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ABSTRACT: Despite the rapid progress in C-C-bond-forming reactions using Katritzky salts, their deaminative allylation re-
mains a challenge. Inspired by the metallaphotoredox-catalyzed allylic substitution regime, here, we report the deaminative
allylation of Katritzky salts via cobalt/organophotoredox dual catalysis. This cross-electrophile coupling enables regioselec-
tive allylation using a variety of allylic esters, overcoming the substrate limitations of reported protocols. Mechanistic studies
indicate the involvement of a m-allyl cobalt complex as a radicalophile that mediates C-C bond formation.

Alkyl amines are ubiquitous structural motifs in commer-
cially available building blocks, drug candidates, and bio-
molecules. Therefore, the transformation of alkyl amines
into further derivatized molecules provides privileged op-
portunities in chemical synthesis. Since the pioneering
work of Watson in 2017,! the reactions of Katritzky salts,
which are readily synthesized in one step via the condensa-
tion of a primary amine with a pyrylium salt, have received
intense attention in synthetic chemistry.2? However, in the
area of C-C-bond-forming reactions,*> methods to convert
amino groups into allylic substituents remain limited.® Liu
reported a photoredox-catalyzed desulfonylative allylation
using allyl sulfones (Scheme 1A(a)),® which was later elab-
orated into a photocatalyst-free process by Aggarwal
(Scheme 1A(b)).®> By employing precisely designed
homoallylic alcohols, Studer demonstrated a deaminative
allylation via C-C bond cleavage (Scheme 1B).¢¢ All these al-
lylation reactions share a common mechanism: the alkyl
radical reductively generated from the Katritzky salt di-
rectly undergoes addition to the olefin, providing the stabi-
lized radical intermediate (Scheme 1, gray inset). Thus, a
substituent at the S-position of the allylating reagents is re-
quired, resulting in limitations in the substrate scope.”

The combination of photoredox and transition-metal ca-
talysis, or metallaphotoredox catalysis, is a rapidly growing
research area.® Relevant to the present work, a radical-
based approach to transition-metal-catalyzed allylic alkyla-
tion® has been recognized as a complementary strategy to

established protocols employing soft carbanion equivalents.

Furthermore, metallaphotoredox catalysis has been proved
to be a viable strategy for cross-electrophile coupling,! en-
abling selective coupling of two different electrophiles with-
out the use of a stoichiometric metal reductant.! Inspired
by these precedents, we hypothesized that m-allyl Co com-
plexes, which are key intermediates in Co/photoredox-cat-
alyzed allylic substitution,'?-1* might serve as potent radi-
calophiles?s and realize a new deaminative allylation with a
broader scope in terms of allylating reagents (Scheme 1C).

Our reaction design for the deaminative allylation is out-
lined in Scheme 2. Under irradiation with visible light, the
photoredox catalyst (PC) in its excited state (PC*) oxidizes
an electron donor (D). The reduced photocatalyst (PC™-) and
Co(II) undergo single electron transfer (SET), affording a
Co(I) complex (Scheme 2A). Similarly, photoredox-induced
SET between the reduced photocatalyst and Katritzky salts
would afford an alkyl radical (Scheme 2B), which enters the
dual Co and photoredox catalytic cycle (Scheme 2C). The
low-valent Co(I) complex engages with an allylic acetate to
form a m-allyl Co(III) intermediate. SET between the m-allyl
Co(III) intermediate and the reduced photocatalyst yields a
m-allyl Co(II) complex and the ground state photocatalyst.
The alkyl radical from the Katritzky pyridinium salt is inter-
cepted by the m-allyl Co(II) complex. Reductive elimination
proceeds to afford the desired cross-coupled product and
regenerate the Co(I) catalyst.

