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Abstract: A metal-free and base-catalyzed cascade 
reaction of ortho-(propargylamino)aryl ketones with 
primary alcohols, secondary amines, including various N-
heterocycles, and thiols through 1,4-benzoxazepine 
intermediates was developed, providing a series of 
synthetically and medically valuable 3-functionalized 
quinoline derivatives. The reaction process was easily 
manipulable and environmentally benign, producing 1.0 
equiv of water as the sole byproduct. Furthermore, 
bimolecular reactions for the synthesis of products 
containing two quinoline units were also succesful by 
utilizing this newly developed protocol. 

Keywords: metal-free; ortho-(propargylamino)aryl ketones; 

1,4-benzoxazepine; 3-functionalized quinolines; bimolecular 

reactions. 

 
Quinoline scaffolds are probably the most ubiquitous 

heterocycles that widely exist in natural products,[1] medicinal 

agents,[2] as well as important intermediates for asymmetric 

synthesis.[3] Especially, 3-functionalized quinolines display a 

range of biological activities and are exploited as synthetic 

intermediates in the preparation of drugs and functional materials 

(Figure 1).[4] Classical methods for quinoline synthesis mainly 

include some name reactions, such as Skraup, Doebner−Von 

Miller, Friedländer, and Povarov reactions.[5,6] However, these 

approaches mostly suffer from the requirement of 

prefunctionalized substrates and expensive transition metals. 

Therefore, the development of metal-free and environmentally 

friendly methods for quinoline synthesis is of great significance 

and highly pursued in synthetic chemistry and pharmaceutical 

chemistry. 

The development of cascade reactions for the synthesis of 

synthetically valuable frameworks from easily available substrates 

is strongly demanded in organic chemistry. Fully unsaturated 

monocyclic 1,4-oxazepine, which is not very stable but difficult to 

be obtained owing to antiaromatic character, is often emerged as a 

reactive species for the construction of molecular complexity.[7] 
 

 
Figure 1. Representative examples of bioactive 3-substituted 

quinolines. 

 

Recently, N-propargylic β-enaminones, readily accessible 

synthetic intermediates, have attracted much attention[8] and 

could be employed as precursors of 1,4-oxazepines.[9] For 

example, in 2015, Cui’s group has described a base-promoted 

N-pyridylation of heteroarenes via 1,4-oxazepine 

intermediates from N-propargyl enaminones with N-based 

nucleophiles to deliver 2,3-disubstituted pyridines.[9a] They 

also found that N-based nucleophiles could be in situ 

generated from N-propargyl enaminones and trapped by 1,4-

oxazepines.[9b] In 2017, they also reported alcohols and thiols 

were also adopted as nucleophiles, thereby providing similar 

products via consecutive 6π-electrocyclization and walk 

rearrangement processes (Scheme 1a).[9c] Moreover, Cui and 

Zhang’s groups simultaneously reported terminal carbon of N-

propargyl enaminones could also be used as nucleophiles to 

trap extern aryl aldehydes or N-sulfonyl imines, providing 

pyridine-fused heterocycles.[9c,d] Encouraged by above 

achievements, we wondered whether 1,4-benzoxazepine[10] 

could also be used as reactive intermediate to induce new 
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cascade reactions. Herein, we report a metal-free and base-

catalyzed cascade reaction of ortho-(propargylamino)aryl 

ketones with N-, O-, or S-based nucleophiles to construct 

various monosubstituted quinoline scaffolds without walk 

rearrangement process (Scheme 1b).  

 

 

 
Scheme 1. 1,4-oxazepine vs 1,4-benzoxazepine intermediates for 

synthesis of N-heterocycles. 

 

Table 1. Optimization of the reaction conditions for the 

synthesis of 3aaa,b 

 
 

With this working hypothesis in mind, we commenced our 

studies by employing phenyl(2-(prop-2-yn-1-

ylamino)phenyl)methanone 1a with methanol 2a to simply 

optimize the reaction conditions. In the presence of the 

equivalent amount of NaOH (2.0 or 1.0 eq.), we were able to 

obtain 3-(methoxymethyl)quinoline 3aa in 80% and 79% 

yields, respectively (Table 1, entries 1-2). Surprisingly, the 

reaction still performed well to give the corresponding 

product 3aa in 85% yield when the catalytic amount of 

NaOH was applied (Table 1, entry 3). Then, the influence of 

base was investigated, and we found that only inorganic 

bases including KOH, Cs2CO3, K2CO3, and Na2CO3 could 

catalyze the reaction and NaOH gave the best reaction 

outcome (Table 1, entries 4-7). However, organic base Et3N 

led to a deleterious effect on the reaction efficiency and the 

reaction became sluggish (Table 1, entry 8). Solvent effect 

was also examined, and we found that the solvent strongly 

influenced the reaction outcomes. It was identified that only 

strongly polar solvents such as dimethyl sulfoxide (DMSO) 

and N,N-dimethylformamide (DMF) could catalyze the 

reaction smoothly, whereas MeCN and 1,2-dichloroethane 

(DCE) had no reaction efficiency probably due to the lower 

solubility of inorganic base (Table 1, entries 9-11). Moreover, 

no desired product was obtained when no base was added 

(Table 1, entry 12). 

