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Abstract: A solvent-free synthesis of valuable monofluoroalkenes 

was developed under ball-milling agitation. The use of 1.0 equivalent 

of carbonyl substrates and 1.1 equivalent of fluorophosphonoacetate 

derivatives with a weak inorganic base enabled the formation of the 

desired products after 30 min of reaction under sustainable conditions 

with minimized synthetic waste. No sequential addition of base, 

fluorophosphonate, and carbonyl substrates was needed, and the 

desired products were obtained with high purity only after a simple 

filtration. The protocol showed general efficiency and tolerance to a 

large panel of carbonyl substrates including aldehydes and ketones, 

as well as fluorophosphonoacetate derivatives with moderate 

stereoselectivities and yields ranging from 21 % to 99 % (48 

examples).  

Introduction 

Owing to its intrinsic properties, the fluorine atom plays a crucial 

role in modulating the physicochemical properties of organic 

molecules, enhancing their metabolic stability and lipophilicity.1 

As a consequence, organofluorine chemistry has undergone 

rapid expansion over the years, with about 30 to 40% of 

agrochemicals and 20% of commercially available 

pharmaceuticals containing at least one fluorine atom in their 

structure.2 Among fluorinated compounds, the fluorine-

substituted alkenes are of prime importance in medicinal 

chemistry.3 Indeed, the fluoroalkene moiety is known as an 

isosteric and isoelectronic mimic of an amide linkage with 

substantially enhanced stability. In addition, fluoroalkenes are 

configurationally more stable than the amide bonds.4 Therefore, 

fluoroalkenes have been explored as peptide bond bioisosteres 

to overcome poor metabolic stability and low membrane 

permeability of peptides.5 As part of the multitude of synthetic 

strategies developed for the formation of monofluoroalkenes such 

as electrophilic and nucleophilic fluorination, reduction of terminal 

difluoroalkenes, and the Julia-Kocienski transformation,6 the 

Horner-Wadsworth-Emmons (HWE) olefination has been 

successfully applied over the years for the one-step formation of  

 

Scheme 1. State of the art and present work. 

monofluoroalkene derivatives from readily available carbonyl 

compounds (Scheme 1A).7 While this synthetic methodology has 

proven to be a powerful tool for obtaining fine fluoroalkene 

chemicals, there are some disadvantages to using such a 

transformation. Indeed, in most cases, an excess of strong bases 

10.1002/chem.202500458

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.

 15213765, ja, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202500458 by U

niversité de R
ouen, W

iley O
nline L

ibrary on [11/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



RESEARCH ARTICLE    

2 

 

such as sodium hydride or butyllithium must be used leading to 

the need for sequential addition of reactants. Specifically, the 

fluorophosphonoacetate must be added first with the strong base 

followed by addition of the carbonyl compounds after a certain 

amount of time. In addition, the use of a strong base such as 

butyllithium requires, on the one hand, careful control of the 

temperature of the reaction below 0 °C during the deprotonation 

step, and on the other hand, the use of potentially harmful organic 

solvents, which are mostly tetrahydrofuran and N,N-

dimethylformamide. Therefore, the development of more practical 

and efficient protocols with a particular focus on sustainability is 

in high demand. Mechanochemistry, a technology known for 

centuries,8 is re-emerging as a powerful synthetic tool in organic 

synthesis.9 Mechanochemical synthesis using ball-milling 

agitation enables the avoidance of potentially harmful organic 

solvents in reactions toward the development of more practical 

processes with high sustainability metrics. In addition, shorter 

reaction times, no need for external heating, and improved or 

novel chemical selectivities are key benefits provided by 

mechanosynthesis.10 In 2010, Lamaty’s group utilized ball-milling 

technology for the synthesis of Boc-protected unsaturated amino 

esters through an innovative mechanochemical olefination under 

mild conditions starting from aldehydes (Scheme 1B).11 Seven 

hours of reaction were required to fully consume the aldehydes. 

