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SUMMARY

Reaction of sulfur tetrafluoride with 1,4-dioxan in anhyd-
rous hydrogen fluoride in the presence of small additions of sul-
fur chlorides or chlorine results in the replacement of several
hydrogen atoms in dioxan ring by fluorine atoms. Depending on va-
rious conditions, 2,3,3-trifluoro-1,4-dioxan, 2,3,3,5,6-pentafluo-
ro~1,4-dioxans as well as 1,2,2,Z,ZLpentafluoroethyl ether can be
obtained as major products in a good yield.

The reaction appeared to proceed via initial chlorination

followed by the replacement of chlorine atoms by fluorine atoms.

INTRODUCTION

Sulfur tetrafluoride is known to have been used as an selec-
tive fluorinating agent for replacement of the oxygen atoms in the
carbonyl and hydroxyl groups by fluorine atoms [1,2]. Formation
of products corresponding to replacement of hydrogen atoms by flu-
orine atoms in the reactions of sulfur tetrafluoride was observed
only in a few cases, for example, on treatment of anthrone [31

and adamantane derivatives [ 4-6)] with SF,
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RESULTS AND DISCUSSION

We have found that on heating of 1,4-dioxan with SF4 in an-
hydrous hydrogen fluoride at 180-230%, several hydrogen atoms are
replaced by fluorine, forming a mixture of 2,3,3-trifluoro-1,4-
dioxan (I), 2,2,3,3-tetrafluoro-1,4-dioxan (II), two stereoiso-
meric 2,3,3,5,6~pentafluoro-1,4-dioxans (IIT a,b) and 1,2,2,2,2L
pentafluoroethyl ether (IV) in a high yield, Linear ether (IV)
is apparently formed as a result of ring cleavage in trifluoro-
dioxan(I), This reaction is also accompanied by release of elemen-

tary sulfure.

SF, ,HF 0 )
4 F o F, , F F
? F F F F
0 o~ F2 0”7 "2 0~ "2

180-230°

(1) (11) (III a,b)
+ CF,CHFOCH,CH,F
(Iv)

However, the yields and ratios of the products obtained va-
ried when different samples of sulfur tetrafluoride were used.
This made us assume that the unusual reaction of SF4 with 1,4~
dioxan took place due to the presence of small quantities of sul-
fur chlorides or chlorine in sulfur tetrafluoride obtained from
5012 and NaF [ 7). These impurities are often present in SF4 in-

spite of low-temperature distillation.

To verify this assumption, SF4 was thoroughly purified by
48-hour storage at 20° in a stainless steel cylinder containing
amalgamated copper chips. This represents a slight modification

of the method described in the literature[ 87 .
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It was found that SF4 purified in this way did not convert
1,4~dioxan into polyfluorodioxans when heated up to 185° in hy-
drogen fluoride. Instead, tar was formed and some unchanged di-
oxan recovered, On the other hand, under similar conditions the
addition of 0¢3-=0,57% SClz, 82c12 or chlorine into pure SF4 re-
sulted in the formation of fluorinated products (I-IV) from di-
oxan in a high yield.

It should be noted, that the reaction of sulfur tetrafluo-
ride in hydrogen fluoride with 1,4-dioxan is sensitive even to
slight traces of above-mentioned chlorinating agents which re-

main after purification of SF,, but heating to 220-230° is neces-

4°
sary for fluorination to occur and yields of fluorinated products
are very smalle

We have also found that an identical influence upon the re-

action course of 1,4-dioxan with SF, in HF was exerted by hydro-

gen chloride present in the reactioi mixture when hydrogen fluo-
ride of technical grade was employed.

The facts observed allow us to make an assumption that the
reaction of sulfur tetrafluoride in hydrogen fluoride with 1,4-
dioxan in the presence of sulfur chlorides or chlorine may in-
volve initial chlorination of dioxan followed by the replacement

of chlorine atoms by fluorine atoms. Some reactions of halogen

exchange with SF4 are described in the literature (97 .

Chlorination of 1,4-dioxan at elevated temperatures is known
to proceed in succeeding reactions of the replacement of hydro-
gen atom by chlorine followed by dehydrohalogenation and additi-
on of chlorine to the double bond [ 10] « This results in pro-
ducts containing chlorine atoms at adjacent carbon atoms. Probab-
1y analogous chlorination processes accompanied by halogen ex-
change take place on heating of dioxan with SF4 and HF in the
presence of chlorinating agents, which finally results in the
formation of 2,3,3-trifluorodioxan (I)s Then the latter is con-

verted into pentafluorodioxans (III a,b).
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Tetrafluorcdioxan (II) is obtained in marked quantities
when the contents of sulfur chlorides in SF4 do not exeed
0.,1%. It is possible that under such conditions at 200-220° the
removal of HCl from intermediate Cl,F-containing 2,3,3~-trisubsti-

tuted dioxan occurs followed by addition of Cl, and the replace-

ment of chlorine atoms by fluorine atoms. It ?s doubtful that
in this process trifluorodioxan (I) can be an intermediate pro-
duct, since it was found[ll] that 2,3,3-trifluorodioxan cannot
be dehydrohalogenated even under very severe conditions.

