N

-\Pr-.dﬁ:_e;sys{for the addition of HF To0 hal ogengted et

UAUO-L ZPS

Hhe—adei-t-on—of—hHF to
_'a\l"‘-kfen’es has consThkShadhs BedPEbhhagce 5 - f t e pf !?aS[f"W%f SG
}_g_or-i ne- cont ai ni i I's additio %ﬁﬁw&",‘ﬁag‘éﬁubnt‘? pagednifot. [be
carvied out witho EHHHH ¥ . reacti on |tHamGui o regedyalde bupagelt;2on [t he
cont¥ary difficul B cat i ons,.offtdirapine(® . : PRled hand paggd of..HF i s
difficult because of its 10  high vaporSfifetbstme; atpagehch.i.ompagedper.atur es
above it. boiling point [err] corrosion-rE3ASEaDF RECERUY.C. Vessel.s. are
‘al ways ‘necessar yHONCHST CAKTIENGESELGLSCHAFT 11| MHBOR G IAF O !
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1984, pages 1241 to 1242%. These gol hydrof | uori des : .
Process for the addition of HF to halogenated alkenes

The addition of HF to alkenes has considerable importance
.5 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 -
. occur. The handling of HF is difficult because of its
- 10 high vapor pressure; at reaction temperatures above its
boiling point (19.5°C) corrosion-resistant pressure
vemggels are always necessary. '

: For getting around or minimizing this difficulty the use
5_'o£ polyhydrbfluorides of pyridine ("Olah’s reagent") as
. 15 _hydrofiuorinating agents has been proposed by G.A. Olah
et al. (Synthesis 1973, page-s 779 to 780). The use of
polyhydrofluorides of melamine has a similar aim
{N. Yoneda et al., Chemistry 'Lette:: 1983, pages 1135 to
1136; 1984, pages 1241 to 1242). These polyhydrofluorides
20 contain 6 to 12 molecules of HF per amine nitrogen atom,
o but have. a distinctly lower vapor pressure than pure
hydrogen fluoride.

In coinpari.sou with halo.gen-— free alkenes, those double
bonds which al:i_‘éady carry halogen atoms are distincetly

25 restricted in their reactivity to HF. This is seen e.g.
in - the fact t:hat. polyhydrofluorides such as "Olah‘’s
reagent™ or melamine polyhydrofluoride do not react with
perhalogenated double bonds, in particular perfluorinated

. double bonds, under the conditions mentioned by the

30  abovementioned authors (see COmpax;;lson.;gxa@plgs 1 and 2).
Indtead, the addition of HF in tﬁiacash #asE be carried

out under drastic conditions using pure HF or alkali
metal fluorides. This frequently 1leads, however, to-
‘halogen exchange reactions as an additional complication.



. 20 ; cbnt ain 6 to 12 rml ecul es of HF per amine nitrogen atom but have a
d| s5tinctly | ower. vEpgh n pure hydrogen fluoride. In conparison
with hal ogen-free al ‘Im ﬂ oubl e bonds whi ch already carry hal ogen

atons .are di stlnctl ed in their reactivity to HF. This is
seert e.g. in the fact that poI yhydrofl uorides such as "A ah"s reagent" or
mel am ne pol yhydrof | uori de do not react wt t4 per hal ogenat ed doubl e bonds,
in particular perflu r| nate ,undef the conditions nentioned
by the 30. abov gﬂf’ b}% €f dragtigjcondi-

| nst ead, the addidtanen au:fe Ftlhe rrdalms.omasﬁ pnmhegaﬂhtéadamubnéad&itﬁrﬁ%t Ic

condi tions usi ng.puyr %Hﬁmg_mgug&l rg;ttgl g(fsltugrl gﬁﬁl Eﬁa#agghp% %Pé | eads

homever to halo en ex reac Il ons as an ad
0 to 400"(!, as in GB Patent 901 297, or the reaction of

5 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

10 GB Patent 902 590.

Even when using' water-containing or hydrogen fluoride-
containing alkali 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

15 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

20 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
25 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
30 2H-~beptafluoropropane with a dqnversibn of 60 %. The
' - disadvantage of this process of indirect HF additiomn is
that the hydrogen atom needed for this originates from
the reaction medium, i.e. the formamide, which leads to
‘undesired by-products.

35 Pe:bfluoroi.sobut:ene CF,=C(CF;), c¢an be hydrofluorinated
" even at room temperature in the presence of ammonium



VA Exarrpl es of known hydrofluorinations under drastic condi- tions are the

reactlon of perhal ogenated al kenes vmth HF on a chrom um oxi de catal yst at -
200 to [err], prefermabls Bm as in GB Patent 901 297, or the
- reacti,on of 5 te_tra th I1'F on a chrom um oxyfluorlde
cat al yst at terrperatu as in German of fenl egungsachrift 3 009
760. Simlarly, the reacti on of hexafl uoro@ opene with HF to give

2H hept af | uor opr gpane at 250 to [err] on_active carbon is disclosed in 10
GB Patent 902 s&duoxide whaeing nganat 8PLUEAPRI ni A§ orHRydrdBen diosande-

contai ni ng al kal(i:.mat admﬂywﬁsde& |51 catkwdstiyd W0l afiuid d986r 238er!S
Patent 5 045 634), rgg g? nmust  be rrlﬁ%sut. at hl% terrgeratures
and hal ogen 15 H‘a &&)pcragps il po; the Bnglhishshirays-
1atxon pages 702 to 704). The yield according to this

5 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
10 the English translation: Russian Cheﬁical 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
15 ' also not possible. -

It has now surprlsingly been found that the addition of
HF to halogenated double bonds in particular fluor:.nat.ed
double bonds, takes place under very mild conditions with
the aid of complex hydrofluorides of organic nitrogen
20 basmes 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)

25 - 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, '_
30 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



for ma:t ion of olefin as aresuft—of—secondary elimnnation of hydrogen

haI i.de; catalyzed byhil diRe:PASEE, R aI 4 metal fluoride formed in the

reacétion, is additio The formati on of product- m xtures )
caused by 20 t he d u Him condltlons al so nakes these pro- ceases

unsui t abl e for ratio out a sel ective addition of HF to
hal ogenat ed al kenes. A known met hod whi ch=pfoteeds under nilder conditions

is the reaction pof “jlfl ci[rL&oroe hene %’grr with 25 pot assi um fl uori de
in formanm de to PRALY Fafhrride af an pryanic
Mller et R L LT T bq:mgesfaﬂﬂi forndf)3P (TH960)). This reaction | eads

to a converS| on of 72 % at 55C in ¢t course of 30 h. The anal ogous
reaction of hexafl uoropropene ﬁaéé’o‘épfo 2H hept af | dﬂfopropane with a
conversion of 60 % The disadvantage of th| s process of indirect HF

addition is thati] haniusr oged sat o aegdadel G dlige’ hablathi f R0, ax;
integer or fraction = 4, it being intended that the
5 react::l.on of perfluor01sohutene CF,=C(CF,), is excluded. '

Preferably the halogenated alkenes of the foﬁmu’la {I)
employed are those in which

R = F, CF, or C,F,
F, Cl or CF,, and
10 R =  H, F or perfluorinated C,-C,-alkyl.

< 1
»
]

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,,
| CFy | CF CFy
CFJ-CF‘C\ ’ szs-CF-C< v czrs-—cr-c< . .
' Fs . _ cr‘! . _ C.Fq

especially, however, CF,=CF-CF; (hexafluoropropene).

A mixture of two or more halogenated alkenes of thé
15 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)

200 : . R‘R‘RFN ' (III),
the xadicals R', R® and R° therein cam be identical or
different and are hydrogen,
an alkyl radical having 1 to 20, prefeérably having 1 to



;t;cho'f_:eaction medium i.e. the formam de, which |eads to undesired
by- products. 35 Perfiuoroirsebutene [err] can be hydrofluorinated even at

room tenperature |1m,stsp§tg£s sence of ammonium ~ -3- fluoride usi ng a
sol-uti.on of HF ¢1.L. Knunyants et al., |zvestiya Acad.
Nauks USSR, Ser. Chif z ﬁ:pages 723 to 726; in the English trans-
| ati on pages 702 t | d accor-dﬁ]g-to this 5 literature

reference is 88_% of theory. Per f | uoroi so- butene,. however, is
char act eri zed, ddmpafeBafitigudkchaying| doteafkeasbonyammext renmely hi gh

reactivity (of.ahTRekehedi shaycal Eeving o7 Ao ooyt prarerhbhsy KNygy#Rl s £t
al ., Uspekhi Kh'p@r't:;?:‘:’:lag-age% 4§1ctag_bgglag;l984) I n
 a cycloalkyl radical having 5 to 7 carbon atoms,
5 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.

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

In addition, two of the radicals R' to R, 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
15 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
20 oxr 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
25  hexamethylemetetramine 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. '

. AN

30 Particularly preferred organic nitrogen bases B are
tertiary amines, including N-heterocycleé, 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,



.10 the Engli sh transl ati on: Russ*ag Chem cal Reviews 53 (3), .pages 256 to
273 (1984)) Cbrresﬁﬁmﬂm PAFSfer of the reaction route mentioned
['err] to other per - , generally, hal oal kenes is not
descri.bed in the I|te Conpari son - exanple 3 shown, is 15

al s not possible. It has nOM/surpr|S|neg been found that the addition of
HF t o hal ogenat ed doubl e bonds, in partlcuI%f fl uorinated doubl e bonds,

t akes pl ace und m.|d conditions th the aid" of corpl ex

hydr of | uori des g‘{""lﬁetéér ﬁﬁd&j‘@n 20PYT VEREPPLingue\Hly N* - fetra-
conpari son Wt hnteiwyalubhylmﬁmmﬁeﬁ apdl HeydinethydendestrahinR)r i di ne
("ol ahl' a reagent") or of nelamine, are relatively lowin HF. The present

invention thus relates to a-process. for the addition of HF to a hal ogenated
al kene of the f@beupmmber 36 in thd dfodmyla With jerthe tgoler rjmbane bdife

foll owi ng neani pg¥ per nitrogen atom of the base B and is an integer or
‘5 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,Hg}4N * 2.8 HF}]

[{n-CgHygN * 3.0 HF] .

[{i-C3H,)(C,HgIN *2.6 HF]

[{n-C4HglaN * 2.6 HF]

[{CH4),N-CHo-CH,-N{CH3), * 4.7]

{ N-CH;y - 2.8 HF

—

preo— —

¢ w - 2.7 WF

- | .

