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ABSTRACT: An unprecedented three-component C(sp3)-H functionalization of 2-

alkylazaarenes with aryl aldehydes and 4-hydroxycoumarins was realized, providing azaarene-

substituted 3-benzyl-4-hydroxycoumarins in good to excellent yields. These new target 

compounds displayed broad-spectrum antibacterial activities, providing a new type of 

antibacterial skeleton. 
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INTRODUCTION 

4-Hydroxycoumarin and its derivatives are core fragments which have been found in numerous 

natural products, drugs, pesticides and rodenticides.1 Among these compounds, 3-benzyl 

substituted 4-hydroxycoumarins have attracted much attention recently owing to their ever-

increasing application in biological and medicinal fields. A number of 3-benzyl-4-

hydroxycoumarins, for examples, Phenprocoumon, Difenacoum, Coumatetralyl and Warfarin 

have exhibited multifarious biological activities such as anti-HIV,2 antiviral,3 anticoagulant,4 

antioxidant5 and anticancer activities6 (Figure 1). On account of these findings, much attention 

has been directed towards the synthesis of 3-benzyl substituted 4-hydroxycoumarins.7 However, 

to the best of our knowledge, there is still no protocol available for straightforward synthesis of 

azaarene-substituted 3-benzyl-4-hydroxycoumarins, which might have great potential for 

production of new biologically and medicinally important compounds. 

 

Figure 1. Examples of 3-benzyl-4-hydroxycoumarins 

C2-alkylated azaarenes are key structural motifs of numerous natural products, 

pharmaceuticals, catalysts and functional materials.8 Therefore, it is extremely valuable to 

develop an efficient method for preparation of highly functionalized C2-substituted azaarenes.9 

Traditionally, harsh conditions, e.g. stoichiometric amount of strong bases like BuLi or LDA, are 
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required for functionalization of 2-methylazaarenes via deprotonation of the acidic protons on 

methyl group, followed by nucleophilic additions to electrophiles.10  Recently, the direct 

functionalization of 2-methylazaarenes could be implemented under the catalysis of transition 

metal.11 However, the employment of transition metal catalysts suffers from enviromental  

detriment and high cost, as well as tedious purification of the final products. To circumvent these 

drawbacks, we developed the first organocatalyic or Brønsted acid catalyzed C(sp3)−H 

functionalization of 2-alkylazaarenes with isatins, leading to facile synthesis of biologically 

important azaarene-substituted 3-hydroxy-2-oxindoles in one step (Scheme 1, a).12a On the basis 

of that work, a catalyst-free direct C(sp3)−H functionalization of 2-alkylazaarenes by use of 

carboxylic acid-tethered substrates were further developed in our group to synthesize the 

azaarene-substituted 3,4-dihydro(thio)-coumarins in a single step (Scheme 1, b).12b The above 

success inspired us to conduct in-depth studies of in situ generated Brønsted acid catalyzed 

C(sp3)−H functionalization for efficient construction of highly functionalized azaarenes (Scheme 

1, c). 

Scheme 1. Synthesis of Azaarene-substituted 3-Benzyl-4-hydroxycoumarins via Three-

component C(sp3)−H Functionalization  
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As a continuation of developing efficient C(sp3)−H functionalization strategy to construct 

biologically and pharmaceutically important molecules,12-13 herein, we reported an 

unprecedented three-component C(sp3)−H functionalization process14 for one step construction 

of azaarene-substituted 3-benzyl-4-hydroxycoumarins in good to excellent yields. This protocol 

has the advantages of direct C(sp3)-H functionalization and multi-component reaction, which 

features high atom-economy, operational simplicity, and no environmentally detrimental 

byproducts. Notably, although multi-component reactions have been in-depth investigated for 

creation of structurally diverse compound libraries, the catalyst-free multi-component reaction 

still remains a great challenge.15  

RESULTS AND DISCUSSION 

Initially, the three-component reaction of 4-hydroxycoumarin, benzaldehyde and 2,6-lutidine in 

dioxane was examined under catalyst-free conditions (Table 1, entry 1). Consistent with our 

hypothesis, this reaction proceeded smoothly at 120°C, furnishing the desired product 4{1,1,1} in 

91% yield. Decreasing the temperature to 100 oC resulted in lower yield, and no reaction 

occurred at 80 oC (Table 1, entries 2-3). Remarkably, screening of solvents indicated that the 
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option of solvent was crucial to the success of this transformation, which did not work in other 

solvents such as DMSO, THF and DCE (Table 1, entries 4-8). 

