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Abstract 

Alkenyl-4-quinolones were accessed via a high-yielding, three-step synthesis starting from 2-methyl-

4-quinolones using a one-pot phosphorylation-olefination sequence as the key step and SEM as a 

convenient protecting group. This protocol tolerates various functional groups and gives the target 

olefins with complete (E)-selectivity. 

 

 

Introduction 

 

4-Quinolones are a scaffold of significant relevance in medicinal chemistry. Appropriately substituted 

4-quinolone-3-carboxylic acids, e.g. ciprofloxacin, are among the most important fully synthetic 

antibiotics.1 Furthermore, a considerable number of 4-quinolones have been isolated from biological 

sources (plants like the Evodia species and microorganisms, the most prominent among these are 

Pseudomonas species), and antibacterial, antiplasmodial, and cytotoxic activities have been reported 

for many of them.2 These naturally occurring 4-quinolones are characterized by an alkyl or alkenyl 

group at C-2, and some of them further bear a substituent at C-3. The olefinic double bond in the side-

chain can be located at a distal position (e.g. evocarpine), separated from the heterocycle by a 

methylene group (e.g. burkholone), or in direct conjugation with the heterocycle (e.g. alkaloid Δ1-

pseudene-VII and some homologues3). N-Hydroxylation was detected in 4-quinolones exhibiting 

strong antibiotic activity, e.g. YM-300594 and aurachin C5 (Fig. 1). 

Naturally occurring 2-alkylquinolones served as lead structures for the synthesis of antimycobacterial 

analogues,6 but were catapulted into the spotlight when they were identified as quorum sensing signal 

molecules in Pseudomonas species, controlling the expression of virulence genes as a function of cell 

population density.2a This opens a completely new option for the treatment of multidrug-resistant 

Pseudomonas aeruginosa infections.7 Furthermore, N-unsubstituted 4-quinolones are useful precursors 

for the synthesis of antibacterial N-hydroxy-4-quinolones8 and antiprotozoal 4-aminoquinolines.9 
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Figure 1. Selected 4-quinolones of pharmaceutical interest. The antibiotic ciprofloxacin and 

representative 4-quinolone alkaloids bearing unsaturated side-chains: burkholone, aurachin C, 

aurachin D, evocarpine, Δ1-pseudene-VII, and YM-30059.  

 

Sophisticated methods have been developed for the industrial production of fluoroquinolone 

antibiotics, among them one-pot-10 and flow-chemistry11 multi-step reactions. 4-Quinolones bearing 

alkyl or aryl residues at C-2 (and/or C-3) can be prepared following established strategies.12 The most 

prominent are the Conrad-Limpach synthesis (from anilines and β–ketoesters), the Camps method 

(cyclization of ortho-acylaminoacetophenones) and the Niementowski reaction (from anthranilamide 

and ketones as well as variants using isatoic anhydride).6,13 However, most of these methods are not or 

only moderately applicable to the synthesis of 4-quinolones bearing olefinic residues, and very few 

publications describe the synthesis of 2-(1-alkenyl)-4-quinolones other than styryl derivatives.6,14 A 

novel rearrangement of anthranilic esters yields 2-alkenyl-3-hydroxy-4-quinolones.15 Considerable 

work has been performed on the construction of 2-alkenyl-4-quinolones by the functionalization of 

pre-built 2-methyl-4-quinolones. Target compounds related to burkholone (Fig. 1) bearing allylic 

residues at C-2 were obtained via the cross-coupling reactions of 2-halomethyl-4-quinolones with 

vinylic building blocks.16 For the synthesis of 2-(1-alkenyl)-4-quinolones, very few examples of direct 

Knoevenagel-type condensations of the 2-methyl group attached to a 4-quinolone are known;17 only 

aromatic aldehydes have been condensed under drastic reaction conditions (acetic anhydride, 140 or 

145 °C), and the configuration of the resulting olefins is unclear. In other approaches the 2-methyl-4-

quinolones were first converted into 4-substituted (methoxy, benzyloxy) 2-methylquinolines by O-

alkylation. Deprotonation of the now CH-acidic 2-methyl group followed by reaction with diethyl 

chlorophosphate gave benzylic phosphonates as building blocks for Horner-Wadsworth-Emmons 

(HWE) olefinations with aldehydes.18 For 4-benzyloxy derivatives deprotection by catalytic 

hydrogenation is accompanied by saturation of the 2-alkenyl residue;18b deprotection of the 4-methoxy 

analogues18a has not been attempted. 4-Acetoxy-2-methylquinolines were oxidized at the methyl group 

and further converted over a number of steps into quinolin-2-ylmethyl triphenylphosphonium salts, 

which gave 2-alkenyl-4-quinolones after Wittig olefination and deprotection.19 

 

