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Abstract: A practical and ligand-free Cu-catalyzed decarboxyla-
tive trifluoromethylation of aryl iodides with sodium trifluoroace-
tate using Ag,0 as a promoter was reported. A variety of
trifluoromethyl-substituted aromatics are synthesized in moderate
to excellent yields and with wide functional-group tolerance under
relatively mild reaction conditions.
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Trifluoromethyl-substituted arenes possess a number of
useful properties, particularly in the synthesis of pharma-
ceuticals, agrochemicals, and functional materials.! Obvi-
ously, availability of synthetic tools for selective aromatic
trifluoromethylation is of considerable importance.? Tran-
sition-metal-mediated cross-coupling of haloarenes with
CF;-transferring nucleophilic reagents for the preparation
of trifluoromethylate aromatic compounds is yet a major
challenge.>™

Recently, Yu® reported the first Pd-catalyzed oxidative tri-
fluoromethylation via C-H activation with electrophilic
CF;* source. Buchwald and co-workers’ has detailed the
classical Pd%/Pd" trifluoromethylation cycle of aryl chlo-
rides assisted by the use of bulky ligands. At the same
time, Sanford® demonstrated the feasibility of fast Ar—CF,
bond formation from Pd"V complexes under mild condi-
tions. The copper-catalyzed trifluoromethylation encoun-
tered a key problem as the intermediate CuCF; was
unstable even at room temperature.’!! In order to obtain
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Scheme 1 Transition-metal-mediated trifluoromethylation
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maximum yield, stoichiometric amounts of copper com-
plex, such as Cu salt'>"'¢ and SIMes Cu—CF; complexes,'’
were required. Amii'® has developed the copper-catalyzed
nucleophilic trifluoromethylation of highly reactive io-
doarenes containing electron-withdrawing groups on the
ring and some iodoheterocycles. Qing'® proposed that tri-
fluoromethylated aromatic compounds could be prepared
through copper-mediated oxidative trifluoromethylation
of acetylenes and boronic acids with TMSCF;
(Scheme 1).

However, many developed efforts are limited to the tri-
fluoromethylation reagents.?’ Trifluoroacetate perhaps is

Table1 Trifluoromethylation of p-Chloroiodobezene with Sodium

Trifluoroacetate
mOca
Cu cat., Ag add.
CF3COONa (4 equiv)
Cl | +
DMF, 15 h, 130 °C
W)

Entry Cu (mol%) Additive (mol%)  Yield (%)
1 Cul (20) - 17
20 Cul (20) - nr.
3 Cul (20) Ag,0 (10) 54(3)
4 Cul (20) Ag,CO; (10) 52 (4)
5 Cul (20) AgOAc (20) 48 (2)
6 Cul (20) Agl (20) 32(2)
7 - Ag,0 (10) nr.
8 Cul (20) Ag,0 (10) 54(3)
9 Cu(acac), (20) Ag,0 (10) 31 (15)
10 CuO (20) Ag,0 (10) 31(2)
11 Cu (20) Ag,0 (20) 75
12 Cu (20) Ag,0 (10) 64 (4)
13 Cu (30) Ag,0 (30) 90 (3)
14 Cu (20) Ag,0 (20) 66 (8)

? Reaction conditions: p-chloroiodobenzene (0.5 mmol), CF;COONa
(2 mmol), and DMF (2 mL) under argon reacted at 130 °C for 15 h.
Yield was determined by GC-MS.

® 20 mol% ligand (phen) was added.
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the most convenient, inexpensive, and readily available
source of the trifluoromethylation for both industrial and
medicinal purposes. Moreover, decarboxylation by heat-
ing copper salts with sodium trifluoroacetate form a triflu-
oromethyl source that can be trapped with various organic
substrates.!® However, these protocols still had the draw-
back of requiring high reaction temperatures and use of
stoichiometric amounts of copper. Most recently, Cu- and
Ag-catalyzed decarboxylative C—C bond forming reac-
tions have been investigated largely through the efforts of
Goossen®! and others.?

The goal of this work is to use copper and silver salts as
catalysts for developing decarboxylative trifluoromethy-
lation of organic halides with sodium trifluoroacetate un-
der mild conditions.

We chose the model coupling between p-chloroiodo-
bezene and sodium trifluoroacetate to optimize the reac-
tion condition. We started our experiment with and
without ligand (Table 1, entries 1, 2). The addition of
ligand did not enhance the yield of trifluoromethylation
product as compared to the ligand-free conditions. We
speculated that co-ordinating ligand might inhibit decar-
boxylation of sodium trifluoroacetate or quenched the in-
termediate CuCF; at high temperature.

To our delight, in the presence of 10 mol% Ag,0 as an ad-
ditive, the yield of p-chlorotrifluorobezene was enhanced
to 57% (Table 1, entry 3); 3% byproduct of the reduction
was detected by GC-MS. Other silver salt such as Ag,CO;
and AgOAc showed similar effect (Table 1, entries 4, 5),
while Agl was less effective (Table 1, entry 6). The exper-
imental results indicated that Ag,0 was crucial for the
success of Ar—CF; bond forming. We supposed that the
activation energy of decarboxylation of sodium trifluoro-
acetate to generate AgCF; in situ is lower than that of
CuCeF;. In addition, the formation of Agl precipitation ac-
celerated the process of reductive elimination.

