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Aliphatic compounds containing a terminal trifluoromethyl group with the overall formula of
CF3(CH,) X (I), where n = 2-10, X = OH, Br, I, NH,, SH, CHO etc. are marketable intermediate organic

chemicals and can be used for preparing pharmaceuticals [1-6], agricultural chemicals [7-8], surfactants
[9], liquid crystals [10] etc. Besides, carbinols | (X = OH, n = 2-4) are of independent interest in practice
and can be used as components of lubricants [11], cleaning composite materials [12], eluents [13], and
extractants [14]. These alcohols are characterized by a short half-life in the atmosphere and low values
of the global warming potential (GWP), which in some cases allows using them as an alternative to
freons [15].

The main methods of synthesis of linear w-trifluoromethyl-containing aliphatic derivatives are both
addition of polyhaloalkanes (CCl,, CCl3Br) to terminal olefins [16] with the further fluorination of the

adducts [8, 17] and direct addition of the CF3-group to the hydrocarbon chain using reagent presented
below (scheme 1, table 1) [18-26].
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Table 1. Trifluoromethyl Containing Reagents and Conditions of Their Reactions with Unsaturated

Compounds.
CF3;-Reagent Conditions
CFjl 200°C [27]; 80°C, AIBN [28]; UV-ight [27, 29];
Na,S,04, NaHCO3 [30]; ML,, catalyst [20]; Photoredox
Tpp =-22°C catalyst [21]
CF3Br Zn, Cul, Ultrasound [31]; Zn, Cp,TiCl,, Ultrasound
[31]; 200°C, Pd(PPh3)4 [32]; Aluminum chlorofluoride,
Tpp =-99°C 50°C [33]
CF3S0,ClI 90+145°C, ROOR [34]; 125°C, Ru(PPh3)3Cl, [35-
36]; UV-light [24]; Photoredox catalyst [37-41]
Tpp = 32°C
CF3SO;Na '‘BUOOH, Cu salt [42-44]; AgNO;, K,S,0g [45];
Photoredox catalyst [46-47]
CF3SO,Br 20+65°C [48-49]; sunlight [shown for RgSO,Br [50-
51]; 55+95°C, ROOR [48, 51-52]
Tpp = 60°C
CF3SiMe; CuTe, PhI(OAc),, K,CO5 [53]; AgNO3, Phl(OAc)s,,
AcONa [54]
pr =55°C
G/{r‘ R 1\ ::::‘II'". ML,, catalyst [22, 24]
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CF,CCl, Fe, P(OEt),, 120°C [58]; UV-light [59]

Tpp = 46°C

CF3CH2| N828204, NaHCO3 [60]; iPerEt, fac—lr(ppy)3, visible
light [61]

Tpp = 55°C

CF3;CH,SO,CI KoHPO,, fac-Ir(ppy)s, visible light [62];

Tpp = 140°C

Trifluoromethanesulfonyl bromide CF3;SO,Br (1) is of special interest among the chemicals used for

direct trifluoromethylation of unsaturated compounds (table 1) as the most convenient
trifluoromethylating agent from a synthetic viewpoint. At the same time, the examples of application of
compound 1 in synthesis of fluoro-containing compounds in the literature are fragmentary [24, 48-49,
52], which led us to performing a systematic investigation of trifluoromethylation of unsaturated
hydrocarbons using sulfonyl bromide 1 obtained by smooth bromination of potassium
trifluoromethanesulfinate synthesized by in situ sulfodioxidation of (trifluoromethyl)trimethylsilane (2)
[63] or commercially available sodium trifluoromethanesulfinate (3) [48].
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In work with trifluoromethanesulfonyl bromide (1), one must take into account that this compound can
be distilled without decomposition (b.p. 58+60°C), can be kept in dark for a long time, is very
photosensitive, and undergoes desulfodioxidation with formation of CF3;Br under the action of sunlight.

A similar process is observed when compound 1 is heated above 100°C.
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It was shown earlier that compound 1 is added to electron-donating olefins, e.g., aliphatic terminal
alkenes, cyclohexene, allyl acetate at 20+65°C and the reaction is accompanied by elimination of SO,

[48-49]. However, despite the simplicity of the method, one must take into account that the scaling of
radical processes may result in the reaction getting out of hand and ending in an explosion (as, e.g., in
the case of addition of CCl, to ethylene catalyzed by benzoyl peroxide [64]).

