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Description 

Process for the addition of BF to halogenated alkenes 

The addition of BF to alkenes has considerable importance 

5 for the preparation of fluorine-containing alkanes. 'l'his 

addition, however. fre~ently · cannot be carried out 

without problems _by reaction with liquid or gaseous BP; 

on t~e contrary difficulties . and complications often 

ocQur. 'The handling of BF is difficult because 0£ its 

10 high vapor pressure; at reaction temperatures above its 

boiling point (19.5°C) corrosion-resistant .pressure 

vessels a~e always necessary. 

20 

· For getting around or minimizing this di:fficulty the use 

: ·of polyhydrofluorides of pyridine ("Olah' s reagent•) as 

.hyd.rof:Luorinating agents has been proposed by G.A. 01ah ' . 

. et al. (Synthesis 1973. pages 779 to 780). The use of 

polyh~ofluorides of melamine has a similar aim. 

(H. Yoneda et al., Che'Jllistry Letters 19_83. pages 1135 to 

1136; 1984. pages 1241 to 1242). These polyhydrofluorides 

contain 6 to 12 molecules of BF per amine nitrogen atom, 

but have . a distinctly lower vapor pressure than pure 

hydrogen f1uoride. 

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 

perhalogenat~ doub1e bonds, in particular perfluorina.ted 

doub1e bonds, under the conditions mentioned by the 

30 abovementioned authors (see Compa:t;;i.son.,ex~l.es :,1 and 2). 
1 . ~:· I" . • . '.:' 

Instead. the addition of 'BF in ilis''~as~ ·:musj:' be. carried 

out under drastic conditions using p~re HF or alkali 

:metal fluorides . This frequently leads, however.· to · 

·halogen exchange reactions as an additional c;:omplication. 
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2xaiaples of Ja:iown hydroflu~rinations under drastic condi­
tions are the reaction of perba.logen.a.ted alkenes with BF 

on a chrmaium 0%ide catalyst at 200 to 500 °C, preferably 
300.to 400°C, as in GB Patent 901 297, or the reaction of 

5 tetrafluoroethene with HF on a chromium o.:x:yfluoride 
catal.yst at temperatures up to 200·°C as in Ge:cman 
Offen1egungssahrif t 3 009 760.. Similarly, the reaction of . . 
he.xaf1uoropropene with HP to give 2H-heptafluoropropane 
at 250 to 450°C on active carbon is disclosed in 

10 GB Patent 902 590. 

Even when using water-containing or ~ydrogen fl.uoride­
containing alkali metal .fluorides instead of .HF 
(US Patent 3 130 238, us Patent 5 045 634), the reaction 

:munt be carried out at high temperatures and hal.ogen 
15 exchange must be expected. :tn US Patent 5 045 634, a 

format:Lon 9f olefin as a result of secondary elimination 
of hydrogen hali~, catalyzed ~y the basic alkali :metal 
fluoride formed in the reaction, is additionally 
described. The formation of product mixtures caused hy 

20 the drastic reaction conditions also makes these pro­
cesse11 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 trif1uorochloroethene CP2 =CFC1 with. 

25 potas•iwn fluoride in formamide to give 1, l, 1,2-tetra­
flu.orochl.oroethane CF3 -CBP'Cl (W.T. M$.11er · 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 .. 
'rh.e analogous reaction of hexafluoropropene leads to 

30 2H ... heptafluoropropane with a conversion of 60 % • The 
·disadvantage of this· process of indirect HF.addition is 
that the hydrogen atom needed for this .originates from 
the reaction medium, i.e. the formamide, which leads to 
un~esired by-products. 

35 Perfluoroisobutene CF2-C(CP'3 ) 2 can be hydrofluorinated 
even at room temperature in the presence of ammonium 
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fluoride using. a sol.ution of HF in dioxane · 

(I:.L. ltnunyants et; al., Izvestiya Acad. Nauk USSR, Ser. 

Chim.., 1965, (4), pages 723 to 726; in the Bng1ish trans­

l.ation pages 702 to 704) • 'l'he yield according to this 

5 literature reference is 88 % of theory. Perfl.uoroiso­

butene. however, is characterized, emnpared wi.th other 

perfluoroalkenas, by an extremely high reactivity (cf. 
11The Chemistry of Perfl.uoroisobutene •, I. L. Xnunyants 

·et al., OspeJchi Khimii 53, pages 431 to 461 (1984), in 

10 the English translation: Russian Chemical Reviews 53 (3), 

pages 256 to 273 (1984)). Correspondingly, a transfer of 

the reaction route :numtioned (0.F/BF) to other per­

fluoroa1Jtenes or, generally, baloalkenes is not described 

in the literature and, as Comparison example 3 shows, is 

15 also not possibl.e. 