Table 1. Optimization of Reaction Conditionsa 

 

Entry Solvent T (°C) Yield (%)b 

1 dioxane 120 91 

2 dioxane 100 85 

3 dioxane 80 0 

4 DMSO 120 trace 

5 EtOH 120 0 

6 THF 120 0 

7 DCE 120 0 

8 H2O 120 0 
a Reactions were conducted with 1 (0.5 mmol), 2{1} (1 mmol), 3{1} (1 mmol) in 1 mL of solvent 

for 48 h in a sealed tube. b Isolated yield. 

 

Under the optimized conditions, a series of substituted 4-hydroxycoumarin derivatives 4 and 6 

were synthesized in a 10 mL glass vial using 1:2:2 molar ratio of 4-hydroxycoumarin/aromatic 

aldehydes/azaarenes (Scheme 2).  

A wide range of sterically and electronically diverse aldehydes, azaarenes and 4-

hydroxycoumarins were examined to investigated the generality of this transformation, and the 

results are shown in Scheme 3. Most of the sterically and electronically diverse substrates were 

well tolerated. Good yields could be achieved with either electron-donating or electron-
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withdrawing group substituted aromatic aldehydes as substrates (Scheme 3, 4{1,1-7,1}). Notably, 

2-bromobenzaldehyde (4{1,4,1}, 37%) gave lower yield than 3-bromobenzaldehyde (4{1,3,1},  

Scheme 2. Synthetic Route and Building Blocks for 4 and 6. 
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96%), probably due to the steric hindrance. When anisaldehyde was employed, the analogous 

product 4{1,8,1} was not detected, even under the catalysis of strong Lewis acids and Bronsted 
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acids, which might be ascribed to the strong electron-donating effect of methoxyl group. 

Subjection of other 2-methylpyridines to this reaction could also furnish the desired products in  

Scheme 3. Three-Component Reactions of 4-Hydroxycoumarin, Aromatic Aldehyde and 2-

Alkylpyridines. 

 

Page 8 of 23

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

9 

excellent yields (Scheme 3). Notably, when 2, 6-dimethyl-3-nitropyridine was employed, only 

less sterically hindered 6-methyl was functionalized (4{1,3,1}), whereas the regioisomeric 2-

methyl product was not detected. Subsequently, substituted 4-hydroxycoumarins were also 

evaluated under the optimal condition. Both the electron-donating group such as methyl 

substitutent and electron-withdrawing group such as fluoro substitutent could provide the desired 

product 4{2,1,1} and 4{3,1,1} in 74% yield and 71% yield correspondingly. 

When 2-methylquinolines were employed as substrates, the desired products 6 were 

obtained in good yields (Scheme 4), along with 2-alkenylquinolines as byproducts.16 The 

comparatively lower yields illustrated the different reactivity between C(sp3)−H bond of 2-

methylquinolines and 2-methylpyridines. As shown in Scheme 4, formation of product 6{1,1-

13,1} was more favored for electron-deficient aldehydes than electron-rich ones. 2,6-

dimethylquinoline 5{2} and 1-methylisoquinoline 5{4} were also well tolerated to furnish the 

desired products in good yields. Considering that 3-benzyl substituted 4-hydroxycoumarins 

exhibit multifarious biological activities and have promising application in medicinal chemistry, 

the current protocol provides an efficient strategy to construct such type of compounds. 

When aliphatic aldehydes were subjected to this reaction, disappointedly, no desired 

products were obtained. Ketones were also examined under the standard reaction condition, 

however, no C(sp3)-H functionalization products were obtained and only nucleophilic coupling 

products between 4-hydroxycoumarin with ketones were observed, in which 2,6-lutidine served 

as a base. The employment of ketones like acetophenone, cyclohexanone and 1, 3-diketone 

afforded the products 7{1,3,1}17, 8{1,3,3}18 and 9{1,3,2}19 in 47%, 88% and 77% yields, 

respectively (Scheme 5). The structure of product 7{1,3,1} has been unambiguously confirmed 
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Scheme 4. Three-Component Reactions of 4-Hydroxycoumarin, Aromatic Aldehyde and 2-

Methylquinolinesa, b 

 

 

a Reactions were conducted with 1 (0.5 mmol), aromatic aldehyde 2{2,3,5,9-13} (1 mmol) and 

azaarene 5{1-4} (1 mmol) in 1 mL of dioxane at 120 °C for 48 h. b Isolated yield of purified 

products. 

by X-ray crystallography. Intriguingly, when 5,5-dimethylcyclohexane-1,3-dione was subjected 

to the reaction instead of 4-hydroxycoumarin, only bis(3-hydroxy-5,5-dimethylcyclohex-2-en-1-
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ones) 10{1,1,4} was isolated in 67% yield.20 These results indicated that this three component 

C(sp3)-H functionalization could work merely with aromatic aldehydes, not working for aliphatic 

aldehydes and ketones. Ketone substrates such as cyclohexanone and 1,3-diketone operate by the 

other reaction pathway, which could be explained by the fact that ketones are less electrophilic 

than aldehyde. 

