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Copper-catalyzed decarboxylative C(sp2)-C(sp3) and C(sp)-C(sp3) 
coupling of substituted cinnamic acids and 3-phenyl propiolic acid 
with N-Tosyl oxaziridines 

Bich-Ngoc Nguyen*[a] and Hai-Thuong Cao[a] 

Abstract: A mild and efficient strategy for decarboxylative C(sp2)-

C(sp3) and C(sp)-C(sp3) coupling of -unsaturated carboxylic acids 

such as substituted cinnamic acids and 3-phenyl propiolic acid with 

N-Tosyl oxaziridines was developed. The corresponding products 

were achieved in moderate to good yields with excellent 

stereoselectivity. Base-free and oxidant-free conditions allow good 

functional group tolerance. Radical inhibitors such as TEMPO and 

BHT completely suppressed the reactions suggesting a radical 

mechanism was involved. This study is supposed to broaden the 

frontier of oxaziridines’ chemistry and to open up a novel cascade for 

alkylating reagents. 

Introduction 

Direct transition metal-catalyzed decarboxylative carbon-

carbon coupling of carboxylic acids has gained increasing 

attention of chemists in recent years1 due to readily available 

carboxylic acids as starting materials,  maximizing atom 

economy and overcoming the constraint of organometallic 

reagents. In this field, there is great interest in cinnamic acid as 

alkenylarenes are widely used in pharmaceuticals, agriculture, 

and material science2. In 2013, Qu3 introduced copper-silver 

cocatalysis for the double decarboxylative cross-coupling 

reaction of cinnamic acids with aliphatic acids (Scheme 1a). 

However, this protocol only succeeded with secondary and 

tertiary carboxylic acids. Recently, Pan4 and Li5 developed 

cheaper methods using copper or iron-catalyzed decarboxylative 

alkylation of cinnamic acids with cycloalkanes and cyclic ethers 

(Scheme 1b). Mao6 reported the decarboxylation-methylation of 

unsaturated carboxylic acids using FeCl3 (Scheme 1f). 

Other attempts to construct alkenylbenzenes provided an E/Z 

mixture of products7 (Scheme 1c-e). Meanwhile, a series of 

decarboxylative C(sp2)-C(sp3) coupling reactions of vinylic 

carboxylic acid were also described by Wu8, Liu9, Wang10 and 

Guo11 (Scheme 1g-i).   Notably, that transition metal-catalyzed 

decarboxylative carbon-carbon formations, in common, utilize 

peroxides or other oxidants restricts functional group tolerance.    

Therefore, the necessity for a mild and stereoselective 

decarboxylative carbon-carbon coupling of cinnamic acids is still 

in demand. 

Oxaziridines, small organic heterocycles with unusual 

stability as well as distinctive reactivities, have attracted a lot of 

interest in the last decades and are potentially universal 

reagents. Their exposure to chemical or photochemical stimuli 

leads to various rearrangements to hydroxylamines or nitrones12, 

isomerizations13, and eliminations14. Oxaziridines‘ role as 

electrophilic nitrogen source has also been disclosed. There 

have been a number of aminations of primary and secondary 

amines to produce hydrazides15 and hydrazines16. Enolates17, 

alkoxides18, sulfides19 and even organometallic species20 can be 

aminated in moderate to excellent yields. Nevertheless, the most 

predominant application of oxaziridines is as electrophilic 

oxygen atom transfer reagent21. Sulfides, with the aid of 

oxaziridines, can be selectively converted to sulfoxides without 

or with minor overoxidation to the corresponding sulfones22. 

Moreover, the oxygen atom is successfully transferred to 

phosphorus23, selenium24, nitrogen25 and carbon nucleophiles26. 

In brief, oxidation and amination are the broad ranges of 

oxaziridine chemistry. 