It has now surprisingly been found that the addition of 

HF to halog~ated double bonds, in particular fluorinated 

do~le bonds, takes place under very mil.d conditions with 

the aid of complex hydrofluorides of organic nitrogen 

20 bases which, however, in comparison with. the above­

m.entioned polyhydrofluorides of pyridine ("01ah• s 

reagent•) or of :anelamin.e, are relatively 1ow in HF. 

25 

30 

The present invention.thus relates to a process for the 
. . 

addition of HP to a hal.ogenated alkene of the formula (:I) 

(:I) 

in. which R1 to R3 have the following meaning: 

= F, CF3 or CP2R.4 , where R" = C1 -C4 -al.kyl, unsub­

stituted or substituted by one or more hal.ogen 

atoms, 

I:l, hal.ogen or CP 3 " 

H, F, C~3 or C1 -C4-alkyl, unsubstituted or 

substituted by one or more ha1ogen atoms, 

wh~ch comprises reacting a halogenated alkene of the 
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form.ul.a (I) with at least one hydrofluoride of an organic 

nitrogen base of .the formula (II) 

(B•n HF] (II) 

in which B is an :organic nitrogen base and n is an 

integer or fraction :s 4" it being intended that the 

5 reaction of perfluor~isobutene CF2=!C (CP3 ) 2 is excluded. · 

10 

Preferably · the halogenated alkenes of the fo:cmU:l.a (J:) 

employed are those in which 

= F, CP3 or C2P5 , 

= F, Cl or CF3 , and 

= H, P or perfluorinated C1-C4-alkyl~ 

In particular·, the following halogenated alkenes are 

employed: 

· CF2 1=CF2, CF2 =CCIF. CF2 =CFH, CF2.=CCIH, CF2=CF-CF3. CF3·CF=CH-CF3. 
. . 

. /c r 3 /c r 3 /c r 3 
c r 3 - c r .. c""- , c 2 r 5 - c r •· c, . .. c 2 r 5 - c r • c, · 

CF3 CF3 c,r, 

especially, however, CF2=CP'-CF3 (hexafluoropropene). 

A mixture of two or more halogenated alkenes of the 

15 formula {J:) can also be employed in the process according 

to the invention. · 

Suitable nitrogen bases B of the formula (XI) are amines 
•. 

including nitrogen heteroaycles. When the fo:r:mula given 

for these amines is the formula (:III) 

20 (l:J:J:) , 
.. 

; 

the radicals R', R5 a;nd Re; therein can be identi_cal or 

different and a~e hydrogen, 

i~n alkyl. radical. having 1 to 20r preferably having 1 to 
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12, in pcirtiCul.ar having 1 to 6 carbon atoms, 
an alkenyl radic,_1 having 2. to 20, preferably 2 to 12, in 
particular 2 to 6 carbon atoms, 
a cycloalkyl radical having 5 to 7 carbon atoms, 

5 a cycloalkenyl ra~.dical having 5 to 7 carbon atoms, 

an aralky1 radicCl,l having .,, to 10 carbon atoms or 

an aryl radical having ~ to 10 carbon atoms which can 
additionally be substituted by C1 -C3-alkyl or C1-C3-al~ 
groups. 

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

J:n ad.di tion, two of the radicals a• to R', together with 

the nitrogen atom carrying them, C!an fo:cm a 5- to 
7-membered ring which can contain an oxygen atom or a 

15 further nitrogen atqm, pr~ferably, however, such a ring 
contains no oxygen &tom and no further nitrogen atOla. 
'.rhis ring thus has 5 to 7 members, of which one is the 
nitrogen atODL and the others ·are preferably ~ groups. 

One of the CBz groups can also be replaced by an oxygen 
20 or ni.trogen atom, which, however, is not preferred. 

Together with the nitrogen atom carrying them, the 
radica1s R4 to R5 can also fo:cm two or three 5- to 
7-membered, preferably saturated,. rings which can contain 
further nitrogen atoms, such as, for example, in 

25 ·hexam.ethylenetetramine·or dia~abicyclooctane. 

The nitrogen base B can add.itionally be a 6-membered 

heterocyclic ring which can contain one or two nitrogen 
atQJQS and can· also be benzo-fused, e.g. pyridine, 
pyrimidine or quinoline. 

'-30 Particularly preferred organic nitrogen bases B are 
tertiary amines, including H-heterocycles., having- a total 
of 3 to 1.2 carbon atoms.. especially the fo11owing: tri­
methylamine, triethyl.amine, tri-n-propyl.am.ine, isopropyl-

diethyl.amine, tri-n-butylaniine, N,N,-dimethylaniline, 

• 
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N-methylpiperidine, pyridine, quinol.ine, N,N'-tetra­
methylethylenediamine and hexamethylenetetramine. 

