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Palladium-catalyzed cross-coupling of aryl fluorides with N-

tosylhydrazones via C-F bond activation† 
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b
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b
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b
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A palladium-catalyzed cross-coupling reaction of electron-

deficient aryl fluorides with aryl N-tosylhydrazones has been 

reported. Mechanistically, this approach involves C-F bond 

activation and migratory insertion of palladium carbene as the 

two key steps.  

Due to the high electronegativity of fluorine and the strong bonding 

energy of C-F bonds in organofluorine compounds, synthetically 

useful routes for the transformation of aromatic C-F bonds into C-C 

bonds are scarcely developed.
1-4

 In this context, the activation of 

C−F bonds under transition-metal-catalyzed conditions has recently 

emerged as a very attractive approach toward C-F bond 

functionalization.
5,6

 For example, ortho-nitro aryl fluorides have 

been elegantly illustrated as the electrophilic species for Pd-  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1 Palladium-catalyzed cross-coupling with ortho-nitro aryl fluorides 

catalyzed cross-coupling reactions with various nucleophiles.
7,8

 The 

nitro substituent not only activates the aromatic ring towards the 

nucleophilic attack by the palladium catalyst, but also control the 

selectivity by directing the palladium catalyst to the C-F bond 

adjacent to the nitro group (Scheme 1). The cross-coupling partners 

have been so far included amines (Buchwald-Hartwig coupling, 

Scheme 1A),
7a

 organotin reagents (Stille coupling, Scheme 1B),
7a

 

organoboron reagents (Suzuki-Miyaura coupling, Scheme 1C),
7,8a

 

and terminal alkynes (Sonogashira coupling)
8b

 (Scheme 1D).  

On the other hand, N-tosylhydrazones, which are easily 

prepared from aldehydes or ketones, have received considerable 

attention as nucleophilic components in transition-metal-catalyzed 

cross-coupling reactions based on a metal carbene migratory 

insertion process.
9
 In this context, we and others have explored a 

set of metal-catalyzed cross-coupling reactions with various 

coupling partners such as aryl halides,
10

 aryl sulfonates,
11

 benzyl 

halides,
12

 alkynes,
13

 azoles,
14 

arylboronic acids,
15

 and isocyanides.
16

 

However, among the various cross-coupling partners with carbenes, 

aryl fluorides are still lacking (Scheme 1E). As a continuation of our 

interest in the cross-coupling based on migratory insertion of 

palladium carbene, we herein report a palladium-catalyzed cross-

coupling reaction of electron-deficient aryl fluorides with N-

tosylhydrazones via C-F bond activation. 

At the outset of the investigation, we examined the cross-

coupling of 1-fluoro-2-nitrobenzene 1a with N-tosylhydrazone 2a in 

the presence of 5 mol% Pd(PPh3)4 in DMF at 90 
o
C. After preliminary 

screening of bases, Cs2CO3 turned out to be the suitable base (Table 

1, entries 1-3). In view of the fact that phase-transfer catalysts (PTC) 

can facilitate the dissolution of Cs2CO3 and the subsequent 

conversion of the N-tosylhydrazone into the corresponding diazo 

intermediate, several typical PTC were tested in the reaction. We 

found that all the PTC except tetrabutylammonium acetate can 

effectively improve the reaction yield (Table 1, entries 4-11). The 

results revealed that tetrabutylammonium chloride (TBAC) was the 

best choice for the reaction; affording the desired product in a yield 

of 81% (Table 1, entry 8). On the contrary, using 

tetraethylammonium bromide (TEAB) as the PTC resulted in slightly 

diminished yield (Table 1, entry 9). 
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Table 1. Optimization of reaction conditions for the Pd-catalyzed cross-

coupling of aryl fluoride 1a with N-tosylhydrazone 2a
a 

 

 

 

 

 

Entry                        Base                                PTC                       Yield
b 

(%) 

       

1                           tBuOLi                                --                             0 

      2                            K2CO3                                 --                             28 

      3                            Cs2CO3                               --                             50 

      4
c
                           Cs2CO3                               --                             5 

      5                            Cs2CO3                           nBu4NI                       54 

      6                            Cs2CO3                           nBu4NI                       72 

      7                            Cs2CO3                           nBu4NSO2CF3            76 

      8                            Cs2CO3                           nBu4NCl                     81 

      9                            Cs2CO3                           Et4NBr                       78 

    10                            Cs2CO3                           nBu4NAc                   40 

    11                            Cs2CO3                           Et3BnNBr                  59 

 
a
 Unless otherwise noted, the reaction conditions are as follows: 1a 

(0.3 mmol), 2a (0.6 mmol), DMF (3 mL). 
b 
Yield was determined by 

1
H 

NMR using CH3NO2 as the internal standard. 
c
 Under open air. 

