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Reaction of sulphur tetrafluoride with 1,3-dihaloacstones 

to give 1,3-dihalo-2,2-difluoropropanes 0, 1, 21, bis(l,3-di- 

halo-2-fluoroisopropyl)ethers (2, 2, 6) and 1,3-dlhalo-2- 

fluoropropanes (1, 8) has been investigated. Formation of 

ethers, propanes and propenes as well as 1,3-dlhalo-2-fluoro- 

2-phenylpropane (2) (electrophlllc bensene substitution) was 

observed in the reactions in benzene solution. This confirms 

the proposed reaction mechanism involving participation of 

fluorocarbocations. 

INTRODUCTION 

Sulphur tetrafluoride reacts with carboxylic aoids, 

oarboxylic acid chlorides and fluorides, aldehydes and ketones 

appropriately changing the carbonyl group to the trifluoro- 

methyl group, difluoromethyl group or dlfluoromethylene group 

PI ’ respectively. The formation of o(-fluorinated dialkyl- 
ethers was also described in these reactions [2]. This obser- 

vation suggested an investigation of the react&on of sulphur 

tetrafluorlde with 1,3-dihaloacetones in order to confirm 

whether fluoroethers are formed. Also it allowed confirmation 

of the proposed reaction mechanism with the participation of 

fluorooarbocations [3, 41. 
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RESULTS 

Reactions of 1,341haloacetones with sulphur tetra- 

fluoride were carried out In a steel autoclave at temperatures 

120-130°, In the presence of very small amounts of hydrogen 

fluoride, present as impurities In the sulphur fluoride or 

arising from the hydrolysis of sulphur tetrafluorlde by trace 

amounts of water oontained in the apparatus or in the ketone. 

The main reaction products were 1.3~dihalo-2,2-difluoropro- 

panes (1, 2, 2) and bis(l,3-dlhalo-2-fluoroisopropyl)ethers 

(3, 2, 6). Besides the oompounds mentioned above, 1,3-dibromo- 

acetone gave a mixture of 1,3-dibromo-2-fluoropropenes (1, 

Isomer ratio E:Z 1:2). Only isomer z was isolated. 1,3-Di- 

ohloroaoetone gave a mixture of 1,3-dlchloro-2-fluoropro- 

penes (8, Isomer ratio E:Z 1:2) and here both isomers were 

isolated. In the products of the 1,3-difluoroacetone reaction 

no trlfluoropropene was fauna. Rowever unindentifled polymers 

were found which were probably formed from 1,3-difluoroacetone. 

Their presenoe made the isolation of analytically pure 

oompound 1 impracticable. 

(CH2X)2Ce0 + SF4 + HF 

I 
(CH2X)2CF2 + (CH2Xj2CF 2O + 

-9 1 X=Br -9 4 X,Br 

-9 2 X&l 2, X&l 

1, X=F 4, X=F 

CHrCFCH2X 

E,B, XJ3r 

EJE, 8z, X&l 

Under analogous oonditlons,a reaction of 1,3-dlchloro- 

aoetone with sulphur tetrafluorlde in the.presenoe of 

beneene (molar ratio 1:2:1) was oarried out. As a result, 

Compound8 2, 2, g and 1,3-diohloro-2-fluoro-2-phenylpropane 

(2) were obtained. 
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(CH2C1)2C=O + SF4 t C6H6 HF - C6H5CF(CH2Cl)2 t 2, 2, 2 

Isolated compounds were Identified by the usual methods: 

elementary antllyaia, analytical g8a chromatography (GLC), 

'H 8na '9 F N.M.R. apectrometry and mass apectrometry. Com- 

pounds 1 and 2 had physical constants in accordance with those 

described In the literature for 1,3-dihalo-2,241fluoropropane 

[5, 61. Compound 2 was not obtained Bnalytically pure. 

