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ABSTRACT: A nickel-catalyzed intramolecular conjunctive cross-electrophile coupling reaction has been established. This method
enables the synthesis of 3,5-vicinal carbocyclic rings found in numerous biologically active compounds and natural products. We
provide mechanistic experiments that indicate this reaction proceeds through alkyl iodides formed in situ, initiates at the secondary
electrophilic center, and proceeds through radical intermediates.

Nickel-catalyzed conjunctive cross-electrophile coupling
(XEC) reactions allow for the rapid and efficient

synthesis of highly complex scaffolds, beginning with two
electrophilic partners and an olefin (Scheme 1).1,2 These
reactions pose major challenges in achieving high levels of
stereo-, regio-, and chemoselectivity, particularly when
performing three-component reactions (Scheme 1a). Building
upon the mechanistic insights from XEC reactions,3,4 several
strategies have been established to achieve selectivity, including
mechanistic differentiation of the electrophiles or employing an
excess of one reagent.5−8 In addition, the use of directing
groups can also favor regio- and chemoselective reactions and
allow for the use of unactivated conjunctive reagents.9 An
additional strategy, tethering one electrophile and alkene
together to afford a two-component reaction, also significantly
addresses the selectivity challenges and at the same time
constructs cyclic fragments (Scheme 1b).10−12 We envisioned
a fully intramolecular nickel-catalyzed conjunctive XEC
reaction to provide vicinal ring systems (Scheme 1c).13,14

This manifold engages two unactivated electrophiles and an
internal olefin, and generates two carbocycles in a single step.
Vicinal 3,5-carbocyclic motifs are present in a number of
biologically active compounds and natural products, and
cyclopropanes themselves are common in medicinal chemistry
(Scheme 1d).15−19 We sought to prepare vicinal 3,5-
carbocyclic motifs by a nickel-catalyzed conjunctive XEC
reaction, where a single cascade reaction would construct both
carbocyclic moieties.

In this manuscript, we report an intramolecular nickel-
catalyzed conjunctive XEC reaction (Scheme 1c). The
mechanistic framework of this reaction builds on our
laboratory’s development of intramolecular XEC reactions of
1,3-dimesylates.20 In addition, it complements traditional
radical reactions that initiate at alkyl halides and cascade
forward to forge multiple ring systems.21,22 We provide

preliminary mechanistic experiments to demonstrate that this
reaction likely involves radical intermediates.

To begin, we designed a model substrate, dimesylate 1, that
contained two alkyl mesylates and an internal olefin. Based on
previously developed cross-coupling and XEC reactions in our
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laboratory, we hypothesized that the secondary mesylate would
be activated by the nickel catalyst and cascade forward through
a 5-exo-trig cyclization.19,23,24 The proposed reaction would
terminate by 3-exo-tet cyclization to afford the desired vicinal
carbocycle 2. First, we examined the previously developed
conditions for the synthesis of cyclopropanes from 1,3-
dimesylates, employing Ni(cod)2, racemic BINAP, and
methylmagnesium iodide. We were delighted to observe the
desired product in 85% yield (Table 1, entry 1). Next, to

confirm that a rac-BINAP ligated nickel catalyst was
responsible for the conjunctive XEC reaction, we performed
the reaction without ligand; the yield decreased to 29% (entry
2). With these results, we then evaluated a series of ligands.
While all ligands provided the desired product, rac-BINAP
proved to be the optimal ligand (entries 1, 3−5). In the
absence of the nickel catalyst and ligand, only diiodide (3a)
was observed (entry 6). This result is consistent with
formation of diiodides in situ as reactive intermediates.19,25 It
also confirms that the nickel catalyst is necessary for the
conjunctive XEC reaction to occur. Finally, we evaluated
alternative reductants, including zinc, manganese, and TDAE,
and found that the Grignard reagent provided the highest yield
and minimal amounts of reduction product 4 (entries 7−10).

With optimal reaction conditions in hand, we investigated
the scope of the cascade reaction (Scheme 2). We were
delighted to observe that both electron-donating and electron-
withdrawing substituents were well tolerated under our
standard reaction conditions (2, 5−9). In addition, the cascade
reaction with dimesylate 1 could be scaled 5-fold and retain
similar yields. The cascade reaction also allowed for synthesis
of a substituted tetrahydrofuran (10). Finally, a trisubstituted
alkene was subjected to the reaction conditions and afforded
adjacent quaternary and tertiary centers (11), albeit in
moderate yield. For transformations where small amounts of

olefinic byproducts were observed, dihydroxylation could be
performed to ease purification of the desired product.26

Next, we turned our attention toward determining key
features of the mechanism of this conjunctive XEC reaction.
We hypothesized that the mechanism could proceed via two
different pathways, involving either migratory insertion of an
organonickel intermediate or a radical cyclization. Performing
the cascade reaction with a single olefin isomer of dimesylate 1
provides a probe for radical versus organometallic cyclization
(Scheme 3).27 Migratory insertion is a stereospecific process28

and would be expected to provide a single diastereomer of
cyclopentane 2. In contrast, radical cyclization would be
stereoablative and lead to formation of both diastereomers. We
separated the alkene diastereomers, employing silver impreg-
nated silica gel, and subjected them separately to the cascade
reaction. We observed that both (E)- and (Z)-1 produced the
same major diastereomer in 2:1 dr. This result is consistent
with a radical exo-trig cyclization and not migratory insertion
of an organonickel species.