 

Table 2. Reaction Scope: synthesis of 3-functionalized 

quinolines from ortho-(propargylamino)aryl ketones and 

alcoholsa,b 

 

 

With the optimized reaction conditions in hands, we began 

to survey the reaction scope of this reaction and the results 

are shown in Table 2. Various primary alkyl alcohols were 

tolerable, providing the corresponding products 3aa-3ad in 

good yields ranging from 61% to 85%. As for benzyl 

alcohols, both electron-deficient and electron-rich ones were 

compatible, furnishing alkoxymethyl-substituted quinolines 

3ae-3aj in good yields ranging from 60% to 86%, and the 

former seemed to show better reaction activity. Moreover, 

heterocyclic benzyl alcohols were also suitable substrates, 

and the desired products 3ak-3am were obtained without the 

erosion of the heterocyclic subunits under the standard 

reaction conditions. Then the scope of R1 was examined as 

follows: when R1 was aryl group, the reactions proceeded 

smoothly to give the desired products 3be-3ge in good yields 

ranging from 60% to 86%. However, electron-rich 

substituents gave higher yield than electron-poor ones, which 

is opposite to the electronic effect of alcohols. Heterocyclic 

groups including thienyl and furyl were also examined, 

affording the corresponding products 3he and 3ia in 57% and 

73% yields, respectively. Disappointingly, the reaction 
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became sluggish when R1 was substituted by alkyl groups or 

hydrogen atom. This cascade reaction also proceeded 

smoothly when the phenyl ring of aniline moiety was 

substituted by OMe or Cl group, affording products 3je and 

3ke in 73% and 61% yields, respectively, indicating the 

electrocyclization process was not affected by substituents. 

Finally, both phenyl rings substituted substrate 1l was also 

amenable, delivering product 3la in 70% yield. It should be 

noted that secondary and tertiary alcohols presented poor 

reaction activity. The structure of 3ce has been also 

confirmed by single crystal X-ray analysis, and its ORTEP 

drawing is shown in Table 2.[11] When the nucleophile was 

turned to thiol 4a, a mixture of desired product of 5aa and 

byproduct 6a was formed in 32% and 54% yields, 

respectively in the presence of the equivalent amount of base 

(Scheme 2). 

 

 
Scheme 2. Further investigation of thiol. 

 

Furthermore, we explored the reaction scope of N-based 

nucleophiles in Table 3. We firstly screened the optimized 

reaction conditions as follows: 1 and 7 in a molar ratio of 1:1.2 in 

the presence of 20 mol% Cs2CO3 in DMF at 80 oC under argon 

atmosphere. Various N-heterocycles including pyrrole, indol, 1H-

pyrrolo[2,3-b]pyridine, pyrazole, imidazole, and carbazole were 

tolerable for the synthesis of 8ea-8ag in good yields ranging from 

71% to 92%. Scalable synthesis was also achieved, providing 1.55 

grams of 8ab in 93% yield from 5.0 mmol scale of 1a and 7b. 

Notably, substituted anilines were also suitable substrates in this 

reaction if using KOH as the catalyst at room temperature, 

delivering products 8ah-8aj in moderate yields ranging from 66% 

to 73%. However, aniline failed to provide the corresponding 

product, probably because of its lower nucleophilicity. 

Interestingly, when the sulfamide 7k was employed, quinoline-3-

carbaldehyde 8ak, which is a valuable synthetic intermediate for 

further transformation,[12] was obtained in 75% yield (For the 

details, see Scheme S1 in the Supporting Information). 

Furthermore, hydrogenated heterocycles including indoline and 

tetrahydroquinoline were also compatible, thereby delivering 

products 8al-8an in good yields ranging from 55% to 92%. 

However, 1-benzazepine 1o failed to give the corresponding 

product 8ao. The structures of 8ab and 8ak have been also 

confirmed by single crystal X-ray analysis and their ORTEP 

drawings are shown in Figure 2.[13] 

 

Table 3. Reaction Scope: synthesis of 3-functionalized quinolines 

from aminesa,b 

 
 

 

 
Figure 2. X-ray crystal structure of products 8ab and 8ak. 

