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Visible-Light for Ruthenium-Catalyzed meta-C—H Alkylation at

Room Temperature

Parthasarathy Gandeepan,' Julian Koeller," Korkit Korvorapun, Jens Mohr, and Lutz Ackermann*

Abstract: Visible-light-induced ruthenium catalysis enabled remote
C-H alkylations with excellent levels of position control under
exceedingly mild conditions at room temperature. The
metallaphotocatalysis occurred under exogenous-photosensitizer-
free conditions with ample substrate scope. The robust nature of the
photo-induced mild meta-C-H functionalization was reflected by
broad functional group tolerance in an operationally-simple manner,
setting the stage for challenging secondary and tertiary meta-C—H
alkylations via ruthenaphotoredox catalysis.

The development of catalytic methods for the position-selective
functionalization of C-H bonds represents a key challenge in
molecular syntheses.™ Thus far, chelation assistance by directing
groups has been identified as a versatile tool for site-selective C—
H metalations.? Thereby, proximity-induced C—H activations
have set the stage for a plethora of ortho-selective C-H
functionalizations. In sharp contrast, strategies for the assembly
of meta-substituted arenes continue to be scarce. To overcome
the challenge of meta-C—H functionalization, useful approaches
have been devised (Figure 1).B! Hence, exploiting the substrate’s
inherent substitution pattern has proven useful, but still largely
suffers from limited substrate scope.”! Directing group-based
reactions via transient norbornene mediators,®l hydrogen-
bonding ligands,’® or template-directing groups!”? provided
significant recent momentum towards meta-decorated arenes.
While representing key advances, these methods require
multistep syntheses of ligands or templates, and often give
mixtures of regioisomeric products that are difficult to separate.
As a uniquely versatile alternative, meta C—H functionalizations
through arene o-activation’® were realized by chelation-assisted
ortho-cycloruthenation.l®3 Despite indisputable progress, the
o-activation approach is limited to elevated reaction temperatures
that resulted in significantly reduced yields and low functional
group tolerance. Conversely, room temperature metal-catalyzed
meta-C—H functionalization has thus far unfortunately proven
elusive.

During the past decade, photo-induced C—H functionalization has
emerged as a powerful tool for molecular syntheses, both in
terms of classical ortho-functionalizations or with electronically-
biased heteroarenes.® In sharp contrast, within our program on
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metallaphotoredox-catalyzed C—H functionalization,['®! we have
now devised the unprecedented visible-light-induced meta-C—H
alkylation at room temperature. Notable features of our findings
include a) expedient ruthenium-catalyzed meta-C—H alkylations,
b) visible-light-induced metallaphotocatalysis for remote C-H
functionalization, c) exogenous-photosensitizer-free
photocatalysis, and d) exceedingly mild reaction conditions at
room temperature.
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Figure 1. Strategies for meta-selective C—H functionalization. a) Control by
steric interactions, b) Transient norbornene mediator enabled meta-selectivity,
c) Hydrogen-bond interactions controlled selectivity, d) Template auxiliaries
chelation assistance and e) Catalytic arene g-activation by cycloruthenation.

We initiated our studies by probing reaction conditions for the
meta-C—H alkylation of arene l1a with challenging tert-butyl
bromide (2a) (Table 1 and Tables S1-S5 in the Supporting
Information). After considerable experimentation, we were
pleased to obtain the meta-alkylated product 3a in 80% yield with
[RuClx(p-cymene)], as the catalyst and diphenyl phosphoric
acid®” as the ligand under blue light irradiation at room
temperature (Table 1, entry 1). Control experiments verified the
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essential role of the ruthenium catalyst (entries 2 and 3), the
ligand (entries 4-6), the base (entries 7 and 8), the solvent (entry
9), and light (entry 10). Notably, other commonly used transition
metal catalysts for C—H activation, such as Pd(OAc),, [Cp*RhCl;],,
and [Cp*IrCl;],, fell short in giving the desired product 3a under
otherwise identical reaction conditions (entry 11), highlighting the
unique features of the ruthenaphotocatalysis for meta-C—H
functionalization at room temperature. The addition of external
photosensitizer, such as Ir(ppy)s, Ru(bpy)sCl,, Eosin Y,
Rhodamine 6G, Rose Bengal, 9-Mesityl-10-methylacridinium
perchlorate, did not significantly affect the efficacy of the
ruthenaphotoredox catalysis (Table S4).

