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Description
Process for the addition of HF to halogenated alkenes

The addition of HF to alkenes has considerable importance
for the preparation of fluorine-containing alkanes. This
addition, however, frequently cammot be carried out
without problems by reaction with liquid or gaseous HF;
on the contrary difficulties .and complications often -
The handling of HF is difficult because of its
high vapor pressure; at reaction temperatures above its
(19.5°C)

veasels are always necessary.

occur.

boiling point corrosion-resistant pressure

: For getting around or minimizing this difficulty the use
- ‘of polyhydrofluorides of pyridine ("Olah’s reagent®") as
hydrofluorinating agents has been proposed by G.A. Olah
et al.

(synthesis 1973, pages 779 to 780). The use of

polyhydrofluorides of melamine has a similar aim
{N. Yoneda et al., Chemistry Lette: 19_83, pages 1135 to

1136; 1984, pages 1241 to 1242). These polyhydrofluorides
contain 6 to 12 molecules of HF per amine nitrogen atom,

but have. a distinctly lower vapor pressure than pure

hydrogen fluoride.

those double
bonds which al:i_‘éady carry halogen atoms are distincetly
restricted in their reactivity to HF. This is seen e.g.
"Olah’s
reagent™ or melamine polyhydrofluoride do not react with

In coinpari.sou with halo.gen-— free alkenes,

in - the fact t:hat. polyhydrofluorides such as

perhalogenated double bonds, in particular perfluorinated
under the conditions mentioned by the
abovement:.oned authoxra (gee COmpar:Lson examples 1 and 2).

the addition of BF in this’ ‘case #asf be aarr;ed
out under drastic cond:l.t:mns using pure HF or alkali

Instead.

metal fluorides. This frequently 1leads, however, to-

‘halogen exchange reactions as an additional complication.
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Examples of h'_zown hydrofluorinations under drastic condi -
tions are the reaction of perhalogenated alkenes with HF
on a chromium oxide catalyst at 200 to 500°C, preferably
300 to 400°C, as in GB Patent 901 297, or the reaction of
tetrafluoroethene with HF on a chromium oxyfluoride
catalyst at temperatures up to 200°C as in German
Offenlegungsschrift 3 009 760. Similarly, the reaction of
hexafluorcpropene with HF to give 2H-heptafluoropropane
at 250 to 450°C on active ca.rbon is disclosed in
GB Patent 902 590.

I

Even when using water-containing or hydrogen fluoride-
containing alhli metal fluorides instead of HF
(US Patent 3 130 238, US Patent 5 045 634), the reaction
must be caxried out at high temperatures and halogen
exchange must be expected. In US Patent 5 045 634, a

 formation of olefin as a result of secondary elimination

of hydrogen halide, catalyzed by the basic alkali metal
fluoride formed in the reaction, 1s additionally
described. The formation of product mixtures caused by
the drastic reaction conditions also makes these pro-
cesses unsuitable for rationally carrying out a selective
addition of HF to halogenated alkenes.

A known method which proceeds under milder conditionmse is
the reaction of trifluorochloroethene CF,=CFCl with
potassium fluoride in formamide to give 1,1,1,2-tetra-
fluorochlorocethane CF,-CHFCl (W.T. Miller et al.,
JACS 82, pages 3091 to 3099 (1960)). This reaction leads
to a convefsion of 72 % at 55°C in the course of 30 h.
The analogous reaction of hexafluoropropene leads to
2H-heptafluoropropane with a conversgion of 60 %. The

' - disadvantage of this process of indirect HF addition is

that the hydrogen atom needed for this originates from
the reaction med_ium, i.e. the formamide, which leads to

undesired by-products.

Pe:bfluoroi.sobut:ene CF,=C(CF;), c¢an be hydrofluorinated

" even at room temperature in the presence of ammonium
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fluoride  using a solution of HF in dioxane -
(I.L. Knunyants et al., Izvestiya Acad. Nauk USSR, Ser.
Chim., 1965, (4), pages 723 to 726; in the English trans-
lation pages 702 to 704). The yield according to this
literature reference is 88 % of theory. Perfluoroiso-

butene, however, is characterized, compared with other
perfluorcalkenes, by an extremely high reactivity (cf.
“The Chemistry of Perfluoroiscbutene», I.L. K:iunyants

"et al., Uspekhi Khimii 53, pages 431 to 461 {(1984), in

the English translation: Russian Chemical Reviews 53 (3),
pa_ges. 256 to 273 (1984)). Correspondingly, a transfer of
the reaction route mentioned (NH,F/HF) to other per-
fluoroalkenes or, generally, haloalkenes is not described
in the lz.terat:ure and, as Comparison examp].e 3 shows, is

" also not possible. -

Tt has now surprisingly been found that the addition of
HF to halogenated double bonds, in particular fluorinated
double bonds, takes place under very mild conditions with
the aid of complex hydrofluorides of organic nitrogen
bases which, however, in comparison with the above-
ment:.oned polyhydrofluorides of pyridiné ("Olah’s
reagemt') or of melamine, are relatively low in HF.

