3B)89 —
3.80 (q,J = 6.3 Hz, 2H) 4.34 — 4.14 (§,= 6.3 Hz, 2H), 1.92 (s, 3H}*C NMR (75 MHz,
CD.Cl,): ¢ 169.9, 166.8, 158.5, 152.3, 145.8, 130.4, 12625,.2, 101.8, 55.8, 36.7, 33.6,

23.1; HPLC: C18 columnit= 19.799 min, purity > 99%.

4.1.8. N-(2-(6-Methoxyquinazolin-4-yl)ethyl)propionamid€7b). This compound was
prepared from compoun@ according to the procedure described #ar (Method 1).
Recrystallized from acetonitrile as a yellow sdl@5% yield); mp 89-91 °C; IR: 3268 ¢hm
(van), 1668 it (veo); *H NMR (300 MHz, CDCY): 6 9.08 (s, 1H), 7.94 (d] = 9.2 Hz, 1H),
7.55 (dd,J = 9.2, 2.8 Hz, 1H), 7.40 (d, = 2.8 Hz, 1H), 6.42 (br s, 1H), 3.99 (s, 3H), 3.86 (
J = 6.3 Hz, 2H),3.46 (t,J = 6.3 Hz, 2H), 2.16 (¢J = 7.5 Hz, 3H), 1.09 (t) = 7.5 Hz, 3H);
13C NMR (75 MHz, CDCly): § 173.5, 166.9, 158.5, 152.3, 145.8, 130.4, 1268,2], 101.8,

55.8, 36.6, 33.6, 29.6, 9.5; HPLC: C18 columy= 20.382 min, purity > 99%.



4.1.9. N-(2-(6-Methoxyquinazolin-4-yl)ethyl)butyramidéc). This compound was prepared
from compound6 according to the procedure described Tar(Method 1). Recrystallized
from acetonitrile as a yellow solid (85% yield); rig6-148 °C; IR: 3266 crh(vny), 1624
cm™ (veo); *H NMR (300 MHz, CDCl,): 6 9.08 (s, 1H), 7.93 (dl = 9.3 Hz, 1H), 7.55 (dd]

= 9.3, 2.9 Hz, 1H), 7.40 (d,= 2.9 Hz, 1H), 6.44 (br s, 1H), 3.99 (s, 3H), 3(86J = 6.1 Hz,
2H), 3.46 (tJ = 6.2 Hz, 2H), 2.11 (t) = 7.2 Hz, 2H), 1.60 (pJ = 7.5 Hz, 2H), 0.89 (t) =
7.4 Hz, 3H);**C NMR (75 MHz, CDQCL,): § 174.7, 168.8, 160.4, 154.3, 147.7, 132.3, 128.3,
127.1, 103.8, 57.7, 40.5, 38.5, 35.6, 21.0, 15ELEt C18 column:g= 21.437 min, purity >
95%.

4.1.10.N-(2-(6-Methoxyquinazolin-4-yl)ethyl)cyclopropandeaxamide (7d). This
compound was prepared from compouhdaccording to the procedure described Tar
(Method 1). Recrystallized from acetonitrile as laitey solid (82% yield); mp 115-117 °C. IR:
3304 cn (van), 1663 cnt (veo); *H NMR (300 MHz, CDCl,): § 9.09 (s, 1H), 7.93 (d] =
9.2 Hz, 1H), 7.55 (dd] = 9.2, 2.7 Hz, 1H), 7.38 (d,= 2.7 Hz), 6.66 (br s, 1H), 3.98 (s, 3H),
3.88 (g,J = 6.2 Hz, 2H), 3.46 (t) = 6.2 Hz, 2H), 1.41 — 1.31 (m, 1H), 0.92 — 0.83 (iH),2
0.74 — 0.65 (m, 2H)**C NMR (75 MHz, CBRCl,): § 175.2, 168.9, 160.4, 154.3, 147.7, 132.3,
128.2,127.1, 103.8, 57.7, 38.7, 35.7, 16.4, 8B_Et C18 column:g = 20.382 min, purity >
99%.

4.1.11 N-(3-(2-Formamido-5-methoxyphenyl)-3-oxopropyl)acgte (8). This compound
was prepared from melatonin according to the proeedescribed fo2. Crude product was
recrystallized from acetonitrile to affolas a yellow solid (55% yield); mp 153-154 °C; IR:
3329 cmt* (van), 1681 cnitt (veo). *H NMR (300 MHz, CDBCly): § 11.16 (br s, 1H, NH), 8.65
(d,J = 9.2 Hz, 1H), 8.43 (dJ = 1.9 Hz, 1H), 8.45 (br s, 1H), 7.43 @= 2.9 Hz, 1H), 7.16

(dd,J = 9.2, 2.9 Hz, 1H), 6.09 (br s, 1H), 3.85 (s, 3HE2(q,J = 5.9 Hz, 2H), 3.28 (1) =



