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been developed for the decarboxylative tri-
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carboxylic acids by using NaSO,CF; as an
economic and stable CF; source. This
method does not require an inert atmos-
phere and proceeds well in air at ambient
temperature.
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A sustainable FeClz;-mediated method has been developed
for the decarboxylative trifluoromethylation of o,f-unsatu-
rated carboxylic acids by using NaSO,CF; as an economic
and stable CF3; source. The reaction proceeds under mild

condition and tolerates various functional groups. Advan-
tageously, this method does not require an inert atmosphere
and proceeds well in air at ambient temperature.

Introduction

The introduction of fluoroalkyl groups and particularly
the trifluoromethyl (CF;) group in pharmaceuticals and
drug candidates can improve their physical, chemical, and
biological properties because of the electronic properties,
special size, lipophilicity, and metabolic stability of the tri-
fluoromethyl group.!'! The importance of CF;-containing
molecules provides a continuing driving force for the devel-
opment of more efficient and versatile trifluoromethylation
methods.[!'?l Although a variety of processes for the con-
struction of C,»~CF3 bonds have been developed over the
last few years,[®! fewer reports are available for the construc-
tion of C,»~CF; bonds.™ Recently, rapid advances in palla-
dium-*! and copper-mediated[?b-32-3d:4d.6.7] trifluoromethyl-
ation for the construction of C,,,—CF; bonds have been
observed. In comparison, transition-metal-mediated tri-
fluoromethylation to construct C,;,,—~CF; bonds has not
been well developed. Liu!® and Shenl®¥ reported the Cu'-
catalyzed electrophilic trifluoromethylation of vinylic bo-
ronic acids,® whereas Buchwald!'%! and Chol'!! reported the
nucleophilic and radical trifluoromethylation of vinyl tri-
flates and aliphatic alkene, respectively (Scheme 1). Later,
vinyl trifluoroborates!'? and vinyl carboxylic acids!!3! were
used for electrophilic trifluoromethylation. However, the
processes of Liu and Shen suffer from lack of stereoselecti-
vity, whereas Buchwald’s procedure requires an expensive
palladium catalyst. In addition, most of these methodolo-
gies rely on boronic acids or esters or a costly, relatively
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unstable, electrophilic trifluoromethyl source. Therefore, the
development of an economic, efficient, and environmentally
benign method for this transformation is highly desirable.
In this respect, iron-based methods are attractive owing to
the abundance and lower toxicity of iron. Thus, there is a
strong incentive to develop a sustainable iron-based method
for the construction of C,;,,—~CF3 bonds.
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Scheme 1. Metal-mediated methods for vinylic trifluoromethyl-
ation.

Consequently, we thought to develop an iron-based de-
carboxylative trifluoromethylation reaction to synthesize
Ciiny—CF3 compounds by employing o,B-unsaturated carb-
oxylic acids. Over the past several years, a series of decarb-
oxylative coupling reactions have been developed by
Goossen 'Y Myers,' Liu,['® and others by employing
carboxylic acids as stable, abundant, economic, and easily
available coupling partners.!” In this communication, we
report our initial results on the FeCls-mediated decarb-
oxylative trifluoromethylation of a,B-unsaturated carb-
oxylic acids by employing stable and inexpensive sodium
trifluoromethanesulfinate (NaSO,CF;, sodium triflinate,
Langlois reagent) as a CF; source. The Langlois reagent
has found importance in radical trifluoromethylation reac-
tions as an economic and bench-top-stable CF5source.['81 The
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Baran'! and Sanford®! groups have also utilized
NaSO,CF; for the efficient trifluoromethylation of hetero-
cycles and aryl boronic acids.[?%]

Results and Discussion

Initially decarboxylative trifluoromethylation of 4-meth-
oxycinnamic acid was carried out by using different combi-
nations of the radical initiator, iron source, and solvent to
optimize the reaction conditions (Table 1, see also the Sup-
porting Information). Under metal-free conditions, the best
yield of (E)-1-methoxy-4-(3,3,3-trifluoroprop-1-en-1-yl)-
benzene (A, 51%) was observed with K,S,0g (4 equiv.) as
the radical initiator in MeCN/H,O (1:0.5mL), and 1-(4-
methoxyphenyl)-3,3,3-trifluoropropan-1-one (B) was ob-
tained as a side product in 23% yield (Table 1, entry 1).
With the use of di-zerz-butyl peroxide (DTBP) as the radical
initiator and other solvent combinations with water, side
product B was not observed, but the yield of A decreased
drastically (Table 1, entries 2, 3, 5, and 6).

