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Intermolecular, Branch-Selective and Redox-Neutral Cp*IrIII-

Catalyzed Allylic C–H Amidation 

Tobias Knecht+, Shobhan Mondal+, Jian-Heng Ye, Mowpriya Das, and Frank Glorius* 

Dedicated to Yitzhak Apeloig on the occasion of his 75th birthday 

Abstract: Herein, we report the redox-neutral, intermolecular and 

highly branch-selective amidation of allylic C–H bonds enabled by 

Cp*IrIII catalysis. A variety of readily available carboxylic acids were 

converted into their corresponding dioxazolones and efficiently 

coupled with terminal and internal olefins in high yields and 

selectivities. Mechanistic investigations support the formation of a 

nucleophilic IrIII–allyl intermediate rather than the direct insertion of an 

Ir-nitrenoid species into the allylic C–H bond. 

Nitrogen moieties are present in many of the most privileged 

structures found in pharmaceutical science.[1] Methods for the 

formation of aliphatic carbon–nitrogen bonds, such as by 

reductive amination or N-alkylation, are therefore naturally among 

the most commonly used transformations in drug discovery.[2] 

Furthermore, amide bond formation is another class of reaction 

that is essential to medicinal chemistry.[3] However, these 

reactions all typically require the synthesis of pre-functionalized 

starting materials. 

The interconversion of allylic C–H to C–N bonds by the insertion 

of a metal-nitrenoid species into a C–H bond is a direct approach 

to streamline the synthesis of aminated compounds, but these 

methods often suffer from low regio- and chemoselectivity.[4]  

Alternatively, White, Liu and others have demonstrated that linear 

allylic amination can be selectively promoted through the coupling 

of terminal olefins with tosylamides using palladium-catalysis 

(Scheme 1A(i)).[5] In a complementary fashion, Blakey reported 

the allylic amination of -substituted styrenes using Cp*RhIII as 

the catalyst (Scheme 1A(ii)).[6] A common drawback of these 

processes is that the use of amine nucleophiles generally involves 

a reductive elimination pathway and thus, stoichiometric amounts 

of oxidants are required to regenerate the catalyst.[7]  

More recently, Chang has introduced dioxazolones as stable 

nitrene-precursors for the redox-neutral ortho-directed C–H 

amidation of arenes avoiding Curtius-type rearrangements which 

are known to be problematic in metal-nitrene chemistry.[8,9] 

Based on our experience in Cp*RhIII-catalyzed allylic C–H 

functionalization reactions, we assumed that a RhIII–allyl-

intermediate might have ambiphilic characteristics.[10]  

 

 

Scheme 1. General outline of allylic amination protocols via C–H activation.  

 

Whereas several reports describe the electrophilic nature of 

Cp*RhIII–allyl intermediates, which can be intercepted by 

nucleophilic coupling reagents, the insertion of the allyl–metal 

bond into an electrophile has yet to be described.[6,10] We aimed 

to couple dioxazolones, derived from naturally abundant and 

bioactive carboxylic acids with terminal and internal olefin 

feedstocks by allylic C–H activation (Scheme 1B).[11] Importantly, 

this electrophilic amidation approach would enable direct alkyl to 

amide coupling, whilst obviating the need for external oxidants. 

We began our studies using 1-octene (1a) and methyl 

dioxazolone (2a) as the substrates with [Cp*RhCl2]2 as the 

catalyst and AgOAc as the base at 80 °C in DCE (Table 1). To 

our delight we found that the product 3aa was formed in 62% yield 

and with a 4:1 branch/linear (B/L) ratio (Table 1, entry 1). Upon 

switching the catalyst from Cp*RhIII to Cp*IrIII, the yield was 

increased to 86% and perfect branch-selectivity was observed 

(entry 2). The amount of AgOAc was decreased to 10 mol% and 

the reaction temperature was lowered to mild 40 °C without 

influencing the reaction outcome (entry 3-4).[12]  
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Table 1. Reaction optimization.[a] 

 