The éresent invention thus relates to a process for the
addition of HF to a halogenated alkene of the formula (I)

R'CF=CR’R’ - (T
in which R* to R® have the following meaning:h

R* = ¥, CF, or CF,R', where R* = C,-C,-alkyl, unsub-

gtituted or substituted by one or more halogen
atoms, '_

R? = H, halogen or CF,, _

R ¢ = H, F, CF, or C,-C,~alkyl, umnsubstituted or

subsatituted by one or more halogen atoms,

which comprises reacting a halogenated alkene of the
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formula (I) with at least one hydrofluoride of an organic

-4 -

nitrogen base of the formula (IY)
[Ben HF] - 0

in which. B is an .0rganic nitrogen base and n is an
integer or fraction = 4, it being intended that the
react::.on of perfluor01sohutene CF,=C(CF,), is excluded. '

Preferably the halogenated alkenes of the formula (I)
employed are those in which

R = F, CF, or C,F,
R? F, Cl or CF,, and
r® =  H, F or perfluorinated C,-C,-alkyl.

In _part:icular', the follow;i.ng haiogenated alkenes are
employeds
' CF,=CF,, CF,=CCIF, CF,=CFH, CF,=CCIH, CF,=CF-CF,, CF5-CF=CH-CF,,

CF, | CF, CFs
CFJ cr"c< ) Czrs-CF-c< ‘ . c:Fs"cr'c< : 4

Fs _ CFy _ C.Fp

especially, however, CF,=CF-CF, (hexafluoropropene) .
A mixture of two or more halogenated alkenes of the
formula (I) can also be employed in the process according

to the invention. -

Suitable nit:rogen'base's B of the formula (II). are amines

“including nltrogen heterocycles. When the formula given

for these a.m:l.nes is the formula (III)

. R'R°RN ' (III).
the radicals R', R® and R° therein can be identical or
different and are hydrogen, '
an alkyl radical having 1 to 20, prefeérably having 1 to
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12, in part:l.cular having 1 to 6 carbon atoms,

an alkenyl radical hav:_l.ng 2 to 20, preferably 2 to 12, in
particular 2 to § carbon atoms,

a cycloalkyl radical having 5 to 7 carbon atoms,

a cyéloalkenyl radical having 5 to 7 carbon atoms,

an aralkyl radical having -" to 10 carbon atoms or

an aryl radical having 6 to 10 carbon atoms which can
additionally be subst:u:uted by C,-C,-alkyl or cl-c -a.lkoxy

- groups.

The alkyl, cycloalkyl, aralkyl and aryl radicals men-
tioned are preferred here.

In addition, two of the radicals R' to RS, together with

_t:he nitrogen atom carrying t:hem, can form a 5- to

7 -membered ring which can contain an oxygen atom or a
further nitrogen atom, preferably, however, such a ring
contains no oxygen atom and no further nitrogen atom.
This ring thus has 5 tc 7 members, of which one is the
nitrogen atom and the others are preferably CH, groups.
One of the CH, groups can also be replaced by an oxygen
or nitrogen atom, which, however, is not preferred.

Together with the nit:rogén atom carrying them, the
radicals R' to R® can also form two or three 5- to
7-membered, preferably saturated, rings which can contain
further nitrogen atoms, such as, for example, in

‘hexamethylenetetramine or diazabicyclooctane.

The mnitrogen base B can additionally be a 6&-membered
heterocyclic ring which can contain one or two nitrogen
atoms and can also ble henzo-ﬁxsed,. e.g. pyridine,
pyrimidine or quinoline. '
~

Particularly preferred organic nitrogen bases B are
tertiary amines, including N-heterocycles, having a total
of 3 to 12 carbon atoms, especially the following: tri-
methylamine, triethylamine, tri-n-propylamine, isopropyl-
diethylamine, tri-n-butylamine, N,N,-dimethylaniline,
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N-methylpiperidine, pyridine, quinoline, N,N’-tetra-
methylethylenediamine and hexamethylenetetramine.

-6 -

The number n in the formula (IT)}) is the molar amount of
HF per nitrogen atom of the base B and is an integer or

fraction = 4, preferably 0.5 to 3.5, in particular 2 to
3. . | -

In the fellowing, . ei:amples of the complex hydrofluorides
of the formula (II) which can be employed in the proceds

: accord:l.ng to the :mvent:.on are given:

[{CHy)sN ® 2,8 HF]
{{C,HgIgN * 2.8 HF)

[(n-CgHy)gN * 3.0 HF] .