We found that addition of CF3SO,Br (1) to allyl trifluoroacetamide (4a) and allyl acetate (4b) in sealed

tubes under sunlight irradiation (for samples of compounds 4a-b of 2-1 mol) occurs smoothly and
results in formation of adducts 5a-b in 70-90% yield, while addition of compound 1 to homoallyl acetate
(4c) under similar conditions could be achieved only at the loading of 3-4 mmol of compound 4c.



Experiments on a larger scale, with 200-250 mmol of compound 4c¢ inevitably ended in explosion of the
tube.
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Addition of compound 1 to compounds 4a-b under the conditions of thermal initiation is carried out at
the temperatures of 70+100°C. Thus, in the case of the heating of compounds 1 and 4a (at the molar
ratio of 1:1; 100°C/2.5 h), the yield of compound 5a is approximately 50%. One must point out that the
reaction between compounds 1 and 4b in hexane (at the molar ratio of 1:1; 65°C/2 h) in an open
system results in formation of compound 5b in only 20% yield, which is much less than the yield of
compound 5b according to the lit. data [48].

In view of the fact that the rate of desulfooxidation of compound 1 increases significantly under the
conditions of the reaction, which results in a decrease in the yield of the target products, thermally
initiated addition of sulfonyl bromide 1 to olefins 4a-b in an open system is hardly of any practical
interest.

It is known that initiation of radical addition of polyhaloalkanes to olefins can be efficiently carried out
using diverse redox systems, e.g., those based on salts of metals of variable valency, such as Cu, Fe,
Mn, Ce etc. [65]. It has been shown earlier that copper halides are the most active catalysts of addition
of sulfonyl chlorides and sulfonyl bromides to a number of olefins and acetylenes [66-68]. Indeed, it
turns out that metallic copper efficiently initiates the addition of compound 1 to compounds 4a-d in an
acetonitrile solution already at the room temperature. This process can be smoothly scaled and can be
used for synthesis of trifluoromethylated compounds 5a-d.
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Compounds 5a-d are valuable intermediates that can be used for synthesis of a variety of w-
trifluoromethyl-containing linear aliphatic derivatives [69].
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It is known that radical addition to internal olefins is hindered as compared to similar reactions with
terminal olefins, which is related to the steric shielding of the vinyl carbon atom [70-71]. It is no wonder
that addition of sulfonyl bromide 1 to butene 14 (sealed tube, insolation) occurs rather slowly and is
accompanied by side reactions: formation of CF3Br as a result of desulfodioxidation of compound 1 and

trifluoromethanesulfinic acid due to hydrogen abstraction from allylic position by the CF3SO,-radical

(scheme 7, table 2). The same reaction in the MeCN medium induced by powdered copper led to
formation of adduct 15 in preparative yield, which allowed using it as the starting compound for

synthesis of trifluoroisoprene 17 (scheme 8).
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Table 2. Reaction of CF3SO,Br (1) with 1,4-diacetoxy-2-butene (14)2.

Conditions Ratio of reaction products, %
15 CF3Br CF3802H
sunlight, 3 days® 51 34 7




Cu (2 mol.%), MeCN, rt, 2 days 81¢ 8 10

@ The ratio of compound 1 : compound 14 is 1:1.
b A sealed tube, the conversion of compound 1 is 93%; the loading is 1 mmol.

€ The preparative yield is 70% (a mixture of stereoisomers).
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Olefins with an electron-deficient double bond, methyl acrylate (18a) and acrylonitril (18b), also react
with sulfonyl bromide 1 in the presence of copper in acetonitrile, however, as expected, the yields of
adducts 19a-b are lower, as compared with the above examples. Here, one must point out that telomer-
homologs 18a-b are not formed. Under the conditions of photochemical initiation, compound 1 reacts
with methyl acrylate forming adduct 19a with a low yield, but formation of telomer-nomologs 19a is
observed in this case (cf. [51]). Under similar conditions, we failed to involve olefin 18b in the reaction.
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Unexpectedly, it turned out that acrolein (20) reacts with compound 1 with formation of sulfone 21;
besides, 2-bromo-4,4,4-trifluorobutanal, the expected product of addition of the CFs-radical, has not

been detected among the reaction products.
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The reaction of compound 1 with styrene (22) resulted in formation of sulfone 24 as the main reaction
product that has never been reported before [48].
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Table 3. Reaction of CF3SO,Br (1) with styrene (22)2.

Conditions Ratio of reaction products, %
23 24

90°C, Ph(COO0),, hexane 64P -

sunlight, hexane 34 65

Cu (1 mol.%), MeCN, 25-30°C 25 75€

@ The ratio of compound 1 : compound 22 is 1:1.

b According to the data of [48].

