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A facile synthesis of ethyl 3,3,3-trifluoropropionate is described. Commercially available 2-bromo-3,3,3-
trifluoropropene was used as a starting material, which was allowed to react with bromine to produce
2,2,3-tribromo-1,1,1-trifluoropropane. The resulting tribromide was treated with 3 equiv. of potassium
ethoxide, giving rise to ethyl 3,3,3-trifluoropropionate in 60% overall yield in 2 steps. The reaction
proceeded via an alkoxide-induced tandem reaction mechanism.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

3,3,3-Trifluoropropionic acid and its esters are useful synthetic
intermediates of biologically active compounds [1] and function-
alized materials [2]. In addition, since these compounds have three
consecutive functional groups including trifluoromethyl, active
methylene, and carboxyl groups, they have been utilized as
substrates for cyclizations to trifluoromethylated heterocyclic
compounds [3], aldol reactions [2c,4]| including the asymmetric
version [5], Claisen rearrangements [6] and Pd catalyzed allyla-
tions [7]. For the purpose of preparation of 3,3,3-trifluoropropionic
acid and its esters, several short-step syntheses from commercially
available compounds were developed as follows: (i) Arndt-Eistert
reaction using 2,2,2-trifluoroacetyl chloride and diazomethane
[8a]; (ii) trifluoromethylation of monoethyl malonate with SF,
[8b]; (iii) oxidation of 4,4,4-trifluoro-1-butene prepared from allyl
bromide and CF;CdBr [8c]; (iv) oxidation of 3,3,3-trifluoropropio-
naldehyde derived from 1-chloro-3,3,3-trifluoropropene and
piperidine [8d]; (v) oxidation of 3,3,3-trifluoropropanal dimethyl
acetal, synthesized from 1-chloro-3,3,3-trifluoropropene and
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methanol, by FeCl; and H,0, [8e]; (vi) trifluoromethylation of
ketene silyl acetals [3a,8f], and so on [8g]. While several methods
to synthesize 3,3,3-trifluoropropionic acid derivatives are avail-
able, most of them require expensive materials, and harsh and/or
hazardous reaction conditions. Since there remains room to
improve the synthetic method of these derivatives, we initiated
a project to develop the efficient route leading to ethyl 3,3,3-
trifluoropropionate (1) (Fig. 1). Herein, we wish to report a facile
synthesis of 1 from 2-bromo-3,3,3-trifluoropropene (2) in two
steps, which is commercially available [9] and also can be easily
prepared from 3,3,3-trifluoropropene through a two-step se-
quence involving bromination and elimination [10].

CFy~ CO,Et
1

Fig. 1. Ethyl 3,3,3-trifluoropropionate (1).

2. Results and discussion

2-Bromo-3,3,3-trifluoropropene (2) has been used as a trifluor-
omethylated synthetic building block and a precursor of trifluor-
omethyl-substituted compounds [11]. It was reported that exposure
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Scheme 1. Examples of reactions of the 3,3,3-trifluoropropene derivatives.

of 2 to KOH in the presence of H,O led to elimination of HBr,
giving 3,3,3-trifluoropropyne (3) and the reactive C-1 position of
3 was susceptible to addition of EtOH under the alkaline
condition to afford a 95% yield of ethyl trifluoropropenyl ether
4 as shown in Eq. (1) of Scheme 1 [12]. Furthermore, it was
disclosed that the substitution of the chlorine atom in 1-chloro-
3,3,3-trifluoropropene (5) by piperidine readily proceeded to
furnish 3,3,3-trifluoro-1-piperidinopropene (6) in 63% yield (Eq.
(2)) [8d]. Inspired by the remarkable reactivity of these 3,3,3-
trifluoropropene derivatives, we envisioned that ethyl 3,3,3-
trifluoropropionate (1) could be derived from known 2,2,3-
tribromo-1,1,1-trifluoropropane (7), prepared from 2 with Br;
[10], through an elimination-substitution-elimination process
triggered by exposure to alkali metal ethoxide as described
in Scheme 2. We expected that this tandem reaction would
initiate with an alkoxide-induced elimination of HBr from
tribromide 7, followed by substitution of the bromine atom at
the C-1 position of dibromopropene 8 by ethoxide ion to furnish
the intermediate ethyl trifluoropropenyl ether 9. Further
elimination reaction of 9 would occur to produce ynol ether
10, which would be eventually hydrolyzed to give the desired
product 1 in a single step.

