
Diversification of Amidyl Radical Intermediates Derived from C–H 
Aminopyridylation 
Asim Maity,‡ Pritam Roychowdhury,‡ Roberto G. Herrera, David C. Powers* 

Department of Chemistry, Texas A&M University, College Station, Tx 77843, United States 
Supporting Information Placeholder 

ABSTRACT: C–H amination chemistry promises to streamline access to nitrogen-containing fine chemicals. The typical need for N-activating 
substituents — such of N-sulfonyl groups, which are challenging to remove and difficult to engage in synthetic elaboration — limits synthetic 
utility. Here, we demonstrate that N-benzylaminopyridinium species, generated by C–H aminopyridylation, provide a platform for synthetic 
elaboration via reductive N–N bond activation to unveil electrophilic N-
centered radicals. These reactive intermediates can be trapped either via 
anti-Markovnikov olefin carboamination to provide access to tetrahydroi-
soquinolines, which are important heterocycles in molecular therapeutics, 
or via aza-Rubottom chemistry with silyl enol ethers to provide a-amino 
ketones. This approach broadens the synthetic utility of N-alkylamino-
pyridinium intermediates and demonstrates a new approach to C–H ami-
nation with synthetically addressable, bifunctional reagents. 

The presence of amines and other nitrogen-based functional 
groups can profoundly impact the chemical and biological proper-
ties of organic small molecules and thus C–N bonds are ubiquitous 
in pharmacologically active organic scaffolds.1 In both biology and 
synthetic chemistry, installation of C–N bonds typically requires 
substrate pre-oxidation, which inherently limits the efficiency and 
versatility of synthetic approaches to these important molecules.2 A 
variety of C–H amination methods, based on either nitrene or nitro-
gen-centered radical intermediates, have been advanced to install N-
containing functional groups without the need for substrate prefunc-
tionalization (Figure 1a).3,4 In practice, electron-withdrawing 
groups, such as N-sulfonyl substituents, are typically required to ac-
tivate aminating reagents for C–H functionalization and methods to 
elaborate the resulting sulfonamides to more complex nitrogen-con-
taining molecules are limited.5, 6  

We recently introduced N-aminopyridinium salts as bifunc-
tional reagents in C–H amination chemistry.7 The combination of a 
nucleophilic N-amino group and a reductively activatable N–N 
bond8 provided a platform to couple C–H amination with C–N 
cross coupling to achieve formal nitrene transfer to benzylic C–H 
bonds. Here, we demonstrate that reductive activation of the same 
N–N bonds allows derivatization of the products of C–H amination 
via electrophilic N-centered radicals (Figure 1b).9 We highlight the 
amination/derivatization sequence in (1) the synthesis of tetrahy-
droisoquinolines, which are important heterocycles in medicinal 
chemistry and can be challenging to prepare by existing methods,10 
and (2) the synthesis of a-aminoketones via formal aza-Rubottom 
chemistry.11 These protocols enable conversion of benzylic C–H 
bonds to an array of nitrogen-containing products and significantly 
expand the utility of N-aminopyridiniums as lynchpins of molecular 
synthesis. 

During our initial studies of C–H aminopyridylation, we de-
veloped conditions that promoted selective benzylic C–H 

functionalization of a variety of ethyl and alkylbenzene derivatives.7 

We envisioned that oxidative quenching of the excited state of an ap-
propriate photoredox mediator would promote reductive cleavage 
of the N–N bond of these compounds to release pyridine and unveil 
an electrophilic aminyl radical.  The generated aminyl radical could 
be engaged with exogenous substrate, such as an olefin, with the po-
tential for additional C–C bond formation through cyclization in the 
presence of pendant phenyl moiety (vide infra). Initial attempts to 
photolyze a solution of 1a in the presence of aryl olefins and a variety 

 