“i"c'sH?"z‘csz,N *2.6 HF}
[in-CqHglgN * 2.6 HF]
({CH3),N-CHo-CH,-N(CH,), * 4.7)

{ N-CH;y - 2.8 HF

—

7 W - 2.7 HF

<:>»N(cn,)2 © 2.6 HF

[(CH2)6N4 * 2 HF]

These hydrofluorides are Xnown from the literature, e.g. |
from Bulletin Soc. Chim. France 1965, pages 1890 to 1892

" or from J. Fluorine Chemistry 15 (1%80). pages 423 to

434. In the molar composition given, they are stable

complexés which, in contrast to amine hydrofluorides
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baving a higher hydrogen fluoride content (n > 4), such

-7 -

" as e.g. [pyridine ¢ 9 HF], i.e. "Olah’s reagent”, exhibit

no HF vapor pressure and are therefore considerably
simpler to handle and in some cases can even be distilled
in equipﬁent made of borosilicate glass. In the process
according to the invention, tﬁe use of [triethylawmine e
2.8 HF] or [tributylamine e 2.6 BF] is particularly
prefaerred. '

The hydrofluoride of the formula {(II) to be employed in’
the process according to the invention can be prepared by
direct reaction of the amines with HF. In particular from
the background of the facts verified below in Comparigson
examples 1, 2 and 4 that "0Olah’s reagent” and other amine
hydrofluoi:‘ides’ having more than 4 HF molecules per amine
nitrogen atom are not able to hydrofiuoxjin_at:e' a per-
halogenated olefinic double bond, it was an extremely
surprising finding that the hydrofluorides to be employed
in the process according to the invention, which are
comparatively low in HF, react very easily.

- The process aécofding to the invention can be carried out

in a closad pressure vessel or at atmospheric pressure.
If the reaction is carried out batchwise and the boiling
points of substrate and product are low, a stirred

~autoclave is expediently selected :|.n which the react.a.on

can proceed under autogenous pressure. In this case, the
progress of the reaction is as a rule recognizable by the-
decreasge :Ln. the internal pressure. If the boiling points
are su:E:Ei.c:l.ently high, a stirred flask, optionally with
a reflux condenser, can be used. After the end of the
reaction the amount of HF consumed can be replaced again
in a suitable manner, e.g. by passing in, condemsing in
or pumping in HF, and a further reaction can follow.

If /it is intended to carry out the reaction without

. prespure in spite of low boiling points, the residence

time of the substrate in the liquid hydrofluoride needed
for reaction can be realized by means of a gas
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circulation. The addition of the HF can in this case also

-8 -

be' carried out simultaneously with the addition of the
substrate. In this case, it is preferred to carry out the

'pror.'ess continuously in a bubble column which can comsisat

of corxrosion-resistant metal, borosilicate glass or
synthetic material. .The reaction temperatures which can
be used in the prodess according to the invention depend
on the halogenated alkene employed and in general are 10
to +200°C. The reaction is prefexably carried out above
the melting point of the hydrofluoride selected, i.e. in
the hmogeneoué liquid phase, preferably at 0 to +100°C,
particularly preferably at +20 to +80°C.

In general, addition of solvent is unnecessary; if
required, however, the reaction can be carried out in the
presence of adequate amounts of an aprotic polar solvent
such = as dioxane, tetrahydrofuran, acetonitrile or

N-methylpyrrolidone.

The hydrofluorination product is isolated by distillation
or (when usiﬁg a pressure vessel) by releasing the
presgure and condensi.ng”. It is a particular advahtage of-
t]:_né process according to the invention that the hydro-
fluorination products thus prepared are free of impuri-
ties whose formation interferes in other preparation
processes which proceed at high temperatures.

The following examples' illustrate the process acdording
teo the invention. The percentages are percent:agés by
weight, if not stated otherwise.

Comparison example 1

Analogously to a procedure given by G.A. Olah et al.,
(Synthesis 1973, pages 779 to 783), 160 g (0.39 mol) of
the hydrofluoride ([pyridine o 9 HF], i.e. =®Olah‘s
redgent®, were introduced into a 500 ml stirred autoclave
made of V4A steel and 80 g of hexafluoropropene
(0.53 mol) were injected f£rom a pressure storage
reservoir. The autoclave contents werxe heated to 50 to
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51°C with'stz.r:'r:ing and kept at this temperature for 24 h; _

during the heating period the internal pressure rose from
6 to B.8 bar and did not change any more. The autoclave
contents were then condensed, if gaseous, in a trap
cooled with dry ice and analyzed. A measurable content of
2¥-heptafluoropropane could not be determined.