¢ When reaction products were extracted by vacuum distillation, sulfone 24 undergoes
dehydrobromination (by 50%) with formation of PhCH=CHSO,CF; (25).

The products of the reaction between sulfonyl bromide 1 and anthracene (26) — 9,10-
dibromoanthracene (27) and trifluoromethanesulfinic acid — indicate that in this case compound 1 acts
solely as a brominating agent; no products of substitutive or additive trifluoromethylation of anthracene

were found.
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Thus, it is shown that trifluoromethanesulfonyl bromide (1) interreacting with reagents of different
nature can be a source of trifluoromethyl or trifluoromethanesulfonyl group or act as a brominating
agent. At the same time, it is found that compound 1 can enter additive reactions with a sufficiently wide
spectrum of unsaturated hydrocarbons under the conditions of photochemical and ion-radical catalysis,
which is a convenient preparative method of synthesis of different classes of organic compounds

containing trifluoromethyl group.



Experimental

"H, 1°9F NMR spectra were recorded using a Bruker AVANCE-300 spectrometer at 300 and 282 MHz,
accordingly; the external standard was CDCIl;. Chemical shifts for H spectra are presented vs. the
residual signal of the solvent (& 7.26) and are given in ppm vs. tetramethylsilane. Chemical shifts in 19k
spectra are given in ppm vs. CFCl3. Downfield shifts are positive. Mass spectra are recorded using a
Finnigan Polaris Q mass spectrometer (Trace GC ultra).

Trifluoromethanesulfonyl bromide (1).

A: Synthesis from CF3;SiMe; (2).

The process is potentially dangerous and can be accompanied by heating and ejection of the
reaction mixture.

The acetonitrile (2.5 | containing 0.04-0.05% H,0O) and 280 g (4.82 mol) of dry KF are successively

loaded into a 6 | flask equipped with mechanical stirrer, thermometer, dropping funnel, and a reflux
condenser connected to a Tishchenko flask with H,SO4(conc.). Then the solution of 720 g (5.06 mol) of

(trifluoromethyl)trimethylsilane (2) and 340 g (5.3 mol) of SO, in 1 | of acetonitrile is added dropwise
under stirring keeping the temperature at 15+20°C.

The reaction mixture is stirred at 15+20°C/3-6 h (the reaction mixture heating is possible; the
temperature must be controlled by external cooling). In the course of the reaction, the reaction mixture
becomes light-brown. If the reaction mixture remains practically colorless during this time, the stirring is
ceased and the reaction mixture is left overnight. Then the reaction mixture stirring is renewed and its
temperature is maintained in the range of 20+30°C. After the end of the reaction, the reaction mixture
becomes light-brown.

Then the reaction mixture is slowly heated to the temperature of 80+95°C and low-boiling fraction is
distilled off. Distillation is carried out until the vapour temperature of 80°C is reached.

The reaction mixture is cooled to 0+5°C and 779 g (4.87 mol) of bromine are added dropwise. Then
the mixture is stirred for 15-30 min, poured into a 1.5-fold volume of ice water; the lower layer is
separated, washed four times with an equal volume of ice water, P,O5 (30 g) is added to organic layer

and distilled.

The compound 1 (720 g, 70%) is obtained with the purity of 85-90%; the impurities are FSiMe3; and
acetonitrile, b.p. 55+65°C. 19F NMR &: -78 (s, CF3).

B: Synthesis from CF3;SO,Na (3) [48].

The commercial sodium trifluoromethanesulfinate (3) [1100 g (4.58 mol), the purity ~ 65 wt.%; the
impurities are NaBr, Na,SO4, NazPO,] is added to 3 | of water under stirring. The solution obtained is

stirred for 10-15 min and bromine (740 g, 4.63 mol) is added dropwise at 5+10°C until the stable
bromine colouring of the reaction mixture appears.

The lower layer is separated, washed with 1.5-fold volume of ice water; 30 g of P,O5 are added
under stirring and the whole is distilled.

The trifluoromethanesulfonyl bromide (1) (878 g, 90%) is obtained with a negligible amount of a
bromine admixture that can be removed by addition of 0.5-1 wt.% of decene-1 and further distillation.
The purity of compound 1 thus obtained is 99%, b.p. 58+60°C.

N-(2-bromo-4,4 .4-trifluorobutyl)-2,2,2-trifluoroacetamide (5a).



