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ABSTRACT: Transition-metal-catalyzed amination of aryl halides is one of the most employed methods for constructing N-
arylation adducts. However, the broad success of these reactions is largely relying on the screening of pre-catalysts, elaborat-
ing ligands, and case-by-case optimization of the reaction conditions (solvent, base, additive, temperature etc.) and electronic
or structural diversities of nucleophiles, for forging diverse C-N coupling products. Herein, we reported an adaptive photo-
chemical C-N coupling of aryl halides with various nitrogen nucleophiles (aliphatic and aromatic amines, amides, sulfona-
mides, pyrazoles, and ammonium salts) by Co(II) catalysis under the same reaction conditions (same pre-catalyst, same ligand,
same base, same solvent, same temperature) without the addition of any exogenous photocatalyst. This photochemical ami-
nation features a wide substrate scope (>130 examples, up to 95% yield) with excellent functional group tolerance. Mecha-

nistic studies indicate that this C-N coupling reactions may proceed via a Co(I)/Co(III) catalytic cycle.

Introduction

C-N coupling reactions catalyzed by transition-metals is
one of the most employed tools for the preparation of N-
containing compounds,! which have been recognized as
prevalent building blocks in fine chemicals,? organic optoe-
lectronic materials,? and biologically active pharmaceutical
agents.* However, these methods are still largely depending
on the proper design and implement of various specialized
ligands (phosphines, carbenes or oxamides etc), pre-cata-
lyst and case by case of optimization of reaction conditions
for general and reliable protocols (Scheme 1A).5> Further-
more, a recent examination of electronic notebooks by
Merck showed that C-N coupling still is a hit-or-miss affair,
and remian 35% failure rate within ~10000 examples.®
Therefore, the application of machine learning and artificial
intelligence provides an efficient strategy for reaction
screening through high-throuhput
experimentation (HTE), which avoids the traditional

conditions

manual case-by-case optimization of reaction conditions.”
Meanwhile, one another alternative solution is to develop a
general reaction system to address aforementioned issues
within one catalytic system under the same reaction condi-
tions (same pre-catalyst, ligand, base, solvent, temperature
etc.). In this regard, Kénig and co-workers denmonstrated a
powerful strategy, which allowed construction C-N bond by
merging adaptive dynamic homogeneous catalysis with
nickel catalysis under visible-light photoredox condition
(Scheme 1B).8 However, different bases are still required
for diverse cross-coupling products, and aryl halides with

electron-donating groups were proved challenging sub-
strates in this protocol. Due to the impressive importance
of C-N cross-coupling in organic synthesis, the development
of generality-orientated and adaptive C-N cross-coupling
with the same reaction conditions (same pre-catalyst, lig-
and, solvent, base, temperature) would still be highly desir-
able.

Cobalt (Co), a nontoxic and earth-abundant metal, is one
of the most useful metal catalysts in organic synthesis,
which shows strong catalytic activity and thus being an
ideal replacement for precious metal catalysts.? Therefore,
cobalt-catalyzed cross-coupling reactions for the construc-
tion of carbon-carbon bonds have been extensively devel-
oped?® during the last two decades, however, the use of co-
balt for carbon-heteroatom?? coupling reactions are rarely
studied. In continuation of our studies on light-induced
transition-metal catalyzed cross-coupling reactions,!t 122
herein, we report an efficient and adaptive!?» photochemi-
cal C-N coupling reaction system by Co catalysis. The
reaction enables the C-N coupling of aryl halides with seven
different N-containing nucleophiles under the same
reaction conditions (same pre-catalyst, same ligand, same
solvent, same base, same temperature) without any
exogenous photosensitisors (Scheme 1C). This adaptive
photochemical amination utilize a single cobalt catalyst to
achieve the dual effects of light absorption and
organometallic processes, exhibiting excellent functional
group tolerance, including challenging electron-donating
aryl halides and sterically hendered ortho-substituted aryl
halides. This work may contribute to a renewed
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Scheme 1. Cobalt-catalyzed C-N coupling reactions.

understanding of Co catalyst systems in cross-coupling
reactions.

