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Copper-Promoted Conversion of Aromatic Amines into
Trifluoromethylated Arenes: One-Pot Sandmeyer
Trifluoromethylation
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A simple copper-promoted one-pot Sandmeyer trifluoromethylation of aromatic amines with Langlois’ reagent

has been demonstrated. The reaction is performed in mild reaction conditions under an air atmosphere with good

substrate scope and functional group compatibility. It provides an alternative and straightforward synthetic approach

to access a variety of trifluoromethylated arenes.
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Introduction

Organofluorine compounds are biologically im-
portant due to their ubiquity in many top-selling phar-
maceuticals, agrochemicals and functional materials.'"!
Among the commonly familiar fluoroalkyl groups, the
trifluoromethyl (CF3) group has occupied a significant
segment, because CF3; group could enhance the meta-
bolic stability, lipophilicity and bioavailability of the
parent molecules.”! However, CF3-containing com-
pounds are absent in nature, which accounts for the vital
importance of developing efficient methods to introduce
CF; group into parent structures.'”! The traditional
methods for incorporation of CF; group into aromatic
backbones are Swarts-type reactions. However, this re-
action requires chlorine-fluorine exchange in the pres-
ence of HF under harsh conditions and has a relatively
narrow substrate scope (Figure 1a).!*"! Such process is
not appropriate for late-stage incorporation of a CF;
group into an aromatic structure. To solve the problem,
methods for direct trifluoromethylation of aromatic
compounds have been developed. A commonly applied
approach is transition-metal-promoted or transi-
tion-metal-catalyzed trifluoromethylation of aryl halides
with CF; reagents (Figure 1b),"”) most of which involve
an MCF; intermediate that is generated in situ or
preisolated. Meanwhile, closely related methods for
conversion of boron group into a CF; group have also
been disclosed (Figure 1c).!®! This transformation is

ZY
2
Y

CCly
\ / NH, (a) HF \|/ Hal
© Swarts
Y. reaction  ~&
REIARN &>
%7 9 O &
‘941, S R Qb\
0’4 X AN R
3 B
“ N\ / [Cu] N\ /
Q4 o, B = B(OH),, Bpin
\o‘\ :;_': —_ O’S,,
R ¢ o ) R
o NH < '|'
2
N\ / \ / H
R
\ / NH2

Figure 1 Methods for aryl trifluoromethylation.

usually accomplished by cross-coupling of aryl anion
with electrophilic CF; sources ( CF ) or oxidative
Chan-Lam-type coupling of aryl anion with nucleophilic
CF; reagents (CF; ). Moreover, a distinct approach to
incorporate the CF5 group is the radical trifluoromethyl-
ation of an aromatic C—H bond via transition-metal-
catalyzed/promoted or transition-metal-free procedure
(Figure 1d).V  Although significant advances in
aromatic trifluoromethylation have been made, for fur-
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ther improvement of the flexibility and selectivity of the
trifluoromethylation process, it remains important to
explore the conversion of other functional groups into
CF; group.

Aromatic amines are inexpensive and readily availa-
ble substrates. It is well known that the aromatic amino
group can be easily converted into various functional
groups such as hydroxyl, halogen, cyano, borate, and
azido groups.® This transformation usually goes
through two reaction steps. The first one is the diazoti-
zation of aromatic amines with nitrous acid or alkyl
nitrite, generating the aryl diazonium salts which are
important intermediates in organic synthesis. The se-
cond step is the conversion of diazonium group into
target functional groups. Since the first discovery by
Griess in 1858, aryl diazonium salts have been exten-
sively studied and widely used for the preparation of
functionalized arenes.™” The conversion of anilines
into aryl halides or pseudohalides, known as the
Sandmeyer reaction,!'"! is the most prominent method
for functional group transformation. This classic trans-
formation is not only routinely practiced in research
laboratories but also widely applied in chemical industry.
The conversion of anilines into trifluoromethylated
arenes, recently called the Sandmeyer trifluoromethyla-
tion, has been witnessed as an efficient strategy for in-
corporation of CF; into an aromatic ring.!'* Examples
are one pot trifluoromethylations of aromatic amines
with CF;" reagent (Umemoto's reagent) disclosed by
Fu’s group (Figure le),® and with CF  species
(Ruppert’s reagent (CF3;SiMes;) and CHF;) developed by
Wang et al.,"*™"*7 Goossen er al''**'*! and Grushin’s
groupmd] (Figure 1f). Another slightly cumbersome ap-
proach to access trifluoromethylated arenes is trifluo-
romethylation of arenediazonium tetrafluoroborates
preisolated from reaction of anilines and #-BuONO/
HBF,. Examples of this methodolog are developed by
Goossen ef al.”® and Qing’s group.[mh] Although the
Sandmeyer trifluoromethylations have been reported
independently by the aforementioned groups, method to
access trifluoromethylated arenes by one pot manner in
combination with the empolyment of ¢CF; species
hasn’t been revealed yet.

Herein, we want to report the copper-promoted tri-
fluoromethylation of aromatic amines, which can pro-
ceed via the reaction of active *CF; species with aryl
diazonium salts generated in situ from the reaction of
aniline derivatives and NaNO,/HCI. To establish this
protocol, we pay attention to search for a practical po-
tential source of *CF;. Several documents have shown
that the incorporation of NaSO,CF; (Langlois’ reagent)
and TBHP (-BuOOH) can generate trifluoromethyl
radical at room temperature under ambient air and
moisture.’*"*) We reason that trifluoromethylation of
anilines could achieve selectively in the presence of Cu
salt, NaSO,CF; and TBHP (Figure 1g).
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Experimental

General information

All reagents were obtained commercially and used
without further purification. Column chromatography
was carried out on silica gel (200—300 mesh). 'H NMR
sEectra were recorded on 400 MHz in CDCl; or DMSO.
PF spectra were recorded on 376 MHz in CDCl; or
DMSO. *C NMR spectra were recorded on 101 MHz in
CDCl; or DMSO. Chemical shifts (J) were recorded
with tetramethylsilane (TMS) as the internal reference
standard. Multiplicities are given as: s (singlet), d (dou-
blet), t (triplet), dd (doublet of doublets), dq (doublet of
quartets), q (quartet) or m (multiplet).