Comparison example 2 _
Analogously to a procedure of N. Yoneda et al. (Chemistry
Letters 1983, pages 1135 to 1136), 160 g of a 24 percent
solution’ of melamine (2,4,6-triaminotriazine) in
anhydrous hydrogen fluoride (this corresponds to
[melamine * 20 HF]) were introduced into a 500 ml stirred
autoclave made of V4A steel and 220 g of hexafluoro-
propene (about 1.5 mol) were injected from a pressure
storage bottle. The autoclave contents were heated to
52°C with stirring and kept at this temperature. After an
experimental ,'period of 20 h, investigations of a gas
sample by nuclear magnetic resonance spectroscopy did not
show any conversion at all. After this, the internal
temperature of the autoclave was increased from 52°C to
about 100°C and after a further 20 h a sample was removed
and analyzed as described. The spectrum did not show any
measurable conversion to 2H-heptafluoropropane.

Comparison example 3

Analogously to the reaction of perfluoroisobutene with
hydrogen fluoride in the presence of ammonium fluoride in

dioxane described  in Izvestiya Acad. Nauk USSR, Ser. -
' Chim., 1965, (4), pages 723 to 726 (in the English trans-

lation pages 702 to 704), a reaction of hexafluoropropéne
(instead of perfluoroisobutene) was now attempted.

150 g of anhydrous dioxane were introduced into a stirred
vessel made of polyethylene and cooled in an ice bath,
and,’ 4S g of hydrogen fluoride (2.25 mol) were added. 3 g
of ammonium fluoride were introduced into a 500 ml
autoclave having a magnetic lift stirrer, the solution of
HF in dioxane was sucked into the then closed autoclave
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and 33 g of hexafluoropropene (0.22 mol) were injected.

- 10 -

The reaction mixture was stirred at room temperature for
a total of 90 h. In the time interval from 5 to 10 bours,
gag samples were in each case taken for IR and NMR
analyses. Even after 90 h, no 2H-heptafluoropropane could
be detected in the reaction mixture. After releasing the
presgure and opening the reactor, in addition to
unchinged starting substance dark-colored resinification
products dissolved in dioxane were found.

Compaxison _exampla' 4 .
126 g of a hydrofluoride of the composition [(n-CH,),N e

6.6 HF] were introduced into a 500 ml stirred autoclave

made of V4A steel and 70 g of trifluorochloroethemne
{0.6 mol) were injected from a pressure storage bottle.
The reaction mixture was stirred under autogenous pres-
sure at 30°C for 1.5 h, then at about 60°C for 2 h and
finally at 80°C for 15 h; no pressure decrease was
observed in this case. The “F-NMR spectrum of a sample
taken after this showed no conversion to 1,1,1,2-tetra-

- £lucrochloroethane.

Comparison example 5

90 g of a hydrofluoride of the composition [{n-CH,)},N
4.6 HF] were introduced into a gas-washing bottle pro-
vided with a ceramic fr:.t, and 40 g of hexaflucropropene
were passed i:hrough .at B80°C and condensed in a trap
cooled with dry ice. The condensate was pasaéd through
the liquid hydrofluoride a further time and again con-
densed. The IR spectrum of a ainple indicated the
presence of pure hexaflubropropene: the same was the case
after passing the same substrate through said hydro-

fluoride a total of 4 times.

Example 1

1900 g (8.0 mol) of [p-CH,),N ¢ 2.6 HF] were introduced
into a 5-liter stirred autoclave and 600 g of hexafluoro-
propene (4.0 mol) were pumped in from a storage reservoir
with astirring at 25 to 35‘0. The autoclave was then
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heated to . 75°C and after reaching this temperature the
pressure was released through a trap cooled with dry ice.
The contents of this trap (660 g) consisted according to
the infrared and the 'H- and F-NMMR spectra to 97 % of
2H-heptaflnoro:b:!:‘opane and to about 3 % of hexafluoro-

- 11 -

‘propene. The composition of the autoclave residue was

then determined by titration of a carefully degassed
sample with alkali solution. n was calculated to be 2.1,
thus 0.5 x B = 4.0 mol of hydrogen fluoride had been
consumed, which were then replaced by pumping in from a

_sl;oi:‘age reservoir. The process was then repeated by

pumping in 600 g (4.0 mol) of hexafluoropropene. A 2nd
repetition followed. The crude 2H-heptafluoropropane of
boiling point -18°C was then freed from unreacted hexa-
fluoropropene by fractionmal distillation (b.p. -27°C).

