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Synthesis of Trifluoromethyl Ketones from Carboxylic Acids:  

4-(3,4-Dibromophenyl)-1,1,1-trifluoro-4-methylpentan-2-one 
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1. Procedure 

 

A. 3-(3,4-Dibromophenyl)-3-methylbutanoic acid (3). A 250-mL, oven-
dried three-necked round-bottomed flask, equipped with a 3-cm oval PTFE-
coated magnetic stirring bar, is charged with aluminum chloride (13.4 g, 
100 mmol, 2.0 equiv) (Note 1).  The flask is fitted with a gas inlet adapter 
connected to a nitrogen line and a gas bubbler. The other two necks are 
capped with rubber septa; a thermocouple probe is inserted through one of 
the septa (Note 2). Dichloromethane (8 mL) and 1,2-dibromobenzene 
(8.0 mL, 15.7 g, 67 mmol, 1.3 equiv) are added via pipette and stirring is 
initiated. To the resultant slurry is charged a solution of 3,3-dimethylacrylic 
acid (5.00 g, 50 mmol, 1.00 equiv) in dichloromethane (10 mL) via syringe 
over 10 min, maintaining the internal temperature  32 °C. The reaction 

mixture is stirred at room temperature for 2.5 h (Note 3). A 1-L Erlenmeyer 
flask equipped with a 5 cm flat stir bar and a thermocouple probe (Note 2) is 
charged with water (150 mL) followed by concentrated hydrochloric acid 
(150 mL) and cooled to 2 °C in an ice-water bath. The Friedel-Crafts 

reaction mixture is transferred portion-wise via a 9-inch disposable glass 
pipette into the stirred, cold aqueous HCl solution over 5 min (Note 4). Ethyl 

DOI:10.15227/orgsyn.089.0210



Org. Synth. 2012, 89, 210-219  211 

acetate (200 mL) is used to rinse residues from the reaction flask into the 
aqueous HCl. The biphasic mixture is then transferred to a 1-L separatory 
funnel and the lower aqueous phase is discarded. The organic phase is 
washed with water (100 mL), then brine (50 mL). The organic phase is 
filtered through a bed of sodium sulfate (30 g) in a medium porosity sintered 
glass funnel into a 500-mL round-bottomed flask, using ethyl acetate (2 x 
50 mL) to rinse the filter cake. The solution is concentrated by rotary 
evaporation (50 °C, 20 mmHg) to a yellow oil  (21 g, Note 5). The flask is 

charged with heptane (50 mL) and warmed to 60 °C using a water bath to 
complete dissolution (Note 6).  The solution is allowed to cool to room 
temperature over about 2 h, during which time crystallization occurs.  The 
slurry is further cooled to 0–5 °C by placement in a refrigerator overnight. 

The slurry is filtered through a medium porosity sintered glass funnel, 
washed with heptane (2 x 20 mL) pre-cooled to 0–5 °C, and then air-dried to 

constant weight to provide 3-(3,4-dibromophenyl)-3-methylbutanoic acid 3 

as an off-white solid (12.1–12.8 g, 72–76% yield) (Note 7).   
B. 4-(3,4-Dibromophenyl)-1,1,1-trifluoro-4-methylpentan-2-one (4). A 

250-mL three-necked, round-bottomed flask, equipped with a 3-cm oval 
PTFE-coated magnetic stirring bar and a reflux condenser fitted at the top 
with a gas inlet adapter connected to a nitrogen line and a gas bubbler, is 
charged with 3-(3,4-dibromophenyl)-3-methylbutanoic acid (3) (10.0 g, 
29.7 mmol, 1.00 equiv) and toluene (70 mL) (Note 8). The other two necks 
are capped with rubber septa; a thermocouple probe is inserted through one 
of the septa (Note 2). To the resulting stirred slurry is charged trifluoroacetic 
anhydride (18.5 mL, 4.50 equiv) (Note 9). Then pyridine (14.5 mL, 
6.0 equiv) is added dropwise (exothermic) via syringe over 5 min keeping 
the internal temperature of the reaction mixture  40 °C. The flask is heated 

using a heating mantle for 4 h, maintaining the internal temperature at 60–
65 °C (Note 10). The reaction mixture is cooled to 2 °C in an ice-water bath. 

