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ABSTRACT: Herein, we report Fe(III)(TPP)Cl as an effective catalyst for promoting arene C-H amidation through intramolecular 

cyclization of N-Tosyloxyarylcarbamate substrates. The reaction proceeds via nitrene (outer sphere pathway) C(sp2)—H insertion to yield 

benzoxazolones under external oxidant free condition at ambient temperature. The method is operationally simple and scalable with high 

functional group tolerance. Preliminary experimental and computational data indicates involvement of electrophilic aromatic substitution 

mechanism for this aryl C—H amidation transformation, distinct from operating mechanism reported previously in aryl C—H amination 

using azide based substrates.  
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Transition metal catalyzed direct C—H bond amination is an 
attractive strategy for constructing N-containing molecules.1 In this 
context, arene C(sp2)—H bond amination constitutes a valuable 
transformation for synthesizing benzannulated N-heterocycles.2 In 
recent years hydroxyl amine derived aminating agents have gained 
significant prominence and several catalytic systems have been 
developed for the construction of N-scaffolds using arene C—H 
bond functionalization strategy which mostly occur via manifold 
outside with that of nitrene intermediate.4 The relatively weak N-O 
bond of this aminating agent functions as internal oxidant when 
cleaved under reaction condition thus obviating the need for 
exogenous oxidant. Recently, Glorius [with Rh(III)]5a, b and Chang 
[with Ir(III) and Co(III) ]5c, d demonstrated the directed (via inner 

sphere pathway)5e arene C—H amidation using N-acyloxy and N-
aryloxy carbamates respectively as putative N-(nitrene) source (eq 1 
and 2, Figure 1, respectively). However, utilization of hydroxyl 
amine derivatives as discrete N-(nitrene) source for arene C—H 
amidation are only handful6, 7 which includes Yu et al’s8a (outer 
sphere pathway) Pd(II)-catalyzed and Nicholas et al’s8b (inner sphere 
pathway) Cu(I)-catalyzed intermolecular arene C—H amidation 
using N-Nosyloxy and N-Tosyloxycarbamate respectively (eq 3 and 
4, Figure 1). Where considerable progress has been made in the 
direction of intermolecular transformation, no report of 

intramolecular arene C—H amidation exists (via outer sphere 

pathway) with this system leading to valuable N-heterocycle.5f, 6a 
More so, all the reactions mentioned above are associated with one 
or more limitations like requirement of either 2nd or 3rd row 
transition metal catalysts/additives (or specialized catalyst), harsh 
conditions (high temperature), and high catalyst loading for efficient 
transformation (Figure 1). Therefore, development of mild reaction 
conditions4h using earth abundant 1st row transition metal especially 
iron would be advantageous for cost effective and efficient synthesis 
of N-heterocycles.9 
 On the other hand, since the Breslow’s seminal report of 
FeIII(TPP)Cl as a catalyst for C(sp3)—H bond amination using 
iminoiodinane as N(nitrene)-source,10 Fe-porphyrin based catalytic 
system has found extensive usage for many different  

 

transformations11 but aromatic C—H amidation. To the best of our 
knowledge no report exists with Fe(III)(TPP)Cl as an inexpensive, 

non-toxic and biocompatible catalyst for aromatic C—H 

amidation.12a, b  
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 Therefore, towards our research interest for development 
of new sustainable amidation chemistry, herein, we wish to report 
Fe(III)(TPP)Cl catalyzed conversion of N-Tosyloxyaryl carbamates 
to biologically important benzoxazolones3, 13, 14 via intramolecular 
aryl C(sp2)—H amidation under extremely mild reaction condition 
(at room temperature, external oxidant free, low catalyst  loading, 
and water soluble side product) (Figure 1). 
 Our studies began with catalyst screening for 
decomposition of O-phenyl azidoformate (1) an ideal substrate, at 
room temperature for benzoxazolone synthesis, unfortunately, none 
of the catalysts screened including Rh2(OAc)4 were able to 
decompose this substrate at rt (entries 1-3; Table 1). This prompted 
us to introduce other leaving groups like an ester or a sulfonate in 
place of –N2 as potential N-source. Although, N-acetoxy based 
carbamate (2) remained inert with all the catalyst screened, we were 
pleased to observe decomposition of N-Tosyloxy based carbamate 
(5) with Fe(III)(TPP)Cl using K2CO3 as base under ambient condition 
providing benzoxazolone (6a) in excellent yield of 94% (entry 8, 
Table 1). K2CO3 proved as optimal base for current transformation 
(see ESI for details). Rh2(OAc)4 on the other hand could only 
provide modest (35%) yield upon full conversion (entry 7, Table 1). 
Among other catalytic systems screened, Cu(II) failed to provide any 
desired product (entry 9, Table 1) whereas non-heme iron based 
catalyst (FeCl2 and FeCl3) tested under otherwise similar reaction 
condition failed to initiate the reaction at rt (entries 15 and 16, Table 
1) or gave. Catalytic activity of Fe(III) with other ligands (salen and 
box) gave inferior results (entry 10 and 11, Table 1, respectively).12c  