To probe the mechanistic pathway, control experiments were conducted as shown in 

Scheme 6. The formation of benzoic acid was observed when benzaldehyde was dissolved in 

dioxane under 120 oC under air atmosphere, and this reaction could proceed via addition of  

Scheme 5. Ketones as Substrates 

  

10 mol% benzoic acid, affording the desired product 4{1,1,1} in 83% yield (eq. 1). Compound 

12{1} and 13{1} were prepared and subjected to the standard reaction conditions (eq. 2 and 3). 
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However, only trace of 4{1,1,1} was detected even in the presence of water (eq. 2, condition a-b). 

In contrast, 10 mol% benzoic acid could catalyze this reaction smoothly to afford the product 

4{1,1,1} in 72% yield, demonstrating that the direct addition of C(sp3)−H bond to ortho-quinone 

methides intermediate21 was possible (eq. 2, condition c). The direct addition of 4-

hydroxycoumarin to 2-alkenylazaarenes was also examined, however, no desired product 4{1,1,1} 

could be obtained, even under the catalysis of 10 mol% benzoic acid (eq. 3). On the basis of the 

experimental results, a plausible reaction mechanism is proposed as outlined in Scheme 7. Trace 

of aryl aldehyde is oxidized to aryl carboxylic acid under air atmosphere at high temperature, 

which serves as Brønsted acid catalyst to activate the 2-methylazaarenes, affording an enamine 

intermediate A via transition state I. Condensation of aryl aldehyde with 4-hydroxycoumarin 

produces ortho-quinone methide intermediate B, which is then attacked by electron-rich 

intermediate A to furnish the product 4 or 6 via the well-organized transition state II.  

Scheme 6. Control Experiments 
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Scheme 7. The Proposed Reaction Pathway 

 

To examine the biological activities of these synthetically new molecules, the antibacterial 

activities of products 4 and 6 were evaluated (Table 2). It was found that they were against a 

panel of pathogenic bacteria such as S. epidermidis, S. aureus and B. cereus, etc. For instance, 

compound 6{1,13,1} exhibited strong inhibitory activity against S. aureus and B. cereus with the 

MIC value of 1.56 μM, which were 80 percent and 40 percent, respectively than that of 

ciprofloxacin (MIC = 1.25 μM). The preliminary bioassay results showed that these new 

synthetic compounds had broad-spectrum antibacterial effects and potentially acted as lead 

compounds for further modification and commercial application.  

Table 2. Antibacterial Test for Compound 4 and 6a 

Compound S.epidermi

dis 

T.halophilus B.subtilis K.rhizophila V.parahae

molyticus 

S.aureus B.cereus N.brasilie

nsis 

4{1,2,1} 50.0 100 50.0 50.0 >100 50.0 >100 100 

4{1,3,1} 25.0 25.0 50.0 50.0 50.0 25.0 25.0 50.0 

4{1,5,1} 50.0 100 100 100 25.0 25.0 25.0 >100 

4{1,6,1} >100 50.0 100 100 100 100 100 >100 

4{1,7,1} 100 100 50.0 100 25.0 100 >100 100 

4{1,3,2} 50.0 25.0 50.0 50.0 100 50.0 25.0 100 

4{1,5,2} 100 100 100 100 >100 100 50.0 >100 

4{1,1,3} 50.0 50.0 50.0 25.0 >100 50.0 >100 50.0 

6{1,1,1} 25.0 50.0 25.0 25.0 >100 50.0 >100 50 

6{1,2,1}c 6.25 12.5 12.5 >100 25.0 3.13 6.25 12.5 
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6{1,10,1} 100 12.5 6.25 12.5 50.0 6.25 3.13 12.5 