The reflux condenser is replaced with a 125-mL addition funnel through 
which is charged water (50 mL) to the reaction mixture over 5 min, 
maintaining the internal temperature of the reaction mixture < 40 °C (Note 

11). The ice-water bath is removed and replaced with a heating mantle and 
the mixture is heated for 1 h, maintaining an internal temperature of 57–
60 °C (Note 12). The reaction mixture is cooled to room temperature and 

transferred to a 500-mL separatory funnel using hexanes (150 mL) and water 
(100 mL). The layers are separated and the aq. layer is back extracted with 
100 mL of 2:1 hexanes:toluene. The combined organic layers are washed 
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with water (100 mL), then filtered through a bed of sodium sulfate (30 g) in 
a medium porosity sintered glass funnel into a 500-mL round-bottomed 
flask, using hexanes (2 x 50 mL) to rinse the filter cake. The filtrate is 
concentrated by rotary evaporation (50 °C, 20 mmHg) to an orange oil 

(13 g) (Note 13). The oil is purified by flash column chromatography 
(Note 14) to provide 4-(3,4-dibromophenyl)-1,1,1-trifluoro-4-methylpentan-
2-one (4) as a light yellow oil (9.04–9.68 g, 78–84% yield) (Note 15).   

 

2. Notes 

 

1. The following reagents and solvents in step A were used as 
received: aluminum chloride (Acros, 99%, powder), 1,2-dibromobenzene 
(98%, Sigma-Aldrich), 3,3-dimethylacrylic acid (Sigma-Aldrich, 97%), 
dichloromethane (Fisher, ACS reagent, 99.5%), ethyl acetate (Fisher, ACS 
reagent, 99%), 37% HCl (Fisher), and heptane (Sigma Aldrich, Chromasolv, 
99%).  Deionized water was used throughout.  

2. The internal temperature was monitored using a J-Kem Gemini 
digital thermometer with a Teflon-coated T-Type thermocouple probe (12-
inch length, 1/8 inch outer diameter, temperature range –200 to +250 °C). 

3. The checker monitored the reaction by 1H NMR as follows. A 
0.1 mL aliquot of the reaction mixture was quenched into 1 mL CDCl3 and 
1 mL 6N HCl.  The CDCl3 layer was analyzed by NMR. Diagnostic 
resonances were  5.7 (1 H), 2.2 (3 H), and 2.0 (3 H) for 2 and 2.63 (2 H) 

and 1.43 (6 H) for 3. At the 90 min time point, approx 4% unreacted 2 
remained. The submitters monitored both reactions using reverse phase 
HPLC employing the following conditions: column: TSK-gel SuperODS 
column (ID 4.6 mm, length 5.0 cm, particle size 2 μm); detection at 220 nm; 

mobile phase of 10% ramping to 90% MeCN in water (with 0.05 volume% 
TFA in both phases) over 3.5 min, then hold at 90% MeCN in water for 
1.5 min; flow rate: 2.0 mL/min.  The starting materials, products and 
solvents had the following retention times: 1 (3.1 min); 2 (1.2 min); 3 
(2.9 min); 4 (3.7 min); toluene (2.7 min). TLC may also be used.  The 
starting materials and products have the following Rf values in 60:40 
hexanes/EtOAc: 1 (0.9); 2 (0.7); 3 (0.35); 4 (0.9). In 95:5 hexanes/MTBE, 4 
has an Rf value of 0.5.  

4. The addition of the Friedel-Crafts reaction mixture into the 
aqueous HCl is exothermic. The temperature at the end of transfer was 
20 °C. 
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5. The composition of the crude material by 1H NMR (by wt%) was 
approx. 83% product 3, 11% 1,2-dibromobenzene, 5 % EtOAc, and 1% 
unreacted 2 (3 mol %).  