The reactions in sealed tubes are potentially dangerous and can be accompanied by an
explosion.

A mixture of 590 g (2.77 mol) of trifluoromethanesulfonyl bromide (1) and 424 g (2.77 mol) of
allyltrifluoroacetamide (4a) is sealed into a 1 | glass tube made of molybdenum glass (the diameter 50
mm, the length 500 mm) and exposed to sunlight for 1-4 days (depending of the sunlight intensity) on
the window sill. The tube is cooled (-20°C) and opened; boiling stones are added and the whole is
slowly heated to 25+30°C at a rate, at which the boiling of SO, is not too vigorous. The product

obtained is purified by rectification at 0.5-1 torr; rectification in vacuum of 15 torr causes an increase in
the product loss due to its partial degradation.

The compound 5a (586-670 g, 70-80%) with the purity of 96% was obtained, b.p. 130°C/15 torr.

"H NMR &: 2.7 (m, 2H, CF3CH,), 3.7 (m, 2H, CH,NH), 4.2 (m, 1H, CHBr), 8 (br.s, 1H, NH); "°F NMR
5: -78 (s, 3F, C(O)CF3), -66 (t, 3F, 3Jyg = 8 Hz, CF5CH.,).

2-Bromo-4,4 4-trifluorobutyl acetate (5b).

A mixture of 42.6 g (0.2 mol) of trifluoromethanesulfonyl bromide (1) and 20 g (0.2 mol) of allylacetate
(4b) is sealed into a 50 ml glass tube made of molybdenum glass (the diameter 23 mm, the length 135
mm) and exposed to sunlight for 1-3 days (depending of the sunlight intensity) on the window sill. The
tube is cooled (-20°C) and opened; boiling stones are added and the whole is slowly heated to
25+30°C, while SO, is removed at a moderate rate. The obtained product is purified by rectification in

vacuum of 10 torr.

The compound 5b (39.8 g, 80%) with the purity of 98% is obtained, b.p. 73+76°C/10 torr.

"H NMR &: 2 (s, 3H, CH3), 2.6-2.9 (br.m., 2H, CF;CH,), 4.2 (m, 3H, CH,0+CHBr); '9F NMR &: -65 (t,
3F, 3Jyg = 8 Hz, CF3).

Reactions of compound 1 with alkenes 4a-d in the presence of copper (general procedure).

The powdered copper (1.27 g, 0.02 g-at) is added to the solution of olefin 4a-d (2 mol) in 400 ml of
acetonitrile, then trifluoromethanesulfonyl bromide (1) (426 g, 2 mol) is added dropwise under stirring at
65+70°C in the case of 4b, ¢ and 40+45°C in the case of 4a, d, evolution of SO, starts after a half-

volume of compound 1 is added. The mixture is stirred for 15-60 min when heated, the solvent is
evaporated and the residue is distilled at 10-0.5 torr to give target compounds 5a-d.

3-Bromo-5,5,5-trifluoropentyl acetate (5c).

The yield is 80%, b.p. 80+84°C/0.5 torr.

"H NMR &: 1.9 (s, 3H, CHs), 2.0-2.3 (br.m, 2H, CH,CH,0), 2.8 (m, 2H, CF3CH>), 4.1 (m, 1H, CHBr),
4.2 (m, 2H, CH,0); "°F NMR &: -65 (t, 3F, 3Jr = 8 Hz, CF3).

1-Bromo-3,3,3-trifluoropropyl acetate (5d).

The yield is 70%, b.p. 30°C/10 torr.

"H NMR &: 2.3 (s, 3H, CHj3), 3.2-3.5 (br.m., 2H, CH,), 7 (m, 1H, CHBr); "9F NMR &: -65 (t, 3F, 3Jyf =
8 Hz, CF3). The mass spectrum (M/Z, reference): 235[M+H]", 191[C3H;BrF30]*, 175[M-CH;CO,]",

165[M-CF3]*, 155[C3H,BrF,]", 129[CBrF,]*, 111[CHBrF]*, 95[C3H,F3]*, 91[C4HF,01*, 75[C5HF,]" ,
64[C,H,F 5], 51[CHF,]", 43[C,H50]7(100%), 36[C]".



4,4,4-Trifluorobutyl-1-ene (6).

