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ABSTRACT: A copper-catalyzed radical cross-coupling of oxime esters and activated alkenes is accomplished for the synthesis of
cyanoalkylsulfonylated oxindoles and cyanoalkyl amides via an aryl migration strategy. Specifically, the subsequent mechanism
research indicates that the unique desulfonylation and sulfone addition processes were involved in the transformation. This
transformation is identified as having good functional group applicability with two different quaternary stereocenter in a
regioselective manner, which is controlled by the substituent group of the nitrogen.

As a versatile building blocks, cyanoalkyl is a synthetically
versatile intermediate in organic synthesis and exists
frequently in pharmaceutical molecules and natural products.
Moreover, cyanoalkyl as an active group can substantially
transform into some other functional groups. Therefore,
considerable attention to the incorporation of cyanoalkyl
group has been noted.” Over the past few years, a range of
elegant works have been established.” Among such available
methodologies, C—C bond cleavage of cyclobutanone oxime
esters via an iminyl radical intermediate is one of the most
effective transformations.” Earlier reports for iminyl radical
intermediate were disclosed by Zard and co-workers.’
Recently, visible-light photocatalysis iminyl radical-mediated
C—C bond cleavage to construct cyanoalkyl derivatives has
been achieved by Xiao’ and other groups.® In 2017, the group
of Xiao reported a visible-light-driven iridium-catalyzed radical
addition cascade of oxime esters, which involved an iminyl
radical-mediated C—C bond cleavage. Soon after, a copper-
catalyzed multicomponent radical cross-coupling reaction of
redox-active oxime was also achieved by the Xiao group
(Scheme 1a).”

Sulfur-containing derivatives are widely used in the fields of
pharmacy and organic chemistry synthesis.'’ Particularly,
sulfones are widely prevalent in agrochemicals, pharmaceut-
icals, and bioactive natural proclucts.11 Thus, development of a
convenient route for the synthesis of sulfone has aroused
comprehensive attention from organic chemists.'> Although
sulfur dioxide as a readily available and inexpensive reagent
could be used to introduce SO,, specialized equipment and
safety concerns restricted the practicability. Considering the
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Scheme 1. Previous Studies of Oxime Esters and Alkene
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disadvantages of sulfur dioxide, some of the sulfur dioxide
surrogates such as DABCO-(SO,),"” or inorganic sulfites"*
were exploited. Specifically, the combination of aryldiazonium
tetrafluoroborates with DABCO-(SO,), has provided an
efficient protocol to insert SO, in synthetic chemistry, and
significant works have been achieved." In this field, a range of
crucial reports for sulfonylation of the C(sp”)—H functional-
ization were disclosed by Wu'® and other groups;'” however,
the insertion of sulfur dioxide into the C(sp”’)—H bond is stil
rare.'® In 2019, Wu and co-workers reported photoredox-
catalyzed sulfonylation reaction for building the alkylsulfony
compound by using potassium metabisulfite as the source of
sulfur dioxide (Scheme 1b)." Still, consideration of the
inconvenience of the preparation of DABCO (SO,), and the
redox property of salt metabisulfite, developing an easy and
redox-neutral reaction system is a challenge.

Over the past decade, Nevado™ and other groups developed
radical addition to the double bond of the tosyl acrylamides
system which was successfully implemented for oxindoles and
amides constructions. In this transformation, a quaternary
stereocenter was constructed via an intramolecular 1,4-aryl
migration/S-ipso cyclization and desulfonylation. Encouraged
by these elegant works, herein, we reported an efficient copper-
catalyzed radical ring-opening process of cycloketone oximes
with activated alkenes to prepare various oxindoles or amides
under thermal reaction conditions.

Building on the reports of iminyl radical generation from
cycloketone oximes, activated alkenes la with cycloketone
oxime ethers 2a were utilized as the model substrates to verify
our prediction. The expected product 3a was isolated in 40%
yield in the presence of Cu(OTf), and 2,2"-bipyridine under
an argon atmosphere at 80 °C for 24 h in toluene (Table 1,
entry 1). A brief screening of other commonly used solvents
indicated that toluene still was the best choice (entries 2 and
3). Then, a series of ligands were investigated, in which 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline L, presented effec-
tively (entries 4—6). To further improve the yield, other
copper salts such as Cu(OAc),, CuSCN, and Cul were
examined with inapparent improvement observed (entries 7—
9). The control reaction indicated that the ligand could be
beneficial to this reaction (entry 10). Thereafter, the optimized
reaction conditions for the preparation of 4aa were attempted
by using activated alkenes laa with cycloketone oxime ethers
2a in MeCN under an argon atmosphere at 80 °C for 24 h.
With the addition of Cul/phen, only a trace amount of desired
product 4aa was observed (entry 11). Pleasingly, with the
addition of K,COj;, the desired amide could be increased to
43% (entry 12). A subsequent short survey on the base
indicated that NaHCO, gave the highest yield (entries 13 and
14). Then, copper salts were further examined, which
identified that CuCl, was the best one and afforded 68%
yield (entries 15 and 16). Replacing CuCl,/phen with
Cu(phen)Cl, resulted in the final product 4aa in 75% yield
(entry 17). The control experiment indicated that copper is
indispensable in this transformation (entry 19).

With the optimal reaction conditions established, the scope
of activated alkenes 1 with cycloketone oxime ethers 2a were
first investigated on a 0.2 mmol scale. As shown in Scheme 2,
this transformation proved to be well tolerated for various
activated alkenes under reaction conditions A. For instance, a
range of activated alkenes bearing different substituents on the
aryl ring preformed smoothly with cycloketone oxime ethers
2a to deliver the relevant products 3a—3o0 in moderate to good
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Table 1. Optimization of the Reactions Conditions”
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3a 1a,R=alkyl 2a 42a
1aa, R= aryl
entry copper/L base solvent yield” (%)

1 Cu(OTf),/bpy toluene 3a/40

2 Cu(OTf),/bpy MeCN 3a/30

3 Cu(OTf),/bpy dioxane 3a/20

4 Cu(OTf),/dtbpy toluene 3a/50

S Cu(OTf),/phen toluene 3a/60

6 Cu(OTf),/L, toluene 3a/68

7 Cu(OAc),/L, toluene 3a/45

8 CuSCN/L, toluene 3a/52

9 Cul/L, toluene 3a/44
10 Cu(OTf), toluene 3a/50
11 Cul/phen MeCN 4aa/trace
12 Cul/phen K,CO; MeCN 4aa/43
13 Cul/phen Na,CO;, MeCN 4aa/44
14 Cul/Phen NaHCO; MeCN 4aa/S0
15 CuBr,/Phen NaHCO, MeCN 4aa/56
16 CuCl,/phen NaHCO; MeCN 4aa/68
17 Cu(phen)Cl, NaHCO; MeCN 4aa/75
18 CuCl, NaHCO, MeCN 4aa/60
19 NaHCO, MeCN 4aa/n. r.