Table 1. Optimization of Photo-Induced Ruthenium(ll)-Catalyzed meta-C—H
Alkylation

X
N\ P [RuCly(p-cymene)], (5.0 mol %) N\
. Me (CgH50),P(O)OH (30 mol %)
H Br <M":e KoCOs (2.0 equiv), 1,4-dioxane . H
RT,24 h
H blue LEDs Me
Me
Me
1a 2a 3a
Entry Deviation from standard condition Yield [%]&
1 None 80
2 No [Ru] 0
3 Ru(bpy)sClz, [Ru(NCtBu)e][PFe]2 or [Ru(OAc),(p- 0, 0, 35
cymene)] as the catalyst
4 BNDHP instead of (CsHs0)2P(O)OH 73
5 PivOH, MesCO2H or 1-AdCO:H instead of 14, 12,19
(CsHs0)2P(O)OH
6 No (CeHs0)2P(O)OH 24
7 No K2CO3 0
8 KOAc, NaOAc or KsPOg instead of K2COs 19, 30, 70
9 THF, PhMe, DME, or DMA instead of 61,0, 70,79
1,4-dioxane
10 No light 0
11 Pd(OAc)2, [Cp*RhCl2]2, and [Cp*IrCl2]2 as the O
catalyst
12 oil bath at 80 °C, no light 0

[a] Reaction conditions: 1a (0.4 mmol), 2a (1.2 mmol), [RuClz(p-cymene)]z (5.0
mol %), (CeHs0)2P(O)OH (30 mol %), K2COz (2.0 equiv), 1,4-dioxane (2.0 mL),
blue LEDs, 24 h, 25-30 °C, yield of isolated products. BNDHP = (¥)-1,1'-
Binaphthyl-2,2'-diyl hydrogenphosphate. DME = 1,2-Dimethoxyethane.

With the optimized reaction conditions established, we
investigated the versatility of the photo-meta-C—H alkylation of
arenes 1 (Scheme 1). We were delighted to observe that a variety
of both tertiary and secondary unactivated alkyl bromides 2 were
compatible electrophiles to provide the desired products 3 with
outstanding performance. Thus, alkyl bromides 2 bearing imides,
enones, piperidyl, and ester motifs were fully tolerated by the
ruthenaphotoredox meta-C—H functionalization.

10.1002/anie.201902258

‘ N ‘ N

R [RuCly(p-cymene)], (5.0 mol %) R

N
NF R® | (CeHsO),P(0)OH (30 mol %) 7
¥ <
H Br RSR K,CO3, 1,4-dioxane H
RT, blue LEDs 5
R
Rz M R? R*
R3
1 2 3
C—H tertiary alkylation
‘ A ‘ A ‘ X ‘ X
N__~ N = N __~ N ~
H H H H
Me Me
t-Bu Me
Me Me
3a: 80% 3b: 63% 3c: 82% 3d: 71%
P 1 o o
N~ N~ N~ N~
H H H H
Ph
Et Ph Ph
Me Me Me Me Mé Me Me Et
3e: 82% 3f: 55% 3g: 80% 3h: 52%

R N Me OMe
| | oS [
N~ N_~ o N__— N__—

H H Me H H
NPhth O ‘
t-Bu t-Bu
Me Me Me Me R
3i: 93% 3j: 61% R = H (3k): 76% 3m: 64%
R =0OMe (3l): 72%
S P S S
N~ N =~ N~ N~
H H H H OMe
t-Bu tBu tBu tBu
Me OMe F
3n; 56% 30: 54% 3p: 70% 3q:57%

C—H secondary alkylation

e P o P
N~ N =~ N -~ N -~
H H
Me Me
Me Me NYOBn

3v: 52% 3w: 48% o

I
I

R=H(@3r): 69%
R =Me (3s): 60%
R = OMe (3t): 52%

T P P
N~ N -~ N -~
H H H
OMe
NPhth NPhth
Me Me Me o
3x: 55% 3y: 53% 3z:53%

Scheme 1. Photo-induced meta-C-H alkylation at room temperature.