Results and Discussion

The coupling of 3,5-dimethylbromobenzene (1) with n-
butylamine (2) were chosen as a model reaction for our in-
itial exploration of the reaction conditions (Table 1). Firstly,
we screened cobalt catalysts with 4,4’-dimethyl-2,2’-bi-
pyridyl (d-Mebpy) as a ligand and found that CoBrz, and
Co(Cl04)2:6H20 showed high activity under irradiation with
purple light (390-395 nm) (entry 1). In sharp contrast,
other Co(1I) and Co(III) catalysts gave little to none of the
target product 3 (Tables S1 and S2).13 The choice of base
markedly affected the yield of the coupling reaction, with
DBU was proved to be the best (Scheme S5). The solvent
also affected the reaction yield, with dimethylacetamide

(DMACc) was the optimal choice (Table S6). Additional ex-
periments indicated that the light wavelength between
390-395 nm gave the highest yield. Other wavelengths de-
livered trace amount or no product (entries 2-6, and Table
S$10). The reaction failed to proceed at room temperature or
in the absence of light (even at 120 °C, entries 7-11). The
ligand also had a remarkable effect, and no reaction oc-
curred in the absence of d-Mebpy ligand (entry 10). Control
experiments showed that no reaction was observed when
the reaction was carried out in the absence of the ligand,
base, the Co catalyst, or under an air atmosphere (entries
11-13).

With the optimized conditions in hand, we explored the
scope of this light-induced cobalt-catalyzed C-N coupling.
As shown in scheme 2, various amines could be coupled
with 3,5-dimethylbromobenzene, affording the desired
products (4-70) in high yields. For primary amines with a
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Table 1. Optimization of reaction conditions®

Co(Cl04),6H,0 (5.0 mol%)
d-Mebpy (5.0 mol%) H

Me Br Me N‘nBu
urple LEDs (9 W), 390-395 nm
NN purp| ‘ ow)
DBU (1.5 equiv.), DMAc, 85 °C, 24 h

Me Me
1 2 3
Entry Variation from standard conditions Yield (%)?
1 None 96, 90¢
2 UV (360-365 nm) 34
3 385-390 nm 33
4 420-425 nm 25
5 Blue LEDs (460-465 nm) NR
6 White LEDs (6500 K) NR
7 Light, rt NR
8 No light, rt NR
9 No light, 120 °C NR
10 No ligand NR
11 No DBU NR
12 No Co catalyst NR
13 Under air NR

aReaction conditions: 3,5-dimethylbromobenzene (0.2 mmol), n-butyl-
amine (2.0 equiv., 0.4 mmol), Co(Cl04)2:6H20 (5.0 mol %), d-Mebpy (5.0
mol %), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 1.5 equiv., 0.3
mmol), dimethylacetamide (DMAc), 85 °C, 24 h, argon. ? Yields were
determined by '"H NMR using 1,3-benzodioxole as an internal standard.
NR =no reaction. ¢Isolated yield. See SI for the detailed screening of the
reaction conditions.

wide range of functional groups, such as linear alkyl (4),
alkenyl (5), sulfoxide (6), ether (7), ketal or acetal (8-10),
alkynyl (11), ester (12), carbamate (13), amide (14), hy-
droxyl (15), aniline (16), 5-norbornene-2-methyl (17),
fluoroalkyl (18-20), and indole (21), were suitable cou-
pling partners, and the leelamine also gave the N-arylation
product in 81% yield (22). Notably, C-O coupling products
were not observed under the standard conditions when the
substrate containing exposed NHz and OH functional groups
(15, 23). Moreover, when a secondary or heteroaromatic
amine was introduced in the molecule, the primary amine
preferentially underwent the coupling reaction to give a
mono-aminated product (16, 21). Chiral amines were also
tolerated well, affording the coupling products (23, 24) in
high yields without erosion of stereoselectivities. Primary
amines containing various rings also gave the desired prod-
ucts (25-32) in good yields. Notably, a highly sterically hin-
dered nucleophiles, bearing a cyclopropyl ring afforded tar-
get product 25 in good yield without ring-opening product
observed. Noteworthy, cyclic secondary amines could be
coupled efficiently to furnish the corresponding arylamines
(33-44) in 64-95% yields. Substituted (hetero)aromatic
amines were also suitable substrates, delivering the diaryla-
mine products (45-51) in 65-74% yields. Pleasingly,

amides were also amenable to proceed the C-N coupling,
thus giving N-arylation adducts (52-58) with diverse func-
tional groups in high yields. Aromatic sulfonamides with
electron-donating or -withdrawing substituents furnished
the corresponding products (59-64) in 65-62% yields.
Moreover, pyrazole derivatives bearing different functional
group provided the C-N cross-coupling

adducts 65-70 in 63-78% yields.

