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ABSTRACT: Cobalt-catalyzed C–H activation by means of oxazolinyl 

assistance set the stage for versatile direct amidations with ample sub-

strate scope. Thus, a high-valent cobalt(III) catalyst enabled C–H ami-

dations with excellent levels of positional and chemo-selectivities. Mech-

anistic studies provided strong support for a kinetically relevant C–H 

functionalization.               

KEYWORDS: amidation, C–H activation, cobalt, mechanism, oxa-

zolines 

Substituted oxazolines are omnipresent structural motifs of 

numerous bioactive compounds of relevance to crop protec-

tion and medicinal chemistry (Figure 1).
1
 Moreover, oxa-

zolines are easily accessible and can be converted into a pleth-

ora of valuable functionalities,
2
 which renders them key inter-

mediates in organic synthesis and useful ligands in metal 

catalysis. As a consequence there is a continued strong de-

mand for flexible methods that provide general access to sub-

stituted oxazolines.
2
 While directed ortho-metalation strategies 

have been developed, they require stoichiometric mounts of 

strong bases.
3
 In contrast, transition metal-catalyzed C–H 

functionalization
4
 technology has provided means for the 

atom- and step-economical diversification by oxazolinyl assis-

tance.
5
 In spite of these undisputed advances, catalytic C–H 

amidations on aryl oxazolines are as of yet restricted to the use 

of precious rhodium and iridium catalysts, as elegantly devel-

oped by Chang, among others.
6
 In consideration of the attrac-

tive features associated with naturally abundant 3d transition 

metals, recent focus has shifted to inexpensive base metal 

catalysts for C–H activation chemistry.
7
 In this context, major 

progress has been achieved with versatile high-valent cobalt-

catalyzed C–H functionalizations, as were reported by Kanai,
8
 

Ackermann,
9
 Daugulis,

10
 Glorius,

11
 Ellman,

12
 and Chang,

13
 

among others.
14

 Within our program on cobalt-catalyzed C–H 

activation,
15

 we have developed the first oxazolinyl-assisted 

cobalt-catalyzed C–H functionalization, which set the stage for 

expedient direct amidations with ample substrate scope. Re-

cent independent reports by Jiao
16

 and Chang
17

 on cobalt-

catalyzed amidations with rather strongly-coordinating amides 

and pyridines prompted us to now report our findings on an 

effective protocol for cobalt(III)-catalyzed C–H amidations of 

synthetically useful aryl oxazolines by the action of dioxa-

zolones
18

 as user-friendly amidating reagents. Notable features 

of our strategy include (i) the first cobalt(III)-catalyzed C–H 

activation on aryl oxazolines and oxazines, (ii) high functional 

group tolerance,  (iii) robust C–H amidations on indoles and 

pyrroles within a removable
19

 directing group strategy, and (iv) 

key mechanistic insights on the crucial C–H cobaltation step. 

Further, our approach provides modular and step-economical 

access to 2-amido-substituted 2-aryloxazolines – the key scaf-

fold of Yu’s powerful bidentate auxiliary.
20

   

 

Figure 1. Selected bioactive 2-aryl oxazolines. 

 

At the outset of our studies, we explored the feasibility of 

the envisioned cobalt-catalyzed C–H amidation of aryl oxazo-

line 1a with dioxazolone 2a (Table 1). Preliminary observa-

tions revealed that aprotic solvents enabled the desired C–H 

amidation, with DCE being optimal (entries 1–3). Among a 

variety of additives, NaOAc proved to be most effective (en-

tries 3–10), highlighting the importance of carboxylate assis-

tance in the C–H functionalization regime (vide infra).
21

 Inter-

estingly, the sodium salt of a protected amino acid generated a 
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less effective cobalt catalyst (entry 9). Different cobalt(III) 

complexes were explored thereafter (entries 10–14), and 

Cp*Co(CO)I2 emerged as the most powerful catalyst, while 

the analogous cyclopentadienyl complex CpCo(CO)I2 or sim-

ple cobalt salt CoCl2 only performed poorly (entries 12 and 

13). It is noteworthy that in contrast to Jiao’s observation,
16

 

the cationic [Cp*Co(MeCN)3](SbF6)2 was found to be inferior 

in the oxazoline-assisted C–H activation (entry 14). With the 

optimized reaction conditions identified, we verified the bene-

ficial effect of the carboxylate additive, and showed the cobalt 

complex to be essential for the C–H activation process (entries 

15 and 16).  