Example 2

157 g (1.0 mol) of [(C,H,),N ¢ 2.8 HF] were introduced
into a 500 ml stirred flask made of borosilicate glass,
which was provided with a reflux condenser charged with
dry ice and with a themometer for measuring the reflux
temperature, and 15 g of hexafluorcpropene (0.1 mol) were
passed in from a pressure storage reservoir. With
stirring, wvigorous reflux commenced at once and was
maintained by gentle heating of the flask. The reflux
temperature rose from initially -27°C to -18°C within a
short time and then remained constant. The gaseous
product was then removed via a tap attached below the
reflux condenser and condensed in a cold trap. According
to the H- and “F-NMR spectra, this product consisted to
95 % to 2H-heptafluoropropane and to about 5 % of hexa-
fluoropropene. The introduction of hexafluoropropene and
the removal of 2H-hept;a£1uoropropane was repeated four

' times,

Comparison example 6 :

This experiment was carried out analogously to. Example 2,
with the difference, however, that the HF content in the
trlethylamlne hydrofluoride was much h:.gher. 280 g of a
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apparatus of capacity 500 ml made of poljrtetrafluoro-
ethylene were used. Even after refluxing. hexafluoro-

- 12 -

propene for S hours, still no rise in the boiling point,

and thus also no indic_ation of 2H'-heptafluoropropane,
could be found.

Example 3 _

For this experiment, a 500 ml reaction flask made of
borogilicate glass wag used in which a frit was incor-
porated for the finely distributed introduction of
hexafluoropropene. The flask was conmected by means of a
tube to the still of an apparatus for fractional distil-
lation whose take-off valve for gaseous distillate was in
turn connected to the frit in the reaction flask via a
gas diaphragm pump 80 that a gas circulation was
achieved. 237 g (1.0 mol) of [{n-CH,),N * 2.6 HF] were
then J.ntroduced :Lnl:o the react:.on flask. By means of a T-
pzece attached in fromt of the- fr:.t, 150 g (1.0 mol) of -
hexafluoropropene were passed in from a pressure storage
reservoir in the course of 2 h and after onset of reflux
in the distillation apparatus (-27°C) the gas circulation
'_was set going by switching on the diaphragm pump. This

' was also ma.inta.ined after the end of hexafluoropropene

introduction. In the course of 3 h, 146 g of a boiling
product whose temperature rose in the course of the .
reaction period from -27°C to -18°C collected in the
still of the distillation apparatus. This product was
then removed and analyzed. According to the ¥ F-NMR
spectrum, it consisted to 90 % of 2H-heptafluoropropane

"and to about 10 % of unreacted hexafluoropropene.

nxample 4

A bubble column made of borosilicate glass of internal
diameter 22 mm and length 1800 mm which could be heated
from outside by warm water was filled with the hydro-
fluoride [(n-CH,),N ¢ 2.6 HF]. At an internal temperature
of ' 75°C, hexafluoropropene was passed in at a rate of
15 g/h through a frit attached at the foot of the column.
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The 2H-heptafluoropropane emerging at the head of the
bubble column was condensed in a cold trap and identified
by means of IR, "F-M'_and 'H-NMR spectra. The experi-
mental -period was 4 bourd. The gas-chromatographic
agalysis' of. this c¢rude product showed a content of 98.4
% of 2H-heptafluoropropane and about 1.5 % of hexafluoroc-
propene. |

- 13 -

Example 5

The -liguid amine hydrofiuoride was circulated 'in the

bubble column described in Example 4 by means of hose
connections and a peristaltic pump. Into this liquid
ci_rcuiation was incorporated a stirred vessel made of
polyethylene in which the consumed hydrogen fluoride was
replaced by weight-controlled absorption from a storage
veggel. The crude product expelled was free of traces of
HF and had a content of almos't 99 % of 2H-heptafluoro-
propane and about 1 % of hexafluoropropene.

Example 6

78.5 g (0.5 mol) of the hydrofluoride [(C,H,}),N ¢ 2.8 HF]

were introduced into a 500 ml stirred autoclave made of

V4A steel and 160 g of hex#fluoropropene (1.07 mol) were

injected from a pressure storage reservoir. The autoclave

contents were heated to 50°C and stirred under autogenous

 pressure. The internal pressure of initially 10 bar

decreased even during heating to one half and almost

completely disappearad in the course of a further
"4 hours. The pressure of the autoclave contents was then

released through a washing bottle containing 2N hydrd—
chloric acid (for the ébsorpt:ion of triethylamine} and a
drying tower containing anhydrous calcium chloride, and
the 2H-heptaflucropropane was condensed in a trap .cooled
with dry ice. The érude product thus obtained was invesg-
tigated by gas chromatography and also by means of GC-MS.
In .-'addition to 96.2 % of the desired 2H-heptafluoro- _

propane, it contained about 3.5 % of hexafluorcpropene.