Next, the scope of the aryl halides was examined. As shown
in scheme 3, aryl halides with various functional groups re-
acted efficiently with n-butylamine (2), delivering the de-
sired arylamines (71-124) in high yields. It should be noted
that aryl chlorides could produce the coupling products un-
der the standard conditions with comparable yield (Table
S7), and the yield could be further improved by adding
tetra-n-butylammonium iodide as an additive (Tables S11-
$12).13 Specifically, aryl halides with electron-neutral (71),
electron-donating (72-79), or electron-withdrawing (80-
85) para-substituents could deliver the corresponding
products in good yields. It should also be noted that tradi-
tional problematic aryl halides bearing a cyano or an ester
group under strong basic conditions, are suitable substrates
for our coupling system, demonstrating the advantage of us-
ing an organic amine as a base.!* Moreover, halogenated
aryl halides underwent the C-N coupling smoothly, provid-
ing the target products (86-92) in high yields regardless of
the presence of extra halide (F, Cl or Br). Sterically hindered
ortho-substituted aryl halides could also give desired prod-
ucts 93-101 in excellent yields. Other para-substituted
functional groups such as TMS-, Bpin-, hydroxyalkyl- and
multi-substituted aryl halides were successfully trans-
formed into the target products in high yields (102-111).
For aryl halides containing heteroaromatic moieties such as
pyridines (112-116), pyrimidine (117), pyrazine (118),
benzofuran (119), benzothiophenes (120 and 121), diben-
zothiophene (122), carbazole (123, 124), N-arylation ad-
ducts were readily obtained.

Finally, the current methodology could be employed to
the late-stage functionalization of complex molecules
(Scheme 4). Ammonium salts, including *N-labeled ammo-
nium salts, could also be used as nigorgen sources to afford
complex primary aromatic amines (125-131) in good
yields. N-Arylation of histabutizine affords product 132 in
85% yield. Drug molecules tocopherol could also couple
with amides, affording the products 133 and 134 in 85%
and 78% yields, respectively. The above-described results
indicate that this light-induced Co(II)-catalyzed C-N cou-
pling reaction was suitable for a wide range of nitrogen nu-
cleophiles. Unlike traditional transition-metal catalysis that
require the design of structurally complex ligands to expand
the diversity of amine scope, while this strategy allowed us
to employ a cheap and commercially available 4,4’-bipyridyl
as ligand to realize the C-N cross-coupling, implying the po-
tential utility for druglike molecule synthesis.
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Scheme 2. Substrate scope of amines on cobalt-catalyzed C-N coupling reaction. “Reaction conditions: 3,5-dimethylbro-
mobenzene (0.2 mmol), nitrogen nucleophile (2.0 equiv., 0.4 mmol), Co(Cl04)2:6H20 (5.0 mol %), d-Mebpy (5.0 mol %), DBU
(1.5 equiv,, 0.3 mmol), DMAc, 85 °C, 24 h, argon. Isolated yields are reported. For details, see Supporting Information.
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Scheme 3. Substrate scope of aryl halides on cobalt-catalyzed C-N coupling reaction. ?Reaction conditions: aryl halides
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Scheme 4. Late-stage functionalization of complex molecules.

The preliminary mechanistic studies were carried aiming at
elucidating the reaction mechanism (Scheme 5). Firstly, to
further probe the role of the bipyridine ligand, we investi-
gated the mass spectra of possible cobalt species formed be-
tween Co(ClO4)2:6H20, pyrrolidine and d-Mebpy. When
Co(Cl04)2-6H20 was mixed with an excess amount of pyrrol-
idine for 30 min in DMACc, the HRMS revealed a m/z peak at
300.0287, which is consistent with the mass spectra of
[Co(Cl04)(Pyrr)z]*, indicating the  formation  of
[Co(Cl04)2(Pyrr)2] (Scheme 5A-1). However, a mass peak at
m/z 3419817 instead of 300.0287 was founded when
Co(Cl04)2-6H20 was mixed with both pyrrolidine and d-
Mebpy (Scheme 5A-2) or single d-Mebpy (Scheme 5A-3),
which correlates to [Co(d-Mebpy)(Cl04)]* and implys the
formation of [Co(d-Mebpy)(ClO4)2]. These results indicate
that the bipyridine ligand coordinates with Co(Cl04)2-6H20
during the catalysis, and explain why C-N coupling cannot
occur in the absence of it. Furthermore, the cobalt complex
was also subjected to UV-vis spectroscopy and found to ex-
hibit absorption peaks near 295 and 305 nm in the long-
wavelength UV region (Scheme 5B). Upon addition of DBU
to a solution of the cobalt complex, the color of the solution
changed from pale red to deep blue, and the absorption
peaks of UV-vis spectroscopy were shifted from 295 and
305 nm to 284 nm (Scheme 5C and Fig. S5). Additionally,
when the DBU containing solution was irradiated, a weak
absorption was observed at 605 nm under light irradiation
(Scheme 5B), along with a pronounced absorption in the
600-660 nm range that increased in intensity over time
(Scheme 5D). This result suggests that single electron trans-
fer from the metal to the ligand gives rise to the character-
istic absorption of a [d-Mebpy-Co(I1)ClO4] species upon irra-
diation, which is in agreement with literature data.1#