“Reaction conditions A: la (0.2 mmol), 2a (0.4 mmol), copper
catalyst (10 mol %), ligand (10 mol %), solvent (2 mL), Ar, 80 °C, 24
h. Reaction conditions B: laa (0.2 mmol), 2a (0.3 mmol), copper
catalyst (10 mol %), ligand (10 mol %), base (2.5 equiv), MeCN (3
mL), Ar, 80 °C, 24 h. L, = 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline. “Isolated yields.

yields though the meta-position substituted benzosulfonamide
substrates resulted in a regioisomers reaction mixture (3f, 3I,
3m, 30). The introduction of a larger steric hindrance group
on the para position was well tolerated and gave the desired
product 3d in 72% yield. Similarly, 2-naphthalene benzosulfo-
namide substrate 1q was also efficiently transformed in this
reaction. In addition, the substrates with strong electron-
withdrawing groups (CF; or CN) also proceeded smoothly
and delivered the corresponding products (3j, 3k) in 53% and
41% vyields, respectively. Multisubstituted allylamine 1n was
also applied with 50% yield obtained in this conversion. It was
noteworthy that alkene with aromatic heterocyclic worked well
and isolated oxindole 3p in a satisfactory yield. The influence
for the substituent of the N atom also was studied, resulting an
excellent yield (3r). The structure of products 3i and 3j were
also confirmed by X-ray crystal structure analysis (see the
Supporting Information).

Then, the reaction pattern for the construction of amides
was also investigated, and the results are summarized in
Scheme 3. Both electron-rich and -deficient groups on the
arylsulfonyl moiety were well tolerated under optimal reaction
conditions B. Substitutions on the ortho position, such as Me,
C], on the benzenesulfonyl group had no significant effect on
the yields, giving the target products 4af, 4am in good yields.
Sterically demanding butyl and 1-naphthalene groups were also
accommodated, affording the cyanoalkyl derivative 4ad, 4an in
moderate yields. Substrates bearing CF;, OCF;, CN, or NO,
furnished the corresponding transformation into the desired
amides 4ah—4aj, 4al in satisfactory yields. Notably, this
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Scheme 2. Cu-Catalyzed Alkylnitriles/Sulfone Addition/
Desulfonylation/Cyclization”
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“Reaction conditions A: la (0.2 mmol, 1 equiv), 2a (0.4 mmol),
Cu(OTf), (10 mol %), L, (10 mol %), toluene (2 mL), Ar, 80 °C, 24
h. L, = 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline. “Isolated
yields.

reaction proceeded efficiently for the substrate including a
heterocyclic group (2-thienyl) with good compatibility, which
isolated the desired products in 50% yield. Next, the scope of
the cyclobutanone derived O-acyl oximes 2 was also evaluated.
The sterically more demanding substrate lar was also
applicable to this reaction. In contrast, the presence of electron
withdrawing group at the 3-position of O-acyl oximes
obviously decreased the yields (4ap, 4aq). Finally, the
analogous N-aryl-substituted substrates lat and lau furnished
the expected amides in 60% and 61% yields, respectively. In
addition, the structure of 4aa was determined by X-ray crystal
structure analysis. Also, the gram-scale experiment was
conducted to explore the practical applicability of this method.
As such, when this transformation was expanded to the 5
mmol scale, 4aa could be acquired in 68% yield.

To gain some insights into the mechanism of these
transformations, a series of control experiments were
performed under the optimal reaction conditions (Scheme
4). Upon the addition of 2.0 equiv of radical quenchers
TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl), reactions of
compound 1 were strongly inhibited, and the trapping product
b could be detected by GC-MS. Moreover, in the presence of
BHT (2,6-di-tert-butyl-4-methylphenol), the corresponding
capture product ¢ was isolated under reaction conditions A/
B with 34%/ 43% vyield. Finally, when stoichiometric amounts
of 1,1-diphenylene were added, the relevant radical trapping
product d was also isolated.

Scheme 3. Scope of the Alkylnitriles Reaction”
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“Reaction conditions B: 1 (0.2 mmol, 1 equiv), 2 (0.3 mmol),
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80 °C, 24 h. “Isolated yields.

Scheme 4. Control Experiments
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On basis of the control experiments and previous
research,”**“*' we proposed a plausible catalytic cycle for
this transformation in Scheme S. Initially, iminyl radical species
A is generated via a single electron transfer (SET) and N—O
bond cleavage of substrate 2a under the copper catalyst. Then,
cyclic iminyl radical A undergoes a f—C—C bond scission to
afford cyanoalkyl radical B, which adds to a sulfonic, forming
radical C (R? = alkyl group). Next, radical B/C interacts with
the activated alkene 1 to give a new radical intermediate D.
Further, an ipso-cyclization on the sulfonyl aromatic ring took
place and delivered intermediate E, which underwent rapid
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Scheme S. Plausible Catalytic Cycles
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desulfonylation, delivering a new C(sp?)—C(sp’) bond to
produce a key amidyl radical F. Finally, amidyl radical F
captures a hydrogen to offer product 4aa (R = aryl group).
Differently, when the substituent R* on the N atom is an alkyl
group, amidyl radical F could undergo subsequent cyclization
to give the aryl radical G, which could go through an SET
process and f-H elimination to acquire the target product 3a.
It is worth noting that generation of a small number of product
3a’, which has no SO, added in the product 3a, provides the
initial sulfur dioxide in this transformation.

In conclusion, we have established a multicomponent
reaction of cycloketone oximes, sulfur dioxide, and activated
alkenes in the presence of copper catalyst. The transformation
affords cyanoalkylsulfonylated oxindoles and cyanoalkyl
amides, constructing a quaternary stereocenter with the
manner of regioselectivity. In this reaction, in situ desulfony-
lation inserts sulfur dioxide, avoiding the addition of extra
sulfur dioxide. Further, this method exhibits good compatibility
with a broad range of activated alkenes, affording the desired
products in moderate to good yields.

B ASSOCIATED CONTENT
® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03973.