General procedure for the synthesis of the products

Aromatic amine (0.5 mmol) and aq. HCI (28% in
water, 1.0 mmol) were placed in a round-bottom flask
equipped with a stirring bar at 0 ‘C. A minute later,
NaNO; (0.55 mmol) was added to the reaction flask and
continued to react for 20 min. To this solution were
added NaHCO; (0.4 mmol), NaSO,CF; (1.5 mmol),
CuCl (0.3 mmol), TBHP (2.5 mmol) and CH3CN (5 mL)
in turn. The reaction mixture was stirred at ambient
temperature for 20 h. Then the resulting mixture was
filtered through a short pad of celite and rinsed with
diethyl ether (15 mL). The filtrate was washed with wa-
ter (3X10 mL) and brine (10 mL). The organic layer
was dried over Na,SQy,, filtered and concentrated under
vacuum (low temperature). The residue was further pu-
rified by flash chromatography (silica gel, petroleum
ether/ethyl acetate gradient) to give the rt)ure products.

4-(Trifluoromethyl)biphenyl (3a)!'""! Colorless
solid, 0.090 g, 81%. '"H NMR (400 MHz, CDCl;) o:
7.75 (d, J=8.4 Hz, 4H), 7.64 (d, J=7.7 Hz, 2H), 7.52 (4,
J=17.6 Hz, 2H), 7.48—7.42 (m, 1H); ’F NMR (376
MHz, CDCls) 8: —62.38 (s, 3F); °C NMR (101 MHz,
CDCly) d: 144.77 (s), 139.79 (s), 129.38 (q, J=32.5 Hz),
128.21 (s), 127.44 (s), 127.30 (s), 125.73 (q, /J=3.8 Hz),
124.3 (q, J=272.0 Hz).

4-Chlorobenzotrifluoride (3b)[14] Colorless liquid,
55% (Yield determined by '°F NMR spectroscolpy using
1,3,5-trifluorobenzene as an internal standard). H NMR
(400 MHz, CDCl3) d: 7.59 (d, J=8.4 Hz, 2H), 7.47 (d,
J=8.5 Hz, 2H); "’F NMR (376 MHz, CDCls) 5: —62.84
(s, 3F); *C NMR (101 MHz, CDCl3) 8: 138.1 (s), 129.0
(s), 129.1 (q, J=32.5 Hz), 126.6 (q, J=3.8 Hz), 123.8
(q, J=272.0 Hz).

4-Bromobenzotrifluoride (3c)[ Colorless liquid,
61% (Yield determined by '°F NMR spectroscolpy using
1,3,5-trifluorobenzene as an internal standard). H NMR
(400 MHz, CDCls) ¢: 7.68—7.60 (m, 2H), 7.51 (d, J=
8.4 Hz, 2H); ’F NMR (376 MHz, CDCl;) d: —63.00 (s,
3F); ¥C NMR (101 MHz, CDCls) 6: 132.0 (s), 129.6 (q,
J=32.5 Hz), 126.8 (m), 126.4 (m), 123.9 (q, J=272.0
Hz).

4-Trifluoromethyltoluene (3d)[14] Colorless liquid,
75% (Yield determined by '’F NMR spectroscopy using

15]
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1,3,5-trifluorobenzene as an internal standard). "H NMR
(400 MHz, CDCl;) o: 7.58 (d, J=28.0 Hz, 2H), 7.33 (d,
J=8.0 Hz, 2H), 2.47 (s, 3H); "F NMR (376 MHz,
CDCl3) 6: —62.38 (s, 3F); *C NMR (101 MHz, CDCls)
0: 142.1 (s), 129.3 (s), 127.9 (q, J=32.5 Hz), 125.1 (q,
J=3.8 Hz), 124.5 (q, J=272.0 Hz).
4-Trifluoromethylanisole (3e)"'?' Colorless liquid,
67% (Yield determined by '’F NMR spectroscolpy using
1,3,5-trifluorobenzene as an internal standard). 'H NMR
(400 MHz, CDCl;) o: 7.60 (d, J=8.8 Hz, 2H), 7.00 (d,
J=8.7 Hz, 2H), 3.87 (s, 3H); "F NMR (376 MHz,
CDCl3) 6: —61.56 (s, 3F); *C NMR (101 MHz, CDCls)
0: 162.1 (s), 126.8 (q, J=3.8 Hz), 124.6 (q, J=272.0
Hz), 122.8 (q, J=32.5 Hz), 113.9 (s), 55.1 (s).
4-(Trifluoromethyl)benzonitrile (31’)[15] White
solid, 0.039 g, 46%. 'H NMR (400 MHz, CDCl;) 6
7.83 (d, J=8.2 Hz, 2H), 7.78 (d, J=8.3 Hz, 2H); "F
NMR (376 MHz, CDCl;) 6: —63.55 (s, 3F); °C NMR
(101 MHz, CDCl,) ¢: 134.5 (q, J=32.5 Hz), 132.7 (s),
126.2 (q, J=3.8 Hz), 123.1 (q, J=272.0 Hz), 117.4 (s),
116.1 (s).
1-Nitro-4-(trifluoromethyl)benzene @3
White solid, 0.030 g, 32%. '"H NMR (400 MHz, CDCl;)
5: 8.37 (d, J=8.7 Hz, 2H), 7.86 (d, J=8.8 Hz, 2H); "°F
NMR (376 MHz, CDCLy) d: —63.31 (s, 3F); °C NMR
(100 MHz, CDCl3) ¢: 150.0 (s), 136.0 (q, J=32.5 Hz),
126.7 (q, J=3.8 Hz), 124.0 (s), 127.3 (q, J=272.0 Hz).
1-(4-(Trifluoromethyl)phenyl)ethanone (3h)[14]
Colorless solid, 0.069 g; 73%. 'H NMR (400 MHz,
CDCl) o: 8.00 (d, J=7.9 Hz, 2H), 7.66 (d, J=38.1 Hz,
2H), 2.66—2.58 (m, 3H); "’F NMR (376 MHz, CDCl5)
5: —63.18 (s, 3F); °C NMR (101 MHz, CDCl5) J: 196.8
(s), 139.6 (s), 134.2 (q, J=32.5 Hz), 128.5 (s), 125.5 (q,
J=3.8 Hz), 123.5 (q, J=272.0 Hz), 26.5 (s).
3-Trifluoromethylpyridine (3i)">! Colorless lig-
uid, 19% (Yield determined by F NMR spectroscopy
using 1,3,5-trifluorobenzene as an internal standard). H
NMR (400 MHz, CDCl;) o: 8.88—8.65 (m, 2H), 7.90—
7.79 (m, 1H), 7.39—7.30 (m, 1H); '°’F NMR (376 MHz,
CDCl3) 6: —63.03 (s, 3F); *C NMR (101 MHz, CDCls)
0: 152.8 (s), 146.5 (q, J=3.8 Hz), 132.9 (m), 126.6 (q,
J=32.5Hz), 123.3 (q, J=272.0 HZ), 123.2 (s).
Trifluoromethylbenzene (3j)[1 ' Colorless liquid,
83% (Yield determined by '’F NMR spectroscolpy using
1,3,5-trifluorobenzene as an internal standard). 'H NMR
(400 MHz, CDCls) ¢: 7.76 (d, J=17.7 Hz, 2H), 7.64 (t,
J=17.4Hz, 1H), 7.57 (t, J=7.5 Hz, 2H); "°’F NMR (376
MHz, CDCls) 6: —62.91 (s, 3F); °C NMR (101 MHz,
CDClLs) d: 131.7 (s), 130.8 (q, J=32.5 Hz), 128.7 (s),
125.1 (q, J=3.8 Hz), 124.4 (q, J=272.0 Hz).