The powdered cuprous chloride (0.5 g 2.5 mmol) is added to the suspension of 6.28 g (0.096 g-at) of
powdered zinc in 100 ml of water under stirring at 20°C and the mixture is stirred for 10-15 min. Then a
solution of 20 g (0.08 mol) of 2-bromo-4,4,4-trifluorobutyl acetate (5b) in 10 ml of acetone is added
dropwise under stirring at 5°C; the reaction mixture is stirred for 1 h at 20°C, heated to the temperature
of 50+80°C; the reaction product is removed into a cooled receiver (0°C). The further rectification gave
7 g (80%) of compound 6, b.p. 10+12°C.

"H NMR &: 3.7 (m, 2H, CF5CH,), 6.1 (m, 2H, CH=CH,), 6.6 (m, 1H, CH=CH,); "9F NMR &: -68 (t, 3F,
3Jyr = 14 Hz, CF5).

2-(2,2,2-Trifluoroethyl)oxirane (7).

A mixture of 20 g (0.08 mol) of 2-bromo-4,4,4-trifluorobutyl acetate (5b), 7.7 g (0.24 mol) of methanol
and 0.1 ml of 50% sulfuric acid is refluxed with Vigreux column, while methyl acetate and methanol are
slowly distilled using off. Then the Vigreux column is removed and the residues of methanol are distilled
from the reaction mixture. Then the solution of 3.85 g (0.096 mol) of sodium hydroxide in 5.8 ml of water
is added dropwise to the reaction mixture under stirring at 100°C with simultaneous distillation of
product. Further rectification gave 8 g 7, b.p. 72+75°C.

"H NMR &: 2.5-2.9 (br.m, 2H, CF3CH,), 2.6-2.9 (br.m, 2H, CF3CH,), 2.9, 3.2, 3.5 (m, 1H+1H+1H, an
oxirane ring); 1°F NMR &: -66 (t, 3F, 3J4r = 11 Hz, CF3).

(2E)-4,4,4-Trifluorobutyl-2-ene-1-ylacetate (9).

A mixture of 58 g (0.23 mol) of 2-bromo-4,4,4-trifluorobutyl acetate (5b) and 33.6 g (0.46 mol) of
diethylamine in 200 ml of acetone is refluxed for 4-5 h. The mixture is cooled, diluted with triple volume
of water; the product is extracted with 100 ml of CH,CI,; the obtained solution is washed with cold

water; the solvent is evaporated. The rectification of residue gave 31 g (80%) of compound 9, b.p.
135+138°C. The ratio of cis- and frans-isomers is 1:9.

TH NMR &: 2.5 (s, 3H, CHs), 5.2 (br.s, 2H, CH,), 6.4 (m, 1H, CH=), 7 (m, 1H, CH=); '°F NMR 5: -85
(s, 3F, CF3). The mass spectrum (M/Z, reference): 169[M+H]*, 148[M-HF]*, 128[M-2HF]*, 109[M-
CO,Mel", 106[M-Ac-F]*, 95[C3H,F4]*, 89[M-AcO-HF]*, 77[CH3F,]", 69[CF4]*, 59[AcO]", 51[CF,H]",
43[C,FT*(100%), 39[C3Hs]".

2,2,2-Trifluoro-N-(4,4,4-trifluorobutyl)acetamide (10a).

The mixture of powdered zinc (260 g, 3.97 mol), cuprous chloride (19 g, 0.095 mol), 2 | of water and
0.3 | of acetone is stirred in a 6 | flask equipped with mechanical stirrer, thermometer, dropping funnel
and a reflux condenser for 15-20 min, cooled to 5°C, and the solution of 1000 g (3.31 mol) of N-(2-
bromo-4,4,4-trifluorobutyl)trifluoroacetamide (5a) in 0.4 | of acetone is added at such a rate that the
mixture temperature does not rise above 10°C. Then external cooling is removed; the reaction mixture
is stirred for 5-6 h; here, the mixture temperature rises to 30°C; then the mixture is left overnight.

Then the reaction mixture is cooled to 15°C and 0.6 | of concentrated hydrochloric acid are slowly
added under stirring, while avoiding vigorous hydrogen evolution. The mixture temperature is warmed
up to 20°C; the stirring is stopped; the reaction mixture is layered; then the lower layer is separated,
filtered through a paper filter, and washed with a 1.5-fold volume of 5% hydrochloric acid. The product
obtained contains acetone and 4,4 4-trifluorobutyl-1-ene (6) as impurities that are removed by
distillation when the mixture is heated to 80+100°C. The residue contains 656 g (80%) of compound
10a (purity 90%) that was used hereafter without additional purification. The analytical sample was
isolated by rectification, b.p. 110+115°C/10 torr; crystals, m.p. 36°C.