Experimental procedures, compound characterization,
and NMR spectra (PDF)

Accession Codes

CCDC 2047428-2047430 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

Yong-Min Liang — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China;
orcid.org/0000-0001-8280-8211; Email: liangym@

lzu.edu.cn

754

Authors

Ming Li — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China
Cui-Tian Wang — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China
Qiao-Fei Bao — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China

Yi-Feng Qiu — College of Chemistry and Chemical
Engineering, Northwest Normal University, Lanzhou, Gansu
730070, China

Wan-Xu Wei — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China

Xue-Song Li — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China

Yu-Zhao Wang — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China

Zhe Zhang — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China

Jin-Lin Wang — State Key Laboratory of Applied Organic
Chemistry, Lanzhou University, Lanzhou 730000, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c03973

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We acknowledge support grants from National Natural Science
Foundation of China (Grants NSF 21772075 and 21532001).

B REFERENCES

(1) (a) Fleming, F. F,; Yao, L.; Ravikumar, P. C.; Funk, L.; Shook, B.
C. Nitrile-Containing Pharmaceuticals: Efficacious Roles of the Nitrile
Pharmacophore. J. Med. Chem. 2010, 53, 7902—7917. (b) Fleming, F
F. Nitrile-containing natural products. Nat. Prod. Rep. 1999, 16, 597—
606. (c) Lopez, R; Palomo, C. Cyanoalkylation: Alkylnitriles in
Catalytic C-C Bond-Forming Reactions. Angew. Chem., Int. Ed. 2018,
54, 13170—13184.

(2) (a) Boivin, J.; Fouquet, E.; Zard, S. Z. Ring opening induced by
iminyl radicals derived from cyclobutanones: new aspects of tin
hydride cleavage of S-phenyl sulfenylimines. J. Am. Chem. Soc. 1991,
113, 1055—1057. (b) Nishimura, T.; Uemura, S. Palladium(0)-
Catalyzed Ring Cleavage of Cyclobutanone Oximes Leading to
Nitriles via p-Carbon Elimination. J. Am. Chem. Soc. 2000, 122,
12049—12050. (c) Deng, Y.; Zhao, C.; Zhou, Y.; Wang, H; Li, X;
Cheng, G.-J; Fu, J. Directing-Group-Based Strategy Enabling
Intermolecular Heck-Type Reaction of Cycloketone Oxime Esters
and Unactivated Alkenes. Org. Lett. 2020, 22, 3524—3530. (d) Zhao,
B; Wu, Y,; Yuan, Y.; Shi, Z. Copper-catalysed Csp3—Csp Cross-
couplings between cyclobutanone oxime esters and terminal alkynes
induced by visible light. Chem. Commun. 2020, 56, 4676—4679.

(3) (a) Yin, Z.; Rabeah, J.; Briickner, A.; Wu, X.-F. Vinylboron Self-
Promoted Carbonylative Coupling with Cyclobutanone Oxime Esters.
Org. Lett. 2019, 21, 1766—1769. (b) Zhao, B.; Wang, M.; Shi, Z
Single-Electron-Transfer-Induced C(sp®>)—N Couplings via C—C
Bond Cleavage of Cycloketoxime Esters. . Org. Chem. 2019, 84,
10145—10159. (c) Zhao, B.; Chen, C.; Ly, J,; Li, Z.; Yuan, Y.; Shi, Z
Photoinduced fragmentation-rearrangement sequence of cycloketox-
ime esters. Org. Chem. Front. 2018, 5, 2719—2722. (d) Tribby, A. L,;
Rodriguez, I; Shariffudin, S.; Ball, N. D. Pd-Catalyzed Conversion of
Aryl Todides to Sulfonyl Fluorides Using SO, Surrogate DABSO and
Selectfluor. J. Org. Chem. 2017, 82, 2294—2299. (e) Tang, Y.-Q;
Yang, J.-C; Wang, L; Fan, M,; Guo, L-N. Ni-Catalyzed Redox-
Neutral Ring-Opening/Radical Addition/Ring-Closing Cascade of
Cycloketone Oxime Esters and Vinyl Azides. Org. Lett. 2019, 21,

https://dx.doi.org/10.1021/acs.orglett.0c03973
Org. Lett. 2021, 23, 751-756


https://pubs.acs.org/doi/10.1021/acs.orglett.0c03973?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c03973/suppl_file/ol0c03973_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2047428&id=doi:10.1021/acs.orglett.0c03973
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2047430&id=doi:10.1021/acs.orglett.0c03973
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yong-Min+Liang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0001-8280-8211
http://orcid.org/0000-0001-8280-8211
mailto:liangym@lzu.edu.cn
mailto:liangym@lzu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ming+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Cui-Tian+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qiao-Fei+Bao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yi-Feng+Qiu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wan-Xu+Wei"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xue-Song+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yu-Zhao+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhe+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jin-Lin+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03973?ref=pdf
https://dx.doi.org/10.1021/jm100762r
https://dx.doi.org/10.1021/jm100762r
https://dx.doi.org/10.1039/a804370a
https://dx.doi.org/10.1002/anie.201502493
https://dx.doi.org/10.1002/anie.201502493
https://dx.doi.org/10.1021/ja00003a057
https://dx.doi.org/10.1021/ja00003a057
https://dx.doi.org/10.1021/ja00003a057
https://dx.doi.org/10.1021/ja005558l
https://dx.doi.org/10.1021/ja005558l
https://dx.doi.org/10.1021/ja005558l
https://dx.doi.org/10.1021/acs.orglett.0c00963
https://dx.doi.org/10.1021/acs.orglett.0c00963
https://dx.doi.org/10.1021/acs.orglett.0c00963
https://dx.doi.org/10.1039/D0CC00988A
https://dx.doi.org/10.1039/D0CC00988A
https://dx.doi.org/10.1039/D0CC00988A
https://dx.doi.org/10.1021/acs.orglett.9b00333
https://dx.doi.org/10.1021/acs.orglett.9b00333
https://dx.doi.org/10.1021/acs.joc.9b01338
https://dx.doi.org/10.1021/acs.joc.9b01338
https://dx.doi.org/10.1039/C8QO00747K
https://dx.doi.org/10.1039/C8QO00747K
https://dx.doi.org/10.1021/acs.joc.7b00051
https://dx.doi.org/10.1021/acs.joc.7b00051
https://dx.doi.org/10.1021/acs.joc.7b00051
https://dx.doi.org/10.1021/acs.orglett.9b01773
https://dx.doi.org/10.1021/acs.orglett.9b01773
https://dx.doi.org/10.1021/acs.orglett.9b01773
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03973?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03973?fig=sch5&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c03973?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

5178-5182. (f) Zhang, M.-M,; Li, S.-H.; Ty, J.-L.; Min, Q.-Q.; Liu, F.
Metal-free iminyl radical-mediated C—C single bond cleavage/
functionalization of redox-active oxime esters. Org. Chem. Front.
2020, 7, 622—627. (g) Yin, Z.; Rabeah, J,; Briickner, A; Wu, X.-F.
Gallic Acid-Promoted SET Process for Cyclobutanone Oximes
Activation and (Carbonylative-)Alkylation of Olefins. ACS Catal.
2018, 8, 10926—10930. (h) Davies, J.; Booth, S. G.; Essafi, S.; Dryfe,
R. A. W,; Leonori, D. Visible-Light-Mediated Generation of Nitrogen-
Centered Radicals: Metal-Free Hydroimination and Iminohydrox-
ylation Cyclization Reactions. Angew. Chem., Int. Ed. 2015, 54,
14017—14021. (i) Chen, J.; Wang, P.-Z; Lu, B;; Liang, D.; Yu, X.-Y,;
Xiao, W.-J,; Chen, J.-R. Enantioselective Radical Ring-Opening
Cyanation of Oxime Esters by Dual Photoredox and Copper
Catalysis. Org. Lett. 2019, 21, 9763—9768.