5.9 Hz, 2H), 1.92 (s, 3H}°C NMR (75 MHz, CDCJ): ¢ 203.4, 169.6, 161.9, 159.3, 154.9,
133.2,122.9, 120.5, 115.5, 55.7, 39.8, 34.5, 23.0

4.1.12 N-(3-(2-Amino-5-methoxyphenyl)-3-oxopropyl)acetaniff). To a solution oB (2.65

g, 10 mmol) in EtOH was added 4 M aqueous hydrathkcid (60 ml). The solution was
refluxed for 2 h and EtOH was evaporated. The métuas cooled to room temperature and
adjusted to pH = 8 with 10 M aqueous sodium hydfexgolution and extracted with ethyl
acetate. The organic layer was dried over MgSiered, and concentrated under reduced
pressure to afford 9 as yellow solid (65% yield)p 89-92 °C. IR: 3407, 3274 ¢h(vnmo),
1657, 1635 ci (veo); *H (300 MHz, CDCY): 6 8.75 (d,J = 9.3 Hz, 1H), 7.16 (d] = 3.0 Hz,
1H), 7.02 (ddJ = 9.3, 3.0 Hz, 1H), 6.00 (br s, 2H), 3.78 (s, 3HFB(q,J = 4.9 Hz, 2H),
3.21 (t, 2H,J = 4.9 Hz), 1.96 (s, 3H)**C NMR (75 MHz, CDCJ): 6§ 203.2, 161.5, 159.3,
153.4,132.2,122.7, 120.5, 117.5, 55.6, 39.8,,2B2
4.1.13N-(2-(3-Acetamidopropanoyl)-4-methoxyphenyl)bendar(iiOa). To a cold solution
of 9 (0.4 g, 1.7 mmol) and TEA (0.35 mL, 2.5 mmol) irettmylene chloride, was added
dropwise benzoyl chloride (0.24 mL, 2.0 mmol). Bodution was stirred at room temperature
for 2h and water was added. The organic phase \aaked with 1M NaOH and 1M HCI. The
organic layer was dried over Mgg@nd evaporated. The obtained solid was recryztalli
from acetonitrile to affordOa (67% yield) as a yellow solid; mp 160-162 °C; B355, 3342
cm™ (van), 1672, 1643, 1635 cm(veo); *H NMR (300 MHz, CDCY): § 12.29 (br s, 1H), 8.89
(dd,J = 9.3, 1.5 Hz, 1H), 8.05-8.03 (m, 2H), 7.58-7.51 @H), 7.41 (m, 1H), 7.21-7.18 (m,
1H), 6.24 (m, 1H), 3.85 (m, 3H), 3.69 @@= 5.7 Hz, 2H), 3.32 (tJ = 5.1 Hz, 2H), 1.99 (s,
3H). °C NMR (75 MHz, CDCJ):  203.7, 170.3, 165.7, 154.6, 134.9, 131.9, 1288,3,
122.5,122.5,121.2, 115.5, 55.7, 39.7, 34.5, 23.3

4.1.14 N-(2-(3-Acetamidopropanoyl)-4-methoxyphenyl)-3-roeybenzamide (10b). This

compound was prepared fro® according to the procedure described fibda.



Recrystallization from acetonitrile gau®b (70% vyield) as a yellow solid; mp 148-153 °C;
IR: 3366, 3215 ci (vny), 1662, 1652, 1638 cM(veo); *H NMR (300 MHz, CDCJ): § 12.26
(br s, 1H), 8.86 (d, 1H] = 9.2 Hz), 7.59-7.57 (m, 2H), 7.45-7.39 (m, 2H), 7(d8,J = 9.2,
2.8 Hz, 1H), 7.10 (m, 1H), 6.28 (m, 1H), 3.90 (8)33.85 (s, 3H), 3.68 (q} = 5.8 Hz, 2H),
3.30 (t,J = 5.7 Hz, 2H), 1.98 (s, 3H}*C NMR (75 MHz, CDCJ): 6 203.6, 170.4, 165.5,
159.9, 154.6, 136.4, 134.8, 129.8, 122.6, 122.4,11219.1, 118.1, 115.5, 112.7, 55.7, 55.4,
39.7,34.5, 23.3
4.1.15N-(2-(3-Acetamidopropanoyl)-4-methoxyphenyl)-2-agobpylacetamide(10c). This
compound was prepared fro® according to the procedure described fibda.
Recrystallization from acetonitrile affortDc (70% yield) as a yellow solid; mp 122-125 °C,;
IR: 1669, 1658, 1648 ¢ *H NMR (300 MHz, CDCJ): 6 11.24 (br s, 1H), 8.67 (d,= 9.5
Hz, 1H), 8.45 (br s, 1H), 7.38 (d,= 2.9 Hz, 1H), 7.14 (dd] = 9.2, 2.8 Hz, 1H), 3.84 (s, 3H),
3.67 (q,J = 5.8 Hz, 2H), 3.27 (t) = 5.8 Hz, 2H), 1.35 (m, 2H), 1.12-0.70 (m, 5£C NMR
(75 MHz, CDC}): ¢ 203.5, 173.8, 159.5, 154.9, 133.2, 123.2, 1220,7, 115.6, 55.7, 39.8,
34.5,29.7,14.7, 7.25, 7.25

