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Visible-light-induced photocatalytic azotrifluoromethylation of 

alkenes with aryldiazonium salts and sodium triflinate 

Xing-Long Yu,
a
 Jia-Rong Chen,*

a
 Dong-Zhen Chen,

a
 and Wen-Jing Xiao*

a,b

An efficient visible light photocatalytic azotrifluoromethylation of 

alkenes with aryldiazonium salts and sodium triflinate is described, 

which gave the corresponding trifluoromethylated azo compounds 

in generally good yields. The trifluoromethylated azo products can 

be easily transformed into useful heterocycles and nitrogen-

containing building blocks. 

Alkenes are a class of easily accessible feedstock and privileged 

chemicals because of the diverse range of functionalizations that 

can occur at the carbon-carbon double bonds. Over the several past 

decades, the vicinal difucntionalization of alkenes has been 

established as one of the most versatile approaches to functional 

diversification of hydrocarbons by simultaneous formation of two 

C-C or C−X (X = heteroatom or halogen) bonds.
1
 In this context, a 

plethora of efficient methods have been developed for addition of 

the CF3 group to an alkene moiety with concomitant incorporation 

of additional functional groups due to the unique advantageous 

biological effects of the CF3 moiety on the parent molecules.
2,3

 

Despite the predominance of transition metal catalysis in this area, 

the development of more efficient and general catalytic variants for 

trifluoromethylation of alkenes under mild conditions is still a 

research topic of great interest. 

In recent years, with the development of visible light 

photocatalysis,
4
 extensive research efforts have been directed to 

the field of visible light photocatalytic olefin difunctionlization 

reactions.
5
 In particular, employing this strategy, a wide variety of 

three-component olefin trifluoromethylation reactions with 

concomitant formation of C-H,
6
 C-C,

7,9c
 C-X,

8
 C-O,

9
 C-S,

10
 and C-N

9c,11
 

bonds have also been successfully realized using various CF3 

reagents, providing a facile access to various synthetically useful 

and biolocially important CF3-containing frameworks (Scheme 1a). 
In most of these reactions, the phototcatalytic single-electron 

transfer (SET)-mediated conversion of various electrophilic CF3 

reagents into highly reactive CF3 radical and trap of the resultant β-

CF3-substituted carbocations by diverse nucleophiles have been 

postulated to be involved as the key steps. 

 

 

Scheme 1 Photocatalytic trifluoromethylation of alkenes and 

reaction design. 

 

In contrast, the commercially available, inexpensive, and shelf-

stable sodium trifluoromethanesulfinate salt (CF3SO2Na, Langlois’ 

reagent)
12

 has rarely been used in catalytic reductive 

trifluoromethylation of olefins, especially by visible light 

photocatalysis.
6b-d

 In connection with our ongoing project on visible 

light induced photocatalytic heterocycle synthesis,
13

 we recently 

started a program aimed at CF3 radical-mediated functionalization 

of carbon-carbon multiple bonds.
14

 Surprisingly, we found that the 

aryldiazonium salts could trap the C-centered radical intermediate 

instead of serving as the source of aryl radicals.
15

 Herein, we 

describe a new and general visible light induced photocatalytic 
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three-component azotrifluoromethylation of alkenes with 

aryldiazonium salts and sodium triflinate (Scheme 1b). Notably, the 

resulting azo products are also useful building blocks in the context 

of hetercocyclic synthesis, such as tetrahydropyridazines, 

cinnolines, 1,2,4-triazoles, and pyridazinones.
16

 Recently, the group 

of Antonchick reported an elegant Ag(I)-catalyzed cascade 

multicomponent reaction of alkenes, diazonium salts, and sodium 

triflinate using stoichiometric H2O2, providing an efficient entry to 

various indoles and other nitrogen heterocycels.
17c

 Thus, our mild 

method constitutes the first example of visible light photocatalytic 

azotrifluoromethylation of olefins without stoichiometric 

oxidants.
17

 

 

Table 1 Condition Optimization
a 

 

Entry Solvent (conc.) 1a/3 PC (x) Yield
b
 (%) 

