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Abstract: A photochemical catalytic amination of arenes is presented. The reaction proceeds under benign iodine catalysis in the presence of 
visible light as the initiator and provides access to a range of differently substituted arylamines. A total of 29 examples demonstrate the broad 
applicability of this mild oxidation method. The scope of the reaction could further be expanded to silyl-tethered derivatives, which undergo 
intramolecular amination upon formation of seven-membered heterocycles. Cleavage of the silicon tether provides access to the 
corresponding 3-substitued anilines. 

Approaches toward the direct C-H amination of arenes are of significant interest as they provide a straight-forward and economic 
access to anilines and higher-functionalized aryl amine derivatives.[1] Entities of this type are present in a large number of functional 
molecules of pharmaceutical and biological interest.[1,2] Common approaches toward C-H amination rely on the use of transition metal 
catalysts and an impressive body of recent work has demonstrated the usefulness of palladium, rhodium, iridium and other metals for 
the aforementioned transformation.[3] 

High oxidation state iodine reagents have been identified as useful alternatives to common transition metals.[4] Their particular appeal 
stems from their broad scope in general oxidation chemistry combined with the fact that their use is not hampered by the occurrence 
of residual metal contamination. Consequently, iodine(III)-mediated and catalyzed amination of aromatic C-H bonds has recently 
been explored.[5-7] In another area of iodine(III)-mediated reactions, several reports on the combined use of stoichiometric amounts of 
molecular iodine in combination with excess equivalents of compounds of the general structure ArI(O2CR)2 have become available 
for intramolecular C-H amination reactions. Such reactions have previously been addressed under conditions of overstoichiometric 
reagent combinations, which in several cases led to undesired side-product formation upon overoxidation.[8] One may anticipate that 
catalysis should avoid such problems as it can operate under more defined oxidation conditions. Despite the general interest in the 
field, reliable iodine catalyses remain largely unexplored for the intramolecular oxidative synthesis of aniline derivatives.[5,9] 

We recently reported on the iodine-catalyzed Hofmann-Löffler reaction, which includes the visible light induced amination of a sp3-
hybridized carbon as the key step (Scheme 1, eq. 1).[10] Within this context, we became interested in the application of this amination 
concept[11] for the related light induced functionalization of arenes (eq. 2).[12] Usually, conditions for either alkyl or aryl C-H amination 
are not transferable from one case to the other since the operating reaction mechanisms are profoundly different in nature. From this 
perspective, the exploration of nitrogen radical intermediates from iodine catalysis could result in a useful uniform reactivity 
comprising both cases. 

 
Scheme 1. Uniform reaction conditions for light-initiated iodine-catalyzed alkyl 
and aryl amination (eq. 1 and eq. 2, respectively). Ar = 3-Cl-C6H4, DCE = 1,2-
dichloroethane. 

We here report that this assumption indeed leads to a feasible 
approach toward a new direct catalytic arene amination using 
visible light initiation.[13] The reaction was initially developed for 
biaryl derivatives, and was explored for the phenyl derivative 1a 
(Scheme 2). Suitable conditions were obtained already at the 
outset of a short screening and consist of the application of 
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comparable catalysis from alkyl amination. A catalyst loading of 5 mol% elemental iodine was optimum in combination with a 
hypervalent iodine reagent as terminal oxidant.[14] The formation of 2a proceeds in quantitative yield and can be carried out 
conveniently at 4.1 mmol scale (1.06 g). The reaction is general for a series of these derivatives and proceeds in high yields and with 
complete selectivity. For example, para-substituted arenes of different electronic parameters were all tolerated in the amination 
(compounds 2b-2k, 80-99%). The constitution of the products was unambiguously assured from X-ray analysis of the 4-phenoxy 
derivative 2f.[15] 

 

Scheme 2. Intramolecular C-H Amination of Biaryls: Scope. Yields refer to isolated yields after purification. [a] Reaction at 4.1 mmol scale. 

