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Abstract

A novel three-component carbo-oxygenation of α-diazo carbonyls for flexible synthesis of 

unprecedented α-aminooxy-β-amino ketones has been established through metal-free C(sp3)–H 

functionalization from readily accessible N,N-dimethylanilines and N-hydroxyphthalimide. The 

reaction pathway involves in situ-generated phthalimide N-oxyl radical-triggered dediazotization/

radical coupling sequence, leading to C-O and C-C bond formation.

Graphical abstract

The search for high-efficient methodologies, particularly for those in atom-economic 

processes, has been actively pursued in organic community because of their significances in 

the construction of numerous targets.1 In the content, the direct and selective C(sp3)–H bond 

functionalization, due to its versatility and atom-economy potential, is a highly attractive. 

This strategy allows the direct conversion of C–H bonds to C-C and C–X bonds from simple 

precursors, thereby providing a practical technology for substantial challenging and 

intriguing syntheses.2 Arguably, transition-metal-catalyzed variants have occupied a 

dominant position,3 and a variety of transition metal species have been extensively utilized 

in unactivated C(sp3)–H bond functionalization such as gold,4 copper,5 palladium,6 iron7 
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and cobalt8 etc. But these procedures are generally considered not to be environmentally 

friendly.9 As a result, great efforts have been devoted to develop metal-free oxidative 

functionalization of C(sp3)-H bond,10 especially for ones adjacent to a nitrogen atom,11 

through cross dehydrogenative coupling (CDC)12, which made it more powerful and 

applicable. Significant achievements have been made in C(sp3)–H bond activation adjacent 

to nitrogen atom by introducing diverse functional groups including indole,13 alkyne,14 

cyano15 and pre-functionalized sp3 carbon.16 Despite these advances, to the best of our 

knowledge, there is no example on metal-free oxidative functionalization of sp3 C–H bond 

adjacent to nitrogen atom for carbo-oxygenation of α-diazo carbonyls via radical 

dediazotization with concomitant formation of C-C and C–O bonds.

Diazo compounds are valuable synthetic intermediates as well as important structural units 

in many naturally occurring and bioactive compounds.17 In general, diazo compounds 

usually behaved as metal carbene precursors in organic synthesis and showed a high 

reactivity in transition-metal-catalyzed reactions.18 Recently, diazo compounds have been 

found to serve as good radical acceptors,19 enabling radical addition reactions for the C–C 

bond formation to construct important molecular frameworks. For instance, Wan and co-

workers reported a cobalt-catalyzed oxidative multicomponent coupling of styrenes with 

diazo compounds and tertiary amines using t-butylhydroperoxide (TBHP) as oxidant, which 

involved the coupling between cobalt-based carbene radicals with α-aminoalkyl radicals to 

yield β-ester-γ-amino ketones (Scheme 1a).20 Enlightened by these interesting results and 

our ongoing interest in radical chemistry,21 we envisioned that under the right set of 

oxidative conditions, suitable diazo compounds could captured phthalimide N-oxyl (PINO) 

radicals, generated in situ from N-hydroxyphthalimide (NHPI),22 followed by radical 

dediazotization toward α-carbonylalkyl radicals, which are then intercepted by α-aminoalkyl 

radicals to access densely functionalized structures. Herein, we report the successful 

implementation of this analysis with a novel metal-free C(sp3)–H functionalization under 

one-pot oxidative conditions with use of simple starting materials such as substituted N,N-

dimethylanilines 1, α-diazo carbonyls 2 and N-hydroxyphthalimide 3. It is particularly 

interesting and rare that three-component carbo-oxygenation of α-diazo carbonyls can be 

readily realized via metal-free PINO radical-triggered dediazotization in a function-group-

compatible fashion (Scheme 1b). The present protocol allowed the simultaneous 

introduction of two different functional groups into one carbon atom via a radical process, 

affording a facile and reliable access to a series of new α-aminooxy-β-amino ketones 4 with 

synthetic potential.

