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nary-carbon-containing b-alkyl
amides via persulfate-promoted domino alkylation/
smiles rearrangement of alkenes†

Xiaohu Yang, a Xiaoqing Wan,a Wen-Chao Yang b and Hegui Fang*a

In this study, we present an efficient approach for synthesizing all-carbon quaternary-centered b-alkyl

amides. This method entails a persulfate-promoted cascade alkylative annulation/arylation of N-

(arylsulfonyl)acrylamide with 4-alkyl-1,4-dihydropyridines (DHP). The reaction mechanism comprises

four consecutive steps: (1) in situ generation of alkyl radical intermediates, (2) radical addition to the

alkene moiety, (3) 1,4-aryl migration, and (4) finally desulfonylation.
All-carbon substituted tetrahedral stereocenters with an amide
backbone exhibit biological activity and are common structural
motifs in drug molecules (Scheme 1a).1 Consequently,
substantial efforts have been directed towards synthesizing or
modifying this motif. The direct difunctionalization of unsat-
urated hydrocarbons is acknowledged as a valuable strategy for
accessing complex molecules, including all-carbon quaternary-
centered scaffolds.2,3 Recently, radical cascade difunctionaliza-
tion of acrylamides has emerged as a powerful strategy for
constructing all-carbon quaternary-centered amides (Scheme
1b).4 This method generates radical intermediates through
various reaction systems, including metal catalysis, oxidant
promotion, photocatalysis, electrocatalysis, among others. For
example, a photochemical smiles rearrangement reaction of N-
sulnyl acrylamides with bromodiuoroacetamides was estab-
lished by Huang's group, resulting in the synthesis of aryl
diuoroglutaramides.5 In 2024, Chen and Zhang innovated
a copper-catalyzed cascade reaction utilizing N-(arylsulfonyl)
acrylamides, and silanes to produce b-silyl amide derivatives.6

Very recently, Xu and co-workers reported a photo-induced
deboronative generation of alkyl radicals from alkylboronic
acids and guided to arylalkylation of N-sulfonylacrylamides,
preparing amides containing a quaternary carbon center.7

Given the important role of alkyl skeletons in human health and
biological processes, there is an urgent need to develop efficient
synthetic methods for constructing all-carbon-substituted
tetrahedral stereocenters with an amide backbone.

Meanwhile, prearomatics such as dihydroquinazolinone,
derived from ketones, have been employed as alkylating, tri/
diuoromethylating, and acylating reagents.8 This
ital, Hangzhou, Zhejiang 310013, P. R.
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methodology provides efficient conversion pathway for diverse
ketone derivatives. For example, Chen and Shang collaborated
on a blue-light-mediated triuoromethylation, alkylation, and
acylation of alkynyl bromides with unstrained ketones.8b More
recently, He & Pan and co-workers established a dual catalytic
strategy that employs dihydroquinazolinones, derived from
ketone analogs, as versatile intermediates for acylation.9 On the
other hand, aldehydes, akin to ketones, are also abundant
chemical entities possessing versatile functional groups. Hence,
there is a strong impetus to explore novel transformations
utilizing aldehydes as readily available functionalization
reagents. DHPs (4-alkyl-1,4-dihydropyridines) derived from
aldehydes have proved to be an important radical precursor in
radical cascade reactions.10 Inspired by these elegant studies
Scheme 1 Summary of the previous works and our new current.
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Scheme 2 Substrates scop. aReaction conditions: N-(arylsulfonyl)
acrylamide (1, 0.20 mmol), 2 (0.40 mmol), K2S2O8 (2.0 equiv.), CH3CN
(2 mL), 60 °C, 12 h. Yields are given for isolated products; b2 mmol
scale.
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and our ongoing interest in radical cascade reactions,11 we
present a simple method for the synthesis of all-carbon
quaternary-center b-functionalized amides, using persulfates
as promoters and aldehydes-derived DHPs as the alkyl source.
Our methodology is distinguished by its mild reaction condi-
tions, high yields, and facile operation.