The number n in the for.mu.la (II) is the molar amount of 
HP per nitrogen atom of the b&se Band is an ~nteger·or. 

·s fraction s 4, preferably 0.5 to 3.5, in particular 2 to 
3 .. 

ln the following, examples of the complex hydrofluorides 
of the formula- (II} which can be em.ployed in the process 
according to the invention are given: 

HCH3)3N • 2.8 HF] 

{{C2H5)3N • 2.8 HF) 

. [(n-C3H7)3N • 3.0 HFJ . 

Hi-C3H7 )2 (C2H5)N •2.6 HF) 

[(n-C4H9)3N • 2 •. 6 HA 

[(CH3l2N-CH2-CH2-N(CH3)2 • 4. 7} 

10 These hydrofluorides are known from the literature, e.g. 
froJIL Bulletin Soc. Chim. Prance 1965, pages 1890 to 1892 
or from J. Fluorine Chendstry 15 {1.980) '. pages 423 to 
434. J:n the molar composition given, they are stable 
comp1ex:es which, in contrast :to amine hydrofl.uori.des 
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having a higher hydrogen fluoride conten~ (n > 4), such 
as e.g. [pyridine • 9 BP], i.e. "Olah' s reagenta, exhibit 

no HP vapor ·pressure and are therefore considerab1y 

simpler to handle and in same cases can even be disti1led . . 

5 in· equipment made o~ borosili~ate glass. :In the process 
according to the invention, the use of (triethylma.ine • 
2. 8 BP] or [ tributylamine • 2 • 6 HF) is particularly 
preferred. 

The hydrofluoride of the formula {~:C) to be employed in 
10 the process according to the invention -can be prepared by 

direct reaction of the amines with BF. :Cn particular from 
the background of the facts verified below in Comparison 
exaJIV:lles l, 2 and 4 that •olah' s reagent• and other amine 
hyclrof luorides having more than 4 BF molecu1es per amine 

15 nitrogen atom a~e not able to hydrofluoJ:'.inate 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 BF, react very easily. 

20 The process according to the i.nventi.on can be carri.ed out 
in a closed pressure vessel or ab atmospheric pressure. 
If the reaction is carried out batchwise and the boiling 

points of substrate and product are low,. a stirred 
autoclave is expediently selected in which.the reaction 

25 can proceed under autogenous pressure. :en this case, the 

progress of the reaction is as a rule recognizable by the· 

decrease in the internal pressure. if the boiling points 
are sufficiently hi.gh, a stirred fla~k, optional.l.y with 
a reflux condenser, can be used. After the end of the 

30 reaction the amount of_ BF cons"Umed can be replaced again 

in a .suitable manner,._ e.g. by passing in, condensing in 

or pumping in HF. and. a further reaction can foll~. 

If ;it is intended to carey out the reaction without 
. pressure in spite of low boiling points, the resi:dence 

35 ti.Dle of the substrate in the·liquid hydrofluoride needed 
for reaction can be realized by means of a gas 
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circulation. The addition of the HF can in this case also 
be carried out simultaneously with the addition of the 

substrate. In this case, it is preferred to carry 01,1t the 
process continuously in a bubble column. which can consist 

5 of corrosion~resistant metal, borosilicate glass or 
synthetic JUaterial •. Th~ reaction temperatures which can 

be used in th~ process according to the invention depend 
on the halogeilated a1kene em.ployed and in general are -10 

to +200°C. The reaction is preferab1y carried out above 
10 the.melting point of the hydrofluoride selected, i.e. in 

the homogeneous liquid phase, preferably at o to +1oo•c, 
particularly preferably at +20 to +80°C. 

xn general, addition of sol.vent is. unnecessary; :if 

required, however, the reaction can be carried out in the 

15 presence of adequate amounts ~f an aprotic polar solvent 

such as dioxane, tetrahydrofuran, acetonitril.e or 
N-methylpyrrolidone. 

"l'h.e hydrofluorination ·p~oduct ·is _isol.ated by ·diatil.lation 

or (when using a pressure vessel) by releasing the 

20 presaure and condensing. :tt is a part;i.cu1ar advantage of· 

the process according to the invention that the ~ydro­
f1uorination products thus prepared are free of illlpuri­
ties whose foJ:ma.tion interferes in other preparation 
processes which proceed at high temperatures. 