Ketones were reported to be non-reactive. Shortly afterward, 

Mack et al. reported a solid-state HWE transformation to obtain 

the desired product after 6 hours of reaction followed by 12 hours 

of mechanochemical Oxone oxidation of the excess of starting 

aldehydes (Scheme 1B).12 This reaction was also limited to the 

use of aldehydes as starting carbonyl compounds. More recently, 

Ramirez-Marroquin and co-workers described the formation of 

,-unsaturated amide derivatives in good yields, from a key -

amidophosphonate and aldehydes (Scheme 1B).13 However, 

manual grinding in 10-minute intervals in a porcelain mortar and 

pestle for a total grinding time of 40 to 120 min was required. Later, 

the same research group reported a solvent-free 

mechanochemical synthesis of phosphonocinnamic esters using 

potassium tert-butoxide as a base through a 5-minute mortar and 

pestle grinding.14 Ando’s group reported a solvent-free HWE 

reaction (Scheme 1C).15 A mixture of DBUcat. with K2CO3 enabled 

the formation of the desired olefins with good yields after 2 to 24 

hours of reaction. Ketone derivatives also reacted, albeit with a 

longer reaction time. Interestingly, no mechanochemical 

activation was needed. In addition, very recently, Templ and 

Schnürch reported that a high-energy ball-milling process 

enabled a 30-second Wittig olefination reaction allowing the 

formation of alkenes in moderate to high yields.16 Stabilized ylides 

were used to obtain the corresponding alkenes in a short reaction 

time via the HWE reaction. While these reported works have 

initiated the development of more sustainable olefination 

reactions under solvent-free conditions, to the best of our 

knowledge, the synthesis of added-value monofluoroalkenes 

through a solvent-free HWE process has not yet been reported. 

Hence, as part of our program dedicated to the development of 

more sustainable access to valuable organofluorine compounds, 

we sought to establish a solvent-free methodology for the 

synthesis of monofluoroalkenes. Particular attention was given to 

developing the most practical process, ensuring a short reaction 

time, a broad reaction scope applicable to both aldehydes and 

ketones, and avoiding time- and cost-consuming purification 

steps (Scheme 1D).  

Results and Discussion 

At the outset of our investigation, benzaldehyde 1a and 

commercially available triethyl 2-fluoro-2-phosphonoacetate 2a 

were used as model substrates (Table 1, entry 1). Initially, cesium 

carbonate (Cs2CO3) was tested as a weak base mixing at a 

frequency of 18 Hz for 120 minutes with two 7.5 mm stainless-

steel balls in a 5 mL stainless-steel jar. The desired product 3a 

was obtained with complete conversion and an excellent 99% 19F 

NMR yield. Interestingly, the Z isomer was obtained as a major 

product with a E:Z ratio of 1:1.7. 

Table 1. Optimization of the mechanochemical formation of monofluoroalkene. 

 

Entry Variation from standard 

conditions 

Yield (%)[a] E:Z[b] 

1 none 99 1:1.7 

2 K2CO3 (2.0 equiv.) 91 1:0.7 

3 Na2CO3 (2.0 equiv.) 69 1:0.3 

4 Li2CO3 (2.0 equiv.) 3 1:0.3 

5 tBuOK (2.0 equiv.) 35 1:1.3 

6 KOH (2.0 equiv.) 91 1:1.3 

7 CsOH (2.0 equiv.) [c] 18 1:11.7 

8 CsOH (2.0 equiv.) [d] 26 1:3.5 

9 NEt3 (2.0 equiv.) 31 1:0.3 

10 1 stainless steel balls of 7.5 

mm 

58 1:1.6 

11 30 min of reaction and 30 

Hz of mixing 

88 1:2 

12 1.0 equiv. of 1a and 1.1 

equiv. of 2a 

(87)[f] 1:2.7 

[a] 19F NMR Yield using trifluoromethylbenzene as internal standard. [b] E:Z 

ratio determined by 19F NMR. [c] CsOH in aqueous solution (50 w%). [d] CsOH 

monohydrate. [e] reaction was performed under a mixing frequency of 30 Hz for 

30 min. [f] isolated yield 
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Scheme 2. Scope of aldehydes. Indicated yields are isolated yields. [a] reaction performed on a 5 mmol scale. [b] 180 min of reaction. [c] 19F NMR yield using 

trifluoromethylbenzene as an internal standard 

 