Figure 1. (a) Direct C–H amination via nitrene transfer or radical-mediated 
processes typically requires activation of the amine fragment with electron with-
drawing substituents, which can be removed to ultimately generate free amines. 
(b) Here, we demonstrate C–H amination with N-aminopyridinium which pro-
vides the opportunity to diversify the products of C–H amination via amidyl rad-
icals generated by reductive N–N cleavage. 
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of photoredox mediators were unsuccessful.  We observed complete 
recovery of starting materials with no desired N–N cleavage. We rea-
soned that the inability to achieve N–N cleavage may arise from the 
instability of the aminyl radicals that would result from reductive ex-
trusion of pyridine from 1a and hypothesized that the installation of 
a sulfonyl group would stabilize the incipient N-centered radical 
(Figure 2). Tosylation of 1a by treatment with TsCl, K2CO3, and 
DMAP (10 mol%) afforded sulfonamide 2a. Consistent with the hy-
pothesis that tosylation would enable reductive activation of the N-
benzylaminopyridinium: The cyclic voltammograms (CVs) of com-
pound 1a and 2a reveal that onset potential for reduction for com-
pound 1a and 2a are –1.31 V and –0.86V vs. Ag/AgNO3, respec-
tively (Figure S1). 

Photolysis (l = 463 nm) of sulfonamide 2a with 
[Ir(ppy)2(dtbbpy)][PF6] (4, 1 mol%) in the presence of styrene 
(3a) resulted in the evolution of tetrahydroisoquinoline 5a in 71% 
yield (1.4:1 ratio of cis:trans diastereomers). 

Tetrahydroisoquinoline 5a represents the product of anti-Markov-
nikov carbonamination of styrene. Control reactions in the absence 
of light and/or photocatalyst did not yield any deaminative product. 
For details of the carboamination optimization, including the impact 
of solvent, photocatalyst, reaction stoichiometry, and reaction tem-
perature, see the Supporting Information (Tables S1–S4). 

The developed carboamination chemistry tolerates substitu-
tion on both the aminopyridinium and styrene reaction partners. Re-
action of 4-fluorostyrene with differently substituted amino-
pyridinium salts resulted in the formation of tetrahydroisoquino-
lines 5b-5d. Reaction of differently substituted halostyrenes with 2a 
affords the corresponding tetrahydroisoquinolines (5e-5g) as dia-
stereomeric mixtures in 68-78% yield. The relative stereochemistry 
of the tetrahydroisoquinoline products was assigned based on sin-
gle-crystal X-ray diffraction analysis of chlorinated tetrahydroiso-
quinoline 5e (for crystallographic details, see Figures S2-S3 and Ta-
bles S5-S6 in the Supporting Information). Electron-donating sub-
stituents such as 4- and 3-methylstyrenes afforded tetrahydroiso-
quinolines 5h and 5i with trans- and cis-diastereomers being major 
products, respectively. Deaminative carboamination of 4-ace-
toxystyrene provided tetrahydroisoquinoline 5j in 76% yield with 
the trans diastereomer being major product. Tetrahydroisoquino-
lines 5k-5n, derived from electron-deficient styrenes, were accessed 
in 47-61% yield with cis diastereoselectivity. Reaction with weakly 
withdrawing 4-vinyl-1,1'-biphenyl afforded tetrahydroisoquinoline 
5o in 48% yield with a mixture of 1:2.2 cis: trans diastereoisomers. 
Deaminative carboamination of 4-(chloromethyl)styrene yielded 
5p in 76% yield with cis isomer as the major product. It should be 
noted that no significant side-reaction via hydrogen atom abstrac-
tion (HAA) at the benzylic position of 4-(chloromethyl)styrene was 
observed. Bulky olefinic substrate such as 2-vinylnaphthalene 
yielded 5q in 53% yield with trans isomer as the major component. 
The reaction is also tolerant to substitution on the N-benzylamino-
pyridinium coupling partners. For example, coupling of 2d, the N-

 
Figure 2. Visible-light promoted functionalization of N-benzylaminopyridiu-
nium 2a in presence of styrene afforded carboamination product 5a while analo-
gous functionalization of N–H substrate 1a was not productive. The dichoto-
mous observations are presumably due to stabilization of incipient N-centered 
radical via tosyl substitution. Conditions: [Ir(ppy)2(dtbbpy)][PF6] (4, 1 mol%), 
blue LED, CH2Cl2, 0 °C . 