Table 1. Optimization of arene C—H amidation with different 

carbonyl based nitrene precursorsa 

 

Entr

y 

X (substrate) Catalyst 

(mol%) 

Base 

(equiv) 

Time 

(h) 

Yieldb 

(%) 

1 

2 

3 

-N3 (1) 

-N3 (1) 

-N3 (1) 

Rh2(OAc)4(5) none 

none 

none 

24 

24 

24 

NR 

NR 

NR 

Fe(TPP)Cl(5) 

Cu(OTf)2(5) 

4 

5 

6 

-NHOAc(2) 

-NHOAc(2) 

-NHOAc(2) 

Rh2(OAc)4(5) K2CO3(2) 

K2CO3(2) 

K2CO3(2) 

24 

24 

24 

NR 

NR 

NR 

Fe(TPP)Cl(5) 

Cu(OTf)2(5) 

7 

8 

9 

10 

11 

-NHOTs(5a) 

-NHOTs(5a) 

-NHOTs(5a) 

-NHOTs(5a) 

-NHOTs(5a) 

Rh2(OAc)4(5) K2CO3(2) 

K2CO3(2) 

K2CO3(2) 

K2CO3(2) 

K2CO3(2) 

2 

2 

2 

2 

2 

35 

Fe(TPP)Cl(5) 94 

Cu(OTf)2(5) 

Fe(III)-(salen)Cl(5) 

Fe(III)-(box)Br(5) 

NR 

42 

34 

10 -NHONs(3) Fe(TPP)Cl(5) K2CO3(2) 2 52 

11 -NHOMs(4) Fe(TPP)Cl(5) K2CO3(2) 2 64 

12 -NHOTs(5a) Fe(TPP)Cl(5) none 24 NR 

13 -NHOTs(5a) none K2CO3(2) 24 NR 

14c -NHOTs(5a) Fe(TPP)Cl(5) K2CO3(2) 2 82 

15 -NHOTs(5a) FeCl2(5) K2CO3(2) 24 NR 

16 -NHOTs(5a) FeCl3(5) K2CO3(2) 24 NR 

17 -NHOTs (5a) Fe(TPP)Cl(2) K2CO3(2) 6 93 

18 -NHOTs (5a) Fe(TPP)Cl(1) K2CO3(2) 18 84 

19 -NHOTs(5a) Fe(TPP)Cl(5) K2CO3(1) 24 51 

20d -NHOTs (5a) Fe(TPP)Cl(2) K2CO3(2) 2 90 
 

                     aReactions were conducted in a round bottom flask under argon at 25 oC with substrate  
            (0.31 mmol), cayalyst (1-5 mol%), 4 Å MS (100 wt %), base (1-2 equiv), in anhyd DCE 
          (2.0 mL) (see ESI for details). bIsolated yields. cConducted in open atmosphere.  
            d7 mmol scale. NR = No Reaction 

These results clearly demonstrate the superiority of tetradentate 
(N,N,N,N) (porphyrin) ligand around the metal centre for this 

transformation, perhaps the electronics and structure of porphyrin 
plays crucial rolein stabilizing the high oxidation state Fe-
intermediates during the course of the reaction. 

Notably, this is the first report of Fe-porphyrin catalyzed 

decomposition of N-hydroxy substituted carbamates as nitrene 

source. N-Nosyloxy (3) and N-Mesyloxy (4) based substrates 
provided lower yield of the desired product 6 (entries 10 and 11, 
Table 1). Conducting the reaction in open atmosphere provided 
slightly diminished but practical yield of 6a, thus making this 
protocol operationally convenient (entry 14, Table 1). Control 
reactions demonstrated the requirement of both base as well as 
catalyst for the success of this amidation reaction (entries 12 and 13, 
Table 1). Reducing the base (1 equiv) took longer time for full 
conversion, providing diminished yield of 6a (entry 19, Table 1). 
However, comparable yields were obtained from 2 and 1 mmol 
catalyst, latter taking about 18 h for full conversion (entries 17 and 
18, Table 1). Dichloroethane (DCE) turned out to be the best 
reaction medium among solvents screened (see ESI for details). 
Scale up of this reaction led to no significant change in isolated 
yield (entry 20, Table 1). 