The ruthenium-catalyzed visible-light-induced meta-C—H
alkylation at ambient temperature was not limited to alkyl
bromides 2. Indeed, the ruthenaphotoredox catalysis proved also
applicable to the photo-induced C-H functionalization with
synthetically meaningful a-bromoesters 4 (Scheme 2). Also, the
meta-substituted products 5c-e derived from alkyl bromides
containing sugar, menthol, or steroid motifs were selectively
converted, which should prove instrumental for applications to
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pharmaceutical industries in terms of late-stage diversification
under mild conditions.[819l
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Scheme 2. Photo-induced meta-alkylation with a-bromoesters 4.

Given the unique features of the photo-induced ruthenium-
catalyzed meta-C—H functionalization, we became attracted to
elucidating its mode of action (Scheme 3). To this end, the chloro-
ruthenacycle?® 6 was found to be catalytically competent,

provided that the ligand (PhO).P(O)OH was present (Scheme 3a).

Likewise, the well-defined mesityl carboxylate-ruthenacyclel®® °n
7 was effective for the photo-induced remote C-H
functionalization, again solely in the presence of (PhO),P(O)OH.
Interestingly, both cyclometalated complexes 6 and 7 gave the
product 3a with almost quantitative isolated yield. Thereafter, we
examined a single-electron-transfer (SET)-regime by the use of
typical radical scavengers TEMPO, BHT, galvinoxyl, and 1,1-
diphenylethylene (Scheme 3b), which significantly suppressed
the catalytic efficacy. Finally, competition experiments between
secondary and tertiary alkyl bromides 2 revealed the latter to be
preferentially converted (Scheme 3c)
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Scheme 3. Key mechanistic studies.

In consideration of the mild nature of the photo-induced
ruthenium-catalyzed meta-C—H alkylation process, we became
interested in elucidating the role of visible light. Here, the
absorption spectra of ruthenium complexes 6 and 7 highlighted a
minor, yet significant light absorption in the relevant blue region
(Figure 2a). Furthermore, we performed fluorescent quenching
studies towards Stern-Volmer-plot analyses (Pages S-42-S-44 in
the Supporting Information), and monitored the conversion profile
of the photocatalytic meta-alkylation, revealing the remote-C—H
alkylation to be completely suppressed in the absence of light
(Figure 2b). These findings highlight the importance of visible-light
irradiation to the success of meta C-H functionalization at room
temperature, while showing that constant irradiation is required
for effective product formation.?! Cyclic voltammetric studies
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featured a reversible oxidation event with an oxidation peak at
0.98 V in DCE (Figure 2c).
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Figure 2. a) Absorption spectra of ruthenacycles 6 and 7. b) On/off light
experiments. ¢) Cyclic voltammograms at 100 mVs in DCE. nBusNPFs (0.1 M
in DCE), concentration of substrate 4 mM. Eox of 6: 0.98 V, Eox of 7: 0.87 V.
DCE = 1,2-dichloroethane.
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On the basis of our mechanistic findings, we propose a
plausible catalytic cycle to commence by phosphate-assisted(??
C-H ruthenation*” (Scheme 4). The cyclometalated ruthenium
complex B is then excited by blue-light absorption to give
intermediate B*, which is followed by SET to alkyl halides 2.
Thereby, ruthenium(lll) complex C and alkyl radical D are
generated. Next, radical attack on the aromatic moiety at the
position para to ruthenium forms intermediate E, which undergoes
intramolecular SET and subsequent rearomatization to provide
ruthenacycle G. Finally, protodemetalation releases the desired
meta-alkylated product 3 and regenerates the catalytically
competent ruthenium(ll) species A.
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Scheme 4. Plausible catalytic cycle.

