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Bromine trifluoride reacts rapidly with 0-substituted thioesters to form a,a-difluoro ethers, a family of almost unknown 
compounds. 

Bromine trifluoride is a commercial reagent, but can also be 
easily prepared from the elements by placing Br2 (20 ml, 
0.37 mol) in a brass container equipped with two tubes, one of 
which dips into the bromine and the other is an outlet leading 
to a soda lime trap. With the reactor temperature maintained 
between 0 and 10 "C, fluorine gas (3 equiv., 1.11 mol) is slowly 
bubbled through the bromine for about 4 h. The yellow- 
brown liquid BrF3 (obtained in >go% yield) can be stored 
indefinitely in a well closed Teflon container.? Despite its 
availability, however, most organic chemists have shied away 
from it, recalling the attitude towards elemental fluorine 15 
years ago. The few reactions published involve oxidative 
fluorination of heteroatoms,' and substituting certain eli- 
phatic halogens and tertiary hydrogens with fluorine - 2  We 
report here a new, general, efficient and fast reaction of BrF3 
leading to rare &,a-difluoro ethers, a moiety mentioned only 
twice before in the chemical literature.3 

Most of the 'carbonyl to CF2' transformations performed 
with halogen fluorides use hydrazone4 and dithiolane5 deriva- 
tives, since nitrogen and sulfur atoms serve as better centres 
for complexation to various reagents. The ester carbonyl 
cannot be easily transformed into such derivatives so we 
turned our attention to 0-substituted thioesters which are 
readily prepared in 80-90% yield with Lawesson's reagent6 
and should be attacked by the nucleophilic fluorine atoms of 
the BrF3. 

A cold CFC13 (0 "C; 25 ml) solution of BrF3 (10 mmol) was 
added to 0-methyl adamantane-1-carbothioate 1 (10 mmol) 

i Caution: BrF3 should be treated with care since it reacts violently 
with solvents such as water and acetone. Dry trichlorofluoromethane, 
chloroform, carbon tetrachloride or acetonitrile are suitable as 
reaction solvents. 

also dissolved in the same cold solvent (15 ml) during ca. 
10 min. The reaction is instantaneous, as can be judged from 
the immediate disappearance of the reagent. After the 
addition was complete the mixture was quickly neutralized 
with aqueous hydrogen sulfite and hydrogen carbonate. 
1-Adamantyldifluoromethyl methyl ether 2 3 ~  was distilled at 
65 "C (1.5 mmHg) and obtained in 95% yield. The difluoro 
ethers are not very stable and we were unable to purify the 
products by chromatography, since they were slowly hydro- 
lysed or eliminated HF  with an autocatalytic effect encourag- 
ing further HF elimination. Eventually the difluoro ethers 
were purified by distillation, usually from traces of quinoline 
to absorb and stop the H F  elimination. 

We tested the generality of the reaction with straight-chain, 
alicyclic and aromatic esters. Thus, 0-ethyl octathioate 3 
formed in 70% yield the expected 1,l-difluorooctyl ethyl ether 
4 b.p. 50 "C (25 mmHg), while the 0-ethyl 4-methylcyclohex- 
anecarbothioate 5 produced the ether 6 in 90% yield, b.p. 
60 "C (22 mmHg). The fast reaction between the thiocarbonyl 
and BrF3 is demonstrated in the case of 0-methyl thioben- 
zoate 7 which produced a,&-difluorobenzyl methyl ether 83" in 
70% yield with no appreciable bromination of the aromatic 
ring.7 The reaction of 7 with BrF made either directly from the 
corresponding elements8 or from BrF3 and Br2 resulted only in 
an intractable mixture which contained several bromo- 

1 R' = 1-Adamantyl; R2 = Me 2 
3 R' = Heptyl; R2 = Et 4 
5 R' = 4-methylcyclohexyl; R2 = Et 6 
7 R'=Ph,R2=Me 8 
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aromatic derivatives, but none of the desired difluoro deriva- 
tive 8. 

The compounds, which could be stored under nitrogen at 
0°C for more than a month, were 93-95% pure and their 
structures were in excellent agreement with all spectral data 
including high resolution MS. 
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