It is worth noting that compared to non-fluorinated phosphonates, 

which usually lead to E-alkenes, the major drawback of the HWE 

reaction for the production of fluoroalkenes is the lack of 

stereoselectivity; therefore, our low E:Z ratio is quite typical.7 

Nevertheless, aiming to increase the E:Z ratio, we tested several 

bases (entries 2 to 8). The use of K2CO3, Na2CO3, and Li2CO3 had 

a negative impact on the reaction yield, dropping down from 91% 

to 3% 19F NMR yield, respectively. However, the E-isomer was 

obtained as the major product, albeit with a low selectivity. 

Cs2CO3 was then replaced by hydroxide bases (entries 5 to 8). 

Neither tBuOK nor KOH had a significant impact on the reaction 

selectivity. However, when using an aqueous solution of CsOH 

(entry 7), 3a was obtained with an excellent E:Z ratio of 1:11.7, 

albeit in a low 18% 19F NMR yield. Decreasing the amount of 

water lowered the stereoselectivity but enabled a slight increase 

in the reaction efficiency (entry 8), showcasing a real impact of 

H2O in our transformation. Different amounts of water were then 

added to the optimal conditions to study the influence on the 

stereoselectivity. The E:Z ratio was not significantly affected when 

going from 10 to 250 L of water, while the reaction yield started 

to decrease (see Table S-1). The weak organic base, 

triethylamine, was studied but did not result in any increase in 

efficiency and stereoselectivity (entry 9). Reducing the number of 

stainless-steel balls led to lower efficiency (entry 10). In order to 

increase the practicability of our reaction process, we sought to 

reduce reaction time. Increasing the mixing frequency to 30 Hz 

allowed us to reduce reaction time to 30 minutes (entry 11). A 

slight increase in the stereoselectivity was also observed. Then, 
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to avoid chromatography purification, 1.0 equivalent of 1a was 

reacted with 1.1 equivalent of 2a (entry 12). Pleasingly, the 

desired product 3a was isolated through simple filtration in an 

excellent 87% isolated yield. Additionally, an increased 

stereoselectivity was observed with a E:Z ratio of 1:2.7. It is worth 

mentioning that a reactivity test in DCM was performed to exclude 

reactivity upon solvent addition (see SI, section 5.d.).  

Having delineated the optimal reaction conditions (Table 1, entry 

12), the scope of this ball-milling-assisted synthesis of 

monofluoroalkenes was investigated. A range of aldehydes was 

first studied (Scheme 2).  

While the reactions were performed on a 1 mmol scale, a test on 

a 5 mmol scale of the model substrate (benzaldehyde 1a) 

showcased that the scale of the reaction can be increased with 

even better reactivity, reaching 95% yield. The reaction efficiency 

was not affected by the substitution pattern. Aldehydes bearing a 

methyl group at the para-, meta- or ortho-position afforded the 

desired products in good to excellent yields (3b-d), showcasing 

no impact of steric hindrance on the reaction yield. However, the 

presence of the o-methyl substituent lowered the stereoselectivity 

of the reaction, affording the desired product in a 1:0.9 E:Z ratio. 

In addition, 2,4,6-trimethylbenzaldehyde proceeded well 

producing 3e in quantitative yield. Aldehydes derived from 

naphthalene and anthracene were also efficient substrates, 

leading to the formation of interesting polyaromatic 

fluoroalkenes in excellent yields (3f and g) with a similar 

stereoselectivity. Our ball-milling-assisted olefination was 

fully tolerant to various functional groups. Good yields were 

obtained by reacting either aromatic aldehydes with electron-

donating substituents (3h-j) or electron-withdrawing groups 

(3k-m), including valuable post-functionalizable cyano or 

nitro moieties. Nitrogen-containing functions such as amine 

(3j) or nitro (3m) led to the formation of the desired product 

with lower stereoselectivities. Halogen atoms were well 

tolerated under our solvent-free conditions, as 

benzaldehydes substituted by a para-, meta- or ortho-

bromine (1n-p), chlorine (1q), and fluorine (1r) gave the 

corresponding products (3n-r) with excellent yields, enabling 

opportunities for further transformations. As we already 

mentioned, steric hindrance did not impact the reaction 

outcome, including reaction yield and stereoselectivity. 