1,2,3-Trisubstituted compound 2l demonstrates the compatibility of an ortho-disubstituted arene, and the successful aminations of 
1m and 1n expand the scope to heteroarenes such as benzothiophene and indole. Higher-substituted arenes also undergo the 
intramolecular amination, although they form regioisomeric mixtures (products 2o/2o’ to 2q/2q’, 1.4:1 to 4.5:1 regioisomeric ratio).  
A rigid preorganization of the coupling entities within a biaryl scaffold is not a requirement as related alkyl-connectivity also lead to a 
protocol with related efficiency (Scheme 3). Representative substrates 3a-l include common arene substitution patterns and were 
investigated for different N-alkyl sulfonamides. As in the case of related biaryl derivatives 2, the formation of compounds 4 proceeds 
in high isolated yields (51-99%) and with complete selectivity.  
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Scheme 3. Intramolecqular C-H Amination of Ethylenylarenes: Scope. Yields refer to isolated yields after purification. 

 

Scheme 4. Intramolecular C-H Amination using a Silyl-Tether: Scope. Yields refer to isolated yields after purification. 

Deprotection of these heterocycles is readily accomplished through hydrogenolysis of the benzyl derivatives as demonstrated for the 
representative case of product 4b (H2, Pd/C, EtOH, 91%).[14] 

The reaction scope could be extended to silicon-tethered arenes 5.[16] The subsequent intramolecular C-H amination proceeds upon 
seven-membered ring formation. It requires a slightly higher catalyst loading of 10 mol%, but proceeds with the expected complete 
selectivity in favor of C-H amination (Scheme 4). For the parent derivative 6a, the product constitution was secured from X-ray 
analysis.[15] Arenes 5b-e with electronically different substitution undergo the C-H amination within this protocol (40-78% yield), and a 
2-naphthalene derivative 5f forms the two regioisomeric amination products 6f/f’ in combined 80% yield. Advantageously, as 
demonstrated for products 6a,d, the silyl tether can be removed upon mild exposure to tetrabutylammonium fluoride to give the 
phenylsulfonyl-substituted anilines 7a,d quantitatively. Conversion of these compounds into the free anilines 8a,d is possible 
following a modified literature procedure.[17] This sequence starting from 5 thus provides access to the corresponding 3-substituted 
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anilines with complete selectivity. Such a substitution pattern would be synthetically difficult via a direct C-H amination or not be 
accessible from standard electrophilic aromatic substitution. 
Control experiments demonstrate that no conversion is obtained either in the absence of molecular iodine or in the dark lab.[12] The 
reaction appears to involve the expected N-I bond as in the related catalytic alkane Csp3-amination.[10] The isolated 
tetrabutylammonium iodinane 9[10] was employed to demonstrate the nature of an electrophilic iodine(I) catalyst state at the outset of 
the reaction. In line with this anticipation, reagent 9 promoted clean aryl amination with standard compound 1a upon acid activation[18] 
(Scheme 5, eq. 3). A competition experiment between 1a and its pentadeuterated derivative 1a-d5 revealed no difference regarding 
the individual rates (kinetic isotope effect kH/kD = 1, eq. 4). Finally, an internal electronic competition experiment with precursor 3m 
showed exclusive amination at the more electron-rich anisole ring forming 4m in 50% yield (eq. 5, 99% based on recovered starting 
material). A related outcome was observed for two intermolecular competition experiments between 3a and 3j, and 3a and 3h, 
respectively. In both case, a significant preference for amination of the more electron-rich arene was encountered favoring formation 
of 4j over 4a, and 4a over 4h, respectively (eq. 6). 
The reaction starts from the established I(O2CAr) catalyst 10 that promotes N-iodination of the sulfonamide starting materials to 
intermediate A (Figure 1, the structure of 3 is shown arbitrarily). As demonstrated by the control experiment using the isolated 
reagent 9 a potential alternative pathway proceeding via aryl radical cations generated from the hypervalent iodine reagent itself can 
be ruled out.[19] Photolytically assisted homolysis of the N-I bond in A provides access to N-centered radical B. This electrophilic 
nitrogen radical directly adds to the aromatic ring to generate a delocalized cyclohexadienyl radical C. Subsequent oxidation by the 
terminal hypervalent iodine leads to the cationic intermediate D and directly regenerates the iodine(I) catalyst 10. Although less 
probable, oxidation may occur already at stage B to generate a positively charged nitrogen atom, which engages in electrophilic 
aromatic substitution[20] toward D. Both of the two potential C-N bond formation events should be influenced by the electronic 
situation of the arene as corroborated by the control experiments from eqs. 5 and 6. From D, the reaction terminates by final proton 
loss upon re-aromatization to the C-N coupling product 4. This final step is rapid as demonstrated by the kinetic isotope experiment 
from eq. 4. 