Finally, we examined the visible-light-enabled meta-C—H
alkylation with alternative modifiable heteroarenes (Scheme 5).
To our delight, synthetically useful pyrazoles and oxazolines
enabled the synthesis of the desired meta-functionalized products
9 and 11, which are readily converted into meaningful amino and
carboxylic acid groups.® 231 The power of our visible-light-
enabled meta-C—H alkylation was further substantiated by the
late-stage modification towards the valuable piperidine moiety
(Scheme 5c).
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[a) meta-C—H alkylation with pyrazole]

2a
" \
N. ) [RuCl,(p-cymene)], (5.0 mol %) N{ \
N (CgH50),P(0)OH (30 mol %) N Ref. [23]
H K,COj, 1,4-di H
»CO3, 1,4-dioxane
60°C,24h
H blue LEDs
8 9: 64%
[b) meta-C—H alkylation with oxazoline]
2,
\ a \
Ny O [RuCl,(p-cymene)], (5.0 mol %) N. O CO,H
(CgHs50),P(O)OH (30 mol %) Ref. [9b]
H " —_—
K,CO3, 1,4-dioxane
RT, 48 h Bu
H blue LEDs
10 11:31%

c) Iate -stage diversification

m

20 % HCI
0—=23 °C, 30 min

Scheme 5. Late-Stage Diversification.

In conclusion, we have devised a novel strategy towards
meta-decorated arenes by unprecedented visible-light-induced
ruthenium-catalyzed remote C-H functionalization. The versatile
metallaphotoredox protocol proceeded in the absence of
exogenous photosensitizers with outstanding efficacy and
functional group tolerance under exceedingly mild conditions at
room temperature. The versatile photo-meta-C-H
functionalization enabled both challenging secondary and tertiary
alkylations. Overall, our findings demonstrate, for the first time,
the unique potential of merging visible-light photoredox catalysis
with ruthenium(ll)-mediated meta-C—H functionalizations. Further
studies are ongoing in our laboratories and will be reported in due
course.

Acknowledgements

Generous support by the Alexander von Humboldt Foundation
(fellowship to PG), the DAAD (fellowship to KK), and the DFG
(fellowship to JM, Gottfried-Wilhelm-Leibniz-Preis to LA, and
SPP1807) are gratefully acknowledged.

Keywords: C-H activation * meta selectivity « photocatalysis *
remote C—H functionalization * room temperature * ruthenium

[1] a) P. Gandeepan, T. Miiller, D. Zell, G. Cera, S. Warratz, L. Ackermann,
Chem. Rev. 2019, DOI: 10.1021/acs.chemrev.1028b00507; b) J. C. K.
Chu, T. Rovis, Angew. Chem. Int. Ed. 2018, 57, 62-101; c) H. M. L.
Davies, D. Morton, ACS Cent. Sci. 2017, 3, 936-943; d) J. He, M. Wasa,
K. S. L. Chan, Q. Shao, J.-Q. Yu, Chem. Rev. 2016, 117, 8754-8786; €)
J. F. Hartwig, M. A. Larsen, ACS Cent. Sci. 2016, 2, 281-292; f) T.

Gensch, M. N. Hopkinson, F. Glorius, J. Wencel-Delord, Chem. Soc. Rev.

2016, 45, 2900-2936, and cited references.