We aimed to further corroborate the proposed radical exo-
trig cyclization by examining reactions of diiodide 3a. First, to
confirm that diiodide was a competent intermediate in the
catalytic cycle, we subjected 3a to the standard reaction
conditions and observed product 2 in 73% yield (Table 2,
entry 1). Therefore, we propose that dimesylate 1 is converted
to diiodide 3a in situ, and this intermediate engages the nickel

Table 1. Cascade Reaction Optimizationa

entry
deviation from

standard conditions
recovered
1 (%)b

product
2 (%)b

dihalide
3 (%)b

reduction
4 (%)b

1 None 0 85 0 0
2 No Ligand 0 29 18 12
3 Dppm instead of rac-

BINAP
0 49 0 0

4 BPhen instead of
rac-BINAP

0 31 38 22

5 Bipy instead of rac-
BINAP

0 46 0 0

6 No Nickel or Ligand 0 0 86 0
7c Zn and NaI instead

of MeMgI
15 <5 17 23

8d Zn and MgBr2
instead of MeMgI

0 <5 54 19

9e Mn and NaI/TMSCl
instead of MeMgI

38 0 0 11

10f TDAE and NaI
instead of MeMgI

22 <5 0 12

aR = 4-MeO-C6H4.
b1H NMR yield with PhTMS as standard. cZn (2

equiv), NaI (8 equiv). dZn, MgBr2 (2 equiv). eMn and NaI (2 equiv),
TMSCl (1 equiv). fTDAE, NaI (2 equiv).

Scheme 2. Conjunctive XEC Reaction Scopea

aReaction performed on 0.1 mmol scale unless otherwise noted.
bReaction performed on 0.5 mmol scale. cYield in parentheses is 1H
NMR yield compared to PhTMS as an internal standard.

Scheme 3. Control Reaction with Single Alkene
Diastereomer
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catalyst by halogen atom transfer (XAT).19,29 If radical
intermediates are operative, we should observe a decrease in
yield with known radical inhibitors. Indeed, when 1 equiv of
TEMPO was added to the standard reaction conditions, we
observed a decrease in yield (Table 2, entry 2). In addition, we
hypothesized that radical initiators, such as SmI2, should
produce the desired carbocyclic system.21 Upon subjecting
diiodide (3a) to a reaction with freshly prepared SmI2,

30 we
were excited to observe the desired cascade product in 56%
yield and as a 1.5:1 mixture of diastereomers (Table 2, entry
3). These results are consistent with radical formation at one of
the electrophilic centers and indicate that one or both
cyclizations are radical mediated.

Finally, we aimed to understand which electrophile was
activated first. Based on the selectivity of XAT reactions, we
hypothesized that the reaction initiated at the secondary
center.19 However, we had observed the formation of
reduction product 4 in the optimization studies (vide supra)
and considered that the primary iodide may engage the nickel
complex first. We designed the following competition experi-
ment to investigate the order of events. We synthesized two
mesylates: one with a 2° mesylate (12) and one with a 1°
mesylate (15). In a competition experiment between
dimesylate 1 and 2° mesylate 12, we observed a 1.5:1 ratio
of products (Scheme 4a). However, in a similar competition

experiment, now employing 1° mesylate 15, the product ratio
observed was 2.6:1 (Scheme 4b). The 2° mesylate 12 reacted
at a competitive rate compared to dimesylate 1 and
demonstrated that the 2° mesylate reacted faster than the 1°
mesylate. These results indicate that the productive pathway
for the conjunctive XEC reaction initiates at the secondary
center. This selectivity is consistent with previous observations
that secondary alkyl halides react at a faster rate than primary
halides with nickel catalysts.19,28

Based on the mechanistic experiments, we proposed the
following plausible reaction mechanism (Scheme 4c). Begin-
ning from diiodide 3a, generated in situ, halogen atom transfer
occurs at the secondary alkyl iodide to generate alkyl radical
18. This secondary alkyl radical cyclizes to afford the
cyclopentane ring 19.31 This radical cyclization is consistent
with formation of a mixture of diastereomers from either cis- or
trans-alkenes (vide supra). Following this step, radical or
nickel-mediated 3-exo-tet cyclization would afford cyclo-
propane 2. Cyclization could occur by direct SH2-type
cyclization of 19 to generate iodine radical, or by formation
of a nucleophilic alkylnickel(II) intermediate that undergoes
SN2-type cyclization. Both pathways eventually lead to a
nickel(II) complex, which is reduced by the Grignard reagent
to regenerate the nickel(0) catalyst.32

In conclusion, we have developed a nickel-catalyzed cascade
reaction for synthesis of 3,5-vicinal carbocyclic motifs. We have
demonstrated the scope of the reaction to include electron-
donating and -withdrawing groups. In addition, we have
provided preliminary mechanistic experiments to demonstrate
that alkyl iodides are likely generated in situ and that the
cascade reaction likely proceeds through radical intermediates.
Future work includes delineating the remaining steps of the
reaction mechanism, including the nature of the 3-exo-tet
cyclization, and development of related cascade reactions.
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Table 2. Control Reactions with Diiodide 3a

entry deviation from standard conditions yield 2 (%)a

1 None 73
2 1 equiv of TEMPO added 48
3 SmI2 and THF instead of Ni, Ligand, and MeMgI 56b

aBy 1H NMR compared to PhTMS standard. bIsolated yield.

Scheme 4. Competition Experiments and Proposed
Reaction Mechanism (R1 = 4-MeO-C6H4, R2 = 4-BnO-
C6H4)

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.2c02481
Org. Lett. 2022, 24, 6093−6098

6095

https://pubs.acs.org/doi/10.1021/acs.orglett.2c02481?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.2c02481/suppl_file/ol2c02481_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Elizabeth+R.+Jarvo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-2818-4038
https://orcid.org/0000-0002-2818-4038
mailto:erjarvo@uci.edu
mailto:erjarvo@uci.edu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kirsten+A.+Hewitt"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-9111-9837
https://orcid.org/0000-0002-9111-9837
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Claire+A.+Herbert"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-8010-9465
https://orcid.org/0000-0002-8010-9465
https://pubs.acs.org/doi/10.1021/acs.orglett.2c02481?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.2c02481?fig=tbl2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.2c02481?fig=tbl2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.2c02481?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.2c02481?fig=sch4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.2c02481?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ ACKNOWLEDGMENTS
This work was supported by the National Institute of Health
(NIH) (R01GM135603, E.R.J.), the Allergan Research
Fellowship (K.A.H.), and UCI Dissertation Fellowship
(K.A.H.). Patricia C. Lin is acknowledged for the 0.5-mmol-
scale synthesis of compound 2. Dr. Felix Grun and the UC
Irvine Mass Spectrometry Facility are acknowledged for mass
spectrometry and gas chromatography data.