In order to realize the synthetic strategy described above, we
initially prepared tribromide 7 by bromination of 2 with bromine
in 84% yield as depicted in Scheme 3 [10]. The resulting
tribromide 7 was then treated with DBU to provide dibromo-
propene 8 in 35% yield [13]. When this elimination reaction of 7
to 8 was executed with NaOEt in EtOH at room temperature,
fortunately, we detected a small amount of formation of ethyl
3,3,3-trifluoropropionate (1) by GC analysis. This result con-
vinced us of the feasibility of the proposed strategy and we then
decided to focus on the alkoxide induced one-step conversion of
7 into 1.

/BQ bromination, B Br o EOM_ | eliminatin_
SCH, CF3 R

CF3 v
2 7 EtOH + MBr

Br Br
substltutlon ellmmatlon
CF )\*” Br )\,,OEt -------- :\_

8 MBr 9 EOH + MBr

OEt | ---v---te- > CFy~ “CO,Et

Scheme 2. Synthetic strategy for ethyl 3,3,3-trifluoropropionate (1).
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Scheme 3. Synthesis of dibromopropene 8.

As shown in Table 1, the NaOEt-induced transformation of 7 to 1
in various solvents was investigated. Since this reaction required at
least 3 equiv. of NaOEt, the reaction was performed upon
treatment of 1 with 3.5 equiv. of NaOEt at room temperature for
30 min and quenched with aq. HClL. The initial attempt of the
reaction in EtOH produced 1 in 27% GC yield (entry 1). To improve
the yield, several solvents were explored under the same reaction
condition. In ethereal solvents, such as THF, Et,0, and PriZO, the
yield was dramatically increased to 72%, 56%, and 50% yield,
respectively (entries 2-4). In aprotic polar solvents, such as DMF,
DMSO, and MeCN, the moderate yield of 1 was obtained (entries 5-
7). While the reaction in hexane proceeded well (entry 8), the yield
was diminished in the case of toluene and CH,Cl, (entries 9-10).
One should note that it is essential to perform the reaction under
anhydrous condition and using fresh reagents, because the
decreasing of the yield was observed in the presence of H,0.

Having found a suitable solvent for the reaction, we then
investigated the base and reaction temperature as shown in
Table 2. At first, treatment of 7 with KOEt in place of NaOEt in THF
at room temperature yielded a 75% yield of 1 (entry 1). The reaction
proceeded rapidly and cleanly compared with the reaction of 7
with NaOEt. In entries 2 and 3, the reaction temperature was
investigated. The reaction executed at 0°C resulted in the
decreased yield of 1 (4%) and the yield of the reaction maintained
at 40°C was slightly reduced (62%). Since the reaction was
exothermic, which may accelerate the reaction, cooling the
reaction media delayed the reaction. To isolate the product, the
reaction was performed in Et,0 in place of THF affording 1 in 72%
yield after distillation (entry 4). Although we expected to obtain
tert-butyl ester 11, amide 12, and acid 13, under the same reaction
condition using bases such as KOBu‘, NaNH,, and KOAc,
respectively, the corresponding trifluoropropionic acid derivatives
were not unfortunately produced (entries 5-7). The best result was
obtained upon treatment of 7 with KOEt in THF or Et,0 at room
temperature and the isolated yield of 1, produced by the reaction in
Et,0, was 72% yield.

The reaction mechanism was not clearly understood, but we
assumed the reaction proceeded as follows (Scheme 4). Since

Table 1
Synthesis of ethyl 3,3,3-trifluoropropionate 1 from 7 in various solvents.
NaOEt (3.5 eq.)
></Br CFy” >CO,Et
solvent (0.7 M) .
7 at rt, 30 min; 1
HCl aq.
Entry Solvent Yield (%)*
1 EtOH 27
2 THF 72
3 Et,0 56
4 Pri0 50
5 DMF 51
6 MeCN 24
7 DMSO 30
8 Hexane 52
9 Toluene 8
10 CHCl, 15

¢ Determined by GC analysis.
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Table 2
Synthesis of trifluoropropionic acid derivatives from 7 using various bases.
Br. Br base (3.3 eq.)
></Bf T T CESTS
CF3 solvent (0.7 M),  CFj3 COR
15 min;
7 HCl aq. 1:R=0Et
11: R = OBU'
12: R =NH,
13: R=0H
Entry Base Solvent Temperature Yield
(°0) (%)
1 KOEt (R=0Et) THF 20 75
2 KOEt (R=0Et) THF 0 4
3 KOEt (R=0OEt) THF 40 62
4 KOEt (R=0Et) Et,0 20 (72)°
5 KOBu' (R=0Bu") THF 20 0
6 NaNH, (R=NH,) THF 20 0
7 KOAc (R=0H) THF 20 0