4) (a) Zhang, J.-J.; Duan, X.-H.; Wu, Y,; Yang, J.-C,; Guo, L.-N.
Transition-metal free C—C bond cleavage/borylation of cycloketone
oxime esters. Chem. Sci. 2019, 10, 161—166. (b) Wang, P.; Zhao, B.;
Yuan, Y.; Shi, Z. Radical-induced ring-opening and reconstruction of
cyclobutanone oxime esters. Chem. Commun. 2019, SS, 1971—-1974.
(c) Shen, X.; Zhao, J.-J.; Yu, S. Photoredox-Catalyzed Intermolecular
Remote C—H and C—C Vinylation via Iminyl Radicals. Org. Lett.
2018, 20, 5523—5527. (d) Yang, L.; Gao, P.; Duan, X.-H,; Gu, Y.-R;
Guo, L. N. Direct C—H Cyanoalkylation of Quinoxalin-2(1H)-ones
via Radical C—C Bond Cleavage. Org. Lett. 2018, 20, 1034—1037.
(e) He, Y.; Loy, J,; Wu, K; Wang, H,; Yu, Z. Copper-Catalyzed
Radical C—C Bond Cleavage and [4 + 1] Annulation Cascade of
Cycloketone Oxime Esters with Enaminothiones. J. Org. Chem. 2019,
84, 2178—2190. (f) Shu, W.; Nevado, C. Visible-Light-Mediated
Remote Aliphatic C—H Functionalizations through a 1,5-Hydrogen
Transfer Cascade. Angew. Chem., Int. Ed. 2017, 56, 1881—1884.

(5) (a) Zhao, J.-F.; Duan, X.-H,; Gu, Y.-R;; Gao, P.; Guo, L.-N. Iron-
Catalyzed Decarboxylative Olefination of Cycloketone Oxime Esters
with a,f-Unsaturated Carboxylic Acids via C—C Bond Cleavage. Org.
Lett. 2018, 20, 4614—4617. (b) Gu, Y.-R; Duan, X.-H; Yang, L,
Guo, L.-N. Direct C—H Cyanoalkylation of Heteroaromatic N-Oxides
and Quinones via C—C Bond Cleavage of Cyclobutanone Oximes.
Org. Lett. 2017, 19, 5908—5911. (c) Wy, J,; Zhang, J.-Y.; Gao, P.; Xu,
S.-L.; Guo, L.-N. Copper-Catalyzed Redox-Neutral Cyanoalkylaryla-
tion of Activated Alkenes with Cyclobutanone Oxime Esters. J. Org.
Chem. 2018, 83, 1046—1055.

(6) Callier-Dublanchet, A.-C.; Quiclet-Sire, B.; Zard, S. Z Iminyl
Radical Generation via Iminodithiocarbonate Group Transfer.
Tetrahedron Lett. 1997, 38, 2463—2466.

(7) (a) He, B.-Q; Yu, X.-Y,; Wang, P.-Z.; Chen, J.-R.; Xiao, W.-J. A
photoredox catalyzed iminyl radical-triggered C—C bond cleavage/
addition/Kornblum oxidation cascade of oxime esters and styrenes:
synthesis of ketonitriles. Chem. Commun. 2018, 54, 12262—12265.
(b) Lu, B; Cheng, Y; Chen, L.-Y; Chen, J-R; Xiao, W.-J.
Photoinduced Copper-Catalyzed Radical Aminocarbonylation of
Cycloketone Oxime Esters. ACS Catal. 2019, 9, 8159—8164.
(¢) Zhou, X.-S; Cheng, Y.; Chen, J.; Yu, X.-Y,; Xiao, W.-J,; Chen,
J-R. Copper-Catalyzed Radical Cross-Coupling of Oxime Esters and
Sulfinates for Synthesis of Cyanoalkylated Sulfones. ChemCatChem
2019, 11, 5300—5305.

(8) (a) Li, L.; Chen, H.; Mei, M.; Zhou, L. Visible-light promoted y-
cyanoalkyl radical generation: three-component cyanopropylation/
etherification of unactivated alkenes. Chem. Commun. 2017, 53,
11544—11547. (b) Dauncey, E. M.; Morcillo, S. P.; Douglas, J. J;
Sheikh, N. S.; Leonori, D. Photoinduced Remote Functionalisations
by Iminyl Radical Promoted C—C and C—H Bond Cleavage
Cascades. Angew. Chem., Int. Ed. 2018, 57, 744—748. (c) Yang, H.-
B.; Pathipati, S. R.; Selander, N. Nickel-Catalyzed 1,2-Aminoarylation
of Oxime Ester-Tethered Alkenes with Boronic Acids. ACS Catal.
2017, 7, 8441—8445. (d) Nishimura, T.; Yoshinaka, T.; Nishiguchi,
Y.; Maeda, Y.; Uemura, S. Iridium-Catalyzed Ring Cleavage Reaction
of Cyclobutanone O-Benzoyloximes Providing Nitriles. Org. Lett.
2005, 7, 2425-2427. (e) Zhao, B.; Shi, Z. Copper-Catalyzed
Intermolecular Heck-Like Coupling of Cyclobutanone Oximes

755

Initiated by Selective C—C Bond Cleavage. Angew. Chem., Int. Ed.
2017, 56, 12727—12731.

(9) (a) Yu, X.-Y.; Chen, J.-R;; Wang, P.-Z.; Yang, M.-N.; Liang, D;
Xiao, W.-J. A Visible-Light-Driven Iminyl Radical-Mediated C—C
Single Bond Cleavage/Radical Addition Cascade of Oxime Esters.
Angew. Chem., Int. Ed. 2018, 57, 738—743. (b) Yu, X.-Y.; Zhao, Q.-Q;
Chen, J.; Chen, J.-R;; Xiao, W.-J. Copper-Catalyzed Radical Cross-
Coupling of Redox-Active Oxime Esters, Styrenes, and Boronic Acids.
Angew. Chem,, Int. Ed. 2018, 57, 15505—15509.