The results of our initial examination of the desired cross-
electrophilic coupling based on this reaction proposal are
summarized in Table 1. We attempted the deaminative



Scheme 1. Deaminative Allylation Reactions
A. Allylation using allyl sulfones
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allylation of cyclohexyl Katritzky salt 2a using (E)-cinnamyl
acetate 1a as the allylating reagent. After intensive investi-
gation of the reaction conditions, the combination of 10
mol% of Co(BF4)2*6H20, 1.0 mol% of 4CzIPN as the organic
PC, 4.0 equivalents of Hantzsch ester (HEH) as the electron
donor, and 2.0 equivalents of 2,6-di-tert-butyl-4-methylpyr-
idine (DTBMP) as the base in the presence of MS4A in ace-
tonitrile under blue LED irradiation provided the best result,
furnishing 3aa in 79% isolated yield with an excellent linear
selectivity and E-selectivity (Table 1, entry 1).1¢ Interest-
ingly, no additional ligands for Co were required for the re-
action. Comparable results were obtained when CoBrz with
99.99% purity on a trace metal basis was used, clearly indi-
cating that the reaction is mediated by cobalt and not by
other metallic impurities (entry 2). The organophotocata-
lyst 4CzIPN proved to be more suitable for this metallapho-
toredox system than iridium-centered photocatalysts (en-
try 3). The reaction proceeded in synthetically useful yield
when the amount of HEH was reduced to 2.0 equiv (entry 4).
It is noteworthy that comparable yield of 3aa was observed
when 2a was used as a limiting reagent (entry 5). Metal re-
ductants Mn and Zn did not promote the reaction, suggest-
ing that photoredox conditions are uniquely effective for
this type of cross-electrophilic allylation (entry 6).17

With the optimized conditions in hand, we investigated
the substrate scope of this reaction with respect to allylat-
ing reagents (Table 2). In all the cases examined, the al-
lylated products were obtained with exclusive linear

Scheme 2. Reaction Design

PC  PC®©
L—Col —~—=< Ln—Co'
" SET "
B Ak PetD g Al
Ph. N_ Ph @ Ph_ N_ _Ph
& PC  PC© ~
X N 7 X
ET
h S h
C OAc A O@
C i
R/\) Ln—?o
or OAc R i
PC
N \@
Lh—Ca' SET pC*

Co(BF4)2°6H20 (10 mol%)
4CzIPN (1.0 mol%)
HEH (4.0 equiv)

*Ph_ N_ _Ph DTBMP (2.0 equiv)

N =
Ph @ MS4A, MeCN, rt, 15 h .
1a ) blue LED Ph
BF,4 3aa
2a Ph
entry  Deviation from above yield
(%)°
1 None 79¢
2 CoBrz (99.99% purity) 63
3 Ir(ppy)2(dtbbpy)PFe 30
4 2.0 equiv HEH 59
5 1a (2.0 equiv) and 2a as the limiting reagent 72¢
6 Mn or Zn (4.0 equiv) instead of 4CzIPN and HEHat 0

40 °C without blue LED irradiation

Bu
DTBMP

4CzIPN

ala (0.050 mmol), 2a (2.0 equiv), Co(BF4)2*6H20 (10 mol%),
4CzIPN (1.0 mol%), HEH (4.0 equiv), DTBMP (2.0 equiv), and
MS4A (200 g/mol) in MeCN (0.050 M to 1a) at room tempera-
ture for 15 hours under blue LED irradiation unless otherwise
noted. Regioselectivity and E/Z ratios were determined using
GC-MS or 1H NMR analysis of the crude mixture. For all cases,
the linear/branched ratio was >20:1 and the E/Z ratio was
>20:1. bDetermined by 'H NMR. <Isolated yield in 0.15 mmol
scale.

selectivity and high E-selectivity. From linear aromatic allyl
esters, the products were obtained in good yield



irrespective of steric or electronic effects on the arene ring
(3aa-3ja). Also, from branched aliphatic allyl acetates, lin-
ear products were obtained (3kb-3mb18), indicating that
the regioselectivity of the products is not affected by the
structure of the allylating reagents.!® An unsubstituted al-

lylic acetate was also applicable to the deaminative reaction,

delivering the terminal alkene 3nb in 66% yield.

Table 2. Reaction Scope with Respect to Allylating Rea-
gents?