Table 2. Scope of Fe(III)(TPP)Cl catalyzed C(sp2)—H amidation 

on N-Tosyloxy arylcarbamatesa 
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aReactions were conducted in a round bottom flask under argon at 0.31 mmol scale in 
 DCE (2 mL) with FeIII(TPP)Cl(2 mol%), K2CO3 (2.0 equiv), 4 Å MS (100 wt %), 6-12 h; 
bIsolated yields. cRegioselectivity determined from 1H NMR. 
Subsequently, substrate scope was investigated with unoptimized 
reaction time. As observed from results shown in Table 2, various 
substituents like halogens, alkyl, aryl and alkoxy groups were well 
tolerated under the reaction condition. Influence of electronic effect 
was clearly observed on 4-substituted carbamates, where substrates 
with electron donating substitutents (alkoxy, Me, t-butyl) cyclized 
efficiently to provide desired products in good to excellent yields 
(entries 6b-6g), while electron withdrawing substituted (F and I) 
substrates provided slightly diminished yields of their respective 
benzoxazolones (entries 6e and 6f).13a, b Strong electron withdrawing 
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group (NO2 and CF3) substituted carbamates failed to undergo 
cyclization (entries 6h and 6cz). While substrate 5h remained inert 
under reaction condition, 5cz decomposed to give corresponding 
uncyclized carbamate (4-CF3C6H5OCONH2). However, ester 
substituted analog was readily synthesized in modest yield (entry 
6ez). These results are consistent with involvement of putative 
electrophilic aromatic substitution (EAS) pathway.6 It is worth 
mentioning here that under present external oxidant free reaction 
condition even o-halo (entry 6i) substituted derivative underwent 
smooth cyclization to give product in high yield. Further, 
Chlorzoaxazone, a muscle relaxant was efficiently accessed using 
this protocol in good yield (entry 6dz). Halogen substituted 
benzoxazolones thus provides opportunity for further synthetic 
manipulations thereof. Regioselective product formation was 
observed on o-Phenyl substituted and α-naphthol derived 
carbamates in good yield (entries 6q and 6t).  
 Excellent yield with no side product formation was 
obtained under present protocol on dimethyl substituted substrates 
owing to non-oxidative and mild reaction condition (entries 6r and 
6s). Likewise, sterically hindered o-alkyl and di-alkyl substituted 
substrates (entries 6p and 6l) furnished product in very good yields. 
Further, to observe the steric effect on the C—H bond amidation 
mediated cyclization process, m-substituted N-tosyloxycarbamates 
were tested. m-methyl substituted carbamate gave moderate 
regioselectivity with major C—H amidation product obtained from 
sterically more encumbered C—H site in good yields (entry 6j). m-
ethyl and β-naphthol derived carbamates furnished the regioisomeric 
products 6k and 6m respectively in 1:1 ratio. Although, m-t-butyl 
substituted substrate provided single regioisomer owing to its sterics 
(entry 6o), unexpectedly, single isomer (from sterically less 
hindered C-H site) was isolated from the reaction of m-chloro 
carbamate (entry 6n). Exact reason for observation of single isomer 
is unclear this stage. 
 Chemoselective transformation took place when we 
subjected various o-alkyl substituted carbamates with relatively 
weaker (1o, 2o, and 3o) C—H bonds under cyclization condition. 
Only o-aromatic C—H amidation products were obtained in 
excellent yields (entries 6v-6z). Bicyclic substrate too provided 
chemoselective product in exellent yield (entry 6bz). On contrary, 
under Fe(III)(TPP)Cl catalytic condition it’s sister analog carbene 
undergoes C(sp3)—H insertion (major product) with alkyl 
benzenesin the absence of directing group.11a Substrates with 
sustituents like ortho-alkene and ortho-alkyne were well tolerated 
under present reaction condition and gave only chemoselective five 
membered products (entry 6z and 6az). The unsaturated moieties 
present in the molecule thus allow for generation of new scaffolds in 
chemical space. Noteworthily, alkyne moieties are often prone to 
undergo side reactions under oxidative reaction conditions,15a 
therefore, preferential aromatic C(sp2)—H bond nitrenoid insertion 

over more labile o-substitutents (C(sp3)—H bond, alkene and 

alkyne) at room temperature demonstrates the uniqueness of the 

current system under Fe-porphyrin catalysis. Finally, we 
investigated the application of this C(sp2)—H amidation reaction to 
demonstrate late stage functionalization of a natural scaffold. 
Consequently, estrone derivative 5u, was subjected under standard 
reaction condition which gave the regioisomeric products in 1.2:1 
ratio (79% yield) (entry 6u and 6u', Table 2). 
 Due to virtue of present reaction conditions being 
extremely mild, no side products with substrates capable of forming 
benzoxazinone as well as aziridine derivatives (entries 6v-6z)were 
observed. Such results also points towards non-involvement of free 
nitrene intremediate in this process as free nitrene generated under 
thermolytic conditions often lead to non-selective product 
formation.15b Thereafter, a set of experiments were conducted to 
underpin the rationale mechanism prevalent in this Fe(III)-porphyrin 
catalyzed transformation. Subjecting the substrate 5a, with free 
radical scavenger TEMPO (2,2,6,6-tetramethylpiperidine-1-oxy 