Besides, electron paramagnetic resonance (EPR) spectra
was conducted to confirm the presence of a Co(I) species,
and found that the [Co(II)-d-Mebpy-(ClO4)2] complex dis-
played distinct signals (Scheme 5E). However, those signals
rapidly disappeared when the complex was mixed with DBU
and irradiated with light (Scheme 5F and 5G), revealing the
formation of a Co(I) species. The UV-vis and electron para-
magnetic resonance spectra support our hypothesis that
the organic base acts as an electron donor to reduce Co(1I)
to Co(I) upon irradiation with light. We next probed the ox-
idative addition of the Co(I) species with the aryl halide and
the subsequent C-N coupling reaction (Scheme 5H). In the
absence of the substrates, the [Co(II)-d-Mebpy-(ClO4):]
complex was irradiated with purple light for 2 h in the pres-
ence of DBU to generate the Co(I) complex. Afterwards, sub-
strates were introduced and allowed to react for 24 h in the
dark, affording arylamine in 39 % NMR yield (Scheme 5H-
1). Furthermore, the corresponding arylamine was ob-
tained in 32% yield when a commercially available Co(I)
complex was used as a catalyst under thermal conditions
(Scheme 5H-1). Notably, no desired product was observed
in the absence of bipyridine ligand (Scheme 5H-2).

On the basis of these results and recent related studies,!®
we proposed the reaction mechanism in Scheme 6. Co(I)
species Il was generated by irradiation of [Co(II)-d-Mebpy-
(Cl04)2] complex I at 390-395 nm in the presence of DBU,
followed by oxidative addition of aryl halides to afford
Co(II)-Ar intermediate III. This intermediate readily un-
derwent the reductive elimination upon substitution of the
halide by the amine (presumably facilitated by DBU), af-
fording the N-arylation product and regenerating the Co(I)
species for the next catalytic cycle.
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A The mass spectrum of possible cobalt species
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H .
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calculated: 341.9818 3429857 | 344.9861
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H) Reactions aimed at probing the mechanism of the C-N coupling reaction

1. Amination of aryl halide catalyzed by Co(l) complex

Co(Cl04),*6H,0 (5.0 mol%) + d-Mebpy (5.0 mol%)
DBU, 390-395 nm, 2h
{ H

Me N
Co(l) complex ——

Co(ClOy4)2*6H,0 (5.0 mol%), Me D
no ligand, DBU, 390-395 nm, 2 h

DMAc, 85 °C, no light, 24 h . i
Me Br 9 Me B, DMAc, 85 °C, no light, 24 h T oo
+ nBuNH,; — N
+ < 7 —
(Ph3P)Co(I)CI (5.0 mol%)
M
Me d-Mebpy (5.0 mol %), DBU (1.5 equiv.) Me § © (Ph3P)Co(I)CI (5.0 mol%) " D
> SnBu no ligand, DBU (1.5 equiv.) e
° light >
DMAe, 85 °C, no light, 24 h DMAc, 85 °C, no light, 24 h
Me 2% Me 0%

Scheme 5. (A) The mass spectrum of possible Co species; (B) UV-vis absorption spectra of [Co(II)-d-Mebpy-(Cl04)2] in DMAc
at various concentrations; (C) d-Mebpy and Co(II)(ClO4)2 + d-Mebpy-Co(II)(Cl04)2 + DBU in DMAc (4 x 104 M, 1 mm path
length, quartz cuvette), (D) [Co(I)-d-Mebpy-(ClO4)z] + DBU under light irradiation in DMAc (3 x 10-* M, 1 mm path length,
quartz cuvette) from 0 to 150 min; (E-G) Electron paramagnetic resonance spectra; (H) Reactions aimed at probing the mech-
anism of the C-N coupling reaction. Yields were determined by 'H NMR spectroscopy using 1,3-benzodioxole as an internal
standard. For more details, see Supporting Information.
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Scheme 6. Possible mechanism of the light-induced cobalt-catalyzed amination.