 

Scheme 5. Control Experiments. 
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Figure 1. Mechanistic context. 

In summary, we have developed an iodine catalysis protocol that provides conditions for a mild and selective intramolecular aryl 
amination reaction. This chemistry demonstrates that photochemical iodine catalysis can provide general oxidative amination 
conditions for the cases of aliphatic and aromatic hydrocarbons alike. This broad scope is unprecedented in the area and should 
stimulate the development of additional reactivity. 

Acknowledgements  

Financial support for this project was provided from the Spanish Ministry for Economy and Competitiveness and FEDER (CTQ2014-
56474R grant to K. M., Severo Ochoa Excellence Accreditation 2014-2018 to ICIQ, SEV-2013-0319 and FPI Fellowship to A. E. B.) 
and Cellex-ICIQ Programme (fellowship to C. M.). The authors thank E. Escudero-Adán for the X-ray structural analyses. 

Keywords: amination • arenes • catalysis • iodine • visible light  

[1] The Chemistry of Anilines, Z. Rappoport (Ed.), Vol. 1,2, J. Wiley Sons, New York 2007. 
[2]  A. Ricci (Ed.) Modern Amination Methods, Wiley-VCH, Weinheim, 2000. (b) A. Ricci (Ed.) Amino Group Chemistry: From Synthesis to the Life Sciences, 

Wiley-VCH, Weinheim, 2008. (c) R. Hili, A. K. Yudin, Nature Chem. Biol. 2006, 2, 284. 
[3] a) J. Jiao, K. Murakami, K. Itami, ACS Catal. 2016, 6, 610; b) Amination and Formation of sp2 C-N Bonds, M. Taillefer, D. Ma (Eds), Topics in Organomet. 

Chem.  46, Springer, Berlin Heidelberg 2012; c)  F. Collet, R. H. Dodd, P. Dauban, Chem. Commun. 2009, 5061; d) S. H. Cho, J. Y. Kim, J. Kwak, S. 
Chang, Chem. Soc. Rev. 2011, 40, 5068; e) M.-L. Louillat, F. W. Patureau, Chem. Soc. Rev. 2014, 43, 901; f) C. Liu, H. Zhang, W. Lei, Chem. Rev. 2011, 
111, 1780. 

[4] For pertinent reviews on iodine(III)-reagents: a) V. V. Zhdankin, Hypervalent Iodine Chemistry Preparation, Structure and Synthetic Applications of 
Polyvalent Iodine Compounds, Wiley, Chichester 2013; b) M. S. Yusubov, V. V. Zhdankin, Reef. Tech. 2015, 1, 49; c) V. V. Zhdankin, J. Org. Chem. 2011, 
76, 1185; d) A. Duschek, S. F. Kirsch, Angew. Chem. 2011, 123, 1562; Angew. Chem. Int. Ed. 2011, 50, 1524; e) S. Schäfer, T. Wirth, Angew. Chem. 
2010, 122, 2846; Angew. Chem. Int. Ed. 2010, 49, 2786; f) M. Ngatimin, D. W. Lupton, Aust. J. Chem. 2010, 63, 653; g) T. Dohi, Y. Kita, Chem. Commun. 
2009, 2073; h) M. Uyanik, K. Ishihara, Chem. Commun. 2009, 2086; i) M. S. Yusubov, D. V. Maskaev, V. V. Zhdankin, Arkivoc 2009, 1, 370; j) M. Ochiai, K. 
Miyamoto, Eur. J. Org. Chem. 2008, 4229; k) V. V. Zhdankin, P. J. Stang, Chem. Rev. 2008, 108, 5299; l) M. A. Ciufolini, N. A. Braun, S. Canesi, M. 
Ousmer, J. Chang, D. Chai, Synthesis 2007, 3759; m) M. Ochiai, Chem. Rec. 2007, 7, 12; n) R. D. Richardson, T. Wirth, Angew. Chem. 2006, 118, 4510; 
Angew. Chem. Int. Ed. 2006, 45, 4402; o) Top. Curr. Chem. 2003, Vol. 224 (Ed.: T. Wirth), Springer, Berlin; p) V. V. Zhdankin, P. J. Stang, Chem. Rev. 
2002, 102, 2523; q) P. J. Stang, V. V. Zhdankin, Chem. Rev. 1996, 96, 1123. 