1,4-Bis(trifluoromethyl)benzene (3k)!'"  Color-

less liquid, 0.040 g, 37%. '"H NMR (400 MHz, CDCls) -

8.17 (s, 4H); "’F NMR (376 MHz, CDCL3) 6: —63.00 (s).

2-(Trifluoromethyl)naphthalene (31)[17] White
solid, 0.058 g, 59%. 'H NMR (400 MHz, CDCl;) o:
8.19 (s, 1H), 8.06—7.90 (m, 3H), 7.77—7.57 (m, 3H);
F NMR (376 MHz, CDCl;) 6: —62.24 (s, 3F); "°C
NMR (101 MHz, CDCly) &: 134.6 (g, J=0.9 Hz),
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132.20 (s), 129.0 (s), 128.8 (s), 128.0 (s), 127.9 (s),
127.7 (q, J=32.5 Hz), 127.1 (s), 125.6 (q, J=4.6 Hz),
124.4 (q, J=272.0 Hz), 121.4 (q, J=3.8 Hz).

6-(Trifluoromethyl)quinolone (3m)[12°] White
solid, 0.050 g, 46%. '"H NMR (400 MHz, CDCl;) o:
8.91 (s, 1H), 8.06 (d, J=8.5 Hz, 2H), 7.79 (s, 1H), 7.66
(s, 1H), 7.43 (s, 1H); ’F NMR (376 MHz, CDCLy) ¢
—62.32 (s).

4-(Triﬂuorometh?fl)benzoic acid (3n)!"*Y  White
solid, 0.067 g, 70%. H NMR (400 MHz, DMSO-dj) ¢:
13.47 (s, 1H), 8.13 (d, J=8.1 Hz, 2H), 7.89—7.82 (m,
2H); "F NMR (376 MHz, DMSO-d;) d: —61.72 (s, 3F);
C NMR (101 MHz, DMSO-dy) d: 166.6 (s), 135.0 (s),
133.0 (q, J=32.5 Hz), 130.5 (s), 126.0 (s), 124.2 (g, J=
272.0 Hz).

3-(Trifluoromethyl)benzoic acid (30)'*  White
solid, 0.054 g, 57%. 'H NMR (400 MHz, CDCl;) o:
12.22 (br s, 1H), 8.60—8.23 (m, 2H), 7.91 (d, J=7.8
Hz, 1H), 7.67 (t, J=7.8 Hz, 1H); '°’F NMR (376 MHz,
CDCly) 6: —62.91 (s, 3F); *C NMR (101 MHz, CDCls)
0: 171.1 (s), 133.4 (s), 131.3 (q, J=32.5 Hz), 130.4 (q,
J=3.6 Hz), 130.1 (s), 129.2 (s), 127.2 (q, J=3.8 Hz),
123.6 (q, J=272.0 Hz).

2-(Trifluoromethyl)benzoic acid (3p)"'°! White
solid, 0.061 g, 64%. 'H NMR (400 MHz, CDCl;) o:
10.86 (br s, 1H), 8.02 (br s, 1H), 7.83 (br s, 1H), 7.70
(br s, 2H); '°’F NMR (376 MHz, CDCLy) &: —59.32 (s,
3F); *C NMR (101 MHz, CDCl3) 6: 172.1 (s), 132.2 (s),
131.8 (s), 131.2 (s), 129.6 (q, J/=1.8 Hz), 129.5 (q, J=
32.5 Hz), 127.0 (q, J=5.6 Hz), 123.2 (q, J=272.0 Hz).