Entry Catalyst AgSbF6 AgOAc T B/L Yield[b] 

1 [Rh] 5% 20% 200% 80 °C 4:1 62% 

2 [Ir] 2.5% 10% 200% 80 °C >20:1 86% 

3 [Ir] 2.5% 10% 10% 80 °C >20:1 90% 

4 [Ir] 2.5% 10% 10% 40 °C >20:1 90% 

5[c] [Ir] 2% 10% 10% 40 °C >20:1 86% 

6[d] [Ir] 2% 10% 10% 40 °C >20:1 90% 

[a] Conditions: 1a (0.10 mmol), 2a (0.15 mmol) in 1,2-dichloroethane (DCE) 

under argon. [b] Yields determined by calibrated GC-FID analysis using 

mesitylene as internal standard. [c] Using 1.2 equiv. of 2a. [d] Reaction run in 

dichloromethane (DCM) and using 1.2 equiv. of 2a. 

                                                                                                                                                                                                                                                                        

The loading of iridium pre-catalyst could also be lowered to 

2 mol% when using 1.2 equiv. of 2a (entry 5). Additionally, the 

solvent could be changed to dichloromethane (entry 6).  

Whilst linear-selective allylic amination has been well explored, 

branch-selective C–H amination has only been realized: i) in an 

intramolecular fashion,[11,13] ii) through C–H oxygenation/allylic 

substitution[14] or iii) by employing a sulfurdiimide reagent which 

undergoes an ene-reaction followed by a Pd-catalyzed 

rearrangement.[15] This manuscript describes the direct 

intermolecular branch-selective amidation of allylic C–H bonds. 

With the optimized conditions in hand, we next analyzed the 

sensitivity of this reaction protocol (Scheme 2). Pleasingly, the 

product 1a could also be isolated in the same yield (89%) when 

the reaction was conducted under air or standard reagent grade 

CH2Cl2 was used. 

 

Scheme 2. Scope of the branch-selective allylic C–H amidation. Reaction performed on a 0.4 mmol scale in 2.0 mL of DCM under an argon atmosphere. Isolated 

yields of major isomers reported. Boc = tert-butyloxycarbonyl. [a] Reaction performed on a 0.1 mmol scale. Yield determined by GC-FID analysis using mesitylene 

as internal standard. [b] Product obtained in a 1:1 diastereomeric ratio. [c] 2.0 equiv. of 2 were used and the reaction time was 48 h. [d] 1.5 equiv. of 1 and 1.0 

equiv. of 2 were used.  
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At reduced catalyst loading (1 mol%) the product was still formed 

in 78% yield. Performing the reaction at room temperature 

reduced the yield of the product to 68%. Finally, the reaction was 

scaled up to 4.0 mmol and no erosion in yield was observed (90%, 

609 mg). 

We began scoping studies with respect to the olefin coupling 

partner. Ether moieties and a ,-unsaturated ketone were well 

tolerated under the reaction conditions and the corresponding 

products were isolated in moderate to high yields (3ab–3ad) [16] 

Esters, acrylates and an unsaturated ketone reacted smoothly to 

afford the desired products with no side reactions observed (3ae–

3ag). The products of differently protected amines (3ah, 3ai) and 

of the sulfonamide bearing Probenecid scaffold (3aj) were 

obtained in high yields. An electron withdrawing aliphatic nitro-

group was also tolerated and (3ak) was isolated in moderate 54% 

yield. It should be noted that diminished yields were generally 

observed when conversions of both starting materials were low. 

Compounds bearing multiple double bonds were selectively 

amidated at the terminal allyl moiety (3al, 3am). We also 

synthesized the protected drug Vigabatrin in a single step in 67% 

yield (3an). Additionally, an Estrone derivative was successfully 

amidated (3ao). Subsequently, we applied our reaction protocol 

to different allylarenes, which were all well tolerated under the 

reaction conditions (3ao–3av). However, electron-poor arenes 

reacted more sluggish than electron-rich arenes (3aq, 3as). 