[2] a) C. Sambiagio, D. Schénbauer, R. Blieck, T. Dao-Huy, G. Pototschnig,
P. Schaaf, T. Wiesinger, M. F. Zia, J. Wencel-Delord, T. Besset, B. U. W.
Maes, M. Schnirch, Chem. Soc. Rev. 2018, 47, 6603-6743; b) P.
Gandeepan, L. Ackermann, Chem 2018, 4, 199-222; c) Y. Park, Y. Kim,
S. Chang, Chem. Rev. 2017, 117, 9247-9301; d) W. Ma, P. Gandeepan,

[3]

[0

10.1002/anie.201902258

WILEY-VCH

J. Li, L. Ackermann, Org. Chem. Front. 2017, 4, 1435-1467; e) D. A.

Colby, R. G. Bergman, J. A. Ellman, Chem. Rev. 2010, 110, 624-655; f)
O. Daugulis, H.-Q. Do, D. Shabashov, Acc. Chem. Res. 2009, 42, 1074—
1086; g) L. Ackermann, R. Vicente, A. R. Kapdi, Angew. Chem. Int. Ed.

20009, 48, 9792-9826, and cited references.

a) A. Dey, S. K. Sinha, T. K. Achar, D. Maiti, Angew. Chem. Int. Ed. 2019,

DOI: 10.1002/anie.201812116; b) M. T. Mihai, G. R. Genov, R. J. Phipps,

Chem. Soc. Rev. 2018, 47, 149-171, c) A. Dey, S. Agasti, D. Maiti, Org.

Biomol. Chem. 2016, 14, 5440-5453; d) L. Ackermann, J. Li, Nat. Chem.

2015, 7, 686; e) C. G. Frost, A. J. Paterson, ACS Cent. Sci. 2015, 1, 418-
419.

For representative examples, see: a) R. J. Phipps, M. J. Gaunt, Science
2009, 323, 1593; b) J.-Y. Cho, M. K. Tse, D. Holmes, R. E. Maleczka, M.
R. Smith, Science 2002, 295, 305.

a) M. E. Farmer, P. Wang, H. Shi, J.-Q. Yu, ACS Catal. 2018, 8, 7362—
7367; b) K.-Y. Yoon, G. Dong, Angew. Chem. Int. Ed. 2018, 57, 8592—
8596; c) H. Shi, A. N. Herron, Y. Shao, Q. Shao, J.-Q. Yu, Nature 2018,
558, 581-585; d) R. Li, G. Dong, Angew. Chem. Int. Ed. 2018, 57, 1697—
1701; e) N. Della Ca’, M. Fontana, E. Motti, M. Catellani, Acc. Chem. Res.
2016, 49, 1389-1400; f) D. Rasina, A. Kahler-Quesada, S. Ziarelli, S.
Warratz, H. Cao, S. Santoro, L. Ackermann, L. Vaccaro, Green Chem.
2016, 18, 5025-5030; g) J. Ye, M. Lautens, Nat. Chem. 2015, 7, 863—
870; h) X.-C. Wang, W. Gong, L.-Z. Fang, R.-Y. Zhu, S. Li, K. M. Engle,
J.-Q. Yu, Nature 2015, 519, 334; i) Z. Dong, J. Wang, G. Dong, J. Am.
Chem. Soc. 2015, 137, 5887-5890; j) P.-X. Shen, X.-C. Wang, P. Wang,
R.-Y. Zhu, J.-Q. Yu, J. Am. Chem. Soc. 2015, 137, 11574-11577.

a) R. Bisht, M. E. Hoque, B. Chattopadhyay, Angew. Chem. Int. Ed. 2018,
57, 15762-15766; b) H. J. Davis, R. J. Phipps, Chem. Sci. 2017, 8, 864—
877; c) Z. Zhang, K. Tanaka, J.-Q. Yu, Nature 2017, 543, 538; d) M. E.
Hoque, R. Bisht, C. Haldar, B. Chattopadhyay, J. Am. Chem. Soc. 2017,
139, 7745-7748; e) A. J. Neel, M. J. Hilton, M. S. Sigman, F. D. Toste,
Nature 2017, 543, 637; f) H. J. Davis, G. R. Genov, R. J. Phipps, Angew.
Chem. Int. Ed. 2017, 56, 13351-13355; g) H. J. Davis, M. T. Mihai, R. J.
Phipps, J. Am. Chem. Soc. 2016, 138, 12759-12762; h) Y. Kuninobu, H.
Ida, M. Nishi, M. Kanai, Nat. Chem. 2015, 7, 712-717.