 
To further extend the reaction scope of this newly developed 

protocol, a series of bimolecular reactions were conducted. As 

shown in Scheme 3, 1,4-phenylenedimethanol 9, (1H-pyrrol-2-

yl)methanol 11 and (1H-indol-3-yl)methanol 13, which contain 

two reaction sites, were used to react with 1a; the corresponding 

bimolecular products 10, 12 and 14 containing two quinoline units 

were obtained in high yields up to 90% (for the details, see 

Scheme S2 in the Supporting Information). 

 

 
Scheme 3. Bimolecular reactions. 

 

Based on the above results and previously reported 
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literature,[9] a proposed reaction mechanism is depicted in Scheme 

4. In the presence of a base catalyst, propargyl-allenyl 

isomerization followed by enolization of 1a provides an 

iminoenolate intermediate I, which may undergo a 7-exo-dig 

cyclization to afford a 1,4-benzoxazepine anion II. Then epoxide 

anion III was formed via 6π-electrocyclization process, which 

was not very stable to undergo expoxide ring-opening with the 

assistance of methanol or indol, delivering an allyl alcohol 

intermediate IV. Walk rearrangement process reported by Cui’s 

group[9a,b,c] dose not take place from the intermediate III, because 

dearomatization of phenyl ring is thermodynamically unfavorable 

in this case. Meanwhile, methoxyl or indol anion is generated, 

which probably assists the construction of the 3-substituted 

quinoline scaffold along with the regeneration of a base catalyst. 

 

 
Scheme 4. Proposed reaction mechanism.  

 

In summary, we have developed a simple and convenient 

access to 3-functionalized quinoline scaffolds through base-

catalyzed cascade reaction of ortho-(propargylamino)aryl ketones 

with primary alcohols, secondary amines including various N-

heterocycles and thiols via 1,4-benzoxazepine intermediates. The 

reactions exhibit broad substrate scope, good yield and functional 

group tolerance. Moreover, bimolecular reactions providing 

compounds containing two quinoline units were also available 

under the standard reaction conditions. Further extension of the 

scope and the potential utilization are currently under 

investigation. 

Experimental Section 

General Procedure for Synthesis of 3 and 8 

General Procedure for the Preparation of 3: 1 (0.2 mmol, 1.0 

equiv) and NaOH (0.04 mmol, 0.02 equiv) were dissolved in dry 

DMSO (2.0 mL), then primary alcohols 2 (0.24 mmol, 1.2 equiv) 

was added dropwise and the resulting reaction mixture was stirred 

at room temperature (25 oC). The reaction was stopped after 3 h 

and the mixture was extracted with EtOAc for 3 times. The 

organic layer was washed with brine and dried over anhydrous 

Na2SO4. After filtration, the filtrate was concentrated under 

reduced pressure and the residue was purified by flash column 

chromatography on silica gel (eluent: petroleum ether / ethyl 

acetate = 10 / 1) to afford the product 3 in good to excellent yield. 

 

General Procedure for 8: A solution of 1 (0.2 mmol, 1.0 equiv) 

and Cs2CO3 (0.04 mmol, 0.02 equiv) and amine 7 (0.24 mmol, 1.2 

equiv) in DMF was stirred at 80 oC. The reaction was stopped 

after 3 h and the mixture was extracted with EtOAc for 3 times. 

The organic layer was washed with brine and dried over 

anhydrous Na2SO4. After filtration, the filtrate was concentrated 

under reduced pressure and the residue was purified by flash 

column chromatography on silica gel (eluent: petroleum ether / 

ethyl acetate = 4 / 1) to afford the product 8 in good to excellent 

yield. 

 

Supporting Information Available 
Detailed descriptions of experimental procedures and their 

spectroscopic data as well as the crystal structures are presented in 

the Supporting Information. CCDC 1588718 (3ce), CCDC 

1587921 (8ab), 1811105 (8ak) contain the supplementary 

crystallographic data for this paper. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Center 

via www.ccdc.cam.ac.uk/data_request/cif.  

Acknowledgements 

We are grateful for the financial support from the National Basic 

Research Program of China (973)-2015CB856603, the Strategic 

Priority Research Program of the Chinese Academy of Sciences, 

Grant No. XDB20000000 and sioczz201808, and the National 

Natural Science Foundation of China (20472096, 21372241, 

21572052, 20672127, 21421091, 21372250, 21121062, 21302203, 

and 20732008). 