6. In most experiments the yellow oil crystallized prior to addition of 
heptane. Heating the heptane mixture to 60 °C effects dissolution of the 

solid, therefore a true recrystallization is achieved.  
7.  3-(3,4-Dibromophenyl)-3-methylbutanoic acid 3 has the following 

physical and spectroscopic properties: off-white solid; mp 89–91 °C; IR 

(neat) 2966, 1710, 1648, 1473, 1377, 1250, 1166, 1011 cm-1; MS m/z 
(relative intensity), 320.9 (21), 318.8 (42), 316.8 (21) [M-OH]; 278.9 (49), 
276.8 (100), 274.8 (50) [M-CH2CO2H]; 215.0 (43), 141.0 (64), 127.0 (59), 
118.0 (54), 102.0 (63); 1H NMR (CDCl3, 400 MHz) : 1.43 (s, 6 H), 2.63 (s, 

2 H), 7.16 (dd, J = 8.5, 2.3 Hz, 1 H), 7.54 (d, J = 8.4 Hz, 1 H), 7.60 (d, J = 
2.3 Hz, 1 H), 11.1 (broad s, 1 H); 13C NMR (CDCl3, 100 MHz) : 29.0, 37.0, 

47.7, 122.4, 124.9, 126.7, 131.3, 133.5, 149.3, 177.4; Anal. Calcd. For 
C11H12Br2O2: C, 39.32; H, 3.60. Found: C, 39.49; H, 3.29; HPLC area % 
purity: 95 % (HPLC method: column, fused-core C-18, 4.6x100 mm, 2.7 m 
particle size; gradient elution using a mobile phase of 90% aq. 0.1% 
H3PO4/10% MeCN to 10% aq. 0.1% H3PO4/90% MeCN over 6 min, holding 
the latter for 2 min; flow rate 1.8 mL per min; temperature 40 °C, detection 
at 210 nm; tR for 3 was 4.8 min.) 

8. The following reagents and solvents in step B were used as 
received: toluene (Sigma-Aldrich, Chromasolv, 99.9%), trifluoroacetic 
anhydride (Sigma-Aldrich, Reagent Plus,  99%), pyridine (Sigma-Aldrich, 
99%), hexanes (Fisher, ACS reagent, >98.5%), methyl t-butyl ether (Sigma-
Aldrich), and silica gel (Fisher, 230-400 mesh, 60 Å).    

 9. The addition of TFAA is slightly endothermic.  The temperature of 
the reaction mixture generally decreases by 2–4 °C after the TFAA is added. 

10. The submitters monitored the reaction for consumption of starting 
acid 3 by HPLC and TLC (Note 3). The checker monitored the reaction by 
1H NMR by quenching a 0.1 mL aliquot of the reaction mixture in 1 mL 
CDCl3 and 1 mL water, concentrating the CDCl3 to remove residual toluene, 
then redissolving in CDCl3. The reaction samples at the 4 h time point had 
no detectable starting material (monitoring resonances at  2.63 and 1.43). 

Product 4 was the major species present. 
 11. The addition of water is highly exothermic, particularly for the first 

few mL.  The addition is also accompanied by the evolution of CO2 gas.  
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12. Heating the reaction mixture at 60 °C for 1 hour drives the 

decarboxylation to completion.  
13. The crude material by 1H NMR was approx. 87 wt % product, 

13 wt % toluene. 
14. The checker used flash chromatography to purify product as 

follows: 150 g silica gel with an eluent of 300 mL 2% MTBE/hexanes, 
300 mL 3% MTBE/hexanes, 600 mL MTBE/hexanes; 50 mL fractions. 
Product eluting in fractions 8-21 were combined and concentrated by rotary 
evaporation (40 °C, 20 mmHg), then held under vacuum (20 mmHg) for 

14 h at room temperature to afford product as a yellow oil. Submitters used a 
Combi-Flash apparatus using a 150 g silica gel column using 
hexanes/methyl t-butyl ether  (100:0 to 95:5 v/v) as eluent, collecting 25 mL 
fractions at a flow rate of 85 mL/min, and the UV detector was set at 
220 nm. Residual toluene eluted first (2–4 min) with 100% hexanes. The 
eluent was then ramped over 13 min from 0 to 5% MTBE in hexanes.  The 
product began eluting at 10 min and elution was complete after 26 min 
(50 fractions of 25 mL were required to collect the product.  