2 Determined by GC analysis.
P Value in parentheses indicates isolated yield.

treatment of 7 with 1equiv. of KOEt in THF produced
dibromopropene 8 concurrently with the formation of 1, we
thought our developed reaction began with elimination of HBr
from 7 and dibromide 8 is the first reaction intermediate.
There might be two possibilities to explain the second step
of the reaction: replacement of the bromine atom in 8 by
ethoxide ion to produce 9 [14] (path a) and/or elimination of
HBr from 8, followed by addition of EtOH to the resulting alkyne
14, affording alkene 15 (path b). Before quenching of the
reaction mixture with aq. HCI, the target compound 1 was not
observed by GC-Ms analysis and an unidentified product
(M*"=184) was detected. After hydrolysis, this unidentified
compound disappeared with the formation of 1, which indicated
ketene diethyl acetal 16 (M* = 184) may form as a precursor of
the targeted compound 1 during the reaction. We regarded
ketene diethyl acetal 16 was produced through elimination of
HBr from 9, followed by addition of EtOH to the resulting ynol
ether 10 and/or substitution of the bromine atom in 15 by
ethoxide anion.

Br
CF3>7</ elimination Br
- . B
+ CF3 N B
EtOK (3 eq.) 8
(path a) | (path b)
substitutionl lelimination
Br
F3C———=Br
OEt 3
CF3)\“
9 14
eIiminationl jaddition
X _OEt X OEt
FsC—==—0Et — CF3 <« CFy
addition OEt substitution Br
10 16 15
hydrolysisl
CF5” “CO,Et

1

Scheme 4. Plausible mechanism for the formation of 1.

3. Conclusion

In this paper, we described the simple and facile synthesis of
ethyl 3,3,3-trifluoropropionate (1) from commercially available 2-
bromo-3,3,3-trifluoropropene (2). Bromination of 2 with Br;, gave
2,2,3-tribromo-1,1,1-trifluoropropane (7) and the resulting tri-
bromide 7 was allowed to react with 3 equiv. of KOEt, giving 1 in
60% overall yield in 2 steps. We regarded this one pot sequence
involved an ethoxide induced elimination-substitution-elimina-
tion-addition pathway (path a) and/or an ethoxide induced
elimination-elimination-addition-substitution pathway (path b).

4. Experimental
4.1. General

All reactions involving air- and moisture-sensitive reagents
were carried out using oven-dried glassware and standard syringe-
septum cap techniques. Routine monitoring of reaction was carried
out and Low-resolution mass (MS) spectra were measured on a
Shimadzu GCMS-QP2010. All solvents and reagents were obtained
from commercial suppliers and were used without further
purification. Infrared (IR) spectral measurements were carried
out with a HORIBA FT-720 spectrometer. 'H, 3C, and 'F NMR
spectra were measured with a Bruker AVANCE III spectrometer.
Chemical shifts are expressed in parts per million (ppm) using
tetramethylsilane (8 = 0, 'TH NMR) and CgFg (8 = —163.0, '°F NMR)
as standard substances. Multiplicities are indicated by s (singlet), t
(triplet), and q (quartet). °F NMR spectra were recorded without
'H decoupling. High-resolution mass (HRMS) spectra were
measured on a JEOL MStation JMS-700 mass spectrometer.

4.2. Preparation of 2,2,3-tribromo-1,1,1-trifluoropropane (7)

To a stirred solution of 2-bromo-3,3,3-trifluoropropene (2)
(30.6 g, 0.175mol) in CH,Cl, (300 mL) was added dropwise
bromine (10.8 mL, 0.21 mol) at 0°C and the resulting solution
was stirred at room temperature overnight. The resulting mixture
was quenched with 15% aq. Na,S,03 (50 mL) and the aqueous layer
was extracted with CH,Cl, (50 mL x3). The extract was washed
with brine (40 mL), then dried over MgSO,4. Concentration of the
solvent in vacuo afforded a residue, which was purified by
distillation to give 7 (49.1 g, 84%) as a colorless oil. bp. 79-81 °C
(80 mmHg). IR (neat): 1419, 1280, 1261, 1236, 1186, 1162, 1054,
933, 912, 894, 817, 775, 732, 705, 674, 651, 644 cm . 'H NMR
(400 MHz, CDCl3): § 4.17 (s, 2H). 3C NMR (100 MHz, CDCl): §
121.4(q,Jcr = 280 Hz, 1C), 57.08 (q, Jcr = 33.6 Hz, 1C), 38.26 (s, 1C).
19F NMR (376 MHz, CDCl3): § —74.4 (s, 3F). HRMS-El: m/z [M]*
calcd for C3H,Brs3Fs: 331.7659; found: 331.7664.