radical) (eq 1, Scheme 1)under standard reaction condition did not 
hamper the reaction and cyclized product 6a, was obtained in good 
yield, indicating no involvement of free radical in the 
transformation.15c In addition, no product formation from N-methyl 
O-tosylated carbamate, 7 under similar reaction conditions (eq 2, 
Scheme 1), indicated putative involvement of Fe-nitrenoid species 
incurrent aromatic C—H bond amidation, as 7 is incapable of 
generating nitrene intermediate. Experiments were then conducted 
to gather evidence for involvement of Fe-nitrenoid species 
undergoing stepwise, (either electrophilic or H atom 
abstraction/radical rebound (HAA/RB))11g, 16, 17 or concerted 
asynchronous pathway. Consequently, two set of one pot 
competition reactions were conducted under standard reaction 
condition. Substrate with electron donating group (5b) and electron 
neutral substrate (5a) provided product in the ratio of 2.5:1(eq 3, 
Scheme 1, see ESI for details), whereas, substrate with electron 
withdrawing group (5e) provided product ratio of 1:1.9 with respect 
to 5a (eq 4, Scheme 1, see ESI for details).This indicated the 
beneficial effect of electron donating groups.  
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Figure 2. DFT calculated energy profiles of C(sp

2
)—H 

bond amidation (red and black colour) and C(sp
3
)—H 

bond amidation (blue colour) reaction on substrate 5w. 

Relative energies (kcal/mol) are in parentheses using 

various methods (see Table S2 in ESI for details) 
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Next, Kinetic Isotopic Effect (KIE) study was conducted 
on a deuterated substrate (5a-d1).

2e Observation of inverse secondary 
KIE (PH/PD = 0.23±0.02 at 25 oC), under standard reaction condition 
indicated that cleavage of C—H bond is not involved in rate 
determining step, and suggested involvement of stepwise 
mechanism favoring EAS pathway in Fe(III)-porphyrin catalyzed 
cyclization (eq 5, Scheme 1, see ESI for details). 

Theoretical studies were then conducted to obtain 
further mechanistic insight, as well as for rationalization of 
selective C(sp2)—H amidation over more labile and weaker 
C(sp3)—H bond. Therefore, DFT calculations were performed 
with substrate 5w and FeIII(por)Cl as simplified catalyst model, 
which in accordance with the earlier report,10 indicated slight 
preference for C(sp3)—H amidation over C(sp2)—H in gas phase. 
However, C(sp2)—H amidation reaction path was found to be 
energetically more favourable when calculations were performed 
in solution phase using DCE as solvent (Figure 2). Probably 
solvent plays a major role and controls the path of this reaction. 
Interestingly, the energy barrier height is the lowest for the 

formation of C-N bond (via intermediate 9) followed by H-shift in 

gas phase as well as in solvent. Thus, product 6w follows the EAS 

path depicted with black line in Figure 2. Calculations were 
performed at a few different levels and methods in DCM solvent 
which clearly show that the level of the calculation does not affect 
the overall trend of the results. M06 level DFT calculations 
indicate clearer picture compared to B3LYP level; however both 
the levels show the same trend. 

Based on the experimental observation and theoretical 
calculations in this report and previous literature reports,18a, b, 5f, 6 a 
tentative mechanism has been proposed as depicted in Scheme 2. 

  
Scheme 2.Tentative mechanism for aryl C(sp

2
)—H 

amidation 
Initial co-ordination of N-Tosyloxy carbamate 5 with 

Fe(III)-porphyrin would lead to Fe(V)–nitrenoid intermediate 
species 8, which undergoes aromatic C—H bond nitrenoid 
insertion via stepwise electrophilic substitution pathway through 
arenium ion intermediate 9, to furnish the benzoxazolones 6 
(Scheme 2). Finally, an evidence was gathered for prevalence of 
outer sphere-pathway in this transformation by subjecting 
substrate 7, using stoichiometric Fe(III)-porphyrin, followed by 

quenching with D2O, where no o-C-H/D bond scrambling was 
observed (eq 6, Scheme 1, see ESI for details). 

It is worth to mention here that previous reports on 
intramolecular aryl C(sp2)—H amination with azidebased 
substrates have revealed different (stepwise) mechanistic 
scenarios under Rh2(II)

16a and Fe(III)-porphyrin16b catalysis. 
Electrocyclization is the preferred pathway in Rh=Nirenoid 
catalyzed transformation whereas in the case of Fe=nitrenoid 
species 1,2-H shift precedes C-N bond formation i.e HAA/RB 
mechanism prevails. Thus, clearly pointing towards a distinct 

mechanistic (EAS) manifold in current arene C—H amidation 

system. As a further extrapolation of this methodology, 

benzoxazolone 5a was readily cleaved under standard reaction 
condition to provide o-hydroxyl aniline, thus providing a 
complementary approach to access substituted o-hydroxyl 
anilines.5b (see ESI; Scheme S2). 