Results and Discussion  

In the present work we intended to develop a new general approach to N-unsubstituted 2-alkenyl-4-

quinolones, and HWE olefinations of an appropriate building block with aldehydes or ketones 

appeared to provide a divergent approach to variable olefinic side-chains. However, the acidity of the 

quinolone NH group impedes HWE olefinations at the stage of the 4-quinolone.20 Therefore, we 

decided to convert 2-methyl-4-quinolones into O-protected 4-hydroxyquinolines to circumvent this 

problem. We selected the SEM (2-(trimethylsilyl)ethoxymethyl) protecting group that had previously 



  

found scarce attention in quinolone chemistry.21 This protecting group is stable under the anhydrous 

basic conditions of a HWE reaction, and can, in a final step, be readily removed with aqueous acid or 

fluoride to release the desired 4-quinolone. 

The SEM protecting group was attached to 2-methylquinolone with SEM-Cl and sodium 

hexamethyldisilazane (84% yield). We were aware of the ambident character of the generated 

quinolone anion and supposed the SEM protecting group to be linked to the oxygen atom and not to 

the nitrogen atom. This assumption was confirmed by NOE experiments and 2D-NMR spectroscopy. 

Inspired by the work of Carran and co-workers22 on the synthesis of a 2-picoline-derived phosphonate, 

we converted SEM-protected quinolone (2a) into phosphonate 3 by deprotonation of the acidic methyl 

group using LDA, followed by trapping with diethyl chlorophosphate. Two equivalents of LDA were 

required for complete conversion, since the product 3 is more acidic than the starting material 2a. 

After aqueous work-up phosphonate 3 was isolated in 86% yield.  HWE olefination of 3 with n-

butanal and LDA as a base gave the desired vinylquinoline 4a in 87% yield (Scheme 1). Fortunately, 

this conversion of 2a could also be performed in a one-pot phosphorylation-alkenylation reaction, 

since during the preparation of intermediate 3 the required deprotonated phosphonate was formed as 

well. Vinylquinoline 4a was directly obtained in 87% yield from 2a (Scheme 2). 

 

 

Scheme 1. Two-step olefination protocol: Generation of phosphonate 3 and subsequent Horner-

Wadswoth-Emmons reaction. 

 

The scope of this one-pot procedure was initially investigated using various carbonyl compounds as 

starting materials for the HWE reaction. The reaction worked very well (81–91% yield) with aliphatic, 

aromatic, heteroaromatic and vinylogous aldehydes; even cyclohexanone gave the corresponding 

alkene 4j in 87% yield (Scheme 2, Table 1, Scheme 3). The olefins 4a-i were obtained exclusively 

with (E)-configuration. 



  

 

 
 

Scheme 2. Synthesis of 2-alkenyl-4-quinolones 5a-i from the corresponding 2-methyl-4-quinolones 

1a-e and aldehydes via a one-pot phosphorylation-alkenylation sequence.23 

 

Table 1. Yields for the one-pot phosphorylation/HWE reaction of 2a-d with various aldehydes. 

Product R1 R2 Yield 

4a H n-propyl 87% 
4b F n-propyl 82% 
4c OMe n-propyl 80% 
4d CN n-propyl 79% 
4e H phenyl 85% 
4f H 2-furyl 84% 
4g H n-heptyl 85% 

 

 

 

 

Scheme 3. SEM-protected 2-alkenyl-4-quinolines obtained from 1a and unsaturated aldehydes 

(citronellal for 4h, cinnamaldehyde for 4i), and cyclohexylidene analogue 4j obtained in an analogous 

manner utilizing cyclohexanone as the carbonyl component.  

 

Furthermore we investigated the impact of different substituents on the benzene moiety of the 

quinolone ring on the outcome of the one-pot phosphorylation-alkenylation protocol. Substituents with 



  

electron withdrawing (fluorine, cyano) or electron donating properties (methoxy) were expected to 

influence the acidity of the methyl group in intermediates 2b-d, and might thus affect the overall yield. 

Fortunately, in each case the reaction proceeded very well and good yields (79–82%) of products 4b-d 

were obtained (Table 1). Therefore, this method is insensitive to electronic effects, and overall has a 

broad scope. Only one attempt starting with the 6-nitro analogue 2e failed, but this was due to 

solubility problems.  