References 

 

[1] a) V. V. Kouznetsov, L. Y. V. Mendez, C. M. M. Gomez, Curr. 

Org. Chem. 2005, 9, 141; b) J. P. Michael, Nat. Prod. Rep. 2007, 24, 

223; c) J. P. Michael, Nat. Prod. Rep. 2008, 25, 166; d) D. C. 

Behenna, J. L. Stockdill, B. M. Stoltz, Angew. Chem. 2008, 120, 

2400; Angew. Chem. Int. Ed. 2008, 47, 2365. 

[2] a) J. P. Michael, Nat. Prod. Rep. 1997, 14, 605; b) C. H. Kaschula, 

T. J. Egan, R. Hunter, N. Basilico, S. Parapini, D. Taramelli, E. Pasini, 

D. Monti, J. Med. Chem. 2002, 45, 3531; c) M. Rouffet, C. A. F. de 

Oliveira, Y. Udi, A. Agrawal, I. Sagi, J. A. McCammon, S. M. Cohen, 

J. Am. Chem. Soc. 2010, 132, 8232; d) S. Andrews, S. J. Burgess, D. 

Skaalrud, J. X. Kelly, D. H. Peyton, J. Med. Chem. 2010, 53, 916. 

[3] a) W.-B. Wang, S.-M. Lu, P.-Y. Yang, X.-W. Han, Y.-G. Zhou, J. 

Am. Chem. Soc. 2003, 125, 10536; b) D.-S. Wang, Q.-A. Chen, S.-M. 

Lu, Y.-G. Zhou, Chem. Rev. 2012, 112, 2557; c) X.-F. Cai, W.-X. 

Huang, Z.-P. Chen, Y.-G. Zhou, Chem. Commun. 2014, 50, 9588; d) 

Y.-Y. Huang, C. Cai, X. Yang, Z.-C. Lv, U. Schneider, ACS Catal. 

2016, 6, 5747. 

[4] a) M. P. Maguire, K. R. Sheets, K. McVety, A. P. Spada, A. 

Zilberstein, J. Med. Chem. 1994, 37, 2129; b) L. M. Bedoya, M. J. 

Abad, E. Calonge, L. A. Saavedra, C. M. Gutierrez, V. V. 

Kouznetsov, J. Alcami, P. Bermejo, Antiviral Res. 2010, 87, 338; c) 

Y. Saga, R. Motoki, S. Makino, Y. Shimizu, M. Kanai, M. Shibasaki, 

J. Am. Chem. Soc. 2010, 132, 7905; d) V. R. Solomon, H. Lee, Curr. 

Med. Chem. 2011, 18, 1488; e) C. Klock, Z. Herrera, M. Albertelli, C. 

Khosla, J. Med. Chem. 2014, 57, 9042. 

[5] a) Z. H. Skraup, Ber. Dtsch. Chem. Ges. 1880, 13, 2086; b) O. 

Doebner, W. von Miller, Ber. Dtsch. Chem. Ges. 1881, 14, 2812; c) 

P. Friedländer, S. Henriques, Ber. Dtsch. Chem. Ges. 1882, 15, 2572; 

d) L. S. Povarov, Russ. Chem. Rev. 1967, 36, 656. 

[6] For selected examples for the synthesis of quinoline scaffolds: a) J. 

Horn, S. P. Marsden, A. Nelson, D. House, G. G. Weingarten, Org. 

Lett. 2008, 10, 4117; b) B. Gabriele, R. Mancuso, G. Salerno, E. 

10.1002/adsc.201800120

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.

http://www.ccdc.cam.ac.uk/data_request/cif


 5 

Lupinacci, G. Ruffolo, M. Costa, J. Org. Chem. 2008, 73, 4971; c) Y. 

Matsubara, S. Hirakawa, Y. Yamaguchi, Z.-I. Yoshida, Angew. Chem. 

2011, 123, 7812; Angew. Chem. Int. Ed. 2011, 50, 7670; d) S. Khong, 

O. Kwon, J. Org. Chem. 2012, 77, 8257; e) Y. Zhang, M. Wang, P. 

Li, L. Wang, Org. Lett. 2012, 14, 2206; f) R. Yan, X. Liu, C. Pan, X. 

Zhou, X. Li, X. Kang, G. Huang, Org. Lett. 2013, 15, 4876; g) Y. 

Wang, C. Chen, J. Peng, M. Li, Angew. Chem. 2013, 125, 5431; 

Angew. Chem. Int. Ed. 2013, 52, 5323; h) Q. Gao, S. Liu, X. Wu, A. 