Methyl  4-(trifluoromethyl)benzoate  (3q)!"*
Colorless liquid, 0.069 g, 68%. 'H NMR (400 MHz,
CDCl) o: 8.06 (d, J=7.1 Hz, 2H), 7.62 (d, J/=7.1 Hz,
2H), 3.89 (ddd, J=6.8, 5.3, 3.6 Hz, 3H); '°’F NMR (376
MHz, CDCls) 8: —63.55 (s, 3F); °C NMR (101 MHz,
CDCly) 6: 165.5 (s), 134.2 (q, J=32.5 Hz), 133.3 (s),
129.8 (s), 125.2 (q, J=3.8 Hz), 123.6 (q, J=272.0 Hz),
52.1 (s).

Ethyl 4-(trifluoromethyl)benzoate (3r)[15] Light
yellow liquid, 0.067 g, 61%. 'H NMR (400 MHz,
CDCl) o: 8.22—8.11 (m, 2H), 7.67 (t, J=5.4 Hz, 2H),
4.45—437 (m, 2H), 1.44—1.37 (m, 3H); “F NMR
(376 MHz, CDCly) 6: —63.33 (s, 3F); *C NMR (101
MHz, CDCl;) o: 165.2 (s), 134.3 (q, J=32.5 Hz), 133.7
(s), 129.8 (s), 125.2 (m), 123.6 (q, J=272.0 Hz), 61.41
(s), 14.03 (s).

1-Ethynyl-4-(trifluoromethyl)benzene (3s)!'2
Colorless liquid, 0.030 g, 36%. 'H NMR (400 MHz,
CDCly) 6: 7.61 (s, 4H), 3.22 (s, 1H); "’F NMR (376
MHz, CDCls) 8: —63.01 (s, 3F); °C NMR (101 MHz,
CDCly) o: 132.4 (s), 130.8 (q, J=32.5 Hz), 125.2 (q,
J=3.8 Hz), 124.5 (q, J=272.0 Hz), 82.2 (s), 79.6 (8).

1-(Trifluoromethyl)-4-vinylbenzene (3t)[12b] Vol-
atile compound, 0.005g, 6%. F NMR (376 MHz,
CDCls) 6: —62.06 (s, 3F). EI-MS (m/z): 172 (M").

3-Bromobenzotrifluoride (3v)!'"™  Colorless oil,
0.024 g, 22%. '"H NMR (400 MHz, CDCls) &: 7.65 (s,
1H), 7.58—7.52 (m, 2H), 7.45 (t, J=7.9 Hz, 1H); “°F
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NMR (376 MHz, CDCly) 6: —62.98 (s, 3F); °C NMR
(100 MHz, CDCls) &: 134.9 (s), 132.3 (q, J=32.5 Hz),
132.0 (s), 130.2 (s), 125.6 (q, J=3.8 Hz), 123.4 (q, J=
3.8 Hz), 123.3 (q, J=272.0 Hz).

3-Trifluoromethyltoluene (3w)[ Colorless lig-
uid, 0.059 g, 74%. '"H NMR (400 MHz, CDCls) 6:
7.48—7.37 (m, 4H), 2.44 (s, 3H); '°F NMR (376 MHz,
CDCl;) 8: —62.64 (s, 3F); °C NMR (100 MHz, CDCls)
51 138.7 (s), 132.4 (s), 130.5 (q, J=32.5 Hz), 128.6 (s),
125.7 (q, J=3.8 Hz), 124.4 (q, J=272.0 Hz), 122.3 (q,
J=3.8 Hz), 21.3 (s).

Methyl-3-(trifluoromethyl)benzene (3x)!'"* Col-
orless liquid, 0.060 g, 68%. '"H NMR (400 MHz, CDCl5)
5: 7.42 (t,J=8.0 Hz, 1H), 7.25 (d, J=7.7 Hz, 1H), 7.18
(s, 1H), 7.11 (d, J=8.3 Hz, 1H), 3.87 (s, 3H); ’F NMR
(376 MHz, CDCl3) &: —62.76 (s, 3F); >C NMR (100
MHz, CDCl;) 6: 159.8 (s), 131.8 (q, J=32.5 Hz), 129.9
(s), 124.1 (q, J=272.0 Hz), 117.5 (s), 117.3 (q, J=3.8
Hz), 110.7 (g, J=3.8 Hz), 55.3 (s).

12c]

Results and Discussion

We initiated our study on the model reaction of Na-
SO,CF; with biphenyl diazonium salt generated in situ
by treatment of 4-biphenylamine and NaNO,/HCI at
0 °C. To our delight, the trifluoromethylated product 3a
was obtained in 33% yield when the reaction was car-
ried out in DMSO in the presence of CuCl and TBHP.
Inspired by this result, we further tested the effect of
different solvents, copper salts, and additives. As pre-

sented in Table 1, the conversion worked in a range of
solvents such as toluene, DMSO, DMF and CH;CN,
and afforded the desired product in 19%—69% isolated
yields based on the aromatic amine (Table 1, Entries
1—35). Significantly, employment of CH3CN as reaction
solvent gave a best yield for this transformation. In fur-
ther screening the effect of different promoters, CuCl
was proved to be more efficient comparing with other
copper salts such as CuBr, Cu(OTf),, CuCl,, CuBr,,
CuO, and Cu(OAc), (Table 1, Entries 6—11). Examin-
ing the effect of inorganic base led to arriving at much
improved condition in which 3a was obtained in 79%
yield when the reaction was carried out using NaHCO3
as additive (Table 1, Entry 14). After screening of Na-
SO,CF;, TBHP and NaHCOj; loading, the best outcome
was found when 4-biphenylamine reacted with 3 equiv.
of NaSO,CFj3, 5 equiv. of TBHP, and 0.8 equiv. of Na-
HCOj; using CuCl as a promoter in CH;CN (Table 1,
Entry 23). It is worth mentioning that no desired product
was observed in the absence of copper salts (Table 1,
Entry 24). Some important features of this protocol
should be demonstrated here. Firstly, the reaction was
performed under an air atmosphere without any purifi-
cation of the commercial solvents and reagents. Moreo-
ver, the transformation was conducted under mild reac-
tion conditions and gave 4-(trifluoromethyl)-1,1'-biphe-
nyl in good yield.