■ REFERENCES
(1) Reviews of nickel catalysis: (a) Modern Organonickel Chemistry;

Tamaru, Y., Ed.; Wiley-VCH: Weinheim, 2005. (b) Tasker, S. Z.;
Standley, E. A.; Jamison, T. F. Recent Advances in Homogenous
Nickel Catalysis. Nature 2014, 509, 299−309. (c) Nickel Catalysis in
Organic Synthesis: Methods and Reactions; Ogoshi, S., Ed.; Wiley: 2020.
(2) Reviews of conjunctive XC and XEC reactions: (a) Derosa, J.;

Tran, V. T.; van der Puyl, V. A.; Engle, K. M. Carbon−Carbon Bond
π-Bonds as Conjunctive Reagents in Cross-Coupling. Aldrichimica
Acta 2018, 51, 21−32. (b) Zhang, J.-S.; Liu, L.; Chen, T.; Han, L.-B.
Transition-Metal-Catalyzed Three-Component Difunctionalization of
Alkenes. Chem.�Asian J. 2018, 13, 2277−2291. (c) Qi, X.; Diao, T.
Nickel-Catalyzed Dicarbofunctionalization of Alkenes. ACS Catal.
2020, 10, 8542−8556. (d) Derosa, J.; Apolinar, O.; Kang, T.; Tran, V.
T.; Engle, K. M. Recent Deveopments in Nickel-Catalyzed
Intermolecular Dicarbofunctionalization of Alkenes. Chem. Sci.
2020, 11, 4287−4296. (e) Badir, S. O.; Molander, G. A. Develop-
ments in Photoredox/Nickel Dual Catalyzed 1,2-Dicarbofunctional-
izations. Chem. 2020, 6, 1327−1339. (f) Tu, H.-Y.; Zhu, S.; Qing, F.-
L.; Chu, L. Recent Advances in Nickel-Catalyzed Three Component
Difunctionalization of Unactivated Alkenes. Synthesis 2020, 52, 1346−
1356. (g) Ping, Y.; Kong, W. Ni-Catalyzed Reductive Difunctionaliza-
tion of Alkenes. Synthesis 2020, 52, 979−992. (h) Wickham, L. M.;
Giri, R. Transition Metal (Ni, Cu, Pd)-Catalyzed Alkene Dicarbo-
functionalization Reactions. Acc. Chem. Res. 2021, 54, 3415−3437.
(i) Zhu, S.; Zhao, X.; Li, H.; Chu, L. Catalytic Three-Component
Dicarbofuncationalization Reaction Involving Radical Capture by
Nickel. Chem. Soc. Rev. 2021, 50, 10836−10856. (j) Gao, P.; Niu, Y.-
J.; Yang, F.; Guo, L. N.; Duan, X.-H. Three-Component 1,2-
Dicarbofunctionalization of Alkenes Involving Alkyl Radicals. Chem.
Commun. 2022, 58, 730−746.
(3) Reviews of XEC reactions: (a) Knappke, C. E. I.; Grupe, S.;

Gärtner, D.; Corpet, M.; Gosmini, C.; Jacobi von Wangelin, A.
Reductive Cross-Coupling Reactions between Two Electrophiles.
Chem.�Eur. J. 2014, 20, 6828−6842. (b) Everson, D. A.; Weix, D. J.
Cross-Electrophile Coupling: Principles of Reactivity and Selectivity.
J. Org. Chem. 2014, 79, 4793−4798. (c) Gu, J.; Wang, X.; Xue, W.;
Gong, H. Nickel-Catalyzed Reductive Coupling of Alkyl Halides with
Other Electrophiles: Concept and Mechanistic Considerations. Org.
Chem. Front. 2015, 2, 1411−1421. (d) Goldfogel, M.; Huang, L.;
Weix, D. J. Cross-Electrophile Coupling. In Nickel Catalysis in Organic
Synthesis; Ogoshi, S., Ed.; Wiley, 2020; 183−222. (e) Richmond, E.;
Moran, J. Recent Advances in Nickel Catalysis Enabled by
Stoichiometric Metallic Reducing Agents. Synthesis 2018, 50, 499−
513. (f) Campeau, L.-C.; Hazari, N. Cross-Coupling and Related
Reactions: Connecting Past Success to the Development of New
Reactions for the Future. Organometallics 2019, 38, 3−35. (g) Hewitt,
K. A.; Lin, P. C.; Raffman, E. T. A.; Jarvo, E. R. C−C Bond Formation
Through Cross-Electrophile Coupling Reaction. Comprehensive
Organometallic Chemistry IV; Elsevier: 2021.
(4) Discussion of conjunctive XEC reaction mechanisms: (a) Lin,

Q.; Diao, T. Mechanism of Ni-Catalyzed Reductive 1,2-Dicarbofunc-
tionalization of Alkenes. J. Am. Chem. Soc. 2019, 141, 17937−17948.
(b) Diccianni, J.; Lin, Q.; Diao, T. Mechanism of Nickel-Catalyzed
Coupling Reactions and Applications in Alkene Functionalization.
Acc. Chem. Res. 2020, 53, 906−919.
(5) Representative examples of conjunctive XEC reactions using

activated alkenes: (a) García-Domínguez, A.; Li, Z.; Nevado, C.
Nickel-Catalyzed Reductive Dicarbofunctionalization of Alkenes. J.

