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DESCRIPTION

TITLE OF THE INVENTION

5 METHOD FOR PRODUCING DICHLOROPENTAFLUOROPROPANES
| TECHNICAL FIELD

The present invention relates to a method for
producing dichloropentafluoropropanes (R225s).
Hydrochlorofluoropropanes are expected to be useful as

10 foaming agents, cooling media or cleaning agents‘like
conventional chlorofluorocarbons.

As a method for producing the
dichloropentafluoropropanes (R225s), it is known' to
synthesize 3,B—Bichloro-l,l,l,Z,2-pentafluor0propane

15 (R225ca) and l,3-dichloro-1,1,2,2,3-pentafluoropropane
(R225¢cb) as shown below by adding tetrafluoroethylene to

dichlorofluoromethane in the presence of aluminum

chloride:

CH,=CF, + CHC¢,F

20 AeCe, CF,CF,CHC?,,
+
CCéF,CF,CHCZF

(O. Paleta et al., Collect. Czech. Chen. Commun., 36,

1867 (1971)). However, in this reaction,

dichlorofluoromethane is disproportionated as shown by
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the following formula,

AlC1,

CHCl,F — » CHCl,+ CHC1F,

disproportionation

and by-product chloroform (R20) which 1s hardly separable by a
usual method such as distillation 1s formed in a large amount.
Thus, this method has a disadvantage that a multi-step
purification process is required to obtain a product in high

purity.

The present 1nvention provides a method for producing
a dichloropentafluoropropane, which comprises reacting
dichlorofluoromethane (R21) with tetrafluoroethylene (4F) in
the presence of a Lewls acid catalyst for addition reaction to
obtain dichloropentafluoropropane, wherein said Lewis acid is a
halide containing at least one element selected from the group

consisting of Sb, Nb, Ta, Z2r, Hf and Ti, or a fluoride of the

formula MXoFp, wherein M is one of atoms selected from Group

IVa, Group Va and Group IIIb, or a mixture of such atoms, X is

one of Cl, Br and I atoms, or a mixture of such atoms, o is a
real number of 0 < o < 5, and B 1s a real number of 0 < B < 3.5
in the case of Group IVa, a real number of 0 < B < 4.5 in the
case of Group Va, and a real number of 0 < B £ 2.5 in the case

of Group IIIb, provided that a + B is an integer of from 3 to

5.
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The halide containing at least one element selected
from the group consisting of Sb, Nb, Ta, B, Ga, In, Zr,
Hf and Ti1i includes chlorides such as SbC¢g, NbCe¢., TaCé.,
BC¢4, GaCe¢,, GaCe,, zrCe,, HECe,, InCé¢, and TiC€4, and
partially fluorinated compounds of such chlorides:
fluorides such as SbFg, NbF., TaFg and BF,;, and partially
chlorinated compounds of such fluorides; bromides and
iodides such as TaBrg, AéBr,, AlI,, BBr 4, BI,, GaBr 4,
GaI;, HEBr,, HEI,, InBr,, InI, and TiBr,, and partially
chlorinated or fluorinated compounds of such bromides or
lodides. The partially fluorinated chlorides and
partially chlorinated fluorides include, for example,
TiCé,F,, TiC¢F5 and ZrCé¢,F,.

The fluoride of the formula MX F, can readily be
prepared by treating a halide of the formula:

MX
wherein M is one of atoms selected from the group
consisting of Group IVa, Group Va and Group IIIb, or a |
mixture of such atoms, X is one of C¢, Br and I atoms, or
a mixture of such atoms, ¢ is ¢ = 4 in the case of Group
IVa, ¢ = 5 1in the case of Group Va, and « = 3 in the case
of Group IIIb, for example, a chloride such as BC?¢,,
A€Cé3, GaCéy, InCé¢,y, TiCé,, ZrCe,, HEC¢,, NbC¢. or TaCé.,
or a bromide or iodide such as GaBr,, GaIj, InBry, InI,,
TaBrg, AéBry, A¢I,, BBr,, BI,, TiBr4, TiI,, ZrBr,, Zrl,,

HfBr,, HfI4, A¢Br4 or AéI4, with a suitable fluorinating
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agent, for example, a chlorofluorocarbon (CFC) such as
trichlorofluoromethane (R11l), dichlorodifluoromethane
(R12) or trichlorotrifluoromethane (R1ll3), a
hydrochlorofluorocarbon (HCFC) such as
dichlorofluoromethane (R2l1) or chlorodifluoromethane
(furon 22), hydrogen fluoride or fluorine gas.