Table 1. Optimization of the reaction conditions.!

Xx_CF3
/©N K2S20g (4 equiv.) MeO
MeO +

50°C,12h + 0
NaSO,CF3 air /©)\/0F3
(3 equiv.)
MeO B
Entry E\é[:ltlail‘l/‘ )source Solvent [(0}/0(]3 Yield of A (B)
1 - MeCN/H,O 51 (23)
2 - DCE/H,0 12
3 - DMF/H,0 7
4 - CH,CI,/H,O 23 (4)
5 - TFT/H,0 10
6 - MeCN/H,O  9®
7 - MeCN/H,O 12 (4)t
8 - MeCN/H,O 23 (6)!
9 FeCls (0.2) MeCN/H,0 61 (2)
10 FeCl, (0.2) MeCN/H,O 54 (<1)
11 FeCls (1) MeCN/H,O 76 (3)
12 FeCl, (1) MeCN/H,O 67 (4)

13 FeSO,-6H,0 (1)
14 Fe(OAc), (1)

MeCN/H,O 13
MeCN/H,O 7

15 FeBr; (1) MeCN/H,O 21 (3)
16 Fe(Cl0,), (1) MeCN/H,O 13

17 FeCl; (2) MeCN/H,O 73 (5)
18 FeCl, (2) MeCN/H,O 68 (2)
19 FeCl; (1) MeCN/H,O 631

20 FeCl; (1) MeCN/H,O 52 (12)f
21 Cul (0.2) MeCN/H,O  28(3)

2 CuCl, (0.2) MeCN/H,O  31(2)

23 NiCl, (0.2) MeCN/H,O  29(4)

[a] Reaction conditions: 4-methoxycinnamic acid (0.2 mmol), Na-
SO,CF; (0.6 mmol), K>S,0g (0.8 mmol), MeCN/H,O (1:0.5 mL) at
50 °C for 12 h. DCE = 1,2-dichloroethane, TFT = trifluorotoluene
[b] DTBP. [¢c] TBHP. [d]H,O, was used instead of K,S,Os.
[e] 40 °C. [f] 70 °C.
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Other radical initiators including zert-butyl hydroperox-
ide (TBHP) and H,O, afforded desired product A in much
lower yield relative to that obtained with K,S,Og and side
product B was also observed (Table 1, entries 7 and 8).
Compound A was formed preferentially by using 20 mol-
% of either FeCl; (reagent grade, 97%) or FeCl, (Table 1,
entries 9 and 10). Finally, a stoichiometric amount of FeCls
or FeCl, further increased the yield of desired product A
(Table 1, entries 11 and 12). A further increase in the
amount of FeCl; or FeCl, had no observable effect on the
yield (Table 1, entries 17 and 18).

The scope of this decarboxylative trifluoromethylation
was explored with structurally diverse cinnamic acids
(Table 2). Both electron-rich (i.e., 2a-c,e,f) and electron-
poor (i.e., 2g,h) cinnamic acids were successfully trifluoro-
methylated, and good yields of the corresponding decar-
boxylative trifluoromethylated products were obtained with
excellent stereoselectivity. A decrease in the yield was ob-
served for the substrate bearing the o-OCHj; substituent
(i.e., product 2b) relative to the yield obtained for the sub-
strate bearing a p-OCHj; substituent (i.e., product 2a). The
reaction proceeded with equal ease for di- and trisubstituted
cinnamic acid derivatives (i.e., products 2d and 2e, respec-
tively). Notably, an earlier reported iron-catalyzed reaction
failed with a trisubstituted substrate.l'?! Desired CF;-con-
taining product 2¢ was obtained in good yield with an un-
protected Ar—-OH group, which can be useful for C-O