With optimized conditions established (Table 1, En-
try 23) for the Sandmeyer trifluoromethylation, we
subsequently investigated the scope of aromatic amine

Table 1 Optimization of reaction conditions for the trifluoromethylation of 1a“

aq. HCI/NaNO,

0 °C (ice salt bath)

(O-Orie

NaSO,CF3/TBHP
Cu salt/base

solvent, r.t., 20 h

1a 20 min 2a diazonium salt %

Entry Cu salt Base Solvent 7/'C Yield/% Entry Cu salt Base Solvent 7/'C Yield/%
1 CuCl — DMSO 0—r.t. 33 13 CuCl K,CO; CH;CN  0—rt. 46
2 CuCl — DMF 0—r.t. 46 14 CuCl NaHCO; CH;CN  0—rt. 79
3 CuCl — CH;CN 0—rt. 69 15 CuCl KHCO; CH;CN  0—rt. 57
4 CuCl — Toluene 0—r.t. 19 16 CuCl NaOH CH;CN 0—r.t. 27
5 CuCl — CH;CN 0—40C 54 17 CuCl KOH CH;CN  0—rt. 29
6 CuBr — CH;CN 0—r.t. 14 18° CuCl NaHCO; CH;CN  0—r.t. 67
7 Cu(OTf), — CH;CN 0—rt. 39 19¢ CuCl NaHCO; CH;CN  0—r.t. 78
8 CuCl, — CH;CN 0—rt. 47 20° CuCl NaHCO; CH;CN  0—r.t. 75
9 CuBr, — CH;CN 0—r.t. 25 217 CuCl NaHCO; CH;CN  0—rt. 79
10 CuO — CH;CN 0—r.t. 31 228 CuCl NaHCO; CH;CN  0—rt. 70
11 Cu(OAc), — CH;CN 0—rt. 33 23" CuCl NaHCO; CH;CN 0—r.t. 81
12 CuCl Na,CO; CH;CN 0—r.t. 61 24 none NaHCO; CH;CN  0—rt. 0

“ Conditions: preparation of the diazonium salt: 4-biphenylamine 1a (0.5 mmol), aq. HCI (28% in water, 1.0 mmol), NaNO, (0.55 mmol),
solvent, 0 C (ice salt bath), 20 min; Cu salt (0.6 mmol), base (0.6 mmol, 1.0 mL H,0), NaSO,CF; (1.5 mmol), TBHP (2.5 mmol), sol-
vent, temp., 20 h under an air atmosphere. ® Yields of isolated pure products. ¢ 1.0 mmol NaSO,CF; was used. ¢ 2.0 mmol NaSO,CF; was
used. ¢ 2.0 mmol TBHP was added.” 3.0 mmol TBHP was added. ¢ 0.3 mmol NaHCO; was used. " 0.4 mmol NaHCO; was used.
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derivatives (Table 2). It was found that aromatic amines
bearing electron-withdrawing groups such as halogens,
cyano, nitro, acyl, trifluoromethyl, esters, and even car-
boxyl worked well under standard reaction conditions,
giving the corresponding trifluoromethylated products
(3b—3c, 3f—3h, 3k, 3n—3r and 3v) in modest to good
yields. Meanwhile, trifluoromethylation of aniline
derivatives containing electron-donating groups includ-
ing aryl, alkyl and alkoxy afforded the desired trifluo-
romethylated products (3a, 3d—3e, 31 and 3w—3x) in
59%—81% yields. In some previous reports, NaSO,CF;
in combination with TBHP was proven to be capable of
trifluoromethylating the aromatic or heteroaromatic C—
H bond under transition-metal-catalyzed/promoted or
transition-metal-free  conditions.’*"**"*®*  However,
under the present condition, all the C—H bonds were
inert to the trifluoromethylation process. The reaction
also tolerated well multiple bond such as C=C triple
bond, giving the trifluoromethylated product 3s in mod-
est yields. In regard to 4-vinylaniline 1t, the trifluoro-
methylated products were very complicated (The for-
mation of compound 3t was confirmed by PF NMR
comparing with the previously reported data).[lzb] This
may be due to the competitive substitution of —N,"
and radical addition to C=C double bond in the vi-

nylbenzenediazonium. In the case of heteroaromatic
amines (including 3-aminopyridine 2i and 6-aminoqui-
noline 2m), the transformation was still efficient to
produce the corresponding trifluoromethylated products
in spite of a decrease in the reaction yield, presumably
attributed to the protonation of the nitrogen heteroatom
during the diazotization. For heteroaromatic amine such
as adenine 1u, the trifluoromethylation process was
completely shut down as a result of the strong protona-
tion of heterocyclic nitrogen atoms. All the products
were obtained in sufficiently pure form. Only for some
simple, low-boiling substrates, the yields of the products
were determined by YF NMR spectroscopy using
1,3,5-trifluorobenzene as an internal standard.