Conclusion

In summary, we have developed an adaptive light-in-
duced cobalt-catalyzed C-N cross-coupling reactions be-
tween various N-nucleophiles and aryl halides under the
same reaction conditions (same pre-catalyst, same ligand,
same base, same solvent and same temperature), thus de-
livering diverse N-arylation products in generally high
yields with excellent functional group tolerance (>130 ex-
amples, up to 95% yield), showing excellent potentials in
pharmaceutical chemistry. It is worthy to note that the cur-
rent single-cobalt catalytic system could address the scope
limitations in terms of electron-donating aryl halides and
sterically hindered ortho-substituted aryl halides, which
was proved challenging substrates in traditional transition-
metal catalyzed C-N coupling reaction. Preliminary mecha-
nistic studies suggest that the current C-N cross-coupling
reactions proceed via a Co(I)/Co(1II) catalytic cycle.

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

Experimental procedures, analytical data and copies of
NMR spectra for synthesized compounds (PDF).

AUTHOR INFORMATION
Corresponding Author

*Dong Xue-Key Laboratory of Applied Surface and Colloid
Chemistry, Ministry of Education and School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an,

710119, People’s Republic of China; orcid.org/ 0000-0002-
7269-6356; Email: xuedong_welcome@snnu.edu.cn

Authors

Geyang Song-Key Laboratory of Applied Surface and Colloid
Chemistry, Ministry of Education and School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an,
710119, People’s Republic of China

Qi Li-Key Laboratory of Applied Surface and Colloid Chemistry,
Ministry of Education and School of Chemistry and Chemical
Engineering, Shaanxi Normal University, Xi'an, 710119, Peo-
ple’s

Republic of China

Jiameng Song-Key Laboratory of Applied Surface and Colloid
Chemistry, Ministry of Education and School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an,
710119, People’s Republic of China

Tengfei Kang-Key Laboratory of Applied Surface and Colloid
Chemistry, Ministry of Education and School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an,
710119, People’s Republic of China

Jianyang Dong-Key Laboratory of Applied Surface and Colloid
Chemistry, Ministry of Education and School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an,
710119, People’s Republic of China

Gang Li-Key Laboratory of Applied Surface and Colloid Chem-
istry, Ministry of Education and School of Chemistry and Chem-
ical Engineering, Shaanxi Normal University, Xi'an, 710119,
People’s Republic of China

Juan Fan-Key Laboratory of Applied Surface and Colloid Chem-
istry, Ministry of Education and School of Chemistry and Chem-
ical Engineering, Shaanxi Normal University, Xi'an, 710119,
People’s Republic of China

https://doi.org/10.26434/chemrxiv-2024-8pn7s ORCID: https://orcid.org/0000-0003-1563-8093 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-8pn7s
https://orcid.org/0000-0003-1563-8093
https://creativecommons.org/licenses/by-nc-nd/4.0/

Chao Wang-Key Laboratory of Applied Surface and Colloid
Chemistry, Ministry of Education and School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi’an,
710119, People’s Republic of China

Notes
The authors declare no competing financial interest.

ASSOCIATED CONTENT

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

Experimental procedures, analytical data and copies of
NMR spectra for synthesized compounds (PDF).

ACKNOWLEDGMENT

This research is supported by the National Natural Science
Foundation of China (22171174), the Fundamental Research
Funds for the Central Universities (GK202207015,
GK202406026), the Innovation Capability Support Program of
Shaanxi (2023-CX-TD-28), the Fundamental Science Research
Project of Shaanxi for Chemistry, Biology (22JHZ002), the Nat-
ural Science Foundation of Shaanxi Province (2023-JC-YB-100,
2024]JC-YBQN-0075), the China Postdoctoral Science Founda-
tion (2023M732165), the Shaanxi Province Postdoctoral Sci-
ence Foundation (2023BSHYDZZ107).

REFERENCES

(1) For representative examples, see: a) Crabtree, R. H. The
organometallic chemistry of the transition metals, John Wiley &
Sons, 2009; b) Molnar, A. Palladium-catalyzed coupling reactions:
Practical aspects and future developments, Wiley, 2013; c) Meijere,
A, Brése, S.; Oestreich, M. Metal-catalyzed cross-coupling ceactions
and more, Wiley, 2014; d) Ouyang, K,; Hao, W.; Zhang, W.-X,; Xi, Z.
F. Transition-metal-catalyzed cleavage of C-N single bonds. Chem.
Rev. 2015, 115, 12045-12090; e) Sultan, S.; Shah, B. A. Carbon-
carbon and carbon-heteroatom bond formation reactions using
unsaturated carbon compounds. Chem. Rec. 2019, 19, 644-660;

(2) a) Lawrence S. A. Amines: Synthesis, Properties, and Applica-
tions, Cambridge Univ. Press, Cambridge, 2004; b) Ricci A. Amino
group chemistry: from synthesis to the life sciences, Wiley-VCH,
Weinheim, 2008.