The utility of these intriguing compounds in radical 

reactions, in contrast, is quite rare. The pioneering research in 

this field was described by Minisci27. Subsequently, Aubé and 

coworkers reported the first study on intramolecular radical 

cyclization of oxaziridines28. The similar work was published by 

Black et al.29. Yoon et al. contributed copper- and iron-catalyzed 

cycloaddition of N-Sulfonyl oxaziridines with alkenes30.  

 

 

Scheme 1. Decarboxylative C(sp2)-C(sp3) coupling of cinnamic acids. 
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As investigating oxaziridines’ reactivities, we found that 

under copper catalysis, alkyl radicals can efficiently be 

generated from N-Tosyl oxaziridines (Scheme 2). Inspired by 

this discovery, we, herein, would like to introduce a 

decarboxylative alkylation of cinnamic acids using N-Tosyl 

oxaziridines with high yields and excellent stereoselectivities. 

 

Scheme 2. Alkyl radical generated from the N-Tosyl oxaziridine. 

Results and Discussion 

We initiated our study by heating a benzene solution of 

trans-cinnamic acid 1a with N-Tosyl oxaziridine 2a in the 

presence of a catalytic amount of copper (I) triflate (5 mol-%) 

and 4,4′-di-tert-butyl-2,2′-dipyridyl as a ligand at 120 oC for 24 

hours. To our delight, (E)-(3-methylbut-1-en-1-yl)benzene 3aa 

was obtained in 29% yield as the sole isomer (Table 1, entry 1). 

This result encouraged us due to unsymmetrical alkenes are 

difficult to be achieved in a single step. Then, it was found that 

with 2 equivalents of cinnamic acid, the yield significantly 

increased to 58% (Table 1, entry 3). Changing in the amount of 

catalyst or temperature did not enhance the result (Table 1, 

entries 5-7). Surprisingly, in the presence of 1,2-dichloroethane 

as a combination solvent, 3aa was furnished in 67% yield (Table 

1, entry 8). The 1:3 (v/v) ratio of benzene and 1,2-dichloroethane 

respectively was seemed to be the best with 81% product yield 

(Table 1, entry 9). 

 
Table 1. Optimization of the reaction conditions. 

 

 
 

With the optimized conditions in hand, we examined the 

scope of different substituted cinnamic acids. As shown in 

Scheme 3, cinnamic acids with the electron-donating group gave 

excellent yields (3ba, 3fa-3ia). Halogen - substituted cinnamic 

acid also offered desired products in moderate yields (3ca-3ea). 

The lower yield was obtained when p-trifluoromethyl cinnamic 

acid was used as the substrate  (3la) and no reaction occurred 

with p-nitro cinnamic acid. It is important to notice that               

-substituted cinnamic acids were also tolerant in our reaction 

giving products in moderate to good yields (3ka and 3ma). 

Furthermore, heterocyclic acrylic acid such as (E)-3-

pyridineacrylic acid afforded the corresponding product 3na in 

62% yield. Unfortunately, (E)-hex-2-enoic acid did not undergo 

our transformation. 

 

 

Scheme 3. Scope of cinnamic acids. 

 

Next, various N-Tosyl oxaziridines were investigated with 

our protocol (Scheme 4). (E)-disubstituted ethylenes were 

successfully installed in moderate to good yields. Interestingly, 

coupling partner not only included alkyl-, cycloalkyl- but also 

benzyl-, cyclic ether as well as alkyl moieties bearing other 

functional groups (3gi). Thus, it seemed to provide an efficient 

synthesis of aryl-substituted allylic esters.  

 

 
 

Scheme 4. Scope of oxaziridines. 

 

To evaluate the generality of our methodology, we 

conducted the decarboxylative alkylation of 3-phenyl propiolic 
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acid. After 24 hours, (3-methylbut-1-yn-1-yl)benzene was 

observed in about 20% yield. It was hypothesized that the 

formation of stable (phenylethynyl)copper slowed down the 

reaction so that Fe(OTf)2 was used instead of copper salt. 