25 Th~ following examples illustrate the process according 
to ·the invention. The percentages are percentages by 

weight. if not stated otherwise~ 

Co:mparison ext1:11;1ple 1 
An.al.ogous1y to a procedure given by G.A. Olah et al.., 

30· (Synthesis 1973, pages 779 to 783), 100 g (0.39 mol) of 

the hyclrofluoride [pyridine • 9 HFJ1 i.e. •ol.ah's 

reagent•, were introduced into a 500 ml stirred autoc1ave 
made of V4A ·steel. and 80 g of hex:af:Luoropropene 
(0.53 mol) were injected from a pressure storage 

35 reservoir. The .autoclave contents were heated .to 50 to 
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s1 •c w.ith stirring and kept at this temperature for 24 h; 

during the heating period the internal pressure rose from. 

6 to 8.8 bar and did not· .change any more. The autoclave 

contents were than condensed, if gaseous, .in a trap 
5 cooled with dry .ice and analyzed. A measurable content of 

2H-b.8ptaf1uoropropane could not be determined. 

Comparison example 2 

Ana1ogously to a procedure of N. Yoneda et al.. (Chemistry 

Letters 1983, pages 1135 to 1136), 160 g of a 24 percent 
10 solution of :me1amine (2,4,6-triaminotriazine) in 

anhydrous hydrogen fluoride (this corresponds to 
[melamine • 20 HP)) were introduced into a 500 aiL stirred 

autoclave made of V4A steel and 220 g of hexafluoro~ 
propane (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, 52°C to 

about 100°C and after a further. 20 h a sample was removed 
and anal.yzed as described. The spectrum did not show any 
measurable conversion to 2E-heptafluoropropane. 

Comparison example 3 

25 Analogously to the reaction of perfluoroisobutene with 

hydrogen f·luoride .iD. the presence of ammonium fluoride in 
d.ioxane described· in :tzvestiya Acad •. Hauk USSR.. Ser. 

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

lation pages 702 to 704), a reaction of hexafluoropropene 

30 (instead of perf1uoroisobutene) was now attempted. 

l.50 g of anhydrous dioxane were introduced into a stirred 
vessel made of polyethylene and cooled in an ice bath, 
and.'45 g of hydrogsn fluoride (2.25 mol) were added. 3 g 
0£ ammonium fluoride were introduced into a 500 ml 

35 autoclave having a magnetic lift stirrer, 'the solution of 
HF in clioxane was sucked into the then closed autocl.ave 
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and 33 g of hexafluoropropene (0.22 mol) were injected. 

The reaction mixture was stirred at room tenrperature for 
a total of 90 h. :en the time interval from 5 to 10 hours, 
gas .samples were in each case taken for .IR and HMR 

5 ana1yses. Even after 90 h, no 2H-heptaf1uoropropane could 

be-detected in_ the +eaction mixture.- Afte~ releasing the 
pressure and opening-_ the reactor, in addition to 

unchanged starting substance dark-colored resinification 

products dissolved in dioxane were found. 

10 · Comparison.example 4 

126 g of a hydrofluoride of the composition C (n-C,B9 ) 3N -• 

6.6 HI'] were introduced ·into a 500 ml stirred autoclave 

made of V4A steel and 70 g of trifluorochloroethene 

(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 1 'F-NMR spectrum of a sampl.e 
taken after this showed no conversion to l,1,l,2-tetra-

20 fluorochloroethane. 

Comparison example 5 

90 g of a hydrofluoride of the composi~ion [ (n-C4H9 ) 3N • 

4.6 BP] were introduced into a gas-washing bottle pro­
vided with a c:erillllic frit, and 40 g of hexafluoropropene 

25 were passed through .a:t 80°C and condensed in a trap 

cooled with dry ioe. The condensate was passed through 

the liqu~d hydrofluoride a further time and again con­

densed. The J:R speotrum of a sample indicated the 
presence of pure hexafluoropropene; the sam.e was the case 

3 O after passing the same . substrate through _ said hydro­
fluoride a total of 4 ti.mes. 

Exam.p1e 1 

1900 g (8.0 mol) of [n-C,B9) 3N • 2.6 HP] were i~troduced 
into a 5-liter stirred autoclave and 600 g of hexafluoro-

35 propane (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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heated to .75°C and· after reachi~g this temperature the 
pressure was released through a trap cooled with dry ice. 

The cont•nts of this trap (660. g) consisted according to 

the infrared and the 1B- and 1 'F-NMR. spectra to 97 % of 

5 . 2H-heptafluoropropane and to about 3 % of he:x:af1uoro-

. propene_. "1'he composition of the autoclave residue was 

then determined by titration of a carefully degassed 

sample ·with alkali solution. n was calculated to be 2 .. 1, 

thus 0. 5 · x 8 = 4. G mol of hydr0gen fluoride had been 

10 consumed,. whic:h were then replaced by pumping in from a 
storage reservoir. The process was then repeated by 

pumpin.9 in 600 g ( 4. O moi) of hexafluoropropene. A 2nd 

repetition followed. The crude 2H-heptafluoropropane of 

boiling point -18°C was then freed from unreac~ed hexa-

15 fluoropropene by fractional distillation (b.p. -27°C). 