Am. Chem. Soc. 2017, 139, 6835−6838. (b) Wang, L.; Wang, C.
Nickel-Catalyzed Three-Component Reductive Alkylacylation of
Electron Deficient Activated Alkenes. Org. Lett. 2020, 22, 8829−
8835. (c) Zhao, Q.-W.; Yang, Z.-F.; Fu, X.-P.; Zhang, X. Access to
α,α-Diflouro-γ-Amino Acids by Nickel-Catalyzed Reductive Aryldi-
fluoroacetylation of N-Vinylacetamide. Synlett 2021, 32, 1565−1569.
(d) Wang, X.-X.; Lu, X.; He, S.-J.; Fu, Y. Nickel-Catalyzed Three-
Component Olefin Reductive Dicarbofunctionalization to Access
Alkylborates. Chem. Sci. 2020, 11, 7950−7956. (e) Feng, X.; Guo, L.;
Zhu, S.; Chu, L. Borates as a Traceless Activation Group for
Intermolecular Alkylarylation of Ethylene through Photoredox/Nickel
Dual Catalysis. Synlett 2021, 32, 1519−1524.
(6) Representative example of conjunctive XEC reactions with

terminal alkenes: Shu, W.; García-Domínguez, A.; Quirós, M. T.;
Mondal, R.; Cárdenas, D. J.; Nevado, C. Ni-Catalyzed Reductive
Dicarbofunctionalization of Nonactivated Alkenes: Scope and
Mechanistic Insights. J. Am. Chem. Soc. 2019, 141, 13812−13821.
(7) Lead examples of enantioselective conjunctive XEC reactions:

(a) Anthony, D.; Lin, Q.; Baudet, J.; Diao, T. Nickel-Catalyzed
Asymmetric Reductive Diarylation of Vinylarenes. Angew. Chem., Int.
Ed. 2019, 58, 3198−3202. (b) Wei, X.; Shu, W.; García-Domínguez,
A.; Merino, E.; Nevado, C. Asymmetric Ni-Catalyzed Radical Relayed
Reductive Coupling. J. Am. Chem. Soc. 2020, 142, 13515−13522.
(c) Tu, H.-Y.; Wang, F.; Huo, L.; Li, Y.; Zhu, S.; Zhao, X.; Li, H.;
Qing, F.-L.; Chu, L. Enantioselective Three-Component Fluoroalky-
larylation of Unactivated Olefins through Nickel-Catalyzed Cross-
Electrophile Coupling. J. Am. Chem. Soc. 2020, 142, 9604−9611.
(8) Lead examples of conjunctive XEC reactions employing dual

photoredox and nickel catalysis: (a) Guo, L.; Tu, H.-Y.; Zhu, S.; Chu,
L. Selective, Intermolecular Alkylarylation of Alkenes via Photoredox/
Nickel Dual Catalysis. Org. Lett. 2019, 21, 4771−4776. (b) García-
Domínguez, A.; Mondal, R.; Nevado, C. Dual Photoredox/Nickel-
Catalyzed Three-Component Carbodifunctionalization of Alkenes.
Angew. Chem., Int. Ed. 2019, 58, 12286−12290. (c) Qian, P.; Guan,
H.; Wang, Y.-E.; Lu, Q.; Zhang, Z.; Xiong, D.; Walsh, P. J.; Mao, J.
Catalytic Enantioselective Reductive Domino Alkyl Arylation of
Acrylates via Nickel/Photoredox Catalysis. Nat. Commun. 2021, 12,
6613.
(9) Lead examples of conjunctive XEC reactions with directing

groups: (a) Yang, T.; Chen, X.; Rao, W.; Koh, M. J. Broadly
Applicable Directed Catalytic Reductive Difunctionalization of
Alkenyl Carbonyl Compounds. Chem. 2020, 6, 738−751. (b) Yang,
T.; Jiang, Y.; Luo, Y.; Lim, J. J. H.; Lan, Y.; Koh, M. J. Chemoselective
Union of Olefins, Organohalides, and Redox-Active Esters Enables
Regioselective Alkene Dialkylation. J. Am. Chem. Soc. 2020, 142,
21410−21419. (c) Pan, R.; Shi, C.; Zhang, D.; Tian, Y.; Guo, S.; Yao,
H.; Lin, A. Nickel-Catalyzed Reductive 1,2-Dialkynylation of Alkenes
Bearing an 8-Aminoquinoline Directing Group. Org. Lett. 2019, 21,
8915−8920. (d) Zhao, X.; Tu, H.-Y.; Guo, L.; Zhu, S.; Qing, F. L.;
Chu, L. Intermolecular Selective Carboacylation of Alkenes via
Nickel-Catalyzed Reductive Radical Relay. Nat. Commun. 2018, 9,
3488.
(10) Lead examples of two component conjunctive XEC reactions

where the C(sp2) electrophile is tethered to the alkene: (a) Yan, C. S.;
Peng, Y.; Xu, X.-B.; Wang, Y.-W. Nickel-Mediated Inter- and
Intramolecular Reductive Cross-Coupling of Unactivated Alkyl
Bromides and Aryl Iodides at Room Temperature. Chem.�Eur. J.
2012, 18, 6039−6048. (b) Wang, K.; Ding, Z.; Zhou, Z.; Kong, W.
Ni-Catalyzed Enantioselective Reductive Diarylation of Activated
Alkenes by Domino Cyclization/Cross-Coupling. J. Am. Chem. Soc.
2018, 140, 12364−12368. (c) Jin, Y.; Wang, C. Ni-Catalyzed
Asymmetric Reductive Arylalkylation of Unactivated Alkenes.
Angew. Chem., Int. Ed. 2019, 58, 6722−6726. (d) Tian, Z.-X.; Qiao,
J.-B.; Xu, G.-L.; Pang, X.; Qi, L.; Ma, W.-Y.; Zhao, Z.-Z.; Duan, J.; Du,
Y.-F.; Su, P.; Liu, X.-Y.; Shu, X.-Z. Highly Enantioselective Cross-
Electrophile Aryl-Alkenylation of Unactivated Alkenes. J. Am. Chem.
Soc. 2019, 141, 7637−7643. (e) Ma, T.; Chen, Y.; Li, Y.; Ping, Y.;
Kong, W. Nickel-Catalyzed Enantioselective Reductive Aryl Fluo-
roalkenylation of Alkenes. ACS Catal. 2019, 9, 9127−9133. (f) Fan,