To shed light on the mechanism of the reaction, the
following experiments were performed (Figure 2).
Firstly, 4 equiv. of radical scavenger TEMPO was in-
troduced to standard trifluoromethylation reaction (Fig-
ure 2a), no desired product 3j was detected in F NMR
spectroscopy. Meanwhile, a signal at § —56.18 ascribing
to TEMPO-CF; 4 was observed."'* This result indi-
cates CF; radical should be a key species for the tri-
fluoromethylation of aromatic amine. On the other hand,
the reaction of Langlois’ reagent, TBHP and CuCl in
addition of TEMPO was examined (Figure 2c). The

Table 2  Substrate scope of copper-promoted trifluoromethylation of aromatic amines”

R R CuCl/NaHCO; R
—|— aq., HCI/NaNO, —|— . - NaSO,CF3/TBHP —|—
\ /NH: \ ) NLCI \ |/ CFs
0 °C (ice salt bath) CHsCN, r.t,, 20 h
1 20 min 3
diazonium salt
CF
SLEN o S > S No SN o sl o o
O cl Br ~o NC
32 81%P 3b, 55%° 3c, 61%° 3d, 75%° 3e, 67%° 3f, 46%"
, ()
: _CF, Y©/CF3 | ~CFs ©/CF3 /©/0F3 CF3
~
O2N 8 N FsC
3g, 32%" 3h, 73%b 3i, 19%° 3j, 83%° 3k, 37%” 31, 59%”
N CFq CF4 CFs FaC CFs CFq
(:@/ /©/ D 0 ~_©
N HOOC HOOC
%P 3n, 70%P HOOC ob o 0
3m, 46% n, o 30, 57%b 3p, 64% 3q, 68%b 3r’ 61%b
CF
CFs CFs : Br CF3 CFs _o CF,
x N N> \©/
| /
=z LA~ b
3s, 36%" 3t, 6%° 3u. 0% 3v, 22%" 3w, 74% 3x, 68%”

“Conditions: preparation of the diazonium salts: aromatic amines (0.5 mmol), ag. HCI (28% in water, 1.0 mmol), NaNO, (0.55 mmol),
CH;CN, 0 C (ice salt bath), 20 min; CuCl (0.6 mmol), NaHCO; (0.4 mmol, 1.0 mL H,0), NaSO,CF; (1.5 mmol), TBHP (2.5 mmol)
and CH;CN, at room temperature, 20 h under an air atmosphere. ® Yields of isolated pure products. ¢ Yields determined by °F NMR spec-

troscopy using 1,3,5-trifluorobenzene as an internal standard.
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generation of TEMPO-CF; 4 was also confirmed by "°F
NMR. However, when treating Langlois’ reagent with
TBHP and TEMPO without addition of CuCl (Figure
2b), no reaction was observed. Thus, these experiments
imply the generation of CF; radical when Langlois’ re-
agent is treated with TBHP in the presence of CuCl.

-
NH, N,Cl
HCI/NaNO, standard condition
_—
TEMPO
1j 2j
CF3
O - YOY @
o)
o “CF,
3j, 0% 4
TEMPO + TBHH,P+ NaSO,CF; —> norxn (b)

1.0 equiv. 5.0equiv. 1.2 equiv.

CuCl (1.5 equiv.)

TEMPO + TBHH,P+ NaSO,CF3 4 (©

1.0 equiv. 5.0 equiv. 1.2 equiv.

Figure 2 Trapping of CF; radical with TEMPO.

Based on the results described above and the previ-
ous documents,'**'¥ a plausible mechanism for the
copper(l)-promoted Sandmeyer trifluoromethylation
was illustrated in Figure 3. Firstly, the diazotization of
aromatic amines afforded the diazonium salts 2. Then
Cu(I)-mediated single electron transfer (SET) with 2
generated the diazo radical, which released nitrogen gas
to form the aryl radical. On the other hand, the reaction
of NaSO,CF; and TBHP released the CF5 radical, which
subsequently reacted with Cu(l) species to generate the
corresponding Cu(II)CF; species. Finally, abstraction of
the trifluoromethyl group from the copper(Il) interme-
diate by aryl radical gave the desired products along
with a copper(I) species.

Cu
NaSO,CF3+TBHP u» -CF3

CuCl
. -
N,ClI N CF3

NH, ,
HCUNaNO, Wi XN, Cu(llCFs
[cu] - Cu(l)
1 2 SET 3

diazonium salt

Figure 3 Proposed mechanism for aryl trifluoromethylation.

Conclusions

In summary, we have developed a simple CuCl-
promoted one-pot Sandmeyer trifluoromethylation reac-
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tion of aromatic amines with Langlois’ reagent. The
reaction is operationally simple and proceeds well for a
range of different aromatic amine substrates with elec-
tron-donating groups as well as electron-withdrawing
groups in mild reaction conditions under an air atmos-
phere. Thus, this transformation is a valuable comple-
ment to the previously established Sandmeyer trifluoro-
methylation methods.

Acknowledgement

We acknowledge the financial support for this work
from the National Natural Science Foundation of China
(Nos. 21502070 and 21562041) and the Fundamental
Research Funds for the Central Universities (No.
JUSRP51626B).