Interestingly, when using an electron deficient CF3-substituted 

arene the regioselectivtiy (B/L) decreased to 3.4:1. Besides the 

functionalization of terminal olefins, internal olefins were also 

investigated as substrates.   

 

Scheme 3. Functionalization of dioxazolones derived from complex carboxylic 

acids. Products obtained in a 1:1 diastereomeric ratio. [a] 1.0 equiv of 1 and 2 

equiv. of 2 were used.  

By employing (E)-1,3-diphenylpropene the product 3ba was 

obtained in 76% yield. Even the highly volatile (E)-2-pentene 

could be utilized to afford 3bb in 95% yield. A conjugated diene 

could also be used to obtain 3bc in a moderate yield and 

regioisomeric ratio. The scope of the dioxazolone coupling 

partner was next investigated. Cyclohexyl, benzyl, cyclopropyl 

and piperidine substituted dioxazolones reacted smoothly to 

afford the desired products with no loss in selectivity (3ca–3cc, 

3cf). Product 3cd was obtained in a modest yield, presumably 

due to ortho-directed C–H amidation side reactions. We next 

applied the developed reaction protocol to naturally occurring and 

bioactive carboxylic acids (Scheme 3). Probenecid could be 

easily activated to form the amidated product 4a in 82% yield. In 

addition, the dioxazolones derived from Citronellic acid and 

Ibuprofen could be used to afford the corresponding products (4b, 

4d) in 78% and 31% yield, respectively. Pleasingly, we were also 

able to couple a protected amino acid with allylbenzene to afford 

4c as a 1:1 mixture of diastereoisomers in 47% yield. The 

utilization of internal olefins and complex dioxazolones are 

complementary results to a fundamental work by Rovis that 

appeared just prior to submission of this manuscript.[17] 

We then investigated the reaction mechanism. Considering that 

Ir-netrenoid species are known to undergo C–H insertion[4,11,18], 

we envisaged two mechanistic pathways: i) proceeding via C–H 

activation and the formation of a metal–allyl species, or ii) the 

direct insertion of a metal-nitrenoid species into the allyllic C–H 

bond (Scheme 4). We started our investigations by comparing the 

reaction outcome of allylbenzene (1ao) and (E)--methylstyrene 

(1ao’) (Scheme 4A). In both cases the branch-amidated product 

was formed, indicating that either the mechanism proceeds 

through a metal–allyl species or isomerization is followed by C–H 

insertion. Furthermore, we examined the reaction outcome using 

(E)-4-octene (1bd) as the substrate, which led to the formation of 

both products (3bd, 3bd’) in a 1:1 regiosiomeric ratio. According 

to a C–H insertion pathway, only a single product would be 

expected due to the symmetry of 1bd (Scheme 4B, upper 

pathway). However, through the formation of a metal–allyl 

species, the substrate becomes unsymmetrical and two different 

products (3bd, 3bd’) would be expected (Scheme 4B, lower 

pathway). Based on these results we propose the following 

catalytic cycle (Scheme 4C). The pre-catalyst [Cp*IrCl2]2 is 

activated through the abstraction of the halogen atoms by AgSbF6 

and AgOAc to form the cationic catalyst I. The olefin substrate 

associates to the metal center (II) followed by C–H activation to 

form the allyl–Ir-complex III. This complex then undergoes 

oxidative addition into the N–O bond, followed by the extrusion of 

CO2 to form allyl–Ir-nitrenoid species (IV).[8b] The product is then 

obtained after reductive elimination and proto-demetalation, 

which concomitantly regenerates I.  

 

 

 

.   
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Scheme 4. Mechanistic experiments and proposed reaction mechanism. 

In summary, we have developed a mild, intermolecular and highly 

branch-selective allylic C–H amidation reaction under redox-

neutral conditions through the coupling of dioxazolones and olefin 

feedstocks. The reaction mechanism was investigated and is 

proposed to proceed through allylic C–H activation. We believe 

that this method of acid-to-allylamide coupling will be of great 

interest for the streamlined synthesis of alkylamines in bioactive 

compounds. 
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