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A copper-catalyzed three-component reaction of alkenes, cycloketone oximes and DABCO-(SO,), is de-
veloped, which provides a convenient route for the synthesis of diverse (E)-cyanoalkylsulfonyl alkenes
in moderate to good yields with excellent regio- and stereoselectivity. A broad substrate scope with ex-
cellent functional group tolerance is observed. A plausible radical pathway is proposed, which involves
copper-catalyzed ring-opening C-C bond cleavage of O-acyl oxime and insertion of sulfur dioxide. During
the reaction process, cyanoalkyl radical and cyanoalkylsulfonyl radical are the key intermediates.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Alkyl nitriles are particularly attractive and versatile building
blocks in organic synthetic chemistry [1-4], due to the presence
of useful cyano group, which can be readily transformed into
other valuable functional groups. Additionally, aliphatic nitriles are
important structural motifs of biologically active pharmaceuticals
and natural products [5-10]. Therefore, methods for the synthe-
sis of alkyl nitriles are highly desired and remarkable progress
has been made in recent years. Especially, radical-mediated S-C-C
bond cleavage of cyclokteone oximes has been successfully applied
to generate cyanoalkyl radicals, affording an attractive approach for
the preparation of various aliphatic nitriles [11-30].

On the other hand, owing to the extensive application of sul-
fones in synthetic chemistry and medicinal chemistry [31-35], our
group has continuously involved in the methods development for
the synthesis of sulfonyl compounds via the fixation of sulfur
dioxide by using DABCO-(SO,), or potassium/sodium metabisul-
fite as the sulfur dioxide surrogates [36-60]. Particularly, vinyl sul-
fones attracted our attention [61-69], since they were used as
the neuroprotective agents for Parkinson’s disease therapy [70]. In
2019, our group realized the cyanoalkylsulfonylation via the cas-
cade reaction of 8-C-C bond cleavage of cyclokteone oximes with
the insertion of sulfur dioxide, giving rise to a range of cyano-
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containing sulfones [71]. Prompted by this strategy and recent
advance in the radical-based C-C bond cleavage of cycloketone
oximes [72-82], we envisioned that vinyl sulfones could be gen-
erated through a direct C(sp2)-H cyanoalkylsulfonation of olefins
via a radical-type insertion of sulfur dioxide. Herein, we report a
copper-catalyzed three-component reaction of olefins, cycloketone
oximes and DABCO-(SO,),, providing a stereoselective pathway for
the preparation of (E)-cyanoalkylsulfonated alkenes.

To verify the hypothesis above, initial studies were carried
out for the direct C(sp?)-H cyanoalkylsulfonation of styrene 1a,
cyclobutanone O-benzoyl oxime 2a and DABCO-(SO,), in 1,2-
dichloroethane (DCE) at 80 °C. Fortunately, this reaction occurred
in the presence of copper(l) iodide (10 mol%) as the catalyst and
1,10-phenanthroline (L1, 12 mol%) as the ligand, giving rise to the
desired product 3aa in 63% yield (Table 1, entry 1). Further explo-
ration showed that other copper catalysts were not as efficient as
copper(l) iodide (Table 1, entry 2, for details see Supporting infor-
mation). Subsequently, we shifted our focus to other ligands, and
a range of N,N-bidentate ligands were screened. Gratifyingly, the
corresponding product 3aa was obtained in 72% yield by employ-
ing 4,7-dphenyl-1,10-phenanthroline (L2) as the ligand (Table 1,
entry 3). However, the results were inferior when other ligands
were used instead of L2 (Table 1, entry 4, for details see Support-
ing information). The solvent effect was then evaluated, and MeCN
was demonstrated as the best choice (74% yield, Table 1, entries
5 and 6). Interestingly, comparable yields were afforded when the
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Table 1
Initial studies for the direct C(sp?)-H cyanoalkylsulfonation of styrene 1a, cyclobu-
tanone O-benzoyl oxime 2a and DABCO+(S0,),.?