Table 1. Oxazoline-Assisted C–H Amidation
 a
  

 

entry [Co] solvent additive 3aa (%) 

1 Cp*Co(CO)I2 TFE NaOAc − 

2 Cp*Co(CO)I2 PhCF3 NaOAc 53 

3 Cp*Co(CO)I2 DCE NaOAc 65 

4 Cp*Co(CO)I2 DCE KOAc 47 

5 Cp*Co(CO)I2 DCE PivOH 58 

6 Cp*Co(CO)I2 DCE NaOPiv 63 

7 Cp*Co(CO)I2 DCE NaO2CMes 3 

8 Cp*Co(CO)I2 DCE NaO2CAd 44 

9 Cp*Co(CO)I2 DCE NaO2C-Ile-Ac 17 

10 Cp*Co(CO)I2 DCE NaOAc 68b 

11 [Cp*CoI2]2 DCE NaOAc 61b 

12 CpCo(CO)I2 DCE NaOAc − 

13 CoCl2 DCE NaOAc − 

14 [Cp*Co(MeCN)3](SbF6)2 DCE − 54 

15 Cp*Co(CO)I2 DCE − 35 

16 − DCE NaOAc − 
 a

 Reaction conditions: 1a (0.50 mmol), 2a (1.2 equiv), [Co] (5.0 mol %), AgSbF6 (10 

mol %), additive (10 mol %), solvent (2 mL), 100
 
°C, 16 h. 

b 
AgSbF6 (20 mol %), NaOAc 

(20 mol %). 

 

Subsequently, we tested the versatility of the cobalt(III) cat-

alyst in the C–H amidation of various aryl oxazolines 1 

(Scheme 1). The cobalt(III) complex was found to be highly 

chemo-selective as was reflected by a remarkable functional 

group tolerance that included chloro, bromo, cyano, ester and 

amide substituents. The robustness of the protocol was moreo-

ver illustrated by the gram-scale synthesis of amide 3aa. In 

intramolecular competition experiments with meta-substituted 

arenes 1o–1q featuring two inequivalent ortho-C–H bonds an 

excellent positional selectivity was observed, that was fully 

controlled by oxazolinyl assistance and secondary steric inter-

actions.  

 

 

 

 

 

 

Scheme 1. Scope of Oxazolinyl-Assisted C–H Amidation  

 

 

Thereafter, we put the influence of the oxazoline substitu-

tion pattern on the C–H amidation process to a test (Scheme 

2). Thus, oxazolines 1 derived from different β-aminoalcohols 

delivered the desired products 3ra–3ta with synthetically 

useful yields. Notably, the versatile cobalt(III) catalyst was not 

limited to oxazoline substrates. Indeed, aryl 1,3-oxazines 1v 

and 1u smoothly delivered the desired amidated products 3ua–

3va as well. 

 

Scheme 2. Substituted Oxazolines and Oxazines 1 for C–H 

Amidation 

 
 

The scope of the Cp*Co(CO)I2-catalyzed C–H amidation 

beyond oxazolines and oxazines 1 was showcased by the C–H 

functionalization of indoles 4
22

 bearing removable pyridyl (py) 

and pyrimidyl (pym) entities (Scheme 3). Here, the chemo-

selective cobalt(III) catalyst was again characterized by a 

remarkable tolerance of valuable electrophilic functional 

groups, as illustrated for fluoro, chloro, bromo, iodo, ester or 

thiophene substituents (5aa–5ja/5af). At the same time, the 

user-friendly protocol allowed for the introduction of aryl, 

heteroaryl and alkyl amides in a step-economical manner. The 

gram-scale synthesis of amidated indole 5ba occurred effi-

ciently at low catalyst loading of only 1.0 mol %. Likewise, 

sterically hindered 1,3-disubstituted indoles 4k and 4l were 

converted with high efficacy. The catalyst was not limited to 
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indole substrates, but also enabled the unprecedented cobalt-

catalyzed C–H nitrogenation of pyrroles (7aa). 

 

Scheme 3. Cobalt(III)-Catalyzed C–H Nitrogenation of 

Indoles 4 and Pyrroles 6  

 

[a] Cp*Co(CO)I2 (1.0 mol %). [b] Without NaOAc. 

 

Given the versatility of the cobalt(III)-catalyzed C–H ami-

dation, we conducted mechanistic studies to delineate its mode 

of action. To this end, C–H functionalizations performed in 

the presence of typical radical scavengers gave the amidated 

product 3aa with only a minor loss in catalytic activity 

(Scheme 4a). Thus, in contrast to a recent mechanistic study 

on cobalt(III)-catalyzed oxygenations,
23

 our findings do not 

provide support for a radical-based mechanism. Furthermore, 

a mercury-test confirmed the cobalt catalysis to be homoge-

nous in nature (Scheme 4b). Reactions performed with an 

isotopically labeled co-solvent highlighted a considerable H/D 

scrambling, yet only occurring in the absence of the dioxazoli-

nones 2 (Scheme 4c). The kinetic isotope effect (KIE) of kH/kD 

≈ 2.3 by independent measurements (Scheme 4d) indicated the 

C–H cobaltation to be kinetically relevant.  