 

 

With the optimized reaction conditions, we then proceeded to 

explore the scope of the cross-coupling reaction with various N-

tosylhydrazones and aryl fluorides, using 1-fluoro-2-nitrobenzene 

1a and 2-nitrofluorobenzene bearing p-CF3 (1b) as the fluoride 

substrates. The results are summarized in Table 2. In general, the 

aryl N-tosylhydrazones bearing either electro-withdrawing or 

electro-donating groups react smoothly to afford the corresponding 

cross-coupling reaction products in moderate to good yields. For 

the substrate of N-tosylhydrazone with naphthalene group, the 

reaction gave a little diminished yield of the product 3i. It is noted 

that the reaction could afford the trisubstituted olefins by using N-

tosylhydrazones bearing alkyl substituents other than a methyl 

group (3j-l and 3o). The excellent regioselectivity was observed, 

affording predominantly Z- isomers (3j, 3k, 3o). The X-ray 

crystallographic analysis of 3o has unambiguously confirmed that 

the cross-coupling product has a Z-configuration.
17

 In addition, the 

aliphatic N-tosylhydrazones were also used to explore the 

possibility of the cross-coupling, but no desired product could be 

detected under the typical conditions.    

We subsequently turned our attention to explore the substrate 

scope of this strategy. The reaction of 2-nitrofluorobenzenes 

bearing different groups with N-tosylhydrazone 2a was 

investigated. The results are summarized in Table 3. The reactions 

could afford the cross-coupling products in moderate to good yields 

by using different 2-nitrofluorobenzenes bearing m-Me, p-Me, p-

CN, and p-CF3 groups. To our delight, good yields were obtained by 

using 1-fluoro-2-nitrobenzene and 2-nitrofluorobenzene bearing p-

CF3 group. The structure of 4f was established by X-ray 

crystallographic analysis.
17

 However, only trace product 4e was 

detected by 
1
H NMR, which may be attributed to the fact that the 

product is unstable and easy to polymerize. 

Table 2. Pd-catalyzed cross-coupling of aryl fluorides with various N-

tosylhydrazones
a
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

a
 Unless otherwise noted, the reaction conditions are as follows: 1 (0.3 

mmol), 2 (0.6 mmol), DMF(3 mL). 
b
 All the yields refer to isolated yields.   

 

 

A plausible mechanism is proposed as shown in Scheme 2. The 

reaction is initiated by the C-F activation reaction, in which the nitro 

group directs the SNAr-type process to give the palladium(II) 

intermediate A,
6
 leading directly to the C-F oxidative addition 

intermediate B.
18

 Diazo compound C is generated in situ from N-

tosylhydrazone 2a with treatment of base.
19

 The reaction of diazo 

compound C with aryl palladium complex B would produce 

palladium carbene intermediate D. Migratory insertion of the aryl 

group to the carbenic carbon gives the alkyl palladium complex E, 

from which β-hydride elimination would provide the arylated olefin 

3a and regenerate the Pd(0) catalyst with the aid of base. 

In summary, we have demonstrated a Pd-catalyzed cross-

coupling reaction of aryl fluorides with various aryl N-

tosylhydrazones. This reaction constitutes an efficient method for 
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the synthesis of di- and trisubstituted olefins. Mechanistically, this 

approach involves C-F bond activation and migratory insertion of 

palladium carbene as the two key steps. Since the reaction 

conditions are mild and the relevant aryl fluorides and palladium 

catalyst are commercially available, this reaction may find useful 

applications in organic synthesis. 

Table 3. Pd-catalyzed cross-coupling of aryl fluorides with 2a
a  

 

 

 

 

 

 

 

 

 

 

 

a
 Unless otherwise noted, the reaction conditions are as follows: 1a-f (0.3 

mmol), 2a (0.6 mmol), DMF (3 mL). 
b
 Yields of isolated product unless 

otherwise noted. 
c 
Detected by 

1
H NMR spectra. 

 

 

 
 

 

 

 

 

 

 

 

 

Scheme 2 Proposed mechanism for the Pd-catalyzed cross-coupling of aryl 

fluorides with N-tosylhydrazones.   

The project is supported by National Basic Research Program (973 
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