X Co(BF4)2"6H20 (10 mol%) X
OAc 4CZIPN (1.0 mol%)

R/v HEH (4.0 equiv)

or +Ph _N__Ph  DTBMP (2.0 equiv)

QA O] MS4A, MeCN, rt, 15 h > NB
R)'I\/ 2 N %:4 blue LED X=CH, ormmee
h 3
en- allylating reagent 1 product 3 yield E/Zb
try (%)
OAc
R1/\) R1 S
1 R!=Ph (1a) 3aa 79 >20:1
(84)°
2 R! = 4-Me-CsH4 (1b) 3ba 79 >20:1
3 R = 3-Me-CsHa (1c) 3ca 85 >20:1
4 R!=2-Me-CéHs (1d)  3da 83 >20:1
5 R! = 4-tBu-C¢Hs (1€)  3ea 83 >20:1
6 Rl=4-OMe-CeHa (1f)  3fa 60 14:1
7 R1=4-CF3-CéHa (1g)  3ga 73 >20:1
8 R! = 4-F-C¢Ha(1h) 3ha 79 >20:1
9 R! = 4-Cl-CeHa (11i) 3ia 81 >20:1
10¢  R!=2-naphthyl (1j)  3ja 71 461
Boc
OAc N
sz\/
IS

11 R? = Me (1k) 3kb 76 >20:1
12 R? = Et (11) 31b 81 >20:1
13 R2 = Cy (1m) 3mb 75 >20:1
14 RZz=H (1n) 3nb 66 -

a1 (0.15 mmol), 2 (2.0 equiv), Co(BF4)2 - 6H20 (10 mol%),
4CzIPN (1.0 mol%), HEH (4.0 equiv), DTBMP (2.0 equiv), and
MS4A (200 g/mol) in MeCN (0.050 M to 1) at room tempera-
ture for 15 hours under blue LED irradiation. Regioselectivity
was determined using GC-MS or 1H NMR analysis of the crude
mixture. For all cases, the linear/branched ratio was >20:1. Iso-
lated yields. *PDetermined by 'H NMR analysis of the isolated
product. ¢1.0 mmol scale. 42 (1.6 equiv).

The substrate scope in terms of Katritzky pyridinium
salts was also examined (Scheme 3). In essence, high regio-
and geometrical selectivity was observed in all the cases ex-
amined (3ab-3ah). When diastereomerically pure Kat-
ritzky salt 2d was employed as a starting material, almost
no diastereoselectivity was observed in 3ad, indicating the
intermediacy of the alkyl radical.?® An acyclic alkyl unit,
namely, an isopropyl group, also participated in the cross-
electrophilic allylation (3ag). The late-stage deaminative al-

lylation of a steroid derivative successfully proceeded (3ah),

Scheme 3. Reaction Scope with Respect to Katritzky
Salts?
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aAs in Table 2 (0.15 mmol scale). Regioselectivity was deter-
mined by GC-MS or 'H NMR analysis of the crude mixture. For
all cases, the linear/branched ratio was >20:1. Isolated yields.
E/Z ratios were determined by 'H NMR analysis of the isolated
product. PGC yield. ¢<0.10 mmol scale.

demonstrating the potential applicability of this approach
in the derivatization of complex amines. 2!

To support our mechanistic proposal, the intermediacy of
alkyl radicals was assessed by performing the reaction in
the presence of TEMPO (Scheme 4). In this case, the TEMPO-
trapped alkyl radical 4 was unequivocally obtained, and no
cross-coupled product 3kb was observed. This result, along
with the loss of stereochemistry in 3ad (Scheme 3), sup-
ports the involvement of an alkyl radical generated from the
Katritzky salt.??

Scheme 4. Intermediacy of alkyl radicals?
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In summary, we have developed a cobalt/photoredox-
catalyzed deaminative cross-electrophilic coupling of allylic
acetates and Katritzky pyridinium salts. The dual catalytic
system accommodated both linear and branched allylic es-
ters irrespective of the nature of the substituents on the al-
lyl unit, highlighting the synthetic advantages of the present
system compared to known deaminative allylations. The in-
termediacy of a m-allyl Co complex is proposed based on
preliminary mechanistic studies, which shed new light on
metallaphotoredox-catalyzed allylic substitution reactions.
Comprehensive investigations into the applicability of the



Co/photoredox-catalyzed allylation protocol to other radi-
cal-based bond-forming reactions, as well as further mech-
anistic studies including quantum chemical calculations,?3
are currently under investigation in our group.

ASSOCIATED CONTENT

Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/@@@@@@.