6{1,11,1} 6.25 25.0 6.25 6.25 25.0 6.25 12.5 6.25 

6{1,3,1} 6.25 3.13 3.13 3.13 25.0 6.25 25.0 6.25 

6{1,5,1} 25.0 >100 12.5 6.25 100 6.25 6.25 12.5 

6{1,12,1} 12.5 6.25 12.5 6.25 100 6.25 12.5 25.0 

6{1,7,1} 25.0 12.5 25.0 3.13 25.0 12.5 25.0 50.0 

6{1,13,1} 3.13 3.13 6.25 3.13 >100 1.56 1.56 6.25 

6{1,1,2} 12.5 6.25 12.5 25.0 25.0 6.25 6.25 25.0 

6{1,1,3} 3.13 6.25 3.13 12.5 12.5 3.13 12.5 6.25 

6{1,1,4} 12.5 6.25 25.0 12.5 >100 3.13 6.25 25.0 

Ciprofloxa

cinb 

0.625 2.50 0.156 0.313 5.00 1.25 0.625 0.313 

a Data are expressed in MIC values (μM). b Ciprofloxacin was used as a positive control. 

CONCLUSION 

In conclusion, an unprecedented three-component C(sp3)-H functionalization of 2-alkylazaarenes 

with aryl aldehydes and 4-hydroxycoumarins was realized, providing azaarene-substituted 3-

benzyl-4-hydroxycoumarins in good to excellent yields. The mechanistic studies imply that in 

situ oxidation of aryl aldehydes to aryl carboxylic acids is crucial to the success of this 

transformation. Furthermore, these new target compounds displayed broad-spectrum 

antibacterial activities, providing a new type of antibacterial skeleton. The subsequent in-depth 

studies on bioactivity and structure-activity relationship as well as further application of this 

synthetic strategy are ongoing in our laboratory.  
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ZnO: a competent and reusable catalyst for one pot synthesis of novel benzylamino coumarin 

derivatives in aqueous media. Tetrahedron Lett. 2012, 53, 3140. (f) Kumar, A.; Gupta, M. K.; 

Kumar, M. An efficient non-ionic surfactant catalyzed multicomponent synthesis of novel 

benzylamino coumarin derivative via Mannich type reaction in aqueous media. Tetrahedron Lett. 

2011, 52, 4521. (g) Karmakar, B.; Nayak, A.; Banerji, J. Sulfated titania catalyzed water 

mediated efficient synthesis of dicoumarols—a green approach. Tetrahedron Lett. 2012, 53, 

4343. (h) Li, M.; Taheri, A.; Liu, M.; Sun, S.; Gu, Y. Three-component reactions of aromatic 
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aldehydes and two different nucleophiles and their leaving ability-determined downstream 

conversions of the products. Adv. Synth. Catal. 2014, 356, 537. (i) Theerthagiri, P.; Lalitha, A. 

Benzylation of β-dicarbonyl compounds and 4-hydroxycoumarin using TMSOTf catalyst: a 

simple, mild, and efficient method. Tetrahedron Lett. 2010, 51, 5454. 

(8) (a) Michael, J. P. Quinoline, quinazoline and acridone alkaloids. Nat. Prod. Rep. 2005, 22, 

627. (b) Campeau, L. C.; Fagnou, K. Applications of and alternatives to π-electron-deficient 

azine organometallics in metal catalyzed cross-coupling reactions. Chem. Soc. Rev. 2007, 36, 

1058. (c) Laird, T. What type of reactions do process chemists use on scale? Org. Process Res. 

Dev. 2006, 10, 851. (d) Makiura, R.; Motoyama, S.; Umemura, Y.; Yamanaka, H.; Sakata, O.; 

Kitagawa, H. Surface nano-architecture of a metal–organic framework. Nat. Mater. 2010, 9, 565. 

(e) Schubert, U. S.; Eschbaumer, C. Macromolecules containing bipyridine and terpyridine metal 

complexes: towards metallosupramolecular polymers. Angew. Chem. Int. Ed. 2002, 41, 2892. (f) 

Kang, N. G.; Changez, M.; Lee, J. S. Living anionic polymerization of the amphiphilic monomer 

2-(4-vinylphenyl)pyridine. Macromolecules 2007, 40, 8553. (g) Bagley, M. C.; Glover, C.; 

Merritt, E. A. The bohlmann-rahtz pyridine synthesis: from discovery to applications. Synlett 

2007, 2459. (h) Henry, G. D. De novo synthesis of substituted pyridines. Tetrahedron 2004, 60, 

6043. 

(9) (a) Yang, L.; Huang, H. Transition-metal-catalyzed direct addition of unactivated C–H bonds 

to polar unsaturated bonds. Chem. Rev. 2015, 115, 3468. (b) Vanjari, R.; Singh, K. N. Utilization 

of methylarenes as versatile building blocks in organic synthesis. Chem. Soc. Rev. 2015, 44, 

8062. 