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.2c02481
Org. Lett. 2022, 24, 6093−6098

6096

https://doi.org/10.1038/nature13274
https://doi.org/10.1038/nature13274
https://doi.org/10.1002/asia.201800647
https://doi.org/10.1002/asia.201800647
https://doi.org/10.1021/acscatal.0c02115?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9SC06006E
https://doi.org/10.1039/C9SC06006E
https://doi.org/10.1016/j.chempr.2020.05.013
https://doi.org/10.1016/j.chempr.2020.05.013
https://doi.org/10.1016/j.chempr.2020.05.013
https://doi.org/10.1055/s-0039-1690842
https://doi.org/10.1055/s-0039-1690842
https://doi.org/10.1055/s-0039-1690807
https://doi.org/10.1055/s-0039-1690807
https://doi.org/10.1021/acs.accounts.1c00329?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.1c00329?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1CS00399B
https://doi.org/10.1039/D1CS00399B
https://doi.org/10.1039/D1CS00399B
https://doi.org/10.1039/D1CC05730H
https://doi.org/10.1039/D1CC05730H
https://doi.org/10.1002/chem.201402302
https://doi.org/10.1021/jo500507s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C5QO00224A
https://doi.org/10.1039/C5QO00224A
https://doi.org/10.1055/s-0036-1591853
https://doi.org/10.1055/s-0036-1591853
https://doi.org/10.1021/acs.organomet.8b00720?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00720?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00720?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b10026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b10026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.0c00032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.0c00032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b03195?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c03210?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c03210?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0040-1706553
https://doi.org/10.1055/s-0040-1706553
https://doi.org/10.1055/s-0040-1706553
https://doi.org/10.1039/D0SC02054K
https://doi.org/10.1039/D0SC02054K
https://doi.org/10.1039/D0SC02054K
https://doi.org/10.1055/a-1320-6946
https://doi.org/10.1055/a-1320-6946
https://doi.org/10.1055/a-1320-6946
https://doi.org/10.1021/jacs.9b02973?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b02973?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b02973?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201900228
https://doi.org/10.1002/anie.201900228
https://doi.org/10.1021/jacs.0c05254?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c05254?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c03708?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c03708?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c03708?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01658?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b01658?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201906692
https://doi.org/10.1002/anie.201906692
https://doi.org/10.1038/s41467-021-26794-8
https://doi.org/10.1038/s41467-021-26794-8
https://doi.org/10.1016/j.chempr.2019.12.026
https://doi.org/10.1016/j.chempr.2019.12.026
https://doi.org/10.1016/j.chempr.2019.12.026
https://doi.org/10.1021/jacs.0c09922?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c09922?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c09922?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b03147?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.9b03147?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41467-018-05951-6
https://doi.org/10.1038/s41467-018-05951-6
https://doi.org/10.1002/chem.201200190
https://doi.org/10.1002/chem.201200190
https://doi.org/10.1002/chem.201200190
https://doi.org/10.1021/jacs.8b08190?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b08190?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201901067
https://doi.org/10.1002/anie.201901067
https://doi.org/10.1021/jacs.9b03863?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b03863?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.9b03172?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.9b03172?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.2c02481?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


P.; Lan, Y.; Zhang, C.; Wang, C. Nickel-Photo-Cocatalyzed
Asymmetric Acyl-Carbamoylation of Alkenes. J. Am. Chem. Soc.
2020, 142, 2180−2186. (g) Yang, J.; Yang, L.; Gu, J.; Shuai, L.; Wang,
H.; Ouyang, Q.; Li, Y.-L.; Liu, H.; Gong, L. Nickel-Catalyzed
Reductive Cascade Arylalkylation of Alkenes with Alkylpyridinium
Salts. Org. Lett. 2022, 24, 2376−2380.
(11) Lead examples of two component conjunctive XEC reactions

where the C(sp3) electrophile is tethered to the alkene: (a) Reference
10a. (b) Yin, H.; Zhao, C.; You, H.; Lin, K.; Gong, H. Mild Ketone
Formation via Ni-Catalyzed Reductive Coupling of Unactivated Alkyl
Halides with Acid Anhydrides. Chem. Commun. 2012, 48, 7034−7036.
(c) Peng, Y.; Xu, X.-B.; Xiao, J.; Wang, Y.-W. Nickel-Mediated
Stereocontrolled Synthesis of Spiroketals via Tandem Cyclization of
β-Bromo Ketals and Aryl Iodides. Chem. Commun. 2014, 50, 472−
474. (d) Kuang, Y.; Wang, X.; Anthony, D.; Diao, T. Ni-Catalyzed
Two Component Reductive Difunctionalization of Alkenes via
Radical Cyclization. Chem. Commun. 2018, 54, 2558−2561.
(e) Weires, N. A.; Slutskyy, Y.; Overman, L. E. Facile Preparation
of Spirolactones by Alkoxycarbonyl Radical Cyclization Cross-
Coupling Cascade. Angew. Chem. Int. Ed. 2019, 58, 8561−8565.
(12) Lead example of two component conjunctive XEC reactions

where the two electrophiles are tethered: Wang, H.; Huang, H.; Gong,
C.; Diao, Y.; Chen, J.; Wu, S.-H.; Wang, L. Nickel-Catalyzed Chemo-
and Regioselective Benzylarylation of Unactivated Alkenes with o-
Bromobenzyl Chlorides. Org. Lett. 2022, 24, 328−333.
(13) Examples of fully intramolecular conjunctive XEC reactions:

(a) Reference 10a. (b) Xiao, J.; Wang, Y.-W.; Peng, Y. Nickel-
Promoted Reductive Cyclization Cascade: A Short Synthesis of a New
Aromatic Strigolactone Analogue. Synthesis 2017, 49, 3576−3581.
(c) Peng, Y.; Xiao, J.; Xu, X.-B.; Duan, S.-M.; Ren, L.; Shao, Y.-L.;
Wang, Y.-W. Stereospecfic Synthesis of Tetrahydronaptho[2,3-
b]furans Enabled by a Nickel-Promoted Tandem Reductive
Cyclization. Org. Lett. 2016, 18, 5170−5173. (d) Xiao, J.; Cong, X.-
W.; Yang, G.-Z.; Wang, Y.-W.; Peng, Y. Divergent Asymmetric
Syntheses of Podophyllotoxin and Related Family Members via
Stereospecific Reductive Ni-Catalysis. Org. Lett. 2018, 20, 1651−
1654. (e) Xiao, J.; Wang, Y.-W.; Qiu, Z.-P.; Peng, Y. Ni-Catalyzed
Intramolecular Reductive 1,2-Dicarbofunctionalization of Alkene:
Facile Access to Podophyllum Lignans Core. Synlett 2021, 32,
1662−1664.
(14) For a discussion of the difficulties in the synthesis of vicinal

carbocycles, see: Woo, S.; Shenvi, R. A. Natural Product Synthesis
through the Lens of Informatics. Acc. Chem. Res. 2021, 54, 1157−
1167.
(15) (a) Nicolaou, K. C.; Edmonds, D. J.; Bulger, P. G. Cascade

Reactions in Total Synthesis. Angew. Chem., Int. Ed. 2006, 45, 7134−
7186. (b) Nicolaou, K. C.; Chen, J. S. The Art of Total Synthesis
Through Cascade Reactions. Chem. Soc. Rev. 2009, 38, 2993−3009.
(c) Sebren, L. J.; Devery, J. J.; Stephenson, C. R. J. Catalytic Radical
Domino Reactions in Organic Synthesis. ACS Catal. 2014, 4, 703−
716. (d) Yu, C.; Huang, H.; Sheng, C.; Wang, W. Designing Efficient
Cascade Reactions in Drug Discovery. In Green Chemistry in Drug
Discovery; Richardson, P. F., Ed.; 2022; pp 213−235.
(16) (a) Taber, D. F.; Tian, W. Synthesis of (−)-Hamigeran B. J.
Org. Chem. 2008, 73, 7560−7564. (b) Wellington, K. D.; Cambie, R.
C.; Rutledge, P. S.; Bergquist, P. C. Chemistry of Sponges. 19. Novel
Bioactive Metabolites from Hamigera Tarangaensis. J. Nat. Prod.
2000, 63, 79−85.
(17) Imbriglio, J. E.; Chang, S.; Liang, R.; Raghavan, S.; Schmidt, D.;

Smenton, A.; Tria, S.; Schrader, T. O.; Jung, J.-K.; Esser, C.; Taggart,
A. K. P.; Cheng, K.; Carballo-Jane, E.; Waters, M. G.; Tata, J. R.;
Colletti, S. L. GPR109a Agonists. Part 1:5-Alkyl and 5-Aryl Pyrazole-
tetrazoles as Agonists of the Human Orphan G-Protein Coupled
Receptor GPR109a. Bioorg. Med. Chem. Lett. 2009, 19, 2121−2124.
(18) Symon, A. V.; Veselova, N. N.; Kaplun, A. P.; Vlasenkova, N.

K.; Fedorova, G. A.; Lyutik, A. I.; Gerasimova, G. K.; Shvets, V. I.
Synthesis and Antitumor Activity of Cyclopropane Derivatives of
Betulinic and Betulonic Acids. Rus. J. Bioorg, Chem. 2005, 31, 286−
291.

(19) (a) Talele, T. The “Cylcopropane Fragment” is a Versatile
Player that Frequently Appears in Preclinical/Clinical Drug
Molecules. J. Med. Chem. 2016, 59, 8712−8756. (b) Salaün, J.
Cyclopropane Derivatives and their Diverse Biological Profile. In
Small Ring Compounds in Organic Synthesis VI; de Meijere, A., Ed.;
2000; pp 1−67. (c) Robles, O.; Serna-Saldívar, S. O.; Gutiérrez-Uribe,
J. A.; Romo, D. Cycloproponations of Olefin-Containing Natural
Products for Simultaneous Arming and Structure Activity Studies.
Org. Lett. 2012, 14, 1394−1397. (d) DeAngelis, A.; Panish, R.; Fox, J.
M. Rh-Catalyzed Intermolecular Reactions of α-Alkyl-α-Diazo
Carbonyl Compounds with Selectivity over β-Hydride Migration.
Acc. Chem. Res. 2016, 49, 115−127.
(20) Sanford, A. B.; Thane, T. A.; McGinnis, T. M.; Chen, P.-P.;

Hong, X.; Jarvo, E. R. Nickel-Catalyzed Alkyl-Alkyl Cross-Electrophile
Coupling Reaction of 1,3-Dimesylates for the Synthesis of
Alkylcyclopropanes. J. Am. Chem. Soc. 2020, 142, 5017−5023.
(21) Reviews: (a) Ikeda, S.-I. Nickel-Catalyzed Intermolecular