N.M.R. data of these compounds are given in Table 1 and their 

mass spectra (molecular peaks) In the Experimental. Fluoro- 

ethers 3, 2 and 5 h8d Correct element81 analyses and their 

N.M.R. spectra were similar to those obtained for fluoroethers 

described earlier [2]. These spectra are very complex and they 

a0 not allow first order analysis. 

Fluoroethers 2, 2 and 6 do not give molecular peaks in 

their mass spectra but isotope peaks oharsoteristic for frag- 

ments containing Br and Cl atoms are observed. The moat 

charaoteristia peak8 8re M+-CH2X 8nd (CH2Xj2CF+. Halofluoro- 

alkenea 1 and 8 appear In the form of mixture of isomers E and 

Z 8s observed by GLC. The N.M.R. spectra of these compounds 

(Table 1) showed that an isolated single isomer 1 has a Confi- 

guration Z -JHF trana is 25.5 Hz. 

BrCH2 
/H 

'c *c\ 

F/ Br 

Compounds a have a configuration: z -JHF tr8na 21.8 Hz, b.p. 

117-118' 8nd low boiling 8E -JHF ois 9.0 He. Compound 72 shows 
7- - 

molecular isotope peaks M 216, 218, 220 (ratio 1:2:) In mass 

spectra and this proved the presenae of two atoms of bromine. 

Peaks of the fragment Mt - Br m/e 137, 139 were also observed. 
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TABLE 1 

'H and "F N.M.R. data for compounds 1-2 

Compound qTMr,I 
ppm 

'(CC1 F) 3J H-Z 
ppm3 Hz 

1 CH2Br- CF2-CH2Br 

2 CH2Cl- CF2-CH2Cl 

4 [tCH2Br)2CF]20 

5 [(CH~CI)~CF]~O 

6 [(CH2~)2c~]2~ 

72 CH2Br-CF = CHBr 

a b 

8E CH2C1-CF = CHCZ 

a b 

8Z CH2C1-CF = CHCl 

a b 

9 C61~5-CF(CzCl)2 

a 

3.73 t 99.7 t 12.0 

3.79 t 108.2 t 11.0 

3.88 dm 112.3 m 

3.90 dm 117.9 m 

4.52 dm 129.8 m 

3.92 d(a) 99.0 dt 17.7 (8) 

5.73 d(b) 25.5 (b) 

4.25 d(a) 113.4 dt 20.6 (a) 

6.08 d(b) 9.0 (b) 

4.11 d(a) 112.2 dt 16.8 (a) 

5.80 d(b) 21.8 (b) 

7.28 m(a) 156.5 t 

3.92 d(b) 17.3 (b) 

d-doublet, t-triplet, m-multlplet 

The N.M.R. spectra of compound 4 (Table 1) are as 

expected for 1,3-dichloro-2-fluoro-2-phenylpropane and to- 

gether aith the mass spectra oontaining peaks M' 206, 208, 

210 and M+- CH2C1 157, 159 (ratio 3:l) enable unequivocal 

determination of its structure. 
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DISCUSSION 

Formation of the bis(fluoroalkyl)ethers has been 

described for the reaction of sulphur tetrafluoride with 

carboxylic acids and aldehydes [l, 2, 7, 81. The proposed 

mechanism with the participation of carbocations RC+F2, 

obtained from the acids,has been confirmed by the electro- 

philic benzene substitution reaction with this cation [4]. 

Assuming an analogous reaction mechanism of sulphur tetra- 

fluoride with 1,3-dichloroacetone in the presence of catalytic 

amounts of hydrogen fluoride we can explain the formation of 

all reaction products. 