(10) For examples: (a) Epsztajn, J.; Plotka, M. W.; Scianowski, J. Application of organolithium 

and related reagents in synthesis. Part 111. Metallation of 2-methyl- and 4-methylnicotinic acids. 

A useful method for preparation of aza-isocoumarins. Synth. Commun. 1992, 22, 1239. (b) 

Koller, M. U.; Peariso, K. L.; Guion, T. S.; Martinez, S. S.; Beam, C. F. The preparation of 

substituted hydroxyphenyl-pyridyl-ethanols and α-hydroxyphenyl-α-methylpyridineethanols by 

the condensation of 2-, 3-, or 4-picolyllithium with select hydroxy-benzaldehydes and 4-

hydroxyacetophenone. Synth. Commun. 1995, 25, 2963. (c) Hamana, H.; Sugasawa, T. An aldol-

type reaction of active methyl groups of nitrogen-containing heteroaromatic compounds. Chem. 
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Lett. 1983, 12, 333. (d) Kaiser, E. Lateral metallation of methylated nitrogenous heterocycles. 

Tetrahedron 1983, 39, 2055. (e) Pasquinet, E.; Rocca, P.; Marsais, F.; Godard, A.; Quéguiner, G. 

On the metallation of 2-isopropylpyridine. Tetrahedron 1998, 54, 8771. (f) Rabe, V.; Frey, W.; 

Baro, A.; Laschat, S.; Bauer, M.; Bertagnolli, H.; Rajagopalan, S.; Asthalter, T.; Roduner, E.; 

Dilger, H.; Glaser, T.; Schnieders, D. Syntheses, crystal Structures, spectroscopic properties, and 

catalytic aerobic oxidations of novel trinuclear non-heme iron complexes. Eur. J. Inorg. Chem. 

2009, 4660. (g) Taber, D. F.; Guo, P.; Pirnot, M. T. Conjugate addition of lithiated methyl 

pyridines to enones. J. Org. Chem. 2010, 75, 5737. 

(11) For representive examples: (a) Qian, B.; Guo, S.; Shao, J.; Zhu, Q.; Yang, L.; Xia, C.; 

Huang, H. Palladium-catalyzed benzylic addition of 2-methyl azaarenes to N-sulfonyl aldimines 

via C−H bond activation. J. Am. Chem. Soc. 2010, 132, 3650. (b) Qian, B.; Guo, S.; Xia, C.; 

Huang, H. Lewis acid-catalyzed C-H functionalization for synthesis of isoindolinones and 

isoindolines. Adv. Synth. Catal. 2010, 352, 3195. (c) Rueping, M.; Tolstoluzhsky, N. Copper 

catalyzed C−H functionalization for direct mannich reactions. Org. Lett. 2011, 13, 1095. (d) 

Qian, B.; Xie, P.; Xie, Y.; Huang, H. Iron-catalyzed direct alkenylation of 2-substituted 

azaarenes with N-sulfonyl aldimines via C–H bond activation. Org. Lett. 2011, 13, 2580. (e) Yan, 

Y.; Xu, K.; Fang, Y.; Wang, Z. A catalyst-free benzylic C–H bond olefination of azaarenes for 

direct Mannich-like reactions. J. Org. Chem. 2011, 76, 6849. (f) Komai, H.; Yoshino, T.; 

Matsunage, S.; Knai, M. Lewis acid catalyzed benzylic C−H bond functionalization of azaarenes: 

addition to enones. Org. Lett. 2011, 13, 1706. (g) Liu, J.-Y.; Niu, H.-Y.; Wu, S. Qu, G.-R.; Guo, 

H.-M. Metal catalyzed C(sp3)–H bond amination of 2-alkyl azaarenes with diethyl 

azodicarboxylate. Chem. Commun. 2012, 48, 9723. (h) Yang, Y.; Xie, C.; Xie, Y.; Zhang, Y. 

Synthesis of functionalized indolizines via copper-catalyzed annulation of 2-alkylazaarenes with 

α,β-unsaturated carboxylic acids. Org. Lett. 2012, 14, 957. (i) Niu, R.; Yang, S.; Xiao, J.; Liang, 

T.; Li, X. Yb(OTf)3-catalyzed addition of 2-methyl azaarenes to isatins via C-H functionalization. 

Chin. J. Catal. 2012, 33, 1636. (j) Guan, B. T.; Wang, B.; Nishiura, M.; Hou, Z. Yttrium-

catalyzed addition of benzylic C-H bonds of alkyl pyridines to olefins. Angew. Chem. Int. Ed. 