4.1.16.N-(2-(6-Methoxy-2-phenylquinazolin-4-yl)ethyl)acetde (11a). This compound was
prepared from compoundOa according to the procedure described Tar (Method 1).
Recrystallized from acetonitrile as a white sob&% yield); mp 157-158 °CH NMR (300
MHz, CD,Cl,): § 8.61 (m, 2H), 8.00 (d] = 9.2 Hz, 1H), 7.64-7.47 (m, 4H), 7.40 (U= 2.8
Hz, 1H), 6.43 (br s, 1H), 4.07-3.88 (m, 5H), 3.688(t,J = 6.2 Hz, 2H), 1.92 (s, 3H}FC
NMR (75 MHz, CDCl,): ¢ 169.9, 166.9, 158.3, 157.6, 146.5, 138.3, 13030,.11 128.5,
127.9, 126.4, 123.6, 102.0, 55.8, 36.6, 33.7, 23ALC: C18 column:g= 26.753 min, purity
> 99%.

4.1.17 N-(2-(6-Methoxy-2-(3-methoxyphenyl)quinazolin-&tiyl)acetamide (11b). This

compound was prepared from compoul@ih according to the procedure described 7ar



(Method 1). Recrystallized from acetonitrile as laite solid (54% vyield); mp 151-152 °¢H
NMR (300 MHz, CDCl,): 6 8.24-8.15 (m, 2H), 7.99 (d, = 9.2 Hz, 1H), 7.55 (dd] = 9.2,
2.8 Hz, 1H), 7.46 () = 8.0 Hz, 1H), 7.38 (dJ = 2.8 Hz, 1H), 7.06 (ddd] = 8.0, 2.7, 0.9 Hz,
1H), 6.42 (br s, 1H), 4.00 (s, 3H), 3.98-3.92 (1H)53.51 (t,J = 6.3 Hz, 2H), 1.92 (s, 3H);
13C NMR (75 MHz, CDCly): § 169.9, 166.8, 160.1, 158.3, 157.4, 146.4, 13%80,68, 129.5,
126.4, 123.7, 120.4, 116.0, 112.9, 102.0, 55.83,5%.6, 33.7, 23.1; HPLC: C18 colump: t
= 27.341 min, purity > 99%.

4.1.18 N-(2-(2-(Cyclopropylmethyl)-6-methoxyquinazolinffethyl)acetamide (11c). This
compound was prepared from compouttit according to the procedure described Tar
(Method 1). Recrystallized from acetonitrile as hiter solid (85% vyield); mp 114-115 °C,;
IR: 3318 ¢t (vn), 1638 cn (veo); *H (300 MHz, DMSO#€): 6 7.90 (d,J = 9.2 Hz, 1H),
7.52 (ddJ =9.2, 2.8 Hz, 1H), 7.29 (d, = 2.8 Hz, 1H), 6.66 (br s, 1H), 3.96 (s, 3H), 3.88 (
2H), 3.46 (t,J = 6.0 Hz, 2H), 2.98 (d] = 7.1 Hz, 2H), 1.96 (s, 3H), 1.34 (m, 1H), 0.60 (m,
4H); *C NMR (75 MHz, DMSOdg): 6 170.29, 166.73, 163.80, 157.89, 146.07, 129.96,
126.41, 123.05, 101.57, 55.76, 44.07, 36.65, 3323%40, 10.46, 4.59, 4.59; HPLC: C18
column: & = 20. 544 min, purity > 95%.
4.1.19.N-(2-((6-Methoxyquinazolin-4-yl)amino)ethyl)acetdm(12). To a solution o# (0.5

g, 2.5 mmol) in THF was addedsBt (0.52 mL, 3.76 mmol) and-(2-aminoethyl)acetamide
(0.25 g, 2.5 mmol). The mixture was stirred at 80f6r 1h, cooled to room temperature and
concentratedn vacuo The residue was suspended in water and extraatedEtOAc. The
organic phase was dried over MgS&hd concentrated by evaporationvacuo. Solid was
recrystallized from toluene to affod@. Recrystallized from acetonitrile as a white s¢b8%
yield); mp 176-178 °C; IR: 3304 ch(vny), 3195 el (vw), 1663 cnit (veo); *H NMR (300
MHz, CDCL): 6 8.52 (s, 1H), 7.88 (br s, 1H), 7.74 (d= 9.1 Hz, 1H), 7.36 (dd] = 9.1, 2.6

Hz, 1H), 7.30 (dJ = 2.6 Hz, 1H), 6.97 (br s, 1H), 4.56 (br s, 1H),43(8, 3H), 3.82-3.72 (m,



2H), 3.70-3.61 (m, 2H), 2.04 (s, 3HJC NMR (CDCI3):6 172.9, 159.3, 157.8, 152.9, 143.9,
129.3, 124.2, 115.4, 100.6, 55.8, 43.7, 39.9, 23H;C: C18 column:g= 20.382 min, purity
> 99%.