(10) (a) Wu, C; Lu, L.-H,; Peng, A.-Z,; Jia, G.-K.; Peng, C.; Cao, Z,;
Tang, Z.; He, W.-M,; Xu, X. Ultrasound-promoted Brensted acid
ionic liquid-catalyzed hydrothiocyanation of activated alkynes under
minimal solvent conditions. Green Chem. 2018, 20, 3683—3688.
(b) Li, G.; Xie, H.; Chen, J.; Guo, Y,; Deng, G.-J. Three-component
synthesis of 2-heteroaryl-benzothiazoles under metal-free conditions.
Green Chem. 2017, 19, 4043—4047. (c) Wang, M,; Jiang, X. Sulfur—
Sulfur Bond Construction. Top. Curr. Chem. 2018, 376, 14.
(d) Zhang, Y.; Li, Y.; Zhang, X; Jiang, X. Sulfide synthesis through
copper-catalyzed C—S bond formation under biomolecule-compatible
conditions. Chem. Commun. 2015, 51, 941—944. (e) Qiao, Z.; Jiang,
X. Ligand-Controlled Divergent Cross-Coupling Involving Organo-
silicon Compounds for Thioether and Thioester Synthesis. Org. Lett.
2016, 18, 1550—1553. (f) Li, Y.; Wang, M.; Jiang, X. Controllable
Sulfoxidation and Sulfenylation with Organic Thiosulfate Salts via
Dual Electron- and Energy-Transfer Photocatalysis. ACS Catal. 2017,
7, 7587-7592. (g) Qiao, Z; Ge, N,; Jiang, X. CO2-promoted
oxidative cross-coupling reaction for C—S bond formation via masked
strategy in an odourless way. Chem. Commun. 2015, S1, 10295—
10298.

(11) (a) Meadows, D. C.; Gervay-Hague, J. Vinyl sulfones: Synthetic
preparations and medicinal chemistry applications. Med. Res. Rev.
2006, 26, 793—814. (b) W, Y.-C,; Jiang, S.-S.; Luo, S.-Z.; Song, R.-J.;
Li, J.-H. Transition-metal- and oxidant-free directed anodic C—H
sulfonylation of N,N-disubstituted anilines with sulfinates. Chem.
Commun. 2019, SS, 8995—8998. (c) Alba, A.-N. R.; Companyd, X.;
Rios, R. Sulfones: new reagents in organocatalysis. Chem. Soc. Rev.
2010, 39, 2018—2033. (d) Rao, W.-H; Zhan, B.-B,; Chen, K,; Ling,
P.-X.; Zhang, Z.-Z.; Shi, B.-F. Pd(II)-Catalyzed Direct Sulfonylation
of Unactivated C(sp3)—H Bonds with Sodium Sulfinates. Org. Lett.
2018, 17, 3552—355S. (e) Song, R-J; Liu, Y,; Liu, Y.-Y,; Li, J-H.
Palladium-Catalyzed Conjugate Addition to Electron-Deficient
Alkynes with Benzenesulfinic Acid Derived from 1,2-Bis-
(phenylsulfonyl)ethane: Selective Synthesis of (E)-Vinyl Sulfones. J.
Org. Chem. 2011, 76, 1001—1004. (f) Xie, L.-Y.; Peng, S.; Liu, F,;
Chen, G.-R;; Xia, W,; Yu, X,; Li, W.-F.; Cao, Z.; He, W.-M. Metal-free
deoxygenative sulfonylation of quinoline N-oxides with sodium
sulfinates via a dual radical coupling process. Org. Chem. Front.
2018, 5, 2604—2609.

(12) (a) Qiy, G; Lai, L.; Cheng, J.; Wu, J. Recent advances in the
sulfonylation of alkenes with the insertion of sulfur dioxide via radical
reactions. Chem. Commun. 2018, 54, 10405—10414. (b) Zhy, J.; Yang,
W.-C; Wang, X.-d; Wu, L. Photoredox Catalysis in C—S Bond
Construction: Recent Progress in Photo-Catalyzed Formation of
Sulfones and Sulfoxides. Adv. Synth. Catal. 2018, 360, 386—400.
(c) He, X;; Yue, X;; Zhang, L; Wu, S.; Hu, M,; Li, J.-H. Multiple-
functionalizations of terminal alkynes with sodium sulfinates and tert-
butyl nitrite: facile synthesis of 2H-azirines. Chem. Commun. 2019, 5§,
3517—-3520. (d) Ye, S.; Qiu, G.; Wy, J. Inorganic sulfites as the sulfur
dioxide surrogates in sulfonylation reactions. Chem. Commun. 2019,
§5, 1013—1019. (e) Su, W. An efficient method for the oxidation of
sulfides to sulfones. Tetrahedron Lett. 1994, 35, 4955—4958.

(13) (a) Wang, Y.; Deng, L.; Zhou, J.; Wang, X.; Mei, H,; Han, J;
Pan, Y. Synthesis of Chiral Sulfonyl Lactones via Copper-Catalyzed
Asymmetric Radical Reaction of DABCO-(SO,). Adv. Synth. Catal.
2018, 360, 1060—106S. (b) Liu, T.; Zhou, W.; Wu, J. Palladium-
Catalyzed Direct C—H Functionalization of Indoles with the Insertion
of Sulfur Dioxide: Synthesis of 2-Sulfonated Indoles. Org. Lett. 2017,
19, 6638—6641. (c) Li, Y; Mao, R; Wu, J. N-Radical Initiated
Aminosulfonylation of Unactivated C(sp3)—H Bond through