Our study commenced with the three-component reaction of N,N-dimethylaniline (1a) with 

2-diazo-1-(p-tolyl)ethan-1-one (2a) and NHPI (3a) under air conditions using TBHP (70% 

in water) and Cu(OTf)2 (10 mol%). The reaction in 1,2-dichloroethane (DCE) at room 

temperature gave the desired product 4a in a 33% chemical yield (Table 1, entry 1). 

Encouraged by this result, we next optimized reaction conditions. Exchanging TBHP for 

phenyliodine bis(trifluoroacetate) (PIFA) completely compressed the reaction process (entry 

2). In contrast, phenyliodine diacetate (PIDA) as an oxidant facilitated this dediazotized 

carbo-oxygenation and delivered a higher 42% yield (entry 3). The very lower conversion 

was observed as the usage of PIDA was increased (entry 4). Other metal salts including 
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CuCl2 and FeCl2 were attempted for the system, and the results indicated that both metal 

catalysts behaved the higher catalytic activity than Cu(OTf)2 (entries 5–6). Delightedly, 

without metal catalysts, this transformation worked more efficiently, affording a 62% yield 

of 4a (entry 7). Screening followed by other aprotic solvents such as tetrahydrofuran (THF), 

dimethyl sulfoxide (DMSO) and acetonitrile (CH3CN) revealed that all these solvents met 

little success with respect to the reaction yields (entries 8–10). Elevating reaction 

temperatures deteriorated the reaction efficiency (entry 11). Similarly, use of Ar or O2 

conditions is not beneficial for this transformation (entries 12–13). After careful 

optimizations, we found that fine-tuning stoichiometric ratio of three substrates in 2:2:1 (1a:
2a:3) remarkably improved reaction efficiency and 83% yield of 4a was isolated (entry 15).

With the optimized reaction conditions in hand, we then set out to evaluate the generality of 

this metal-free radical coupling using a variety of N,N-dimethylanilines 1 and α-diazo 

carbonyls 2 (Scheme 2). Upon repeating the reaction with N,N-dimethylaniline 1a and 

NHPI, substrates 2 possessing either electronically neutral, poor, or rich substituents on the 

phenyl ring all work well, efficiently transforming into the corresponding poly-

functionalized α-aminooxy-β-amino ketones 4a–4f in good to excellent yields. The variant 

of functional groups including methyl, methoxy, fluoro, chloro and bromo can tolerate the 

oxidative conditions well. Alternatively, ethyl diazoacetate (EDA) was an adaptable diazo 

component, which could be successful engaged in this transformation under the standard 

conditions to give access to α-aminooxy-β-amino esters 4g, albeit with 46% yield. Next, the 

scope with respect to the N,N-dimethylaniline coupling partner was systematically 

investigated. As we have expected, this metal-free radical strategy tolerates various N,N-

dimethylanilines bearing both electron-rich and electron-deficient functional groups at 

different positions of aromatic ring, leading to the assemble of α-aminooxy-β-amino ketones 

4h–4w with structural diversity (Scheme 2). Functional groups like methyl, fluoride and 

bromide located at the aniline ring were compatible in these radical reactions. The presence 

of electron-donating substituents (methyl and methoxy) at para-position of α-diazo 

carbonyls 2 seemed to improve the efficiency of the reaction. Alternatively, N-ethyl-N-

methylaniline was proven to be effective, but gave an inseparable mixture of regioisomers 4x 
and 4x’ with a total 61% yield in a 10:1 ratio by 1H NMR analysis (Scheme 2). However, 

N,N-diethylaniline did not work in this reaction, which may be caused by its steric 

hindrance. Note that this is the first reported procedure for the three-component synthesis of 

these new densely functionalized α-aminooxy-β-amino ketones through a metal-free PINO 

radical-triggered dediazotization.