The treating conditions vary depending upon the
halide and the fluorine source. However, it is usual to
employ at least an equimolar amount of the fluorine
source to the halide.

The reacﬁion temparature is usually from =50 to
200°C, preferably from ~20 to 100°C, when
chlorofluoromethane or hydrochlorofluoromethane -is
employed, and usually from -20 to 200°C, preferably from
0 to 150°C, when other fluorine source such as hydrogen
fluoride is employed.

The reaction time is usually from 10 minutes fo 2
weeks, preferably from 1 hour to 1 day, when
chlorofluoromethane or hydrochlorofluoromethane 1is
employed, and usually from 30 minutes to two weeks,
preferably from one hour to one day, when other fluorine
source such as hydrogen fluoride 1is employed.

The content of fluorine atom contained in the
fluoride of the formula MX F, is preferably selected to be
within a proper range in order to increase the yield of
the dichloropentafluoropropanes while suppressing the

production of chloroform. The range may vary depending

PCT/JP90/0158.
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upon the particle size when the fluoride is solid.
However, it is usually 0 < B < 3.5, preferably 1 < g < 3,
in the case of Group IVa, usually 0 < 3 < 4.5, preferably
1 < B <4, in the case of Group Va, and usually 0 < B <
2.5, preferably 0.01 < B < 2, more preferably 0.1 < @8 <
2, in the case of Group IIIb.

The addition reaction of R21 to tetrafluoroethylene
in the presence of a Lewis acld catalyst can be conducted
in an inert solvent such as
perfluorobutyltetrahydrofuran. However, in order to
facilitate the purification, it is usually preferred-to
conduct the reaction in the absence of a solvent.

The amount of the catalyst varies depending .upon the
type of the catalyst used. However, it 1s usually from
0.0l to 50% by weight; preferably from 0.1 to 10% by
weight, relative to the starting material. The reaction
is conducted usually within a temparature range of from
-80 to 200°C, preferably from -20 to 100°C. The reaction
pressure is usually from 0 to 30.kg/cm2~G, preferably
from 0 to 15 kg/cm?-G.

The amount of tetrafluorocethylene to be added is
usually preferably at least equimolar to R21 to increase
the conversion of R2l.

If the addition reaction of R21 to
tetrafluoroethylene (4F) in the presence of a Lewis acid

catalyst is conducted under such reaction condition that

the molar ratio of 4F to R21 is at least equimolar,

PCT/JP90/01581
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preferably in an excess amount, the disproportionation
reaction of R21 is substantially suppressed, whereby as

shown by the following formula:

CH,=CF, + CHCZ,F
Lewis acid catalyst CF,CF,CHCY,

S —_———
+

CCéFr,CF,CHCEF
3,3-dichloro~l,l,l,2,2—pentafluoropropane (R225ca) and
1,3-dichloro-1,1,2,2,3-pentafluoropropane (R225cb) can be

obtained in good yield, and chloroform produced 1in a

-0 small amount as a by-product by the disproportionation,
will react with tetrafluoroethylene present in an excess
amount to give l,3,3-trichloro-l,l,2,2—tetraflu¢ropr0pane
(R224ca) as shown by the following formula: |

CH,=CF, + CHC¢, |
- Lewis acid catalyst
| Z CCeF.,CF,CHCY,
R224ca has a boiling point different from R225 and can
easily be separated by distillation.
The amount of tetrafluoroethylene to be added is
20

preferably at least equimolar to R21, although it may
depend also on the amount of the Lewis acid. Preferably,
the molar ratio of 4F to R21 is 1.0l < 4F/R21 < 10, .

= e —

particularly 1.01< 4F/R21 < 5, more preferably 1.1 <
4F/R21 < 3. The manner of supplying tetrafluoroethylene
25 (4F) and dichlorofluoromethane (R21) is not particularly

limited so long as the reaction condition is eventually

. -
. A | H
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such that 4F is present in an eguimolar amount,
preferably in an excess amount, to R2l. However, 1in
order to suppress the disproportionation reaction of R21,
it is preferred to supply them continuously to the
reactor while maintaining the molar ratio in supply of 4F
to R21 within a range of 1 < 4F/R21, preferably 1.0l <
4F/R21 < 10, particularly 1.01< 4F/R21 < 5, more
preferably 1.1 < 4F/R21 < 3, and to withdraw the reaction

product containing R225 from the reactor continuously.