The SEM protecting group in intermediates 4a-j was conveniently removed with tetrabutylammonium 

fluoride (TBAF) to give the desired alkenylquinolones 5a-j in good to excellent yields (68–95%) with 

preservation of the (E)-configuration of the vinyl groups. The overall reaction sequence is summarized 

in Scheme 2.  

One of the obtained products, (E)-2-(non-1-en-1-yl)quinolin-4(1H)-one (5g; also known as Pyo III), 

obtained from 1a and n-octanal (64% yield over 3 steps), is an alkaloid produced by Pseudomonas 

aeruginosa.3,24 This compound shows antibiotic24 and antimalarial25 properties. Previous total 

syntheses of 5g using a Conrad-Limpach synthesis26 as well as a multi-step route via 2-

nonylcinchoninic acid27 yielded this alkaloid in very poor overall yields. 

In conclusion, this new 3-step protocol provides a useful synthetic tool for the synthesis of the hitherto 

poorly accessible 2-alkenylquinolones. The method is mild, gives high overall yields, is insensitive to 

electronic effects in the starting 2-methylquinolone building block, and is applicable to the 

introduction of a broad variety of vinylic groups. Due to the stereoselectivity of the HWE olefination 

step, it is suitable for the controlled production of (E)-configured 2-alkenyl-4-quinolones, the 

geometry typically occurring in natural products of this chemotype. This method should find broad 

application in the synthesis of bioactive 2-alkenyl-4-quinolones. 

 

 

Supplementary data 

 

Supplementary data (experimental procedures and copies of 1H and 13C NMR data for all new 

compounds) associated with this article can be found, in the online version, at http://dx.doi.org/........ 

 

 

References and notes 

1. Gootz TD, Brighty KE. Med Res Rev. 1996;16:433–486.  

2 (a) Heeb S, Fletcher MP, Chhabra SR, Diggle SP, Williams P, Cámara M. FEMS Microbiol Rev. 

2011;35:247–274. (b) da Silva MF, Soares MS, Fernandes JB, Vieria PC. Alkaloids Chem Biol. 

2007;64:139–214. 

3. Kozlovskii AG, Arinbasarov MU, Yakovlev GI, Zyakun AM, Adanin VM. Izv Akad Nauk SSSR. 

1975:1115–1119. 

4. Kamigiri K, Tokunaga T, Shibazaki M, Setiawan B, Rantiatmodjo RM, Morioka M, Suzuki K-I. J 

Antibiotics. 1996;49:823–825. 

5. Li X-W, Herrmann J, Zang Y, Grellier P, Prado S, Müller R, Nay B. Beilstein J Org Chem. 

2013;9:1551–1558. 

6. (a) Wube AA, Hüfner A, Thomaschitz C, Blunder M, Kollroser M, Bauer R, Bucar F. Bioorg Med 

Chem. 2011;19:567–579. (b) Wube AA, Bucar F, Hochfellner C, Blunder M, Bauer R, Hüfner A. Eur 



  

J Med Chem. 2011; 46:2091–2101. (c) Wube A, Guzman J-D, Hüfner A, Hochfellner C, Blunder M, 

Bauer R, Gibbons S, Bhakta S, Bucar F. Molecules. 2012;17:8217–8240. 

7. Wagner S, Sommer R, Hinsberger S, Lu C, Hartmann RW, Empting M, Titz A. J Med Chem. 

2016;59:5929–5969. 

8. Szamosvári D, Böttcher T. Synlett. 2018;29:542–547. 

9. O’ Neill PM, Ward SA, Berry NG, Jeyadevan JP, Biagini GA, Asadollaly E, Park BK, Bray PG. 

Curr Top Med Chem. 2006;6:479–507. 

10. Zerbes R, Naab P, Franckowiak G, Diehl H. U.S. Patent 5,639,886, 1997. 

11. Lin H, Dai C, Jamison TF, Jensen KF. Angew Chem Int Ed. 2017;56:8870–8873. 

12. (a) Boteva AA, Krasnykh OP. Chem Heterocycl Comp. 2009;45:757–785; for some newer 

developments, see: (b) Naeem A, Badshah SL, Muska M, Ahmad N, Khan K. Molecules. 

2016;21:268. (c) Xu X, Sun R, Zhang S, Zhang X, Yi W. Org Lett. 2018;20:1893–1897.  

13. (a) Chong RJ, Siddiqui MA, Snieckus V. Tetrahedron Lett. 1986;27:5323–5326. (b) Shvekhgeimer 

M-GA. Chem Heterocycl Comp. 2001;37:385–443. 

14. (a) Eidamshaus C, Triemer T, Reissig H-U. Synthesis. 2011:3261–3266. (b) Jones CP, Anderson 

KW, Buchwald SL. J Org Chem. 2007;72:7968–7973. 