A trace analygis for the determination of l:he highly
toxic perfluoroiscbutene showed no measurable ‘content
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Comparison example 7

a) 105 g of a solution of the composition [(CH,},N

.24 HF] were -i:itrodﬁeed into the autoclave described in

Example 6, 30 g of hexafluoropropene were injected from
a pressure storage bottle and the autoclave contents were
heated to 55°C. After stirring at this temperature for
one hour, the *F-apectrum of a gas sample indicated no
measurable conveira:i.on to 2E-heptafluoropropane.

b) A mixture, as described in a), was first stirred at

30°C for 1 h, them at 50°C for a further 42 h, under

autogenous presgure. A sample' removed after this was
analyzed. The **F-NMR spectrum again indicated no measur-
able conversion to 2H-heptafluorcpropane.

Exa;mple 7 _ :
40 g of tri-n-butylamine were introduced into a stirred

- vessel made of polyethylene. The lid of the vessel was

conmnected via hose lines to a storage raservoir for -
hexafluoropropene (standing on a balance), to a stirred
evaporator vessel whick contained 20 g (1 mol) of hydro-
gen fluoride, and to a trap cooled with dry ice. Hexa-
fluoropropene and - by means of a dry stream of nitrogen
blown into the evaporator - hydrogen fluoride _gés were
then passed into the tributylamine such that the 20 g of
hydrogen fluoride contained in the evaporator were
consumed in the same time as 150 g (1 mol) of hexafluoro-
propene. The contents of the cold trap were recondensed
by means of a tube filled with calcium chloride and thus

freed f_ftom accompanying hydrogen fluoride. In spite of

the low molar amount of hydrogen fluoride per amine
molecule and in spite of the extremely short residence .
time of the hexafluoropropene in the reaction medium, the
gas-chromatographic analysis showed a content of 14 % of
2H-heptafluoropropane in addition to about 86 % of
hexafluoropropene. '
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Example 8 _

118.5 g (0 5 mol) of the hydrofluom.de [tri-n-butylamine
e 2.6 HF] were :.nt.roduced into a 500 ml stirred autoclave
made of stainless steel, 58 g of trifluorcchloroethene .

- 15 -

CF,=CC1F (0.5 mol) were injected from a 'pressure- storage
reservoir and the mixture was stirred at 65°C. The
internal pressure decreased from 6 bar to less than 1 bar

. in the course of 24 h. The pressure of the autoclave was

released via a cold trap cooled with dry ice and the
product {crude yield 61 g, 90 % of theory) was identified
as 1,1,1,24tetraf1uorochloroethané {R 124) by means of
the 'H- and “F-NMR spectra.

Example 9 . .
At an internal temperature of .'57'.’(:, 1.5 liters of gaseous
trifluoxochloroethene were introduced through a frit into
an ext‘;ernally heatable bubble column made of borosilicate
glass of cross section 22 mm, which was filled to a
height of 1.5 m with the liquid hydrofluoride {(n-CH,),N
* 2.4 HF], and circulated by means of a pump through a
buffer vessel of volume about 1 liter. The circulation
rate of the gas was adjusted such that a good distribu-
tion of the gas bubbles in the medium was ach:.eved (5 to
8 llh) ¢+ the residence time of the bubbles in the medium
during each pas-\sage was about 10 sec. After an effective
total residence time _of the gas in the medium of 3.5 min,
the chrbmatbgra:_n of the recirculating gas (conditions:

5 m-lon§ %" column of ®Porasil C, containing 5 % of

oxydipropicnitrile, heat conductivity detection, tempera-
ture B0°C isothermal) showed a conversion of 50 % to a
product which was identified as 1,1,1,2-tetrafluoroc-
chloroethane (R 124) by means of E- and *F-NMR spectra.

Example 10 = . '

At an intermal temperature of 55°C, 1.5 liters of gaseous
tetprafluoroethene were introduced through a £rit into an
externally heatable bubble column made of borosilicate
glass of cross gection 22 mm, which was filled to a
height of 1.5m - with the 1liquid hydrofluoride
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[{(n-CH,);N * 2.4 BF], and circulated by means of a pump
through a buffer véséel of volume about 1 liter. The
circulation rate of the gas was adjuated such that a good
d:.stri.butzon of the gas bubbles in the medium was
achieved (5 to 8 1/h); the residence time of the bubbles
in the medium during each passage was about 10 seconds.

- 16 -

After an effective total residence time of the gas in the
medium of 3 minutes, the chromatogram of the circulating
gas {conditions as in Example 9) showed a conversion of
97 % to a product which was identified as pentafluoro-
ethane (R 125) by comparison with an authentic sample,
and algo - after condensing out the mixture - by meahs of
‘H- and *F-NMR spectra.

