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ABSTRACT

A mild and efficient trifluoromethylation of imidazopyridines with Togni’s reagent in the
presence of inexpensive base has been realized at room temperature. This methodology has
several advantages: (1) using efficient copper(l) as catalyst and inexpensive KsPO4 as base, (2)
no additional oxidants required for this reaction. (3) good functional group tolerance. An array
of trifluoromethylated imidazopyridines with broad functionalities were obtained in acceptable
yields.
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Introduction

Imidazopyridine and its derivatives exist in a variety of natural products and have
attracted much attention due to their important biological activities and broad utilization in the
pharmaceutical industry.™) Many commercialized drugs contain this pyridine core such as
alpidem, zolpidem, necopidem, minodronic acid,'” saripidem,® olprinone, zolimidine, etc.
What’s more, imidazopyridines are core ligands in the field of electronic devices and abnormal
N-heterocyclic carbenes.[ Therefore, a number of efficient processes have been developed for
the synthesis and functionalization of imidazo[1,2-a]pyridines.?!

The introduction of a trifluoromethyl group into organic molecules can bring unique
alteration of their physical, chemical, and biological properties such as permeability,
bioavailability, and metabolic stability.[® Therefore, significant attention has been paid to the
developments of versatile and efficacious methodologies to incorporate the trifluoromethyl
group into target molecules in the area of organofluorine chemistry.'? Recently,
transition-metal-mediated or -catalyzed trifluoromethylation reactions have been developed
intensively to synthesize various CFs-containing compounds.® Accordingly, a few methods
have been reported for the trifluoromethylation of imidazo[1,2-a]pyridine and its derivatives. In
2015, Hajra and Tang groups reported two methods for the trifluoromethylation of




imidazopyridines, using Langlois’ reagent (NaSO,CF;) in the presence of TBHP as CF;radical
source and AgNO; or Cu(OAc), as catalyst, respectively.”'” Then photoorganocatalysed
trifluoromethylation of (hetero)aromatics was performed by Rueping et al.""! Thereafter, Wang
group developed the trifluoromethylation of imidazo[1,2-aJpyridine with iodotrifluoromethane
(CF;l) as the CF; source at 60 °C ."? Although great progress has been achieved, milder
strategies for the trifluoromethylation are still valuable to be developed in simple catalytic
reaction system. Herein, we report a copper-catalyzed trifluoromethylation of imidazopyridines
with Togni’s reagent as a trifluoromethylating reagent in the presence of inexpensive base
K3PO4 at room temperature under air.
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Scheme 1 Previous examples and current goals to realize the trlfluoromethylatlon of
imidazopyridines
Results and Discussion

To  optimize the reaction system, we examined the reaction of
6-methyl-2-phenylimidazo[1,2-a]pyridine 1a with Togni’s reagent 2 under various conditions,
and the results are summarized in Table 1. We initiated the trifluoromethylation of
6-methyl-2-phenylimidazo[1,2-a]pyridine 1a (0.20 mmol) with Togni’s reagent (0.30 mmol) 2 in
the presence of 10 mol% of Cul and 15 equivalents of NaOH at room temperature in DCM for 6 h,
the desired product 6-methyl-2-phenyl-3-(trifluoromethyl)imidazo[1,2-a]pyridine 3a was isolated
in 43 % yield (entry 1). With the same conditions, we screened various solvents, including EA,
1,4-dioxane, and DMSO (entries 2-4). Among these solvents, 1,4-dioxane was the best one,
affording the desired product in 61% vyield (entry 3). To improve the efficiency, different Cu
catalysts such as CuBr, CuCN, [CulPPhs]s, CuOAC, and Cu(CH3CN)sPFs were also examined
(entries 5-9). Of these catalysts, [CulPPhs]4 was the most effective (entry 7). It was found that
3a was obtained in only 39% vyield in the absence of Cu catalyst (entry 10). Next, when we
decreased the amount of NaOH to 2 equivalents, the reaction gave 3a in 58% vyield (entry 11).
Under the same conditions, reaction was performed with other bases such as Cs,CO3, Na;COs,
NaHCOs, LiOH, K3PO4 and NaH (entries 12-17), among these bases 3a was isolated in good




yield (79%) with KsPO4 (entry 16). The yield of the desired product was dropped by
increasing or decreasing the amount of base (entries 18-19).Decreasing the amount of
[CulPPhs]4 led to a decrease in the yield (entry 20-21). Only 6% yield of the product was
obtained in the absence of [CulPPhs]s4 (entry 22). This result revealed that copper catalyst is

necessary for our reaction system.