‘ The excess amount of 4F can be recovered after the

reaction. Therefore, 4F can be used in large exééss at a
level of 10 mol times or more, but it 1s not an
economical operation.

The Lewis acid catalyst may be supplied preliminarily
to the reactor, or it may be supplied continuously co the
reactor together with 4F and R21 and withdrawn
continuously from the reactor together with the reaction
product. In theolatter case, the recovered Lewis acid
catalyst can be recycled.

If R21 remains 1in ﬁhe reaction product,
dispropornation takes place to form by-products such as
chloroform. Therefore, in order to improve the
selectivity for the desired reaction, it is always
preferred to control the concentration of R21 to the
minimum level. To minimize the concentration of R21 in |

the reactor, it 1s preferred to supply the starting

PCT/JP90/01581



204670

WO 91/08183 PCT/JP90/015¢

10

15

20

25

.....8...

materials R21 and 4F (and the catalyst) continuously toO
the reactor and to withdraw the reaction product
continuously, so that the concentrations of the
respective components can be maintained at constant
levels, and if 4F is used in excess, it is possible to
suppress the concentration of R21 to the minimum level.
Thus, such an opefation is preferred.

The reactor to be used for the continuous operation
méy be any so-called continuous reactor and may be of
either continuous stirred tank reactor or plug flow
reactor.

Further, it is necessary to feed solvent for the
reaction at the initiation of the reaction. Howevér, in
the case of a contiﬁuous operation, as the reaction
continuously proceeds, the solvent for reaction will
gradually be repléced by the reaction product.
Therefore, the solvent for reaction is not particularly
restricted, so long as it does not adversely affect the
main reaction. ‘

As for the solvent at the initiation of the reaction,
it is preferred to employ PFC such as perfluorooctane or
perfluorobutyltetrahydrofuran, CFC such as 1,1,1- -
trichloropentafluoropropane (R215cb), l,l,3~.
trichloropentafluoropropane (R2l5ca) or 1l,1,1,3-
tetrachlorotetrafluoropropane (R21l4cb), or HCFC such as
3,3-dichloro-1,1,1,2,2-pentafluoropropane (R225ca), 1,3-

dichloro-1,1,2,2,3~-pentafluoropropane (R225cb) or 1,3,3-

o b STY SN S Y e © - S v A e e Sl e g iy 5 %y =+ - -

Yy Al A v
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trichloro-1,1,2,2~tetrafluoropropane (R224ca). However,

it is possible to conduct the reaction without solvent.

The reaction is conducted usually within a temperature

range of from -80 to 200°C, preferably from -20 to 100°C.
s The reaction pressure is usually from 0 to 20 kg/cm?,

preferably from 0 to 10 kg/cm?.

In the case of a continuous operation, the resident
time of the reaction solution is usually from 0.1 minute
to 24 hours, preferably from 1 minute to 10 hours,

10 although it depends on the reaction temperature and the
type of the Lewis acid catalyst used.

The amount of the Lewis acid catalyst 1is usﬁally from
0.1 to 50 mols, preferably from 0.1 to 10 mol%, -relative
to R21. The catalyst to be used for this reaction is not

15 particularly restricted so long as it is a Lewils acid.
However, it is preferred to employ a halide containing at
least one element selected from the group consisting of
A¢, Sb, Nb, Ta, B, Ga, In, Z2r, Hf and Ti. For example,
it i1s possible to émploy chlorides such as GaC¢,, GaCé,,

20 zrCe¢,, BCe¢,y, ALCeéy HfC¢,, InC¢; and TiC¢,, or partially
fluorinated compounds thereof, .or bromides and 1iodides
such as GaBr, Gal,, HfBr,, HfI,, InBr,y, InI;, and TiBr,,
or partially chlorinated or fluorinated compounds
thereof, such as TiCé,F,, TiCé¢F,, and ZrCé,F,.