https://dx.doi.org/10.1021/acs.orglett.0c03973
Org. Lett. 2021, 23, 751-756


https://dx.doi.org/10.1039/C9QO01446B
https://dx.doi.org/10.1039/C9QO01446B
https://dx.doi.org/10.1021/acscatal.8b03576
https://dx.doi.org/10.1021/acscatal.8b03576
https://dx.doi.org/10.1002/anie.201507641
https://dx.doi.org/10.1002/anie.201507641
https://dx.doi.org/10.1002/anie.201507641
https://dx.doi.org/10.1021/acs.orglett.9b03970
https://dx.doi.org/10.1021/acs.orglett.9b03970
https://dx.doi.org/10.1021/acs.orglett.9b03970
https://dx.doi.org/10.1039/C8SC03315C
https://dx.doi.org/10.1039/C8SC03315C
https://dx.doi.org/10.1039/C8CC10109D
https://dx.doi.org/10.1039/C8CC10109D
https://dx.doi.org/10.1021/acs.orglett.8b02540
https://dx.doi.org/10.1021/acs.orglett.8b02540
https://dx.doi.org/10.1021/acs.orglett.7b03984
https://dx.doi.org/10.1021/acs.orglett.7b03984
https://dx.doi.org/10.1021/acs.joc.8b03175
https://dx.doi.org/10.1021/acs.joc.8b03175
https://dx.doi.org/10.1021/acs.joc.8b03175
https://dx.doi.org/10.1002/anie.201609885
https://dx.doi.org/10.1002/anie.201609885
https://dx.doi.org/10.1002/anie.201609885
https://dx.doi.org/10.1021/acs.orglett.8b01901
https://dx.doi.org/10.1021/acs.orglett.8b01901
https://dx.doi.org/10.1021/acs.orglett.8b01901
https://dx.doi.org/10.1021/acs.orglett.7b02902
https://dx.doi.org/10.1021/acs.orglett.7b02902
https://dx.doi.org/10.1021/acs.joc.7b02714
https://dx.doi.org/10.1021/acs.joc.7b02714
https://dx.doi.org/10.1016/S0040-4039(97)00384-5
https://dx.doi.org/10.1016/S0040-4039(97)00384-5
https://dx.doi.org/10.1039/C8CC07072E
https://dx.doi.org/10.1039/C8CC07072E
https://dx.doi.org/10.1039/C8CC07072E
https://dx.doi.org/10.1039/C8CC07072E
https://dx.doi.org/10.1021/acscatal.9b02830
https://dx.doi.org/10.1021/acscatal.9b02830
https://dx.doi.org/10.1002/cctc.201901695
https://dx.doi.org/10.1002/cctc.201901695
https://dx.doi.org/10.1039/C7CC07347J
https://dx.doi.org/10.1039/C7CC07347J
https://dx.doi.org/10.1039/C7CC07347J
https://dx.doi.org/10.1002/anie.201710790
https://dx.doi.org/10.1002/anie.201710790
https://dx.doi.org/10.1002/anie.201710790
https://dx.doi.org/10.1021/acscatal.7b03432
https://dx.doi.org/10.1021/acscatal.7b03432
https://dx.doi.org/10.1021/ol0507120
https://dx.doi.org/10.1021/ol0507120
https://dx.doi.org/10.1002/anie.201707181
https://dx.doi.org/10.1002/anie.201707181
https://dx.doi.org/10.1002/anie.201707181
https://dx.doi.org/10.1002/anie.201710618
https://dx.doi.org/10.1002/anie.201710618
https://dx.doi.org/10.1002/anie.201809820
https://dx.doi.org/10.1002/anie.201809820
https://dx.doi.org/10.1039/C8GC00491A
https://dx.doi.org/10.1039/C8GC00491A
https://dx.doi.org/10.1039/C8GC00491A
https://dx.doi.org/10.1039/C7GC01932G
https://dx.doi.org/10.1039/C7GC01932G
https://dx.doi.org/10.1007/s41061-018-0192-5
https://dx.doi.org/10.1007/s41061-018-0192-5
https://dx.doi.org/10.1039/C4CC08367A
https://dx.doi.org/10.1039/C4CC08367A
https://dx.doi.org/10.1039/C4CC08367A
https://dx.doi.org/10.1021/acs.orglett.6b00324
https://dx.doi.org/10.1021/acs.orglett.6b00324
https://dx.doi.org/10.1021/acscatal.7b02735
https://dx.doi.org/10.1021/acscatal.7b02735
https://dx.doi.org/10.1021/acscatal.7b02735
https://dx.doi.org/10.1039/C5CC03038B
https://dx.doi.org/10.1039/C5CC03038B
https://dx.doi.org/10.1039/C5CC03038B
https://dx.doi.org/10.1002/med.20074
https://dx.doi.org/10.1002/med.20074
https://dx.doi.org/10.1039/C9CC03789F
https://dx.doi.org/10.1039/C9CC03789F
https://dx.doi.org/10.1039/b911852g
https://dx.doi.org/10.1021/acs.orglett.5b01634
https://dx.doi.org/10.1021/acs.orglett.5b01634
https://dx.doi.org/10.1021/jo102359n
https://dx.doi.org/10.1021/jo102359n
https://dx.doi.org/10.1021/jo102359n
https://dx.doi.org/10.1039/C8QO00661J
https://dx.doi.org/10.1039/C8QO00661J
https://dx.doi.org/10.1039/C8QO00661J
https://dx.doi.org/10.1039/C8CC05847D
https://dx.doi.org/10.1039/C8CC05847D
https://dx.doi.org/10.1039/C8CC05847D
https://dx.doi.org/10.1002/adsc.201701194
https://dx.doi.org/10.1002/adsc.201701194
https://dx.doi.org/10.1002/adsc.201701194
https://dx.doi.org/10.1039/C9CC00625G
https://dx.doi.org/10.1039/C9CC00625G
https://dx.doi.org/10.1039/C9CC00625G
https://dx.doi.org/10.1039/C8CC09250H
https://dx.doi.org/10.1039/C8CC09250H
https://dx.doi.org/10.1016/S0040-4039(00)73291-6
https://dx.doi.org/10.1016/S0040-4039(00)73291-6
https://dx.doi.org/10.1002/adsc.201701532
https://dx.doi.org/10.1002/adsc.201701532
https://dx.doi.org/10.1021/acs.orglett.7b03365
https://dx.doi.org/10.1021/acs.orglett.7b03365
https://dx.doi.org/10.1021/acs.orglett.7b03365
https://dx.doi.org/10.1021/acs.orglett.7b02010
https://dx.doi.org/10.1021/acs.orglett.7b02010
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c03973?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

Insertion of Sulfur Dioxide. Org. Lett. 2017, 19, 4472—4475.
(d) Woolven, H.; Gonzalez-Rodriguez, C.; Marco, I; Thompson, A.
L.; Willis, M. C. DABCO-Bis(sulfur dioxide), DABSO, as a
Convenient Source of Sulfur Dioxide for Organic Synthesis: Utility
in Sulfonamide and Sulfamide Preparation. Org. Lett. 2011, 13, 4876—
4878. (e) Vedovato, V.; Talbot, E. P. A; Willis, M. C. Copper-
Catalyzed Synthesis of Activated Sulfonate Esters from Boronic Acids,
DABSO, and Pentafluorophenol. Org. Lett. 2018, 20, 5493—5496.