4.1.20.N-Ethyl-4-(6-methoxyquinazolin-4-yl)piperazine-Ifmaxamide(13). This compound
was prepared from compouddaccording to the procedure described X2r Recrystallized
from toluene as a white solid (75% vyield); mp 14&-PC; IR: 3255 cil (vnn), 1643 cnt
(veo); *H NMR (300 MHz, CDBCL): 6 8.66 (s, 1H), 7.84 (d, J = 9.1 Hz, 1H), 7.45 (@i, 9.1,
2.8 Hz, 1H), 7.20 (d, J = 2.8 Hz, 1H ) 4.60 (btH), 3.94 (s, 3H), 3.64 - 3.56 (M, 4H), 3.75-
3.70 (m, 4H), 3.33 - 3.23 (m, 2H), 1.17 (t, J = A2 3H) ;**C NMR (75 MHz, CDCly): §
164.3, 157.6, 157.0, 152.1, 147.3, 130.2, 124.2,61.1103.4, 55.6, 49.3, 43.4, 35.7, 15.3;
HPLC: C18 column:g = 20.382 min, purity > 99%.

4.1.21 Cyclopropyl-(4-(6-methoxyquinazolin-4-yl)piperadind)methanone (14).  This
compound was prepared from compouhdiccording to the procedure described 1@r
Recrystallized from toluene as a white solid (758ld); mp 145-147 °C; IR: 3255 ¢
(van), 1643 cnit (veo); H NMR (300 MHz, CDCL): 6 8.68 (s, 1H), 7.86 (d} = 9.2 Hz, 1H),
7.45 (dd,J = 9.2, 2.8 Hz, 1H), 7.21 (d, = 2.8 Hz, 1H), 4.00-3.65 (m, 11H), 1.83 (m, 1H),
1.02-0.93 (m, 2H), 0.86 — 0.77 (m, 2HJC NMR (75 MHz, CRQCl,): 6 172.1, 164.3, 157.1,
152.1, 147.4, 130.2, 124.2, 117.6, 103.4, 55.8,440.3, 45.0, 41.7, 29.7, 10.9, 7.1; HPLC:
C18 column: g = 20.382 min, purity > 99%.

4.1.22.1-Chloro-7-methoxyphthalazin@6). A suspension of 7-methoxyphthalazirdj2one
(15) (1.0 g, 5.7 mmol) in POgI(3 mL) was refluxed for 1h. After cooling, the ctian
mixture was carefully hydrolyzed in crunched icel atkalinized with a 15% NaOH solution.
The solid was filtered off, dissolved in dichlorotingne dried over MgS{Qand concentrated

in vacuo Crude producti6 (86% vyield) was used without further purificatianp 139-141



°C; 'H NMR (300 MHz, CDCJ): § 9.30 (s, 1H), 7.90 (d] = 8.6 Hz, 1H), 7.60 (dd] = 8.6,
2.5 Hz, 1H), 7.50 (d] = 2.5 Hz, 1H), 4.05 (s, 3H).

4.1.23. Ethyl 2-cyano-2-(7-methoxyphthalazin-1-(2H)-ylidgmetate(17). In anhydrous THF
(10 mL), a solution of ethyl cyanocetate (0.66 612 mmol) was added to a mixture of NaH
(60% in mineral oil) (250 mg, 6.2 mmol). The mi@wvas stirred for 30 min at r.t., then a
solution of15 (0.8 g, 4.1 mmol) in anhydrous THF (10 mL) wasetldT he reaction mixture
was heated at reflux for 12 h, cooled and quenghttdwater. The solid was filtered, washed
with water, dried. Recrystallization from acetohétrgave 17 as beige powder (80% yield);
mp 185-187 °C; IR 2250 cin(ven), 1650 et (veo); *H NMR (300 MHz, CDCJ): 6 13.55
(br s, 1H), 9.00 (dJ = 2.6 Hz, 1H), 8.30 (s, 1H), 7.70 @@= 8.4 Hz, 1H), 7.45 (dd = 8.4,
2.6 Hz, 1H,), 4.25 (¢ = 7.0 Hz, 2H), 4.00 (s, 3H), 1.40 @t,= 7.0 Hz, 2H):™*C NMR (75
MHz, CDCk): ¢ 173.3, 165.2, 161.5, 139.1, 135.3, 130.0, 12814,2 113.0, 105.9, 70.2,
61.4,56.1, 13.5