"H NMR &: 2.3 (m, 2H, CF3CH,CH,), 2.6 (m, 2H, CF5CH,), 3.8 (m, 2H, CH,NH), 9.1 (br.s, 1H, NH);
19F NMR &: -78 (s, 3F, C(O)CF3), -68 (t, 3F, 3Jyg = 11 Hz, CE5CH,).

4,4 .4-Trifluorobutylamine (11).

A mixture of 656 g (2.65 mol) of amide 10a (with the purity of 90% obtained according to the
procedure described above) and 160 g (3.2 mol) of hydrazine hydrate is heated with distillation of the
product boiling at 80+105°C. The distillate obtained is washed with an equal volume of 30% aqueous
solution of NaOH and distilled over solid KOH to give 268 g ( 80%) of compound 11 (purity 98%), b.p.
86+87°C.

"H NMR &: 1.5 (m, 2H, CF3CH,CH,), 2.1 (m, 2H, CF3CH,), 2.6 (t, 2H, CH,NH,), 3.3 (br.s, 2H, NH,);
'9F NMR &: -68 (t, 3F, 3Jr = 8 Hz, CF3).

5,5,5-Trifluoroamyl acetate (10c).

Cuprous chloride (3.96 g, 0.02 mol) is added under stirring to the suspension of 59.6 g (0.91 g-at) of
powdered zing in 400 ml of water. The mixture is stirred for 15-20 min, cooled to the temperature of
5°C, and the solution of 200 g (0.76 mol) of 3-bromo-5,5,5-trifluoropentyl acetate (5¢) in 140 ml of
acetone is added at such a rate that the mixture temperature does not rise above 10°C. Then the
external cooling is removed; the reaction mixture is stirred for 4-5 h and left overnight.

Then the reaction mixture is cooled to 15°C and 130 ml of concentrated hydrochloric acid is added
dropwise under stirring. The reaction mixture is warmed up to 20°C, the stirring is ceased, the reaction
mixture is layered and the lower layer is separated, filtered through a paper filter, and distilled in
vacuum to give 112 g (80%) of compound 10c that was used hereafter without additional purification.

"H NMR &: 2.0 (m, 4H, CH,CH,CH,0), 2.3 (s, 3H, CH3), 2.5 (m, 2H, CF3CH,), 4.4 (t, 2H, CH,0); '°F
NMR &: -68 (t, 3F, >Jyr = 11 Hz, CF3).

5,5,5-Trifluoropentanol (12).

A mixture of 100 g (0.54 mol) of 5,5,5-trifluoropentyl acetate (10c), 52 g (1.62 mol) of methanol, and
0.5 ml of 50% sulfuric acid is refluxed with Vigreux column, while methyl acetate and methanol are
slowly distilled off, the residue is distilled to give 69 g (90%) of compound 12, b.p. 150°C.

'"H NMR &: 1.8 (m, 4H, CH,CH,CH,0), 2.3 (m, 2H, CF5CH,), 3.8 (t, 2H,_CH,OH), 5.3 (s, 1H,
CH,OH); "9F NMR &: -68 (t, 3F, 3Jr = 8 Hz, CF3).

1,1,1-Trifluoro-5-iodopentane (13).

Phosphorus pentoxide (400 g, 1.41 mol) is added portion-wise under stirring to 600 g (5.2 mol) of
85% orthophosphoric acid so that the mixture temperature does not exceed 100°C. The mixture is
stirred for 40 min, cooled to the room temperature and 459 g (2.77 mol) of KI and 200 g (1.41 mol) of
5,5,5-trifluoropentanol (12) are added. The reaction mixture is stirred at 105+110°C for 5-6 h and left
overnight.

Cold water (1 1) and methylene chloride (0.2 |I) are added to the reaction mixture. The mixture is
stirred for 10 min and then the lower layer is separated and washed with an equal volume of cold water
and the Na,SO3 solution until the discoloration of the organic layer. The solvent is evaporated and the

residue is distilled at reduced pressure (10 torr), collecting the fraction that boils within the range
55+60°C. Further rectification gave 302 g (85%) of compound 13 (purity 98%).

"H NMR &: 1.4, 1.6 (m, 2H+2H, CH,CH,CH,l), 1.8 (m, 2H, CF5CH,), 2.9 (t, 2H, CH,l); °F NMR &:
-68 (t, 3F, 3Jyg = 10 Hz, CF5).



4-(Acetoxy)-2-bromo-3-(trifluoromethyl)butyl acetate (15).