15. 4-(3,4-Dibromophenyl)-1,1,1-trifluoro-4-methylpentan-2-one 4 has 
the following physical and spectroscopic properties: light yellow oil; IR 
(neat) 2971, 1765, 1469, 1380, 1285, 1200, 1149, 1025 cm-1; GC-MS m/z 
(relative intensity), 390 (31), 388 (62), 386 (31), [M+], 279 (84), 277 (100), 
275 (86), [M – CH2COCF3], 251 (20), 249 (38), 247 (20), 115 (45); 1H 
NMR (CDCl3, 400 MHz) : 1.46 (s, 6 H), 3.05 (s, 2 H), 7.13 (dd, J = 8.5, 

2.4 Hz, 1 H), 7.55 (d, J = 8.5 Hz, 1 H), 7.59 (d, J = 2.4 Hz, 1 H); 13C NMR 
(CDCl3, 100 MHz) : 28.8, 36.8, 48.5, 115.3 (q, J = 293 Hz, 1 C), 122.7, 

125.2, 125.9, 131.1, 133.7, 148.5, 189.1 (q, J = 35 Hz, 1 C); Purity by GC: 
97% (tR = 11.7 min; conditions: Agilent DB35MS column; 30 m x 0.25 mm; 
initial temp 60 °C, ramp at 20 °C/min to 280 °C, hold 15 min); two peaks 

were present by reverse phase HPLC (conditions outlined in Note 7): tR 
5.3 min (30%, ketone hydrate of 4) and 6.2 min (70%, ketone product 4).  
 

Safety and Waste Disposal Information 
 
 All hazardous materials should be handled and disposed of in 
accordance with “Prudent Practices in the Laboratory”; National Academies 
Press; Washington, DC, 2011. 
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3. Discussion 

 

Trifluoromethyl ketones are useful intermediates for the introduction 
of the trifluoromethyl group into organic molecules.2 While several methods 
for the synthesis of trifluoromethyl ketones have been reported, the 
procedure reported by Zard and co-workers is attractive in terms of 
simplicity.3 This pioneering work involves treating primary ( -CH2) acid 
chlorides at room temperature with trifluoroacetic anhydride and pyridine in 
CH2Cl2 for 0.5 – 8 hours, followed by hydrolysis/decarboxylation on 
addition of water. The application of the Zard procedure to more hindered 
primary acid chlorides, however, gives the trifluoromethyl ketone products 
in low conversions and yields, even after extended reaction times.  It was 
found that by changing the solvent from CH2Cl2 to toluene and increasing 
the reaction temperature to 60 °C, more hindered substrates underwent full 

conversion and provided products in good yields. Furthermore, this process 
proved to be effective for the direct conversion of carboxylic acids to 
trifluoromethyl ketones (Table 1).4 This avoids the need for conversion of 
the carboxylic acid to the corresponding acid chloride prior to 
trifluoromethyl ketone formation. Secondary ( -branched) carboxylic acids 
may also be converted to trifluoromethyl ketones if the reaction temperature 
is further increased to 100 °C. We have found this procedure is particularly 

well suited to 3,3-dimethyl-3-arylpropionic acid substrates, such as acid 3, 
(entry 1) which contain aryl bromide functionality that is not stable to 
alternative methods employing strong bases. The starting acid 3 is 
conveniently prepared by a Friedel-Crafts reaction of 3,3-dimethylacrylic 
acid 2 with 1,2-dibromobenzene 1. 
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Table 1. Examples of Direct Conversion of Carboxylic Acids to 
Trifluoromethyl Ketones 
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The proposed mechanism of the reaction involves -
trifluoroacetylation of a pyridinium enolate.3 The pyridinium enolate may be 
derived from an acid chloride precursor in the case of Zard’s reaction 
conditions3 or a mixed anhydride of the starting carboxylic acid and 
trifluoroacetic acid in the present case (Scheme 1).4  

 
Scheme 1. Proposed Mechanism for Acid to Trifluoromethyl Ketone 
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Appendix 

Chemical Abstracts Nomenclature; (Registry Number) 

 

Aluminum Chloride; (7446-70-0) 
1,2-Dibromobenzene; (583-53-9) 
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3,3-Dimethylacrylic acid: 2-Butenoic acid, 3-methyl- ; (541-47-9) 
Trifluoroacetic anhydride; (407-25-0) 
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NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        100.6741319 MHz
PL1W        31.90095711 W
PL1                0.00 dB
P1                 3.50 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                  40
D11          0.03000000 sec
D1           0.10000000 sec
TE                300.0 K
DE                 6.50 usec
DW               19.000 usec
RG                 8192
AQ            1.2452340 sec
FIDRES         0.401547 Hz
SWH           26315.789 Hz
DS                    4
NS                  365
SOLVENT           CDCl3
TD                65536
PULPROG            zgdc
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               7.44
Date_          20110921
PROCNO                1
EXPNO                11
NAME          32077−166