Heteroaryl aldehydes were also tested in our reaction 

conditions. While furan-2-carbaldehyde afforded the desired 

product 3s in a decent 50% yield, the reaction of thiophene 

and pyridine derived aldehydes enabled the formation of 

valuable heteroaromatic molecules in good yields (3t and 3u). 

Free alcohol-containing aldehydes were efficiently used, as 

4-hydroxybenzaldehyde and vanillin enabled the formation of 

products (3v and 3w), with similar E:Z ratios albeit in a lower 

yield regarding vanillin substrate. In addition, the use of 3-

acetylbenzaldehyde showcased a full regioselectivity 

towards aldehyde compared to ketone (3x). Interestingly, 

ferrocenecarboxaldehyde afforded product 3y in an excellent 

yield, but with no stereoselectivity. Moreover, fluorinated 

diene 3z, a potential versatile product in organic synthesis, 

was synthesized in a high yield and a good 1:3 E:Z ratio. 

Finally, aliphatic aldehydes were also reacted with good 

efficiency, but with lower stereoselectivities (3aa to 3ad). 

Interestingly, aldehyde 1ad, derived from natural stearic acid, 

could be employed as a starting carbonyl compound. To 

further demonstrate the robustness of our ball-milling 

olefination strategy, we decided to evaluate more complex 

aldehydes such as retinal (1ae), a polyene chromophore, an 

aldehyde derived from lithocolic acid (1af), a bile acid, and 

an aldehyde derived from paracetamol (1ag). All these 

substrates were suitable, yielding monofluorinated alkenes, 

with an extended reaction time for 3af. 3ag could not be 

isolated from the remaining starting phosphonoacetate; 

nevertheless, 19F QNMR indicated an excellent 88% yield. 

Interestingly, in 2015, Yi’s group reported a deacylation 

reaction of -fluoro--keto esters under mild conditions in 

acetonitrile (MeCN).17 After 8 or 12 hours of reaction, several 

monofluorinated alkenes were obtained. However, ketones 

were not depicted as reactive substrates under these 

reaction conditions. Therefore, ketones 4 were then studied 

under our solvent-free reaction conditions to synthesize 

interesting tetra-substituted fluoroalkenes (Scheme 3). 

Ketone substrates being less reactive than aldehydes, longer 

reaction times were needed for the complete conversion of 

starting material 4. Initially, acetophenone was tested in our 

reaction conditions enabling the formation of the desired 

olefin 5a with a good yield. Halogen-substituted 

acetophenones (4b,c) were also efficient substrates in our 

transformation leading to better yields and stereoselectivities 

than acetophenone, despite the additional steric hindrance 

induced by the ortho-bromine substituent (5c). Heteroaryl 

and cyclic acetophenones (4d and 4e) were also reacted 

under the optimal reaction conditions and were found to be 

efficient substrates. Interestingly, 2,2,2-trifluoroaceto-

phenone afforded a tetra-substituted olefin 5f bearing both a 

trifluoromethyl moiety and a fluorine atom in only 30 minutes 

of reaction. Our process also enabled the use of natural 

ketone as -ionone (4g), an important fragrance used in 

perfumery, furnishing the corresponding product 5g with a 

good 77% yield. Aliphatic ketones proved to be reactive 

substrates under the standard conditions (5h and 5i), 

although with lower yields compared to aromatic and 

conjugated substrates. Interestingly, ketones 4 

predominantly produced E-isomers, while reverse 

stereoselectivities were observed with aldehyde derivatives 

(Scheme 2). The major isomer was determined by HOESY 

NMR experiments (see SI). It should be noted that the 

products were isolated via simple purification, with the 

exception of 5a, which was purified using classical column 

chromatography.  

