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Abstract: Despite recent advances, trifluoromethoxylation remains a 

challenging reaction. Here we describe an efficient 

trifluoromethoxylative substitution, using an inexpensive and easy-

to-handle reagent. By mixing DMAP with a slight excess of 1,4-

dinitro-trifluoromethoxybenzene (DNTFB), a stable solution of 

trifluoromethoxide anion is obtained and can be used to perform a 

SN2 reaction without any silver additives. A precise study of the 

properties and behavior of this unusual stable solution of CF3O
-
 

species is also performed. 

Introduction 

Due to the intrinsic properties of the fluorine atom,[1] fluorinated 

molecules generally possess specific characteristics that can 

find very valuable applications in various fields.[2] More 

particularly, fluorinated motifs are well sought after in 

medicinal[2a-f] or agrochemical[2g-j] chemistry due to the improved 

metabolic stability[2d] and lipophilicity generally brought by these 

substituents.[1b, 3] 

Because of this interest, the development of innovative 

fluorinated groups, capable of modulating molecular properties, 

is, nowadays, an active research field.[4] In this quest, the 

association of fluorinated groups with heteroatoms, and in 

particular chalcogens, has emerged.[5] 

The trifluoromethoxy group has a specific place and has already 

found applications in some bioactive compounds such as, for 

instance, Riluzole,[6] used in the treatment of amyotrophic lateral 

sclerosis, Pretomanid,[7] an anti-tubercolisis drug, Sonidegib,[8] 

an inhibitor of the Hedgehog signaling pathway used to treat 

cancer, Thifluzamide,[9] a fungicide, or Triflumuron,[10] an insect 

growth regulator (Figure 1).  

 

Figure 1. Examples of bioactive CF3O-containing molecules.  

Despite such an interest in this group, the synthesis of CF3O-

compounds suffers from restricted methods and remains 

difficult.[5a-d] In particular, the direct introduction of the CF3O motif 

onto organic substrates is still poorly described.[5b-d] Even though, 

recently, a few reagents have been developed to perform radical 

trifluoromethoxylation, their use is limited to aromatic substrates 

and suffers from regioselectivity problems.[11] Therefore, direct 

nucleophilic trifluoromethoxylation remains the most widely used 
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strategy. Nevertheless, as the trifluoromethoxide anion can 

easily collapse into difluorophosgene and fluoride anion, the use 

of reagents capable of releasing the CF3O
- species in situ is 

required. Thus, several “CF3O
- anion generators” have been 

described in the literature (Figure 2).  

 

Figure 2. Reagents able to release or generate the CF3O
-
 anion. 

However, TFMT[12] and CF3OMe[13] are highly volatile, even 

gaseous, at room temperature. TFMS,[14] TFBO[14a, 15] and 

TFNf[16] are synthesized from expensive electrophilic 

trifluoromethylating reagents. TFBz[17] is synthesized from a 

toxic phosgene derivative (triphosgene). Finally, CF3OAg 

prepared from previous reagents or from triphosgene and 

fluoride source (AgF or Et3N•3HF) has also been described but 

suffers from the same problem of using toxic reagents.[18] 

A few years ago, we described the release of CF3O
- anion from 

DNTFB (2,4-dinitro-trifluoromethoxybenzene),[19] a non-volatile, 

inexpensive and easy-to-handle compound, via a SNAr reaction 

with the fluoride anion. However, this reagent seemed to have a 

very limited scope when considering SN2 reactions. 

In order to propose an efficient method to perform 

trifluoromethoxylations with a simple, inexpensive and safe 

reagent, we decided to reinvestigate DNTFB chemistry. 

Results and Discussion 

During our research, Sanford et al. published a nice work based 

on the new use of DNTFB as trifluoromethoxylating reagent.[20] 

These results confirm our belief that DNTFB could be a relevant 

reagent in CF3O chemistry. Here we would like to publish our 

preliminary studies on this reagent to provide additional 

informations to Sanford’s results to better understand the 

reactivity of DNTFB and the properties of the resulting 

trifluoromethoxide anion solution. 