CN
N [Cu] (10 mol%) 0. 0
©/\ N’O\H/Ph L (12 mol%) N
1a o+ f' ) DCE, 80 °C ©/\/
2 2a 3aa

LAl SN (SIS SN S . ... SO
R! R R! R R’
Z
7N ) <4 .
2 N N 2 2 2 | S N | \
R R R R N Nz
L1,R'=H,R2=H L4, R'=H,R°=H L9,R' =
L2,R"=Ph R2=H L5,R'=H,R? = Me L10,R' = Bu
L3,R' = Ph, R? = Me L6, R'=Me, R?=H
L7,R"=Bu/,R?=H
L8, R' = OMe, R?=H
Entry Variation of conditions Yield (%)P
1 None 63
2 Other copper catalysts instead of Cul 14-57
3 L2 instead of L1 72
4 Other ligands instead of L1 47-65
5¢ MecCN instead of DCE 74
6¢ Other solvents instead of DCE 54-72
7d 5 mol% Cul and 6 mol% L2 75 (71)
8d 5 mol% Cul and 7.5 mol% L2 76
9¢ 50 °C 50
104 In the absence of Cul and L2 n.d.
114 In the absence of L2 23

3 Reaction conditions: styrene 1a (0.3 mmol), cyclobutanone O-benzoyl oxime 2a
(0.45 mmol, 1.5 equiv.), DABCO+(SO, ), (0.45 mmol, 1.5 equiv.), Cul (10 mol%), L1 (12
mol%), DCE (1.5 mL), N,, 80 °C, 12 h.

b TH NMR yield using 1,3,5-trimethoxybenzene as internal standard (isolated
yield in parentheses).

¢ L2 was used.

4 MeCN was used as the solvent.

¢ In the presence of Cul (5 mol%), L2 (6 mol%) in MeCN.

loading amount of copper(l) iodide and ligand L2 were reduced
(Table 1, entries 7 and 8). The yield of product 3aa was decreased
when the reaction temperature was reduced to 50 °C (Table 1, en-
try 9). A control experiment showed that no product 3aa was de-
tected in the absence of copper catalyst and ligand (Table 1, entry
10). Another control experiment confirmed the necessity of ligand,
giving rise to 3aa in 23% yield in the absence of ligand (Table 1,
entry 11).

Under the above optimized conditions, the substrate scope
of alkenes was then explored. The results are summarized in
Scheme 1. It was found that para-, meta- and ortho-methyl
phenylethylene derivatives could react with cyclobutanone O-
benzoyl oxime 2a and DABCO-(SO,), well, affording the corre-
sponding products 3ba-3da in 60%—68% yields. Generally, alkenes
bearing substituents of electron-donating (‘Bu, Ph, OMe, OAc,
NMe,) and electron-withdrawing (CF;, COOMe, CHO, NO,, F, Cl,
Br) groups on the aryl moieties were converted smoothly to
the desired cyanoalkylsulfonated products 3fa-3ra in moderate to
good yields. Notably, reaction of 1-methyl-2-vinylbenzene 1d or
1-bromo-2-vinylbenzene 1k could give rise to product 3da or
3ra in 68% and 45% yield, indicating the reaction was insensi-
tive to the steric property of vinylbenzene. Additionally, reactions
of alkenes incorporated with «- or B-naphthyl group proceeded
smoothly as well, leading to the desired products 3sa and 3ta
in 66% and 60% yield. Alkenes bearing heterocyclic units were
also compatible in this transformation, providing products 3ua,
3va and 3wa in 70%, 35% and 36% yield, respectively. Further-
more, trisubstituted cyanoalkylsulfonated alkene 3xa could be af-
forded by using prop-1-en-2-ylbenzene 1x as the substrate. Unfor-
tunately, alkyl substituted terminal olefins vinylcyclohexane 1y and
3,3-dimethylbut-1-ene 1z were not compatible for the standard

2384

Chinese Chemical Letters 33 (2022) 2383-2386

Ph Cul (5 mol%) R e
N~
/K e T L2 (6 mol% D\wf/r
o] S|
é MeCN, 80°C  Ar
DABCO+(S0,), 2a 3ba-xa
3ba, R'=4-Me, 63% 3ka, R' = 2-Br, 45%
3ca,R! =3-Me, 60% 3la, R' = 3-CF, 44%
——— CN 3da, R' =2-Me, 68% 3ma, R' =4-CO,Me, 46%
+§J 3ea,R' =4-Ph,52% 3na, R' =4-CHO, 46%
R = 3fa,R' =4-Bu, 81% 30a, R' = 4-NOj, 42%
F 3ga,R' =4-F,65%  3pa,R' =4-OMe, 69%
3ha,R' =4-Cl,45%  3qa, R' =4-OAc, 62%
3ia,R' =3-C1,31%  3ra,R' = 4-NMey, 62%
3ja, R' =4-Br, 51%
= SJ “’ \V\\‘:”I \\/\/r
3sa, 66% 3ta, 60% 3ua, 70%
CN
( j/\/ \/r O ’J : /I\: /’\/r
3va, 35% 35% 3xa,44%