A set of fluorophosphonoacetate (2) derivatives was then 

tested to enhance the efficiency of the reaction and broaden 

the scope of fluoroalkenes (Scheme 4). Ethyl diethyl 

phosphonofluoroacetate was initially replaced by tert-butyl 

diethyl phosphonofluoroacetate resulting in the formation of 

the desired product 6b in high yield, without any influence of 

the tert-butyl group on stereoselectivity. Pleasingly, our 

reaction 

10.1002/chem.202500458

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.

 15213765, ja, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202500458 by U

niversité de R
ouen, W

iley O
nline L

ibrary on [11/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



RESEARCH ARTICLE    

5 

 

 

Scheme 3. Study of ketones as starting carbonyl substrates. [a] 30 min of 

reaction. 

conditions proved to be efficient with non-substituted (2c) 

and N-benzylamide diethyl (2d) as shown by the good yields 

obtained for products 6c and 6e. Interestingly, the use of 2c 

led to the formation of E isomer as the major product while 

the Z isomer was obtained as the major compound when 

starting from the fluorophosphonoacetate 2d. Diethyl 

cyanofluoromethylphosphonate 2e was tested and 

demonstrated good efficiency, affording a valuable gem-

cyanofluoroalkene 6e. This type of product can be further 

transformed into aldehydes or amines, with subsequent 

utilization in peptidomimetics synthesis. Finally, the (-

fluoro)vinyl sulfone 6f and (-fluoro)vinyl diethyl 

phosphonate 6g, which is a phosphate mimic, were 

efficiently synthesized with good yields from the 

corresponding phosphonofluoroacetate (2f and 2g). 

Interestingly, in these two cases, good stereoselectivities 

were obtained in favor of the Z isomer, with E:Z ratios of 7.5:1 

and 1:6.4, respectively.  

 

 

Scheme 4. Scope of phosphonoacetate. 

Conclusion 

As a conclusion, we report herein a solvent-free HWE 

transformation for a more practical and sustainable synthesis 

of valuable monofluoroalkenes at room temperature, using a 

weak base in a short reaction time. The mild reaction 

conditions provided the corresponding fluoroalkenes with 

yields up to 99% (48 examples). Indeed, the developed 

method was applicable to a wide range of aromatic and 

aliphatic aldehydes with a broad functional group tolerance. 

Notably, less reactive ketones were able to form tetra-

substituted monofluorinated alkenes with good yields, which 

had not yet been reported in a mechanochemical setup. In 

addition, the reaction conditions proved to be tolerant to a 

large variety of fluorophosphonates such as amide, cyano, 

nitro, sulfone, and phosphonate derivatives, enabling potent 

further transformations toward added-value fluorinated 

chemicals, such as peptidomimetics. Interestingly, 

aldehydes predominantly produced the Z-isomers, while in 

the case of ketones, the E-isomers were the major products. 

However, explaining and increasing the E:Z stereoselectivity 

is still under study and will be reported in due course. 

Supporting Information 

The data supporting this article can be found in the supporting 
information 
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Normandie (URN), INSA Rouen Normandie, the Centre National 

de la Recherche Scientifique (CNRS), European Regional 

Development Fund (ERDF), Région Normandie, Labex SynOrg 

(ANR-11-LABX-0029), the graduate school for research XL-

Chem (ANR-18-EURE-0020 XLCHEM), Innovation Chimie 

Carnot (I2C) and ANR (ANR-23-CE07-0007). T.C. thanks Région 

Normandie for support (RIN emergence 23E02612) and ANR 

(ANR-23-CE07-0007). H.C. thanks the ANR (ANR-23-CE07-

10.1002/chem.202500458

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.

 15213765, ja, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202500458 by U

niversité de R
ouen, W

iley O
nline L

ibrary on [11/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



RESEARCH ARTICLE    

6 

 

0007) for master 2 financial support. S.B. thanks Région 

Normandie (RIN 50% program) for doctoral fellowship. V.S. 

thanks Région Normandie for postdoctoral fellowship (RIN 

émergence 23E02612).  