25 Further, chlorides such as SbCé¢;, NbC¢;, TaC¢y, BC¢,
and partially fluorinated compounds thereof, fluorides

such as SbFy, NbF¢, TaF;, and BF, and partially



WO 91/08183

10

15

20

2846278
_ 10 -

chlorinated compounds thereof, and bromides and iodides
such as TaBr., A¢Br,, A¢I,, BBrj and BI, and partially
chlorinated or fluorinated compounds thereof, may be
used.

Now, the present invention will be described 1in
further detail with reference to Examples. However, it
should be understood that the present invention 1is by no
means restricted by such specific Examples.

Example 1

Into a 200 m¢ Haételloy é autoclave, 2 g of antimony
pentachloride was added and cooled to -78°C. Then, the
autoclave was deaerated uner reduced pressure, and 155 g
(1.5 mol) of R21 was added thereto. After charging 20 g
of tetrafluoroethylene, the temperature was raised tb
30°C, and tetrafluoroethylene was continuously added with
stirring. Twelve hours later, the sﬁpply of
tetrafluoroe£hylene was stopped, and stirring was
continued for further 4 hours. The total amount of
tetrafluoroethylene charged was 150 g. The pressure was
returned to normal pressure, and then the reaction
solution was washed with_water, and about 220 g of the
crude reaction product was recovered. The results of the
analyses by means of gas chromatography and NMR are shown

in Table 1.

PCT/JP90/015¢%
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Example 2
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The reaction was conducted in the same manner as in
Exampel 1 except that 2 g of niobium pentachloride was
used instead of antimony pentachloride, whereby 190'9 of
the crude reaction pfoduct was recovered. The results of
the analyses by means of gas.chromatography‘and:NMR are

shown in Table 2.

Table 2

Reaction product Molar ratio (%)

R225

Chloroform

Other components

Example 3

The reaction was conducted in the same manner in
Example 1 except that 2 g of tantalum pentachloride was
used instead of antimony pentachloride, whereby 190 g of
the crude reaction product was recovered. The results of

the analyses by means of gas ch:omatography and NMR are

shown in Table 3.
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Table 3

Reaction product Molar ratio (%)
R225
5
Chloroform
Other components
Example 4
10 The reaction was conducted in the same manner as in

Ekample 1 except that 2 g of aluminum bromide was used
instead of antimony pentachloride and the reaction
temperature was changed to -}0°C, whereby 240 g of the
crude reaction product was recovéred. The results of the
15 analyses by means of gas chromatography and NMR are shown

in Table 4.

20

Molar ratio (%)
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Example 5

The reaction was conducted i1n the same manner as in
Example 1 except that 2 g of aluminum iodide was used
instead of antimony pentachloride and the reaction
temperature was changed to -10°C, whereby 240 g of the
crude reaction product was recovered. The results of the

analyses by means of gas chromatography and NMR are shown

in Table 5.
Table 5
Example 6

Into a 200 m¢é Hastelloy C autoclave, 2 g (0.009 mol)
of zirconium(IV) chloride was added and cooled to -78°C.
Then, the autoc;ave was deaerated and 155 g (1.5 mol) of
R21l was added thereto. After charging 20 g of
tetrafluoroethylene, the temperature was raised to 10°C,
and tetrafluoroethylene was continuously added while
maintaining the reaction temperature within a range of
from 10 to 20°C. Twelve hours later, the supply of
tetrafluoroethylene was stopped, and stirring was
continued for further 4 hours. The total amount of
tetrafluoroethylene charged was 150 g. The pressure was

returned to normal pressure, and then the reaction
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solution was washed with water, and 260 g of the crude

reaction product was recovered. The results of the

analyses by means of gas chromatography and NMR are shown

in Table 6.
Table 6
5 .
10 R224ca 15
(CCeéF,CF,CHCYZ,) a
Example 7 5

The reaction was conducted in the same manner as in
15 Example 6 except that 2 g of titanium tetrachloride was
used instead of iirconium(IV) chloride, whereby 190 g of
the crude reaction product was recovered. The results of

the analyses by means of gas chromatography and NMR are

shown in Table 7.