In conclusion, we have developed an iron (heme) based 
catalytic system for efficient aryl C(sp2)—H bond amidation on 
aryl N-tosyloxycarbamates to access privileged benzoxazolones. 
Experimental findings were validated by DFT calculations. 
Fe(III)(TPP)Cl as earth abundant and innocuous catalyst 
decomposes N-tosyloxycarbamates under external oxidant free 
reaction condition at room temperature. Low catalyst loading (2 
mol%) along with generation of water soluble side product 
underscores the importance of current transformation. Moreover, 
this transformation adds to the repertoire of Fe-catalyzed reactions 
in an effort towards development of sustainable amidation 
chemistry. Further exploration and deep mechanistic insight of 
this relatively new transformation is currently underway in our 
laboratory. 

ASSOCIATED CONTENT 

Supporting Information 

General and experimental information on preparation of 
carbamates, optimization studies, procedure for C—H amidation, 
details for mechanism studies and characterization data (1H NMR, 
13C NMR, HRMS) for all new compounds. This material is 
available free of charge on the ACS Publications website. 
Supporting Information is available free of charge via the Internet 
at http://pubs.acs.org. 

AUTHOR INFORMATION 

Corresponding Author 

riteshsingh@niperraebareli.edu.in;ritesh.cdri@gmail.com 

Notes 
The authors declare no competing financial interests. 

ACKNOWLEDGMENT 

RS and Prasanthi thanks DST, New Delhi for INSPIRE faculty 
award (IF15-CH-179) and doctoral fellowship, respectively. HKS 
and SB thanks DST-SERB for the financial assistance through 
SB/S2/RJN-004/2015 and PDF/2016/002053 projects 
respectively. Director NIPER-Raebareli (Dr. S.J.S. Flora) is 
highly acknowledged for support and encouragement. 

REFERENCES 

(1) Selected reviews only (a) Park, Y.; Kim, Y.; Chang, S. Transition 
Metal-Catalyzed C–H Amination: Scope, Mechanism, and Applications. 
Chem. Rev. 2017, 117, 9247–9301. (b) Louillat, M.-L.; Patureau, F. 
W.Oxidative C–H amination reactions. Chem. Soc. Rev. 2014, 43, 901-
910. (c) Zalatan, D. N.; Du Bois, J. Metal-catalyzed oxidations of C–H to 
C–N bonds. Top. Curr. Chem. Eds.: J.-Q. Yu, Z. Shi, Springer Berlin 
Heidelberg, Berlin, Heidelberg, 2010, 292, 347-378. (d) Davies, H. M. L.; 
Manning, J. R. Catalytic C-H functionalization by metal carbenoid and 
nitrenoid insertion. Nature 2008, 451, 417-424. (e) Halfen, J. A.Recent 
advances in metal-mediated carbon-nitrogen bond formation reactions: 
aziridination and amidation. Curr. Org. Chem. 2005, 9, 657-669. 

(2) Selected examples only (a) Tsang, W. C. P.; Zheng, N.; Buchwald, 
S. L. Combined C−H Functionalization/C−N Bond Formation Route to 
Carbazoles. J. Am. Chem. Soc. 2005, 127, 14560-14561. (b) Chiba, S.; 
Zhang, L. N.; Sanjaya, S.; Ang, G. Y. Pd(II)-catalyzed synthesis of indoles 
from alpha-aryloxime O-pentafluorobenzoates via intramolecular aromatic 
C-H amination. Tetrahedron 2010, 66, 5692-5700. (c) Jana, S.; Clements, 
M. D.; Sharp, B. K.; Zheng, N. Fe(II)-catalyzed amination of aromatic C-
H bonds via ring opening of 2H-azirines: synthesis of 2,3-disubstituted 
indoles. Org. Lett. 2010, 12, 3736-3739. (d) Tan, Y. C.; Hartwig, J. F. 
Palladium-Catalyzed Amination of Aromatic C−H Bonds with Oxime 
Esters. J. Am. Chem. Soc. 2010, 132, 3676-3677. (e) Stokes, B. J.; Dong, 

Page 4 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

H.; Leslie, B. E.; Pumphrey, A. L.; Driver, T. G. Intramolecular C-H 
amination reactions: Exploitation of the Rh2(II)-catalyzed decomposition 
of azidoacrylates. J. Am. Chem. Soc. 2007, 129, 7500-7501. (f) Jordan-
Hore, J. A.; Johansson, C. C. C.; Gulias, M.; Beck, E. M.; Gaunt, M. J. 
Oxidative Pd(II)-Catalyzed C−H Bond Amination to Carbazole at 
Ambient Temperature. J. Am. Chem. Soc. 2008, 130, 16184-16186. For a 
review see (g) Jiao, J.; Murakami, K.; Itami, K.Catalytic Methods for 
Aromatic C–H Amination: An Ideal Strategy for Nitrogen-Based 
Functional Molecules. ACS Catal. 2016, 6, 610-633. 

(3) Jones, K.; Cheeseman, M. D.; Linardopoulos, S.; Faisal, A.; 
Barbeau, O. R.; Kalusa, A. Preparation of fused heterocyclic compounds 
as antitumor agents. The Institute of Cancer Research Royal Cancer 
Hospital, UK. (2014), 56pp. CODEN:PIXXD2; WO2014030001. 