13        28.9950        2918.7248        109308738.50                
12        37.0197        3726.5155        60423486.00                
11        47.7043        4802.0598        61539225.00                
10        76.9157        7742.5680        72884429.00                
9        77.2325        7774.4581        67765993.00                
8        77.5498        7806.3985        61413075.00                
7        122.3937        12320.5217        31684926.50                
6        124.9231        12575.1388        16383799.50                
5        126.2618        12709.8964        86367068.00                
4        131.3116        13218.2246        86524858.00                
3        133.5250        13441.0322        65777582.50                
2        149.3045        15029.4446        23387125.50                
1        177.4136        17858.9920        38660888.50                
Peak        ?(F1) [ppm]        ?(F1) [Hz]        Intensity [abs]        Annotation        

hughesda
Stamp



0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm
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nmr400b h−1
fr 10−19
32077−167

PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   0
WDW                  no
SF          400.3300041 MHz
SI                16384
SFO1        400.3324722 MHz
PL1W        13.05791473 W
PL1               −2.00 dB
P1                12.75 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           0.10000000 sec
TE                300.0 K
DE                 6.50 usec
DW               76.000 usec
RG                 90.5
AQ            2.4904180 sec
FIDRES         0.200774 Hz
SWH            6578.947 Hz
DS                    2
NS                   32
SOLVENT           CDCl3
TD                32768
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               7.25
Date_          20110923
PROCNO                1
EXPNO                 4
NAME          32077−167

13        1.4631        585.7228        266166292.50                
12        1.4792        592.1681        3471070.50                
11        1.5388        616.0278        1668728.00                
10        3.0516        1221.6470        51477688.50                
9        7.1245        2852.1511        18063373.00                
8        7.1305        2854.5531        17737750.00                
7        7.1456        2860.5981        20529567.00                
6        7.1516        2863.0001        20728571.00                
5        7.2698        2910.3191        4282814.00                
4        7.5456        3020.7301        31970428.50                
3        7.5667        3029.1770        30109285.00                
2        7.5911        3038.9451        18857774.50                
1        7.5970        3041.3070        32092996.50                
Peak        ?(F1) [ppm]        ?(F1) [Hz]        Intensity [abs]        Annotation        

7.17.27.37.47.57.6 ppm
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nmr400b c−13
fr 10−19
32077−167

PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          100.6630371 MHz
SI                32768
SFO2        400.3320017 MHz
PL12W        0.16438942 W
PL2W         0.00000000 W
PL12              17.00 dB
PL2              120.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        100.6741319 MHz
PL1W        31.90095711 W
PL1                0.00 dB
P1                 3.50 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                  40
D11          0.03000000 sec
D1           0.10000000 sec
TE                300.0 K
DE                 6.50 usec
DW               19.000 usec
RG                 8192
AQ            1.2452340 sec
FIDRES         0.401547 Hz
SWH           26315.789 Hz
DS                    4
NS                 1372
SOLVENT           CDCl3
TD                65536
PULPROG            zgdc
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               7.31
Date_          20110923
PROCNO                1
EXPNO                 5
NAME          32077−167

21        28.8368        2902.7999        866458700.00                
20        36.8177        3706.1815        134816198.00                
19        48.4517        4877.2953        366855732.00                
18        76.9138        7742.3767        207599158.00                
17        77.2316        7774.3674        269538492.00                
16        77.4339        7794.7315        13195308.00                
15        77.5492        7806.3380        257144140.00                
14        110.9310        11166.6514        12450604.00                
13        113.8401        11459.4902        27368320.00                
12        116.7485        11752.2586        23540962.00                
11        119.6595        12045.2887        12487652.00                
10        122.7233        12353.7001        129156148.00                
9        125.1806        12601.0594        130804928.00                
8        125.9213        12675.6205        420230806.00                
7        131.1254        13199.4810        263436460.00                
6        133.7175        13460.4097        235737184.00                
5        148.4924        14947.6960        142499072.00                
4        188.6075        18985.8038        9365372.00                
3        188.9562        19020.9050        43134506.00                
2        189.3026        19055.7747        29021886.00                
1        189.6513        19090.8759        5681298.00                
Peak        ?(F1) [ppm]        ?(F1) [Hz]        Intensity [abs]        Annotation        
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