Keywords: Fluoroalkene • Horner-Wadsworth-Emmons reaction 

• Ball-Milling • Synthetic methodology • Sustainable chemistry 

[1] a) D. O’hagan, Chem. Soc. Rev., 2008, 37, 308–319; b) J. Wang, M. 

Sánchez-Roselló, J. L. Aceña, C. del Pozo, A. E. Sorochinsky, S. 

Fustero, V. A. Soloshonok, H. Liu, Chem. Rev., 2014, 114, 2432–2506; 

c) S. Purser, P. R. Moore, S. Swallow, V. Gouverneur, Chem. Soc. Rev., 

2008, 37, 320–330; d) P. Shah, A. D. Westwell, J. Enzyme Inhib. Med. 

Chem., 2008, 22, 527–540; e) E.P. Gillis, K.J. Eastman, M.D. Hill, D.J. 

Donnelly, N.A. Meanwell, J. Med. Chem., 2015, 58, 8315–8359. 

[2] a) A. M. Thayer, Chem. Eng. News, 2006, 84, 15−25; b) M. Inoue, Y. 

Sumii, N. Shibata, ACS Omega, 2020, 5, 10633–10640.  

[3] Selected examples: a) J. Welch, J. Lin, Tetrahedron, 1996, 52, 291−304; 

b) M. Shimizu, A. Ohno, S. Yamada, Chem. Pharm. Bull., 2000, 48, 

1484e1493; c) T. Narumi, R. Hayashi, K. Tomita, K. Kobayashi, N. 

Tanahara, H. Ohno, T. Naito, E. Kodama, M. Matsuoka, S. Oishi, N. Fujii, 

Org. Biomol. Chem., 2010, 8, 616−621; d) P. M. Weintraub, A. K. Holland, 

C. A. Gates, W. R. Moore, R. J. Resvick, P. Bey, N. P. Peet, Bioorg. Med. 

Chem., 2003, 11, 427−431; e) Y. Asahina, K. Iwase, F. Iinuma, M. 

Hosaka, T. Ishizaki, J. Med. Chem., 2005, 48, 3194–3202; f) D. Alloatti, 

G. Giannini, W. Cabri, I. Lustrati, M. Marzi, A. Ciacci, G. Gallo, M. O. Tinti, 

M. Marcellini, T. Riccioni, M. B. Guglielmi, P. Carminati, C. Pisano, J. 

Med. Chem., 2008, 51, 2708–2721; g) S. Osada, S. Sano, M. Ueyama, 

Y. Chuman, H. Kodama, K. Sakaguchi, Bioorg. Med. Chem., 2010, 18, 

605–611; h) W. Chang, R. T. Mosley, S. Bansal, M. Keilman, A. M. Lam, 

P. A. Furman, M. J. Otto, M. J. Sofia, Bioorg. Med. Chem. Lett., 2012, 22, 

2938–2942. 

[4] a) R. J. Abraham, S. L. R. Ellison, P. Schonholzer, W. A. Thomas, 

Tetrahedron, 1986, 42, 2101–2110; b) P. Cieplak, P. A. Kollman, J. P. 

Radomski, Biomedical Frontiers of Fluorine chemistry, ACS Symp. Ser. 

1996, 639, 143–156; c) J. Urban, B. Tillman, W. A. Cronin, J. Phys. Chem. 

A, 2006, 110, 11120–11129; d) S. Couve-Bonnaire, D. Cahard, X. 

Pannecoucke, Org. Biomol. Chem., 2007, 5, 1151–1157 and references 

cited therein; e) S. Sun, Q. Jia, Z. Zhang, Bioorg. Med. Chem. Lett., 2019, 

29, 2535–2550. 

[5] M. Drouin, J. L. Arenas, J.-F. Paquin, ChemBioChem, 2019, 20, 1817–

1826.  

[6] Selected examples: a) S. H. Lee, J. Schwartz, J. Am. Chem. Soc., 1986, 

108, 2445–2447; b) M. A. Tius, J. K .Kawakami, Synlett, 1993, 207–208; 

c) A. Petasis, A. K. Yudin, I. A. Zavialov, G. K. S. Prakash, G. A. Olah, 

Synlett, 1997, 606–608; d) T. Okuyama, M. Fujita, R. Gronheidb, G. 