2013, 52, 4418. (k) Wang, F.-F.; Luo, C.P.; Deng, G.; Yang, L. C(sp3)–C(sp3) bond formation 

via copper/Brønsted acid co-catalyzed C(sp3)–H bond oxidative cross-dehydrogenative-coupling 

(CDC) of azaarenes. Green Chem. 2014, 16, 2428. (l) Wang, X.; Li, S. Y.; Pan, Y. M.; Wang, H. 

S.; Liang, H.; Chen, Z. F.; Qin, X. H. Samarium(III)-catalyzed C(sp3)–H bond activation: 

Page 18 of 23

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

19 

synthesis of indolizines via C–C and C–N coupling between 2-alkylazaarenes and propargylic 

alcohols. Org. Lett. 2014, 16, 580. (m) Wang, G.; Li, S.; Wu, Q; Yang, S. D. Cu-catalyzed sp3 

C–H bond oxidative functionalization of alkylazaarenes and substituted ethanones: an efficient 

approach to isoxazoline derivatives. Org. Chem. Front. 2015, 2, 569. (n) Liu, R. R.; Hong, J. J.; 

Lu, C.; Xu, M.; Gao, J.; Jia, Y. X. Indolizine synthesis via oxidative cross-coupling/cyclization 

of alkenes and 2-(pyridin-2-yl)acetate derivatives. Org. Lett. 2015, 17, 3050. (o) Zheng, J.; Fan, 

X.; Zhou, B.; Li, Z.; Wang, H. Tautomerization of 2,6-lutidines in the presence of B(C6F5)3 using 

catecholborane as a precatalyst. Chem. Commun. 2016, 52, 4655. 

(12) (a) Niu, R.; Xiao, J.; Liang, T.; Li, X. W. Facile synthesis of azaarene-substituted 3-

hydroxy-2-oxindoles via Brønsted acid catalyzed sp3 C–H functionalization. Org. Lett. 2012, 14, 

676. (b) Xu, L.; Shao, Z.; Wang, L.; Xiao, J. Tandem sp3 C–H functionlization/decarboxylation 

of 2-alkylazaarenes with coumarin-3-carboxylic acids. Org. Lett. 2014, 16, 796.  

(13) (a) Shao, Z.; Xu, L.; Wang, L.; Wei, H.; Xiao, J. Catalyst-free tandem Michael 

addition/decarboxylation of (thio)coumarin-3-carboxylic acids with indoles: facile synthesis of 

indole-3-substituted 3,4-dihydro(thio)coumarins. Org. Biomol. Chem. 2014, 12, 2185. (b) Xiao, 

J.; Chen, Y.; Zhu, S.; Wang, L.; Xu, L.; Wei, H. Diversified construction of chromeno[3,4-

c]pyridin-5-one and benzo[c]chromen-6-one derivatives by domino reaction of 4-alkynyl-2-oxo-

2H-chromene-3-carbaldehydes. Adv. Synth. Catal. 2014, 356, 1835. (c) Xu, L.; Shao, Z.; Wang, 

L.; Zhao, H.; Xiao, J. Catalyst-free synthesis of (E)-2-alkenylquinoline derivatives via C(sp3)-H 

functionalization of 2-methylquinolines. Tetrahedron Lett. 2014, 55, 6856. (d) Shao, Z.; Wang, 

L.; Xu, L.; Zhao, H.; Xiao, J. Facile synthesis of azaarene-2-substituted chromanone derivatives 

via tandem sp3 C–H functionalization/decarboxylation of azaarenes with 4-oxo-4H-chromene-3-

carboxylic acid. RSC Adv. 2014, 4, 53188. 

(14) (a) Kumar, N. S.; Rao, L. C.; Babu, N. J.; Dileepkumar, V.; Murthy, U.; Meshram, H. M. A 

Catalyst-free, one-pot, three-component approach for the synthesis of 2-[1-aryl-2-

(azaaryl)ethyl]malononitriles via sp3 C–H activation of 2-methyl azaarenes. Synlett 2015, 26, 

1808. (b) Chavan, S. S.;   Pathan, M. Y.; Thorat, S. H.; Gonnade, R.; Mulla, S. A. R. A novel 

one-pot multi-component synthesis of 3, 3’-disubstituted oxindole and spirooxindole scaffolds 

via Sn-catalyzed C(sp3)–H functionalization of azaarenes by sequential Knoevenagel–Michael-
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cyclization reaction. RSC Adv. 2015, 5, 81103. (c) Kumar, N. S.; Rao, L. C.; Babu, N. 