4.3. Preparation of (EZ)-1,2-dibromo-1,1,1-trifluoropropene (8)

To a stirred solution of 2,2,3-tribromo-1,1,1-trifluoropropane (7)
(20g, 6.0mmol) in Et;0 (50mL) was added DBU (1.07 mL,
7.16 mmol) at room temperature and the resulting solution was
stirred for 1 h. The resulting mixture was quenched with aq. HCl
(1M, 50mL) and the organic phase was dried over MgSO,.
Concentration of the solvent in vacuo afforded a residue, which
was purified by distillation to give 8 (531 mg, 35%, E:Z=1:2.7 by 'H
NMR) as a colorless oil. bp. 96 °C (760 mmHg). IR (neat): 1606, 1276,
1141, 933, 919, 815, 782, 752, 717, 674, 609cm~!. 'H NMR
(400 MHz,CDCl3): § 7.72 (brq,] = 1.1 Hz, 1H for Z-isomer), 7.13 (s, 1H
for E-isomer). '3C NMR (100 MHz, CDCl5): § 120.3 (q, Jcr = 271.3 Hz,
1C for Z-isomer), 120.0 (q, Jcg = 272.7 Hz, 1C for E-isomer), 119.4 (q,
Jcr = 5.8 Hz, 1Cfor Z-isomer), 118.5(q, Jcr = 37.6 Hz, 1C for Z-isomer),
111.4(q,Jcr = 3.1 Hz, 1C for E-isomer), 111.0 (q, Jcr = 38.4 Hz, 1C for
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E-isomer). '9F NMR (376 MHz, CDCl3): § —62.11 (s, 3F for E-isomer),
—67.16 (brd, J = 1.1 Hz, 3F for Z-isomer). HRMS-EI: m/z [M]" calcd
for C3HBr,F3: 251.8397; found: 251.8395.

4.4. Preparation of ethyl 3,3,3-trifluoropropionate (1) [8b]

To a stirred suspension of KOEt (5.0 g, 59.4 mmol) in Et;0
(200 mL) was added dropwise a solution of 2,2,3-tribromo-1,1,1-
trifluoropropane (7) (6.0 g, 17.9 mmol) in Et,0 (50 mL) at room
temperature and the resulting mixture was stirred at room
temperature for 15 min. The resulting mixture was quenched with
aqg. HCl (1 M, 50 mL) and stirred for further 30 min. The aqueous
layer was extracted with Et,0 (50 mL x3) and the combined
organic phase was washed with brine (40 mL), then dried over
MgS0,. Concentration of the solvent in vacuo afforded a residue,
which was purified by distillation to give 1 (2.0g, 72%) as a
colorless oil. bp. 106 °C (760 mmHg). IR (neat): 2989, 1747, 1384,
1360, 1267, 1216, 1110, 1026, 929, 836, 755, 653 cm™'. '"H NMR
(400 MHz, CDCl5): §4.24(q,] = 7.2 Hz,2H),3.17(q,J = 10.1 Hz, 2H),
1.30 (t, J=7.2Hz, 3H). 3C NMR (100 MHz, CDCl;): § 164.1
(q, Jcr=4.1Hz, 1C), 123.4 (q, Jcr=274.5 Hz, 1C), 61.7 (1C), 39.5
(q,Jer = 30.8 Hz, 1C), 13.8 (1C). °F NMR (376 MHz, CDCl5): § —64.8
(t,Jur = 10.1 Hz, 3F). EI-MS m/z (rel. int.): 156 [M]* (2.4), 141 [M—Me]*
(1.4),129 [M+2H-Et]" (8.2),111 [M—OEt]*(100),91 [CF,CHCO]" (12.9),
83 [CF3CH,]" (15.7), 69 [CF3]" (7.5), 45 [EtO]" (41.4).
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