The structures of the resulting α-aminooxy-β-amino ketones 4 were determined by their 

NMR spectroscopy and HRMS. Furthermore, in the case of compound 4a, its structure was 

unambiguously confirmed by X-ray diffraction (see the Supporting Information)

As mentioned above, α-aminooxy-β-amino ketones are very useful synthetic intermediates 

and building blocks. Hence, we attempted to explore the feasibility of their further 

transformations. The preformed product 4a was subjected with hydrazine monohydrate 

(80% in water) in a mixed solvent of chloroform and methanol at room temperature. The 

reaction proceeded smoothly to afford the corresponding α-aminooxy-β-amino hydrazones 5 
in a 64% yield (Scheme 3).
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To gain a deeper mechanistic insight into this transformation, the following control 

experiments were conducted. When 2.0 equiv. of TEMPO (2,2,6,6-tetramethyl-1-

piperidinyloxy), a well-known radical scavenger, was subjected to the reaction system under 

the standard conditions, a significantly decreased yield (30%) was obtained whereas a 

further increase of TEMPO (4.0 equiv) resulted in a higher yield (54%), indicated that 

TEMPO is beneficial to reaction process (Scheme S1a, see Supporting Information). A trace 

amount of the expected product 4a was observed with use of 2.0 equiv. of BHT 

(butylhydroxytoluene) (Scheme S1b). These experimental results supported the possibility 

of radical process. Subsequent investigation on an intermolecular deuterium-labelling 

competing reaction of 1a and [D6]-1a demonstrated a kinetic isotope effect of KH / KD = 

2.13, which suggests that the C-H bond cleavage is involved in the rate-limiting step and 

N,N-dimethylanilines preferentially undergoes H-abstraction of C(sp3)-H bonds to form α-

aminoalkyl radicals B (Scheme S1c).

On the basis of the above experimental results and literature survey,20,22 we propose a 

plausible mechanism for forming products 4 as depicted in Scheme 4. A ligand exchange 

between PhI(OAc)2 and NHPI 3 would give intermediate A. Intermediate A is converted into 

a PINO radical by thermal homolytic cleavage due to the weak I-O bond. α-Aminoalkyl 

radicals B are formed through H-abstraction of C(sp3)-H bonds by PINO radical and 

regenerates NHPI, which undergoes second ligand exchange and thermal homolytic cleavage 

with iodobenzene acetate radicals to yield PINO. Then, the addition of α-aminoalkyl 

radicals B into α-diazo carbonyls 2 give radical C, followed by radical-triggered 

dediazotization to afford α-carbonylalkyl radicals D, which is trapped by PINO to convert 

into final products 4 by radical coupling.23

In conclusion, we have established a novel metal-free three-component dehydrogenation 

coupling of N,N-dimethylanilines with α-diazo carbonyls and N-hydroxyphthalimide 

through direct dediazotized C(sp3)-H functionalization under mild oxidative condition. 

Considering the easy accessibility of starting materials and the benefits of the cheap 

hypervalent iodine reagents, this transformation enables the combination of three-component 

dehydrogenation coupling with radical dediazotization in a simple one-pot operation, 

providing an efficient and practical access to a wide range of unprecedented α–aminooxy-β-

amino ketones with generally good yields. A detailed application of resulting β-amino 

ketones with chemical potential is currently underway in our laboratory.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Scheme 1. 
Radical addition of α-diazo carbonyls
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Scheme 2. 
Synthesis of α-aminooxy-β-amino ketones 4. aReaction conditions: All reactions were 

performed with 1 (1.0 mmol), 2 (1.0 mmol), 3 (0.5 mmol), PhI(OAc)2 (1.0 mmol), and dry 

DCE (2.0 mL) rt, under air conditions for 12 hours. bIsolated yield based on 3.

Wang et al. Page 8

Chem Commun (Camb). Author manuscript; available in PMC 2017 April 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Scheme 3. 
Further synthetic transformations
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Scheme 4. 
Proposed mechanism for forming products 4
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