References

[1] (a) Zhu, Y.; Loso, M. R.; Watson, G. B.; Sparks, T. C.; Rogers, R. B.;
Huang, J. X.; Gerwick, B. C.; Babcock, J. M.; Kelley, D.; Hegde, V.
B.; Nugent, B. M.; Renga, J. M.; Denholm, I.; Gorman, K.; DeBoer,
G. J.; Hasler, J.; Meade, T.; Thomas, J. D. J. Agric. Food Chem.
2011, 59, 2950; (b) Wu, T.; Yu, C.; Guo, Y.; Liu, H.; Yu, G; Fang, Y.;
Liu, Y. J. Phys. Chem. C 2012, 116, 22655; (c) Pinchman, J. R;
Boger, D. L. J. Med. Chem. 2013, 56, 4116; (d) Kolev, J. N.;
O’Dwyer, K. M.; Jordan, C. T.; Fasan, R. ACS Chem. Biol. 2014, 9,
164; (e) Li, S.; Ma, J.-A. Chem. Soc. Rev. 2015, 44, 7439; (f) Gil-
more, J. L.; Sheppeck II, J. E.; Watterson, S. H.; Haque, L.; Mukho-
padhyay, P.; Tebben, A. J.; Galella, M. A.; Shen, D. R.; Yarde, M.;
Cvijic, M. E.; Borowski, V.; Gillooly, K.; Taylor, T.; McIntyre, K. W.;
Warrack, B.; Levesque, P. C.; Li, J. P.; Cornelius, G.; D’Arienzo, C.;
Marino, A.; Balimane, P.; Salter-Cid, L.; Barrish, J. C.; Pitts, W. J.;
Carter, P. H.; Xie, J.; Dyckman, A. J. J. Med. Chem. 2016, 59, 6248;
(g) Wu, J; Cheng, Y.; Lan, J.; Wu, D.; Qian, S.; Yan, L.; He, Z.; Li,
X.; Wang, K.; Zou, B.; You, J. J. Am. Chem. Soc. 2016, 138, 12803;
(h) Yu, L.; Huang, M.; Xu, T.; Tong, L.; Yan, X.; Zhang, Z.; Xu, Y.;
Yun, C.; Xie, H.; Ding, K.; Lu, X. Eur. J. Med. Chem. 2017, 126,
1107.
(a) Schlosser, M. Angew. Chem., Int. Ed. 2006, 45, 5432; (b) Hird,
M. Chem. Soc. Rev. 2007, 36, 2070; (c) Miiller, K.; Faeh, C.;
Diederich, F. Science 2007, 317, 1881; (d) Purser, S.; Moore, P. R.;
Swallow, S.; Gouverneur, V. Chem. Soc. Rev. 2008, 37, 320; (e)
Meanwell, N. A. J. Med. Chem. 2011, 54, 2529, (f) Cametti, M.;
Crousse, B.; Metrangolo, P.; Milani, R.; Resnati, G. Chem. Soc. Rev.
2012, 41, 31.
[3] (a) Zhang, C.-P.; Chen, Q.-Y.; Guo, Y.; Xiao, J.-C.; Gu, Y.-C. Chem.
Soc. Rev. 2012, 41, 4536; (b) Hao, F.; Jiang, H.-W.; Zong, G.; Zhou,
Z.; Du, R.-B.; Chen, Q.-Y.; Xiao, J.-C. J. Org. Chem. 2012, 77, 3604;
(c) Wang, S.-M.; Han, J.-B.; Zhang, C.-P.; Qin, H.-L.; Xiao, J.-C.
Tetrahedron 2015, 71, 7949; (d) Yang, B.; Xu, X.-H.; Qing, F.-L.
Chin. J. Chem. 2016, 34, 465; (¢) Hu, M. Y.; Xie, Q. Q.; Li, X. J.; Ni,
C. F.; Hu, J. B. Chin. J. Chem. 2016, 34, 469; (f) Wei, Y.; Yu, L.; Lin,
J.; Zheng, X.; Xiao, J. Chin. J. Chem. 2016, 34, 481; (g) Gou, B.;
Yang, C.; Zhang, L.; Xia, W. Acta Chim. Sinica 2017, 75, 66; (h)
Rong, J.; Ni, C. F.; Wang, Y. Z.; Kuang, C. W.; Gu, Y. C.; Hu, J. B.
Acta Chim. Sinica 2017, 75, 105; (i) Kang, J.; Huang, D.; Wang, K.;
Su, Y.; Hu, Y.; Chang, Q. Chin. J. Org. Chem. 2017, 37, 103.
(a) Swarts, F. Bull. Acad. Roy. Belg. 1892, 24, 309; (b) Simons, J. H.;
Lewis, C. J. J. Am. Chem. Soc. 1938, 60, 492; (c) Sawada, H.; Na-
kayama, M.; Yoshida, M.; Yoshida, T.; Kamigata, N. J. Fluorine
Chem. 1990, 46, 423.
[5] (a) Wiemers, D. M.; Burton, D. J. J. Am. Chem. Soc. 1986, 108, 832;
(b) Grushin, V. V.; Marshall, W. J. J. Am. Chem. Soc. 2006, 128,

[2

—

[4

[}

Chin. J. Chem. 2017, XX, 1—7



Conversion of Aromatic Amines into Trifluoromethylated Arenes

CHINESE JOURNAL OF
CHEMISTRY

[}

—

[t

12644; (c) Furuya, T.; Kamlet, A. S.; Ritter, T. Nature 2011, 473,
470; (d) Tomashenko, O. A.; Escudero-Adan, E. C.; Belmonte, M.
M.; Grushin, V. V. Angew. Chem., Int. Ed. 2011, 50, 7655; (e) Besset,
T.; Schneider, C.; Cahard, D. Angew. Chem., Int. Ed. 2012, 51, 5048;
(f) Chen, M.; Buchwald, S. L. Angew. Chem., Int. Ed. 2013, 52,
11628; (g) Mormino, M. G;; Fier, P. S.; Hartwig, J. F. Org. Lett. 2014,
16, 1744; (h) Zheng, J.; Lin, J.-H.; Deng, X.-Y.; Xiao, J.-C. Org. Lett.
2015, 17, 532; (i) Liu, Y.; Shao, X.; Zhang, P.; Lu, L.; Shen, Q. Org.
Lett. 2015, 17, 2752; (j) Wang, J.; Zhang, X.; Wan, Z.; Ren, F. Org.
Process Res. Dev. 2016, 20, 836.

(a) Chu, L. L.; Qing, F. L. Org. Lett. 2010, 12, 5060; (b) Xu, J.; Luo,
D.; Xiao, B.; Liu, Z.; Gong, T.; Fu, Y.; Liu, L. Chem. Commun. 2011,
47, 4300; (c) Ye, Y.; Sanford, M. S. J. Am. Chem. Soc. 2012, 134,
9034; (d) Novak, P.; Lishchynskyi, A.; Grushin, V. V. Angew. Chem.,
Int. Ed. 2012, 51, 7767, (e) Li, Y.; Wu, L.; Neumann, H.; Beller, M.
Chem. Commun. 2013, 49, 2628; (f) van der Born, D.; Sewing, C.;
Herscheid, J. D. M.; Windhorst, A. D.; Orru, R. V. A.; Vugts, D. J.
Angew. Chem., Int. Ed. 2014, 53, 11046; (g) Arimori, S.; Shibata, N.
Org. Lett. 2015, 17, 1632; (h) Zhang, S.-L.; Bie, W.-F. Dalton Trans.
2016, 45, 17588.