(4) Selected examples only (a) McDonald, S. L.; Hendrick, C. E.; 
Wang, Q.Copper‐Catalyzed Electrophilic Amination of Heteroarenes and 
Arenes by C-H Zincation. Angew. Chem., Int. Ed. 2014, 53, 4667-4670. 
(b) Zhu, D.; Yang, G.; He, J.; Chu, L.; Chen, G.; Gong, W.; Chen, K.; 
Eastgate, M. D.; Yu, J.-Q. Ligand‐Promoted ortho‐C-H Amination with 
Pd Catalysts. Angew. Chem., Int. Ed. 2015, 54, 2497-2500. (c) Yu, S.; 
Wan, B.; Li, X. Rhodium(III)-Catalyzed C–H Activation and Amidation 
of Arenes Using N-Arenesulfonated Imides as Amidating Reagents.Org. 

Lett. 2013, 15, 3706-3709. (d) Allen, L. J.; Cabrera, P. J.; Lee, M.; 
Sanford, M. S. N-Acyloxyphthalimides as Nitrogen Radical Precursors in 
the Visible Light Photocatalyzed Room Temperature C–H Amination of 
Arenes and Heteroarenes. J. Am. Chem. Soc. 2014, 136, 5607-5610. For 
an overview see: (e) Berman, A. M.; Johnson, J. S.Copper-Catalyzed 
Electrophilic Amination of Diorganozinc Reagents.J. Am. Chem. Soc. 

2004, 126, 5680-5681. (f) Hendrick, C. E.; Wang, Q. Emerging 
Developments Using Nitrogen–Heteroatom Bonds as Amination Reagents 
in the Synthesis of Aminoarenes. J. Org. Chem. 2017, 82, 839-847 and 
references cited therein. (g) Patureau, F. W.; Glorius, F. Oxidizing 
Directing Groups Enable Efficient and Innovative C-H Activation 
Reactions. Angew. Chem., Int. Ed. 2011, 50, 1977-1979. (h) For a review 
on C-H activation at ambient temperature: see Gensch, T.; James, M. J.; 
Dalton, T.; Glorius, F. Increasing Catalyst Efficiency in C−H Activation 
Catalysis. Angew. Chem., Int. Ed. 2018, 57, 2296-2306. 

(5) (a) Grohmann, C.; Wang, H.Rh[III]-Catalyzed Direct C–H 
Amination Using N-Chloroamines at Room Temperature. Glorius, F. Org. 

Lett. 2013, 15, 3014-3017. (b) Wang, X.; Gensch, T.; Lerchen, A.; 
Daniliuc, C. G.; Glorius, F. Cp*Rh(III)/Bicyclic Olefin Cocatalyzed C–H 
Bond Amidation by Intramolecular Amide Transfer. J. Am. Chem. Soc. 

2017, 139, 6506-6512. (c) Patel, P.; Chang, S. N-Substituted 
Hydroxylamines as Synthetically Versatile Amino Sources in the Iridium-
Catalyzed Mild C–H Amidation Reaction. Org. Lett. 2014, 16, 3328-3331. 
(d) Patel, P.; Chang, S. Cobalt(III)-Catalyzed C–H Amidation of Arenes 
using Acetoxycarbamates as Convenient Amino Sources under Mild 
Conditions. ACS Catal. 2015, 5, 853-858. (e) For discussion on inner and 
outer sphere pathways in C-H bond functionalization see: Dick, A. R.; 
Sanford, M. S.  Tetrahedron 2006, 62, 2439-2463. (f) Hong, S. Y.; Park, 
Y.; Hwang, Y.; Kim, Y. B.; Baik, M.-H.; Chang, S. Selective formation of 
γ-lactams via C-H amidation enabled by tailored iridium catalysts. Science 

2018, 359, 1016-1021. 
(6) (a) For a recent aryl C-H bond amination under acidic medium with 

Rh2(II)see: Paudyal, M. P.; Adebesin, A. M.; Burt, S. R.; Ess, D. H.; Ma, 
Z.; Kürti, L.; Falck, J. R.Dirhodium-catalyzed C-H arene amination using 
hydroxylamines. Science 2016, 353, 1144-1147. (b) During the course of 
the reviewprocess of this manuscript an intermolecular arene C-H 
nitrenoid insertion using hydroxylamines appeared: Arai, K.; Ueda, Y.; 
Morisaki K.; Furuta, T.; Sasamori, T.; Tokitoh N.; Kawabata,T. 
Intermolecular chemo- and regioselective aromatic C–H amination of 
alkoxyarenes promoted by rhodium nitrenoids. Chem. Commun. 2018, 54, 
2264-2267. 

(7) For a seminal C(sp3)—H bond amidation see: Lebel, H.; Huard, K.; 
Lectard, S. N-Tosyloxycarbamates as a Source of Metal Nitrenes:  
Rhodium-Catalyzed C−H Insertion and Aziridination Reactions. J. Am. 
Chem. Soc. 2005, 127, 14198-14199. 