Different copper catalysts were investigated, and either
Cul or Cu powder is effective in this procedure. After con-
sidering the cost and atom economical, we choose copper
powder as the main catalyst. If only silver oxide was used
as the catalyst, no product was detected in the absence of
copper (Table 1, entry 7).

To achieve maximum yield, various amount of Ag,0O and
Cu was used to probe the optimal conditions. It was found
that when 30 mol% copper and 30 mol% Ag,0 were used
as catalysts, the highest yield (90%) was obtained
(Table 1, entry 13). Therefore, the optimized conditions
were as following: copper (30 mol%) and silver oxide (30
mol%) in DMF at 130 °C for 15 hours.

[ Cu (30-40 mol%) CFs
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Scheme 2 Cu(0)/Ag,0-catalyzed trifluoromethylation of aromatic halides with sodium trifluoroacetate.>>> Reagents and conditions: * Cu
(30 mol%), Ag,O (30 mol%); ® Cu (40 mol%), Ag,O (40 mol%); ¢ NMR yield measured by '°F NMR relative to the 2,2,2-trifluoroethanol in-

ternal standard; 9 Isolated yields.
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With the optimal reaction conditions, we turned our atten-
tion to the scope of this transformation (Scheme 2). Both
electron-rich and electron-deficient aryl iodides could
give the expected trifluoromethylation products in good to
excellent yields, such as the isolated yields of trifluoro-
methyl bisphenyl (2p), diaryl ether (2q), and aryl sulfides
(2r) were 90%, 93%, and 95%, respectively. The proce-
dure tolerated a range of functional groups, such as chlo-
ro, nitril, ester, nitro, alkyl, alkoxy, and dialkylamine
groups.

However, substrates with nitro substituent and electron-
deficient iodoheterocycles did not give good results. We
supposed that the Ullmann homocoupling reaction was
also activated especially for electron-deficient aryl io-
dides under these conditions. Dehalogenation and the bi-
phenyl byproducts were observed as well. For the
substrates with electron-donating groups, 40 mol% cop-
per source and 40 mol% Ag,0 were required to achieve
full conversion. The steric hindrance at the phenyl ring
had little effect on this reaction. For example, 2d, 2f, and
2h gave the corresponding products in 70%, 90%, and
87% yields, respectively, showing that this catalytic sys-
tem was not sensitive to the steric effect for trifluoro-
methylation reaction.

In conclusion, we have discovered a general and efficient
method of Cu/Ag,0O-catalyzed decarboxylative trifluo-
romethylation reaction of aryl iodides. The functional-
group tolerance and broad substrate scope are the advan-
tages of this process. Our future efforts will be directed to
systematically explore the effects of additives, ligand
modifications, and substrate scope on the reaction.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett.
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General Procedure for the Preparation of Aryl
Trifluoromethylation Derivatives

Method A for the Electron-Deficient Aryl Iodides
(Compounds 1a—e,l-n,p-r)

A flame-dried Schlenk test tube with a magnetic stirring bar
was charged with Cu (9.6 mg, 0.15 mmol), Ag,0 (34.8 mg,
0.15 mmol), aromatic halides (0.5 mmol), sodium trifluoro-
acetate (272 mg, 2.0 mmol), and DMF (2 mL) under argon.
Method B for Electron-Rich Aryl Iodides (Compounds
1f-k,0)

A flame-dried Schlenk test tube with a magnetic stirring bar
was charged with Cu (12.8 mg, 0.2 mmol), Ag,0 (46.4 mg,
0.2 mmol), aromatic halides (0.5 mmol), sodium trifluoro-
acetate (272 mg, 2.0 mmol), and DMF (2 mL) under argon.
After reacting at 130 °C for 15 h, the reaction mixture was
cooled to ambient temperature, and extracted with EtOAc
(3 X 20 mL). The combined organic layers were dried over
anhyd Na,SO, and concentrated under vacuum. The residue
was purified by column chromatography on silica gel with
an eluent of PE and EtOAc.

After the reaction mixture was cooled to r.t., the yields of
compounds 2a-f h,i,] were determined by °F NMR with
CF;CH,OH (0.5 mmol, 36 pL) as internal standard due to
their low bp; compounds 2a,d,h are also commercial
available.
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(25) 1,3-Dimethoxy-5-(trifluoromethyl)benzene (2g)
Following the general procedure (method B) NMR yield:
82%. '"H NMR (400 MHz, CDCl;): $=6.74 (2 H,d, J= 1.6
Hz), 6.59 (1 H,t,J=2.0 Hz), 3.81 (6 H, s). *C NMR (100

Synlett 2011, No. 12, 1713-1716 © Thieme Stuttgart - New York

MHz, CDCly): 8 = 161.2, 132.6 (q, / =30 Hz), 124.1 (q,
J=270Hz), 103.8, 103.4, 55.7. YF NMR (376 MHz,
CDCl,): 6 =-63.4 (3 F, 5). HRMS (GC-TOF MS, EI):
m/z calcd for CogHgO,F;: 206.0555; found: 206.0546.
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