(3) a) Muci, A. R; Buchwald, S. L. Top. Curr. Chem. 2002, 219,
131-209; b) Hartwig, J. F. Carbon-heteroatom bond formation
catalyzed by organometallic complexes. Nature 2008, 455, 314-
322; ¢) Nicolaou K. C;; Boddy C. N. C; Brase S.; Winssinger N. Angew.
Chem. Int. Ed., 1999, 38, 2096.

(4) a) Burke, A. J.; Marques, C. S. Catalytic arylation methods,
Wiley-VCH, Weinheim, 2015; b) Cho, S. H,; Kim, ]. Y.; Kwak, |;
Chang, S. Recent advances in the transition metal-catalyzed two-
fold oxidative C-H bond activation strategy for C-C and C-N bond
formation. Chem. Soc. Rev., 2011, 40, 5068.

(5) For representative examples, see: a) Hartwig,. J. F. Palladium-
catalyzed amination of aryl halides and sulfonates. John Wiley &
Sons, Ltd. 2020. 853; b) Shaughnessy, Kevin H. Copper-catalyzed
amination of arylamines. and alkenyl electrophiles. John Wiley &
Sons, Inc. 2004, 668; c) Marin, M.; Rama, R. ].; Nicasio, M. C. Ni-cat-
alyzed amination reactions: An overview. Chem. Rec. 2016, 16,
1819; d) Cai, Q.; Zhou, W. Ullmann-Ma reaction: Development,
scope and applications in organic synthesis. Chin. J. Chem. 2020, 38,
879.

(6) Lin, S.; Dikler, S.; Blincoe, W. D.; Ferguson, R. D.; Sheridan, R.
P.; Peng, Z; Conway, D. V.; Zawatzky, K.; Wang, H.; Cernak, T.; Da-

vies, I. W.; DiRocco, D. A.; Sheng, H.; Welch, C. ].; Dreher, S. D. Map-
ping the dark space of chemical reactions with extended nanomole
synthesis and MALDI-TOF MS. Science 2018, 361, eaar6236.

(7) a) Santanilla, A. B.; Regalado, E. L.; Pereira, T.; Shevlin, M.;
Bateman, K.; Campeau, L.-C.; Schneeweis, ].; Berritt, S.; Shi, Z.-C.;
Nantermet, P.; Liu, Y.; Helmy, R.; Welch, C. ].; Vachal, P.; Davies, I.
W.; Cernak, T.; Dreher, S. D. Nanomole-scale high-throughput
chemistry for the synthesis of complex molecules. Science 2015,
347,49; b) Gesmundo, N. ]J.; Sauvagnat, B.; Curran, P.].; Richards, M.
P.; Andrews, C. L.; Dandliker, P. ].; Cernak, T. Nanoscale synthesis
and affinity ranking. Nature 2018, 557, 228; c) Wagen, C. C.;
McMinn, S. E.; Kwan, E. E.; Jacobsen. E. N. Screening for generality
in asymmetric catalysis. Nature, 2022, 610, 680; d) Wang, ]. Y.; Ste-
vens, J. M,; Kariofillis, S. K.; Tom, M.-].; Golden, D. L.; Li, ].; Tabora, J.
E.; Parasram, M.; Shields, B. ].; Primer, D. N.; Hao, B.; Valle, D. D,;
DiSomma, S.; Furman, A;; Zipp, G. G.; Melnikov, S.; Paulson, ].; Doyle,
A. G. Identifying general reaction conditions by bandit optimization.
Nature, 2024, 626, 1025.

(8) Ghosh, L; Shlapakov, N.; Karl, T. A,; Diiker, J.; Nikitin, M,;
Burykina, J. V.; Ananikov, V. P.; K6nig, B. General cross-coupling re-
actions with adaptive dynamic homogeneous catalysis. Nature
2023,619,87.

(9) a) Cahiez, G.; Moyeux, A. Cobalt-catalyzed cross-coupling re-
actions. Chem. Rev. 2010, 110, 1435; b) Giedyk, M.; Goliszewska, K.;
Gryko, D. Vitamin Bi2 catalyzed reactions. Chem. Soc. Rev. 2015, 44,
3391; c) Baccalini, A.; Vergura, S.; Dolui, P.; Zanoni, G.; Maiti, D. Re-
cent advances in cobalt-catalyzed C-H functionalizations. Org. Bio-
mol. Chem. 2019, 17,10119; d) Han, J.-F.; Guo, P.; Zhang, X.-G.; Liao,
J.-B.; Ye, K.-Y. Recent advances in cobalt-catalyzed allylic function-
alization. Org. Biomol. Chem. 2020, 18, 7740; e) Kojima, M.; Matsu-
naga, S. The merger of photoredox and cobalt catalysis. Trends
Chem. 2020, 2, 410; e) Frei, A; King, A. P.; Lowe, G. ].; Cain, A. K;
Short, F. L.; Dinh, H.; Elliott, A. G.; Zuegg, ].; Wilson, ]. ].; Blaskovich,
M. A. T. Nontoxic cobalt(III) schiff base complexes with broad-spec-
trum antifungal activity. Chem. Eur. J. 2021, 27, 202.