In our initial study, we used TBAT (tetrabutylammonium 

triphenyldifluorosilicate) as the fluoride source to perform the 

nucleophilic activation of DNTFB.[19] Nevertheless, even if this 

was effective, the scope of substrate application remains limited. 

Moreover, the cost of TBAT led us to look for other nucleophiles. 

Inspired by the Zincke reaction[21] and the described 

demethylation reaction of trifluoromethyl methyl ether,[13] amines 

(and phosphine) were naturally considered (Figure 3). 

 

Figure 3. Residual DNTFB in presence of various nucleophile. Conditions: 

DNTFB (1 equiv.), nucleophile (1 equiv.), MeCN, 20 °C, 2h. 

After 2h of reaction, quinuclidine, DBU, pyridine, DMAP and 

PPh3 resulted in the highest degradations of DNTFB, with at 

least 75% of conversion. With a complete conversion, DMAP 

emerged as the best choice. In addition, the concomitant 

appearance of a broad singlet at -23 ppm (82%) in 19F NMR was 

observed. Such a chemical shift is in agreement with a 

trifluoromethoxide anion species.[22] These results are also 

similar to the observations made by Sanford et al.[20]  

To fully characterize the formed product by NMR analysis, this 

reaction was repeated in CD3CN in presence of a slight excess 

of DNTFB (Scheme 1). 

 

Scheme 1.Generation of the trifluoromethoxide anion (1). 

The 1H, 13C and 19F NMR analyses were found to be consistent 

with the proposed structure. Furthermore, while no CF3 signal 

from the trifluoromethoxide anion is reported in the 13C NMR 

analysis described in the literature,[13, 20, 22] we were able to 

detect a broad singlet at -121 ppm in fluorine-decoupled 13C 

NMR which could correspond to the CF3 signal (Figure 4).  

With such results in hands, this reaction was followed by 19F 

NMR to determine the kinetic of the CF3O
- formation (Figure 5). 
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Figure 4. 
19

F NMR and 
13

C
[12a]

 NMR of CF3O
-
 species 1 (in CD3CN). 

 

Figure 5. 
19

F NMR monitoring of the formation of 1. Preparation: DNTFB (0.58 

mmol, 1 equiv.), DMAP (0.51 mmol, 0.9 equiv.), CD3CN (0.5 mL, 1M). Yields 

determined by 
19

F NMR with PhCF3 as internal standard. 

In about 5 min (the time to introduce the NMR tube in the 

spectrometer, just after the preparation of the mixture, and to 

start the acquisition), the CF3O
- species is already formed with 

an almost optimal amount.  

To continue our study on the behavior of this CF3O
- species, 

formed in situ, its stability in solution was studied (Figure 6).  

 

Figure 6. 
19

F NMR monitoring of 1 (1 M). Preparation: DNTFB (1.16 mmol, 1 

equiv.), DMAP (1.02 mmol, 0.9 equiv.), CD3CN (1 mL, 1M). Yields determined 

by 
19

F NMR with PhCF3 as internal standard. 

Contrary to Sanford’s observations,[20] the solution proved to be 

stable over a long time since only 10% loss was observed over 3 

days. It should be noted that our solution was prepared without 

using of a glove box. The main explanation for such a difference 

could come from the ratio DNTFB / DMAP. Indeed, we observed 

that in presence of an excess of DMAP, the degradation of the 

CF3O
- species occurred. With 2 equivalents of DMAP, the 

complete degradation of CF3O
- in solution is rapidly observed 

after 2h (Figure 7).  

 

Figure 7. 
19

F NMR monitoring of a solution (1M) of DNTFB (1 equiv.) / DMAP 

(2 equiv.). Yields determined by 
19

F NMR with PhCF3 as internal standard. 

