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Synthesis of novel 3-(quinazol-2-yl)-quinolines via S N Ar

 

The quinoline core is found in many natural products and has a privileged role in drug discovery. 1 For example, camptothecin, topotecan, belotecan or cabozatinib, that inhibit topoisomerase or tyrosine kinases, are currently approved as anticancer treatment. Quinoline scaffold has also been used in the search for inhibitors of other important cancer targets, such as tubulin polymerization, DNA repair and proteasome. [1][2] In the field of proteasome, quinolines are also widely represented as depicted in Figure 1. 3 Such derivatives could overcome some problems encountered with the pharmacodynamic and pharmacokinetic profiles of the proteasome inhibitors currently approved in cancer therapy (bortezomib, carfilzomib and ixazomib), usually attributed to their peptide structure and the presence of an electrophilic warhead. 2b In the wide family of quinolines derivatives, hybrids which combines this scaffold with a quinazoline moiety, another important heterocycle possessing significant biological activities, 4 are poorly exemplified (Fig. 2). 
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A B S T R A C T

A new series of 3-(quinazol-2-yl)-quinolines was synthesized by S N Ar reaction from easily prepared 4-chloro-2-(2-chloroquinolin-3-yl)quinazolines and a range of phenols and thiophenol as nucleophiles. The AlCl 3 -mediated C-C bond formation was also successfully exploited to introduce aryl and hereroaryl substituents on one or both heterocyclic units. These procedures afford efficient syntheses of polysubstituted 3-(quinazol-2-yl)-quinolines in few steps and high yields. Some of these polysubstituted 3-(quinazol-2-yl)-quinolines inhibit the human 20S proteasome.

They were mostly synthesized by palladium-catalyzed carbonylation of 2-aminobenzylamine and 2-bromoquinoline, 5 Suzuki coupling of the chloroquinazolinone with 2-quinolyl boronic acid, 6 or DMAP-catalyzed one-pot three-component reaction from 2-formylquinolines, 2-aminobenzophenones and ammonium acetate. 7 In continuation of our research program centered on the design and synthesis of potentially bioactive molecules 8 and, as part of our studies on non-peptide and non-covalent 20S proteasome inhibitors, 3h,9 we here focus on the preparation of a series of novel hybrid 3-(quinazol-2yl)-quinolines 6-15 via S N Ar and AlCl 3 induced (hetero) arylation reactions of 5 and their 20S proteasome inhibition evaluation (Fig. 2). To access to our common building blocks 5, intermediates 3ac were first prepared in high yields by using procedures previously reported in our laboratory. 8c Couplings of the 2aminobenzamide 1 with appropriate quinoline-3-carboxaldehydes 2 were carried out in the presence of K 2 CO 3 in DMF at 80 °C (Scheme 1). On treatment with iodine in DMF at 80 °C, 3a-c exclusively gave the desired oxidized product 4a-c in 76-86% yields. Chlorination was then readily achieved with phosphorus oxychloride giving 5a-c in 70-78% yields.

O NH N H N Cl NH 2 O NH 2 + N Cl OHC 1 R R O NH N N Cl Cl N N N Cl R R a b c 3 4 5 2 a R = H b R = Me c R=OMe Scheme 1 Reagents and conditions: (a) K 2 CO 3 , DMF, 80° C, 3h, 3a (94%), 3b (91%) 3c (90%); (b) I 2 , DMF, 80° C, 6h, 4a (76%), 4b (84%), 4c (86%); (c) POCl 3 , reflux, 18h, 5a (76%), 5b (78%), 5c (70%).
Based on our previous study related to the synthesis of 4anilinoquinolino-quinazoline hybrids using S N Ar reactions with various aromatic amines, 8c we then decided to use phenols as nucleophiles. With 1 equiv. under refluxed acetonitrile in the presence of K 2 CO 3 , the corresponding adducts 6a-h were isolated in high yields (Table 1). A complete conversion occurred within a short time (2 h) with no substitution at the C-2 position of the quinoline. This high regioselectivity at the C-4 position was confirmed by X-ray diffraction of 6b that reveals a dihedral angle of 50° between the quinazoline and the quinoline subunits. 10 Similarly, the 4-phenylthio derivative 6i was synthesized from thiophenol and 5a in 83% isolated yield.