(8) (a) Ng, K.-H.; Chan, A. S. C.; Yu, W.-Y. Pd-Catalyzed 
Intermolecular ortho-C−H Amidation of Anilides by N-
Nosyloxycarbamate. J. Am. Chem. Soc. 2010, 132, 12862-12864. (b) John, 
A.; Byun, J.; Nicholas, K. M. Copper-catalyzed C(sp2)—H amidation of 
unactivated arenes by N-tosyloxycarbamates. Chem. Commun. 2013, 49, 
10965-10967. 

(9) Selected examples of Fe catalyst in N-heterocycle synthesis; for a 
review see: (a) Bauer, I.; Knölker, H.-J. Iron Catalysis in Organic 
Synthesis. Chem. Rev. 2015, 115, 3170-3387 and references cited therein. 

(b) Hennessy, E. T.; Betley, T. A. Complex N-heterocycle synthesis via 
iron-catalyzed, direct C-H bond amination. Science 2013, 340, 591-595. 
(c) Stokes, B. J.; Vogel, C. V.; Urnezis, L. K.; Pan, M.; Driver, T. G. 
Intramolecular Fe(II)-catalyzed N–O or N–N bond formation from aryl 
azides. Org. Lett. 2010, 12, 2884-2887. (d) Bonnamour, J.; Bolm, C. 
Iron(II) Triflate as a Catalyst for the Synthesis of Indoles by 
Intramolecular C–H Amination. Org. Lett. 2011, 13, 2012-2014. (e) Shen, 
M.; Driver, T. G. Iron(II) Bromide-Catalyzed Synthesis of 
Benzimidazoles from Aryl Azides. Org. Lett. 2008, 10, 3367-3370. (f) 
Wei, W.-T.; Zhou, M.-B.; Fan, J.-H.; Liu, W.; Song, R.-J.; Liu, Y.; Hu, 
M.; Xie, P.; Li, J.-H. Synthesis of Oxindoles by Iron‐Catalyzed Oxidative 
1,2‐Alkylarylation of Activated Alkenes with an Aryl C(sp2)-H Bond and 
a C(sp3)-H Bond Adjacent to a Heteroatom. Angew. Chem., Int. Ed. 2013, 
52, 3638-3641. (g) Alt, I. T.; Plietker, B.; Iron‐Catalyzed Intramolecular 
C(sp2)−H Amination. Angew. Chem., Int. Ed. 2016, 55, 1519-1522. (h) 
Cera, G.; Haven, T.; Ackermann, L. Iron-catalyzed C–H/N–H activation 
by triazole guidance: versatile alkyne annulation. Chem. Commun. 2017, 
53, 6460-6463. 

(10) Breslow, R.; Gellman, S. H. Intramolecular nitrene carbon-
hydrogen insertions mediated by transition-metal complexes as nitrogen 
analogs of cytochrome P-450 reactions. J. Am. Chem. Soc. 1983, 105, 
6728-6729. 

(11) Selected examples only (a) Mbuvi, H. M.; Woo, L. K. Catalytic 
C−H Insertions Using Iron(III) Porphyrin Complexes. Organometallics 
2008, 27, 637-645. For a review see: (b) Zhu, S.-F.; Zhou, Q.-L.Iron-
catalyzed transformations of diazo compounds. National Science Review 

2014, 1, 580-603. (c) Ma, C.; Xing, D.; Zhai, C.; Che, J.; Liu, S.; Wang, 
J.; Hu, W. Iron porphyrin-catalyzed three-component reaction of 
ethyl diazoacetate with aliphatic amines and β,γ-unsaturated α-keto esters. 
Org. Lett. 2013, 15, 6140-6143. (d) Chen, Y.; Huang, L.; Zhang, X. P. 
Acid-promoted olefination of ketones by an iron(III) porphyrin complex. 
Org. Lett. 2003, 5, 2493-2496. (e) Aviv, I.; Gross, Z. Iron(III) Corroles 
and Porphyrins as Superior Catalysts for the Reactions of Diazoacetates 
with Nitrogen‐ or Sulfur‐Containing Nucleophilic Substrates: Synthetic 
Uses and Mechanistic Insights. Chem. - Eur. J. 2008, 14, 3995-4005. (f) 
Griffin, J. R.; Wendell, C. I.; Garwin, J. A.; White, M. C. Catalytic C(sp3)-
H Alkylation via an Iron Carbene Intermediate. J. Am. Chem. Soc. 2017, 
139, 13624-13627. (g) Singh, R.; Kolev, J. N.; Sutera, P. A.; Fasan, 
R.Enzymatic C(sp3)-H Amination: P450-Catalyzed Conversion of 
Carbonazidates into Oxazolidinones. ACS Catal. 2015, 5, 1685-1691. 