(10) For representative examples, see: a) Teo, Y.-C.; Chua, G.-L.
Cobalt-catalyzed N-arylation of nitrogen nucleophiles in water.
Chem. Eur. J. 2009, 15,3072; b) Toma, G.; Yamaguchi, R. Cobalt-cat-
alyzed C-N bond-forming reaction between chloronitrobenzenes
and secondary amines. Eur. J. Org. Chem. 2010, 6404; c) Tan, B. Y.-
H.; Teo, Y.-C. Efficient cobalt-catalyzed C-N cross-coupling reaction
between benzamide and aryl iodide in water. Org. Biomol. Chem.
2014, 12, 7478-7481; d) Tan, B. Y.-H;; Teo, Y.-C. Mild and efficient
cobalt-catalyzed cross-coupling of aliphatic amides and aryl io-
dides in water. Synlett 2015, 26, 1697; e) Ghosh, T.; Maity, P.; Ranu,
B. C. Cobalt-copper catalyzed C(sp2) - N cross coupling of cmides
or nitrogenated heterocycles with styrenyl or aryl halides. Chemis-
tryselect 2018, 3, 4406; f) Lobie, E.; Subbegowda, R. K.; Basappa.
Development of a new arylamination reaction catalyzed by poly-
mer bound 1,3-(bisbenzimidazolyl) benzene Co(Il) complex and
generation of bioactive adamanate amines. Catalysts 2020, 10,
1315; g) Ahmad, K.; Chang, C-R;; Li. ]. Mechanistic investigations of
Co(II)-Catalyzed C-N coupling reactions. Organometallic Chem.
2018, 868, 144; h) Toma, G.; Fujita, K. -i.; Yamaguchi, R. Cobalt-cat-
alyzed C-N bond-forming reaction between N-aromatic 2-chlorides
and secondary amines. Eur. J. Org. Chem. 2009, 4586-4588; i)
Mukherjee, N.; Chatterjee, T.; Ranu, B. C. First application of heter-
ogeneous cobalt catalysis in Csp2-N cross-coupling of activated
chloroarenes under ligand-free conditions. Eur. J. Org. Chem. 2015,
4018-4023;

(11) a) Li, G;; Yang, L.; Liu, J.-J.; Zhang, W.; Cao, R.; Wang, C.; Zhang,
Z.Xiao, ].; Xue, D. Light-promoted C-N coupling of aryl halides with
nitroarenes. Angew. Chem. Int. Ed. 2021, 60, 5230; b) Song, G.; Yang,
L.; Li, J.-S,; Tang, W.-].; Zhang, W.; Cao, R.; Wang, C,; Xiao, J.; Xue, D.
Chiral arylated amines via C-N coupling of chiral amines with aryl
bromides promoted by light. Angew. Chem. Int. Ed. 2021, 60, 21536;
c) Song, G.; Nong, D.-Z,; Li, Q.; Yan, Y.; Li, G.; Fan, ].; Zhang, W.; Cao,
R.; Wang, C;; Xiao, ].; Xue, D. Photochemical synthesis of anilines via
Ni-catalyzed coupling of aryl halides with ammonium salts. ACS

https://doi.org/10.26434/chemrxiv-2024-8pn7s ORCID: https://orcid.org/0000-0003-1563-8093 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-8pn7s
https://orcid.org/0000-0003-1563-8093
https://creativecommons.org/licenses/by-nc-nd/4.0/

Catal. 2022, 12,15590; d) Song, G.; Li, Q.; Nong, D.-Z,; Song, |.; Li, G.;
Wang, C.; Xiao, J.; Xue, D. Ni-catalyzed photochemical C-N coupling
of amides with (hetero)aryl chlorides. Chem. Eur. ] 2023,
€202300458; e) Song, G.; Li, Q; Song ], Nong, D.-Z,; Li, G.; Fan, J;
Wang, C,; Xiao, J.; Xue, D. Werner salt as nickel and ammonia source
for photochemical synthesis of primary aryl amines. Angew. Chem.
Int. Ed. 2024, 63, e202314355.