 

 

   

Figure 3. Photocatalytic carboamination promoted by deaminative functionalization of 2 in presence of olefins provides access to a family of 1,4-subsituted tetrahydroi-
soquinolines 5. Conditions: 2 (1.0 equiv), 3 (1.6 equiv), CH2Cl2, 0 ℃, 16 h. dr cis:trans 
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benzylaminopyridinium derived from 1-ethylnaphthalene, with 4-
fluorostyrene yielded the corresponding benzo-fused tetrahydroiso-
quinoline 5r in 51% yield with a mixture of 1:1.5 cis: trans diastere-
omers. The diastereoselectivity does not appear to vary systemati-
cally with the electronic properties of the substituents on the olefin 

partners. Bulky substituents on the N-aminopyridinium partner give 
rise to preferential formation of the trans diastereomer (i.e., 5r). Re-
action with non-aromatic olefins such as 1-octene or cyclohexene of-
ten resulted in the formation of imine from in situ generated N-cen-
tered radical 10, presumably via HAA from aliphatic olefins (see the 
Supporting Information for additional details). 

In addition to olefinic substrates, the electrophilic radicals 
generated by reductive activation of the N–N bonds in N-benzyla-
minopyridiniums engage in amination reactions with nucleophilic 
heterocycles, such as N-Boc-indole 6 to afford 2-aminated indole 7 
in 47% yield (Figure 4a), and silyl enol ethers (8) to afford a-amino 
carbonyls 9 (Figure 4b). The amination of silyl enol ethers via N-
aminopyridiniums,12 which represents a formal aza-Rubottom reac-
tion, tolerates both substitution of the nucleophilic partner 8 (i.e., 
preparation of 9a-9e) as well as variation of the benzylic substituents 
on the N-benzylpyridinium partner 2 (i.e., preparation of 9f and 9g).  

Reductive functionalization of N-benzylaminopyridiniums 
(2) can be envisioned as arising from the mechanism illustrated in 
Figure 5a (illustrated for olefin carboamination to generate tetrahy-
droisoqunolines).13 Electron transfer from an excited state of the Ir 
photocatalyst to 2 results in N–N cleavage to an amidyl radical (10), 
pyridine, and an Ir(IV) intermediate. Reaction of the generated 
amidyl radical 10 with olefin 3 generates benzylic radical 11. Oxida-
tion of 11 by Ir(IV) would afford cationic intermediate 12 and re-
generate the photocatalyst. Electrophilic addition to the arene to the 
cation in 12 furnishes tetrahydroisoquinoline 5. In support of this 
scheme, addition of N-tert-butyl-α-phenylnitrone (PBN) to the car-
boamination of 2a resulted in observation of the PBN adduct of 
amidyl radical 10 by both X-band EPR spectroscopy and high-reso-
lution APCI-MS (Figure 5b and S4).9i, 14 In addition, deaminative 
functionalization of 2a in the presence of 1,1-diphenylethylene 
yielded the corresponding olefinic product 5s in 87% yield as op-
posed to the expected tetrahydroisoquinoline (Figure 3), which is 
presumably due to elimination from stabilized carbocation 12s in 
preference to arene alkylation to generate the corresponding tetra-
hydroisoquinoline. Similarly, the benzylic carbocation 12 can be 
trapped with water as nucleophile in a mixed solvent of acetone/wa-
ter to form b-aminoalcohol (See supporting information page 35). 
The quantum yield for the deaminative olefin functionalization was 
found to be 15.8%, which is consistent with a non-radical chain path-
way for the generation of tetrahydroisoquinolines (See supporting 
information Section F for additional details).  

In summary, here we described utilization of benzyl C–H ami-
nopyridylation products in olefin carboamination and formal aza-
Rubottom oxidation of silyl enol ethers. The nucleophilicity of N-
aminopyridinium allows these reagents to engage in C–H amination 
chemistry, and reductive N–N cleavage unveils electrophilic amidyl 
radical intermediates as diversifiable nitrogen synthons. The realiza-
tion of C–H functionalization chemistry with N-aminopyridinium 
reagents both significantly expands the structural complexity that is 
available to this burgeoning class of bifunctional reagents and signif-
icantly expands the synthetic utility products accessible via C–H 
amination. 
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Figure 4. Functionalization of N-benzylpyridiunium 4 with (a) nucleophilic het-
erocycles (conditions: 2a (1.0 equiv), 6 (3.0 equiv), CH2Cl2, 35 ℃, 16 h), and 
(b) silyl enol ethers (conditions: 2a (1.0 equiv), 8 (2.0 equiv), CH2Cl2, 0 ℃, 16 
h). a 4 equivalents of 8e were used; with 2 equivalents the yield of 9e was 61%.  