1 MeOH (0.1 M) 1/2 PC-1 (2) 20 

2 DMF   (0.1 M) 1/2 PC-1 (2) 11 

3 DCM   (0.1 M) 1/2 PC-1 (2) 20 

4 MeCN (0.1 M) 1/2 PC-1 (2) 29 

5 MeCN (0.04 M) 1/2 PC-1 (2) 38 

6 MeCN (0.04 M) 1/2 PC-2 (2) 46 

7 MeCN (0.04 M) 1/2 PC-3 (2) 57 

8 MeCN (0.04 M) 1/2 PC-3 (0.5) 56 

9 MeCN (0.04 M) 1/1 PC-3 (0.5) 55 

10
c
 MeCN (0.1 M) 1/1 PC-3 (0.5) 56 

11
c
 MeCN (0.1 M) 1.5/1 PC-3 (0.5) 66 

12
c
 MeCN (0.1 M) 1.5/1 - 11 

13
d
 MeCN (0.1 M) 1.5/1 PC-3 (0.5) 12 

aUnless otherwised noted, reactions were performed on 0.3 mmol scale of 1a 
or 3, and 2a (0.6 mmol), photocatalyst (x mol %), 4Å MS (30 mg/mL) in 3.0 
mL or 7.5 mL of solvent at rt under irradiation by 3 W blue LEDs for 4 h. 
bIsolated yield. cUnder irradiation by 7 W blue LEDs for 0.5 h. dWithout 
visible light irradiation. 

Initially, we chose allylbenzene 1a, phenyldiazonium 

tetrafluoroborate 2a, and CF3SO2Na (Langlois’ reagent) as the 

model substrates for the visible light photoredox-catalyzed three-

component azotrifluoromethylation and representative results are 

summarized in Table 1.
18

 Employing 2 mol% of the organic dye 

photosensitizer, N-Me-9-Mes-Acr-ClO4, as the photocatalyst under 

irradiation by 3 W blue LEDs, the reaction did indeed proceed to 

give the expected product 4a in 20 % yield (entry 1). Encouraged by 

this result, we then continued to optimize conditions to improve 

the yield. A simple screen of reaction media showed that MeCN 

gave rise to superior result than other commonly used solvents 

(entries 2-4). A slightly diluted reaction mixture resulted in a slight 

increase of the yield (entry 5). Then, we examined several other 

photocatalysts with different redox potentials, and identified 

Ru(bpy)3Cl2�6H2O (PC-3) as the best candidate with 4a being 

obtained in a yield of 57% (entry 7). With only 0.5 mol% catalyst 

loading, product 4a was still obtained in similar yields with the ratio 

of 1a to 3 being 1/2 or 1/1 (entries 8 and 9). Remarkably, under 

irradiation of 7 W blue LEDs, the reaction proceeded to complete 

conversion in only 30 min and furnished a 66% yield of 4a with 

1.5/1 molar ratio of 1a to 3 (entry 11). Control experiments clearly 

confirmed that both photocatalyst and visible light irradiation are 

critical for this process (entries 12 and 13). 

 

Table 2 Scope of Unactivated Alkenes
a,b 

 

 
aReactions were performed with 1 (0.45 mmol), 2b (0.60 mmol), 3 
(0.30 mmol), Ru(bpy)3Cl2•6H2O (0.50 mol%), 4Å MS (30 mg/mL) in 
MeCN (3.0 mL) at rt under irradiation by 7 W blue LEDs for 40 min. 
bIsolated yield. cDiastereomeric ratio was determined by 19F NMR 
analysis of the crude mixture. 

Under the optimized reaction conditions, the reaction with 4-

bromophenyldiazonium salt 2b also proceeded smoothly to give the 

corresponding product 4b in 78% yield (Table 2). Thus, a range of 

other substituted unactivated terminal alkenes were then 

evaluated to explore the substrate scope. As for the aryl group at 

the alkyl terminus, a series of electron-withdrawing or –donating 

groups could be well tolerated at the phenyl ring to give the 

products 4c-f in 69-84% yields. Alkenes 1g-m bearing various 

functional groups, such as ester, TMS, phenyl ether and hydroxy, 

could be readily tolerated in this reaction, yielding the products 4g-

m in moderate to excellent yields. Alkenes 1n-p with a linear 
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aliphatic or carbocyclic moiety also proved to be suitable for this 

reaction, with the products 4n-p being formed in 71-82% yields. The 

reaction with 1,1-disubstituted alkene 1q also worked well to 

regioselectively give the desired product 4q in 76% yield. Linear (1r) 

and cyclic (1s-u) internal alkenes also participated in the reaction 

very well to produce the corresponding azo compounds 4r-u in 

good yields, albeit with variable diasteroselectivities which might be 

resulted by the different stability of the related C-centred radicals.
19

 

In addition to 2b, the reaction with alkene 1a, CF3SO2Na and 4-

nitrophenyldiazonium salt 2c also gave product 4v in 62% yield, 

which was confirmed by X-ray crystallography analysis.
20 

 

Table 3 Scope of Aryldiazonium Salts
a,b 

 

 
aReactions were carried out with 1n (0.45 mmol), 2 (0.60 mmol), 3 

(0.30 mmol), Ru(bpy)3Cl2•6H2O (0.50 mol %), 4Å MS (30 mg/mL) in 

MeCN (3.0 mL) at rt under irradiation by 7 W blue LEDs for 40 min. 
bIsolated yield. 