Unsuccessful olefins
N >r\ B P“; @/\\/\
O/\ Ph Ph Ph
1y 1z 4a 4b 4c 4d
Scheme 1. Substrate scope of alkenes 1b-x. Isolated yield.
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Scheme 2. Substrate scope of alkenes 1b-X. Isolated yield.

conditions and the desired products were not detected. In addition,
(Z)-1,2-di-substituted alkene 4a, (E)—1,2-di-substituted alkene 4b,
trisubstituted alkene 4c¢ and 1,3-dienes 4d were employed instead
of styrenes, leading to the corresponding products in only trace
yields.

We further evaluated the substrate scope by employing diverse
0O-benzoyl oximes with styrene 1a and DABCO-(SO,), under the
standard conditions. As shown in Scheme 2, a range of O-benzoyl
oximes 2b-2n with different substituents were well compatible,
giving rise to the desired products in 25%—76% yields. It is note-
worthy that g-substituted O-benzoyl oximes could undergo selec-
tive C-C bond cleavage to form more stable secondary alkyl rad-
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a) Gram-scale reaction

RS
U\ N,O\rrph Cul (5 mol%)
i A 8 L2 (6 mol%)
1a, 7.5 mmol % MeCN, 80 °C
DABCO+(S0.), a 3aa, 1.02 g, 58%
b) Control experiments
Cul (5 mol%) vr 7{}
@/\\ L2 (6 mol%} ©/\,
1 CN
” TETJT’CON(:E e ) B i
” equiv. 4 miz 224
DABCONEC:)2 (detected by GC-MS)
4 =
0. _Ph CN
N™ Cul (5 mol%) 0, \,E/r
| \E L2 (6 mol%) a
MeCN, 80 °C
2a 3aa, trace

BHT (3.0 equiv.)

Scheme 3. Gram-scale reaction and control experiments.
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Scheme 4. Proposed mechanism.

ical, thus leading to products 3ak and 3al. Interestingly, reaction
of oxygen-containing substrate 2n was also workable, generating
the target product 3an. Moreover, we also tested cyclopentanone
oxime derivative 20 and cyclohexanone oxime derivative 2p under
the standard conditions, but there were no desired products were
detected. Besides, a gram-scale cyanoalkylsulfonylation of styrene
was carried out, and product 3aa was obtained in 58% yield (1.02 g,
Scheme 3a).

Since we initially hypothesized that this transformation might
undergo a radical process, therefore, several control experiments
were performed (Scheme 3b). The model reaction of styrene 1a,
cyclobutanone O-benzoyl oxime 2a and DABCO-(SO,), was com-
pletely suppressed in the presence of 2,2,6,6-tetramethylpiperidin-
1-oxy (TEMPO) under the standard conditions. The radical trapping
product 4, which was formed by cyanoalkyl radical and TEMPO,
was detected by GC-MS. Additionally, only a trace amount of prod-
uct 3aa was detected when butylated hydroxytoluene (BHT) was
added as the radical scavenger in the reaction system.

On the basis of the above observation and related reports [11-
30,83], a plausible mechanism is proposed as shown in Scheme 4.
We reasoned that initially, a single-electron transfer process be-
tween O-benzoyl cycloketone oxime 2 and Cu(I) species would lead
to the formation of iminyl radical intermediate A and Cu(Il) com-
plex. Subsequently, 8-C-C bond cleavage of iminyl radical inter-
mediate A would occur, giving rise to cyanoalkyl radical B. This
cyanoalkyl radical B would then react with sulfur dioxide, pro-
viding cyanoalkylsulfonyl radical C. Followed by the addition of

2385

Chinese Chemical Letters 33 (2022) 2383-2386

cyanoalkylsulfonyl radical C to alkene 2, a more stable benzyl radi-
cal D would be formed. Then, an oxidative single electron trans-
fer between benzyl radical D and Cu(ll) complex would provide
cation intermediate E with the release of Cu(l) species to complete
the catalytic cycle. Further deprotonation of cation intermediate E
would result in the formation of cyanoalkylsulfonyl alkene 3.