a) R. Jayarajan, J. Das, S. Bag, R. Chowdhury, D. Maiti, Angew. Chem.
Int. Ed. 2018, 57, 7659-7663; b) G. Cheng, P. Wang, J.-Q. Yu, Angew.
Chem. Int. Ed. 2017, 56, 8183-8186; c) S. Bag, R. Jayarajan, U. Dutta,
R. Chowdhury, R. Mondal, D. Maiti, Angew. Chem. Int. Ed. 2017, 56,
12538-12542; d) S. Li, L. Cai, H. Ji, L. Yang, G. Li, Nat. Commun. 2016,
7, 10443; e) A. Maji, B. Bhaskararao, S. Singha, R. B. Sunoj, D. Maiti,
Chem. Sci. 2016, 7, 3147-3153; f) L. Chu, M. Shang, K. Tanaka, Q. Chen,
N. Pissarnitski, E. Streckfuss, J.-Q. Yu, ACS Cent. Sci. 2015, 1, 394
399; g) R.-Y. Tang, G. Li, J.-Q. Yu, Nature 2014, 507, 215-220; h) D.
Leow, G. Li, T.-S. Mei, J.-Q. Yu, Nature 2012, 486, 518-522.

a) J. A. Leitch, C. G. Frost, Chem. Soc. Rev. 2017, 46, 7145-7153; b) J.
Li, S. De Sarkar, L. Ackermann, Top. Organomet. Chem. 2016, 55, 217-
257.

a) F. Fumagalli, S. Warratz, S.-K. Zhang, T. Rogge, C. Zhu, A. C. Stuckl,
L. Ackermann, Chem. Eur. J. 2018, 24, 3984-3988; b) K. Korvorapun, N.
Kaplaneris, T. Rogge, S. Warratz, A. C. Stiickl, L. Ackermann, ACS Catal.
2018, 8, 886-892; c) Z. Ruan, S.-K. Zhang, C. Zhu, P. N. Ruth, D. Stalke,
L. Ackermann, Angew. Chem. Int. Ed. 2017, 56, 2045-2049; d) J. Li, K.
Korvorapun, S. De Sarkar, T. Rogge, D. J. Burns, S. Warratz, L.
Ackermann, Nat. Commun. 2017, 8, 15430; e) G. Li, X. Ma, C. Jia, Q.
Han, Y. Wang, J. Wang, L. Yu, S. Yang, Chem. Commun. 2017, 53,
1261-1264; f) G. Li, X. Lv, K. Guo, Y. Wang, S. Yang, L. Yu, Y. Yu, J.
Wang, Org. Chem. Front. 2017, 4, 1145-1148; g) G. Li, P. Gao, X. Lv, C.
Qu, Q. Yan, Y. Wang, S. Yang, J. Wang, Org. Lett. 2017, 19, 2682-2685;
h) J. A. Leitch, C. L. McMullin, M. F. Mahon, Y. Bhonoah, C. G. Frost,
ACS Catal. 2017, 7, 2616-2623; i) Z.-Y. Li, L. Li, Q.-L. Li, K. Jing, H. Xu,
G.-W. Wang, Chem. Eur. J. 2017, 23, 3285-3290; j) C. C. Yuan, X. L.
Chen, J. Y. Zhang, Y. S. Zhao, Org. Chem. Front. 2017, 4, 1867-1871;
k) B. Li, S.-L. Fang, D.-Y. Huang, B.-F. Shi, Org. Lett. 2017, 19, 3950-
3953; I) G. Li, D. Li, J. Zhang, D.-Q. Shi, Y. Zhao, ACS Catal. 2017, 7,
4138-4143; m) A. J. Paterson, S. St John-Campbell, M. F. Mahon, N. J.
Press, C. G. Frost, Chem. Commun. 2015, 51, 12807-12810; n) J. Li, S