Furthermore, this degradation does not require a stoichiometric 

amount of DMAP because the amount of CF3O
- species 

decreases immediately after the addition of 0.4 equiv. of DMAP 

onto a preformed solution of 1, disappearing completely after 

21h. Interestingly, only a slight excess of DMAP is required to 

initiate this degradation. Indeed, with only 0.1 equiv. in excess of 

DMAP, the degradation of CF3O
- is also observed over 24h. This 

observation led us to systematically prepare the CF3O
- solution 

with 0.9 equiv. of DMAP to be sure to never to have an excess, 

even minimal (for example because of a weighing uncertainty). 

Indeed, in the presence of an excess of DMAP, a new 

fluorinated product was observed in solution in CD3CN. This 

degradation product is not the logically expected 2,4-dinitro-

fluorobenzene as can be seen from the comparison of 1H and 
19F NMR spectra (Figure 8A). This compound was identified by 

NMR (Figure 8) as compound 2, resulting from the nucleophilic 

attack of the fluoride anion on a carbon bearing a nitro group. In 

particular, the presence of 4 nitrogen atoms was demonstrated 

by 15N{1H} NMR (Figure 8C). 
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Figure 8. NMR spectra in CD3CN of 2. A) 
19

F and 
1
H NMR comparisons with 2,4-dinitro-fluorobenzene. B) 

13
C NMR (characteristic selected peaks). C) 

15
N{

1
H} 

NMR

 

Scheme 2. Mechanism hypothesis for degradation of 1 in presence DMAP. 

This degradation of 1 in presence of DMAP could come from the 

trapping of difluorophosgene, arising from the rapid equilibrium 

implying the trifluoromethoxide anion, thus releasing the 

transient species A and B. Intermediate A provides the product 

2, whereas B gives difluorophosgene, which can be evacuated 

in gaseous form, and regenerates DMAP. This would contribute 

to explain the degradation of 1 observed even in presence of 

small amount of DMAP (Scheme 2). 

Finally, as some trifluoromethoxylation reactions may require 

heating, the thermal stability of the trifluoromethoxide species 1 

was also studied. 

If the species totally disappeared after 1h at 80 °C, the solution 

seems to be relatively stable at 40 °C during 24h; only 15% of 

degradation being observed (Figure 9). 
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Figure 9. 
19

F NMR monitoring of a solution of 1 (1 M) at 40 °C. Preparation: 

DNTFB (1.16 mmol, 1 equiv.), DMAP (1.04 mmol, 0.9 equiv.), CD3CN (1 mL, 

1M). Yields determined by 
19

F NMR with PhCF3 as internal standard. 

This trifluoromethoxide anion, stable in solution and easy and 

fast to prepare, in hand, we started to determine its reactivity in 

SN2 reaction, as described previously.[19] To provide an 

alternative to most trifluoromethoxylation reactions that are silver 

mediated,[12-14, 16-20] a metal free method, as in the results of 

Tang [15] or our previous DNTFB/TBAT[19] process, was 

considered. 

Table 1. SN2 with 1 without silver additives. 

 

 

 

 

Entry DNTFB 

(equiv.) 

DMAP 

(equiv.) 

T (°C) t (h) 4a (%) 
[a]

 

1 1 0.9 20 24 21 

2 1 0.9 40 24 26 

3 2 1.9 40 24 43 

4 3 2.9 40 24 48 

5 4 2.9 40 24 76 

6 4 2.9 40 16 77 

7 4 2.9 40 5 55 

8 5 2.9 40 16 77 

9 4 2 40 16 69 

10 4 2 40 24 77 

11 4 1 40 24 45 

[a] Yields determined by 
19

F NMR with PhCF3 as internal standard.  

In this context, benzyl bromide was used as model substrate 

and was added to 1 equivalent of solution of 1, prepared in situ, 

to give only 21% of the expected trifluoromethyl ether 4a in 24h, 

at room temperature (entry 1). Heating to 40 °C led only to a 

very slight increase in yield (entry 2). Increasing the number of 

equivalents of 1, the amount of 4a increased to 48% with 3 equiv. 