Experimental details and copies of spectroscopic data of
the synthesized compounds (PDF)

AUTHOR INFORMATION

Corresponding Authors

Masahiro Kojima — Faculty of Pharmaceutical Sciences, Hok-
kaido University, Kita-12 Nishi-6, Kita-ku, Sapporo, Hokkaido
060-0812, Japan; orcid.org/0000-0002-4619-2621; Email: m-
kojima@pharm.hokudai.ac.jp

Shigeki Matsunaga - Faculty of Pharmaceutical Sciences and
Global Station for Biosurfaces and Drug Discovery, Hokkaido
University, Kita-12 Nishi-6, Kita-ku, Sapporo, Hokkaido 060-
0812, Japan; orcid.org/0000-0003-4136-3548; Email:
smatsuna@pharm.hokudai.ac.jp

Authors

Tomoyuki Sekino - Faculty of Pharmaceutical Sciences, Hok-
kaido University, Kita-12 Nishi-6, Kita-ku, Sapporo, Hokkaido
060-0812, Japan

Shunta Sato - Faculty of Pharmaceutical Sciences, Hokkaido
University, Kita-12 Nishi-6, Kita-ku, Sapporo, Hokkaido 060-
0812, Japan

Tatsuhiko Yoshino - Faculty of Pharmaceutical Sciences and
Global Station for Biosurfaces and Drug Discovery, Hokkaido
University, Kita-12 Nishi-6, Kita-ku, Sapporo, Hokkaido 060-
0812, Japan; orcid.org/0000-0001-9441-9272; Email:
tyoshino@pharm.hokudai.ac.jp

Notes
The authors declare no competing financial interest.

ACKNOWLEDGMENT

This work was supported in part by JSPS KAKENHI Grants
JP20H02730 (S.M.) and JP20K15946 (M.K.). This work was
partly supported by Hokkaido University, Global Facility Cen-
ter (GFC), Pharma Science Open Unit (PSOU), funded by MEXT
under "Support Program for Implementation of New Equip-
ment Sharing System.” We thank Dr. Satoshi Maeda and Dr.
Kimichi Suzuki at Hokkaido University for their support with
computational studies using GRRM. Part of the calculations was
performed at the Research Center for Computational Science,
Okazaki, Japan. T.S. gratefully acknowledges JSPS and Nagai
Memorial Research Scholarship from the Pharmaceutical Soci-
ety of Japan for fellowships.

REFERENCES

(1) Basch, C. H.; Liao, J.; Xu, J.; Piane, ]. J.; Watson, M. P. Harnessing
Alkyl Amines as Electrophiles for Nickel-Catalyzed Cross Couplings
via C-N Bond Activation. . Am. Chem. Soc. 2017, 139, 5313-5316.

(2) Selected reviews on reactions using Katritzky pyridinium salts:
(a) He, F.-S; Ye, S.; Wu, J. Recent Advances in Pyridinium Salts as
Radical Reservoirs in Organic Synthesis. ACS Catal. 2019, 9, 8943-

8960. (b) Kong, D.; Moon, P.].; Lundgren, R.]. Radical Coupling from
Alkyl Amines. Nat. Catal. 2019, 2,473-476. (c) Correia, J. T. M.; Fer-
nandes, V. A.; Matsuo, B. T.; Delgado, J. A. C.; de Souza, W. C.; Paixao,
M. W. Photoinduced Deaminative Strategies: Katritzky Salts as Al-
kyl Radical Precursors. Chem. Commun. 2020, 56, 503-514. (d)
Rossler, S. L; Jelier, B. ].; Magnier, E.; Dagousset, G.; Carreira, E. M,;
Togni, A. Pyridinium Salts as Redox-Active Functional Group
Transfer Reagents. Angew. Chem., Int. Ed. 2020, 59, 9264-9280. (e)
Li, Y.-N,; Xiao, F.; Guo, Y.; Zeng, Y.-F. Recent Developments in Deam-
inative Functionalization of Alkyl Amines. Eur. J. Org. Chem. 2021,
2021,1215-1228.

(3) Teyrulnikov, S.; Cai, Q.; Twitty, J. C.; Xu, J.; Atifi, A,; Bercher, O.
P.; Yap, G. P. A;; Rosenthal, J.; Watson, M. P.; Kozlowski, M. C. Dis-
section of Alkylpyridinium Structures to Understand Deamination
Reactions. ACS Catal. 2021, 11, 8456-8466.