Example 11
50 g {0.21 mol) of the hydrofluoride [(n-CH,) N ¢ 2.6 EF]

- were introduced into a stirred autoclave of capacity

125 m1 and 10 g (0.1 mol) of 1,1-difluorochloroethene
(R 1122) were injected from a pressuré storage bottle.
The autoclave dontents were then stirred under autogenous
pressure at 65°C for 22 h and at 82°C for a further 46 h.
The volatile components of the reaction mixture were then
collected in a cold trap and analyzed. icc’ording to a gas
chromatogram (conditions as in Example 9), in addition to
trifluorochloroethene they contained a fraction of 12 %,
which was identified as 1,1,1-triflucrochloroethane
{R 133a) by means of 'H- and "F-nuclear magnetic

‘resonance spectra.

Example 12 _

30 g (0.13 mol) of the hydrofluoride [(n-CH,),N ® 2.6 HF]
were introduced into a stirred ‘autoclave of capacity
125 ml and 11 g (0.06 mol) of 2H-heptaflucro-2-butene
were :i.nject:ed from a pressure storage bottle. The reac-
tion mixture was stirred at 65°C until the internal
prgassure had fallen from initially 3 bar to 1 .bar. The
gas chromatogram of the: volatile c¢omponents of the
autoclave contents recorded after this (conditions as in
Example 9) showed that 99 % of a substance was contained
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which was identified as 2,2-dibydrooctafluorcbutane by
'H- and *’F-nuclear magnetic resonance spectra.

-17-j

Example 13 _

79 g (about 0.5 mol) of the liquid hydroflucride
[(n-C,H,),N « 2.8 HF] were introduced into a stirred flask
made of borosilicate glass and 150 g of perfluoro(2-
methylpent-2-ene) (0.5 mol) were added at. 25°C from a
dropping fummel. 250 ml of watexr were then added, and the
organic phase was separated off (yield 155 g) and dried
over magnesium sulfate. According to the gas chromato-
gram, it consisted t.c; 96.1 % of a product which was
identified as 2E-perfluoro(2-methylpentane) by means of
- and *F-nuclear magnetic resonance spectra.

Example 14 o . |

120 g (about 0.5 mol) of the liquid hydrofluoride
[(n-CH,),N e 2.6 ﬁF] were introduced into a 500 ml
stirred flask made of borosilicate glass and 150 g of
perfluoro(2-methylbut-2-ene) (0.5 mol) were added at 25°C
from a dropping funnel. The homogeneous reaction mixture
was then distilled. 150 g of a product of boiling peoint:
60 to 61°C were obtained, which was identified as
2H-perfluoro{2-methylpentane) by means of ‘H- and '“F-NMR
spectra. S '

Example 15

72 S g (0.5 mol) of the hydrofluoride [piperidine »
2.9 HF] were introduced into 'a stirred autoclave of
capacity 300 ml and 30 g of hexafluoropropene (0.2 mol)
were injected from a pressure storage reservoir. The
reaction mixture was stirred at 60°C for 24 h. The gas
chromatogram of the volatile components of the reactor
contents recorded after this indicated a content of
88.7 % of 2H- heptafluoropropane in addition to 11.1 % of
unreacted hexafluoropropene.

| Example 16

71 g (0.5 mol) of the hydrofiuvoride [morpholine 2.8 HF]
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were int:rodu_céd into a stirred autoclave of capacity

- 18 -

300 ml and 30 g (0.2 mol) of hexafluoropropene were
injected from a pressure storage reservoir. The reaction
mixture was stirred at 60°C for 24 h. The gas chromato-
gram of the volatile components of the autoclave contents
recorded after this indicated 'a content of 25 % 'o:E.
2H-heptafluoropropane in addition to about 70 % of
unreacted hexafluoropropene.

Example 17

65 g (0.5 mol) of the hydrofiuoride [t-butylamine e
2.8 BHF] were introduced into a stirred autoclave of
capacity 300 ml and 26 g (0.17 mol) of hexafluoropropene
were injécteci from a pressure storage reservoir. The
reaction mixture was stirred at 60°C for 24 h. The gas
chromatogram of the volatile compo:;a:ai:a of the autoclave
contents recorded after this indicated a content of 26 %
of 2H-heptafluoropropane in addition to 74 % .o:E unreacted
hexafluoropropene. |
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A process for the addition of HF to a halogenated
alkene of the formula (I)

R*CF=CR*R? (1)

in which R* to R® have the following meaning:

R = F, CF, or CF,R*, where R' = CI-C,?alkyl,
unsubstituted or substituted by one or
" more halogen atoms,