 
Figure 5. (a) Potential carboamination catalytic cycle. Electron transfer from the 
excited state of [Ir(ppy)2(dtbbpy)][PF6] to 2a results in reductive N–N cleavage 
to unveil amidyl radical 10 and Ir(IV). Addition to olefin 5 generates benzylic 
radical 11. Oxidation by Ir(IV) generates a benzylic cation 12, which alkylates 
the pendent arene to afford tetrahydroisolinolines 5. (b) EPR spectra for photo-
chemical deaminative functionalization of 2a in presence of PBN was obtained in 
acetonitrile. The observed triplet of quartet in the photolyzed spectrum is at-
tributed to PBN-trapped amidyl radical with aN(PBN) = 13.85 G, aH = 3.20 G, and 
aN(amidyl) = 2.52 G; (—) experimental spectrum with blue light irradiation, and 
(—) simulated spectrum. 

 

 

6 (1 mol%)
blue LED

CH2Cl2, 0 °C

R

N
Ts O

TMSOR

N N

2 9

R R

OTf

CH3

N
Ts O

CH3

N
Ts O

CH3

N
Ts O

CH3

N
Ts O

Et

N
Ts O

Ph

N
Ts O

R CH3

CF3

9a, 87% 9b, R=Br, 89%
9c, R=I, 86%

9d, 81%

9e, 80%a 9f, 66% 9g, 77%

Ts

(8)

4 (1 mol%)
blue LED

CH2Cl2, 35 °C

N
Boc

N
Boc

N
Ts

Ph
CH3

CH3

N N

OTf

2a 7, 47% yield

(6)

CH3

CH3

(a)

(b)

Ts



 

Corresponding Author 
* powers@chem.tamu.edu 
 
ORCID 
Asim Maity: 0000-0002-5923-8596 
Pritam Roychowdhury: 0000-0003-3095-4991 
David C. Powers: 0000-0003-3717-2001 

Author Contributions 
The manuscript was written through contributions of all authors. 
‡These authors contributed equally.  
Notes 
The authors declare no competing financial interest. 

ACKNOWLEDGMENT  
The authors gratefully acknowledge financial support from the National 
Institutes of Health (R35GM138114), the Welch Foundation (A-
1907), and an Alfred P. Sloan Fellowship (DCP). Sung-Min Hyun is 
acknowledged for assistance with X-ray crystallography experiments.  

REFERENCES 
(1) (a) Hili, R.; Yudin, A. K. Making Carbon–Nitrogen Bonds in Biolog-

ical and Chemical Synthesis. Nat. Chem. Biol. 2006, 2, 284–287. (b) Vitaku, 
E.; Smith, D. T.; Njardarson, J. T. Analysis of the Structural Diversity, Sub-
stitution Patterns, and Frequency of Nitrogen Heterocycles among U.S. 
FDA Approved Pharmaceuticals. J. Med. Chem. 2014, 57, 10257–10274. (c) 
Richter, M. F.; Drown, B. S.; Riley, A. P.; Garcia, A.; Shirai, T.; Svec, R. L.; 
Hergenrother, P. J. Predictive Compound Accumulation Rules Yield a 
Broad-Spectrum Antibiotic. Nature 2017, 545, 299–304. (d) Clark, J. R.; 
Feng, K.; Sookezian, A.; White, M. C. Manganese-Catalysed Benzylic C(sp3) 
Amination for Late-Stage Functionalization. Nat. Chem. 2018, 10, 583–591.  

(2) Park, Y.; Kim, Y.; Chang, S. Transition Metal-Catalyzed C–H Amina-
tion: Scope, Mechanism, and Applications. Chem. Rev. 2017, 117, 9247–
9301.  

(3) For relevant review articles, see: (a) Dequirez, G.; Pons, V.; Dauban, 
P. Nitrene Chemistry in Organic Synthesis: Still in Its Infancy? Angew. Chem. 
Int. Ed. 2012, 51, 7384−7395. (b) Wentrup, C. Carbenes and Nitrenes: Re-
cent Developments in Fundamental Chemistry. Angew. Chem. Int. Ed. 2018, 
57, 11508−11521. (c) Davies, H. M. L.; Manning, J. R. Catalytic C–H Func-
tionalization by Metal Carbenoid and Nitrenoid Insertion. Nature 2008, 
451, 417–424.  