Table 1. Optimization of the reaction conditions *

/CF
R
SN Solvent RT
(@)
1a 2

Entry Catalyst(mol %) Base (equiv.) Solvent Yield (%)°
1 Cul (10) NaOH (15) DCM 43
2 Cul (10) NaOH (15) EA 34
3 Cul (10) NaOH (15) 1,4-dioxane 61
4 Cul (10) NaOH (15) DMSO 56
5 CuBr (10) NaOH (15) 1,4-dioxane 59
6 CuCN (10) NaOH (15) 1,4-dioxane 63
7 [CulPPhs]4 (5) NaOH. (15) 1,4-dioxane 67
8 CuOAc (10) NaOH (15) 1,4-dioxane 48
9 Cu(CH3CN)4PFs (10) NaOH (15) 1,4-dioxane 52
10 none NaOH (15) 1,4-dioxane 39
11 [CulPPhs]4 (5) NaOH (2) 1,4-dioxane 58
12 [CulPPhs]4(5) Cs2C0s (2) 1,4-dioxane 71
13 [CulPPhs]4 (5) Na,COs (2) 1,4-dioxane 65
14 [CulPPhs]4 (5) NaHCOs; (2) 1,4-dioxane 59
15 [CulPPhs]s (5) LiOH (2) 1,4-dioxane 62
16 [CulPPhs]4 (5) K3PO4 (2) 1,4-dioxane 79
17 [CulPPhs]4 (5) NaH (2) 1,4-dioxane 70
18 [CulPPhs]4 (5) K3PO4 (3) 1,4-dioxane 67
19 [CulPPhs]4 (5) KsPO4 (1) 1,4-dioxane 60
20 [CulPPh3]4 (2.5) K3PO4 (2) 1,4-dioxane 55
21 [CulPPh3]4 (1) K3PO4 (2) 1,4-dioxane 24
22 none K3PO4 (2) 1,4-dioxane 6

#Reaction conditions: 6-methyl-2-phenylimidazo[1,2-a]pyridine 1a (0.2 mmol, 1.0 equiv.), Togni’s
reagent 2 (0.3 mmol, 1.5 equiv.), catalyst, base, and solvent (1.5 mL) at room temperature for 6 h.
®Isolated yield.

With the optimized reaction conditions in hand (Table 1, entry 16), we set out to
investigate the substrate scope of this trifluoromethylation reaction to show the generality of
this methodology (Table 2). First, imidazo[1,2-a]pyridines substrates bearing methyl group at
different positions efficiently reacted with trifluoromethylating agent under the standard
conditions to give the corresponding trifluoromethylated products in good yield (3a-3c). To our
delight, both electron-donating groups, such as methyl, methoxy, methylthio, and




electron-withdrawing groups, such as trifluoromethyl, cyano, fluoro, chloro, bromo, on the
phenyl ring at the 4-position of imidazopyridines were compatible to this reaction system in
satisfactory yields (3e-3i and 3k-3m). The imidazopyridines with meta-substituents on the
phenyl ring underwent the reaction successfully to give the corresponding trifluoromethylated
products in modest to good yields (3n-3p). Interestingly,
7-methoxy-2-phenylimidazo[1,2-a]pyridine 1g provided the corresponding product 3q in"a
higher yield than the product 3r afforded from 6-methoxy-2-phenylimidazo[1,2-a]pyridine 1r.
The imidazopyridines bearing bromo, chloro on the pyridine ring smoothly reacted to give the
desired products (3s and 3t). In addition, 2-(thiophen-2-yl)imidazo[1,2-a]pyridine and
2-phenylimidazo[1,2-a]pyrimidine also reacted well to afford the corresponding products in
good vyields. Finally, the C-2 alkyl-substituted imidazo[l,2-a]pyridine- and simple
imidazo[1,2-a]pyridine were also investigated under the standard conditions affording the
desired products in the yield of 47% and trace respectively (3w and 3x)

Table 2. The scope of imidazo[1,2-a]pyridines®”
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 Reaction conditions: 1 (0.2 mmol, 1.0 equiv.), Togni’s reagent 2 (0.3 mmol, 1.5 equiv.),
[CulPPhs]4 (5 mol%), KsPO4 (2 equiv.), and 1,4-dioxane (1.5 mL) at room temperature for 6 h. °
Isolated yield.

To gain insight into the reaction mechanism, two control experiments were performed
under the optimized conditions (Scheme 2). When the radical scavengers TEMPO and
1,1-diphenylethylene were added separately to the trifluoromethylation reaction mixture, only
a small amount of product was isolated, and **F NMR analysis showed that the compound 4
was produced (Scheme 2, egs.1 and 2 ). These results suggested that this reaction possibly
involve a radical pathway.
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Scheme 2. Controlled Experiments
On the basis of above control experiments and previous reports®®*! a plausible
mechanism for this reaction is outlined in Scheme 3. First, the CF; radical and Cu(ll)
intermediate A are generated by a single-electron transfer (SET) from Cu(l) to 2. Subsequently,
the CF; radical reacts with the imidazopyridine 1 to form the radical intermediate B. The
oxidation of B by Cu(ll) intermediate A results in a cationic intermediate C, accompanied by
the regeneration of Cu(l) catalyst. Finally, trifluoromethylated imidazopyridine 3 are generated

from cationic intermediate C via the base-promoted deprotonation.
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Scheme 3. Plausible mechanism.
Conclusions

In summary, we have developed an efficient copper-catalyzed trifluoromethylation of
imidazopyridines with Togni reagent as a trifluoromethylating reagent at room temperature.
Mechanistic investigations suggested that this reaction possibly involve a radical pathway.
Clean reaction, ease of product isolation, mild reaction conditions, the use of inexpensive
reagent and a simple experimental procedure are the notable advantages of the method and
these features will make this procedure practical and synthetically useful. Further investigation
on the application of this synthetic methodology is currently underway.
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Cu(l)-catalyzed trifluoromethylation of imidazoheterocycles with Togni’s Reagent.
Simple imidazoheterocycles to trifluoromethylation product at room condition.
Clean reaction, ease of product isolation and a simple experimental procedure.
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