Table 2. Trifluoromethylation of a,B-unsaturated carboxylic
acids.[*b]
FeCls (1 equiv.)
K2S,0g (4 equiv.)
XCO2H ; Naso,CF X CFs
AT * 2¥7 T MeCNH,0 (1:0.5mL) AT
0.25 mmol (3 equiv.) 50°C, 12 h (isolated)
MeO OMe OH
2a, 75 % 2b, 54 % 2c, 74 %
EZ=973 E/Z=98:2 E/Z=97:3
MGOD/\/CFs MeO x-CF3 o ~_CFs3
MeO MeO ojij/V
OMe
2d, 72 % 2e,77 % 2f, 82 %
E/Z=92:8 E/Z=955 E/Z=946
OsN xCFs Xx_CF3 CF3
\@/\/ Me >_§=/
1
N, \
N
29, 70 % 2h, 61 %
E/Z=90:10 E/Z>99:1
~-CFs 2i, 60 %
\ 2, 61 % E/Z=94:6
S Ez>99:1

[a] Reaction conditions: 4-methoxycinnamic acid (0.25 mmol), Na-
SO,CF; (0.75 mmol), K,S,0g (1 mmol), FeCl; (0.25 mmol),
MeCN/H,0 (1.2:0.6 mL) at 50 °C for 12 h. [b] E/Z ratios were cal-
culated on the basis of ’F NMR spectroscopy.
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cross-couplings and related transformations. Further, nitro-
gen- and sulfur-containing heterocyclic analogues gave de-
sired products 2i and 2j, respectively, in preparatively useful
yields.

Presumably, the reaction starts with the generation of
iron carboxylate followed by attack of the trifluoromethyl
radical (Scheme 2). Finally, facile removal of CO, leads to
the desired decarboxylative trifluoromethylated product.
FeCl; is likely to assist in the elimination of CO..

o o—Fell
- Fell .
Ar/vj\o Ar/\)\ / ~
SOchg
S0, -
S0,
o so;”

Fe'l

(6]
Ar/\)J\ OH . Lo/
-CO, Ar (6]

Ar/\/CF;g - CFs

Scheme 2. Proposed mechanism for vinylic trifluoromethylation.

Conclusions

In summary, an iron-based efficient and practical
method has been developed for the decarboxylative tri-
fluoromethylation of a,B-unsaturated carboxylic acids by
using the Langlois reagent, NaSO,CF;. This reaction pro-
ceeds well for a number of substrates including heteroaryl-
cinnamic acids and tolerates several electron-donating as
well as electron-withdrawing functional groups under mild
reaction conditions. A detailed study is currently ongoing
in our laboratory and will be reported in due course.

Experimental Section

General Procedure for the Trifluoromethylation of a,B-Unsaturated
Carboxylic Acids: The carboxylic acid (0.25 mmol), K,S,Og
(1.0 mmol), and sodium triflinate (0.75 mmol) were placed in an
oven-dried, screw cap reaction tube. A solution of FeCly (97%,
reagent grade, 0.42 M in H,O, 0.6 mL) and MeCN (1.2 mL) were
then added. The reaction tube was placed in a preheated oil bath
at 50 °C and stirred vigorously for 12 h. Upon completion of the
reaction, the reaction tube was allowed to reach room temperature.
Diethyl ether (10 mL) and a saturated aqueous solution of NaCl
(3 mL) were added, the contents were shaken vigorously, and the
organic layer was separated. The aqueous layer was extracted one
more time with ethyl ether (10 mL). The combined organic layer
was dried with Na,SOy, filtered through Celite, and concentrated.
The product was purified by column chromatography (EtOAc/pe-
troleum ether).

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures; product characterization; and copies
of the 'TH NMR, '3C NMR, and "F NMR spectra.
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