The possibility to obtain highly fluorinated dioxan deriva-
tives in high yields in the presence of merely small amounts of
sulfur chlorides or chlorine is explained by the fact that HCl
formed in the reactions of dioxan chlorination and halogen ex-

change easily reacts with sulfur tetrafluoride [12] recovering

chlorinating agentse.

SF4 + HCL ———— [SC14J —_— SCl2 + C12

The nature of fluorinating agent is unknown. Probably, sul-

phonium ion SF; known to be formed from SF4 in the HF medium[lﬂ

takes part in the replacement reaction of chlorine by fluorine.
In the absence of significant quantities of HF, 1,4-dioxan fails
to react with SF, even in the presence of sulfur chlorides or Cl

4

in the reaction mixture. The heating of dioxan with HF and chlo-

2

rides only does not result in the replacement of hydrogen atoms
by fluorine atoms,

The data obtained on the role of chlorine in the reaction
of dioxan with SF, allow us to assume that also other reactions

4

of oxidative fluorination, such as reactions of SF4 with anthro-
ne [3] and adamantane derivatives[4-6] actually proceed in the
same manner. For example, we have found that under conditions
described in the literature [6] adamantane fails to react with

pure SF4 and is quantitatively recovered. Under the same conditi-
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ons, the addition of 0,37 of 82012 into SF4 results in the for-
mation of mono~ and difluoroadamantanes in a high yield.

Thus, the above mentioned data on the effective influence
of small additions of chlorinating agents upon reactions of some

organic compounds with SF, can extend the synthetic utility

4

of sulfur tetrafluoride.

EXPERIMENTAL

NMR spectra were taken on a Tesla BS-497 NMR Spectrometer
at 100 MHz for lH and 94.075 MHz for 19F using HMDS as internal
and CFBCOOH as external standards and d6-acetone as solvent.
Gas-1liquid chromatography was carried out on "ITAXB-07" Chroma-
tograph with thermal conductivity detector and helium as a car-
rier gas. The flow rate was 60 ml/min., and a stainless steel co-
lum (5 m %10 mm) with 15% of Silicon FS~1265 on Chromosorb W(AW-

DMCS) was used. The separation temperature was 105°,
Chemicals

Sulfur tetrafluoride was prepared according to the literatu-

re [7] and purified as described above.

Treatment of 1,4~-dioxan with SF4 and HF

1,4-Dioxan, SF, and HF (with or without addition of SCl

>
82012 or C12) were ﬁeated in a stainless steel cylinder at szlec—
ted temperatures. On cooling to room temperature volatile products
were removed, the liquid from the cylinder was poured on ice fol-
lowed by steam distillation. The mixture obtained was separated
by GLC method.

The reaction conditions, yields and percentage of products

obtained are listed in Table I. Physical properties, analytical
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and NMR data of cyclic and linear fluorinated ethers (I-IV) are
listed in Table II. NMR data of trifluorodioxan (I), tetrafluo-
rodioxan (II) and pentafluorodioxans (III a,b) are close to the
data described in the literature [14,15] « In accordance with the
paper [15] pentafluorodioxan (III a) seems to be 2H,5H/3H isomer
and (III b) -~ 2H/3H,5H isomer.

Treatment of adamantane with SF4

a) With SF,, purified from sulfur chlorides and chlorine

In a similar manner to that described above, adamantane
(4.0 g) and purified SF,, (25 g) were heated for 6 h at 100°,
Sublimation of the crude product gave unchanged adamantane (3.9g).

1
Mopo and NMR "H were identical with authentic sample,

b) In the presence of 529;2

Under the same conditions adamantane (4.0 g), purified SF

4
(25 g) and 5,C1, (0,08 g) gave the mixture (#1:1 by GLC) of mono-

and difluoroadamantanes (3.7 g), which after sublimation were se-
parated by GLC method. The temperature of the column was 150°,
Monofluoroadamantane, meps 259° and difluoroadamantane, mep.
264~265° were identical with authentic samples. The NMR 1H and
19F data for fluoroadamantanes obtained did not differ from that

previously reported [6] .
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