Powdered copper (0.63 g, 0.01 g-at) is added to the solution of 100 g (0.58 mol) of (2E)-1,4-
diacetoxy-2-butene (14) in 100 ml of acetonitrile. The solution is bubbled with argon and then
trifluoromethanesulfonyl bromide (1) (123.5 g, 0.58 mol) is added under stirring. The reaction mixture is
stirred for two days at the room temperature; the solvent is evaporated and the residue is distilled at a
pressure of 0.5 torr. The further rectification of the distillate obtained gave 130 g (70%) of adduct 15 (a
mixture of stereoisomers), b.p. 95+105°C/0.5 torr.

"H NMR &: 2.2 (two s, 6H, C(O)CHjs), 3.4-3.5 (m, 2H, CHBr+CF3CH), 4.6 (d, 4H, OCH,); °F NMR &:
-68 (d, 3Jyr = 8 Hz, CF3), -65 (d, 3Jyr = 8 Hz, CF3) with the ratio of 1:1.

2-(Trifluoromethyl)butyl-3-enyl acetate (16).
Compound 10c is obtained in a similar way in 80% vyield, b.p. 45+55°C/10 torr.

"H NMR &: 2.5 (s, 3H, C(O)CHs), 3.7 (m, 1H, CF3CH), 4.7 (m, 2H, OCH,), 5.9 (m, 2H, CH=CH,), 6.2
(m, 1H, CH=CH,); "®F NMR &: -70 (d, 3F, 3Jy¢ = 8 Hz, CF5).

2-(Trifluoromethyl)butyl-1,3-diene (17).

2-(Trifluoromethyl)butene-3-yl acetate (16) is passed dropwise in the flow of argon through a Pyrex
tube with glass filling at 540+550°C. The reaction product is collected in a cooled receiver (-10+-20°C)
connected to the outlet of the reaction tube. Compound 17 is obtained by distillation of condensate in
35% yield (purity ~ 90%), b.p. 35+45°C.
CF; H(4)

OSSN )

H(2) H(3)

"H NMR &: 5.9 (d, 1H, H(5)), 6.2 (s, 1H, H(1)), 6.25 (d, 1H, H(4)), 6.35 (s, 1H, H(2)), 6.95 (dd, 1H,
H(3)); ®F NMR &: -68 (s, 3F, CF3). The mass spectrum (M/Z, reference): 122[M]*(100%), 121[M-H]",

103[M-F]*, 102[M-HF]*, 101[M-HF-HJ*, 83[CH,=C(CF)CH=CH]*, 77[C3H5F4]*, 75[CF,CCHJ*, 69[CF]",
57[C3H,F1*, 53[M-CF5]*, 51[CF,H]*.

Methyl-2-bromo-4,4,4-trifluorobutanoate (19a).

The powdered copper (0.15 g, 2.4 mg-at) is added to the solution of 20 g (0.23 mol) of freshly distilled
methyl acrylate (18a) in 30 ml of acetonitrile. The solution is bubbled with argon and then 49 g (0.23
mol) of trifluoromethanesulfonyl bromide (1) are added under stirring. The reaction mixture is stirred for
two days at the room temperature, the volatile products are distilled off into a cooled trap (-50°C) at 10
torr and the residue is distilled at the same pressure. Further rectification gave 32 g (60%) of compound
19a, b.p. 50+55°C/10 torr.

"H NMR &: 2.85 (m, 1H, CF3CH,), 3.2 (m, 1H, CF5CHg), 3.8 (s, 3H, OCHjs), 4.5 (t, 1H, CHBr); "°F
NMR &: -66 (t, 3F, 3Jye = 10 Hz, CF3). The mass spectrum (M/Z, reference): 235[M+H]*, 203[M-OMe]",
175[M-CO,Me]*, 174[M-CO,Me-H]", 155[M-CO,Me-HF]*, 135[M-Br-HF]*, 111[CHBrF]*, 95[M-CO,Me-
Br-H]*, 91[CF,=CH-CH-CH,]*(100%), 77[M-CO,Me-F-Br]*, 69[CF5]*, 59[CO,Me]*, 51[CF,H]".

2-Bromo-4,4,4-trifluorobutyronitrile (19b).

Compound 19a is obtained in a similar way in 40% yield, b.p. 53+57°C/10 torr.