Warratz, D. Zell, S. De Sarkar, E. E. Ishikawa, L. Ackermann, J. Am.
Chem. Soc. 2015, 137, 13894-13901; o) N. Hofmann, L. Ackermann, J.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

[20]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

Am. Chem. Soc. 2013, 135, 5877-5884; p) L. Ackermann, N. Hofmann,
R. Vicente, Org. Lett. 2011, 13, 1875-1877; q) L. Ackermann, P. Novak,
R. Vicente, N. Hofmann, Angew. Chem. Int. Ed. 2009, 48, 6045-6048.
a) P. Marcé, A. J. Paterson, M. F. Mahon, C. G. Frost, Catal. Sci. Technol.
2016, 6, 7068-7076; b) O. Saidi, J. Marafie, A. E. W. Ledger, P. M. Liu,
M. F. Mahon, G. Kociok-Kéhn, M. K. Whittlesey, C. G. Frost, J. Am.
Chem. Soc. 2011, 133, 19298-19301.

a) S. Warratz, D. J. Burns, C. Zhu, K. Korvorapun, T. Rogge, J. Scholz,
C. Jooss, D. Gelman, L. Ackermann, Angew. Chem. Int. Ed. 2017, 56,
1557-1560; b) C. J. Teskey, A. Y. W. Lui, M. F. Greaney, Angew. Chem.
Int. Ed. 2015, 54, 11677-11680; ¢) Q. Yu, L. a. Hu, Y. Wang, S. Zheng,
J. Huang, Angew. Chem. Int. Ed. 2015, 54, 15284-15288.

a) Z. Fan, J. Li, H. Lu, D.-Y. Wang, C. Wang, M. Uchiyama, A. Zhang,
Org. Lett. 2017, 19, 3199-3202; b) Z. Fan, J. Ni, A. Zhang, J. Am. Chem.
Soc. 2016, 138, 8470-8475.

H. L. Barlow, C. J. Teskey, M. F. Greaney, Org. Lett. 2017, 19, 6662—
6665.

a) L. Marzo, S. K. Pagire, O. Reiser, B. Kdnig, Angew. Chem. Int. Ed.

2018, 57, 10034-10072; b) C.-S. Wang, P. H. Dixneuf, J.-F. Soulé, Chem.

Rev. 2018, 118, 7532-7585; c) J. Twilton, C. Le, P. Zhang, M. H. Shaw,
R. W. Evans, D. W. C. MacMillan, Nat. Rev. Chem. 2017, 1, 52; d) J. K.
Matsui, S. B. Lang, D. R. Heitz, G. A. Molander, ACS Catal. 2017, 7,
2563-2575; e) K. L. Skubi, T. R. Blum, T. P. Yoon, Chem. Rev. 2016,
116, 10035-10074; f) N. A. Romero, D. A. Nicewicz, Chem. Rev. 2016,
116, 10075-10166; g) M. D. Kérkés, J. A. Porco, C. R. J. Stephenson,
Chem. Rev. 2016, 116, 9683-9747; h) D. C. Fabry, M. Rueping, Acc.
Chem. Res. 2016, 49, 1969-1979; i) O. Reiser, Acc. Chem. Res. 2016,
49, 1990-1996; j) D. C. Miller, K. T. Tarantino, R. R. Knowles, Top. Curr.
Chem. 2016, 374, 30; k) M. Fagnoni, D. Dondi, D. Ravelli, A. Albini,
Chem. Rev. 2007, 107, 2725-2756.