To initiate our investigation, we selected N-(arylsulfonyl)
acrylamide (1a) and 4-cyclohexyl-DHP (2a) as model substrates
for evaluating the cascade reaction. We were pleased to nd that
the target product 3a was obtained in a satisfactory yield of 62%
when the reaction was carried out using K2S2O8 as the oxidant
and THF as the solvent at 60 °C for 12 h (Table 1, entry 1). The
systematic investigation of different persulfate variants revealed
negligible effects on the experimental results, as clearly shown
in Table 1 (entries 2 and 3). However, the use of other organic
peroxide oxidants, including di-tert-butyl peroxide (DTBP), tert-
butyl hydroperoxide (TBHP), H2O2, and dicumyl peroxide
(DCP), led to signicantly lower yields (Table 1, entries 4–7).
Similarly, the employment of polar solvents such as DMF,
DMSO, or DMA resulted in only marginal yields of the desired
product (Table 1, entries 8–10). The inuence of other polar
solvent was also examined (Table 1, entry 11), to our delight, the
yield of product 3a was increased to 75% when MeCN was used
as solvent. The variation of the reaction conditions, such as no
oxidant involved resulted in no reaction proceeding (Table 1,
entry 12). Aer exploring various parameters, the best reaction
conditions were determined to be 1a (0.2 mmol), 2a (0.4 mmol),
and K2S2O8 (2 equiv.) in MeCN (2 mL) at 60 °C for 12 h.

With the optimized conditions in hand, we subsequently
explored the substrate scope of the N-(arylsulfonyl)acrylamides
1 for the synthesis of all-carbon quaternary-centered b-alkyl
amides, as illustrated in Scheme 2. The inuence of the aryl ring
Table 1 Optimization of the reaction conditionsa

Entry Oxidant Solvent Yieldb (%)

1 K2S2O8 THF 62
2 Na2S2O8 THF 47
3 (NH4)2S2O8 THF 54
4 DTBP THF Trace
5 TBHP THF Trace
6 H2O2 THF Trace
7 DCP THF 8
8 K2S2O8 DMF 26
9 K2S2O8 DMSO 30
10 K2S2O8 DMA 35
11 K2S2O8 MeCN 75
12 — MeCN n.r.

a Reaction conditions: N-(arylsulfonyl)acrylamide (1a, 0.20 mmol), 2a
(0.40 mmol), K2S2O8 (2.0 equiv.), CH3CN (2 mL), 60 °C, 12 h. b Yields
are given for isolated products, n.r. = no reaction.

16184 | RSC Adv., 2025, 15, 16183–16186
in N-(arylsulfonyl)acrylamides 1 was systematically investigated
as a primary focus of this study. This synthetic strategy exhibits
exceptional functional group tolerance, accommodating
a diverse array of substituents on the aromatic ring, including
both electron-donating and electron-withdrawing groups, in the
target products. In general, the target products are typically
obtained in good yields when the aryl ring is substituted with
electron-donating groups, including methyl (3a), tert-butyl (3c),
and methoxy (3d) groups. In addition, investigations into the
naphthalene-substituted N-(arylsulfonyl)acrylamides 1e and 1f
successfully produced the corresponding compounds 3e and 3f
in satisfactory yields of 76% and 72%, respectively. Further-
more, halogen-substituted N-(arylsulfonyl)acrylamide was
successfully transformed into the desired product 3g with an
isolated yield of 58%. Moreover, heterocyclic-substituted N-
(arylsulfonyl)acrylamide proved to be suitable substrate for this
radical cascade reaction, affording product 3h in 67% yield.

Aer a comprehensive evaluation of various substituents on
the aromatic ring (Ar) in compound 1, our investigation was
subsequently directed towards exploring the scope and limita-
tions associated with the Ar1 aromatic ring in the same struc-
ture. As shown in Scheme 3, both electron-donating (–CH3, –tBu
and –iPr) and electron-withdrawing group (–F) on the Ar1 ring of
N-(arylsulfonyl)acrylamides were all well compatible. Further-
more, the substrate featuring a methyl group at the meta-posi-
tion of the Ar1 ring in N-(arylsulfonyl)acrylamide also
successfully underwent the reaction with 2a, yielding the target
b-phenyl amine 3n with a 79% yield. Notably, when double-
substituted N-(arylsulfonyl)acrylamides (1o–1q) were employed
as substrates in this transformation, the corresponding b-
functionalized amides were obtained in satisfactory yields (3o:
57%; 3p: 65%; 3q: 73%). Moreover, the optimized conditions
were also suitable for the transformation of N-(3-(tert-butyl)
phenyl)-N-tosylmethacrylamide 1r with 2a, and the target
product 3r was isolated in 61% yield. Finally, we showed the
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 Substrate scope. aReaction conditions: N-(arylsulfonyl)
acrylamide (1, 0.20 mmol), 2 (0.40 mmol), K2S2O8 (2.0 equiv.), CH3CN
(2 mL), 60 °C, 12 h. Yields are given for isolated products, n.r. = no
reaction.
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possible synthesis of isopropyl- and t-butyl-substituted b-func-
tionalization amide starting from 4-isopropyl-DHP and 4-butyl-
DHP. The products 3s and 3t were obtained in moderate yields
(48% and 52%, respectively).