. 20 

Example 2 

157 g (1. 0 :mol) of [ (Czlls) sH • 2. 8 DJ were introduced 

into a 500 ml. stirred flask ma.de of borosilicate glass. 

which was provided with a reflux condenser charged with 

dry ice and with a thermometer for measuring the reflux 

temperature, and 15 g of hexafluoropropene (O .. l mol.) were 

passed in frOJQ a pressure storage reservoir. With 

stirring, vigorous refl.ux cOJmD.enoed at one~ and was 

maintained by gentle heating of the flask. The refl.ux 

25 temperature rose frOm. in.itia11y -27°C to -18°C with.in. a 

short time and then remained constant.. The gaseous 

product was then removed via a tap attaahed below the 

reflux condenser and condensed in a cold. trap. According 

to the 1B- and 19F-NMR. spectra, this product consisted to 

30 95 % to 2H-heptaf1uoropropane and to about 5 % of hexa­
fluoropropene. The in..troduct:Lon of hexafluoropropene and 

the removal of 2H-heptafluoropropane was repeated four 

times .. 

Cont>arison eza.ple 6 
35 This ezperiment was carried out analogously to. Bxampl.e 2,. 

with the difference, however, that the HF content in the 

tr~ethylamine ~ydrofluoride was :much higher. 280 g of a 
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so1ut.ion of the com.position [(C2Hs) 3N • 23 BP] in an 

apparatus of capacity 500 ml made of polytetrafluoro­

ethylene we:r:e used. Bven after refluxing· hexafluoro­

propene for 5 hours, still no rise in the boiling point. 

5 and thus also no indication of 2H-heptafluoropropa.ne, 

could be found. 

Example 3 

For this experiment, a 500 :al reaction flask made of 

borosilicate glass was used in which a f:r:it was incor-

10 porated for the finely distributed introduction. of 

he~f:Luoropropene. The flask was connected by means of a 

tube to the still of an apparatus for fract.ional distil­

lation whose take-off valve for gaseous distillate was in 

turn connected to the frit in the re~ction flask via a 

15 gas diaphragm. pump so that a gas circulation was 

achieved. 237 g (l.O mol) of [(n-C.H9 ),N_• 2.6 Bl'] were 

thEm: introduced into the reaction flask. By :means of a T­

piece attached in front of the fr.it, 150 g (1.0 mol) of 

hexafluoropropene were passed· in from a pressure storage 

20 reservoir in the course of 2 h and after onset of ref1ux 

in the distil1ati.on apparatus ( .. 27°C) the gas circulation 

was set going by switChing on the diaphragm PUJJIP· This 
was also- maintained after the end of hexafluoropropene 

introduction. :en the course of .3 h, 146 g of a boi1ing 

25 product whose temperature rose in the course of the 

reaction period from -27°C to -18°C col.I.acted in the 

stil.1 of the distil.1ation apparatus. This prodU.Ct was 

then removed and ana1yzed. According to the 19F-NMR 
spectrum, it consisted to 90 %'of 2H-heptafl.uoropropane 

30 and to about 10 % of unreacted hexafl.uoropropene. 

Example 4 
A bubble· column ma.de of" borosilicate glass of internal. 

diameter 22 mm and length 1800 mm which could be heated 

fram outside by warm water was filled with the hydro-
35 fluoride [ (n-C.._H,) .jN • 2. 6 HF) • At an inte~a1 temperature 

of' 75°C, hexaf1uoropropene was passed in at a rate of 

15 g/h through a frit attached at the foot of the column. 
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The 28-heptafluoropropa.De e:m.ergj.ng at the head of the 
bu,bb1e column was condensed in a cold trap and identified 

by means of :CR, 1 'P-lDIR and 1B-NMR spectra. 'The experi­

menta1 . -period was 4. how.1:i. The gas-chromatographic 

5 analysis of this crude product showed a content of 98.4 
t of 2B-heptafl.uoropropane and about 1. 5 % o.f hexafluoro­
propene. 

E:nmple 5 

The ·liquid 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 

circuJ.atJ.on was incorporated a stirred vessel made ·of 
polyethylene in which the consumed hydrogen fluoride was 
replaced 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 t of 2H-heptafluoro­
propan.e and.about 1 % of hexafluoropropene. 