Undoubtedly, the yield increased up to 56%. Subsequently, a 

variety of alkynylbenzenes 5aa–5af were obtained in moderate 

yields (Scheme 5). However, 3-(p-tolyl)propiolic acid and pent-2-

ynoic acid did not undergo our protocol. 

 

 

Scheme 5. Reactions between 3-phenyl propiolic acid and several oxaziridines. 

 

To the best of our knowledge, it is the first example that 

alkyl aryl acetylenes are directly constructed from the transition 

metal-catalyzed decarboxylative coupling of aryl alkynyl 

carboxylic acids without oxidants and bases. 

It is noteworthy that radical inhibitors such as TEMPO and 

BHT completely suppressed our reactions suggesting a radical 

process was involved (Scheme 6). 

 

Scheme 6. Control experiment. 

 

 

 

Scheme 7. Proposed mechanism. 

The detailed mechanism of the alkylation is still under 

investigation but it is supposed to follow the screenplay 

described in Scheme 7. Isopropyl radical is generated from N-

Tosyl oxaziridines under copper catalysis. Afterward, it is 

trapped by the intermediate formed between cinnamic acid and 

the copper salt. The reductive elimination step affords the 

desired product and reproduces the catalyst itself.  

Conclusions 

In conclusion, we have developed a mild and efficient 

strategy for stereoselective decarboxylative C(sp2)-C(sp3) 

coupling of alkenyl carboxylic acids with N-Tosyl oxaziridines. 

This protocol also provides an innovative approach for the direct 

synthesis of alkyl phenyl acetylenes. Moreover, our research is 

supposed to broaden the frontier of oxaziridines’ chemistry and 

to open up a novel cascade for alkylating reagents. The detailed 

mechanism of this reaction and other radical reactions of 

oxaziridines have been investigated in our laboratory. 

Experimental Section 

A mixture of cinnamic acid 1a (29.6 mg, 0.2 mmol, 2.0 equiv.), N-

Tosyl oxaziridine 2a (25.5 mg, 0.1 mmol, 1.0 equiv.), (CuOTf)2.Toluene 

complex (1.3 mg, 0.0025 mmol, 5 mol-%) and ligand L (1.3 mg, 0.005 

mmol, 5 mol-%) was dissolved in 0.25 mL benzene and 0.75 mL 1,2-

dichloroethane. The reaction mixture was heated in a sealed tube at   

120 oC for 24 hours. After cooling to room temperature, 1 mL water was 

added and the resulting mixture was extracted with dichloromethane. The 

combined organic extracts were washed with brine, dried over anhydrous 

MgSO4 and concentrated under reduced pressure. The residue was 

purified by flash chromatography on silica gel with hexane as the eluent 

affording 3aa (oil, 10.7 mg, 73%).1H NMR (400 MHz, CDCl3):  (ppm) = 

7.34 (2H, d, J = 7.7 Hz), 7.29 (2H, d, J = 7.5 Hz), 7.18 (1H, d, J = 7.1 Hz), 

6.34 (1H, d, J = 16.0 Hz), 6.19 (1H, dd, J = 16.0 Hz), 2.42-2.50 (1H, m), 

1.09 (6H, d, J = 6.8 Hz). 13C NMR (125 MHz, CDCl3):  (ppm) = 138, 

137.9, 128.4, 126.8, 126.7, 125.9, 31.5, 22.4. HRMS (ESI-TOF), Calcd. 

for C11H14Na: 169.0988 ([M + Na]+), found: 169.0986 ([M + Na]+). 

Keywords: decarboxylation • C-C coupling • oxaziridine • 

cinnamic acid • copper 
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We describe the copper-catalyzed decarboxylative alkylation of substituted 

cinnamic acids using N-Tosyl oxaziridines with high yields and excellent 

stereoselectivities. The (E)-alkene was achieved as the sole isomer in a single step. 

Our protocol also gives an efficient approach for the construction of alkyl phenyl 

acetylenes without oxidants and bases. Initial investigation suggested a radical 

process was involved. 
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