Lodderb, Tetrahedron Lett., 2000, 41, 52125–5129. e) J. Akana, K. 

Bhattaxharyya, P. Müller, J. Sadighi, J. Am. Chem. Soc., 2007, 129, 

7736–7737; f) W. Zhang, W. Huang, J. Hu, Angew. Chem. Int. Ed., 2009, 

48, 9858–9861; g) G. K. S. Prakash, A. Shakhmin, M. Zibinsky, I. 

Ledneczki, S. Chacko, G. Olah, J. Fluorine Chem., 2010, 131, 1192–

1197; h) E. Pfund, T. Lequeux, D. Gueyrard, Synthesis, 2015, 47, 1534–

1546; i) Q. Luo, X. Wang, J. Hu, Tetrahedron, 2022, 113, 132694; j) Y. 

Zhao, F. Jiang, J. Hu, J. Am. Chem.Soc., 2015, 137, 5199–5203 

[7] M. Bilska-Markowska, M. Kazmierczak, Org. Biomol. Chem., 2023, 21, 

1095–1120 and references cited therein. 

[8] L. Takacs, Chem. Soc. Rev., 2013, 42, 7649–7659. 

[9] Selected reviews: a) S. L. James, C. J. Adams, C. Bolm, D. Braga, P. 

Collier, T. Friscic, F. Grepioni, K. D. M. Harris, G. Hyett, W. Jones, A. 

Krebs, J. Mack, L. Maini, A. Guy Open, I. P. Parkin, W. C. Sheatouse, J. 

W. Steed, D. C. Waddell, Chem. Soc. Rev., 2012, 41, 413–447; b) G.-X. 

Wang, Chem. Soc. Rev., 2013, 42, 7668–7700; c) J.-L. Do, T. Friscic, 

ACS Cent. Sci., 2017, 3, 13–19; d) T. Friscic, C. Motillo, H. M. Titi, Angew. 

Chem. Int. Ed., 2020, 59, 1018–1029; e) O. Bento, F. Luttringer, T. M. El 

Dine, N. Pétry, X. Bantreil, F. Lamaty, Eur. J. Org. Chem., 2022, 

e202101516. 

[10] Selected reviews: a) J. L. Howard, Q. Cao, D. L. Browne, Chem. Sci., 

2018, 9, 3080–3094; b) M. T. J. Williams, L. C. Morrill, D. L. Browne, 

ChemSusChem, 2022, 15, e202102157. 

[11] A. Baron, J. Martinez, F. Lamaty, Tetrahedron Lett., 2010, 51, 6246–

6249. 

[12] W. C. Shearouse, C. M. Korte, J. Mack, Green Chem., 2011, 13, 598–

601. 

[13] O. A. Ramirez-Marroquin, F. Manzano-Perez, A. Lopez-Torres, A. 

Hernandez-Lopez, A. Cortes-Pacheco, M. A. Reyez-Gonzalez, Synthetic 

Commun., 2019, 49, 244–255. 

[14] M. A. Jiménez-Arellanes, M. A. Peña-Rico, K. V. Castro-Cerritos, L. D. 

Sifuentes-Vazquez, M. A. Reyes-Gonzalez, O. A. Ramirez-Marroquin, 

Phosphorus, Sulfur, and Silicon and the Related Elements, 2022, 197, 

1045–1054 

[15] K. Ando, K. Yamada, Green Chem., 2011, 13, 1143–1146. 

[16] J. Templ, M. Schnürch, Angew. Chem. Int. Ed., 2024, 63, e202411536. 

[17] J. Qian, W. Yi, M. Lv, C. Cai, Synlett., 2015, 26, 127–132. 

 

10.1002/chem.202500458

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.

 15213765, ja, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202500458 by U

niversité de R
ouen, W

iley O
nline L

ibrary on [11/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



RESEARCH ARTICLE    

7 

 

 

Entry for the Table of Contents 

 

 

A mechanochemical Horner-Wadsworth-Emmons reaction enabled the formation of monofluoroalkenes with yields up to 99%. The 
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