Example 6 

78.S g {0.5 moll of the hydrofluoride [(CJl5 ) 11H • 2.8 BF] 

20 were 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 50°C and stirred under autogenous 
pressure. "l'he internal pressure of initia11y 10 bar 

25 decreased even during heating to one half and almost 

complete1y disappeared in the course of a further 
4 hours. The pressure of the autoclave contents was then 
released through a washing bottle containing 2N hydro­
chloric acid (fo:r;the absorption of triethylamine) and a 

30 drying tower containing anhydrous calcium .chloride, and 
the 2H-heptaf luoropropane was condensed in a trap cooled 
with dry ice. The crude product th,us obtained was inves­
tigated by gas chromatography and also by means of GC-MS. 

J:n :addition to 96 .2 !Ii of the desired 2R-heptafluoro-
35 propane, it contained about 3.5 % of hexafluoropropene. 

A trace ana1ysis for the d.eteri;ni.nation of t:J:ie highl.y 

toxic perfluoroisobutene showed no measurab1e content 
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(<1 ppb). 

Comparison example 7 

a) 105 g of a so~ution. of the composition [ (CJ!s) 3N • 

24 HF] were introduced in.to the autoclave described in 

5 Example 6, 30 g of hexafluoropropene· were injected frOJP. 

a pressure storage bottle and the autoclave contents. were 

heated to SS°C. After stirring at this temperature for 

one hour, the 19P'-apectrwa of a ·gas sample indicated no 

measurable conversion to 211-heptafluoropropane. 

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

90°C for 1 h, than at 50°C for a further 42 h,. under 

autogenous pressure. A sample removed after this was 

analyzed. The 19P'-llMR spectrum again indicated no measur­

able conversion to 2H-heptafluoropropane. 

15 Example 7 

40 g of tri-n-buty1amine were introduced into a stirred 

vessel made of po1yethylene. The lid of the vessel was 

connected via hose line~ to a· storage reservoir for 

bexafluoropropene (standing on a balance), to a stirred 

20 evaporator vessel which contained 20 g (1 mol) of hydro­

gen fluor~de, and to a· trap. cooled with dry ice. Hexa­
fluoropropene and - by means of a dry stream of· nitrogen 

blown into the evapora·tor - 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. '.rhe contents of· the cold trap.were recondensed 

by me-.ns of a tube filled with calcium chloride and thus 

freed from accompanying hydrogen fluoride. in spite of 

30 the. low molar anaount of hydrogen fluoride per amine 

molecule and in apite of the extremely short residence 
. . 

ti.Die of the hexaf:luoropropene in the reaction medium,. the 
gas-chromatographic analysis showed a content of 14 % of 
2H-heptafluoropropane in addition to about 86 % of 

35 hexafluoropropene. 
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Example 8 

1is.s g {0.5 :mol) of the hydrofluoride ·[tri-n-butylamine 

• 2. 6 HF) were introduced into a 500 ml stirred autoclave 

ma~ of stainless steel, 58 g of trifluoroch1oroethene 

5 Cl'2=CC1F (0.5 mol) were injec.ted frOJn a _pressure storage 

reservoir and· the mixture was stirred at 65°C. The . . ' 

internal pressure decreased fram 6 bar to less than 1 bar 

in the course of 24 h. The p~easure of the autocl.ave was 

released via a cold trap cool.ed with dry ice and the 

10 product '(crude yield 61 g, 90 % of the~ry) was identified 

as 1, 1, 1, 2"'tetrafluoroahloroethane (R 124) by means of 

the 1H- and 111'-NMR spectra. 

Example 9 
• 

At an iDtexual temperature of 57°C, 1.5 liters of gaseous 

15 tr.ifluorochloroethene were introduced through a frit into 

an externally heatable bubble col.u:am made of borosilicate 

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

height of 1.5 m with the liquid hydrofluoride [ (n-C4~) 3N 
• . 2. 4 BF] , and circulated by ·means o.f a pump throug~ a 

20 buffer vessel of volume about 1 liter. The .circulation 

rate of the gas w~s adjusted such that a good distribu­

tion of the gas bubh1es in the medium was achieved (S to 

8 l/h)J the residence tiine of the bubbles in the aedium 

during each pas_sage was about 10 sec. After an effective 

2 5 total residence time of the gas in the medium. of 3 • S· min, 
. . 

the chromatogrBJn of the recircu1ating gas (conditions: 

5 m-long %1' colwm of 8 Porasl..1 C, containing 5 % of 

oxydipropionitrile, heat conductivity detection, tempera­

ture 80°C iaoth~:rmal) showed a conversion of 50 % to a 

30 product which was identified as 1, 1, 1, 2-tetrafl.uoro­

chloroethane (R 124) by means of 1H- and 19F-NllR .spedtra. 