 

 

 

 

 

 

Scheme 4. Mechanistic Findings  

(c) H/D Exchange

1a [D]n-1a

Me

NO

Me

NO

D/HH/D

Cp*Co(CO)I2 (5.0 mol %)
AgSbF6 (20 mol %)
NaOAc (20 mol %)

DCE/CD3OD (2.0 ml/0.1 mL)
100 °C, 16 h

(d) KIE Studies (for details, see the Supporting Information)

Ph

N

O

O

O
Cp*Co(CO)I2 (5.0 mol %)

AgSbF6 (20 mol %)
NaOAc (20 mol %)

DCE, 100 °C
+

kH/kD = 2.3
1a/[D]2-1a 2a 3aa/[D]1-3aa

NO

Me

H/D D/H

NO

Me

H/D NHBz

(a) Radical Scavengers

1a 3aa

Me

NO

Me

NO

NHBz

2a

Cp*Co(CO)I2 (5.0 mol %)

AgSbF6 (20 mol %)
NaOAc (20 mol %)

DCE

100 °C, 16 h

50% D

standard condition 68%

radical scavengers (1.0 equiv)

TEMPO 46%

Ph2C=CH2 67%

BHT 48%

(b) Mercury-test: Homogenous catalysis

1a 3aa

Me

NO

Me

NO

HBzHN

Cp*Co(CO)I2 (5.0 mol %)
AgSbF6 (20 mol %)
NaOAc (20 mol %)

DCE/CD3OD (2.0 ml/0.1 mL)
100 °C, 16 hPh

N

O

O

O

+

2a

> 98% H

50% D

1a 3aa

Me

NO

Me

NO

NHBz

2a

Cp*Co(CO)I2 (5.0 mol %)
AgSbF6 (20 mol %)

NaOAc (20 mol %)

DCE

100 °C, 16 h

standard condition 68%

Hg (1.0 equiv) 66%

 
 

Intermolecular competition reactions between differently 

decorated substrates revealed electron-rich arenes 1 and elec-

tron-rich dioxazolones 2 to be functionalized preferentially 

(Scheme 5). These findings can be rationalized in terms of the 

key C–H activation step occurring by a base(acetate)-assisted, 

intermolecular electrophilic substitution-type (BIES) C–H 

metalation event.
24 

Scheme 5. Intermolecular Competition Experiments
[a]

  

 
 

[a] 1H NMR with 1,3,5-(MeO)3C6H3 as the internal standard. 
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Based on our mechanistic studies and previous reports,
 
we 

propose a plausible catalytic cycle that commences by a kinet-

ically-relevant, acetate-assisted C–H cobaltation to generate 

metallacyle 8 (Scheme 6). Subsequent coordination of the 

dioxazolones 2 forms the intermediate 9, which then under-

goes CO2 extrusion. Thereafter, proto-decobaltation by the 

formed HOAc regenerates the catalytically active cobalt(III) 

carboxylate and yields the desired product 3.  

 

Scheme 6. Plausible Catalytic Cycle 

 

 

The synthetic utility of the cobalt(III)-catalyzed C–H ami-

dation by means of oxazolinyl assistance was exploited for the 

post-synthetic diversification of the thus obtained amides 3 

(Scheme 7). Hence, the chemo-selective deliberation of the 

free primary amine was easily accomplished, while a copper-

catalyzed C–H oxygenation proved viable adopting Yu’s 

protocol.
25

 Moreover, following a modified procedure,
6a

 novel 

quinazolinone 11 could be prepared in a step-economical 

fashion as well. 

 

Scheme 7. Diversification of 2-Amidoaryloxazolines 3 

 
 

In conclusion, we have reported on the first cobalt-catalyzed 

C–H functionalization by the assistance of synthetically useful 

oxazolines. Thus, a versatile cobalt(III) catalyst allowed for 

the direct amidation using robust dioxazolones with ample 

substrate scope, which also proved amenable to C–H function-

alizations on indoles as well as pyrroles with removable di-

recting groups. The power of the oxazolinyl-assisted C–H 

amidation strategy was further illustrated by late-stage diversi-

fication of the thus-obtained ortho-amidated aryl oxazolines. 

Mechanistic studies provided strong support for a kinetically-

relevant C–H cobaltation by carboxylate assistance. 
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