(14) (a) Liu, Y.; Wang, Q.-L.; Chen, Z.; Li, H,; Xiong, B.-Q.; Zhang,
P.-L.; Tang, K.-W. Visible-light photoredox-catalyzed dual C—C bond
cleavage: synthesis of 2-cyanoalkylsulfonylated 3,4-dihydronaphtha-
lenes through the insertion of sulfur dioxide. Chem. Commun. 2020,
56, 3011-3014. (b) Gong, X; Li, X; Xie, W.; Wy, J; Ye, S. An
unexpected reaction of aryldiazonium tetrafluoroborates, sodium
metabisulfite, and thiourea under photoinduced conditions. Org.
Chem. Front. 2019, 6, 1863—1867. (c) Zhang, H.; Pan, C; Jin, N.; Gu,
Z.; Hu, H.; Zhu, C. Metal-free cascade construction of C—C bonds by
activation of inert C(sp’)—H bonds. Chem. Commun. 2015, SI,
1320—1322. (d) Wang, M.; Chen, S; Jiang, X. Construction of
Functionalized Annulated Sulfone via SO2/I Exchange of Cyclic
Diaryliodonium Salts. Org. Lett. 2017, 19, 4916—4919. (e) Li, Y.; Liu,
T; Qiu, G; Wu, J. Catalyst-Free Sulfonylation of (Hetero)aryl
Iodides with Sodium Dithionite. Adv. Synth. Catal. 2019, 361, 1154—
1159. (f) Gong, X.; Chen, J.; Lai, L.; Cheng, J.; Sun, J.; Wu, J. Benzylic
C(sp®)—H bond sulfonylation of 4-methylphenols with the insertion
of sulfur dioxide under photocatalysis. Chem. Commun. 2018, 54,
11172—-11175.

(15) (a) Liu, F.; Wang, J.-Y.; Zhou, P.; Li, G.; Hao, W.-]; Tu, S.-J;
Jiang, B. Merging [2 + 2] Cycloaddition with Radical 1,4-Addition:
Metal-Free Access to Functionalized Cyclobuta[a]naphthalen-4-ols.
Angew. Chem.,, Int. Ed. 2017, 56, 15570—15574. (b) Zheng, D.; Yu, J.;
Wu, J. Generation of Sulfonyl Radicals from Aryldiazonium
Tetrafluoroborates and Sulfur Dioxide: The Synthesis of 3-Sulfonated
Coumarins. Angew. Chem., Int. Ed. 2016, SS, 11925—11929.

(16) (a) An, Y.; Wu, J. Synthesis of Tetrahydropyridine Derivatives
through a Reaction of 1,6-Enynes, Sulfur Dioxide, and Aryldiazonium
Tetrafluoroborates. Org. Lett. 2017, 19, 6028—6031. (b) Gong, X;
Wang, M; Ye, S; Wu, J. Synthesis of 3-(Methylsulfonyl)benzo[b]-
thiophenes from Methyl(2-alkynylphenyl)sulfanes and Sodium
Metabisulfite via a Radical Relay Strategy. Org. Lett. 2019, 21,
1156—1160.

(17) (a) Emmett, E. J.; Hayter, B. R; Willis, M. C. Palladium-
Catalyzed Synthesis of Ammonium Sulfinates from Aryl Halides and a
Sulfur Dioxide Surrogate: A Gas- and Reductant-Free Process. Angew.
Chem., Int. Ed. 2014, 53, 10204—10208. (b) Deeming, A. S.; Russell,
C. J; Willis, M. C. Palladium(II)-Catalyzed Synthesis of Sulfinates
from Boronic Acids and DABSO: A Redox-Neutral, Phosphine-Free
Transformation. Angew. Chem., Int. Ed. 2016, 55, 747—750.
(c) Lenstra, D. C.; Vedovato, V.; Ferrer Flegeau, E.; Maydom, J.;
Willis, M. C. One-Pot Sulfoxide Synthesis Exploiting a Sulfinyl-
Dication Equivalent Generated from a DABSO/Trimethylsilyl
Chloride Sequence. Org. Lett. 2016, 18, 2086—2089. (d) Chen, Y.;
Murray, P. R. D.; Davies, A. T.; Willis, M. C. Direct Copper-Catalyzed
Three-Component Synthesis of Sulfonamides. J. Am. Chem. Soc. 2018,
140, 8781—8787. (e) Zhu, T.-H.; Zhang, X.-C.; Zhao, K.; Loh, T.-P.
Cu(OTf),-mediated C(sp>)—H arylsulfonylation of enamides via the
insertion of sulfur dioxide. Org. Chem. Front. 2019, 6, 94—98.
(f) Wang, Y.; Deng, L; Deng Y. Han, J. Copper-Catalyzed
Multicomponent Reaction of DABCO-(SO,),, Alcohols, and Aryl
Diazoniums for the Synthesis of Sulfonic Esters. ]. Org. Chem. 2018,
83, 4674—4680. (g) Wang, H.; Sun, S.; Cheng, J. Copper-Catalyzed
Arylsulfonylation and Cyclizative Carbonation of N-(Arylsulfonyl)-
acrylamides Involving Desulfonative Arrangement toward Sulfonated
Oxindoles. Org. Lett. 2017, 19, 5844—5847. (h) Chen, Y.; Willis, M.
C. Copper(i)-catalyzed sulfonylative Suzuki—Miyaura cross-coupling.
Chem. Sci. 2017, 8, 3249—3253.

(18) (a) Zhang, J.; Yang, M,; Liu, J.-B.; He, F.-S.; Wu, ]J. A copper-
catalyzed insertion of sulfur dioxide via radical coupling. Chem.
Commun. 2020, 56, 3225—3228. (b) Chen, Z.; Zhou, Q.; Wang, Q.-

756

L,; Chen, P; Xiong, B.-Q,; Liang, Y,; Tang, K-W,; Liu, Y. Iron-
Mediated Cyanoalkylsulfonylation/Arylation of Active Alkenes with
Cycloketone Oxime Derivatives via Sulfur Dioxide Insertion. Adv.
Synth. Catal. 2020, 362, 3004—3010. (c) Li, Y.; Chen, S.; Wang, M,;
Jiang, X., Sodium Dithionite-Mediated Decarboxylative Sulfonylation:
Facile Access to Tertiary Sulfones. Angew. Chem., Int. EAd.2020, S9,
8907—-8911.

(19) Zhang, J.; Li, X.; Xie, W.; Ye, S.; Wy, J. Photoredox-Catalyzed
Sulfonylation of O-Acyl Oximes via Iminyl Radicals with the Insertion
of Sulfur Dioxide. Org. Lett. 2019, 21, 4950—4954.