In summary, we have developed a copper-catalyzed three-
component reaction of alkenes, cycloketone oximes and
DABCO-(SO,),, which provides a convenient route for the syn-
thesis of diverse (E)-cyanoalkylsulfonyl alkenes in moderate to
good yields with excellent regio- and stereoselectivity. A broad
substrate scope with excellent functional group tolerance is ob-
served. A plausible radical pathway is proposed, which involves
copper-catalyzed ring-opening C-C bond cleavage of O-acyl oxime
and insertion of sulfur dioxide. During the reaction process,
cyanoalkyl radical and cyanoalkylsulfonyl radical are the key
intermediates.

Declaration of competing interest

The authors declare that they have no financial and personal re-
lationships with other people or organizations that can inappropri-
ately influence the work, there is no professional or other personal
interest of any nature or kind in any product, service and/or com-
pany that could be construed as influencing the position presented
in, or the review of, the manuscript entitled.

Acknowledgments

Financial support from the National Natural Science Foundation
of China (No. 21871053), the Leading Innovative and Entrepreneur
Team Introduction Program of Zhejiang (No. 2019R01005), and the
Open Research Fund of School of Chemistry and Chemical Engi-
neering, Henan Normal University (No. 2020ZD04) is gratefully ac-
knowledged.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.cclet.2021.11.009.

References

[1] R. Lopez, C. Palomo, Angew. Chem. Int. Ed. 54 (2015) 13170-13184.
[2] M.X. Wang, Acc. Chem. Res. 48 (2015) 602-611.
[3] X. Yang, EF. Fleming, Acc. Chem. Res. 50 (2017) 2556-2568.
[4] X.Q. Chu, D.H. Ge, Z.L. Shen, T.P. Loh, ACS Catal. 8 (2018) 258-271.
[5] EE. Fleming, Nat. Prod. Rep. 16 (1999) 597-606.
[6] EF. Fleming, L. Yao, P.C. Ravikumar, L. Funk, B.C. Shook, J. Med. Chem. 53 (2010)
7902-7917.
[7] EL. May, AE. Jacobson, M.V. Mattson, et al.,
5030-5036.
[8] LE Yang, S.L. Koh, PW. Sutton, ZX. Liang, Catal. Sci. Technol. 4 (2014)
2871-2876.
[9] AM. Sweeney, P. Grosche, D. Ellis, et al.,
937-941.
[10] D. Enders, J.P. Shilvock, Chem. Soc. Rev. 29 (2000) 359-373.
[11] W. Yin, X. Wang, New ]. Chem. 43 (2019) 3254-3264.
[12] W. Xiao, J. Wu, Chin. Chem. Lett. 31 (2020) 3083-3094.
[13] P. Sivaguru, Z. Wang, G. Zanoni, X. Bi, Chem. Soc. Rev. 48 (2019) 2615-2656.
[14] S.P. Morcillo, Angew. Chem. Int. Ed. 58 (2019) 14044-14054.
[15] XX. Wu, C. Zhu, Chin. J. Chem. 37 (2019) 171-182.
[16] H.B. Yang, D.H. Wan, Org. Lett. 23 (2021) 1049-1053.
[17] H.D. Zuo, S.S. Zhu, WJ]. Hao, et al,, ACS Catal. 11 (2021) 6010-6019.
[18] B. Zhao, W. Zheng, C. Chen, et al., Org. Chem. Front. 8 (2021) 2985-2989.
[19] PZ. Wang, X. Wu, Y. Cheng, et al, Angew. Chem. Int. Ed. 60 (2021)
22956-22962.
[20] Y. Song, C. Fu, S. Ma, ACS Catal. 11 (2021) 10007-10013.
[21] M. Li, C.T. Wang, Q.F. Bao, et al., Org. Lett. 23 (2021) 751-756.
[22] D.M. Whalley, ]J. Seayad, M.F. Greaney, Angew. Chem. Int. Ed. 60 (2021)
22219-22223.
[23] J. Chen, YJ. Liang, P.Z. Wang, et al., ]. Am. Chem. Soc. 143 (2021) 13382-13392.
[24] X. Zhy, Y. Huang, X. Xu, F. Qing, Chin. Chem. Lett. 33 (2021) 817-820.