Domino Reactions. Acc. Chem. Res. 2000, 33, 511−519. (b) Tietze, L.
F. Domino Reactions: Concepts for Efficient Organic Synthesis; Wiley-
VCH: Weinheim, 2014. (c) Malacria, M. Selective Preparation of
Complex Polycyclic Molecules from Acyclic Precursor via Radical
Mediated- or Transition Metal-Catalyzed Cascade Reactions. Chem.
Rev. 1996, 96, 289−306. (d) Liu, Z.-Q. Radical Cascade Reactions.
Free Radicals: Fundamentals and Applications in Organic Synthesis 2;
Georg Thieme Verlag KG: Stuttgart, 2021. (e) Jahn, U. Radicals in
Transition Metal Catalyzed Reaction? Transition Metal Catalyzed
Radical Reactions?: A Fruitful Interplay Anyway. Top. Curr. Chem.
2011, 320, 323−451. (f) Zhang, G.; Liu, Y.; Zhao, J.; Li, Y.; Zhang, Q.
Radical Cascade Reactions of Unsaturated C−C Bonds Involving
Migration. Sci. China Chem. 2019, 62, 1476−1491. (g) Romero, K. J.;
Galliher, M. S.; Pratt, D. A.; Stephenson, C. R. J. Radicals in Natural
Product Synthesis. Chem. Soc. Rev. 2018, 47, 7851−7866. (h) Yoder,
R. A.; Johnston, J. N. A Case Study in Biomimetic Total Synthesis:
Polyolefin Carbocyclizations to Terpenes and Steroids. Chem. Rev.
2005, 105, 4730−4756. (i) Negishi, E.-I. Zipper-Mode Cascade
Carbometallation for Construction of Polycyclic Structures. Pure Appl.
Chem. 1992, 64, 323−334.
(22) Reviews: (a) Plesniak, M. P.; Huang, H.-M.; Procter, D. J.

Radical Cascade Reactions Triggered by Single Electron Transfer.
Nat. Rev. 2017, 1, 0077. (b) Huang, H.-M.; Garduño-Castro, M. H.;
Morrill, C.; Procter, D. J. Catalytic Cascade Reactions by Radical
Relay. Chem. Soc. Rev. 2019, 48, 4626−4638.
(23) Harris, M. R.; Konev, M. O.; Jarvo, E. R. Enantiospecific

Intramolecular Heck Reactions of Secondary Benzylic Ethers. J. Am.
Chem. Soc. 2014, 136, 7825−7828.
(24) Dimesylate 1 was prepared in five steps; see SI.
(25) Examples of nickel-catalyzed reactions that produce alkyl

halides in situ: (a) Prinsell, M. R.; Everson, D. A.; Weix, D. J. Nickel-
Catalyzed, Sodium Iodide-Promoted Reductive Dimerization of Alkyl
Halides, Alkyl Pseudohalides, and Allylic Acetates. Chem. Commun.
2010, 46, 5743−5745. (b) Do, H. Q.; Chandrashekar, E. R. R.; Fu, G.
C. Nickel/Bis(oxazoline)-Catalyzed Asymmetric Negishi Arylations of
Racemic Secondary Benzylic Electrophiles to Generate Enantioen-
riched 1,1-Diarylalkanes. J. Am. Chem. Soc. 2013, 135, 16288−16291.
(c) Liang, Z.; Xue, W.; Lin, K.; Gong, H. Nickel-Catalyzed Reductive
Methylation of Alkyl Halides and Acid Chlorides with Methyl p-
Tosylate. Org. Lett. 2014, 16, 5620−5623. (d) Duan, J.; Du, Y.-F.;
Pang, X.; Shu, X.-Z. Ni-Catalyzed Cross-Electrophile Coupling
between Vinyl/Aryl and Alkyl Sulfonates: Synthesis of Cycloalkenes
and Modification of Peptides. Chem. Sci. 2019, 10, 8706−8712.
(26) See Supporting Information.
(27) Discussion of hybrid organometallic-radical mechanisms:

(a) Kwiatkowski, M. R.; Alexanian, E. J. Transition-Metal (Pd, Ni,
Mn)-Catalyzed C−C Bond Constructions Involving Unactivated
Alkyl Halides and Fundamental Synthetic Building Blocks. Acc. Chem.
Res. 2019, 52, 1134−1144. (b) Wang, K.; Kong, W. Recent Advances
in Transition Metal-Catalyzed Asymmetric Radical Reactions. Chin. J.
Chem. 2018, 36, 247−256. (c) Li, P.; Zhao, J.; Shi, L.; Wang, J.; Shi,

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.2c02481
Org. Lett. 2022, 24, 6093−6098

6097

https://doi.org/10.1021/jacs.9b12554?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b12554?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c00599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c00599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.2c00599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c2cc33232a
https://doi.org/10.1039/c2cc33232a
https://doi.org/10.1039/c2cc33232a
https://doi.org/10.1039/C3CC47780K
https://doi.org/10.1039/C3CC47780K
https://doi.org/10.1039/C3CC47780K
https://doi.org/10.1039/C8CC00358K
https://doi.org/10.1039/C8CC00358K
https://doi.org/10.1039/C8CC00358K
https://doi.org/10.1002/anie.201903353
https://doi.org/10.1002/anie.201903353
https://doi.org/10.1002/anie.201903353
https://doi.org/10.1021/acs.orglett.1c03991?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c03991?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c03991?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0036-1588804
https://doi.org/10.1055/s-0036-1588804
https://doi.org/10.1055/s-0036-1588804
https://doi.org/10.1021/acs.orglett.6b02665?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b02665?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.6b02665?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00408?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00408?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00408?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0040-1707188
https://doi.org/10.1055/s-0040-1707188
https://doi.org/10.1055/s-0040-1707188
https://doi.org/10.1021/acs.accounts.0c00791?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.0c00791?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200601872
https://doi.org/10.1002/anie.200601872
https://doi.org/10.1039/b903290h
https://doi.org/10.1039/b903290h
https://doi.org/10.1021/cs400995r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cs400995r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo8010683?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/np9903494?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/np9903494?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmcl.2009.03.014
https://doi.org/10.1016/j.bmcl.2009.03.014
https://doi.org/10.1016/j.bmcl.2009.03.014
https://doi.org/10.1007/s11171-005-0039-z
https://doi.org/10.1007/s11171-005-0039-z
https://doi.org/10.1021/acs.jmedchem.6b00472?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.6b00472?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.6b00472?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol300105q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol300105q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.5b00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.5b00425?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c01330?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c01330?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c01330?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar9901016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar9901016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr9500186?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr9500186?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr9500186?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/128_2011_288
https://doi.org/10.1007/128_2011_288
https://doi.org/10.1007/128_2011_288
https://doi.org/10.1007/s11426-019-9629-x
https://doi.org/10.1007/s11426-019-9629-x
https://doi.org/10.1039/C8CS00379C
https://doi.org/10.1039/C8CS00379C
https://doi.org/10.1021/cr040623l?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr040623l?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1351/pac199264030323
https://doi.org/10.1351/pac199264030323
https://doi.org/10.1039/C8CS00947C
https://doi.org/10.1039/C8CS00947C
https://doi.org/10.1021/ja5026485?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja5026485?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.2c02481/suppl_file/ol2c02481_si_001.pdf
https://doi.org/10.1039/c0cc01716g
https://doi.org/10.1039/c0cc01716g
https://doi.org/10.1039/c0cc01716g
https://doi.org/10.1021/ja408561b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja408561b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja408561b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol502682q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol502682q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol502682q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9SC03347E
https://doi.org/10.1039/C9SC03347E
https://doi.org/10.1039/C9SC03347E
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.2c02481/suppl_file/ol2c02481_si_001.pdf
https://doi.org/10.1021/acs.accounts.9b00044?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.9b00044?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.9b00044?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/cjoc.201700745
https://doi.org/10.1002/cjoc.201700745
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.2c02481?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