"H NMR &: 2.85-3.15 (m, 2H, CF3CH,), 4.65 (t, 1H, CHBr); '9F NMR &: -66 (t, 3F, 3J4r = 9 Hz, CF3).
The mass spectrum (M/Z, reference): 201[M]*, 182[M-F]*, 163[M-F-HF]*, 155[M-F-CN-H]*, 146[M-3F-
H]*, 132[M-CF3]*, 129[M-CF3-3H]", 122[M-Br]*(100%), 106[M-CF3-CNJ*, 102[M-Br-HF]*, 94[M-Br-CN-
2H]", 75[M-Br-CN-H,-F]*, 69[CF5]*, 52[C,H,CN]*, 51[CF,H]".

2-Bromo-3-(trifluoromethanesulfonyl)propanal (21).

Trifluoromethanesulfonyl bromide (1) (57 g, 0.268 mol) is added dropwise to the solution of 15 g
(0.268 mol) of freshly distilled acrolein (20) in 20 ml of acetonitrile containing 0.1 g (1.6 mg-at) of
powdered copper under stirring at 25+35°C. The mixture is stirred for 3 h; the volatile products are
distilled off into a cooled trap (-50°C) under reduced pressure (10 torr). The distillation of the residue
afforded 57 g (the yield of 79%) of the fraction that boils within the range 80+95°C/1 torr. Further
rectification gave analytical sample of compound 21, b.p. 80+85°C/1 torr.

"H NMR &: 3.85, 4.25 (ABy, 2H, 2Jyy = 30 Hz, CHy), 4.9 (t, 1H, CHBr), 9.4 (s, 1H, CHO); "°F NMR &
-80 (s, 3F, CF3S0,). The mass spectrum (M/Z, reference): 269[M+H]*, 203[C4H3BrF;0]", 189[M-Br]",
135[C4H,BrO]*, 133[CF3S0,]*, 119[C,HF,S]*, 109[CHBrO]*, 108[CBrO]*, 107[C,H3Br]*, 106[C,H,Br]*
(100%), 82[CF,S]*, 75[C3H,4FO]", 69[CF3]", 65[C,H3F,]", 55[C3H50]*, 48[SO]*, 39[C3H4]".

Reaction of compound 1 with styrene 22.

Synthesis of (1-bromo-3,3,3-trifluoropropyl)benzene (23) and 1-bromo-2-
(trifluoromethanesulfonyl)ethylbenzene (24).

A: Reaction under sunlight irradiation.

The solution of 2 g (9.4 mmol) of trifluoromethanesulfonyl bromide (1) and 1 g of (9.6 mmol) of freshly
distilled styrene (22) in 6 ml of hexane is prepared. Approximately 0.3 ml of this solution is sealed in a
molybdenum glass tube (the diameter 3 mm, the length 100 mm) and exposed to sunlight for 1 day on
the window sill. Then the tune is placed into a standard 5 mm NMR tube, CDCl; is added as an external

standard and the reaction mixture is analyzed using the '°F NMR technique.

According to the data of ®F NMR, the mixture contains 34% of compound 23 (3: -65, t, >Jyr = 9 Hz)
and 65% of compound 24 (3: -80, s).

B: Reaction in the presence of copper in acetonitrile solution.

The reaction is carried out according to the general procedure at the temperature of 25+30°C. The
reaction mixture is analyzed using the method of 9F NMR.

According to the data of 9F NMR, the mixture contains 25% of compound 23 and 75% of compound
24,

The reaction mixture was distilled under reduced pressure (oil pump) collecting volatile products into
a trap (-78°C). In the course of distillation, vacuum varied in the range of 0.5-10 torr due to degassing of
the distilled mixture. The distillate obtained contains a mixture of products 23, 24, and 25 (the latter is
obviously formed as a result of dehydrobromination of compound 24). The mixture is redistilled to give a

fraction boiling within the range of 110+151°C/10 torr. According to 'H and "9F NMR-data the mixture
contains 23% of compound 23, 34% of compound 24, and 43% of compound 25, and also a negligible
amount of styrene dibromide. Vinylsulfone 25 is crystallized on keeping.

(E)-PhCH=CHSO,CF; (25).

"H NMR &: 6.85 (d, 1H, PhCH=), 7.93 (d, 1H, =CHSO,), 7.45-7.65 (m, 5H, Ph); "°F NMR &: -79 (s,



CF3). The mass spectrum (M/Z, reference): 236[M]*, 167[M-CF3]*, 134[CgH5CHCHCF]", 103[M-
SO,CF4]*(100%), 77[CgHs]*, 69[CF]*, 51[CF,H]*.
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