a) B. Schweitzer-Chaput, M. A. Horwitz, E. de Pedro Beato, P. Melchiorre,
Nat. Chem. 2019, 11, 129-135; b) R. S. J. Proctor, H. J. Davis, R. J.
Phipps, Science 2018, 360, 419-422; c) G.-X. Li, X. Hu, G. He, G. Chen,
ACS Catal. 2018, 8, 11847-11853; d) T. McCallum, S. P. Pitre, M. Morin,
J. C. Scaiano, L. Barriault, Chem. Sci. 2017, 8, 7412-7418; e) J. K.
Matsui, D. N. Primer, G. A. Molander, Chem. Sci. 2017, 8, 3512-3522; f)
J. K. Matsui, G. A. Molander, Org. Lett. 2017, 19, 950-953; g) W. Liu, X.
Yang, Z.-Z. Zhou, C.-J. Li, Chem 2017, 2, 688-702; h) P. Liu, W. Liu, C.-
J. Li, 3. Am. Chem. Soc. 2017, 139, 14315-14321; i) F. J. R. Klauck, M.
J. James, F. Glorius, Angew. Chem. Int. Ed. 2017, 56, 12336-12339; j)
A. Gutiérrez-Bonet, C. Remeur, J. K. Matsui, G. A. Molander, J. Am.
Chem. Soc. 2017, 139, 12251-12258; k) C. Stephenson, E. Swift, T.
Williams, Synlett 2016, 27, 754-758; key progress in ortho-selectivity: I)
D. Kalsi, S. Dutta, N. Barsu, M. Rueping, B. Sundararaju, ACS Catal.
2018, 8115-8120; m) D. C. Fabry, M. A. Ronge, J. Zoller, M. Rueping,
Angew. Chem. Int. Ed. 2015, 54, 2801-2805; n) J. Zoller, D. C. Fabry, M.
A. Ronge, M. Rueping, Angew. Chem. Int. Ed. 2014, 53, 13264-13268;
0) D. C. Fabry, J. Zoller, S. Raja, M. Rueping, Angew. Chem. Int. Ed.
2014, 53, 10228-10231, p) D. Kalyani, K. B. Mcmurtrey, S. R. Neufeldt,
M. S. Sanford, J. Am. Chem. Soc. 2011, 133, 18566-18569, and cited
references.

a) J. Koeller, P. Gandeepan, L. Ackermann, Synthesis 2019, 51, 1284—
1292; b) Y.-F. Liang, R. Steinbock, L. Yang, L. Ackermann, Angew.
Chem. Int. Ed. 2018, 57, 10625-10629; c) P. Gandeepan, J. Mo, L.
Ackermann, Chem. Commun. 2017, 53, 5906-5909; d) F. Yang, J.
Koeller, L. Ackermann, Angew. Chem. Int. Ed. 2016, 55, 4759-4762.

L. Ackermann, R. Vicente, A. Althammer, Org. Lett. 2008, 10, 2299-2302.
a) D. C. Blakemore, L. Castro, I. Churcher, D. C. Rees, A. W. Thomas,
D. M. Wilson, A. Wood, Nat. Chem. 2018, 10, 383-394; b) E. K.
McCranie, B. O. Bachmann, Nat. Prod. Rep. 2014, 31, 1026-1042.
Under otherwise identical reaction conditions, primary alkyl halides gave
the ortho-substitution, with the ortho-benzylated phenylpyridine being
isolated in 41% yield.

a) B. Li, T. Roisnel, C. Darcel, P. H. Dixneuf, Dalton Trans. 2012, 41,
10934-10937; b) V. Ritleng, C. Sirlin, M. Pfeffer, Chem. Rev. 2002, 102,
1731-1770.

M. A. Cismesia, T. P. Yoon, Chem. Sci. 2015, 6, 5426-5434.

a) D. L. Davies, S. A. Macgregor, C. L. McMullin, Chem. Rev. 2017, 117,
8649-8709; b) L. Ackermann, Chem. Rev. 2011, 111, 1315-1345.

[23]

10.1002/anie.201902258

WILEY-VCH

H. Wang, I. Choi, T. Rogge, N. Kaplaneris, L. Ackermann, Nature Catal.
2018, 1, 993-1001.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

COMMUNICATION

PN

hy RT

HONTY W | @
I’ 4 visible light
O exogenous-photosensitizer-free
high functional group tolerance
H ® "

broad substrate scope
room temperature

meta-light: Visible-light enabled remote arene diversification under exceedingly
mild conditions for expedient meta-C—H-functionalization at room temperature.
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