One-pot SuFEx–Horner-Wadsworth-Emmons reaction: from novel phosphonate reagents to parallel synthesis of alkenyl sulfonamides
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Sulfonamides remain a crucial class of biologically active compounds with broad clinical applications, ranging from the treatment of type 2 diabetes and hypertension to HIV infection and melanoma. The key feature of vinyl sulfonamides is their electrophilic Michel acceptor nature, resulting in efficient covalent inhibition of various protein classes. Consequently, the further development of synthetic methods for sulfonamides remains highly relevant.

The primary objective of this work was twofold. The first aim was to develop novel Horner-Wadsworth-Emmons (HWE) reagents 1 and 2, phosphonate featuring an electrophilic SO2F moiety in the α-position for the synthesis of vinyl sulfonamides. The second goal consisted of the expansion of the structural diversity of the resulting derivatives via the optimized parallel synthesis utilizing a broad range of amines and aldehydes. 
Phosphonate 3 was selected as the starting material, undergoing nucleophilic substitution with pyrimidine-2-thiol followed by the NaIO4/RuCl3-mediated oxidation to sulfone 4, and NaH-mediated pyrimidine cleavage to give sulfinate 5. The subsequent oxidative fluorination with Selectfluor provided compound 1 in good yield on over 70 g scale in a single run (Scheme 1). 
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Scheme 1. Synthesis of diethyl [(fluorosulfonyl)methyl]phosphonate (1).

The synthesis of phosphonate 2 commenced from phosphite 6, involved in a Pudovik-type addition to acetaldehyde in the presence of Et3N at 100 °C to give α-hydroxy-phosphonate 7 in 95% yield (Scheme 2). The hydroxy group is then activated with Tf2O/Et3N at –78 °C, affording triflate 8, which is then involved in the aforementioned reaction sequence used for the synthesis of 1.
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Scheme 2. Synthesis of the homologous SuFEx–HWE reagent 2.
The utility of phosphonates 1 and 2 as HWE reagents was studied in batch and parallel manners. Following optimization of the conditions, the method proved effective for a wide range of substrates, enabling the rapid generation of diverse alkenyl sulfonamide libraries (Scheme 3).
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Scheme 3. One-pot three-component SuFEx–HWE reaction providing alkenyl sulfonamides.
Using two complementary base systems (DBU and iPr2NEt), over 500 reactant combinations of aldehydes and amines were explored, and a total of 338 alkenyl sulfonamide products were isolated after HPLC purification with an overall synthesis success rate of 52–65% and median yields of 19–23%. The iPr2NEt-based protocol proved more suitable for challenging substrate combinations (heteroaromatic aldehydes and less nucleophilic amines), while the DBU-based variant provided higher yields with electron-rich substrates (Figure 1).
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Figure 1. Activity–similarity plot of amines. The size of the dots on the graph indicates the number of reactions performed with a given reagent. The color of the dots indicates the success rate, ranging from purple (low) to yellow (high).
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