4.1.24 2-(7-Methoxyphthalazin-1-yl)acetonitrif@d8). A mixture of17 (0.46 g, 1.7 mmol) in
5M HCI (80 ml) was refluxed until complete dissadut The solution was refluxed for an
additional 2h then ethanol was evaporated. Theuraxtvas cooled to room temperature and
adjusted to pH 8 with an10 M NaOH solution and a&stied with ethyl acetate. The organic
layer was dried over MgSQfiltered, and concentrated under reduced pregssuaiéford after
recrystallization in toluend8 as beige solid (60%, yield)mp 165-166 °C; IR 2250 cf
(ven); *H NMR (300 MHz, CDCY): 6 9.40 (s, 1H), 7.96 (d} = 8.9 Hz, 1H), 7.58 (dd] = 8.9,
2.3 Hz, 1H), 7.29 (m, 1H), 4.45 (s, 2H), 4.05 (d):3"°*C NMR (75 MHz, CDCJ): ¢ 163.1,
129.3, 129.0, 126.9, 125.2, 121.0, 115.9, 105.4,4.(%6.1, 23.5
4.1.25.2-(7-Methoxyphthalazin-1-yl)ethanami(i9). A NHs-saturated solution di8 (2.7 g,
8.5 mmol) in methanol (50 mL) was hydrogenated draney nickel under pressure (3 bars)

at room temperature for 48 h. After filtration aedaporation, the residual oil was dissolved



in a mixture of toluene/methanol in the presenc&G®% Pd/C. The mixture was refluxed for
5h, filtered and evaporated. The residue was pdrifiby flash chromatography
(CH,Cl,MeOH); 10:0 to 0:10\\)) to afford 19 as a brown oil (70% vyield); IR 3250 &m
(var2); *H NMR (300 MHz, CDCJ): ¢ 9.30 (s, 1H), 7.85 (d] = 8.8 Hz, 1H), 7.45 (ddj =
8.8, 2.1 Hz, 1H), 7.30 (d = 2.1 Hz, 1H), 4.00 (s, 3H); 3.50 (m, 2H), 3.40)t 5.5 Hz,
2H), 3.00 (br s, 2H)*C NMR (75 MHz, CDGJ): § 170.8, 163.3, 156.2, 149.7, 128.6, 127.1,
125.6, 122.8, 101.2, 55.0, 40.3, 35.7

4.1.26 .N-(2-(7-Methoxyphthalazin-1-yl)ethyl)acetami@®a). To a solution ofl9 (0.5 g, 2.5
mmol), K;:CO; (1.0 g, 14.7 mmol) in water (20 mL) and ethyl atet(40 mL) was added
acetyl chloride (0.35 mL, 5 mmol). The mixture veisred for 2h. The biphasic mixture was
separated, and the aqueous layer was extractedBs@Ac. The combined organic layers
were dried over MgSg) filtrated and concentrated. The residue was prsgified by flash
chromatography (C§Cl,/MeOH; 9/1) and recrystallized from toluene to g@a as a white
powder (40% yield); mp 160-163 °C; IR: 3250 trvny), 1665 cnt (veo); *H NMR (300
MHZ, CDCly): 6 9.30 (s, 1H), 7.85 (d] = 8.8 Hz, 1H), 7.50 (dd] = 8.8, 2.4 Hz, 2H), 7.40
(d,J = 2.4 Hz, 1H), 6.70 (br s, 1H), 4.05 (s, 3H), 3.85J(= 6.2 Hz, 2H), 3.50 (t) = 6.2 Hz,
2H), 1.98 (s, 3H)*C NMR (75 MHz, CDC})): § 170.8, 162.3, 157.2, 149.6, 128.8, 128.1,
124.6, 121.8, 102.2, 56.0, 37.3, 32.7, 23.3; HPC8 column: ¢ = 17.266 min, purity >
99%.

4.1.27 N-(2-(7-Methoxyphthalazin-1-yl)ethyl)propionamidé€0b). This compound was
prepared from compountl® according to the procedure described 20a. Recrystallized
from toluene as a white solid (55% yield); mp 1BBPC; IR: 3250 cil (van), 1660 cnt
(veo); *H NMR (300 MHz, CDCY): 6 9.30 (s, 1H), 7.85 (d} = 8.8 Hz, 1H), 7.50 (dd] = 8.8,
2.3 Hz, 1H), 7.40 (d) = 2.3 Hz, 1H), 6.60 (br s, 1H), 4.05 (s, 3H), 3.85) = 6.2 Hz, 2H),

3.50 (t,J = 6.2 Hz, 2H), 2.20 (¢) = 7.5 Hz, 2H), 1.10 () = 7.5 Hz, 3H)."*C NMR (75



MHz, CDCk): ¢ 174.2, 162.7, 157.2, 149.6, 128.8, 128.1, 12423 8, 102.1, 56.0, 36.9,
32.6, 29.8, 9.9; HPLC: C18 colummp:% 17.813 min, purity > 99%.