J. Med. Chem. 43 (2000)

ACS Med. Chem. Lett. 5 (2014)



Y. Liu, L. Wang, L.-H. Zeng et al.

[25] H. Qian, ]J. Chen, B. Zhang, et al., Org. Lett. 23 (2021) 6987-6992.

[26] X. Zhao, L. Ji, Y. Gao, et al., J. Org. Chem. 86 (2021) 11399-11406.

[27] H.W. Liu, D.L. Wang, N.Q. Jiang, et al., Chem. Commun. 57 (2021) 9618-9621.

[28] Z. Zhang, X. Zou, Z. Li, et al., Org. Chem. Front. 8 (2021) 6074-6079.

[29] X.Y. Ly, ZJ. Xia, A. Gao, ]. Org. Chem. 86 (2021) 8829-8842.

[30] L. Ji, J. Qiao, J. Liu, et al., Tetrahedron Lett. 75 (2021) 153202.

[31] N.S. Simpkins, Sulfones in Organic Synthesis, Pergamon Press, Oxford, 1993.

[32] G.H. Posner, The Chemistry of Sulfones and Sulfoxides, Wiley, Chichester, UK,
1988.

[33] ANN.R. Alba, X. Companyd, R. Rios, Chem. Soc. Rev. 39 (2010) 2018-2033.

[34] A. El-Awa, M.N. Noshi, X. Mollat du Jourdin, P.L. Fuchs, Chem. Rev. 109 (2009)
2315-2349.

[35] KA. Scott, ].T. Njardarson, Top. Curr. Chem. 376 (2018) 5.

[36] G. Liu, C. Fan, ]J. Wu, Org. Biomol. Chem. 13 (2015) 1592-1599.

[37] G. Qiu, K. Zhou, L. Gao, J. Wu, Org. Chem. Front. 5 (2018) 691-705.

[38] D. Zheng, J. Wu, Sulfur Dioxide Insertion Reactions for Organic Synthesis, Na-
ture Springer, Berlin, 2017.

[39] G. Qiu, L. Lai, J. Cheng, J. Wu, Chem. Commun. 54 (2018) 10405-10414.

[40] G. Qiu, K. Zhou, J. Wu, Chem. Commun. 54 (2018) 12561-12569.

[41] S. Ye, G. Qiu, J. Wu, Chem. Commun. 55 (2019) 1013-1019.

[42] EJ. Emmett, M.C. Willis, Asian J. Org. Chem. 4 (2015) 602-611.

[43] M.H. Huang, WJ. Hao, B. Jiang, Chem. Asian ]. 13 (2018) 2958-2977.

[44] M.H. Huang, WJ. Hao, G.G. Li, SJ. Tu, B. Jiang, Chem. Commun. 54 (2018)
10791-10811.

[45] K. Hofman, N.W. Liu, G. Manolikakes, Chem. Eur. J. 24 (2018) 11852-11863.

[46] S. Ye, M. Yang, J. Wu, Chem. Commun. 56 (2020) 4145-4155.

[47] ES. He, M. Yang, S. Ye, ]. Wu, Chin. Chem. Lett. 32 (2021) 461-464.

[48] J. Huang, F. Ding, Z. Chen, G. Yang, J. Wu, Org. Chem. Front. 8 (2021)

1461-1465.

[49] XH. Wang, R. Liu, Q. Ding, W. Xiao, J. Wu, Org. Chem. Front. 8 (2021)
3308-3313.

[50] J.Q. Chen, N. Liu, Q. Hu, J. Liu, ]J. Wu, Q. Cai, ]. Wu, Org. Chem. Front. 8 (2021)
5316-5321.

[51] Y. Yao, Z. Yin, W. Chen, et al., Adv. Synth. Catal. 363 (2021) 570-574.
[52] C. Zhang, C. Zhang, ]. Tang, et al., Adv. Synth. Catal. 363 (2021) 3109-3114.