SF4 + HF - - SF; + FHF- 

(CH2C112C=0 + SF; . - (CH,Cl),C+-0SF3 

I 

I 

-SOF 2 

(CH2C1 j2CF2 
_ (i) +FRF-. (CH2C1)2C+F 

CH2Cl-CFrCHCl v + ,,f,,, c o 
(Iii) 2 2= 

8E, 8Z - * 

(CH2Cl)2CF 20 +FHF- (CH2Cl)2G+,0 

E 
(CH2Cl12CF/ 

L 
III 

(CR2C1)2C+F + C6H6 (iv) _ C6H5CF(CH2C1)2 

P 

The reaction is started by generation of the SF; cation, 

*which reacting with an oxygen atom of the carbonyl group forms 

complex I, which undergoes inter- or intramolecular fluori- 

nation with elimination of thlonyl fluoride and the formation 
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of fluorooarbocation II. Fluorocarbocatlon II is the main 

intermediate product. Cation II reaots further in a way 

typical for oarbooations: 

Ci) by addition of F- anion difluoroalkanes 2 are formed, 

iii) by elimination of a proton alkenes g and 8E are formed, - 
(iii) by the attack of cation II on a ketone molecule cation 

III is formed, which reacts further with F- anion to 

generate ether 2, 

(iv) in the presence of benzene, cation II substitutes hydro- 

gen in the benzene ring with generation of compound 2. 

The proposed reaction mechanism explains why the we71 

known reaction of sulphur tetrafluoride with ketones (acetone) 

in the presence of excess hydrogen fluoride led only to the 

formation of dlfluoroalkanes [I]: fl.uorocarbocation reacted 

most quickly with FHF- ion and a big concentration of this 

anion made the reaction i predominant. In our conditions, in 

the presence of trace amounts of FD?, reaction 1 is limited and 

fluorocarbocation II also reacts with formation of ii and u: - 
fluoroalkenes a and ether 2 are formed. 

Some fluorinated ethers decompose under the Influence of 

RF, lith the formation of fluorooarbocatlons [3, 9, lo]. 

Therefore, we tested ahether fluoroalkylatlon of benzene 

proceeded under the influence of ether 2, sulphur tetra- 

fluoride and RF; or alkenes 2, sulphur tetrafluoride and HF. 

These reactions were however not observed: compound p was not 

obtained. This experiment shows that carbocation II is formed 

solely from the starting ketone and SF;. 

Reaction of the fluorocarbocation with benzene is a typl- 

cal electrophilic benzene substitution and reaction of ketone 

ilrlth sulphur tetrafluoride and benzene can be defined as an 

electrophillc benzene fluoroalkylation. 

EXPERIMENTAL 

Sulphur tetrafluoride was obtained as described previ- 

ously [Y]. 1,3-Dlbromoaoetone was obtained from acetone by 

modification of Hughes method [111. 1,3-Difluoroacetone was 

obtained as by Bergmann [12] with the purity exceeding 98%. 
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The remaining reagents were of commercial origin. Reagents for 

synthesis and compounds obtained Iwere analysed by GLC-ohrome- 

tography using a Giede 18.3 apparatus with chromatography 

column SE-52 (3; SE-52 on Chromosorb G, 60/80 mesh, 3.5 m). 

Gas-liquid preparative chromatography was carried out in Glede 

18.3 apparatus (column as above, 1 cm2x 4 ml. Mass spectra 

were measured by an LKB-2091 spectrometer with chromatography 

column SE-52 as for Glede 18.3. 'H and "F N.&R. spectra were 

recorded on JEOL-JNM-4H spectrometer at 100 MHz and 94.07 MHz 

using TMS and CC1 F 
3 

as Internal standards, respectively. 

1.3-Dibromoacetone 

Acetone (40.0 g, 0.69 mol), hydrochloric acid (80.0 ml) 

and water were heated at 26-30'. Bromine (135.0 g, 0.84 mol) 

was added dropwlse keeping the temp. at 32-35' and then the 

reaotion mixture was heated for 1 h at 30-35'. Water (200 ml) 

was added, the organic layer was separated and the water 

layer was extracted with ether (2 x 150 ml). Etheral extracts 

were combined with the organic layer and dried over CaC12. 