(4) Selected examples of deaminative alkylation: (a) Klauck, F.]. R;
Yoon, H.; James, M. ].; Lautens, M.; Glorius, F. Visible-Light-Medi-
ated Deaminative Three-Component Dicarbofunctionalization of
Styrenes with Benzylic Radicals. ACS Catal. 2019, 9, 236-241. (b)
Sun, S.-Z.; Romano, C.; Martin, R. Site-Selective Catalytic Deamina-
tive Alkylation of Unactivated Olefins. J. Am. Chem. Soc. 2019, 141,
16197-16201. (c) Plunkett, S.; Basch, C. H.; Santana, S. O.; Watson,
M. P. Harnessing Alkylpyridinium Salts as Electrophiles in Deami-
native Alkyl-Alkyl Cross-Couplings. J. Am. Chem. Soc. 2019, 141,
2257-2262. (d) Wang, C,; Qi, R; Xue, H.; Shen, Y.; Chang, M.; Chen,
Y.; Wang, R;; Xu, Z. Visible-Light-Promoted C(sp3)-H Alkylation by
Intermolecular Charge Transfer: Preparation of Unnatural o-
Amino Acids and Late-Stage Modification of Peptides. Angew.
Chem,, Int. Ed. 2020, 59, 7461-7466. (e) Yang, T.; Wei, Y.; Koh, M. J.
Photoinduced Nickel-Catalyzed Deaminative Cross-Electrophile
Coupling for C(sp?)-C(sp?) and C(sp3)-C(sp3) Bond Formation. ACS
Catal. 2021, 11, 6519-6525. (f) Sun, S.-Z.; Cai, Y.-M.; Zhang, D.-L;
Wang, J.-B.; Yao, H.-Q.; Rui, X.-Y.; Martin, R.; Shang, M. Enantioselec-
tive Deaminative Alkylation of Amino Acid Derivatives with Unac-
tivated Olefins. J. Am. Chem. Soc. 2022, 144,1130-1137.

(5) Selected examples of deaminative arylation: (a) Klauck, F.]. R;
James, M. ].; Glorius, F. Deaminative Strategy for the Visible-Light-
Mediated Generation of Alkyl Radicals. Angew. Chem., Int. Ed. 2017,
56,12336-12339. (b) Liao, J.; Guan, W.; Boscoe, B. P.; Tucker, ]. W,;
Tomlin, J. W.; Garnsey, M. R.; Watson, M. P. Transforming Benzylic
Amines into Diarylmethanes: Cross-Couplings of Benzylic Pyri-
dinium Salts via C-N Bond Activation. Org. Lett. 2018, 20, 3030-
3033. (c) Yue, H.; Zhuy, C,; Shen, L.; Geng, Q.; Hock, K. J.; Yuan, T,;
Cavallo, L.; Rueping, M. Nickel-Catalyzed C-N Bond Activation: Ac-
tivated Primary Amines as Alkylating Reagents in Reductive Cross-
Coupling. Chem. Sci. 2019, 10, 4430-4435. (d) Yi, J.; Badir, S. O,;
Kammer, L. M.; Ribagorda, M.; Molander, G. A. Deaminative Reduc-
tive Arylation Enabled by Nickel/Photoredox Dual Catalysis. Org.
Lett. 2019, 21, 3346-3351.

(6) Examples of deaminative allylation: (a) Zhang, M.-M.; Liu, F. Vis-
ible-Light-Mediated Allylation of Alkyl Radicals with Allylic Sul-
fones via a Deaminative Strategy. Org. Chem. Front. 2018, 5, 3443-
3446. (b) Wu, J.; Grant, P. S,; Li, X;; Noble, A.; Aggarwal, V. K. Cata-
lyst-Free Deaminative Functionalizations of Primary Amines by
Photoinduced Single-Electron Transfer. Angew. Chem., Int. Ed.
2019, 58,5697-5701. (c) Lilbbesmeyer, M.; Mackay, E. G.; Raycroft,
M. A. R;; Elfert, ].; Pratt, D. A.; Studer, A. Base-Promoted C-C Bond
Activation Enables Radical Allylation with Homoallylic Alcohols. J.
Am. Chem. Soc. 2020, 142, 2609-2616.