2386

Chinese Chemical Letters 33 (2022) 2383-2386

[53] X. Gong, M. Yang, J.B. Liu, ES. He, ]J. Wu, Org. Chem. Front. 7 (2020) 938-943.

[54] S. Ye, K. Zhou, P. Rojsitthisak, J. Wu, Org. Chem. Front. 7 (2020) 14-18.

[55] X. Gong, M. Yang, ].B. Liu, et al., Green Chem. 22 (2020) 1906-1910.

[56] C. Zhang, ]J. Huang, S. Ye, ]J. Tang, ]. Wu, Chem. Commun. 56 (2020)
13852-13855.

[57] ES. He, Y. Yao, W. Xie, J. Wu, Chem. Commun. 56 (2020) 9469-9472.

[58] X. Wang, M. Yang, Y. Kuang, et al., Chem. Commun. 56 (2020) 3437-3440.

[59] K. Zhou, ].B. Liu, W. Xie, S. Ye, J. Wu, Chem. Commun. 56 (2020) 2554-2557.

[60] X. Wang, Y. Lin, J.B. Liu, et al,, Chin. J. Chem. (38) (2020) 1098-1102.

[61] W. Fan, ]. Su, D. Shi, B. Feng, Tetrahedron 71 (2015) 6740-6743.

[62] R. Mao, Z. Yuan, R. Zhang, et al., Org. Chem. Front. 3 (2016) 1498-1502.

[63] ES. He, X. Gong, P. Rojsitthisak, J. Wu, J. Org. Chem. 84 (2019) 13159-13163.

[64] T.H. Zhu, X.C. Zhang, K. Zhao, T.P. Loh, Org. Chem. Front. 6 (2019) 94-98.

[65] TH. Zhu, X.C. Zhang, X.L. Cui, et al, Loh, Adv. Synth. Catal. 361 (2019)
3593-3598.

[66] T. Zhu, J. Wy, Org. Lett. 22 (2020) 7094-7097.

[67] T. Zhu. P. Rojsitthisak, J. Wu, Org. Chem. Front. 7 (2020) 4050-4056.

[68] Y. Yao, Z. Yin, ES. He, et al., Chem. Commun. 57 (2021) 2883-2886.

[69] ES. He, Y. Yao, W. Xie, J. Wu, Adv. Synth. Catal. 362 (2020) 4744-4748.

[70] V.F. Ferreira, M.C.B.V. De Souza, A.C. Cunha, et al, ]. Med. Chem. 57 (2014)
1473-1487.

[71] J. Zhang, X. Li, L. Xie, S. Ye, J. Wu, Org. Lett. 21 (2019) 4950-4954.

[72] Y. Liu, Q.L. Wang, Z. Chen, et al., Chem. Commun. 56 (2020) 3011-3014.

[73] J. Zhang, M. Yang, ].B. Liu, ES. He, J. Wu, Chem. Commun. 56 (2020)
3225-3228.

[74] X. Tu, J. Huang, W. Xie, T. Zhu, J. Wu, Org. Chem. Front. 8 (2021) 1789-1794.

[75] P. Bao, E. Yu, ES. He, et al,, Org. Chem. Front. 8 (2021) 4820-4825.

[76] ]. Zhang, X. Wang, Y. Kuang, ]J. Wu, iScience 23 (2020) 101872.

[77] ES. He, Y. Yao, Z. Tang, W. Xie, J. Wu, Org. Chem. Front. 8 (2021) 6119-6124.

[78] ES. He, P. Bao, E. Yu, et al., Org. Lett. 23 (2021) 7472-7476.

[79] F. Teng, ]. Du, C. Xun, et al,, Org. Biomol. Chem. 19 (2021) 8929-8933.

[80] P. Chen, Z. Chen, B.Q. Xiong, et al., Org. Biomol. Chem. 19 (2021) 3181-3190.

[81] N. Zhou, S. Wu, K. Kuang, et al., Org. Chem. Front. 8 (2021) 6032-6037.

[82] X. Zheng, T. Zhong, X. Yi, et al., Adv. Synth. Catal. 363 (2021) 3359-3364.

[83] B. Zhao, Z. Shi, Angew. Chem. Int. Ed. 56 (2017) 12727-12731.