Ether was distilled off under vacuum and the following 

fractions were collected: (&I monobromoacetone (18.0 g) b.p. 

60-70°/50 mm Hg, (ii) mixture of 1,3- and l,l-dlbromoaoetone 

(28.0 g, 9.5: 0.5 GLC) b.p. 120-130°/50 mm Hg. Fraction g 

was distilled on Fisher's column (60 theoretical plates) and 

l,3-dibromoaoetone obtained (18.0 g, 98% GLC) b.p. 109-110°/35 

mm Hg (cited [ll) 57-58'/4 mm Hg). 

Reactions of 1.3-dihaloacetones with sulphur tetrafluoride 

1,3-Dlhaloacetone was placed In an autoclave (100 ml 

capacity). The autoclave was closed and cooled to -80' and 

evacuated to l-2 mm Hg. Sulphur. tetrafluorlde was oondensed 

(appropriate amounts) and then the autoclave was heated at 

120-130' for 3 h. After the reaotlon was complete the 

autoclave was cooled to room temperature, gases were vented 

and liquid produots were poured Into water and ice (100 ml). 
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The organic frnctlon was separated out, dried (CaC12) and 

distilled. 

Reaction of sulphur tetrafluorlde with 1,3-dibromoacetone 

1,3-Dibromoacetone (15.0 g, 0.07 mol) and sulphur 

tetrafluoride (50.0 g, 0.46 mol) 'Rere reacted in an aUtOClaW 

and the products Isolated as described above. A mixture of 

obtained compounds (12.5 g) gave fraction & (9.0 g) with 

b.p. 60-80°/60 mm Hg. Fraction & contained compounds 1, 7E: 

and 72 (GLC analysis) which were isolated by preparative gas- - 
liquid chromatography at 160'. The following compounds were 

obtained: 1,3-dlbromo-2-2-difluoropropane (1, 2.0 g) b.p. 

70°/85 mm Hg (cited [5] 136') and 1,3-dibromo-2-fluoropropane 

CE, 0.3 g) b.p. 142-143' (Slvolobov), ng'1.5328, MS: m/e 216, 

218, 220 (8, 14, 6%) two Br atoms, M+; m/e 137, 139 (100, 98%) 

one Br atom, M+-Br; m/e 111, 113 (47, 46%) one Br atom, C?JBrF. 

IR film: 33OOw, 1720m, 1440m, 13308, 1275m. 1180~1, 9458, 8958, 

830s. Analysis: Found: C, 16.7; H, 1.4; Br, 73.3; F, 8.4%. 

C3H3i3r2F requires C, 16.5; II, 1.4; Br, 73.4; F, 8.7%. Compound 

E was not obtained analytically pure. After fraction i was 

distilled off the residue (2.4g) was distilled in vacuum and 

bis(l,3-dibromo-2-fluoroisopropyl)ether (3) was obtained 

(1.7 g) b.p. 137-139'/3 mm Hg, nz61.5317. MS: m/e 217, 219, 

221 (49, 100, 54%) txo Br atoms, (CH2Brj2C+F; m/e 171, 173, 

175 (8, 14, 7;;) two Br atoms, C+HBr2; m/e 137, 139 (36, 35%) 

one Br atom, C+H2-CF&RBr. Analysis: Found: C, 16.1; H, 1.7; 

Br, 70.5; F, 8.2. C6H8Br4F20 requires C, 15.9; H, 1.8; Br, 

70.4; F, 8.4%. 

Reaotion of sulvhur tetrafluoride with 1.3-dichloroacetone 

Reaction of 1,3-dlchloroacetoqe (20.0 g, 0.16 mol) with 

sulphur tetrafluoride (50.0 g, 0.46 mall was carried out in an 

autoclave and products were isolated as above. The mixture of 

compounds (20.0 g) was separated by distillstion and gave 
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fraction & with b.p. up to 120'. This fraction contained com- 

pounds 2, 82 and E (GLC). Fraction i was separated by prepa- - 
rative gas chrom8togr8phy at 130'. The following compounds 

were isolated: 1,3-dichloro-2,2-difluoropropane (2, 3.0 g) b.p. 