(12) a); Cheung, K. P. S,; Sarkar, S.; Gevorgyan, V. Visible light-in-
duced transition metal catalysis. Chem. Rev. 2022, 122, 1543; b)
Bordet, A.; Leitner, W. Adaptive catalytic systems for chemical en-
ergy conversion, Angew. Chem. Int. Ed. 2023, 62, e2023019.

(13) For details, see Supporting Information.

(14) a) Harris, M. C.; Huang, X.; Buchwald, S. L. Improved Func-
tional Group Compatibility in the Palladium-catalyzed synthesis of
aryl amines. Org. Lett. 2002, 4, 2885; b) Sperry, ]. B.; Wiglesworth,
K. E. P.; Edmonds, L; Fiore, P.; Boyles, D. C.; Damon, D. B.; Dorow, R.
L.; Chekler, E. L. P.; Langille, J.; Coe, ]. W. Kiloscale Buchwald-Hart-
wig Amination: Optimized Coupling of Base-Sensitive 6-Bromoiso-
quinoline-1-carbonitrile with (S)-3-Amino-2-methylpropan-1-ol.
Org. Process Res. Dev. 2014, 18, 1752; c) Chen, Z,; Jiang, Y.; Zhang,
L.; Guo, Y.; Ma, D. Oxalic Diamides and tert-Butoxide: Two Types of
Ligands Enabling Practical Access to Alkyl Aryl Ethers via Cu-Cata-
lyzed Coupling Reaction. J. Am. Chem. Soc. 2019, 141, 3541.

(15) a) Schwarz, H. A;; Creutz, C.; Sutin, N. Homogeneous catalysis
of the photoreduction of water by visible light Cobalt(I) polypyri-
dine complexes. Redox and substitutional kinetics and thermody-
namics in the aqueous 2,2'-bipyridine and 4,4'-dimethyl-2,2'-bi-
pyridine series studied by the pulse-radiolysis technique. Inorg.
Chem. 1985, 24, 433; b) Waind, G. M.; Martin, B. Low valence stabi-
lisation. salts of the tris a-a’- dipyridyl cobalt (I) cation. J. Inorg.
Nucl Chem. 1985, 8, 551; c) Du, P.; Knowles, K.; Eisenberg, R. A ho-
mogeneous system for the photogeneration of hydrogen from wa-
ter based on a platinum(II) terpyridyl acetylide chromophore and
a molecular cobalt catalyst. J. Am. Chem. Soc. 2008, 130, 12576; d)
Wang, L., Wang, L.; Li, M.; Chong, Q.; Meng F. Cobalt-catalyzed dia-
stereo- and enantioselective reductive allyl additions to aldehydes
with allylic alcohol derivatives via allyl radical intermediates. J. Am.
Chem. Soc. 2021, 143, 12755; €) 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-allylcobalt complexes for allylation of
aldehydes. ACS Catal. 2021, 11, 2992; f) Zhang, D.; Li, H.; Guo, Z,;
Chen, Y,; Yan, H,; Ye, Z,; Zhang, F.; Ly, B.; Hao, E.; Shi, L. Redox-neu-
tral synthesis of m-allylcobalt complexes from alkenes for aldehyde
allylation via photoredox catalysis. Green Chem. 2022, 24, 9027.

https://doi.org/10.26434/chemrxiv-2024-8pn7s ORCID: https://orcid.org/0000-0003-1563-8093 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Harold+A.++Schwarz
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Carol++Creutz
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Norman++Sutin
https://doi.org/10.26434/chemrxiv-2024-8pn7s
https://orcid.org/0000-0003-1563-8093
https://creativecommons.org/licenses/by-nc-nd/4.0/

Adaptive Photochemical Amination via Co(ll) Catalysis

H
R'—NH, B Nogt
1° Aliphatic amines R 7
R2
H |
AR N.
R R2 R X R!
2° Aliphatic amines L~
H
N
Ar—NH, 7N | LT
Arylamines R— Pz >
“ R
Y 'Y
2 ; R
X E4 Amides >z 0o
AN Same
R—:()/ reaction conditions
F 1]
R8N, N R
X=Cl, Br S ot N \ﬁ,
Sulfonamides L o
1
0
AN N‘N
R—
Pyrazoles _—
15NH,CI, NH,Br N NH,
Ammonium salt R—}
=
Q Q Q Q
Same Exogenous Suitable for electron-donating Good functional
reaction conditions photocatalyst free and -withdrawing aryl halides group tolerance

https://doi.org/10.26434/chemrxiv-2024-8pn7s ORCID: https://orcid.org/0000-0003-1563-8093 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-8pn7s
https://orcid.org/0000-0003-1563-8093
https://creativecommons.org/licenses/by-nc-nd/4.0/

