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Abstract : Synthesis of N-substituted-3,4-dihydro-2H-1-benzopyran derivatives which have a potential affinity
for the 5-HT,, receptor is reported. The comparison between the experimental values of binding and the
prediction of Q.S.A R. studies is described. Copyright © 1996 Elsevier Science Lid

Introduction

Since its discovery forty years ago, serotonin (5-hydroxytryptamine, 5-HT) has been involved in many
physiological or pathological processes.!** In 1981, the 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT)
was discovered to be a potent centrally active 5-HT receptor agonist,> and subsequently a 5-HT|, receptor
agonist.6 The existence of this ligand has led to an understanding of the 5-HT 4 receptor agonists which play an
important role both in the control of anxiety and depression without hallucinogenic activity? and in the regulation
of sympathetic nerve activity which may regulate blood pressure.8

In recent papers, we have reported the synthesis and the biological activity of 3-amino-3,4-dihydro-2H-1-
benzopyran and 3,4-dihydro-1'-substitutedspiro[ 1-benzopyran-3(24),2"-pyrrolidine] derivatives 1 and 2 (Figure
1).9-11 Among these compounds, several have shown a high affinity and a good selectivity for the 5-HT |,
receptor.
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With a view to obtain the compounds showing a higher affinity and selectivity for receptors 5-HT | 5, the
synthesis of new series has been studied. The first family concerns derivatives 3, aminomethyl analogues of 1.
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The other series 4 and 5 result from the structural combination of amino- and aminomethyl-3,4-dihydro-2H-1-
benzopyran derivatives 1, 2 and 3 (Figure 2).
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Chemistry

The first series studied was the N-alkylated-3-aminomethyl-3,4-dihydro-2/-1-benzopyrans 3a-d. The
precursors of these derivatives were prepared as shown in Scheme 1. O-Cyanoethylation of the appropriate
substituted salicylaldehydes followed by cyclization afforded the expected 3-cyano-3,4-dihydro-2H-1-
benzopyrans 6a and 6b according to the method described by Wise ef al, in 70 % and 73 % yield respectively. 12
Reduction of nitriles 6a and 6b using lithium aluminium hydride in dry diethyl ether gave the amines 7a and 7b in
63 % and 97 % yield, respectively.

Scheme 1
4
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The expected products 3a-d!3-1% were prepared by N-alkylation of amines 7a-b with the required
halogeno derivatives. This reaction was performed in the presence of potassium carbonate and in acetonitrile as
solvent with low or moderate yields (37-54 %) (Scheme 2).

Scheme 2
Z Entry RX Cpd Yield (%)
choy RX N’R'z 7a® Y-(CH2)4-BF 3a 4]
7ab3a ) 7% Y-(CH,)Br 3b 42
CH,CN R
0 1 Ta nPr-l 3c 54
3 5
3a-d a nPr-1 3d 37

@ A catalytic amount of potassium iodide was used.
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The elaboration of compounds 4 and Sa-c has been reported in a recent paper.10 These derivatives were
prepared from the substituted salicylaldehydes as starting material via 3,4-dihydro-2H-benzopyran-3-one
derivatives as intermediates. 12

Pharmacology characterisation

The pharmacological characterisation of the ligands was carried out by measuring the ability of the
compounds 3a-d, 4, Sa-c to displace different radioligands. These data are reported in Table 1. The data for the
receptors 5-HTp and 5-HT are not reported in Table 1 due the low affinity.15

Table 1. Binding values of compounds 1a, 2a, 3, 4 and §
pICso + SE7

Cpd 5HT;, S5HT;3 SHT,  5HTyc D, D,

3ab 9.89+0.04 5.524#0.23 7.31£0.07 6.77+0.05 6.08+0.08 7.53+0.03
3b® 8.20£0.03 5.16£0.03 7.25+0.03 5.91+0.09 5.48+0.01 7.17+0.04
3 6.63+0.06 4.64+0.06 4.80+0.18 4.47+0.03 4.46x0.03 5.59+0.04
3db 6.290+0.03 5.13%0.08 5.11:0.06 5.50+0.15 4.86+£0.01 5.75+0.09

4 5.38+0.02 3.86+0.21 3.67£0.07 3.33x1.86 ND ND
5a® 5.52%0.15 <4 5.00+£0.12 4.52+0.02 ND ND
spb 4.80+0.03 445020 4.61£0.07 4.11%0.10 ND ND
5¢ 4.80+0.09 5.80x0.14 495007 4.51+0.02 ND ND
1ad 9.70 5.30 6.00 - 4.40 8.00
2a¢ 7.97 5.42 5.18 4.98 <5 5.96

9The radioligands used were : [*H]-8-OH-DPAT for 5-HT), ,: [*H]-5-OH-Tryptamine for 5-HT, and 5-HT,p;
{*H]-N-Methylmesulergine for 5-HT,; [*H]-Ketanserin for 5-HT,,: [*H]-BRL43694 for 5-HT;; [H]-SCH
23390 for D,; [*H]-Raclopride for D,. b.eall compounds tested were racemic forms and used respectively as
oxalate or chlorhydrate forms. dSee reference 9. ¢See reference 11./ND : Not determined.