4.1.28 N-(2-(7-methoxyphthalazin-1-yl)ethyl)butyrami@®c). This compound was prepared
from compoundl9 according to the procedure describedZ@e. Recrystallized from toluene
as a white solid (50% vyield); mp 127-129 °C; IR58Zm" (vnn), 1655 cmt (veo); *H NMR
(300 MHz, CDC}): 6 9.40 (s, 1H), 7.88 (d]l = 8.9 Hz, 1H), 7.51 (dd] = 8.8, 2.4 Hz, 1H),
7.43 (m, 1H), 6.66 (br s, 1H), 4.05 (s, 3H), 3.86)(= 6.1 Hz, 2H), 3.53 (t) = 6.3 Hz, 2H),
2.15 (t,J = 7.4 Hz, 2H), 1.64 (m, 2H), 0.90 @,= 7.5 Hz, 3H);**C NMR (75 MHz, CDC)):

0 173.4, 162.7, 157.2, 149.6, 128.8, 128.1, 1243 8 102.1, 56.0, 38.8, 36.7, 32.6, 19.2,
13.7; HPLC: C18 columnit= 18.688 min, purity > 99%.

4.1.29 N-(2-(7-Methoxyphthalazin-1-yl)ethyl)cyclopropandmaxamide (20d). This
compound was prepared from compour®daccording to the procedure described 20a.
Recrystallized from toluene as a white solid (508#d); mp 162-164 °C; IR: 3260 ¢
(var), 1655 cnil (veo)'H NMR (300 MHz, CDCY): 6 9.26 (s, 1H), 7.86 (dl = 8.8 Hz, 1H),
7.49 (dd,J = 8.8, 2.3 Hz, 1H), 7.41 (m, 1H), 7.03 (m, 1H), 4(823H), 3.96 (gJ = 6.0 Hz,
2H), 3.52 (t,J = 6.3 Hz, 2H), 1.43-1.35 (m, 1H), 0.95-0.90 (m, 2B1)72-0.66 (m, 2H)'°C
NMR (75 MHz, CDC¥): 0 173.9, 162.7, 157.3, 149.6, 128.8, 128.1, 12£4.,8], 102.2, 56.0,

37.1,32.7,14.7, 7.0; HPLC: C18 columg=t18.179 min, purity > 99%.

4.2. Binding studies
4.2.1. Reagents and chemicals
2-[125l]lodomelatonin (2200 Ci/mmol) was purchasean NEN (Boston, MA). Other
drugs and chemicals were purchased from Sigma-edd8igma-Aldrich (Saint Quentin,
France) and used without further purification.

4.2.2. 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 IWnpenicillin and 100 mg/mL
streptomycin. Grown at confluence at 37 °C (95%6@CQ), they were harvested in PBS
containing EDTA 2 mM and centrifuged at 100@or 5 min (4 °C). The resulting pellet
was suspended in TRIS 5mM (pH 7.5), containing EDAMM and homogenized using a
Kinematica polytron. The homogenate was then deged (950003, 30 min, 4 °C) and the
resulting pellet suspended in 75 mM TRIS (pH 78B),5 mM MgC} and 2 mM EDTA.
Aliquots of membrane preparations were stored@f&until use.

4.2.3. Binding assays for Miland MT, receptors subtypes

2-[**1] lodomelatonin competition binding assay condifowere essentially as
previously described [21]. Briefly, binding was tiated by addition of membrane
preparations from transfected CHO cells stably esging the human melatonin Mdr MT,
diluted in binding buffer (50 mM Tris—HCI bufferHp7.4, containing 5 mM MgG) to 2-
[**I]iodomelatonin (20 pM for MTand MT;receptors expressed in CHO cells) and the tested
drug. Non-specific binding was defined in the preseof 1uM of melatonin. After 120 min
incubation at 37 °C, reaction was stopped by réjrdtion through GF/B filters presoaked in
0.5% (v/v) polyethylenimine. Filters were washetethtimes with 1 mL of ice-cold 50 mM
Tris—HCI buffer (pH 7.4).

Data from the dose—-response curves (seven conttensran duplicate) were analysed
using the program PRISM (Graph Pad Software Iram, Biego, CA) to yield I (inhibitory
concentration 50). Affinities are expressed as (pi = -Log10 (Ki)) with Ki = 1C5¢/1 +
([L)/KD), where [L] is the concentration of radiglknd used in the assay and KD, the

dissociation constant of the radioligand charazitegi the membrane preparation [22].



[**S] GTR/S binding assay was performed according to puldishethodology [21].
Briefly, membranes from transfected CHO cells egpireg MT; or M T, receptor subtype and
compounds were diluted in binding buffer (20 mM HES? pH 7.4,100mMNaCl, 3 mM
GDP, 3 mM MgC}, and 20 mg/mL saponin). Incubation was startedhigyaddition of 0.2
nM [*S]GTR/S to membranes (20 mg/mL) and drugs, and furthéovied for 1h at room
temperature. For experiments with antagonists, nnands were pre-incubated with both the
melatonin (3 nM) and the antagonist for 30 min piilce addition of FS]|GTR/S. Non-
specific binding was defined using cold G/BP(10 mM). Reaction was stopped by rapid
filtration through GF/B filters followed by thre@ccessive washes with ice cold buffer.