[5] Reviews: a) R. Narayan, S. Manna, A. P. Antonchick, Synlett 2015, 26, 1785; b) R. Samanta, K. Matcha, A. P. Antonchick, Eur. J. Org. Chem. 2013, 5769. 
[6] Intramolecular reactions: a) S. H. Cho, J. Yoon, S. Chang, J. Am. Chem. Soc. 2011, 133, 5996; b) A. P. Antonchick, R. Samanta, K. Kulikov, J. Lategahn, 

Angew. Chem. 2011, 123, 8764; Angew. Chem. Int. Ed. 2011, 50, 8605; c) X. Ban, Y. Pan, Y. Lin, S. Wang, Y. Du, K. Zhao, Org. Biomol. Chem. 2010, 10, 
3606; d) E. Malamidou-Xenikaki, S. Spyroudis, M. Tsanakopoulou, D. Hadjipavlou-Litina, J. Org. Chem. 2009, 74, 7315; e) Y. Du, R. Liu, G. Linn, K. Zhao, 
Org. Lett. 2006, 8, 5919; f)  J. Huang, Y. He, Y. Wang, Q. Zhu, Chem. Eur. J. 2012, 18, 13964; g) S. K. Alla, R. K. Kumar, P. Sadhu, T. Punniyamurthy, 
Org. Lett. 2013, 15, 1334; h) Y. Chi, W.-X. Zhang, Z. Xi, Org. Lett. 2014, 16, 6274; i) S. Maiti, P. Mal, Adv. Synth. Catal. 2015, 357, 1416. 

[7] Intermolecular reactions: a) H. J. Kim, J. Kim, H. Cho, S. Chang, J. Am. Chem. Soc. 2011, 133, 16382; b) A. A. Kantak, S. Potavathri, R. A. Barham, K. M. 
Romano, B. deBoef, J. Am. Chem. Soc. 2011, 133, 19960; c) 23 N. Itoh, T. Sakamoto, E. Miyazawa, Y. Kikugawa, J. Org. Chem. 2002, 67, 7424; d) R. 

O2
S N

H
R

N
O2
S R

I(O2CAr) HO2CAr
- HO2CAr

H[I(O2CAr)2]

HO2CAr

PhI(O2CAr)2

PhI

- HO2CAr

N
O2
S R

hv

ArCO2

3

4

10

A

C

+

I

O2
S N R

O2
S N R

I

B

I2 + PhI(O2CAr)2
catalyst formation:

2 I(O2CAr) (10) + PhI

N
O2
S R

I
D

catalytic cycle:



 
 
 

Samantha, J. Lategahn, A. P. Antonchick, Chem. Commun. 2012, 48, 3194; e) R. Samantha, J. O. Bauer, C. Strohmann, A. P. Antonchick, Org. Lett. 2012, 
14, 5518; f) S. Manna, P. O. Serebrennikova, I. A. Utepova, A. P. Antonchick, Org. Lett. 2015, 17, 4588; g) J. A. Souto, C. Martínez, I. Velilla, K. Muñiz, 
Angew. Chem. 2012, 125, 1363; Angew. Chem. Int. Ed. 2013, 52, 1324; h) L. Fra, A. Millán, J. A. Souto, K. Muñiz, Angew. Chem. 2014, 126, 7477; Angew. 
Chem. Int. Ed. 2014, 53, 7349. 

[8] a) H. Togo, M. Katohgi, Synlett 2001, 565; b) H. Togo, Y. Harada, M. Yokoyama, J. Org. Chem. 2000, 65, 926; c) H. Togo, Y. Hoshina, T. Muraki, H. 
Nakayama, M. Yokoyama, J. Org. Chem. 1998, 63, 5193; d) H. Togo, Y. Hoshina, M. Yokoyama, Tetrahedron Lett. 1996, 37, 6129; e) Y. Li, Q. Ding, G. 
Qiu, Y. Wu, Org. Biomol. Chem. 2014, 12, 149. 

[9] For reviews on homogeneous iodine catalysis: a) P. Finkbeiner, B. Nachtsheim, Synthesis 2013, 45, 979; b) M. Uyanik, K. Ishihara, ChemCatChem 2012, 
4, 177; for a particularly impressive enantioselective reaction: c) M. Uyanik, H. Okamoto, T. Yasui, K. Ishihara, Science 2010, 328, 1376 d) M. Uyanik, H. 
Hayashi, K. Ishihara, Science 2014, 345, 291; e) B. J. Nachtsheim, Science 2014, 345, 270. 