C}-N(cm)2 © 2.6 HF

[(CH2)6N4 * 2 HF]

10 The’s.e- hydrofluorides are Xnown from the literature, e.g. |
from Bulletin Soc. Chim. France 1965, pages 1890 to 1892
' or from J. Fluorine Chemistry 15 (15980) . pages 423 to
434. In the molar composition given, they are stable
complexes which, in contrast to amine hydrofluorides



.[‘errj:. o stitu e rdoldt@dd by one or nore hal ogen atons,- 30
[er] - = [err] het W [err] - =H F, [errj- al kyl .,
unsubstituted or e or nore hal ogen atons, which conprises

reacti.ng a hal ogenat -4- formula (1) vvith at | east one
hydr:of | uori de of an organrc nrtrogen base of the formula (I11) [B.n HF)
(I'r) in which B is an organi c nitrogen base zfnd nis an integer or fraction

s 4, it being i ndedt at .t he .5 react,j.on er fl.uoroi sobut ene [err] is
excl uded._Prefe HeF Bydnpes ‘ke"lﬂé‘? o en é‘(’f) ‘ .

as e.g. [pyrj.i..d:.ne * 9 HF], i.e. "Olah‘s reagent", exh:.h;t
no HF vapor pressure and are therefore considerably
simpler to handle and in some cases can even be distilled
5 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’

io the process according to the invention can be prepared by

direct reaction of the amines with HF. In particular £rom

the baékground 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

15 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.

20  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
pointas of substrate and product are low, a stirred
~autoclave is expediently selected :|.n which the react.a.on
25 can proceed under autogenous pressure. In this case, the
progress of the reaction is as a rule recognizable by the-
decreage in the internal pressure. If the boiling points
are sufficiently high, a stirred flask, optionally with
a ref.lux.cpndenser. can be used. After the end of the
30 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
35 time of the substrate in the liquid hydrofluoride needed
for reaction can be realized by means of a gas



%ch%p C[err] = H, F or perfluorinated
ow ng hal ogenat ed al kenes are enpl oyed:

.enpl gyed are thoseqjnsuhisghg

[err]-al kyl In parti

[err] "especially, hdm Hmllt hexaf | uor opropene). A m xture of two or -
nor e hal ogenat-ed al

R

ll]m formula (1) can also be enployed in
t he process according to the invention. Suitable nitrogen bases B of the
formula (I1) are amines including nitrogen Beterocycles. Wen the fornul a

given for these amnes [s the for a (Il rr] _the radicals [err] and
[err] therein caﬁ"’ﬁ'é“iﬁgh?f‘(‘,a'{"h%ra%’f"f ﬁ‘%f &ﬁ& é?e"ﬂoﬂ"bg@ﬁ;s &nag jagso
radi cal having lbeocifripdefosrtaldimilbanepublyo with the addition of the

substrate. In this case, it is preferred to carry out the

process continuously in a bubble column which can comsist

5 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 preferably carried oui: above

16  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
15 presence of adeguate 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

20 pressure 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.

25 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.,
30 (Synthesis 1973, pages 779 to 783), 100 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
35 reservoir. The autoclave contents were heated to 50 to



.-5 LZ In particul ar havi iig ng—t—te—6_car bon at.ons, an al kenyl radical .having
2.to 20, preferably S@methzwée rticular 2 to 6 carbon atons, a

cycl oal kyl radical h bon atons, 5 a cycl oal kenyl radi cal
having - 5 to 7 car bo ﬁdkyl radi cal having 7 to 10 carbon atons
or an aryl radical haV|ng carbon atons which can additionally be
substituted by [err]-al kyl or [err] al koxy froups. 10 The al kyl ,.

cycl oal kyl, ara an dlcal nen- tloned are preferred here. In
‘addition, two ofgatx' ."ﬁg&\ §F§ Rt At thig.trEperptNTrenfor 240Ben

atom carrying tldmningamhbohsaaiﬁg 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

5 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
10 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
15 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
20 temperature of the autoclave was increased from $2°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 _

25 Analogously to the reaction of perfluoroisobutene with
hydrogen fluoride in the presence of ammonium fluoride in
dioxane described in Izvestiya Acad. MNauk USSR, Ser.

' Chim., 1965, (4), pages 723 to 726 (in the English trans-
lation pages 702 to 704), a reaction of hexafluoropropéne

30 (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
35 autoclave having a magnetic lift stirrer, the solution of
HF in dioxane was sucked into the then closed autoclave



. 7-nmenbered ring which.can ﬁont ain an oxygen atomor a 15 further nitrogen
atom preferably, ho ot P ‘feH'g contai ns no oxygen atom and no
further nitrogen ato l u us has 5 to 7 nenbers, of which one is

t he 'ni.trogen at om and e preferably [err] groups. One of the
Terr] groups can also be replaced by an ox;ignen 20 - or nitrogen atom

whi ch, however, is not preferred. Together th the nitrogen atom carrying

them the radicals, [gfr] t errl.can also formtwo or_three 5- to . :
7- menber ed, pr elaéﬂdab'ﬁ/ éa?gré?ﬁﬁb??’ﬁﬁ%’%ﬂﬂ tArP¢ ARl nwetiet hrdentedogen
atons, such .as, Ther meqtplon mixtifre wadXatiiriplicaet ebbaNtaAperature for

et er ocyel i o ri g Sltean o2 0o e B Ean S AR A o SER R Pole SAcBETReal S0

be benzo-fused, Sa&y. spEpleBncvensyr in deawh ocagei rkere. £8¢ IWamind UNNRI Y

preferred omganignhalivdeflcRvansattBr 6, 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.

10 ° Comparison _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.
15 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-tet£a-
20 fluorochloroethane. ’

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 frit, and 40 g of hexafluoropropene
25 were passed thfough .at B80°C and condensed in a trap
'~ cooled with dry ice. The condensate was passed 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
30 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-
35 propene (4.0 mol) were pumped in £from a storage reservoir

with gtirring at 25 to 35‘0. The autoclave was then



..tertlary am nes, incl d| een%pqgc&pycl es, having a total of 3 to 12 carbon
at ons, -especi al I y tT m nmet hyI am ne, triethylam ne,

tri-n-propyl am ne, hyl.am ne, tri-n-butylamne,

N, N-di.ret hyl ani |1 ne X eridine, pyridine, quinoline,

N, N--tetra- nethyl et hyI enedi anmi ne and hexarret hyl enetetram ne. The nunber n
in the formul a (II) |s the nol ar am)unt of HF‘per nitrogen atom of the base
B and is an |nt

particul ar 2 to tle tfﬁ’e %J‘? i@?ﬁn%lregg nglt %‘@Q s 3%I%ﬂ de.
of the formula plrlepmechaaanelbeaaapl Uyxoaghn & Hrapr coeiadawi:ahdfdﬂg i®et he
invention are gipheNochtebks of this trap (660 g) consisted according to
the infrared and the 'H- and F-NMMR spectra to 97 % of
5. 2H-heptaflnoro:b:!:‘opane and to about 3 % of hexafluoro-
"propene. The composition of the autoclave residue was
then determined by titration of a carefully degé.ssed
sample with alkali solution. n was calculated to be 2.1,
thug 0.5 x B = 4.0 mol of hydrogen fluoride had been
1¢ consumed, which were then replaced by pumping in from a
sﬁoi‘age reservoir. The process was then repeated by
.punpin'g 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-
1s 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
20 ary ice and with a themometer for meaguring 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
25 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
30 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 :

35 This experiment was carried out analogously to. Example 2,
with the difference, however, that the HF content in the
trlethylamlne hydrofluoride waa much h:.gher. 280 g of a



.10 These hydr of | uer+des are knovvn romthe literature, e.g. fromBulletin -

f
Soc.. Chim France 19,ﬁ‘ssh9@ga§ei 8 1892 or fromJ. Fluorine Chemstry 15
(1980), pages 423'to ar conposi tion given, they are stable .
conpl exes which, in cmm e hydrofl uorides -7- having a higher
hydr-ogen fl uori de cont n > 4), such as e.g. [pyridine * 9 HF], i.e.
O ah's reagent”, exhibit no HF vapor press#®e-and are therefore

consi derably sinpler, to handle and in sQ cas can even be dlstllled 5
in equi pnent rra%]d’f ti6B} o0 Iléﬁ °§‘F'B§§1g‘iiﬂnt hgabpg)c%‘s EorBFhg 1 8Re
i nvention, the wppadfatiusiefhypapsiciey?. E(HF:}:lomakIer |ckmtpbmytéer§f2u6rHE] IS
particul arI y prgtﬂffl%e were used. Even after refluxing. hexafluoro-
' _ propene for 5 hours, still no rise in the boiling point,

5 and thus also no indication of 2H'-heptafluo.ropropane.
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-
10 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
15 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
20 resexvoir 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 maintained after the end of hexafluoropropene
introduction. In the course of 3 h, 146 g of a boiling
25 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
gspectrum, it consisted to 90 % of 2H-heptafluoropropane
30 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-
35 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.



.__'Ijhe:'h;ydrofl uori de of'"'th.e formula (11) to be enployed in 10 t he process
accarding to the invedhbi. é&nB@eR@?ﬂar ed by direct reaction of the am nes

with HF. In particul ar round of the facts verified belowin
Compar.i son exanpl es 1, A ah's reagent” and other am ne

hydr-of | uori des havi ng nore than nol ecul es per amne 15 nitrogen atom
are not able to hydrofluorinate a per- hal 88enated ol efi nic double bond, it

“was an extrenel surgqri Si ngafi ndi ng that the hydrofluorides to be enployed
in the process é@@or TReptrtlucropeepans emprghng, atcoipar headelof | thei n

HF, _regct very bw;iblly; g&&umeﬁspéaﬁmCﬁkdim@dl@ Ebﬂpi Qﬂ&niaﬂﬂtfﬁf.‘?éeh
carried out in a closed pressyre,yessel or I spher.ic pressure. t he
reaction is carrredout b c%&[séﬁ%ﬁ-rﬁ‘%gﬁ %D&%erﬁtfao‘f @fﬁ)smfﬁlénd

product are:| owmentadi r pedimd owaay e4i shoupdi etheéy ga#echgohnhuogb&phibhe
reaction 255 CaBAALRMAGPGAINGAT RHE THENRE Siltdea |4 ddhSefESEs bBSs

% of 2H-heptafluoropropane and about 1.5 % of hexafluoroc-
propene.

Example 5 _
The -liguid amine hydrofiuoride was circulated in the
10 bubble column described in Example 4 by _mer;lns 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
15 vegssel. 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]

20 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

25 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
30 drying tower containing anhydrous calcium chloride, and
the 2H-heptafluoropropane was condensed in a trap .cooled

with dry ice. The crude product thus obtained was inves-
tigated by gas chromatography and also by means of GC-MS.