Wu, Org. Lett. 2014, 16, 4582; i) A. V. Iosub, S. S. Stahl, Org. Lett. 

2015, 17, 4404; j) X. Geng, X. Wu, P. Zhao, J. Zhang, Y.-D. Wu, A.-

X. Wu, Org. Lett. 2017, 19, 4179; k) S. B. Wakade, D. K. Tiwari, P. 

S. K. P. Ganesh, M. Phanindrudu, P. R. Likhar, D. K. Tiwari, Org. 

Lett. 2017, 19, 4948. 

[7] a) J. Kurita, K. Iwata, T. Tsuchiya, J. Chem. Soc. Chem. Commun. 

1986, 1188; b) J. Kurita, K. Iwata, T. Tsuchiya, Chem. Pharm. Bull. 

1987, 35, 3166; c) T. Yasumoto, M. Murata, Chem. Rev. 1993, 93, 

1897. 

[8] a) S. Cacchi, G. Fabrizi, E. Filisti, Org. Lett. 2008, 10, 2629; b) A. 

Saito, T. Konishi, Y. Hanzawa, Org. Lett. 2010, 12, 372; c) X. Y. Xin, 

D. P. Wang, X. C. Li, B. S. Wan, Angew. Chem. 2012, 124, 1725; 

Angew. Chem. Int. Ed. 2012, 51, 1693; d) K. Goutham, N. S. V. M. 

Rao Mangina, S. Suresh, P. Raghavaiah, G. V. Karunakar, Org. 

Biomol. Chem. 2014, 12, 2869; e) K. Goutham, V. Nagaraju, S. 

Suresh, P. Raghavaiah, G. V. Karunakar, RSC Adv. 2014, 4, 21054; f) 

S. Karabiyikoglu, Y. Kelgokmen, M. Zora, Tetrahedron 2015, 71, 

4324; g) K. Goutham, D. A. Kumar, S. Suresh, B. Sridhar, R. 

Narender, G. V. Karunakar, J. Org. Chem. 2015, 80, 11162; h) R. 

Kumar, S. H. Thoratc, M. S. Reddy, Chem. Commun. 2016, 52, 

13475; i) X. Yang, Y. Wang, F. Hu, X. Kan, C. Yang, J. Liu, P. Liu, 

Q. Zhang, RSC Adv. 2016, 6, 68454. 

[9] a) G. Cheng, Y. Weng, X. Yang, X. Cui, Org. Lett. 2015, 17, 3790; 

b) J. Shen, X. Yang, F. Wang, Y. Wang, G. Cheng, X. Cui, RSC Adv. 

2016, 6, 48905; c) G. Cheng, L. Xue, Y. Weng, X. Cui, J. Org. Chem. 

2017, 82, 9515; d) X. Yang, F. Hu, Y. Wang, C. Yang, X. Zou, J. Liu, 

Q. Zhang, Chem. Commun. 2017, 53, 7497. 

[10] a) R. Omar-Amrani, A. Thomas, E. Brenner, R. Schneider, Y. 

Fort, Org. Lett. 2003, 5, 2311; b) M. Yar, E. M. McGarrigle, V. K. 

Aggarwal, Org. Lett. 2009, 11, 257; c) J. Rujirawanich, T. Gallagher, 

Org. Lett. 2009, 11, 5494; d) S. L. Rubab, B. Nisar, A. R. Raza, N. 

Ullah, M. N. Tahir, Molecules 2014, 19, 139; e) S. J. Gharpure, D. 

Anuradha, Org. Lett. 2017, 19, 6136. 

[11] CCDC-1588718 contains the supplementary crystallographic data 

of 3ce for this paper. These data can be obtained free of charge from 

The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif.  

[12] L. N. Ferguson, Chem. Rev. 1946, 38, 227. 

[13] CCDC-1587921 and CCDC-1811105 contain the supplementary 

crystallographic data of 8ab and 8ak for this paper. These data can be 

obtained free of charge from The Cambridge Crystallographic Data 

Centre  via www.ccdc.cam.ac.uk/data_request/cif.  

 

10.1002/adsc.201800120

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.

http://www.ccdc.cam.ac.uk/data_request/cif


 6 

Full Paper    

Base-Catalyzed Cascade Reaction of ortho-

(Propargylamino)aryl Ketones with N-, O-, or S-

Based Nucleophiles for the Synthesis of 3-

Functionalized Quinoline Scaffolds 

 

 

 

Adv. Synth. Catal. Year, Volume, Page – Page 

 
Liu-Zhu Yu, Hao-Zhao Wei, Min Shi* 

 

10.1002/adsc.201800120

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.