Following the results mentioned in Table 1, compounds belonging to families 4 and § show low pICsg
values (4.80-5.52) versus derivatives 3 (6.29-9.89). The simultaneous presence of the amino- and aminomethyl
chain on 3-position decreases the activity. On the other hand, for compounds 3 which possess only one
aminomethyl chain, a higher activity has been noted. Concerning this same family 3, it seems that the
replacement of secondary amine by tertiary amine decreases the activity for the receptor 5-HT; 5 (pICsq (32) =
9.89 versus pICsg (3d) = 6.29) and the methoxy group in 5-position of benzopyran derivatives is necessary to
obtain the higher activity (pICsg (3a) = 9.89 versus pICsg (3b) = 8.20). Compound 3a shows a slightly higher
affinity for 5-HT 5 receptors than the reference compound 1a (pICsy (3a) = 9.89 versus pICsy (1a) = 9.70).
Moreover the activity of 3a towards 5-HT, 5 receptors is higher versus the activity of 2a (pICsq (3a) = 9.89
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versus pICsq (2a) = 7.97). Concerning the D,-dopaminergic activity, the lead derivative 3a exhibited a 10 fold
selectivity compared to compound 1a.

Molecular modeling and results of Q.S.A.R. analysis

It has recently been shown that good quantitative structure-activity relationships can be obtained through
statistical analysis of molecular similarity matrices. 16 We have previously used this approach on a series of fifty-
two benzopyran compounds (forty-eight compounds in training set which include compounds 1a and 2a and four
in the test set) with good predictive power.1! Results of this analysis and also the classical pharmacophores
approach!7:18 are used for the prediction of the binding of the eight new products (3a-d, 4, 5a-c) presented in
this paper (Table 1).

The eight products present an excellent fit with the proposed pharmacophores for the 5-HT 4 ligands and
it is not possible to make a correlation with their binding values using this approach. The relationship between
affinity and descriptors of similarity was analysed using partial least squares!® (PLS) module of the TSAR
V2.220 program. From the complete study of the forty-eight compounds,!! we deduced that the best methods in
terms of statistical results are the electrostatic potential and field (r2 = 0.82 and 0.89, r(CV)2 = 0.46 and 0.45).
The average difference between predicted and experimental binding values was 0.32 in the training set and 0.22
for the test set. We have used these two evaluation methods for the eight compounds presented in this paper. In
Table 2 the results of the predictions of binding values using these two methods and their mean value for each
compound are compared with the experimental ones. The regression coefficient between the mean of the
predictions and the experiment is 0.9 and the average difference for the eight products is 0.68. However, these
differences are not homogeneous; for five compounds the difference is lower than 0.5, for two compounds
between 1 and 1.5 and for one (compound 4) its value is 2.2. The explanation for these differences can be found
in the composition of the training set. Compounds 3a-3d are close to this set, the mean difference between
prediction and experiment is 0.08 unit of pICsy, a very good result. Compounds Sa-Sc are close to the spiro
compounds with one nitrogen of the training set but they have two nitrogens in the spiro ring. The predictive
value is on average, superior by 1 unit to the experimental one. This is a proof of a repulsive phenomenon due to
this second nitrogen of the spiro ring and this effect is not represented in the model. Compound 4 is the most
different from the training set; it has two nitrogens on the chains of the C-3 of the benzopyran ring and a great
conformational freedom of these chains..Then the predicted value is 2.2 units of pICso superior to the
experimental one. These results are a direct example of the power of QSAR approach for compounds close to
the training set but also of the limits of this technique for the activity prediction of new structures.

Conclusion

In conclusion, compound 3a presents an excellent affinity for the receptor 5-HT 5 and a high selectivity.
Furthermore this compound 3a exhibited a 100-10000 fold selectivity for 5-HT;, compared to the receptors
5-HT;p, 5-HTp, 5-HT,, 5-HT;, 5-HT3, D| and D,. According to these results, the derivative 3a could be a
promising compound for future development.
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Table 2. Experimental and Q.S.A R. prediction values of binding of compounds 3-5 for 5-HT) 4 receptor

pPICso
Cpd Electrostatic Potential?  Electrostatic Field? Mean Values Experimental
Predicted Values Predicted Values Values®

3a 9.57 9.92 9.74 9.89
3b 7.65 895 830 8.20
3c 6.82 6.68 6.75 6.63
3d 6.89 6.24 6.56 6.29
4 7.85 7.27 7.56 5.38
Sa 7.10 6.03 6.57 5.52
5b 5.21 5.27 5.24 4.30
Sc 6.80 5.77 6.28 4.80

@ For calculation method of similarity indices see reference 21. b For SE values see Table 1.
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