Usual levels of ¥S]GTR/S binding (expressed in dpm) were for CHO-M3F MT,
membranes: 2000 for basal activity, 8000 in thesgamee of melatonin 1 mM and 180 in the
presence of GTYS 10 mM which defined the non-specific binding. ®dtom the dose-
response curves (7 concentrations in duplicateg wealyzed by using the program PRISM
(Graph Pad Software Inc., San Diego, CA) to yielekJHEffective concentration 50%) and
Emax (maximal effect) for agonists. Antagonist potescare expressed ass kK 1Cso/1 +
([AgO]J/ECsp ago), where Igy is the inhibitory concentration of antagonist tigates 50%
inhibition of [*S] GTR/S binding in the presence of a fixed concentratiérmelatonin
([Ago]) and EGo ago is the E&p of the molecule when tested alongaxl(maximal inhibitory
effect) was expressed as a percentage of thatwaosevith melatonin at 3 nM for MT
receptor.

Serotonin 5-H}c binding assay was determined according to repaesd [23].
4.2.4. cLogP and cytotoxicity

The n-octanol-water partition coefficients, which arelmestablished measures of the

compounds’ hydrophilicity, were calculated for finprepared compounds by use of

theoretical procedures previously [24]. Numericalues of the partition coefficients were



obtained as follows using using Data Warrior sofeavahe logP value, which is the logarithm
of the patrtition coefficient of a compound betweeactanol and water 0g{&ano/Cwatep, 1S
calculated as increment system the contributiongwary atom based on its atom type.
Cytotoxic activities towards standard cancer dak ICaco-2 was performed using the same

procedure as was previously described [25].
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Table 1. MT{/MT; binding affinities of quinazoline derivatives
0]

Y
)

R;

e S
SN SN
N/J N/)
7a-7d; 11a-11c 12 13-14
Cpd. R, R, Rs Ki (MTy) Ki (MT>)
AGM - - - 0.12[0.12;0.12] (2) | 0.21[0.08;0.57] (2)
7a CH; H - 230[57;49] (2) 115[28;39] (2)
7b C.Hs H - 210[34;54] (2) 41.1[8;11] (2)
7c CsH; H - 320[27;63] (2) 41[9;8] (2)
7d c-CoHs H - 549[75;86] (2) 398[84:47] (2)
11a CH; CeHs - 896[115;95] (2) 15.6[3;8] (2)
11b CH; | CgH,m-OCH; - 500[95;59] (2) 46[12;8] (2)
11c CH; = CHyc-CiHs - 22.1[5;3] (2) 25.9[7;10] (2)
12 CHs H - >10° >10°
13 - H NHC,Hs >10° 2800[454:;472] (2)
14 - H c-CsHs >10° 3295[624:;437] (2)

Ki (nM) values are geometric mean values (with 9%fitfidence limits shown in brackets) of

at least n separate experiments performed in datplic



Table2. MT1/MT; binding affinities of the phthalazine derivatives

(@)
CH; NJ\RI
H
N
_N
Cpd. R; Ki (MT,) Ki (MTy)
AGM - 0.12[0.12;0.12] (2) 0.21[0.08:0.57] (2)
20a CHs 2110[548:624] (2) 799[137:98] (2)
20b C,Hs @ 1470[235;354] (2)  414[39;101] (2)
20c CsH; | 1140[322;147] (2) 108[65;33] (2)
20d c-CsHs = 3020[745:635] (2) = 1370[128:69] (2)

Ki (nM) values are geometric mean values (with 9s¥fidence limits shown in brackets) of at least

n separate experiments performed in duplicate.



Table 3. Intrinsic activity of most interesting synthesizgainazolines and phthalazines.

Cpd.

AGM
7a
7b
ic

1la
11b
11c
20a
20b
20c

20d

h-MT,

h-MT,

ECso (nM) [195] (n)
1.56[1.12;2.00] (4)
2600[754;694] (2)
432[38;64] (2)
652[59;81] (2)
>10°
321[33;67] (2)
429[37;71] (2)
>10°
>10°
>10°

>10°

nd: not determined.

Emax (%) £ESM (n)

99+ 6(4) 0.21[0.13;0.30] (3)
83 £ 6(2) 835[47;123] (2)
96 + 7(2) 238[54;39] (2)
89 + 3(2) 219[27;14] (2)
nd 23725;43] (2)
72+3(2) 54368;84] (2)
88 + 5(2) 238[55;28] (2)
nd 428[27;33] (2)
nd 327[77,63] (2)
nd 89[11;8] (2)
nd 1253456;389] (2)

EGCs, values are geometric mean values of (n) experignent

Emaxvalues are arithmetic mean + S.E.M.

