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Abstract: We report the development of melatonin receptor ligands containing a quinolinic
nucleus. Ligands containing a neutral moiety within the nucleus displayed high affinity for
melatonin receptors while those analogs containing a permanently charged nucleus had very low
affinity for melatonin receptors. © 1997 Elsevier Science Ltd.

Melatonin is a hormone that is involved in circadian rhythms, retinal physiology, seasonal
breeding, cardiovascular regulation, and oncogenesis.!4 Even though melatonin receptors are

classified as either ML; or ML, based on pharmacological profiles, molecular cloning has revealed

the existence of only the ML, types (Mel,,, Mel,,, Mellc).5‘8 Since melatonin mediates its actions

1
by binding to different receptor subtypes, development of agonists or antagonists for the melatonin
receptors is important to investigate the roles of melatonin in a variety of physiological functions.

Several groups such as naphthalenic,? amidotetralin,'® and amido indane!! can serve as a
bioisostere of the indole nucleus of melatonin. The naphthalenic analog 1 was reported to have the
same affinity for the melatonin receptor as melatonin.®

We report herein the synthesis and melatonin receptor binding affinities of quinolinic

bioisosteres of melatonin. The quinolinic derivatives 2 (a-c) are structurally related to both
melatonin and the naphthalenic analog 1. Also, these quinolinic derivatives of melatonin can be
converted to derivatives 3 (a-c), which contain permanent charges in their quinolinic nuclei.
Because analogs with charged substituents cannot penetrate membrane barriers, such compounds
could be used for investigating the role internalization plays in melatonin receptor regulation.
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Reagents and Conditions: a. CH;NO,, NH,OAc, reflux (<10 % yield); b. Acetone Cyanohydrin,
K,CO,, CH30H, rt, 18 h; c. (i) LiAlH,, THF, 55 9C, 18 h; (ii) Ac,O (or C,HsCOCI or
n-C3H;COC), Et;N, DMAP, CH,Cl,, 1t, 20 h, 20-40 % overall yield (2 steps); d. H,, 5% Pd-C,
CH,0H, 1t, 18 h, 80-85 % yield; e. CH;l, acetone, rt, 2 days, 91-92 %.

The syntheses of 2 (a-¢) and 3 (a-c) are shown above. 6-Methoxyquinoline-4-carboxaldehyde 4
was used as the starting material. Aldehyde 4 was obtained by selenium dioxide oxidation of 6-
methoxyepidine,!2 which in turn was synthesized from p-anisidine and ethyl acetoacetate as first
described by Rabe!3 and later modified by Elderfield and coworkers. 14 Condensation of aldehyde
4 with nitromethane in the presence of ammonium acetatel5 gave very low yield (<10%) of the
desired nitroethylene derivative 5. The low yield may be due to the polymerization of nitroalkene
5.16 Another method to introduce CH,NH, group into compound 4 was to introduce a cyano

group followed by reduction. Treatment of aldehyde 4 with acetone cyanohydrin in a methanolic
solution of K,COj; gave the cyanohydrin 6. Compound 6 was then reduced with LiAlH 4 followed

by acylation of the resulting o-hydroxyamine with acetic anhydride, propionyl chloride or butyryl
chloride in the presence of 4-dimethylaminopyridine (4-DMAP), yielded the corresponding
diacylated products 7 (a-c)17 (20-24 % overall yield). Deacyloxylation of compounds 7 (a-c)
under hydrogenation led to the target compound 2 (a-c)!8 (80-85 % yield). Target compouds

3 (a-c) were obtained by stirring 2 (a-c) with iodomethane in acetone at room temperature.

The affinities of compounds 2 (a-c) and 3 (a-b) for melatonin receptors were evaluated in vitro

and in duplicate (n = 3-5 experiments per compound) by competition binding analysis using the



Studies of quinolinic derivatives

radioligand 2-[!23I]-iodomelatonin (80-100 pM; DuPont, Boston, MA) as described previously. !9
All three quinolinic derivatives of melatonin 2 (a-c) displayed high affinity for both the Mel,, and
Mel,, melatonin receptors which suggests that the indole nucleus of melatonin can be substituted
by a quinolinic nucleus without a loss of binding affinity (Table 1). In addition, increasing the
chain length of the linear acyl substituents (from N-acetyl to N-propionyl), resulted in an increase
in affinity of the analogs for the melatonin receptors. Such binding characteristics were also
observed for the indole and napthalenic analogs.!9.15 Quinolinic analogs that underwent N-
methylation 3 (a-c¢), had a substantial decrease in binding affinity to melatonin receptors (i.e, >1

uM affinity) which could be due to either steric and/or electronic effects. Electronic effects appear

to be more significant than steric effects because N-methylation of quinolinic analogs, which
converts the quinolinic nucleus from a neutral to a permanently charged molecule, resulted in
binding affinities that were profoundly less (i.e., >10,000-fold less) than melatonin’s affinity for
the receptors (Table 1). In contrast, N-methylation of melatonin, which does not change the
neutrality of the indole nucleus, produced only mild decreases (i.e., 500-fold less) than
melatonin’s affinity for the melatonin receptor.20 In conclusion, these studies are the first to report
the development of quinolinic bioisosteres of melatonin with variations on the N-acylamino group,
including analogs with permanent charges, which could be used in future studies to investigate

whether or not internalization of melatonin receptors occurs in vitro.

Table 1. Comp of in and Quinolinic Analogs for 2-[12%1]-iodomelatanin
Binding to Human Mel,, or Mely, in Recep Stably Exp d in CHO
Cells
Receptor Binding, (K;) nM (range of SEM)
Compound # Mel,, Mel,,
2a 5.9 (3.6-9.5) 1.4 (1.2-1.6)
2b 6.9 (3.8-13) 0.96 (0.86-1.1)
2¢ 22 (1.2-41) 0.41 (0.30-0.55)
3a >1,000 >1,000
b >1,000 >1,000
Melatonin 0.13 (0.09-0.18) 0.23 (0.14-0.37)
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