In .-'addition to 96.2 % of the desired 2H-heptafluoro-
35 propane, it contained about 3.5 % of hexafluorcpropene. |
A trace analysis for the determination of the highly
toxic perfluoroiscbutene showed no measurable ‘content



2progress of the r ctlon |s as a rule recogni zabl e by the decrease in the

I nt er nal pressure Gmme epoi Nts are sufficiently high, a stirred
flask, optlonally condenser, can be used. After the end of
the“3Q reaction F consumed can be replaced againin a

sui t-abl e manner, e g. by passrng I n, condensing in or punping in HF, and a
further reactron can follow. If it is intehed to carry out the reaction-
wi t hout pressure in's |te of I ow boiling points, the residence 35 time of
the substrate i d<¢h® qurd hydr of | uori de needed for reaction can be

reali zed by neans of a gas circulation. The addition of the HF can in

this case al so F@h1%gl‘czarr|<%,d Qut_ si rrul aneously with the addition of the
substrate. Int PELSE nIte’ﬁaslma'referred to carry out the

a) 105 g of a solution of the composition [(CE;),N
24 HF] were introduced intoc the autoclave described in
5 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.

10 b) A mixture, as described in a), was first stirred at
950°C for 1 h, them at 50°C for a further 42 h, under
autogenous pressure. A sample removed after this was
analyzed. The **F-NMR spectrum again indicated no measur-
able conversion to 2H-heptafluorcpropane.

15 Example 7
| 40 g of tri-n-butylmne were introduced into a stirred
- vessel made of polyethylene. The lid of the vessel was
conmnected via hose lines to a storage raservoir for -
hexafluoropropane (standing on a balance), to a stirred
.20  evaporator vessel which 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
25 hydrogen fluoride contained in the evaporator were
consumed in the pame 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
30 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
35 hexafluoropropene. '



._pro{ie'ss conti nuousl| 1s@hétﬂmd1394n$leﬂﬁﬂedlm‘l whi ch can consist 5  of

COrr.osi on- reS|stant licate glass or synthetic material . -
The reaction tenperat be used in the process according to-the
I nvent,i on depend on t]| al kene enpl oyed and in-general are -10

to [Ferr]. The reaction is preferably carried out” above 10 the melting

point of the hydrofluoride selected, i.e> ¥ % The honbgeneous |iquid phase,
preferably at 0 to +i00 C, part|cularly preferably at +20 to [err] In
general , addi ti B Pvent is unnecessary; ‘i f requi.red, however, the

reaction can belG.BI‘.SI gd {0u5 mol} hef 1the hydasefilamirifden daniste-lareyimind an

aprotlc pol ar sql yept t ur,an cet.oni r|Ie
N-met hyl pyrr gl ?dgneff%ger%sﬂ:&% hath E%nggg%g 'q Jits:“:"ikxé% afut(?‘%f

d| stillation or%ﬂ#e@ﬁsﬂt@ld—%ﬁ%s%%ﬁ%lueﬁgeg) ofy tdlPasirarhlargithene

pressure ang copgenst®. (4[5 imoR) Ridrd G-I FHAM % ‘i:fressure 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
10 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
15  trifluorochloroethene 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
20 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
25 total residence time _of the gas in the medium of 3.5 min,
the chrbmatbgra:_n of the recirculating gas (conditions:
5 m-long %" column of ©®Porasil C, containing 5 % of
'oxydiptopionitrile, heat conductivity detection, tempera-
ture B0°C isothermal) showed a conversion of 50 % to a
30 product which was identified as 1,1,1,2-tetrafluorc-
' chloroethane (R 124) by means of 'B- 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
35 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



i n.other preparation p

,_t‘he,‘p:r ocess accordin I nv ntlon that the hydro- fluorination
products thus prepare ﬁﬁ ur|- ties whose formation interferes
fol Fowi ng exanples ill

proceed at high tenperatures. 25

The

ocess according to the invention. The

per cent ages are percentages by wei ght, if t stated otherw se. Conparison
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istribution gas 8 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.
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

adfa8eedOkiich TERaf U4 Qb ©
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.- 9-, SIC with stirring Tand kept at this tenmperature for 24 h; during the
heaLl ng period thqhissheerﬂaaB‘ﬁ e rose from6 to 8.8 bar and did not

change any nore. Th

a.trap 5 cool ed d anal yzed. A neasurabl e content of
2H kept af | uor opr opahe coul d not be deternifid. Conpari son exanple 2
Anal-ogously to a procedure of N. Yoneda ‘et 7 (Chemistry Letters 1983,

(24,6 111 am noVREeD; e drnétfled 0ne°diaaiipuARoBriBfraeRoppiied oY

corresponds t o*H-remdiNiR-nuelerE| haguebic esaharute ispecter®00 nl stirred

-~ aut ocl ave made of VA4A steel and 220 g of hexafl uoro-

Example 13

79 g (about 0.5 mol) of the 1liquid hydroflucride

5 [(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

10 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 . |
15 120 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
20 was then distilled. 150 g of a product of boiling point
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

25 '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

a0 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
35 71 g (0.5 mol) of the hydrofiuvoride [morpholine 2.8 HF]

ntents were then condensed, if gaseous,

in



;propene (about 1. Sfﬁ”Qm&ﬁ%s d froma pressure 15 storage bottle.

n

The.aut ocl ave conten o [err] with stirring and kept at this
tenmperature. After a perl od of 20 h, investigations of a gas
sanmpl @ by nucl ear ce spectroscopy did not show any
conversion-at all. After thls the internal -20 tenperature of the

autocl ave was increased from[err] to abo®8 [err] and after a further 20 h
a sanpl e was renoved and anal-yzed as descrjbed, The spectrumdid not show

any measur abl e We¥®eAntHoduset FREP af (BFLEFDaANtOCAANS | @Bn capARitY 3 25

Anal ogously to itie mEaGdn3of gerol norms)obutferleaﬂfimkw&ﬂswgénél Hﬂéﬂée in
t he presence of, al ‘ﬁ? 4 fl uorlde I n_di oxane described.in e
Nauk USSR Ser . RHFFFe T Bress a5 ‘Ffé'e(""r?lf"heréﬁg s-

I'ati on pages 70ﬁltmi‘641)vasastéaredoat060hexﬁbtubéohr.op’haeg&& cl:(ndiﬁitﬂ:&d of

perfl uor oi sé’bUt&Pﬂl SEEHP WAGETR ggmponents of the autoclave contents
recorded after this indicated a content of 25 % of.
2H-heptafluoropropane in addition to about 70 % of
unreacted hexafluoropropene.

Example 17 :

10 65 g (0.5 mol) of the hydrofluoride [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

15 chromatogram of the volatile components of the autoclave
contents recorded after this indicated a content of 26 %
of 2H-heptafluoropropane in addition to 74 % .o:E unreacted
hexafluoropropene. |



-.1.5.0:'9; of anhydrousg, 's%gggsggg,me jaBdar oduced into a sti rrewmﬁ made of

pol yet hyl ene and co bat h, and 43‘“ m | uoride (2.25 °
nol.) were added. 3 ﬁum "mtl uori de wer
aut 6cl.ave having a-

a 500 M 35
tirrer, the soI utlon of HF i n di ozane was

sucked into the then cl osed-autocl ave d 33 g of hex u n
(0.22 nol ) were injected. The reaction nﬁ%t re was sti rrgé‘%ags?g)%@% X
tenperature for_a In the time interval from5 to 10 hours,
gas sanptes mr@?ﬁ%ﬁéé taken for IR and NVR 5 . anal yses. Even after
90 h, no 2H hept afl uoropropane coul d be detected in the reaction mxture.

After rel.easing the R' 83846852 20-0RN WAILGLLL Uy 6 adBialioeriated
unchanged starting subStance_dar k- col ored {e5| nification
alkene of the formula (I)

R)CF=CR*R? (1) -
5 in which R® to R’ have the following meaning:
R = F, CF, or CF,R*, where R' = C,-C.-alkyl,
unsubstituted or substituted by one or
" more halogen atoms,
R? = H, halogen ox CF,,
10 R = H, F, CF, or C,-C,~alkyl, unsubstituted or

pubstituted 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 HFl o

15 - 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. :

2. The process as claimed in claim 1, wherein a

20 halogenated alkene of the formula (I) is employed,
in which:
R® = ¥, CF, or CF,,

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

25 3., The process as claimed in claim 1, wherein the
" halogenated alkene of the formula (I) employed is



< pr o&flu:cts di ssol védm-*i--n--diwre-&m*eﬁ-ound. 10 Conparison exanple 4 126 ¢
Lon [err] - 6.6 HF] were irntroduced into

of a hydrofluorid f ! '
a 500'm stirred :ﬂl%Sh o o8 ﬁa#ehv4A steel and 70°g '
tr.i fl uorochl oroet hehﬂ'l EIHIU{E Imwere i nj ected fromia| l“l“lslﬂl““l“s"“lum
bottle. 1S - The re was stirred under autogendus "prés-*sure
at [err] for 1.5 h, then at about [err] To?°2’h and finally at [err] for 15
h; no pressure decrease was observed in this case. The [err] spectrumof a
sanpl e taken aft eCF}ACE,, ItFwalif CFg ol 6F oG, QF 1 OF-Oky EFy & =£4-CFj.
fl uorochl oroet hane. Conparis 3ex‘_arrpl e 5 9/|0/ SOf a hydrofl uori d;,@fr,t he
conposition [err] 4.6 HE] were?introd ¥nt0 a _gas- i_ng koLl e” pro-
vided with a cerani®®stFft “and 40 ng"fu&ﬁ-ggmU uor(')'%rop\é\@n’esfjﬁ'l'ZEgl leWe\\@ passed
t hr ough &8si Fs : il

gh at [err] and condens in a trap. _ _

4. The process as claimed in claim 1, wherein the
halogenated alkene of the formula (I) employed is
' CF,=CF-CF, (hexafluoropropene).