(4) (a) Breslow, R.; Gellman, S. H. Tosylamidation of Cyclohexane by a 
Cytochrome P-450 Model. J. Chem. Soc., Chem. Commun. 1982, 1400−1401. 
(b) Espino, C. G.; Du Bois, J. A Rh-Catalyzed C-H Insertion Reaction for 
the Oxidative Conversion of Carbamates to Oxazolidinones. Angew. Chem. 
Int. Ed. 2001, 40, 598−600. (c) Zalatan, D. N.; Du Bois, J. A Chiral Rhodium 
Carboxamidate Catalyst for Enantioselective C−H Amination. J. Am. Chem. 
Soc. 2008, 130, 9220−9221. (d) Hinman, A.; Du Bois, J. A Stereoselective 
Synthesis of (−)-Tetrodotoxin. J. Am. Chem. Soc. 2003, 125, 11510−11511. 
(e) Paradine, S. M.; Griffin, J. R.; Zhao, J.; Petronico, A. L.; Miller, S. M.; 
White, M. C. A Mangenese Catalyst for Highly Reactive Yet Chemoselective 
Intramolecular C(sp3)–H Amination. Nat. Chem. 2015, 7, 987–994. (f) 
Chiappini, N. D.; Mack, J. B. C.; Du Bois, J. Intermolecular C(sp3)–H Ami-
nation of Complex Molecules. Angew. Chem. Int. Ed. 2018, 130, 5050–5053. 
(g) Jia, Z.-J.; Gao, S; Arnold, H. F. Enzymatic Primary Amination of Benzylic 
and Allylic C(sp3)–H Bonds. J. Am. Chem. Soc. 2020, 142, 10279–10283. (h) 
Baek, Y.; Betley, T. A. Catalytic C–H Amination Mediated by Dipyrrin Co-
balt Imidos. J. Am. Chem. Soc. 2019, 141, 7797–7806. (i) Jang, S. E.; 
McMullin, L. C.; Käß, M.; Meyer, K.; Cundari, T. R.; Warren, T. H. Cop-
per(II) Anilides in sp3 C–H Amination. J. Am. Chem. Soc. 2014, 136, 10930–
10940. 

(5) Noda, H.; Asada, Y.; Shibasaki, M. O-Benzoylhydroxylamines as Al-
kyl Nitrene Precursors: Synthesis of Saturated N-Heterocycles from Primary 
Amines. Org. Lett. 2020, 22, 8769–8773. 

(6) Recently, conditions to directly generate R–NH2 products via C–H 
amination have begun to be developed. See, (a) Romero, N. A.; Margrey, K. 

A.; Tay, N. E.; Nicewicz, D. A. Site-Selective Arene C–H Amination via Pho-
toredox Catalysis. Science 2015, 349, 1326–1330. (b) See, Y. Y.; Sanford, M. 
S. C–H Amination of Arenes with Hydroxylamine. Org. Lett. 2020, 22, 
2931–2934. (c) Anugu, R. R.; Munnuri, S.; Falck, J. R. Picolinate-Directed 
Arene meta-C–H Amination via FeCl3 Catalysis. J. Am. Chem. Soc. 2020, 
142, 5266–5271. (d) D-Amato, E. M.; Börgel, J.; Ritter, T. Aromatic C–H 
Amination in Hexafluoroisopropanol. Chem. Sci. 2019, 10, 2424–2428. (e) 
Kim, H.; Heo, J.; Kim, J.; Baik, M.-H.; Chang, S. Copper-Mediated Amina-
tion of Aryl C–H Bonds with Direct Use of Aqueous Ammonia via a Dispro-
portionation Pathway. J. Am. Chem. Soc. 2018, 140, 14350–14356. (f) 
Legnani, L.; Cerai, G. P.; Morandi, B. Direct and Practical Synthesis of Pri-
mary Anilines through Iron-Catalyzed C–H Bond Amination. ACS Catal. 
2016, 6, 8162–8165. (g) Paudyal, M. P.; Adebesin, A. M.; Burt, S. R.; Ess, D. 
H.; Ma, Z.; Kürti, L.; Falck, J. R. Dirhodium-catalyzed C–H Arene Amina-
tion Using Hydroxylamines. Science 2016, 353, 1144–1147. (h) Askey, H. 
E.; Grayson, J. D.; Turner-Dore, J. C.; Holmes, J. M.; Kociok-Kohn, G.; 
Wrigley, G. L.; Cresswell, A. J. Photocatalytic Hydroaminoalkylation of Sty-
renes with Unprotected Primary Alkylamines. J. Am. Chem. Soc. 2021, 143, 
15936–15945. 