On the other hand, when the reaction of 5a was performed with two equivalents of phenol under the same conditions, the formation of disubstituted quinazoline derivatives did not occur at all even after 16 h in CH 3 CN under reflux. However, modest yields of 7a-d (23 to 53%) were obtained by performing the reactions in refluxing DMF within 16 h (Table 2). To extend the range of available compounds, the reactions between compounds 6 and p-toluidine, selected as model aniline, were also examined. Aminoquinolines 8a-c were then prepared in good yields after one hour in refluxed i-PrOH in the presence of 1N HCl (Table 3). NMR and mass spectra of 6a-i, 7a-c and 8a-c are in full agreement with the proposed structures. It is worthy to note the downfield shift of the NH signal in the 1 H NMR spectra of compounds 8 which would indicate that NH is located in an aromatic deshielding area of the twisted structure. We then turned our attention to the formation of a new carbon-carbon bond. Introduction of an aryl or heteroaryl moiety at C-2 of quinoline ring or C-4 of quinazoline was frequently carried out via Ni-catalyzed reaction of quinolone with arylzinc, 11 Suzuki coupling with arylboronic acids 11b or reaction of quinoline N-oxide with indole. Despite the merit of these protocols, they are not free from limitations in terms of longer reaction time, use of costly catalysts, requirement of stringent conditions or multistep synthesis of starting materials. Over the last few years, the C-C bond forming reactions between heteroaryl chlorides containing a C(Cl)=N moiety and various electron rich arenes or heteroarenes in the presence of AlCl 3 have been reported on several occasions. 13 2-Chloro-3-(4-(het)arylquinazol-2-yl)-quinolines 9ac were effectively obtained under this catalytic conditions in excellent yields from 2,4,6-trimethoxybenzene, indole and pyrrole (Scheme 2). Notably, as previously observed for S N Ar reactions, no 2-substituted quinoline adducts were detected. In view of the mechanism generally proposed for this reaction, 13g this regioselectivity could be explained by the favored complexation of AlCl 3 to the quinazoline nitrogen. However, the use of an excess of 2,4,6-trimethoxybenzene with 5b as substrate, for 15h instead of 3h, afforded the desired bi-substituted derivative 10. Finally, because morpholines are privileged substitiuents abundantly used as in drugs and medicinal chemistry, 14 we applied the above-described methodologies to the synthesis of new derivatives presenting a morpholino substituent on the quinazoline or (and) quinoline parts. For example, in the presence of two equivalents of morpholine, the conversion of 5b to 11 was completed in methylene chloride at 45°C within 2h. With morpholine as solvent, at 80 °C for 1h, 12b and 12c were obtained in 88 and 84% yields, respectively (Scheme 3). Under the same conditions, were synthesized 13-15 with 2,4,6trimethoxyphenyl, indolyl and pyrrolyl moieties at the 4-position of quinazolines. Having in hands a small library of 3-(quinazol-2-yl)quinolines 6-15, we evaluated their biological activities as inhibitors of the purified human constitutive 20S proteasome. The ability to inhibit the three proteolytic activities, ChT-L, T-L and PA, was measured by fluorescence. Owing to their weak (7c, 9a, 9b, 9c, 13) or moderate fluorescence (7d) at the working wavelengths, these compounds were excluded from the screening.

Ten compounds over 18 inhibited fairly (20%) to strongly (90%) the ChT-L or the PA activities at 50 µM (Fig. 3 A.). The T-L activity was fairly inhibited by 4 products. Compounds that gave more than 70% inhibition were further characterized by their effect-dose response (Fig. S1 in supplementary material) to determine concentrations giving 50% inhibition (IC 50 , table 4). As for the quinoline 20S proteasome inhibitors saquinavir, 3b 5-AHQ 3f and III 3j (Fig. 1), the best compound 6e inhibits both ChT-L and PA activities, with a similar potency for PA and a lower one for ChT-L. We also investigated the mechanism of inhibition by compound 6e (Fig. S2 and Fig. S3 in supplementary material). 15 A competitive inhibition of the ChT-L activity was observed. 15 This indicates that inhibitor 6e binds exclusively to the free enzyme with an inhibition constant Ki = 19 ± 1 µM. Such a competitive inhibition mechanism has been reported mainly for the ChT-L activity of non-covalent peptide derivatives 16 and also for the PA activity of tamoxifen derivatives. 17 The PA activity was inhibited non-competitively. 15 Inhibitor 6e binds with an equal affinity to the enzyme alone or the enzyme in complex with the substrate (K i = K' i = 13.2 ± 0.6 µM). Non-competitive inhibition of 20S proteasome has been observed for the PA activity of quinoline 5-AHQ (Fig. 1), 3f and for the ChT-L activity of oxadiazoles, 9a tamoxifen derivatives 17 or peptide derivatives. 16a,18 The many crystallographic structures of inhibitors in complex with 20S proteasome have provided a deep understanding of the binding channel and specificity pockets that can be targeted by competitive inhibitors. 19 However a non-competitive modulation of 20S proteasome suggests that binding to other sites could occur while blocking 20S proteasome activities. As yet, the only direct evidences (NMR 3e or X-ray 20 ) for such a mechanism involving non-peptide derivatives have been brought using quinoline derivatives (respectively chloroquine or I).