ECs (NM) £[195] (n)

Emax (%) £ESM (n)

91+ 7(3)

99 + 3(2)

102 £ 8(2)
117 £3(2)
91+ 3(2)

48 £7(2)
105 + 4(2)
65 + 7(2)
90 + 3(2)
89 £ 7(2)

68 + 11(2)



Table 4. ClogP results of quinazoline and phthalazinevdines

Cpd. ClogP (Pipeline Pilot)
AGM 2.62
7a 1.24
7b 1.69
/c 2.15
7d 1.56
11a 2.88
11b 2.81
11c 1.97
12 0.83
13 1.67
14 1.85
20a 0.85
20b 1.31
20c 1.76
20d 1.17

ClogP calculated by Pipeline Pilot — Biovia dass&yistems; values are geometric mean values of 3

experiments.



Table 5. Caco2 and bioavailability data of prepared quatiaz and phthalazine derivatives

Cpd. Bioavailability (R/H) = Caco2 %

AGM 13/11 100
7a 92/97 100
7c 69/36 nd
11a 217 100
11b nd nd
11c 23/54 100
20a nd 2
20b 54/46 100
20c 33/36 100
20d nd nd

nd: not determined; R: Rodent; H: human; valuegamnetric mean values of 2 experiments.



Figure 1. Aza-agomelatine derivatives
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Figure 2. Design of noveAza-agomelatine derivatives

X A X
CHs N R ¢Ha N CHs CH, N~ R
(') H ) (') H
~N — OO — N N
7 _N
Quinazoline Agomelatine Phtalazine

(AGM)



Scheme 1% Synthesis of 4,6-disubstituted quinazolifasd.

CHg CHg o)
O NH2 O
A\ )NH
N s
N N
a l l d
CHs CHa cl
o NPht g
A\ ~N
N N
1 4
CHs
o)

7a-d

®Reagents and conditions: a) Phtalic anhydride, TEA, toluene, reflux, 878pNalQ,;, MeOH,
80°C, 71%; c) Ammonium formate, formamide, 135°C%% d) POC], reflux, 65%; e)N-
Vinylphthalimide, Pd(OAGg), tris-(o-tolyl) phosphine, DMF, 110°C, 50%; f),HPd/C, EtOH-

THF, rt, 90%; g) HN-NH..H,O, EtOH, rt, 97%; h) RCOCI, K;CO;s, EtOAC-H0, 44-82%.



Scheme 2%, Synthesis of 2,4,6- trisubstituted quinazoline\dgives1la-d

CHs CHs NHCOCH;, CHs NHCOCH;,
o NHCOCH, 3 S
A\ a 0] b O
B B
N NH,

NHCHO

H
. 8 9
Melatonin
d for 7a c

N° R2 CH, NHCOCH; CH, NHCOCH;
7a. H O SN g y 0
11a  CgHs <
11b  CgHy-m-OCHj N/)\R2 NHCOR,

T1e CHp-c-Cafs 7a; 11a-c 10a-c

®Reagents and conditions: a) NalQ, MeOH, 80°C, 55%; b) 4M HCI, EtOH, reflux, 85%; c)

R.COCI, EgN, CH.Cl,, 67-70%; d) Ammonium formate, formamide, 135°C;84%.



Scheme 3%. Synthesis of 4,6-disubstituted quinazoline deivest12-14

N
NHCOCH [ j
CHy  HN" s CHy Cl CHs N
|
© ~N a © ~N a © ~N
. — 2o J
12 4
N° Ry
13 NH-C,H5
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®Reagents and conditions: a) Appropriate amine, THF, &, 30°C, 55-75%.



Scheme 4%. Synthesis of phthalazine derivativ2@a-d

-0
N
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(PH3 0 (FH3 0] CH; Cl CH. O -
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OH a NH b N c (o)
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N J
(I:HB CH3 NH2 CH3 N R1
i i H
d ° h N e © ~N f 7 h ’Tl
. _N = . _N 1, _N
18 19 20a-d
Ne R,
20a CH3
20b CoHs
20c C3H7

20d c-C3Hs
®Reagents and conditions: a) NH:NH,.H,O, EtOH, reflux, 65%; b) POgl reflux, 86%; c)

Ethyl cyanoacetate, NaH, anhydrous THF, 80%; d)13®, reflux, 60%; e) H, Raney Ni,

NH3(g), rt, 70%; f) RCOCI, KxCOs, EtOAC/HO, 40-55%.



Highlights

New quinazoline and phthalazine anal ogues of agomelatine were prepared
Obtained compounds showed good melatonergic affinity and no 5-HT ¢ affinity
Quinazoline 11c showed the most interesting results of this series

Phthalazine 20c showed al0 times M To-selectivity over MT;
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