J.; Meshram, H. M. A domino green method for the rapid synthesis of novel fused isoquinoline 

derivatives via Knoevenagel/Michael/cyclization reactions on aqueous media and their 

photophysical properties. RSC Adv. 2015, 5, 95539. (d) Chavan, S. S.; Pathan, M. Y.; Mulla, S. 

A. R. Solvent free one-pot multi-component synthesis of β-azaarene substituted ketones via a Sn-

catalyzed C(sp3)–H functionalization of 2-alkylazaarenes. RSC Adv. 2015, 5, 103091. (e) 

Yaragorla, S.; Singh, G.; Dada R. ‘On water synthesis’ of oxindoles bearing quaternary carbon 

center through C–H (sp3) functionalization of methyl azaarenes. Tetrahedron Lett. 2016, 57, 591. 

(f) Yaragorla, S.; Dada R.; Singh, G. Alkaline-earth-catalyzed sp3 C–H functionalization of 

methyl azaarenes and its use in a one-pot four-component synthesis of azaarenyl 

benzylpyrazolones. Synlett 2016, 27, 912. 

(15) Examples of catalyst-free multi-component reactions: (a) Zhang, M.; Jiang, H. F.; Liu, H.; 

Zhu, Q. Convenient one-pot synthesis of multisubstituted tetrahydropyrimidines via catalyst-free 

multicomponent reactions. Org. Lett. 2007, 9, 4111. (b) Gu, Y.; De Sousa, R.; Frapper, G.; 

Bachmann, C.; Barrault, J.; Jérôme, F. Catalyst-free aqueous multicomponent domino reactions 

from formaldehyde and 1,3-dicarbonyl derivatives. Green Chem. 2009, 11, 1968. (c) Wang, X.; 

Wang, S. Y.; Ji, S. J. Isocyanide-based multicomponent reactions: catalyst-free stereoselective 

construction of polycyclic spiroindolines. Org. Lett. 2013, 15, 1954. (d) Wang, X.; Xu, X. P.; 

Wang, S.Y.; Zhou, W.; Ji, S. J. Highly efficient chemoselective synthesis of polysubstituted 

pyrroles via isocyanide-based multicomponent domino reaction. Org. Lett. 2013, 15, 4246. (e) 

Singh, S.; Saquib, M.; Singh, S. B.; Singh, M.; Singh, J. Catalyst free, multicomponent-tandem 

synthesis of spirooxindole-indazolones and spirooxindole-pyrazolines: a glycerol mediated green 

approach. RSC Adv. 2015, 5, 45152. (f) Maloo, P.; Roy, T. K.; Sawant, D. M.; Pardasani, R. T.; 

Salunkhe, M. M. A catalyst-free, one-pot multicomponent synthesis of spiro-benzimidazo 

quinazolinones via a Knoevenagel–Michael-imine pathway: a microwave assisted approach. RSC 

Adv. 2016, 6, 41897. 

(16) For synthesis of 2-alkenylquinolines, see: (a) Newkome, G. R.; Roper, J. M.; Robinson, J. 

M. Chemistry of heterocyclic compounds. 55. Synthesis and conformational studies of 

substituted 1,2-diaryl- and heteroarylbenzenes. Synthesis of benzopyridinocyclophanes. J. Org. 

Chem. 1980, 45, 4380. (b) Mao, D.; Hong, G.; Wu, S.; Liu, X.; Yu, J.; Wang, L. Lewis-acid-
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catalyzed benzylic reactions of 2-methylazaarenes with aldehydes. Eur. J. Org. Chem. 2014, 

2014, 3009. (c) Yaragorla, S.; Singh, G.; Dada, R. C(sp3)–H functionalization of methyl 

azaarenes: a calcium-catalyzed facile synthesis of (E)-2-styryl azaarenes and 2-aryl-1,3-

bisazaarenes. Tetrahedron Lett. 2015, 56, 5924. (d) Jamal, Z.; Teo, Y.; Lim, G. Direct 

alkenylation of alkylazaarenes with aldehydes through C(sp3)–H functionalization under 

catalytic InCl3 activation. Tetrahedron 2016, 72, 2132. (e) Xia, H.; Liu, Y.; Zhao, P.; Gou, S.; 

Wang, J. Synthesis of 2-alkenylquinoline by reductive olefination of quinoline N-oxide under 

metal-free conditions. Org. Lett. 2016, 18, 1796. 