(7) Similar limitations exist in y, y-difluoroallylations: (a) Li, Z;
Wang, K.-F.; Zhao, X; Ti, H.; Liu, X.-G.; Wang, H. Manganese-Medi-
ated Reductive Functionalization of Activated Aliphatic Acids and
Primary Amines. Nat. Commun. 2020, 11, 5036. (b) Jin, Y,; Wy, J,;
Lin, Z,; Lan, Y.; Wang, C. Merger of C-F and C-N Bond Cleavage in
Cross-Electrophile Coupling for the Synthesis of gem-Difluoroal-
kenes. Org. Lett. 2020, 22, 5347-5352. (c) Liu, Y.; Tao, X.; Mao, Y.;
Yuan, X.; Qiu, J.; Kong, L.; Ni, S,; Guo, K.; Wang, Y.; Pan, Y. Electro-
chemical C-N Bond Activation for Deaminative Reductive Coupling
of Katritzky Salts. Nat. Commun. 2021, 12, 6745.



(8) A selected review on metallaphotoredox catalysis: Chan, A. Y,;
Perry, 1. B.; Bissonnette, N. B.; Buksh, B. F.; Edwards, G. A.; Frye, L.
L; Garry, O. L.; Lavagnino, M. N,; Lj, B. X,; Liang, Y.; Mao, E.; Millet,
A.; Oakley, J. V.; Reed, N. L,; Sakai, H. A,; Seath, C. P.; MacMillan, D.
W. C. Metallaphotoredox: The Merger of Photoredox and Transi-
tion Metal Catalysis. Chem. Rev. 2022, 122, 1485-1542.

(9) Selected reviews of allylic substitutions using metallaphotore-
dox catalysis: (a) Huang, H.-M.; Bellotti, P.; Glorius, F. Transition
metal-catalysed allylic functionalization reactions involving radi-
cals. Chem. Soc. Rev. 2020, 49, 6186-6197. (b) Zhang, M.-M.; Wang,
Y.-N.; Lu, L.-Q.; Xiao, W.-]. Light Up the Transition Metal-Catalyzed
Single-Electron Allylation. Trends Chem. 2020, 2, 764-775. Selected
examples: (c) Lang, S. B.; O'Nele, K. M.; Tunge, ]. A. Decarboxylative
Allylation of Amino Alkanoic Acids and Esters via Dual Catalysis. J.
Am. Chem. Soc. 2014, 136, 13606-13609. (d) Xuan, J.; Zeng, T.-T.;
Feng, Z.-]; Deng, Q.-H.; Chen, ].-R; Lu, L.-Q.; Xiao, W.-].; Alper, H. Re-
dox-Neutral a-Allylation of Amines by Combining Palladium Catal-
ysis and Visible-Light Photoredox Catalysis. Angew. Chem., Int. Ed.
2015, 54, 1625-1628. (e) Matsui, K.; Gutiérrez-Bonet, A.; Rotella,
M.; Alam, R.; Gutierrez, O.; Molander, G. A. Photoredox/Nickel-Cat-
alyzed Single-Electron Tsuji-Trost Reaction: Development and
Mechanistic Insights. Angew. Chem., Int. Ed. 2018, 57,15847-15851.
(f) Zhang, H.-H.; Zhao, ].-].; Yu, S. Enantioselective Allylic Alkylation
with 4-Alkyl-1,4-dihydropyridines Enabled by Photoredox/Palla-
dium Cocatalysis. J. Am. Chem. Soc. 2018, 140, 16914-16919. (g)
Wang, Z.-].; Zheng, S.; Romero, E.; Matsui, J. K.; Molander, G. A. Re-
gioselective Single-Electron Tsuji-Trost Reaction of Allylic Alco-
hols: A Photoredox/Nickel Dual Catalytic Approach. Org. Lett. 2019,
21,6543-6547. (h) Crisenza, G. E. M.; Faraone, A.; Gandolfo, E.; Maz-
zarella, D.; Melchiorre, P. Catalytic Asymmetric C-C Cross-Cou-
plings Enabled by Photoexcitation. Nat. Chem. 2021, 13, 575-580.
(10) Selected reviews on cross-electrophile coupling: (a) Knappke,
C. E. L; Grupe, S.; Gartner, 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. ]. Cross-Electrophile Coupling: Principles of Reactivity
and Selectivity. J. Org. Chem. 2014, 79, 4793-4798. Selected exam-
ples on cross-electrophilic allylation: (c) Qian, X.; Auffrant, A;
Felouat, A.; Gosmini, C. Cobalt-Catalyzed Reductive Allylation of Al-
kyl Halides with Allylic Acetates or Carbonates. Angew. Chem., Int.
Ed. 2011, 50, 10402-10405. (d) Dai, Y.; Wu, F.; Zang, Z.; You, H.;
Gong, H. Ni-Catalyzed Reductive Allylation of Unactivated Alkyl
Halides with AllylicCarbonates. Chem. - Eur. J. 2012, 18, 808-812.
(e) Anka-Lufford, L. L.; Prinsell, M. R. Weix, D. ]. Selective Cross-
Coupling of Organic Halides with Allylic Acetates. J. Org. Chem.
2012, 77,9989-10000. (f) Ma, W.-Y.; Han, G.-Y.; Kang, S.; Pang, X,;
Liu, X.-Y.; Shu, X.-Z. Cobalt-Catalyzed Enantiospecific Dynamic Ki-
netic Cross-Electrophile Vinylation of Allylic Alcohols with Vinyl
Triflates. J. Am. Chem. Soc. 2021, 143, 15930. (g) Wang, L.; Wang, L.;
Li, M.; Chong, Q.; Meng, F. Cobalt-Catalyzed Diastereo- and Enanti-
oselective Reductive Allyl Additions to Aldehydes with Allylic Alco-
hol Derivatives via Allyl Radical Intermediates. J. Am. Chem. Soc.
2021, 143, 12755-12765. (h) Calogero, F.; Potenti, S.; Bassan, E.;
Fermi, A.; Gualandi, A;; Monaldji, J.; Dereli, B.; Maity, B.; Cavallo, L;
Ceroni, P.; Cozzi, P. G. Nickel-Mediated Enantioselective Photore-
dox Allylation of Aldehydes with Visible Light. Angew. Chem., Int.
Ed. 2022, DOI: 10.1002 /anie.202114981.