(a) Wang, X. L.; Truesdale, X.; Yu, J. Q. J. Am. Chem. Soc. 2010,
132,3648; (b) Nagib, D. A.; MacMillan, D. W. C. Nature 2011, 480,
224; (c) Ji, Y.; Brueckl, T.; Baxter, R. D.; Fujiwara, Y.; Seiple, 1. B.;
Su, S.; Blackmond, D. G.; Baran, P. S. PNAS 2011, 108, 14411; (d)
Zhang, X. G; Dai, H. X.; Wasa, M.; Yu, J. Q. J. Am. Chem. Soc.
2012, /34, 11948; (e) Cheng, Y.; Yuan, X.; Ma, J.; Yu, S. Chem. Eur.
J. 2015, 21, 8355; (f) Li, L.; Mu, X.; Liu, W.; Wang, Y.; Mi, Z.; Li,
C.-1.J. Am. Chem. Soc. 2016, 138, 5809.

(a) Barbero, M.; Degani, I.; Dughera, S.; Fochi, R. J. Org. Chem.
1999, 64, 3448; (b) Wu, Z.; Glaser, R. J. Am. Chem. Soc. 2004, 126,
10632; (c) Barral, K.; Moorhouse, A. D.; Moses, J. E. Org. Lett.
2007, 9, 1809; (d) Mo, F.; Jiang, Y.; Qiu, D.; Zhang, Y.; Wang, J.
Angew. Chem., Int. Ed. 2010, 49, 1846; (e) Xu, W.; Xu, Q.; Li, J.
Org. Chem. Front. 2015, 2, 231.

[9] Griess, P. Justus Liebigs Ann. Chem. 1858, 106, 123.

Chin. J. Chem. 2017, XX, 1—7

[10]

(1]

[12]

[13]

[14]
[15]
[16]

[17]

©2017 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

(a) Qiu, D.; Meng, H.; Jin, L.; Wang, S.; Tang, S.; Wang, X.; Mo, F.;
Zhang, Y.; Wang, J. Angew. Chem., Int. Ed. 2013, 52, 11581; (b) Qiu,
D.; Wang, S.; Tang, S.; Meng, H.; Jin, L.; Mo, F.; Zhang, Y.; Wang, J.
J. Org. Chem. 2014, 79, 1979; (c) Wang, S.; Qiu, D.; Mo, F.; Zhang,
Y.; Wang, J. J. Org. Chem. 2016, 81, 11603; (d) Huang, L.; Rudolph,
M.; Rominger, F.; Hashmi, A. S. K. Angew. Chem., Int. Ed. 2016, 55,
4808; (e) Matheis, C.; Wagner, V.; Goossen, L. J. Chem. Eur. J.
2016, 22, 79.

(a) Sandmeyer, T. Ber. Dtsch. Chem. Ges. 1884, 17, 1633; (b)
Sandmeyer, T. Ber. Dtsch. Chem. Ges. 1884, 17, 2650.

(a) Dai, J.-J.; Fang, C.; Xiao, B.; Yi, J.; Xu, J.; Liu, Z.-J.; Lu, X.; Liu,
L.; Fu, Y. J. Am. Chem. Soc. 2013, 135, 8436; (b) Wang, X.; Xu, Y.;
Mo, F.; Ji, G; Qiu, D.; Feng, J.; Ye, Y.; Zhang, S.; Zhang, Y.; Wang,
J. J. Am. Chem. Soc. 2013, 135, 10330; (c) Danoun, G.; Bayarma-
gnai, B.; Grinberg, M. F.; Goossen, L. J. Angew. Chem., Int. Ed.
2013, 52, 7972; (d) Lishchynskyi, A.; Berthon, G.; Grushin, V. V.
Chem. Commun. 2014, 50, 10237; (e) Bayarmagnai, B.; Matheis, C.;
Risto, E.; Goossen, L. J. Adv. Synth. Catal. 2014, 356, 2343; (f)
Wang, X.; Xu, Y.; Zhou, Y.; Zhang, Y.; Wang, J. Synthesis 2014, 46,
2143; (g) Danoun, G.; Bayarmagnai, B.; Griinberg, M. F.; Matheis,
C.; Risto, E.; Goosen, L. J. Synthesis 2014, 46, 2283; (h) Zhang, K.;
Xu, X.-H.; Qing, F.-L. J. Org. Chem. 2015, 80, 7658.

(a) Langlois, B. R.; Laurent, E.; Roidot, N. Tetrahedron Lett. 1991,
32, 7525; (b) Fennewald, J. C.; Lipshutz, B. H. Green Chem. 2014,
16, 1097; (c) Dubbaka, S. R.; Salla, M.; Bolisetti, R.; Nizalapur, S.
RSC Adv. 2014, 4, 6496.

Li, X. J.; Zhao, J. G;; Zhang, L.; Hu, M. Y.; Wang, L. M.; Hu, J. B.
Org. Lett. 2015, 17, 298.

Morimoto, H. Y.; Tsubogo, T.; Litvinas, N. D.; Hartwig, J. F. Angew.
Chem., Int. Ed. 2011, 50, 3793.

Serizawa, H.; Aikawa, K.; Mikami, K. Chem. Eur. J. 2013, 19,
17692.

Natte, K.; Jagadeesh, R. V.; He, L.; Rabeah, J.; Chen, J. B.; Taesch-
ler, C.; Ellinger, S.; Zaragoza, F.; Neumann, H.; Brickner, A.; Beller,
M. Angew. Chem., Int. Ed. 2016, 55, 2782.

(Pan, B.; Fan, Y.)

www.cjc.wiley-vch.de 7