(17) The proposed reaction pathway for product 7{1,3,1} was shown as below: the nucleophilic 

attack of 4-hydroxycoumarin 1{1} to acetophenone initiated the reaction, followed by 

dehydration to generate the ortho-quinone methides intermediate A. Deprotonation of -CH3 of 

intermediate A by 2,6-lutidine to produce the enolate ion B, which underwent subsequent 

nucleophilic addition with acetophenone to obtain the 1,6-diol intermediate D. Then the 

intramolecular proton-transfer from enol to tertiary alcohol gave E, which underwent the 

intramolecular nucleophilic substitution to afford the final product 7{1,3,1}. 

 

(18) (a) Singh D., Singh R. P. An elegant synthesis of 6H-benzofuro-[3,2-c][1]benzopyran-6-

ones. Heterocycles 1985, 23, 903. (b) Lee Y. R., Suk J. Y., Kim B. S. One-pot construction of 

medium- and large-sized ring substituted furans. Efficient conversion to dibenzofurans, 

coumestans, and 4-Pyrones. Org. Lett. 2000, 2, 1387. 
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(19) Leutbecher, H.; Conrad, J.; Beifuss, U. Synthesis of new methano[1,5]dioxocines via a 

domino reaction of 4-hydroxy-2H-pyran-2-ones/4-hydroxy-2H-chromen-2-ones with acyclic 1,3-

diketones. Z. Naturforsch. 2008, 63b, 871.   

(20) (a) Kumar, D.; Sandhu, J. S. Efficient, solvent-free, microwave-enhanced condensation of 

5,5-dimethyl-1,3-cyclohexanedione with aldehydes and imines using LiBr as inexpensive, mild 

catalyst. Synth. Commun. 2010, 40, 510. (b) Ilangovan, A.; Malayappasamy, S.; Muralidharan, S. 

Maruthamuthu, S. A highly efficient green synthesis of 1, 8-dioxo-octahydroxanthenes. 

Chemistry Central Journal 2011, 5, 1. (c) Bayat, M.; Imanieh, H.; Hossieni, S. H. An efficient 

solvent free synthesis of 1,8-dioxo-octahydroxanthene using p-toluene sulfonic acid. Chin. J. 

Chem. 2009, 27, 2203. (d) Kaupp, G.; Reza Naimi-Jamal, M.; Schmeyers, J. Solvent-free 

Knoevenagel condensations and Michael additions in the solid state and in the melt with 

quantitative yield. Tetrahedron 2003, 59, 3753. (e) Dikusar, E. A.; Potkin, V. I.; Kozlov, N. G. 

Catalytic synthesis of 2, 2’-arylmethylenebis(3-hydroxy-5,5-dimethylcyclohex-2-en-1-ones) and 

3,3,6,6-tetramethyl-9-aryl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-diones. Russian J. Org. 

Chem. 2013, 49, 233. (f) Al-Omran, F.; Mohareb, R.; El-Khair, A. New route for synthesis, 

spectroscopy, and X-ray studies of 2-[aryl-(6’-hydroxy-4’,4’-dimethyl-2’-oxocyclohex-6’-

enyl)methyl]-3-hydroxy-5,5-dimethylcyclohex-2-enone and 1,8-dioxo-octahydroxanthenes and 

antitumor evaluation. Med. Chem. Res. 2014, 23, 1623. 

(21) (a) Kumar, A.; Kumar, M.; Gupta, M. K. Catalyst-free hydroarylation of in situ generated 

ortho-quinone methide (o-QM) with electron rich arenes in water. Green Chem. 2012, 14, 2677. 

(b) Kumar, A.; Kumar, M.; Gupta, M. K.; Gupta, L. P. A catalyst-free C–H hydroarylation of 

coumarin derived ortho-quinone methide (o-QM) with electron rich arenes in glycerol. RSC Adv. 

2012, 2, 8277. (c) Rao, P.; Konda, S.; Iqbal, J.; Oruganti, S. InCl3 catalyzed three-component 

synthesis of α-benzylamino coumarins and diketones. Tetrahedron Lett. 2012, 53, 5314.  
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Facile Synthesis of Azaarene-substituted Hydroxycoumarins Possessing High 

Biological Activities via Three-Component C(sp3)-H Functionalization 

Haoxun Dong,§† Lubin Xu,§† Shuai-Shuai Li,† Liang Wang,† Chang-Lun Shao‡ and Jian Xiao†* 

 
An unprecedented three-component C(sp3)-H functionalization of 2-alkylazaarenes with aryl aldehydes 

and 4-hydroxycoumarins was realized, providing azaarene-substituted 3-benzyl-4-hydroxycoumarins in 

good to excellent yields. These new target compounds displayed broad-spectrum antibacterial activities, 

providing a new type of antibacterial skeleton. 
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