5. The process as claimed in one of claims 1 to 4,
"5 . wherein n in the formula (II) is an integer or
fraction from 0.5 to 3.5.
6. The process as claimed in one of claims 1 to 4,
wherein n in the formula (II) is an integer or
fraction from 2 to 3.
io 7. ‘The process as claimed in one of claims 1 to &,
wherein B is an organic nitrogen base of the formula

(IIX) R*R°R°N, in which the radicals R* to R® are

identical or different and each of _t.hese' radicals is
hydrogen. |
15 an alkyl radical .having 1 j:o 20 ca::bon atoms,
an alkenyl radical having 2 t:o. 20 carbon atoms,
al cjrcloalkyl radical having.5 to 7 carbon atoms,
a cycloa-.lkenyl r'adic.al having 5 to 7 carbon. atoms,
an aralkyl radical having 7 to 10 carbon atoms or

20 an aryl radical baving 6 to 10 carbon atoms, which
can additiomally be substituted by C,-C,-alkyl or



-.cool,e'd with dry i ce. The condensate Vas passed through the liquid

hydfof t uori de a furt h&his i D8RR con- densed. a
sanrpl e indicated the pri I hexaf | uor opr opengs t he
case -30 after passing BHtrate through s#ﬂﬁlﬁ“@]ﬂﬂuﬂme a
total of 4 times. Exanple 1 1900 g (8.0 Myl) of [err] L n

‘introduced into a 5-liter stirred autocla®® and 600 g of hexafluoro- 35

propane (4.0 nol) e PUIPE [N f storage reservoir with stirring at
25 to [err]. The a\tlj\fédclogve V\g’s‘i’tﬁen%gfﬁ'eat ed to- [err] and after reaching
this tenperature the pressure was rel eased through a trap cooled with dry

ice. The contents ofgfhis Lhaenh(EQ8 9k %@Siﬁr!ﬁ@aigcg’dk:ggﬂ? together
with the nitrogen atom carrying them, form a 5- to
7 -membered rihg which can contain an oxygen or a

5 _ . further nitrogen 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. :

10 8. The process as claimed in one of claims 1 to 6,
wherein B is an organic nitrogen base of the formﬁla
(III) R'R°R'N, in which the radicals R' to R® are
identical or differemt and each of these radicals is

an alkyl radical having 1 to 20 carbon atoms,
15 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 radicals,: : ' |

20 . 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 bxygen or a

. further nitrogén atom,

or in which the radicals R* to R, together with the
25 nitrogen atom carrying them, form two or three 5- ta.
7-membered rings which can contain further nitrogen

."' atoms.

9. The process as claimed in claim 7 or 8, wherein a.t.
least one of the radicals R* to R is an alkyl



-_the infrar ed and t hep k&L nanded el lggedspectra to 97‘07‘01‘—5\

2H hept af | uor opr opane % of hexaf | uof
conposi tion of the auuﬂl lﬂ“ gr Be was t hen dete m,m Emﬁ IJon of a
careful ly degassed sa li solution. n was ca be 2.1,

thus 0.5 x 8 m4.0 nol of hydrogen fluori gg had been 10 consuned, which
were then replaced by purrpi ng in froma s rage reservoir. The process was

then repeated by 'pu gg REX% |Hpropropene A 2nd
repetition followed. Tr ul%f’qpt& S%af uor ¢ opr opa%‘fe of” boiling point [err]
was then freed from unreact ed hexa- 15  fluoropropene by fractional

di sti'llation ( & Cldbded {d 14%h)70bx[ 8] kherdid Hel

were introduce |ntoa stlrredflask de_of boro,slflcate as
whi ch was provi ded v?r?‘h‘“a P@PI RE c&hge ’i%g@d hR2018 &% gh ind

with a thernoneter fagdiesHawvithg e tfcefd Warbon atoms.

5 11. 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.

12. The process as claimed in one of claims 1 to 6,-

wherein the organic¢ nitrogen base B is a 6-membered

10 . " heterocyclic ring which contains 1 or 2 nitrogen
atoms and can also be benzo-fused.

'13. 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.

15 14. The process as claimed in ome of claims 1 to 13,
wherein the reaction is carried out at a temperature
from 0 to 100°C.

15. The process as claimed in one of c¢laims 1 to 13,
wherein the reaction is carried out at a temperature
20 from 20 to 80°C. .

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

17. The process as claimed in ome of claims 1 to 15,
25 wherein the reaction is carried out in a pressure
vesasel. '



terrperature and 15 g of hexafl ueropropene (0.1 nol) were passed in froma
prea\sure storage reservoir. Wth stirring, vigorous reflux comrenced at
oncg and was mmi ntained by gentle heating of the flask. The reflux 25
terrpe&ature rose frominitially -27Cto -18C within a short tine.and then

remdd.ned constant. The gaseous product was then renmoved \ﬂﬁ%c% g hed
LIRS 2

bel ow t he refl ux condenser and condensed |r* a cold trap.

[err] and [err] ctra, this product consisted to 30 %to

2H hept af | uor op gg gnd to about 5 % of hexa- fl uoropropene The

i ntroduction of hexaf | uor opropene and the renoval of 2H heptafl uor opr opane’

was repeat ed fOFJ:o&L-HFSfOEOiIﬂer haaﬁt%ﬁnekenﬁ 88 halbbenLree ATRBhe¥RS
carried out analogously to Exanple 2, with the difference, however, that

the HF content in the triethylam ne hydrofluoride was nuch higher. 280 g of
a the invention relates to a process for the addition of HF

to halogenated alkenes by reacting these with at least
one hydrofluoride of the formula [Ben HF], in which B is
an organic mitrogen base and n is an integer or fraction
£ 4, it being intended that the reaction of perfluoroiso-
‘butene CF,=C(CF;), is excluded. .

This Sheet Has Been Reﬁlac

 [AARE
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s ftolaap-¢ zres
. REPLACEMENT SHEET - 12 - solution of the conposition [err] * 23 HF] in
~an apparatus of capacity 500 ml rnade of pol yt et-f&f-+«&e4:~e-:~et.{1y{.£.ne_
used. Even after refluxing hexafl uoro- propane’ f}?rRF?WWN%wﬂHETSO r§Ge
in the boiling point, 5 and thus al so no indi dat¥ éﬁﬁ?‘ﬁf?‘&?ﬂ tpaged .\ to paged ..
2H hept af | uor opr opane, could be found. -Exanpl @{Fﬁw’ﬁﬁﬂjl s : pagrel.itrenpaged . 200
m reaction flask nade of borosilicate glass §' tsawingfs) whagdd .a. fo hgadas

.....

incor- 10 porated for the finely distrilut®edbstratrodpsgddars. topaged .=

hexaf | uoropropene. The flask was connected by jneans of a tube to the still
of an apparatus Tl dLantipnal distil- | _DATE OF RECEIPT ..4l317

Process for the addition of HF to halogenated alkenes

The addition of HF to alkenes has considerable importance

5 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
occur. The handling of HF is difficult because of its

10 high vapor pressure; at reaction temperatures above its
boiling point (19.5°C) corrosion-resistant pressure
vessels are always necessary.

For getting around or minimizing thie difficulty the use
of polybydrofluorides of pyridine ("Olah’s reagent") as

15  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 ainm
{N. Yoneda et al.. Chémistry Letters 1983, pages 1135 to
1136; 1984, pages 1241 to 1242). These polyhydrofluorides

20 contain 6 to 12 molecules of HF per amine nitrogen atom,
but have a distinctly lower vapor pressufe than pure
hydrogen fluoride.

In ‘comparison with halogen-free alkenes, those double
bonds which already carry halogen atoms are distinctly
25 restricted in their reactivity to HF. This is seen e.g.
in the fact that polyhydrofluorides such as "Olah’s
reagent®™ or melamine polyhydrofluoride do not react with
perhalogenated double bonds, in particular perfluorinated
double bonds, under the conditions mentioned by the
30 abovementioned authors (sgee Comparison examples 1 and 2).
Insntead, the addition of HF in this case must be carried
out under drastic conditiuns using pure HF or alkali
metal fluorides. This frequently leads, however, to
halogen exchange reactions as an additional complication.
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Jation whose take-off valve for gaseous distillate was in turn connected to
sthe frit-in the reaction flask via a 15 gas diaphragmpunp so that a
gas circulation was achieved. 237 g (1.0 nol) of [err] * 2.6 HF] were

then introduced into the reaction flask. By nmeans of a T- piece attached in
front of the frit, 150 g (1.0 nol) of hexafl Gor opr opene were passed in from

a pressure stor S a af t.er onset of
re]l‘ol ux in the d% atl %% %%‘%y ° %°%g#%§§°§é ‘é@%ﬂ{%as&ﬁ wee™ ég
goi ng by swi t chit¢™sh axice. %EHP&&H’P’@L{P@) PWW@I% alrenes withaAFer

L heI end gg hengdruw AreRARe: b&taeduatapﬁstla&tm inrs%‘%"@f ﬁrl&faé&ﬁl of a
eri 00t rom - 27080 OB BRI Wakeelpb T2 60 1GE e EoREpBOE
appar at us. Thi s ypthfiuoresthene r‘e:hbhedﬂhnenanal yzlachmmm:opdmﬁgubuitlhe
[err] spectrum dde:08a8 SeRd temBlratefeshePical | 20698 AANG N  German
' Offenlegungsschrift 3 009 760. Similarly, the reéaction of
hexafluoropropene with BF to give 2H-heptafluoropropane

at 250 to 450°C on active carbon is disclomsed in
10 GB Patent 902 590.

Even when using water-containing or hydrogen fluoride-
containing alkali met:ai fluorides ingtead of HF
(US Patent 3 130 238, US Patent 5 045 634), the reaction
must be carried out at high temperatures and halogen

15 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 alkalj metal
fluoride formed in the reaction, 1is additionally
degcribed. The formation of product mixtures caused by

20 the drastic reaction conditions also makes these pro-
casgges unsuitable for rationally carrying out a selective
addition of HF to halogenated alkenes,

A known method which proceeds under milder conditions is
the reaction of trifluorochloroethene CF,=CPCl with |
25 potasgsium fluoride in formamide to give 1,1,1,2-tetra-
fluorochloroethane CF,-CHFCl (W.T. Miller et al.,
JACS 82, pages 3091 to 3099 (1960)). This reaction leads
to a conversion of 72 % at 55°C in the course of 30 h,.
The analogous reaction of hexafluoropropene leads to
30 ZH-heptafluoropropané with a conversion of 60 %. The
disadvantage of this process of indirect HF addition is
that the hydrogen atom needed for this originates £rom

the reaction medium, i.e. the formamide, which leads to
undesired by-products.