To gain deeper insights into the reaction mechanism,
control experiments were performed. As depicted in Scheme 4,
a critical observation was made: the addition of the radical
scavenger 2,2,6,6-tetramethyl-1-oxylpiperidine (TEMPO) under
standard reaction conditions completely inhibited the forma-
tion of the b-alkyl amide product (Scheme 4a). This compelling
evidence strongly suggests that the cascade reaction proceeds
Scheme 4 Control experiments and proposed mechanism.

© 2025 The Author(s). Published by the Royal Society of Chemistry
through a radical-mediated pathway. Moreover, the coupling
product, Int-I, resulting from the coupling of TEMPO with the
cyclohexyl radical intermediate, was identied by ESI-HRMS
spectrometry (Scheme 4a).

On the basis of the mechanistic investigations and previ-
ously related literature reports,10 a possible mechanism for the
formation of b-functionalization amide is proposed in Scheme
4. Initially, a cyclohexyl radical intermediate A was generated
aer the oxidation of the DHP 2a by K2S2O8 to afford pyridine I.
Then, the Cy radical is intercepted by the alkene skeleton of N-
(arylsulfonyl)acrylamide 1a to deliver radical intermediate B,
which subsequently adds to the aromatic ring near sulfone
group to give sulfonyl radical intermediate C. Then a desulfo-
nylation will occur to furnish amide radical intermediate D,
which may abstract hydrogen atom from solvent to afford nal
product 3a.

In summary, we have developed a mild and convenient
method for constructing all-carbon quaternary-centered b-alkyl
amides from 4-alkyl-1,4-dihydropyridines and N-(arylsulfonyl)
acrylamides. Detailed mechanistic investigation has revealed
that the reaction mechanism comprises four consecutive steps:
(1) in situ generation of alkyl radical intermediates, (2) radical
addition to the alkene moiety, (3) 1,4-aryl migration, and (4)
nal desulfonylation. This process is characterized by its mild
reaction conditions and excellent functional group compati-
bility. Our methodology provides a novel and efficient strategy
for the alkylation of b-functionalized amides, which may facil-
itate the synthesis of high-value-added ne chemicals.
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J. C. Tellis, J. K. Matsui, B. A. Vara and G. A. Molander,
ACS Catal., 2016, 6, 8004–8008.

11 (a) S.-P. Zhang, J.-X. Lan, M.-L. Yang, J.-Y. Cao and
W.-C. Yang, Org. Lett., 2024, 26, 9990–9995; (b) S.-P. Zhang,
D.-W. Guo, M.-L. Yang and W.-C. Yang, J. Org. Chem., 2024,
89, 10614–10623; (c) Y.-G. Ji, Z.-H. Li, Y.-Q. Yang, X. Yang
and W.-C. Yang, Chem.–Eur. J., 2024, 30, e202402891; (d)
W. Yang, Y. Sun, X.-B. Bao, S.-P. Zhang and L.-Y. Shen,
Green Chem., 2023, 25, 3111–3116; (e) W.-C. Yang,
M.-M. Zhang, Y. Sun, C.-Y. Chen and L. Wang, Org. Lett.,
2021, 23, 6691–6696; (f) Y. Sun, S.-P. Zhang and
W.-C. Yang, J. Org. Chem., 2023, 88, 13279–13290; (g)
M.-M. Zhang, L.-Y. Shen, S. Dong, B. Li, F. Meng, W.-J. Si
and W.-C. Yang, Eur. J. Org Chem., 2021, 31, 4465–4468.
© 2025 The Author(s). Published by the Royal Society of Chemistry

https://doi.org/10.1039/D5QO00323G
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra02454d

	Access to quaternary-carbon-containing tnqh_x03B2-alkyl amides via persulfate-promoted domino alkylation/smiles rearrangement of alkenesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra02454d
	Access to quaternary-carbon-containing tnqh_x03B2-alkyl amides via persulfate-promoted domino alkylation/smiles rearrangement of alkenesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra02454d
	Access to quaternary-carbon-containing tnqh_x03B2-alkyl amides via persulfate-promoted domino alkylation/smiles rearrangement of alkenesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra02454d
	Access to quaternary-carbon-containing tnqh_x03B2-alkyl amides via persulfate-promoted domino alkylation/smiles rearrangement of alkenesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra02454d