Example 10 · . 

At an internal temperature of S5°C, 1.5 liters of gaseous 

tet.tafluoroethene were intrOduced through a frit into an 
35 externaliy heatable bubble colUlllll made of borosilicate 

glass of cross section 22 mm., 

height of 1.5 m with the 

which was filled to a 

liquid hydrof luoride 
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[ (n-C4H,) 3N ~ 2 .4 BF], and circulated by means of a pump 

through a buffer vessel of volume about 1 liter. The 

circulation rate of the gas was adjusted such that a goo~ 

distribution of the gas bubbles in the medium was 

5 achieved (S to 8 ·l/h); the residence time of the bubbles 

in the medium. during each passage w~s 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 Ex8 q>;Le 9) sh~ed a conversion of 

10 . 97 % to a product which was identified as pentafluo_ro­

ethane (R 125) by· comparison with an authentic sampl.e, 

and also - after condensing out the mixture - by means of 
1a ... and 191'-mm spectra. 

Example 11 

15 50 g {0.21 mol) of the hydrofluoride [ (n-C4H9) 3N • 2. 6 BF] 

were introduced into a stix-red autoclave of capac~ty 

125- ml and 10 g (0.1 :mol) of 1,1-difluorochloroethene 

(R 1122) were injected from a pressure storage bottle. 

The autoclave contents were then stirred under autogenous 

20 pressure at 65°C for 22 h and at 82°C for a further 46 h. 

The volatile compo~ents of the reaction J1!.ixture were then 

co;tlected. in a cold trap and analyzed. According to a gas 

chromatogram (conditions as in Example 9) , in addition to 

tri.f1uorochloroethene they contained a fraction of 12 %, 

25 which was identified as 1,1,l-trifluoroch1oroethane 

(R 133a) by means of 1.H- ·and J.SJ!l'-nuclear magnetic 

re~onance spectra. 

Example 12 

30 g (0.13 mo1) of the hydrofluoride [{n-c .. H,) 3N • 2.6HF] 

30 were introduced into a stirred autoclave of capacity 

125 ml and 11 g (0.06 mol) of 2H-heptafl.uoro-2-butene 

were injected from a pressure storage bottle. The reac­

tion mix'l;ure was stirred at 65°C until the internal 

pr~ssu.re had fal1en 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 
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which was identified as 2,2-dihydrooctafluorobutane by 
1B- and ·1'F-nuclear magnetic resonance spectra. 

Example 13 

7 9 g (about O. 5 mol) of the liquid hydrofluoride 

· 5 [ (n-C2Jls) 3N • 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 fwmel. 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, :i.t consisted t_o 96 .1 % of a product which was 

identified as 2B-perfluoro(2-methylpentane) by means of 

1H- and 19P-nuclear magnetic resonance spectra. 

Example 14 

15 120 g (about O. s moll of ·the liquid hyd.rofluoride 

[ (n-c,B_.) .jH • 2. 6 BP] were introduced into a 500 ml 

stirred flask made o~ borosilicate . glass and 150 g of 

perf1uoro(2-methylbut-2-ene) (0.5 mol) were added at 25°C 

from a droppi~ funne1. 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 1H- and 19F-mm 

spectra. 

Example 15 

25 72 .S g · (0.5 moi) of the bydrofluoride [piperidine • 

2. 9 BP] were introduced into ·a stirred autoc:::.l.ave ·of 

capacity 300 ml an.d 30 g of hex.afluoropropene (0.2 mol) 

were ·.injected f rOJll. a pressure storage reservoir. The· 

reaction mixture was stirred at 60°C for 24 h. ~e gas 

30 chromatogram of the volatile components of the reactor 

contents recorded 11.fter this indicated ~ content of 

88.7 % of 2H-heptafluoropropane in addition to 11.1 % of 

ulll;'eacted he:xafluoropropene. 

Ex.ample 16 

35 71 g (O. 5 Jl:lOl) of the hydrofluoride [morpho1ine • 2. 8 HPl 
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were introduced into a stirred autoclave of capacity 
300 ml and 30 g (0.2 mol} of hexafluoropropene were 

injected from a pressure storage reservoir •. The reaction 

mixture.~as stirred.at 60°C for 24 ~-'The ~as 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 hexafluoropropene. 

Example 17 
10 65 $1 (O .S mol) of the hydrofluorlde [t-but;:ylamine • 

2.8 BF] were introduced into a stirred autoclave of 

capacity 300 m1 and 26 .g (0.17 mol) of hexafluoropropene 

were injected 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 \ of unreacted 

hexafluoropropene. 