(11) Selected examples of photoredox-assisted reductive coupling:
(a) Zhang, P.; Le, C. C,; MacMillan, D. W. C. Silyl Radical Activation
of Alkyl Halides in Metallaphotoredox Catalysis: A Unique Pathway
for Cross-Electrophile Coupling. J. Am. Chem. Soc. 2016, 138, 8084-
8087. (b) Guan, H.; Zhang, Q.; Walsh, P. ]J.; Mao, ]. Nickel/Photore-
dox-Catalyzed Asymmetric Reductive Cross-Coupling of Racemic
a-Chloro Esters with Aryl lodides. Angew. Chem., Int. Ed. 2020, 59,
5172-5177.

(12) Examples of Co/photoredox-catalyzed allylic substitution: (a)
Takizawa, K.; Sekino, T.; Sato, S.; Yoshino, T.; Kojima, M.; Matsunaga,
S. Cobalt-Catalyzed  Allylic  Alkylation Enabled by

Organophotoredox Catalysis. Angew. Chem., Int. Ed. 2019, 58,
9199-9203. (b) Sekino, T.: Sato, S.; Kuwabara, K,; Takizawa, K;
Yoshino, T.; Kojima, M.; Matsunaga, S. Allyl 4-Chlorophenyl Sulfone
as a Versatile 1,1-Synthon for Sequential a-Alkylation/Cobalt-Cat-
alyzed Allylic Substitution. Synthesis 2020, 52, 1934-1946.