(7) Roychowdhury P.; Herrera R. G.; Powers D. C. Traceless Benzylic 
C–H Amination via Bifunctional N-Aminopyridinium Intermediates. 2022, 
submitted. 

(8) Huang, H.-M.; Bellotti, P.; Ma, J.; Dalton, T.; Glorius, F. Bifunctional 
Reagents in Organic Synthesis. Nat. Rev. Chem. 2021, 5, 301–321. 

(9) (a) Chen, J.-Q.; Yu, W.-L.; Wei, Y.-L.; Li, T.-H.; Xu, P.-F. Photore-
dox-Induced Functionalization of Alkenes for the Synthesis of Substituted 
Imidazolines and Oxazolidines. J. Org. Chem. 2017, 82, 243–249. (b) Zhao, 
Y.; Shi, C.; Su, X.; Xia, W. Synthesis of Isoquinolines by Visible-Light-In-
duced Deaminative [4+2] Annulation Reactions. Chem. Commun. 2020, 56, 
5259–5262. (c) Mo, J.-N.; Yu, W.-L.; Chen, J.-Q.; Hu, X.-Q.; Xu, P.-F. Regi-
ospecific Three-Component Aminofluorination of Olefins via Photoredox 
Catalysis. Org. Lett. 2018, 20, 4471–4474. (d) Miyazawa, K.; Koike, T.; 
Akita, M. Regiospecific Intermolecular Aminohydroxylation of Olefins by 
Photoredox Catalysis. Chem. Eur. J. 2015, 21, 11677–11680. (e) Miyazawa, 
K.; Koike, T.; Akita, M. Aminohydroxylation of Olefins with Imino-
pyridinium Ylides by Dual Ir Photocatalysis and Sc(OTf)3 Catalysis. Tetra-
hedron 2016, 72, 7813–7820. (f) Guo, W.; Wang, Q.; Zhu, J. Selective 1,2-
Aminoisothiocyanation of 1,3-Dienes Under Visible-Light Photoredox Ca-
talysis. Angew. Chem. Int. Ed. 2021, 60, 4085–4089. (g) Yu, W.-L.; Chen, J.-
Q.; Wei, Y.-L.; Wang, Z.-Y.; Xu, P.-F. Alkene Functionalization for the Ste-
reospecific Synthesis of Substituted Aziridines by Visible-Light Photoredox 
Catalysis. Chem. Commun. 2018, 54, 1948–1951. (h) Moon, Y.; Park, B.; 
Kim, I.; Kang, G.; Shin, S.; Kang, D.; Baik, M.-H.; Hong, S. Nat. Commun. 
2019, 10, 4117. In addition to N-aminopyridinium precursors for N-cen-
tered radicals, N-triflated pyridines have been applied to aromatic C–H ami-
nation via pyridine radical cations. See, (i) Rössler, S. L.; Jelier, B. J.; Tripet, 
P. F. Shemet, A. Jeschke, G.; Togni, A.; Carreira, E. M. Angew. Chem. Int. Ed. 
2019, 58, 526–531. (j) Ham, W. S.; Hillenbrand, J.; Jacq, J.; Genicot, C.; Rit-
ter, T. Divergent Late-Stage (Hetero)aryl C–H Amination by the Pyri-
dinium Radical Cation. Angew. Chem. Int. Ed. 2019, 58, 532–536. (k) Hil-
lenbrand, J.; Ham, W. S.; Ritter, T. C–H Pyridonation of (Hetero-) Arenes 
by Pyridinium Radical Cations. Org. Lett. 2019, 21, 5363–5367. 