, 
• 
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PATENT CLAIMS: 

l.. A process for the addition of HF to a halogenated 

alkene of the ·formul.a (I) 

2. 

(I) 

in which R1 to R3 have the following meaning: 

= 

= 
= 

J!, CP3 or CF2R", where R" . = C1 -C4 -alkyl, 

unsubstituted or substituted by one or· 

more halogen atoms, 

B, halogen or CP3 , 

B, F, CP'3 or C1 -C,-alkyl, unsubstituted or 
substituted by one or more halogen atoms,, 

which comprises reacting a halogenated aikene of the 

formula (I) with at.least one hydrofluoride of an 

organic nitrogen base of the formula (II) 

(B•n HFJ (ll) 

in which B is an organic nitrogen base and n is an 

integer o~ fraction s 4, it being intended that the 

reaction of per~luoroisobutene CF2=C(CF3 ) 2 is 

excl.uded. 

1.rhe process as claimed in claim l., wherein a 

halogenated. alkene of the formul.a {I) is em.pl.eyed, 

in which: 

= P, CP3 or C2F5 , 

= P, Cl or CF3 , and 

= R, F or perfluorinated C1-C4 -alkyl. 

25 3. ,' The process as claimed in claim 1, wherein the 

halogenated alkene of the formula (I) empioyed is 
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CF2 =CF2, CF2=.CCIF. CF2 =CFH, CF2 =CCIH. CF2=CF-CF3, CF3-CF=~H-CF3, 

. /CF3 /Cf5 /er,, 
Cfj-Cf·C, .• C2 f 5-CF•C'-., ar C2r 5-Cf•C" 

cr 3 Cf 3 c,r, 

4. The process aa claimed in cl.aim 1, where.in the 

halogenated alkene of the formula (I) employed is 

CF3=CF-CF1 (hexafluoropropene). 

s. 

6. 

7. 

' • 

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. 

The process as claililed in one of cl.aims l to 4, 

wherein n in the formula. .{:II) is an int-eger or 

fraction from. 2 to 3. 

".l'he process: as claimed in one of claims 1 to 6,. 

wherein B is an organic nitrogen base of the formula 

(III:) R4R5R6N, in which the radicals a• to R.s are 

identical or different and each of these radicals is· 

hydrogen, 

an alkyl radical having 1 to 20 carbon atoms, 

an alkenyl radical having 2 to 20 carbon atoms, 

a cycloa1kyl radical having .5 to 7 carbon atODls~ 

a cycloalkenyl radical having 5 to 7 carbon atoms. 

an aralkyl radical having 7 to ·10 carbon atOlllS or 

an aryl radical having 6 to 1~ carbon atoms1 which 

can additional.ly be substituted by c 1.-C3 -al.kyl or 
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C1 -C3 -alkoxy radicals·, 

or in which two of the radicals R4 to R', together 
with 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 R4 to R', together with the 
nitrogen atom carrying them,· form. two or three 5- to 
7~membered rings which can contain further nitrogen 
atoms. 

The process as claimed in one of claims 1 to.· 6·, 
wherein B is an organic nitrogen base of the formula . . 
(l::tJ:) R4R5R1N, in which the radicals R' to R6 are 
identical or different and each of these radicals is 

an alkyl radical llaving 1 to 20 carbon atoms, 

a cycloalkyl radical having 5 to 7 carbon atom.a, 

an aralkyl radical having 7 to 10 carbon atoms or 

an ary1 radical having 6 to 10 carbon atoms, which 
.can additionally be substituted by C1 -C3-alkyl or 
C1-C3-alkoxy radicals, 

or in which two of the radical.a R4 to R', together 
with the nitrogen atom carrying them, form a 5- to 
7 -•eJnbered ring which can contain an oxygen or a 
further nitrogen atom, 

or in which the radicals R" to R1
, together with the 

nitrogen atom. carrying them, fo:cm. two or three 5- to. 
?-membered rings which can contain further nitrogen 

atoms .. 

The process as claimed in claim 7 or 8, wherein at 
least one of the radicals R4 to R" is an alkyl 
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radical having 1 to 12 carbon atoms. 

10. The pr~cess as claimed in c~aim. 7 or 8, wherein. at 

least one of the radicals R4 to R' is an alkyl 

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 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 ben~o-fused. 

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

wherein the organic nitrogen ~ase B is a trialkyl­

amin.e hav~ng 3 to 12 carbon atoms. 

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

where~n the reaction is carried out at a temperature 

from o 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 bubb1e 

column. 

17 • · ·The pro~ess as claimed in one of claims 1 ·to 15, 

25 wherein the reaction is carried out in a pressure 

vessel. 

' • 