35 Perfluoroisobutene CF,=C(CF,), can be hydrofluorinated
even at room temperature in the presence of ammonium

\ O« mar 997




.30 and to about 10 % of unreacted hexafl uoropropene. Exanple 4 A bubble
~colum made of borosilicate glass of internal dianmeter 22 mmand | ength
1800 mm whi ch coul d be heated from outside by warmwater was filled with
the hydro- 35 fluoride [err] * 2.6 HF]. A# an internal tenperature of
[err] hexafl uoropropene was passed in at a rafe of 15 g/h through a frit

attached at the fug fae NEuRe - {om N€ af Oor opr gpane
energing at the heg%zgi‘ eEhe ubgl e coI u?r%ﬂv?\h/als conﬁsegﬁ HLcol ?’Q?i%eand
i dentified by nedfsTof KOROYREEE) efn@lleor AEVEBELYR aACTRe B%%rvssﬁenﬁa#-'
peri od was 4 hourchim.Thagsgss- (&) prpdcey I3 €05726 Anial \thleS EAG1EBhStEaNEE

product showed alca%&ntp%eeg8762 to 704). The yield according to this
5 literature reference is 88 % of theory. Perfluoroiso-
butene, however, is characterized, compared with other
perfluoroalkenes, by an extremely high reactivity (c€£.
“The Chemistry of Perfluoroisobutene®, I.L. Knunyants
et al., Uspekhi Khimii 53, pages 431 to 461 (1984), in
10 the English tranalation: Russian Chemical Reviews 53 (3),
pages 256 to 273 (1984)). Correspondingly, a transfer of
the resaction route mentioned (NH,F/HF) to other per-
fluoroalkenes or, generally, haloalkenes is not described
in the literature and, as Comparison example 3 shows, is

15 alspo not possible.

It 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 compliex hydrofluorides of organic nitrogen
20 bases which, however, in comparison with the above-
mentioned polyhydrofluorides of pyridine (*"Olah’s
reagent®) oxr of melamine, are relatively low in HF.

The present invention thus relates to a proceas for the
addition of BF to a halogenated alkene of the formula (I)

25 . R'CF=CR’R’ (1)

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

R = F, CF, or CF,R', where R' = C,-C,-alkyl, unsub-
stituted or substituted by one or more halogen
) atoms,
30 R? = H, halogen or CF,,
R? = H, F, CPF, or C,-C,-~alkyl, unsubstituted or

substituted by one or more halogen atoms,

which comprises reacting a halogenated alkene of the

REPLACE! EMENT SHEET
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. % of 2H hept af | uor opropane and about 1.5 % of hexafluoro- propene. Exanple
.5 The liquid am ne hydrofluoride was circulated in the 10 bubbl e col um
described in Exanple 4 by neans of hose connections and a peristaltic punp.
Into this liquid circulation was incorporated a stirred vessel made of

pol yet hyl ene in which the consuned hydrog’er? fluoride was repl aced by

oxpel | ed was {1 e gt RAICWAEROR LS 6 hyarokFasfiae CF o figugpd™
2H hept af | uor o- HHoFRERD Arsaasfutthe kegmudaxAEFhor opropene. Exanple 6 78.5
g (0.5 nol) of the hydrofluoriggnlggy] * 2.8 HF] 20 re introduced into
a 500 m stirred autoclave nmade of V4A steel and 160 g of hexafl uoropropene

(1.07 nol) were injected froma pressure storage reservoir. The autocl ave
in which B is an organic nitrogen bagse and n is an

integer or fraction = 4, it being intended that the
5 reaction of perfluoroiscbutene CF,=C(CF,), is excluded.

Praeferably the 'halogenated alkenesg of the formula (I)
employed are those in which

R = F, CF, or C,F,,
Rz = F' cl or ch, and
10 R = H, F or perfluorinated C,-C,-alkyl.

In particular, the following halogenated alkenes are
employed:

CFy=CF,, CFy=CCIF, CF,=CFH, CF, =CCIH, CF,=CF-CFy, CF3-CF=CH-CFj,

CF CFy CFy
/ 3 /
CF3—CF-C 4. 02F5-cr'c v szs-'cr-c ’
Ner e e

3

especially, however, CF,=CF-CF, (hexafluoropropene).

A mixture of two or more halogenated alkenes of the
15 formula (I) can also be employed in the procegs according
to the invention.

Suitable nitrogen basea B of the formula (II) are amines
including nitrogen heterocycles. When the formula given
for these amines is the formula (III)

20 RIR°R'N (XII).
the radicals R', R® and R* therein can be identical or

different and are hjrdrogén,
»n alkyl radical having 1 to 20, preferably having 1 to

REPLACEMENT SHEET
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contents were heated to [err] and stirred under autogenous pressure. The

- .internal pressure of initially 10 bar 25 decreased even during heating to
one hal f and. al nost conpletely di sappeared in the course of a further 4
hours. The pressure of the autoclave contengs was then rel eased through a
washi ng bottle containing 2N hydro- chloric”aCid (for the absorption of

triethylamne) a a V] ot al Nk n dr.ous cal ci um
chl oride, and thre%l—l-ﬁg&aa’%i{l)u@(#r}%é %é‘g%g&mgsgéo%d‘gﬁggﬁyﬁtogat'r ap cooled with
dry ice. The crude f¥ideann! trdicahtBrving Baso Aleserefempateky B tgad2, in

chromat ogr aphy angshitisuiue PeaRs 60cadbolBatbiisaddi tion to 96.2 % of the
desired 2H hept af| uor or ne,.it.con n t 3.5 % of

hexaf | uor opr openeé: FFrHte Yén%rayéf?:sa t SFViRg %g{'%ﬁii ‘f“af'g’fci?u% ¥ e hi ghl y
toxi ¢ perfl ud¥ oi soimnciralienyid neadisedshavbha 5 owe chtcarbon atoms,
an aralkyl radical having 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

groups.

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

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

the nitrogen atom carrying them, can form a 5- ¢to

_ 7-membered ring which can contain an oxygen atom or a

' is5 further nitrogen atom, preferably, however, such a ring
contains no oxygen atom and no further nitrogen atom.

This ring thus has 5 to 7 members, of which one is the
nitrogen atom and the others are preferably CH, groups.

Oone of the CH, groups can also be replaced by an oxygen

20 ox nitrogen atom, which, however, is not preferred.

Together with the nitrogen 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
25 hexamethylenetetramine or diazabicyclooctane.

The nitrogen base B can additionally be a 6-membered
heterocyclic ring which can contain one or two nitrogen
atoms and can also be benzo-fused, e.g. pyridine,
pyrimidine or quinoline.

30 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,- -
REFLAGEMENT SHEET
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- 14 - (<1 ppb). Conparison exanple 7 a) 10S g of a solution of the
.conposition [err] 24 HF] were introduced into the autocl ave described in 5
Exanpl e 6, 30 g of hexafl uoropropene were injected froma pressure storage
bottl e and the autoclave contents were hea ed to [err]. After stirring at

this tenperature for one hour, the [err] a gas sanpl e indicated no
measur abl e ConVeﬁ% i&;@éﬁ%&z@“ uw}aaaaane q%Q.nolg}te, Wh“r%et?%
described in a) |rst |rred at er hen at [err] for
further 42 h, urfiRy ?@@r‘?ﬁt&d Far}engtetraming- his vvas

anal yzed. The [err] spectrum agai n i ndi cat ed no measur- abl e conversion to
2H-hept af | uoroprﬂggm n@@r@ﬂf Eormula (IX) is the molar amount of
HF per nitrogen atom of the base B and is an integer or

fraction = 4, prefergbly 0.5 to 3.5, in particular 2 to
3.

Ui

In the following, examples of the complex hydrofluorides
of the formula (II) which can be employed in the process
according to the invemtion are given:

[(CH4)aN @ 2,8 HF]

[(C,Hg)sN © 2.8 HF]

[{n-CgHyIgN * 3.0 HFI

[(i-CzH4)5(C,HgIN *2.6 HF]

[{(n-C4HglaN * 2.6 HF]

[{CH3),N-CH,-CH,-N(CH3); © 4.7)

{ N-CHy ~ 2.8 HF

7 'W * 2.7 HF

[C}n(cn,)2 2.6 HF

{(CH2)6N4 .2 HF]

10 These hydrofluorides are known from the literature, e.g.
from Bulletin Soc. Chim. France 1965, pages 1890 to 1892
or from J. Fluorine Chemistry 15 (1980), pages 423 to
434. In the molar composition giveri, they are stable
complexes which, in contrast to amine hydrofluoridfg
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40 g of tri-n-butylanine were introduced into a stirred vessel made of
.polyethylene. The lid of the vessel was connected via hose lines to a
storage reservoir for hexafl uoropropene (standing on a balance), to a
stirred 20  evaporator vessel which contaiped 20 g (1 nol) of hydro- gen
fluoride, and to a trap cooled with dry ice. Hexa- quoropropene and -

means of .a dry Sha@fAyOh ALghesChydtsidh | filvbdie SGRU Qb > %%%%g of

fluoride gas were then pPssed i nto ghe tributylam ne such that the

25  hydrogen fPBcPt¥ie RIFHHARA V1 He @ -evapBRaP Feagsnt o fehibd
the sane tine asné5MHE) vapewl )p:oésémf hudr arer thenefofbae m:erdmmiy t he

cold trap were rgegaRdensSes KihdRARAd0in % %adég] aq?%wn%é @ffa%ﬁ*leq]' de
and thus freed from a anyi n hydroge uor |
| ow nol ar anBunt 1Bf @ Wgﬁg@ Higateglasn o Ié‘nd:h% BRfQesef

the extrenely shacbotungeﬂoethenhﬁénttmhe&eé luee Qfff oparicetilyaudniecact i on
medi um the 2.8 HF] or [tributylamine e 2.6 HF] is particularly
preferred. :

The hydrofluoride of the formula (II) to be employed in
10 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 Comparison
examples 1, 2 and 4 that "Olah’s reagent® and other amine
hydrofluorides having more than 4 HF molecules per amine
15 nitrogen atom are not able to hydrofluorinate a per-
halogenated olefinic double bond, it was an extremely
surprising finding that the hydrofluorides to be employed
.in the process éccording te the invention, . which are
comparatively low in HF, react very easily.

20 The process according to the invention can be carried out
in a closed pressure vessel or at atmospheric pressure.
If the reaction is carried out batchwise and the boiling
pbints of substrate and prdducl: are low, a stirred
autoclave is expediently selected in which the reaction

25 can proceed under autogenous pressure. In this case, the
progress of the reaction is as a rule recognizable by the
decrest's'e in the internal pressure. If the boiling points
are sufficiently high, a stirred flask, optionally with
a reflux condenser, can be used. After the end of the

30 reaction the amount of HF consumed can be replaced again
in a suitable manner, e.g. by passing in, condemsing in
or pumping in H¥, and a further reaction can follow.