(13) Selected examples of Co-catalyzed allylic substitution under
thermal conditions: (a) Reddy, K.; Knochel, P. Angew. Chem., Int. Ed.
Engl. New Cobalt- and Iron-Catalyzed Reactions of Organozinc
Compounds. 1996, 35, 1700-1701. (b) Ghorai, S.; Chirke, S. S.; Xu,
W.-B.; Chen, ].-F.; Li, C. Cobalt-Catalyzed Regio- and Enantioselec-
tive Allylic Amination. J. Am. Chem. Soc. 2019, 141, 11430-11434.
(14) A selected review on cobalt/photoredox dual catalysis: (a)
Kojima, M.; Matsunaga, S. The Merger of Photoredox and Cobalt Ca-
talysis. Trends Chem. 2020, 2, 410-426. Selected examples: (b)
Thullen, S. M.; Rovis, T. A Mild Hydroaminoalkylation of Conjugated
Dienes Using a Unified Cobalt and Photoredox Catalytic System. J.
Am. Chem. Soc. 2017, 139, 15504-15508. (c) Hu, X.; Zhang, G.; Bu,
F.; Lei, A. Selective Oxidative [4+2] Imine/Alkene Annulation with
H: Liberation Induced by Photo-Oxidation. Angew. Chem., Int. Ed.
2018, 57,1286-1290. (d) Sun, X;; Chen, ].; Ritter, T. Catalytic Dehy-
drogenative Decarboxyolefination of Carboxylic Acids. Nat. Chem.
2018,10,1229-1233. (e) Meng, Q.-Y.; Schirmer, T. E.; Katou, K.; K6-
nig, B. Controllable Isomerization of Alkenes by Dual Visible-Light-
Cobalt Catalysis. Angew. Chem., Int. Ed. 2019, 58, 5723-5728. (f)
Cao, H.; Kuang, Y.; Shi, X.; Wong, K. L.; Tan, B. B.; Kwan, ]. M. C;; Liu,
X.; Wu, J. Photoinduced Site-Selective Alkenylation of Alkanes and
Aldehydes with Aryl Alkenes. Nat. Commun. 2020, 11, 1956. (g)
Cristofol, A; Limburg, B.; Kleij, A. W. Expedient Dual Co/Organo-
photoredox Catalyzed Stereoselective Synthesis of All-Carbon Qua-
ternary Centers. Angew. Chem., Int. Ed. 2021, 60, 15266-15270. (h)
Shi, C; Li, F.; Chen, Y.; Lin, S.; Hao, E.; Guo, Z.; Wosqa, U. T.; Zhang,
D.; Shi, L. Photocatalytic Umpolung Synthesis of Nucleophilic m-Al-
lylcobalt Complexes for Allylation of Aldehydes. ACS Catal. 2021,
11,2992-2998. (i) Yasui, T.; Yamada, K.; Tatsumi, R.; Yamamoto, Y.
Cobalt/Organophotoredox Dual-Catalysis-Enabled Cascade Cy-
clization of 1,6-Diynyl Esters via Formal 1,8-Acyloxy Migration.
ACS Catal. 2021, 11,11716-11722. (j) Zhao, H.; McMillan, A. J.; Con-
stantin, T.; Mykura, R. C; Julia, F.; Leonori, D. Merging Halogen-
Atom Transfer (XAT) and Cobalt Catalysis to Override E2-Selectiv-
ity in the Elimination of Alkyl Halides: A Mild Route toward contra-
Thermodynamic Olefins. J. Am. Chem. Soc. 2021, 143, 14806-14813.
(k) Occhialini, G.; Palani, V.; Wendlandt, A. E. Catalytic, contra-Ther-
modynamic Positional Alkene Isomerization. . Am. Chem. Soc.
2022, 144,145-152.

(15) Capture of alkyl radicals by m-allylcobalt complexes has been
proposed in previous reports in the literature. For examples, see
10c and 14b.

(16) The reaction did not occur in the absence of cobalt salt, 4CzIPN,
or light. See Table S1 in the Supporting Information for details.
(17) See section 3 in the Supporting Information for additional in-
vestigations of the reaction conditions including the effect of other
cobalt salts and ratio of 1 and 2.

(18) This system showed superior performance for the synthesis
of 3mb compared to the reported nickel/photoredox-catalyzed
protocol. See Scheme S1 in the Supporting Information for details.
(19) The convergence in the regioselectivity is in line with the in-
termediacy of m-allyl cobalt complexes. See also Scheme S2 in the
Supporting Information for additional investigations.

(20) See Scheme S3 in the Supporting Information for details.

(21) Installation of primary alkyl group was not successful under
the developed conditions. See section 4-3 of the Supporting Infor-
mation for details.

(22) The TEMPO adduct 4 was also obtained when the linear allylic
ester 1a was used instead of 1k. See Scheme S4 in the Supporting
Information for details.

(23) See section 6-3 in the Supporting Information for preliminary
investigations using DFT.