X.; Li, F. Iodine-Catalyzed Diazo Activation to Access Radical
Reactivity. Nature Commun. 2018, 9, 1972.
(28) (a) Heck, R. F. Mechanism of Arylation and Carbomethozy-

lation of Olefins with Organopalladium Compounds. J. Am. Chem.
Soc. 1969, 91, 6707−6714. (b) Hartwig, J. F. Organotransition Metal
Chemistry: From Bonding to Catalysis; University Science Books: 2010.
(29) XAT mechanism: (a) Kehoe, R.; Mahadevan, M.; Manzoor, A.;

McMurray, G.; Wienefeld, P.; Baird, M. C.; Budzelaar, P. H. M.
Reactions of the Ni(0) Compound Ni(PPh3)4 with Unactivated Alkyl
Halides: Oxidative Addition Reactions Involving Radical Processes
and Ni(I) Intermediates. Organometallics 2018, 37, 2450−2467.
(b) Diccianni, J. B.; Katigbak, J.; Hu, C.; Diao, T. Mechanistic
Characterization of (Xantphos)Ni(I)-Mediated Alkyl Bromide
Activation: Oxidative Addition, Electron Transfer, or Halogen-Atom
Abstraction. J. Am. Chem. Soc. 2019, 141, 1788−1796.
(30) Szostak, M.; Spain, M.; Procter, D. J. Preparation of Samarium

(II) Iodide: Quantitative Evaluation of the Effect of Water, Oxygen,
and Peroxide Content, Preparative Methods and the Activation of
Samarium Metal. J. Org. Chem. 2012, 77, 3049−3059.
(31) Nickel-catalyzed Heck reactions via radical cyclization and/or

organonickel intermediates, see: (a) Kwiatkowski, M. R.; Alexanian, E.
J. Nickel-Catalyzed Mizoroki-Heck-Type Reactions of Unactivated
Alkyl Bromides. Angew. Chem. Int. Ed. 2018, 57, 16857−16860.
(b) Tang, S.; Liu, C.; Lei, A. Nickel-Catalysed Novel β,γ-Unsaturated
Nitrile Synthesis. Chem. Commun. 2013, 49, 2442−2444. (c) Liu, C.;
Tang, S.; Liu, D.; Yuan, J.; Zheng, L.; Meng, L.; Lei, A. Nickel-
Catalyzed Heck-Type Alkenylation of Secondary and Tertiary α-
Carbonyl Alkyl Bromides. Angew. Chem. Int. Ed. 2012, 51, 3638−
3641. (d) Matsubara, R.; Gutierrez, A. C.; Jamison, T. F. Nickel-
Catalyzed Heck-Type Reactions of Benzyl Chlorides and Simple
Olefins. J. Am. Chem. Soc. 2011, 133, 19020−19023. (e) Standley, E.
A.; Jamison, T. F. Simplifying Nickel(0) Catalysis: An Air-Stable
Nickel Precatalyst for the Internally Selective Benzylation of Terminal
Alkenes. J. Am. Chem. Soc. 2013, 135, 1585−1592.
(32) Chen, P.-P.; Lucas, E. L.; Greene, M. A.; Zhang, S.-Q.;

Tollefson, E. J.; Erickson, L. W.; Taylor, B. L. H.; Jarvo, E. R.; Hong,
X. A Unified Explanation for Chemoselectivity and Stereospecificity
of Ni-Catalyzed Kumada and Cross-Electrophile Coupling Reactions
of Benyzlic Ethers: A Combined Computation and Experimental
Study. J. Am. Chem. Soc. 2019, 141, 5835−5855.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.2c02481
Org. Lett. 2022, 24, 6093−6098

6098

https://doi.org/10.1038/s41467-018-04331-4
https://doi.org/10.1038/s41467-018-04331-4
https://doi.org/10.1021/ja01052a029?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01052a029?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b13499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b13499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b13499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b13499?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo300135v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo300135v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo300135v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo300135v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201810757
https://doi.org/10.1002/anie.201810757
https://doi.org/10.1039/c3cc00029j
https://doi.org/10.1039/c3cc00029j
https://doi.org/10.1002/anie.201108350
https://doi.org/10.1002/anie.201108350
https://doi.org/10.1002/anie.201108350
https://doi.org/10.1021/ja209235d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja209235d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja209235d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3116718?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3116718?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3116718?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b00097?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b00097?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b00097?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.9b00097?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.2c02481?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