(20) (a) Kong, W.; Merino, E.; Nevado, C. Arylphosphonylation and
Arylazidation of Activated Alkenes. Angew. Chem., Int. Ed. 2014, 53,
5078—5082. (b) Kong, W.; Casimiro, M.; Merino, E. b.; Nevado, C.
Copper-Catalyzed One-Pot Trifluoromethylation/Aryl Migration/
Desulfonylation and C(sp*)—N Bond Formation of Conjugated
Tosyl Amides. J. Am. Chem. Soc. 2013, 135, 14480—14483.
(c) Fuentes, N.; Kong, W.; Fernandez-Sanchez, L.; Merino, E;
Nevado, C. Cyclization Cascades via N-Amidyl Radicals toward
Highly Functionalized Heterocyclic Scaffolds. J. Am. Chem. Soc. 2018,
137, 964—973. (d) Kong, W.; Fuentes, N.; Garcia-Dominguez, A.;
Merino, E.; Nevado, C. Stereoselective Synthesis of Highly Function-
alized Indanes and Dibenzocycloheptadienes through Complex
Radical Cascade Reactions. Angew. Chem., Int. Ed. 2015, 54, 2487—
2491.

(21) (a) Zhou, K; Liu, J.-B.; Xie, W.; Ye, S.; Wu, J. Photoinduced
synthesis of 2-sulfonylacetonitriles with the insertion of sulfur dioxide
under ultraviolet irradiation. Chem. Commun. 2020, 56, 2554—2557.
(b) Zheng, M.; Li, G; Lu, H. Photoredox- or Metal-Catalyzed in Situ
SO,-Capture Reactions: Synthesis of f-Ketosulfones and Allylsul-
fones. Org. Lett. 2019, 21, 1216—1220.

https://dx.doi.org/10.1021/acs.orglett.0c03973
Org. Lett. 2021, 23, 751-756


https://dx.doi.org/10.1021/acs.orglett.7b02010
https://dx.doi.org/10.1021/ol201957n
https://dx.doi.org/10.1021/ol201957n
https://dx.doi.org/10.1021/ol201957n
https://dx.doi.org/10.1021/acs.orglett.8b02445
https://dx.doi.org/10.1021/acs.orglett.8b02445
https://dx.doi.org/10.1021/acs.orglett.8b02445
https://dx.doi.org/10.1039/C9CC10057A
https://dx.doi.org/10.1039/C9CC10057A
https://dx.doi.org/10.1039/C9CC10057A
https://dx.doi.org/10.1039/C9QO00410F
https://dx.doi.org/10.1039/C9QO00410F
https://dx.doi.org/10.1039/C9QO00410F
https://dx.doi.org/10.1039/C4CC08629E
https://dx.doi.org/10.1039/C4CC08629E
https://dx.doi.org/10.1021/acs.orglett.7b02388
https://dx.doi.org/10.1021/acs.orglett.7b02388
https://dx.doi.org/10.1021/acs.orglett.7b02388
https://dx.doi.org/10.1002/adsc.201801445
https://dx.doi.org/10.1002/adsc.201801445
https://dx.doi.org/10.1039/C8CC06567E
https://dx.doi.org/10.1039/C8CC06567E
https://dx.doi.org/10.1039/C8CC06567E
https://dx.doi.org/10.1002/anie.201707615
https://dx.doi.org/10.1002/anie.201707615
https://dx.doi.org/10.1002/anie.201607292
https://dx.doi.org/10.1002/anie.201607292
https://dx.doi.org/10.1002/anie.201607292
https://dx.doi.org/10.1021/acs.orglett.7b03195
https://dx.doi.org/10.1021/acs.orglett.7b03195
https://dx.doi.org/10.1021/acs.orglett.7b03195
https://dx.doi.org/10.1021/acs.orglett.9b00100
https://dx.doi.org/10.1021/acs.orglett.9b00100
https://dx.doi.org/10.1021/acs.orglett.9b00100
https://dx.doi.org/10.1002/anie.201404527
https://dx.doi.org/10.1002/anie.201404527
https://dx.doi.org/10.1002/anie.201404527
https://dx.doi.org/10.1002/anie.201508370
https://dx.doi.org/10.1002/anie.201508370
https://dx.doi.org/10.1002/anie.201508370
https://dx.doi.org/10.1021/acs.orglett.6b00712
https://dx.doi.org/10.1021/acs.orglett.6b00712
https://dx.doi.org/10.1021/acs.orglett.6b00712
https://dx.doi.org/10.1021/jacs.8b04532
https://dx.doi.org/10.1021/jacs.8b04532
https://dx.doi.org/10.1039/C8QO01144C
https://dx.doi.org/10.1039/C8QO01144C
https://dx.doi.org/10.1021/acs.joc.8b00447
https://dx.doi.org/10.1021/acs.joc.8b00447
https://dx.doi.org/10.1021/acs.joc.8b00447
https://dx.doi.org/10.1021/acs.orglett.7b02827
https://dx.doi.org/10.1021/acs.orglett.7b02827
https://dx.doi.org/10.1021/acs.orglett.7b02827
https://dx.doi.org/10.1021/acs.orglett.7b02827
https://dx.doi.org/10.1039/C6SC05483H
https://dx.doi.org/10.1039/D0CC00375A
https://dx.doi.org/10.1039/D0CC00375A
https://dx.doi.org/10.1002/adsc.202000369
https://dx.doi.org/10.1002/adsc.202000369
https://dx.doi.org/10.1002/adsc.202000369
https://dx.doi.org/10.1002/anie.202001589
https://dx.doi.org/10.1002/anie.202001589
https://dx.doi.org/10.1021/acs.orglett.9b01323
https://dx.doi.org/10.1021/acs.orglett.9b01323
https://dx.doi.org/10.1021/acs.orglett.9b01323
https://dx.doi.org/10.1002/anie.201311241
https://dx.doi.org/10.1002/anie.201311241
https://dx.doi.org/10.1021/ja403954g
https://dx.doi.org/10.1021/ja403954g
https://dx.doi.org/10.1021/ja403954g
https://dx.doi.org/10.1021/ja5115858
https://dx.doi.org/10.1021/ja5115858
https://dx.doi.org/10.1002/anie.201409659
https://dx.doi.org/10.1002/anie.201409659
https://dx.doi.org/10.1002/anie.201409659
https://dx.doi.org/10.1039/D0CC00351D
https://dx.doi.org/10.1039/D0CC00351D
https://dx.doi.org/10.1039/D0CC00351D
https://dx.doi.org/10.1021/acs.orglett.9b00201
https://dx.doi.org/10.1021/acs.orglett.9b00201
https://dx.doi.org/10.1021/acs.orglett.9b00201
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c03973?ref=pdf