[10] C. Martinez, K. Muñiz, Angew. Chem. 2015, 127, 8405; Angew. Chem. Int. Ed. 2015, 54, 8287. 
[11] a) J. W. Beatty, C. R. J. Stephenson, Acc. Chem. Res. 2015, 48, 1474; b) J. L. Jeffrey, R. Sarpong, Chem. Sci. 2013. 4, 4092; c) Chen, J.-R.; Hu, X.-Q.; 

Lu, L.-Q.; Xiao, W.-J. Chem. Soc. Rev. 2016, DOI: 10.1039/c5cs00655d 
[12] For recent examples of visible light induced C-H amination of arenes: a) L. J. Allen, P. J. Cabrera, M. Lee, M. S. Sanford, J. Am. Chem. Soc. 2011, 133, 

16382. b) N. A. Romero, K. A. Margrey, N. E. Tay, D. A. Nicewicz, Science 2015, 349, 1326; c) R. Alonso, A. Caballero, P. J. Campos, M. A. Rodríguez, 
Tetrahedron 2010, 66, 8828; d) R. Alonso, P. J. Campos, B. García, M. A. Rodríguez, Org. Lett. 2006, 8, 3521; e) Q. Qin, S. Yu, Org. Lett. 2014, 16, 3504; 
f) T. W. Greulich, C. G. Daniliuc, A. Studer, Org. Lett. 2015, 17, 254. 

[13] For a single non-related example of iodine catalysis under tungsten lamp irradiation, see reference 8c. 
[14] See Supporting Information for details. 
[15] X-ray crystallographic data for compounds 2f, 4m and 6a have been deposited with the Cambridge Crystallographic Data Centre database 

(http://www.ccdc.cam.ac.uk/) under codes CCDC 1449544 (2f), 1449545 (4m) and 1449543 (6a), respectively. 
[16] For the conceptual use of silyl-tethered directing groups: a) N. Chernyak, A. S. Dudnik, C. Huang, V. Gevorgyan, J. Am. Chem. Soc. 2010, 132, 8270; b) A. 

S. Dudnik, N. Chernyak, C. Huang, V. Gevorgyan, Angew. Chem. 2010, 122, 8911; Angew. Chem. Int. Ed. 2010, 49, 8729; c) C. Huang, N. Chernyak, A. S. 
Dudnik, V. Gevorgyan, Adv. Synth. Catal. 2011, 353, 1285. 

[17] G. Sabitah, B. V. S. Reddy, S. Abraham, J. S. Yadav, Tetrahedron Lett. 1999, 40, 1569. 
[18] For acid activation in the use of stable iodonium reagents: a) J. Barluenga, Pure Appl. Chem. 1999, 71, 431; b) J. Barluenga, J. M. González, P. J. 

Campos, G. Asensio, Angew. Chem. 1985, 97, 341; Angew. Chem. Int. Ed. 1985, 24, 31; c) J. Barluenga, F. González-Bobes, M. C. Murguía, S. R. 
Ananthoju, J. M. González, Chem. Eur. J. 2004, 10, 4206; d) J. Barluenga, J. M. González, M. A. García-Martín, P. Campos, G. Asensio, J. Org. Chem. 
1993, 58, 2058. 

[19] a) Y. Kita, T. Dohi, Chem. Rec. 2015, 15, 886; b) Y. Kita, H. Tohma, K. Hatanaka, T. Takada, S. Fujita, S. Mitoh, H. Sakurai, S. Oka, J. Am. Chem. Soc. 
1994, 116, 3684. 

[20] For alternative electrophilic amination reaction with hypervalent iodines: I. Tellitu, E. Domínguez, Trends Heterocycl. Chem. 2011, 15, 23.



 
 
 

 

 

 

 

Text 

 

 

Tet 

 Claudio Martínez, Alexandra E. 
Bosnidou, Simon Allmendinger, Kilian 
Muñiz* 

Towards Uniform Iodine-Catalysis: 
Intramolecular C-H-Amination of 
Arenes under Visible Light  
 

 

Iodine catalysis aminates arenes! Iodine in catalyst loadings of 5-10 mol%  
provides access to intramolecular Csp2-N bond formation. Sulfonamides are  
employed as nitrogen sources leading to excellent yields. In some cases,  
introduction of a traceless linker provides ready access to aniline derivatives. 

 