(12) (a) Liu, Y.; Wei, J.; Che, C.-M. [Fe(F20TPP)Cl] catalyzed 
intramolecular C–N bond formation for alkaloid synthesis using aryl 
azides as nitrogen source. Chem. Commun. 2010, 46, 6926-6928. (b) Liu, 
Y.; Chen, G.-Q.; Tse, C.-W.; Guan, X.; Xu, Z.-J.; Huang, J.-S.; Che, C.-
M. [Fe(F20TPP)Cl]-Catalyzed Amination with Arylamines and {[Fe(F20 
TPP)(NAr)](PhI=NAr)}+ Intermediate Assessed by High-Resolution ESI-
MS and DFT Calculations. Chem. - Asia. J. 2015, 10, 100-105. (c) Liu, 
Y.; Che, C. M. [FeIII(F20-tpp)Cl] Is an Effective Catalyst for Nitrene 
Transfer Reactions and Amination of Saturated Hydrocarbons with 
Sulfonyl and Aryl Azides as Nitrogen Source under Thermal and 
Microwave-Assisted Conditions. Chem. - Eur. J. 2010, 16, 10494-10501. 

(13) (a) Singh, R.; Nagesh, K.; Parameshwar, M. Rhodium(II)-
Catalyzed Undirected and Selective C(sp2)–H Aminationen Route to 
Benzoxazolones. ACS Catal. 2016, 6, 6520-6524. (b) Cyclization of 
analogous p-iodo, o-bromo and o-alkyne substituted carbamates were 
unsuccessful under oxidative Rh2(II)/PhI(OAc)2 catalysis and were 
unreported in ref. 13a. (c) Dimethyl substrates gives substantial side 
products under strong oxidative reaction condition. 

(14) (a) Jacques, P.; Pascal, C.; Evelina, C. 2(3H)-Benzoxazolone and 
Bioisosters as “Privileged Scaffold” in the Design of Pharmacological 
Probes. Curr. Med. Chem. 2005, 12, 877-885 and references cited therein. 
(b) Bach, A.; Pizzirani, D.; Realini, N.; Vozella, V.; Russo, D.; Penna, I.; 
Melzig, L.; Scarpelli, R.; Piomelli, D.Benzoxazolone Carboxamides as 
Potent Acid Ceramidase Inhibitors: Synthesis and Structure–Activity 
Relationship (SAR) Studies. J. Med. Chem. 2015, 58, 9258-9272 and 
references cited therein. 

(15) (a) Srinivas, B. T. V.; Rawat, V. S.; Sreedhar, B. Iron‐Catalyzed 
Dioxygenation of Alkenes and Terminal Alkynes by using 
(Diacetoxyiodo) benzene as Oxidant. Adv. Synth. Catal. 2015, 357, 3587-
3596. (b) Meth-Cohn, O.; Rhouati, S. Cyclisations of azidoformates. 
Cyclisation of aryl azidoformates. J. Chem. Soc., Chem. Commun. 1981, 
241-242. (c) For generation of radical nitrene under Co-porphyrin 
catalysis see: Kuijpers, P. F.; Tiekink,M. J.; Breukelaar,W. B.; Broere, D. 
L. J.;  van Leest, N. P.; van der Vlugt, J. I.; Reek, J. N. H.; de Bruin,B; 
Cobalt-Porphyrin-Catalysed Intramolecular Ring-Closing C-H Amination 

Page 5 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

of Aliphatic Azides: A Nitrene-Radical Approach to Saturated 
Heterocycles. Chem. - Eur. J. 2017, 23, 7945-7952. 

(16) (a) Zhang, Q.; Wu, C.; Zhou, L.; Li, J. Theoretical Studies on 
Intramolecular C–H Amination of Biaryl Azides Catalyzed by Four 
Different Late Transition Metals. Organometallics 2013, 32, 415-426. (b) 
Li, J.; Wu, C.; Zhang, Q.; Yan, B. Theoretical studies of Iron(III)-
catalyzed intramolecular C-H amination of azides. Dalton Trans. 2013, 
42, 14369-14373. 

(17) Jiang, H.; Lang, K.; Lu, H.; Wojtas, L.; Zhang, X. P. Asymmetric 
Radical Bicyclization of Allyl Azidoformates via Cobalt(II)-Based 
Metalloradical Catalysis. J. Am. Chem. Soc. 2017, 139, 9164-9167. 

(18) (a) Jensen, M. P.; Mehn, M. P.; Que, L. Intramolecular Aromatic 
Amination through Iron‐Mediated Nitrene Transfer. Angew. Chem., Int. 
Ed. 2003, 42, 4357-4360. (b) Rosenfeld, M. J.; Shankar, B. K. R.; 
Shechter, H. Rhodium(II) acetate-catalyzed reactions of 2-diazo-1,3-
indandione and 2-diazo-1-indanone with various substrates. J. Org. Chem. 

1988, 53, 2699-2705. 

 

Insert Table of Contents artwork here 

 

  
 
 

Page 6 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