(entries 3-4). More interestingly, heightening DNTFB amount 

alone gave a good result (entry 5). A similar result was obtained 

in only 16h (entry 6), but in 5h the yield dropped to 55% (entry 7). 

An additional equivalent of DNTFB (5 equiv.) did not induce a 

significant increase in yield (entry 8). On the other hand, a 

decrease of DMAP (2 equiv.) led to a good result but in 24h 

instead of 16h (entries 9-10). However, a single equivalent of 

DMAP dropped the yield to 45% (entry 11). Therefore, the 

optimal conditions were 4 equiv. of DNTFB, 2 equiv. of DMAP at 

40 °C for 24h (entry 10). Nevertheless, we noticed that under 

these conditions, the observed yield was not exactly 

reproducible ([60%-79%] range) depending on the laboratory 

temperature (from 20°C to >30°C during hot summer weather). 

Reproducibility was recovered by preforming 1 in an ice bath (ca 

8 °C). 

These conditions were successfully extended to cinnamyl 

bromide (4b) (Scheme 3). Geranyl bromide (4c) was also 

trifluoromethoxylated with moderate yield but in accordance with 

modest results in literature.[12b] 

 

Scheme 3. Trifluoromethoxylation with DNTFB / DMAP system. 

From a mechanistic point of view, the 2 equiv. of DMAP yield an 

excess of CF3O
- (ca 2 equiv.) that can react with 3a. This anion 

also undergoes degradation (certainly accelerated by 

temperature, as shown in Figure 9) to difluorophosgene and 

fluoride anion. The latter can then react with the unreacted 

DNTFB to regenerate the reactive species CF3O
- (Scheme 4). 

OCF3 OCF3
OCF3

4a (77%) 4b (70%)
4c (32%)

NO2

NO2

OCF3

DNTFB
(4 equiv.)

1) DMAP (2 equiv.)
    CH3CN, 8 °C, 20 min

2) RBr (3, 1 equiv.)
     40 °C, 24h

R OCF3

4

NO2

NO2

N

N

CF3O-NO2

NO2

OCF3

DNTFB

DMAP

CH3CN
20 min

Ph Br

40 °C
Ph OCF3

4a

3a

1



     

6 

 

 

Scheme 4. Proposed mechanism for trifluoromethoxylative substitution. 

Conclusion 

In this study, we have demonstrated that the system DNTFB / 

DMAP system could generate, in situ, a stable solution of 

trifluoromethoxide anion. A precise study of this solution was 

carried out in order to determine the parameters of its stability 

and its conditions of use. Indeed, the ratio DNTFB / DMAP 

appeared as a crucial parameter to obtain a stable solution of 

trifluoromethoxide anion. This study provided important 

complementary data to Sanford’s preliminary results. 

Furthermore, this system appeared as an interesting alternative 

to perform trifluoromethoxylation by nucleophilic substitution, 

without silver additive. This is the second effective method 

described for performing such a reaction without any metal. This 

“trifluoromethoxide anion solution” should be a valuable reagent 

in organic fluorine chemistry and a more complete study of its 

reactivity will be published in due course. 

Experimental Section 

Typical procedure for trifluoromethoxylation reaction: In a 10 mL vial 

under nitrogen, DNTFB (310 µL, 2 mmol, 4 equiv.) was added in one 

portion into a stirred solution of DMAP (120 mg, 1 mmol, 2 equiv.) in 1.5 

mL of anhydrous CH3CN. The vial is closed and the reaction mixture is 

stirred in an ice bath (ca 8 °C) during 20 min (of note, the reaction 

mixture becomes orange immediately after DNTFB addition and quickly 

turns into yellow). Then, the tube is opened to add the alkyl bromide (0.5 

mmol, 1 equiv.) and closed immediately after. The reaction mixture is 

stirred 24 h at 40 °C. Then, the reaction is cooled down and yield is 

determined by 19F NMR analysis with 30 µL of trifluoromethylbenzene 

anhydrous as internal standard. 
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