We described in this paper an efficient synthesis of polysubstituted 3-(quinazol-2-yl)-quinoline derivatives 6-15 in few steps and high yields. Chemical diversity was introduced by selective mono or double S N Ar of a range of phenols, thiophenol, amines or anilines with the easily prepared di-chloro derivatives 5. Aryl or heteroaryl carbon nucleophiles allowed the AlCl 3 mediated and controlled creation of one or two C-C bonds.

Several 3-(quinazol-2-yl)-quinoline derivatives inhibited the ChT-L and PA activities of the human constitutive 20S proteasome. The best compound 6e inhibited these activities by different mechanisms, with moderate affinities (Ki = 13-19 µM).
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Fig. 1

 1 Fig.1 Structures of proteasome inhibitors bearing a quinoline scaffold (A. inhibitor of the proteasome 19S particle; B. inhibitors of the proteasome 20S core particle).

5 Fig. 2

 52 Fig.2 Targeted 3-(quinazol-2yl)-quinolines 6-15 and their precursor 5.

  Scheme 2 Reagents and conditions: (a) (Het)ArH, AlCl 3 , DCE, 80 °C, 3h, 9a (83%), 9b (71%), 9c (91%); (b) 1,3,5-trimethoxybenzene, AlCl 3 , DCE, 80 °C, 15h, 10 (61%)

  Scheme 3 Reagents and conditions: (a) morpholine (2 equiv), CH 2 Cl 2 , 45° C, 2h, 11 (91%); (b) morpholine (solvent), 80°C, 1h, 12b (R = Me, 88%), 12c (R = OMe, 84%); (c) (Het)ArH, AlCl 3 , 80°C, (CH 2 Cl) 2 , 3h, then morpholine (2 equiv), CH 2 Cl 2 , 45° C, 2h, 13 (Ar = 2,4,6-trimethoxyphenyl, 92%), 14 (Het = indol-3-yl 78%), 15 (Het = pyrrol-3-yl, 79%).

Fig. 3

 3 Fig.3 Effect of 3-(quinazol-2-yl)-quinolines 6-15 on human constitutive CP (pH 8, 37 °C). Compared inhibitions of the ChT-L, PA and T-L activities by compounds 6-15 at 50 µM.
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Table 1

 1 Synthesis of 2-chloro-3-(4-aryloxyquinazol-2-yl)-quinolines 6

	Cl				Ar	X	
	N			ArXH, K 2 CO 3	N	
	N Cl	N	R	2h MeCN, reflux	Cl N	N	R
		5a-c				6a-i
	X = O, S					
				6b			
		R		X	Ar		Yield
	6a	Me		O	C 6 H 5		84%
	6b	Me		O	4-Me-C 6 H 4		92%
	6c	Me		O	3-MeO-C 6 H 4		88%
	6d	Me		O	1-naphthyl		93%
	6e	Me		O	4-NO 2 -C 6 H 4		71%
	6f	Me		O	3-pyridyl		63%
	6g	OMe		O	4-Me-C 6 H 4		89%
	6h	H		O	4-Me-C 6 H 4		80%
	6i	Me		S	C 6 H 5		83%

  12 

Table 3

 3 Synthesis of 2-arylamino-3-(4-aryloxyquinazol-2-yl)-quinolines 8

	Ar	O			Ar	O
		N		p-toluidine		N
		N Cl	N	i-PrOH, HCl 1N, reflux, 1h		N HN	N
		6				8a-c
		Compound	Ar	Yield
			8a	C 6 H 5	88%
			8b	4-Me-C 6 H 4	62%
			8c	1-naphthyl	72%

Table 4

 4 IC 50 (µM) values for inhibition of human constitutive CP(pH 8, 37 °C) 

		6e	6f	11	12b	chloroquine
	ChT-L activity	35.4 ± 0.6 19 ± 1	44 ± 1	41 ± 1	6.3 ± 0.4
	PA activity	13.2 ± 0.6	66% a	55% a	34.2 ± 0.8 22.5 ± 0.6

a % inhibition at 50 µM
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