If it is intended to carry out the reaction without
pressure in spite of low boiling points, the residence
a5 time of the substrate in the liguid hydrofluoride needed
for reaction can be realized by means of a gas

FPLACEMENT SHEET i
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gas- chr omat ogr aphi ¢ anal ysis showed a content of 14 % of
. 2H heptafl uoropropane in addition to about 86 % of 35

hexaf | uor opr opene. Exanple 8 118.5 g (0.5 nol) of the hydrofluoride
~[tri-n-butylamne a 2.6 HF] were introduceg¢ into a 500 m stirred autocl ave
made of stainless steel, 58 g of trifluorochloroethene 5 [err] (0.5 nol)

were injected fropaungessi) onel Q88981 6856F Vtﬁié xﬁnéahhfnr%ﬁyr&w%b%d rred
at [err] The internal [egsure dg’B g seg fr ggr éo Iﬁéz thgn 1
the course of 24°%. SARELRT 88H, 81BRIFRRSQYS Igﬁ wiBe apgitign, P é‘h@ol d
trap cooled wit rm@hlyt:rmar!dl thdalQase prikiuict prefesgeesi bb dodidiry o) t3eof
theory) was i dergidd &gl Hombibububny?ihd | BSRACH LRA ARLNARECH Real? Boddd JTBANS
5 of corrosion-resistant metal, borosilicate glass or
synthetic material. The reaction temperatures which can
be used in the process according to the invention depend
'on the halogenated alkene employed and in gemeral are -10
to +200°C. The reaction is preferably carried out above
10 ‘the melting point of the hydrofluoride selected, i.e. in
- the homogeneous 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

15 presence of adequate amounts of an aprotic poiar solvent
such ag dioxane, tetrahydrofuran, acetonitril_e or
N-mathylpyrrolidone.

The hydrofluorination product is isolated by distillation
or (when using a pressure vessel) by 'releasing the

20 pressure and condensing. It is a particular advantage of
the proceass 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.

25 The following exampies illustrate the process according
to the invention. The percentages are percentages by
welight, if not stated otherwise.

Comparison example 1

Analogously to a procedure given by G.A. Olah et al.,
30 {Synthesis 1973, pages 77% to 783}, 100 g (0.32 mol) of

the hydrofluoride [pyridine e 9 HF), i.e.  "Olah's

reagent", were introduced into a 500 ml stirred autoclave

made of V4A steel and B0 g of hexafluoropropene

(0.53 mol) were injected £rom a pressure storage
35 reservoir. The autoclave contents were heated to 50 to
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the'[err] and [err] spectra. Exanple 9 At an internal tenperature of 57C,
1.5 liters of gaseous 15 trifluorochl oroethene were introduced through a
frit into an externally heatabl e bubble colum nade of borosilicate glass
of cross section 22 nm which was filled toga_height of 1.5 mwith the
liquid hydrofluoride [err] 2.4 HF, and circdl ated by neans of a punp
through a 20  buffes meh&i—mglmmhcluhﬁ% &i gt 52” ate

of the gas was adj s.ted t hat d, distri au- tion o e gas . B’bl es
in the 9red| um was"i“ij 3‘ f'gng 51%?;) d Ghe intereal é’??‘?ﬂé"iﬁ ToRe SHQEI es

in the medi um dur$ n'gbe%\c&l hrs st diad medto whabiges any Abrel. @hechheobluge25
total residence tédpr&itd h@edas t‘.ﬂ'bx{héo Qﬁ;éﬁﬁ‘)f 1% Paddbud 1§ hro;rFt ogr am

of the remrcplatln ditions: ong [err] col umd of [ er E8Pasi |
C, containg % Y gjo%?d‘!‘é’l&o nf‘??l‘ﬂd amalyzedn b dreasuspia content of
t enper a- 2H-heptafluoropropane could not be determined.

Compariaén example 2 )
Analogously to a procedure of N. Yoneda et al. (Chemistxy
Letters 1983, pages 1135 to 1136), 160 g of a 24 percent
10 solution of melamine (2,4,6-triaminotriazine) in
' anhydrous hydrogen fluoride (this corresponds to
[melamine ¢« 20 HF]l) wexe introduced into a 500 ml stirred
autoclave made of V4A steel and 220 g of hexafluoro-
propene (about 1.5 mol) were injécted from a pressure
15 storage bottle. The autoclave contents were heated to
52°C with stirring and kept at this temperature. After an
experimeﬁtal 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
20 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 _
25 Analogously to the reaction of perfluoroisobuteme with

hydrogen fluoride in the presence of ammonium fluoride in

dioxane described in Izvestiya Acad. Nauk USSR, Ser.

Chim,., 1965, (4), pagea 723 to 726 (in the English trans-

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

150 g of anhydrous dioxane were introduced into a stirred
vesgsel made of polyethylene and cooled in an ice bath,
and 45 g of hydrogen fluoride (2.25 mol) were added. 3 g
of ammonium fluoride were introduced into a 500 ml

a5 autoclave having a magnetic lift stirrer, the solution of
HF in di k in th th 1
n oxane was sucked to e en..c oaed QW

P e |
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ture [err] isothermal) showed a conversion of 50 %to a 30

.was identified as 1,1,1.2-tetrafluoro- chloroethane (R 124) by neans of

[err] and [err]

spectra. ExanpLe 10 At an internal tenperature of [err]

1.5 liters of gaseous tetrafluoroethene were introduced through a frit
an 35 externally heatabl e bubble col unm Hde of borosilicate gl ass of

cross section 2 [ C j to a height,, of {,1.5 m ,wi,th_  the
liquid hydrofl ol e%ﬁ%%ﬂ’“—% 1‘%'-52[ Zol) “wese, ipjected,
circul ated by néhe reactinmpixtusegwag stirzed \ats sgom tepperatuzieofiorl
liter. The circul aidudl o# 900h. the @RS tiae 2HiesiRT SHGh 8 R 19 20ads,

gas samples were in each case taken for IR and NMR

10

15

20

25

30

35 .

analyses. Even after 90 h, no 2H-heptafluoropropane could
be detected in the reaction mixture. After relearing the
presgure and opening the reactor, in addition to
unchanged starting substance dark-colored resinification
producte dissolved in dioxane were found.

Comparison example 4

126 g of a hydrofluoride of the composition [(n-CH,),N »
6.6 HF] were introduced into a 500 ml gtirred autoclave
made of V4A gteel and 70 g of trifluorochloroethene
(0.6 mol) were i.n_ject:ed 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 YF-NMR spectrum of a sample
taken after this showed no conversion to 1,1,1,2-tetra-
£ luorochloroethaxie -

Comparison example 5

90 g of a hydrofluoride of the composgition [(n-CH,),N e
4.6 HF] were introduced into a gas-washing bottle pro-
vided with a ceramic frit, and 40 g of hexafluoropropene
ware passed through at B0°C and condensed in a trap
cooled with dry ice. The condensate was passed through
the liquid hydrofluoride a further time and again con-
densed. The IR spectrum of a sample indicated the
presence of pure hexafiuoropropene; the same was the case

after passing the sgame substrate through said hydro-
fluoride a total of 4 times. '

Example 1

1900 g (8.0 mol) of [n-CH,),N ¢ 2.6 HF] were introduced
into a 5-liter stirred auntoclave and 600 g of hexafluoro-

propene (4.0 mol) were pumped in from a storage reservoir |

with stirring at 25 to 35°C. The autoclave was then
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di stribution of ‘the gas bubbles in the nediumwas 5 achieved (5 to 81/h);
the residence tinme of the bubbles in the nmedium during each passage was
about 10 seconds. After an effective total residence tinme of the gas in the
medi um of 3 mi nutes, the chronmatogram of thg circulating gas (conditions as
i n Exanpl e 9) showed a conversion of 10 %to a product which was

identified as peri@dtedreo ?5h@nNa@ndRatdel PkacR rbﬁQE Yedf
sanpl e, and al Eo - ?s‘%ﬁcondenél ﬁg gut t he ﬁ1 x?ﬁ?e - neaﬁggo?y%e?ﬂ% and

[err] spectra. BXEND o BEeYt B 5’F“?h‘é° MithoAraeirerr] *
2.6 HF] were |nt r'ﬂdﬁc‘é@hﬁ‘-m@ ®fstthisctirapt 6660\ cfomsipaed yncihaid&hgaad 10

g (0.1 nol) of |,dndi {hepaped fadecthenard Rnldl 23 it g % 59 80z
pressure storglge #)%ttl giue aut ocl ave contents_were then sti rred under
aut ogenous 20 TORTPRRRe ARd, tRgabeufedr v rof Rexafimeross h.

propeane. The compos:lt.:lon 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 8 = 4.0 mol of hydrogen £fluoride had been
10 consumed, which were then replaced by pumping in from a
storage reserxvoir. 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-
15 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
20 dry ice and with a thermometer for measuring the reflux
temperature, and 15 g of hexafluoropropene (0.1 mol) were
passed in from a pressure storage reservoir. With
stirring, vigorous reflux commenced at once and was
maintained by gentle heating of the flask. The reflux
25 temperature rose from initially -27°C to -18°C within a
short time and then remained constant. The gaseous
product was them removed via a tap attached below the
reflu*ncondenser and condensed in a cold trap. According
to the 'H- and YF-NMR spectra, this product consisted to
30 95 % to 2H-heptafluoropropane and to about 5 % of hexa-
fluoropropene. The introduction of hexafluoropropene and.

the removal of 2H-heptafluoropropane was repeated four
times.

Comparison example 6
35 This experiment was carried out analogously to Example 2,
- with the difference, however, that the HF content in the
trietl_xylamine hydrofluoride was much highexr. 280 g of a
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The volatile conponents of the reaction mxture were then collected in a
-cold trap and anal yzed. According to a gas chronatogram (conditions as in
Exanple 9), in addition to trifluorochl oroethene they contained a fraction
of 12 % 25 which was identified as .1, 1-trifluorochl oroet hane (R
133a) by nmeans of [err] and [err]-nuclear” neti c resonance spectra.

Exanpl e 12 30 off e | | d g o2 3Q_ were
in??gdﬁced intg %Q,sltlxi%rigd) agét%gav%&%aa% t;f/('{i‘%sfﬁ and‘gll 1 (el )

of 2H hept af | uor SPPAFF e Uer B2PRFEEY e30P Bk Masiesetr podvbetzathuvorbe.
The reac- tion niethylensaswete  naed.at Eyed I hfteki | rédfRutiHe RakaPiGosHL €

had fallen from ijiddedld ¥o3 @ameQF,l Bef11 WS 3%e é%?g:g%hgggg%gar am _of the

volatile conponentS  of the autocl ave contents re hpgint.
(condi tions i A0S bR #leeh AR dindigatipn of 2Esheptafiuvomepropaheined
. could be found. '

Example 3

For this experiment, a 500 ml reaction flask made of
borosilicate glasé wag used in which a frit was inco‘r—'
10 porated for the finely distributed introduction of
hexafluoropropene. The flask was connected by means of a
tube to the still of an apparatus for fractional distil-
lation whose take-off valve for gasecus digtillate wag in
turn connected to the frit in the reaction flask via a
15 gas' diaphragm pump so that a gas circulation was
achieved. 237 g (1.0 mol) of [(n-CH,),N *» 2.5 HF] were
then introduced into the reaction flask. By means of a T-
piece attached in front of the frit, 150 g (1.0 mol) of
hexafluoropropene were passed in from a pressure storage
20 resexvoir in the course of 2 h and after omnset of reflux
in the distillation apparatus (-27°C) the gas circulation
was set going by switching on the diaphragm pump. This
was also maintained after the end of hexafluoropropene
introduction. In the course of 3 h, 146 g of a boiling
25  product whose temperature rose in the course of the
reaction period from -27°C to -18°C collected in the
8till of the distillation apparatus. This product was
then removed and analyzed. According to the F-NMR
spectrum, it consisted to 90 % of 2H-heptafluoropropane
30 and to about 10 % of unreacted hexafluoropropene.