15. Horak R, Kvapil L, Motyka K, Slaninova L, Grepl M, Koristek K, Urbasek M, Hradil P, Soural M 

Tetrahedron. 2018;74:366–374. 

16. (a) Tatsuta K, Tamura T. J Antibiotics. 2000;53:418–421. (b) Salvaggio F, Hodgkinson JT, Carro 

L, Geddis SM, Galloway WRJD, Welch M, Spring DR. Eur J Org Chem. 2016:434–437. 

17. (a) Jayabalan L, Shanmugam P. Synthesis. 1991:217–220. (b) Thamaraiselvi S, Mohan PS. Z. 

Naturforsch. 1999;54b:1337–1341. (c) Thamarai Selvi S, Mohan PS. Ind J Chem. 2000;39B:703–705. 

18. (a) Clasby MC, Chackalamannil S, Czarniecki M, Doller D, Eagen K, Greenlee WJ, Lin Y, Tsai H, 

Xia Y, Ahn H-S, Agans-Fantuzzi J, Boykow G, Chintala M, Foster C, Bryant M, Lau J. Bioorg Med 

Chem Lett. 2006;16:1544–1548. (b) Onda K, Imamura, K, Sato, F, Moritomo H, Urano Y, Sawada Y, 

Ishibashi N, Nakanishi K, Yokoyama K, Furukawa S, Momose K. U.S. Patent 8,367,702, 2013.  

19. Minowa N, Imamura K-I, Machinami T, Shibahara S. Biosci Biotech Biochem. 1996;60:1510–

1512. 

20. (a) Unpublished results; only the more reactive β-oxophosphonates permit HWE olefinations in the 

presence of acidic groups such as N-unsubstituted pyridones, see: (b) Jessen HJ, Schumacher A, Shaw 

T, Pfaltz A, Gademann K. Angew Chem Int Ed. 2011;50:4222–4226. (c) Jessen HJ, Schumacher A, 

Schmid F, Pfaltz A, Gademann K. Org Lett. 2011;13:4368–4370. (d) Coppola GM. Synthesis. 

1988:81–84. 

21. Horchler CL, McCauley JP, Hall JE, Snyder DH, Moore WC, Hudzik TJ, Chapdelaine MJ. Bioorg 

Med Chem. 2007;15:939–950. 

https://www.ncbi.nlm.nih.gov/pubmed/29558143


  

22. Carran J, Waschbüsch R, Savignac P. Phosphorus Sulfur Silicon Relat Elem. 1997;123:209–218. 

23. General procedure for the one-pot phosphorylation-olefination step: A solution of the SEM-

protected 2-methylquinolin-4(1H)-one (1.0 mmol, 2a-d) in dry THF (3 mL) under a nitrogen 

atmosphere was cooled to –78 °C and a LDA solution (1.0 mL, 2M in THF, heptane, ethylbenzene; 

2.0 mmol) was added dropwise over a period of 10 minutes. After 30 minutes of stirring diethyl 

chlorophosphate (0.16 mL, 1.1 mmol) was added and the mixture was stirred for 10 minutes at –78 °C. 

The cooling bath was removed and the mixture was allowed to reach room temperature. Then the 

carbonyl compound (0.9 mmol) was added and the mixture was stirred for 60 minutes at room 

temperature. After addition of water (4 mL) the organic layer was separated and the aqueous layer 

extracted with dichloromethane (3 × 2 mL). The combined organic layers were dried over sodium 

sulfate and after removal of the solvent the residue was purified by flash column chromatography with 

a mixture of ethyl acetate and hexanes. 

24. Hays EE, Wells IC, Katzman PA, Cain CK, Jacobs FA, Thayer SA, Doisy EA, Gaby WL, Roberts 

EC, Muir RD, Carroll CJ, Jones LR, Wade NJ. J Biol Chem. 1945;159:725–750. 

25. Supong K, Thawai C, Supothina S, Auncharoen P, Pittayakhajonwut P. Phytochem Lett. 

2016;17:100–106. 

26. Wells IC. J Biol Chem. 1952;196:331–340. 

27. Gottstein WJ, Roberts H, Wells IC, Cheney LC. J Org Chem. 1964;29:3065–3067. 

 

 

 

Highlights 

 

• Novel three-step synthesis of poorly accessible 2-alkenylquinolones developed 

• High-yielding synthesis starting from easily available 2-methylquinolones 

• High functional group compatibility 

• Suitable for the production of pure (E)-configured 2-alkenylquinolones 
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