Encouraged by these results, we further explored the scope of 

this method by evaluating a range of diazonium salts 2c-l together 

with 1n and CF3SO2Na under the standard conditions (Table 3). It 

was found that aryldiazonium salts 2c-l bearing electron-

withdrawing or -donating groups at the para-, meta-, or ortho-

positions were all well tolerated, affording the corresponding 

products 5a-h in moderate to good yields. Moreover, the reactions 

with 1-phthyldiazonium salt 2j and heteroaryldiazonium salt 2k also 

proceeded smoothly to give the expected products 5i and 5j in 46% 

and 63% yields, respectively. Noted that prolonging the reaction 

time led to an obvious decrease of yield due to the conversion of 

the (E)-products into their (Z)-isomers and decomposition in part.
18

 

The broad scope and high functional group tolerance of the 

current protocol allows further transformation of our products into 

other useful building blocks. For example, by employing the 

strategy of Fischer indole synthesis, azo compound 4b could be 

conveniently transformed into the corresponding 

trifluoromethylated indole 6 in 95% yield through a sequential 

isomerization and cyclization cascade under acidic conditions 

(Scheme 2). Moreover, a two-step sequence involving reductive 

cleavage of the N=N bond of azo compound 4b by Zn/HCl and 

subsequent amine-protection provided useful CF3-containing amine 

7 in 86% yield. These transformations highlight the versatility of the 

azo compounds and provide an approach to molecules with handles 

for further derivatization. 

 
Scheme 2 Derivatization of the azo compound 4b. 

 

Preliminary mechanisitc studies with alkene 1a, 4-

bromophenyldiazonium salt 2b and CF3SO2Na were also carried out 

to gain insight into the reaction pathway (Eq. 1). In the presence of 

stoichiometric radical trap reagent, TEMPO, the reaction was 

completely suppressed under the standard conditions; this 

observation suggests that the reaction may involve a radical 

process.
18 

 

Although further studies are still required to clarify the precise 

mechanism of the reaction, we proposed a possible photocatalytic 

cycle based on known literature
5,17

 and our previous works
14

 

(Scheme 3). First, photoexcitation of photocatalyst [Ru(bpy)3]
2+

 by 

visible light irradiation generates the excited state *[Ru(bpy)3]
2+

 

species. This species can be converted into the oxidizing 

photocatalyst [Ru(bpy)3]
3+

 upon SET oxidation by the 

phenyldiazonium salt 2a.
15

 This species serves as a strong oxidant 

(E1/2
III/II

 = + 1.29 V) to oxidize Langlois’ reagent (E1/2 = 1.05 V vs. 

SCE),
21

 giving the electrophilic CF3 radical upon expulsion of SO2 and 

returning the photcatalyst to the ground state. Subsequently, the 

CF3 radical undergoes a radical addition to the alkene 1a to 

generate the radical intermediate I, which could be easily trapped 

by the aryldiazonium salt 2a to give the radical cation II.
17

 Another 

SET reduction of the intermediate II by the reducing *[Ru(bpy)3]
2+

 

species gives rise to the final product 4a. At the current stage, we 

cannot rule out an alternative pathway involving SET reduction of 

cation radical II by NaSO2CF3 to give 4a and CF3 radical, which might 

initiate radical chain propagation. A light on-off experiment 

confirmed that the present process requires continuous irradiation 

of visible light, indicating the photoredox cycle as the main 

pathway.
18

 

 
Scheme 3 Proposed catalytic cycle. 
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In summary, we have developed a new and efficient photoredox-

catalyzed azotrifluoromethylation of alkenes with aryldiazonium 

salts and sodium triflinate. The mild catalytic system shows broad 

substrate scope and high functional group tolerance with respect to 

both unactivated alkenes and aryldiazonium salts, enabling facile 

synthesis of various useful azo compounds with generally good 

yields. Further application of this method to the late-stage 

difunctionalization of bioactive compounds containing an alkene 

moiety is currently underway in our laboratory. 

We are grateful to the NSFC (No. 21472058, 21272087, and 

21472057), the Youth Chen-Guang Project of Wuhan (No. 

2015070404010180) and the self-determined research funds 

of CCNU (No. CCNU15A02009) for support of this research. 
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