Example 4 .

A bubble column made of borosilicate glass of internal

diameter 22 wmm and length 1800 mm which could be heated

from outside by warm water was filled with the hydro-
35 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 f£rit attached at the foot of the column.
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- 17 - which was identified as 2,2-di hydrooctafl uorobutane -by [err] and
Jerr]-nucl ear magnetic resonance spectra. Exanpl e 13 79 g (about 0.5 mol)
of the liquid hydrofluoride 5 [err] * 2.8 HF] were introduced into a
stirred flask made of borosilicate gl ass gng 150 g of perfluoro(2-

met hyl pent-2-ene) (0.5 nol) were added at | ?r]' froma dropping funnel. 250

n of water were ¢hen2addegea2idotdfrds i&gﬁgﬁg\ggﬁgiﬁa%atae%aéy t%i eld

155 g) and dried over. nmagnesi um sul f at e. e

0 g 2 o .
chromat o- gram . %\*"%ﬁs‘f%’&e'aﬂ #3sggondepged in a gl tmR (AN 4 densdEieded
as 2H perfl uor o( 2byembghpentad®) BIF-3naxel ‘HeNMR apeéckeal] THUCleSpleri-
magneti c .resonanCﬁeﬁggft feriod was 4 hours. The gas-chromatographic

5 analysis of this crude product showed a content of 98.4

% of 2H-heptafluoropropane and about 1.5 % of hexafluoro-
propene.

Example 5
The liguid amine hydrofluoride was circulated in the
10 bubble column described in Example 4 by means of hose
connections and a peristaltic pump. Into this liquid
circulation was incorporated a stirred vessel made of
polyethylene in which the consumed hydrogen fluoride was
'replacad by weight-controlled absorption from a storage
15 - vessel. The crude product expelled was free of traces of
HF and had a content of almost 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 HFI]
20 ware introduced into a 500 ml stirred autoclave made of
V4A steel and 160 g of hexafluoropropene (1.07 mol) were
injected from a pressure storage reservoir. The autoclave
contents were heated to 5.0°C and stirred under autogenous
_ pressure. The intermal pressure of initially 10 bar
25 decreased even during heating to one half and almost
completely disappeared in the course of a further
4 hoﬁi‘ﬁ. The pressure of the autoclave contents was then
released through a washing bottle containing 2N hydro-
chloric acid (for the absorption of triethylamine) and a
30 drying tower containing anhydrous calcium chloride, and
the 2H-heptafinoropropane was condensed in a trap cooled
- with dry ice. The crude product thus obtained was inves-
tigated by gas chromatography and also by meana of GC-MS.
In addition to 96.2 % of the desired 2H-heptafluoro-
35 propane, it contained about 3.5 % of hexafluoropropene.
A trace analysis for the determination of the highly
toxic perfluoroisobutene showed no measurable content
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Exanpl e 14 15 120 g (about 0.5 mol) of the liquid hydrofluoride
.[err] * 2.6 HF] were introduced into a 500 mM stirred flask nade of

borom licate glass and 150 g of perfluoro(2-nethylbut-2-ene) (0.5 nol) were
added at [err] froma dropping funnel. The gom)geneous reaction m xture 20
was then distilled. 150 g of a product of ¥ iTing point 60 to [err] were

obt ai ned, which é@fﬁéﬁn}ified as 2H perfluoro(2-nethyl pentane) by neans of
[err] and [err] e a. Exanple 15 25 72.5 g (0.5 nmol) of the

hydrof l uoride [piperidine - 2.9 HP! were introduced into a stirred
aut ocl ave of capesmgarsth ndxamdle3® g of hexafl uoropropene (0.2 nmol) were
I njected froma pressure storage reservoir. The reaction m xture was

stirred at [err] for 24 h. The gas 30 chromat ogram of the volatile
components of tiw rd@8t @& of a solution of the composition [(CH,)},N s

24 HF] were introduced into the autoclave described in
5 Example 6, 30 g of hexafluoropropene were injected from
a pressure gtorage bottle and the autoclave contents were
heated to 5§5°C. After stirring at thig temperature for
one hour, the *F-spectrum of a gas sample indicated no
measurable conversion to 2H-heptafluoropropane.

10 b) A mixture, as described in a), was first stirred at
830°C for 1 h, them at 50°C for a further 42 h, under
autogenous pressure. A sample removed after this was
analyzed. The YF-NMR spectrum again indicated no measur-
able conversion to 2H-heptafluorcpropane.

15 Example 7
40 g of tri-n-butylamine were introduced into a stirred
vessel made of polyethylene. The lid of the veszel was
conmnected via hose lines to a storage reservoir for
hexafluoropropene (standing on a balance), to a stirred
20 evaporator vessel which contained 20 g (1 inol) of hydro-
gen fluoride, and to a2 trap cooled with dry ice. Hexa-
fluoropropene and - by means of a dry stream of nitrogen
blown into the evaporator - hydrogen fluoride gas were
then passed into the tributylamine such that the 20 g of
25 ‘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 from accompanying hydrogen fluoride. In spite of
30 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 analyeis showed a content of 14 % of

2H-heptafluoropropane in addition to about 86 % of
35 hexafluoropropene.
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contents recorded after this indicated a content of 88.7 % of

.2Hhept af | uoropropane in addition to 11.1 % of unreacted hexafl uoropropene.
Exanpl e 16 35 71 g (0.5 nol) of the hydrofluoride [norpholine * 2.8 HF]

- 18 - were introduced into a stirred aut_og_%ave of capacity 300 mM and 30 g
(0.2 nmol) of hexafl uoropropene were injectéd froma pressure storage

reservoir. The rﬁgh'?‘,gg gl xture was stirred at [err] for 24 h. The gas
chromato- 5 gramof the volatj]le conpopents _of the autoclave contents

recorded after tH8-Pni zgtﬁo“%l)c(ﬂﬂ dite bpdrefingride Rept-R 1R Rthe in

addition to aboute ZO6%HPY wireedsitrodbesdfl Lnbs GP5OPenaR. stirred autoclave
made of stainless steel, 58 g of trifluorochlorcethene
5 CF,=CClF (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 preassure of the autoclave was
released via a cold trap cooled with dry ice and the
10 product {(crude yield 61 g, 90 % of theory) was identified
as 1,1,1,2-tetrafluorochloroethane (R 124) by means of
the 'H- and “F-NMR spectra.

Example 9
At an internal temperature of 57°C, 1.5 liters of gaseous
15 trifluorochloroethene were introduced through a f£rit into
an externally heatable bubble coluwn 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
20 buffer vessmel 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 achieved (5 to
'8 1/h); the residence time of the bubbles in the medium
during each passage was about 10 sec. After an effective
25 total residence time of the gas in the medium of 3.5 min,
the chromatogram of the recirculating gas (conditions:
5 m~long 1% column of ®Porasil C, containing 5 % of
oxydiéi'opionitrila, heat conductivity detection, tempera-
ture 80°C isothermal) showed a comversion of 50 % to a
30 product which was identified as 1,1,1,2-tetrafluoro-
chloroethane (R 124) by means of B- and *F-NMR spectra.

Example 10

At an intermal tmperatuie of 55°C, 1.5 liters of gaseous

tetrafluorocethene were introduced through a frit into an
35 externally heatable bubble column made of borosilicate

glass of cross sgection 22 mm, which was filled to a

height of 1.5 m with the liquid hydrofluoride
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Exahple 17 10 65 g (0.5 nol) of the hydrofluoride [t-butylam ne 2.8 HF]
were introduced into a stirred autoclave of capacity 300 m and 26 g (0.17
nol ) of hexafl uoropropene were injected froma pressure storage reservoir.
The reaction mxture was stirred at [err] f%[]_24 h. The gas 15

chromat ogram of the vol atile conponents of %°hé autocl ave contents recorded

after this indi cqt(ﬁdcag’qolatenﬁ £TawP, %4 gﬁ;ggnta;d YR QRLQRAN % addi tion

to 74 % of unreac %af | uor o ropene. 3 K
PATENT CLAI MB: 1! 5’"-'°R9 r foeut f@? vREseYdPL JrPlome abonty Balliderat cThe
al kene of the foecdwcalgtion rate of the gas was adjusted such that a good

distribution of the gas bubbles in the medium was

5 achieved (5§ to 8 1/h); the residence time of the bubbles
in the medium during each passage was about 10 seconds.
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

10 97 % to a product which was identified as pentafluoro-
ethane (R 125} by comparison with an authentic sample,
and also - after condensing out the mixture - by means of
‘H- and F-NMR spectra.

Example 11

15 50 g (0.21 mol) of the hydrofluoride [(n-CH,},N ¢ 2.6 HF]
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 contents were then stirred under autogenous

20 pressure at 65°C for 22 h and at B2°C for a further 46 h.
The volatile components of the reaction mixture were then
collected in a cold trap and analyzed. According to a gas
chromatogram (conditions as in Example 9), in addition to
trifluorochlorcethene they contained a fraction of 12 %,

25 which wag identified as 1,1,l1-trifluorochlorcethane

(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]
30 were introduced into a stirred autoclave of capacity
125 ml and 11 g (0.06 mol) of 2H-heptafluoro-2-butene
were injected from a pressure storage bottle. The reac-
tion mixture was stirred at 65°C until the internal
pressure had fallen from initially 3 bar to 1 bar. The
35 gas chromatogram of the volatile components of the
' autoclave contents recorded after this (conditions as in
Example 9) showed that 99 % of a substance was contained

REPLAGEMENT SHEET

04 MAR 1997




[err] 5 in which [err] to [err] have the foll ow ng nmeaning: [err]
.unsubstituted or substituted by one or nore hal ogen atons, [err] =

hal ogen or [err], 10 [err] = H F, [err], or [err]-alkyl,
unsubstituted or substituted by one or norey4fal ogen atons, which conprises
reacting a hal ogenated al kene of the fornmula (1) with at |east one

hydrof | uori de of K gaasc iabhmasadbase 20f2 -alaaya%auhafia&oi&éw%
(rr) 15 |r1H¥\/ntB -u organ eF%trog%gqbase and n I's an i nteger
or fraction s 4, i ng ﬁ 38‘5 PAge e FHectra. _
per f 1 uor oi sobut ene [err] I s excluded. 2. The process as clained in claim
1, wherein a Example 13 :
79 g (about 0.5 mol) of the 1liquid hydrofluoride
5 [{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 funnel. 250 ml of water were then added, and the
organic phase was separated off (yield 155 g) and dried
10 over magnesium sulfate. According to the gas chromato-
gram, it consisted to 96.1 % of a product which was
identified as 2H-perfluoro(2-methylpentane) by means of
H- and “F-nuclear magnetic resonance spectra.