93-94’ (cited [6] b.p. 96.69'); 1,3-dlchloro-2-fluoropropene 

(SE, 0.15 g) contains 5% of compound 2 (GLC) b.p. 106-107° 

(jivolobov), (cited [13] b.p. 41.7'/100 mm Hg); 1,3-dlchloro- 

2-fluoropropane (82, 0.4 g) b.p. l17-118° (Slvolobov) (cited 

[131 b.p. 46'/44 mm Hg). The residue was distilled under higher 

vacuum and the bis(l,3-dichloro-2-fluorolsopropyl)ether (2) 

was obtained (4.0 g) b.p. l28-130°/25 mm Hg, nG'1.4633. MS: 

m/e 225, 227 (6, 7%), M+-CH2Cl~ m/e 189 (1661, &I+-CH2CZ-HCI; 

m/e 129 (43761, (CH2Cl12~+~; m/e 93 (50?$), C+H=CF-CH2Cl; m/e 49 

(37s). C+H2C1. Analysis: Found: C, 26.2; H, 2.9; Cl, 51.3; F, 

13.7%. C6H8C14F20 requires C, 26.1; H, 2.9; Cl, 51.4; F, 13.8%. 

Reaction of sulphur tetrafluoride 'with 1.3-difluoroacetone 

Reaction of 1,3-difluoroacetone (15.0 g, 0.16 mol) with 

sulphur tetrofluoride (40.0 g, 0.37 mol) was carried out in 

an autoclave and products (8.4 g) were isolated as above. 

Fraction i b.p. 30-35'/130 mm Hg ras not collected due to its 

VOl8tility. The following compound was Isolated by distll- 

lation from the residue: bis(l,2,3-trtiluoroisopropyl)ether 

(6, 1.6 g) b.p. 30-310/5 mm Hg, nyl.3495. MS: m/e 177 (I%), 

M+-CH2F; m/e 157 (8,6), M+-CH2F-HF; m/e 97 (48%:), (CH2F12C+F. 

Analysis: Found: C, 33.9; H, 3.9; F, 54.3. C6H8F60 requires 

C, 34.2; H, 3.8; F, 54.3%. 

~,3-Dichloro-2-fluoro-2-phenylopane (9) 

Reaction of 1,3-diohloroaaetone (20.0 g, 0.16 mall with 

sulphur tetrefluoride (40.0 g, 0.3 mol) in the presenoe of 

beneene (15 ml) was carried out in an autoclave and the 

products Were Isolated as above. A mixture of compounds 

(29.0 g) was obtained. Fraction 1 was distilled off (b.p. 
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75-125°/20 mm I?g) and contained benzene and compounds 2, 5, 

8E and g (GT,C). The residue gave fraction g (4.8 g) b.p. - 
85-88'/3 mm Hg. Fraction ii was cooled to -20' and after 24 h - 
the solid ether 2 was filtered off. Compounds 5_ and 2 were 

found to be present in the filtrate (ratio 1:l GLC). These 

compounds were separated by preparative gas chromatography at 

18Oo and compound 2 was isolated b.p. 245' (Sivolobov), 

ng'1.5325. MS: m/e 206, 208 (17, IOC), M+; m/e 157, 159 (100, 

3CY$), M+-CI12C1; m/e 137 (14L;j), M+-CH2Cl-HF; m/e 126 (46%), 

I~+-CH2C1-CF. Analysis: Found: C, 51.9; H, 4.2; CI, 34.0; F, 

9.4. C9H9C12F requires C, 52.2; H, 4.4; Cl, 34.2; F, 9.2%. 
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