R? = H, halogen oxr CF;,

R = B, ¥, CF, or C,-C,-alkyl, unsubstituted ox
substitute_d by one or more halogen atoms,

which comprises reacting a halogenated alkene of the
formula {(I) with at least one hydrofluoride of an
organic n:i.i:rogen base of the formula (II)

[Ben HF - m

in which B is an organic nitxéogen base and n is an
mteger or fraction = 4, it being intended that the
reaction of perﬁluoro:.sobutene CF,=C(CF,}, is
excluded. : '

The process as claimed in claim 1, wherein a
halogenated alkene of the formula (I) is employed,

in which:

R* =. F, CF, or CF,,
R? F, Cl or CF,, and
R? H, F or perfluorinated C;-C,-alkyl.

The process as claimed in claim 1, wherein the

halogenated alkene of the formula (I) employed is
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CF,=CF,, CFy=CCIF, CF=CFH, CF2=CCIH CFy=CF-CFy, CF3-CF CH-CF,,
CFy CFy /cr,

cFy-cF-e ., ¢ LFg-CF= c\ or c,rs-cr-c 4
. Ty | Fs | C.Fy

* [+ L M S *
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The process as claimed in claim 1, wherein the
halogenated alkene of the formula (I) employed is
' CF,=CF-CF, (hexafluoropropene).

" The process as claimed in one of claima 1 to 4,
wherein n in the formula (II) is an integer orx
fraction from 0.5 to 3.5.

The process as claimed in one of claims 1 to 4,

wherein n in the formumla {(II) is an integer or
fraction from 2 to 3.

The process as claimed in one of claims 1 to 6,
wherein B is an organic nitrogen base of the formula
(Xrxr) R*R°R’N, in which the radicals R' to R® are
identical or different and each of these radicals is
hydrogan.

an alkyl radical having 1 to 20 carbon atoms,

an alkenyl radical bhaving 2 to 20 carbon atoms,

a eycloalkyl radical having .5 to 7 carbon atoms,

a cycloalkenyl radical having 5 to 7 carbon atomse,

an aralkyl radical having 7 to 10 carbon atoms or

an aryl radical bhaving 6 to 10 carbon atoms, which
can additiomally be substituted by C,-C,-alkyl or
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or in which two of the radicals R* to R*, together
with the nitrogen atom carrying them, form a 5- to
7 -membered rihg which can contain an oxygen or a
further nitrogen atom, '

or in which the radicals R* to R‘; together with the

nitrogen atom darrying them,r form two or three 5- to

7-membered rings which can contain further nitrogen
atoms. :

The process as claimed in one of claims 1 to ‘6, |
wherein B is an organic nitrogen base of the formula
(III) R'R°R°N, in which the radicals R‘' to R® are
identical or different and each of these radicals is
an alkyl radical having 1 to 20 carbon atoms,

a cycloalkyl radical having 5 to 7 carbon atoms,

an aralkyl radic;al bhaving 7 to 10 carbon atoms or

an aryl radical having 6 to 10 carbon atoms, which

can additionally be substituted by C,- C,-alkyl or

c,—c ~alkoxy rad:cals,

or in which two of the radicals R* to R®, together
with the nitrogen atom carrying them, form a 5- to
7-membered ring which can contain an oxygen or a

. further nitrogén atom,

or in which the radicals R* to R, together with the

nitrogen atom carrying them, form two or three 5; to.
7-membered rings which can contain further nitrogen

atoms.

The process as claimed in claim 7 or 8, wherein at
least one of the radicals R* to R is an alkyl
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" radical having 1 to 12 carbon atoms.

The process as claimed in claim 7 or 8, wherein at
least one of the radicals R' to R’ is an alkyl

radical having 1 to 6 carbon atoms.

The process as claimed in one of claims 1 to 10,
wherein the organic nitrogen base B is tertiary and
has a total of 3 to 12 carbon atoms.

The process as claimed in one of claims 1 to 6,-
wherein the organic¢ nitrogen base B is a 6-membered
heterocyclic ring which contains 1 or 2 nitrogen

atoms and can also b_e benzo-fused.

The process as claimed in one of claims 1 to &,
wherein the organic nitrogen base B iz a trialkyl-
amine having 3 to 12 carbon atoms.

The process as claimed in one of claime 1 to 13,

wherein the reaction is carried out at a temperature

from 0 to 100°C.

The process as claimed in one of claims 1 to 13,

wherein the reaction is carried out at a temperature

from 20 to 80°C. .

The proce-ss ag claimed in one of claime 1 to 15,
wherein the reaction is carried out in a bubble
column., ' |

‘The process as claimed in ome of claims 1 to 15,

wherein the reaction is carried out in a pressure
vesasel. '