Example 14

15 120 g (about 0.5 mol) of the liquid hydrofluoride
[(n-CH,),N e 2.6 BF] were introduced intc a 500 ml
stirred flask made of borosilicate glass and 150 g of
perfluorc (2-methylbut-2-ene) (0.5 mol) were added at 25°C
from a dropping funnel. The homogeneocus reaction .mixt:ure

20 wag then distilled. 150 g of a product of boiling point
60 to 61°C were obtained, which was identified as
2H-perfluorc(2-methylpentane) by means of 'H- and *F-NMR
spectra. '

Example 15 _

25 72.5 g (0.5 mol) of the hydrofluoride [piperidine e
2.9 HF] ﬁere 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

30 chromatogram of the volatile components of the reactor
contents recorded after this indicated a content of

88.7 % of 2H-heptafluorcpropane in addition to 11.1 % of
unreacted hexafluoropropene.

Example 16
35 - 71 g (0.5 mol) of the hydrofiuoride [morpholine o 2.8 HF]
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20 - hal ogenat ed al kene of the fornmula (1) is enployed, in which:

ferr] [err] = H F or perfluorinated [err],-alkyl. 25 3. The
process as claimed in claim1, wherein the hal ogenated al kene of the
formula (1) enployed is [err] 4. The pgocess as clainmed in claiml,

wherein the hal ogenated al kene of the fornula (1) enployed is [err]
(hexaf | uor opr opewiére5 intrbdRicREOCHNO A8 WHiirFed | duhte Hfe Cbel Eaphcitd 4 5

T omesau phB B S dob SRl 1 S, e WAL Gune’ Yk ©
injected from a pressure storage reservoir. The reaction
mixture was stirred at 60°C for 24 h. The gas chromato-

5 gram of the volatile components of the autoclave contents
recorded after this indicated a content of 25 % of
2H-heptafluoropropane in addition to about 70 % of
unreacted heicafluoropropene.

Example 17 _

10 65 g (0.5 mol) of the hydrofluoride [t-butylamine o
2.8 HF] were introduced into a stirred autoclave of
capacity 300 ml and 26 g (0.17 mol) of hexafluoropropene
were injected from a pressure storage reservoir. The
reaction mixture wag stirred at 60°C for 24 h. The gas

15 chromatogram of the volatiie components of the autoclave

' contents recorded after this indicated a content of 26 %

of 2H-heptafluoropropane in addition to 74 % of unreacted
hexafluoropropene.
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wherein nin the formila (I'') is an integer or fraction from2 to 3. 10
7. The process I e of clains 1 to 6, wherein B is an
organic nltrogenlmun"ﬂumulmm la (111) [err] in which the radicals
[err] to [err] ar€ identichl ‘or "different_apg each of the%Erggiég,a&%iﬁ

hydr ogen, 15 an al kyl radical having 1 to 20 carboh at ,

“al kenyl radical heasmgr otorM: carbon atons, a cycl oal kyl radical having 5
to 7 carbon atons, a cycl oal kenyl radical havi ng 5 to 7 carbon atons, -an
aral kyl radical having 7 to 10 carbon atonms or 20 an aryl radi cal
having 6 to 10 cakbon &tpneceshi £¢r chine caldiditiom| ¢f) ¥@ sobst brlibgenbyed

[err]-al kyl or alkene of the formula (I)

R'CF=CR*R? ()
5 in which R* to R® have the following meaning :
R? = F, CF, or CF,R*, where R* = C,-C,-alkyl,

unsubstituted or substituted by one or
: more bhalogen atoms,
R? = H, halcgen oxr CF,,
10 R? - H, F, CF, or C,-C,~alkyl, unsubstituted or
substituted by one or more halogen atoms,

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

[Ben HF) (in

15 in which B is an organic nitrogen base and n is an
integer or fraction = 4, it being intended that the
reaction of perfluorocisobutene CF,=C(CF,), is
"excluded.

2. . The process as c¢laimed in claim 1, wherein a

20 halog‘e.natad alkene of the formula (I) is employed,
in which:
R = ¥, CF, or C,F,,

R? = F, Cl1 or CF,, and
RrR? = H, F or perfluorinated C,-C,-alkyl.
25 3. The process as claimed in claim 1, wherein the

halogenated alkene of the formula (I) employed is

-~

\ s
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_ 21 - [err]-al koxy radicars;or—n—which two of the radicals [err] to

ferr], together vmtgmu mcarrying them forma 5- to
7-menbered ring whi ”rmw m%p W oxygen or a 5 further nitrogen
atom or in which the radica to [err] together with the nitrogen
atom carrying them formtwo or three 5- t4%° ‘menbered rings which can
contain further nitrogen atons. The rocess as clainmed in one of
claims 1 to 6, wheFBinCth: ngaﬁc'ﬁrﬁ%nﬂ‘if Ha CF2 G- BExeChfFy KEsCHr@GFa( 11 1)
[err] in which the radicals [@ry] to [err]/qr identical or diffegpept and
each of these radi calrz ¢§.@{al kyle,rg dcpaé avr ng,,l to¢2;0_(¢ar o atons, 15

a cycloal kyl radical having Sgo 7 car bon &t an ar af k r adi aL 'haV| ng
7 to 10 carbon atons or
4. The process as claimed in claim 1, wherein the

halogenated alkene of the formula (I) employed is
CF,=CF-CF, (hexafluorcpropene) .

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

(&)

6. The process as claimed in one of claims 1 to 4,
wherein n in the formula (II) is an integer or
fraction from 2 to 3.

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

15 an alkyl radical having 1 to 20 carbon étoms,
an alkenyl radical having 2 to 20 carbon atoms,
a cycloalkyl radical having 5 toc 7 carbon atoms,
a cycloalkenyl radical baving 5 to 7 carbon atoms,

an aralkyl radical having 7 to 10 carbon atoms or

20 an aryl radical having 6 to 10 carbon atoms, which
can additionally be substituted by C,-C,-alkyl or
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an aryl radical havin n.atons, which can additionally be
substituted by [err ﬂ ﬁmilrmjmm“mal koxy radicals, 20 or in which
two of the radicals t oget her with the nitrogen atom
carrying them forma 5- to 7-nmenbered ring which can contain an oxygen or

a further nitrogen atom or in which the ratifcals [err] to [err], together

with the 25 nltéo&e%ﬂ;&?@‘; ‘Egthem formtwo or three5 to
in furt

7-menbered rings which cah cont ni.trogen atoms. 9. The process
as claimed in claim7 or 8 wherein at |least one of the radicals [err] ‘to
[err] is an alkyl -or 2th 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
5 further nitrogen 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.

10 8. 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,

15 a cycloalkyl radical having 5 to 7 carbon atoms,
an aralkyl radical having 7 to 10 carbon atoms or
an aryl radical having 6 te 10 carbon atoms, which
can additionally be substituted by C;-C,-alkyl or
' €,-C,~alkoxy radicals,

20 .~ or in which two of the radicals R' to R®, together

w:.th the nitrogen atom carrying them, form a 5- to

7-membered ring which can contain an oxygen or a
further nitrogen atom,

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

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

9. The process as claimed in claim 7 or 8, wherein at
leagt one of the radicals R' to R is an alkyl .
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radi cal havi ng 1 to-3+2—earbon-atonms. 10. The process as clained in claim?7

or 8, wherein at e radl cals [err] to [err] is an alkyl
radi cal having 1 toﬂiﬂ'& Fﬂ t.i The process as clained in one
of clainms 1 to 10 |c n|t faen base Bis tertiary and has

a total of 3 to 12 carbon atons. 12. The~ process as clainmed in one of

claims 1 to 6, whereifpd{EaPRRidg Al o042 ch@BbnBatsng. 6- Menbered 10
het erocyclic ring which contains or 2'nitrogen atons and can al so be

benzo-fused. 13. The process as clained in one of clainms 1 to 6, wherein
the organic nitrb@en TesepBocesm ds iclddpled dm rdaliayiTner3 &,0 wharednbait

atoms. 15 14, The DLOCESIndsS &f kB Jdui¥aq s0frec! 8L el 510 13, MhSHEI N
the reaction is carried out at a tenperature fom 0 {0 ierr
radical having 1 to 6 carbon atoms.

5 11. 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.

12. The proceas as claimed in one of claims 1 to 6,

whei:ein_ the organic nitrogen base B ig a 6-membered

10 heterocyclic ring which contains 1 or 2 nitrogen
atoms and can also be benzo-fused.

13. The process as claimed in one of claims 1 to 6,

wherein the organic nitrogen base B is a trialkyl-
amine baving 3 to 12 carbon atoms.

15 14. The process as claimed in ocne of claims 1 to 13,

wherein the reaction is carried out at a temperature
from 0 to 100°C.

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

wherein the reaction is carried out at a temperature
20 from 20 to 80°C. '

16. The process as claimed in one of claims 1 to 15,

wherein the reaction is carried out in a bubble
columm.

17. The process as claimed in ome of claims 1 to 15,
25 wherein the reaction is carried out in a pressure
vessel.
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15. The process as clained in one of clains 1 to 13, wherein the reaction
1s carried out at a tenperature 20 - +from20 to [err]. 16. The process
as claimed in one of clainms 1 to 15, wherein the reaction is carried out in
a bubble colum. 17. The process as clained in one of clains 1 to 15, 25
wherein the reaction is carried out in a-pgessure vessel

Abstract
Process for the addition of HF to halogenated alkenes

the invention relates to a procesa for the addition of HF
to halogenated alkenes by reacting these with at least
one hydrofluoride of the formula [Ben HF], in which B is
an organic nitrogen base and n is an integer or fraction
5 4, it being intended that the reaction of perfluoroiso-
butene CF,=C(CF,), is excluded.
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