(10) Tetrahydroisoquinolines are prepared by Pictet-Spengler condensa-
tions, see: (a) Pictet, A.; Spengler, T. Über die Bildung von Isochinolin‐deri-
vaten durch Einwirkung von Methylal auf Phenyl‐äthylamin, Phenyl‐alanin 
und Tyrosin. Ber. Dtsch. Chem. Ges. 1911, 44, 2030–2036. (b) Yokoyama, 
A.; Ohwada, T.; Shudo, K. Prototype Pictet− Spengler Reactions Catalyzed 
by Superacids. Involvement of Dicationic Superelectrophiles. J. Org. Chem. 
1999, 64, 611–617. (c) Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.; 
Turchi, I. J.; Maryanoff, C. A. Cyclizations of N-Acyliminium Ions. Chem. 
Rev. 2004, 104, 1431–1628; hydrogenation of unsaturated precursors, see: 
(d) Uematsu, N.; Fujii, A.; Hashiguchi, S.; Ikariya, T.; Noyori, R. Asymmet-
ric Transfer Hydrogenation of Imines. J. Am. Chem. Soc. 1996, 118, 4916–
4917. (e) Berhal, F.; Wu, Z.; Zhang, Z.; Ayad, T.; Ratovelomanana-Vidal, V. 
Enantioselective Synthesis of 1-Aryl-tetrahydroisoquinolines Through Irid-
ium Catalyzed Asymmetric Hydrogenation. Org. Lett. 2012, 14, 3308–3311; 
cycloaddition reactions, see: (f) Berkowitz, W. F.; John, T. V. An Internal 
Imino-Diels-Alder Route to A Tetrahydroisoquinoline. J. Org. Chem. 1984, 



 

49, 5269–5271. (g) Sirvent, A.; García‐Muñoz, M. J.; Yus, M.; Foubelo, F. 
Stereoselective Synthesis of Tetrahydroisoquinolines from Chiral 4‐
Azaocta‐1, 7‐diynes and 4‐Azaocta‐1, 7‐enynes. Eur. J. Org. Chem. 2020, 
2020, 113–26. (h) Kotha, S.; Sreenivasachary, N. A New Synthetic Ap-
proach to 1, 2, 3, 4-Tetrahydroisoquinoline-3-carboxylic Acid (Tic) Deriva-
tives via Enyne Metathesis and the Diels–Alder Reaction. Chem. Commun. 
2000, 503-504, and multicomponent reactions, see: (i) Qian, G.; Bai, M.; 
Gao, S.; Chen, H.; Zhou, S.; Cheng, H. G.; Yan, W.; Zhou, Q. Modular One‐
Step Three‐Component Synthesis of Tetrahydroisoquinolines Using a Ca-
tellani Strategy. Angew. Chem. Int. Ed. 2018, 57, 10980–10984. (j) Li, J. J.; 
Mei, T. S.; Yu, J. Q. Synthesis of Indolines and Tetrahydroisoquinolines 
from Arylethylamines by Pd(II)‐Catalyzed C–H Activation Reactions. An-
gew. Chem. 2008, 120, 6552–6555. 

(11) Zhou, Z.; Cheng, Q. -Q.; Kürti, Aza-Rubottom Oxidation: Synthetic 
Access to Primary a-Aminoketones. J. Am. Chem. Soc. 2019, 141, 
2242−2246. 

(12) Goliszewska, K.; Rybicka-Jasińska, K.; Szurmak, J.; Gryko, D. Visi-
ble-Light-Mediated Amination of π-Nucleophiles with N-Aminopyridinium 
Salts. J. Org. Chem. 2019, 84, 15834–15844. 

(13) Jiang, H.; Studer, A. Intermolecular Radical Carboamination of Al-
kenes. Chem. Soc. Rev. 2020, 49, 1790–1811. 

(14) Jelier, B. J.; Tripet, P. F.; Pietrasiak, E.; Franzoni, I.; Jeschke, G.; 
Togni, A. Radical Trifluoromethoxylation of Arenes Triggered by a Visible‐
Light‐Mediated N−O Bond Redox Fragmentation. Angew. Chem. Int. Ed. 
2018, 57, 13784–13789. 

 

  
 

 
 

 