20 - Table 7

Reaction product Molar ratio (%)
R225ca

R225c¢Dh

37
43

|

25 Chloroform

R224ca 10

(CC¢F,CF,CHCY,)

Other components

|
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Example 8

The reaction was conducted in the same manner as 1in
Example 6 except that 2 g of garium trichloride was used
instead of zirconium(IV) chloride, whereby 190 g of the
crude reaction product was recovered. The results of the
analyses by means of gas chromatography and NMR are shown

in Table 8.
Table 8

Reaction product Molar ratio (%)

R225cb 30
Chloroform

R224ca
(CC€FZCF2CHCé’2)

L

Other components

Example 9

The reaction was conducted in the same manner as in
Example 6 except that 2 g of hafnium tet;achloride'was
used instead of zirconium{(IV) chloride and the reaction
temperature was changed to from 10 to 20°C, whereby 240 g
of the crude reaction product was recovered. The results
of the analyses by means of gas chromatography and NMR

are shown in Table 9.

PCT/JP90/01581
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Table 9

\

Reaction product Molar ratio (%)
R225ca 38

; | mascb 4
Chloroform

R224ca
(CC€F2CF20HCe2)

Other components

10 Example 10

11

The reaction was conducted in the same manner as in
Example 6 except that 2 g of zirconium dichloride
difluoride was used instead qf zirconium(IV) chloride,
whereby about 260 g of the crude reaction product wés

15 recovered. The results of the analyses by means of gas

chromatography and NMR are shown in Table 10.
Table 10

Reaction product Molar ratio (%)

R225ca

20 R225c¢ch.

Chloroform

R224ca
(CC¢F,CF,CHCY,)

Other components

25 Example 11

The reaction was conducted in the same manner as in

Example 6 except that 2 g of titanium dichloride



2046279

WO 91/08183 PCT/JP90/01581
- 17 —
difluoride was used instead of zirconium(IV) chloride,
whereby about 260 g of the crude reaction product was

recovered. The results of the analyses by means of gas

chromatography'and NMR are shown in Table 11l.

Table 1l

Reaction product Molar ratio (%)

37
53

10 R225ca
. R225cbh

Chloroform

R224ca

. Other components
15 |



20462749

WO 91/08183 PCT/JP90/015L

10

15

20

25

_18...

Comparative Example 1-I

Into a 200 m¢ Hastelloy C autoclave, 3 g (0.02 mol)
of anhydrous aluminum chloride was added and cooled to
-78°C. Then, the autoclave was deaerated, and 155 g (1.5
mol) of R2)1 was added thereto. The temperature was
raised to 10°C, and tetrafluoroethylene was continuously
added while maintaining the reaction temperature'within a
range of from 10 to 20°C. Twelve hours later, the supply
of tetrafluoroethylene was.stopped, and stirring was
continued for further 4 hours. The total amount of
tetrafluoroethylene charged was 120 g. The pressure was
returned to normal pressure, and then the reaction
solution was washed with water, and about 200 g of the
crude reaction product was recovered. The results of. the
analyses by means of gas chromatography and NMR are shown

Table 1-1I

Reaction product Molar ratio (%)

IIH' ‘

Chloroform

| 27

18

| R224ca - 10
(CC¢F,CF,CHCY,)

Other componénts
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Preparation Example 1

Into a 2 ¢ three necked round bottom flask equipped
with a reflux condenser, 200 g (1.5 mol) of anhydrous
aluminum chloride and 2000 g (14.6 mol) of
trichlorofluoromethane (Rll) were charged under a
nitrogen stream and gently stirred at 0°C for 12 hours.
After leaving the reaction mixture to stand still for 1

hour, the supernatant was removed, followed by drying

2 The fluorine

under reduced pressure to obtain AeCe,_,F
content f of this prqducf was 0.1.
Preparation Example 2

Into a 2 ¢ three necked round bottom flask equipped
with a reflux condenser, 200.g (0.86 mol) of anhydrous
zirconium(IV) chloride and 2000 g (14.6 mol) of
trichlorofluoromethane (Rll) were chargea under a
nitrogen stream and stirred at 0°C for 2 hours. After
leaving the mixture to stand still for 1 hour, the
supernatant was ;emoved, followed by drying under reduced
pressure to obtain ZrC¢,  F,. The fluorine content B of
this product was 1.6;
Preparation Example .3

Into a 2 ¢ three necked round bottom flask equipped
with a reflux condenser, 200 g (1.1 mol) of anhydrous
titamium tetrachloride and 2000 g (19.4'mol) of
dichlorofluoromethane (R21) were charged under a nitrogen

stream and stirred at 0°C for 12 hours. After leaving

the mixture to stand still for 1 hour, the supernatant
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was removed, followed by drying under reduced pressure to
obtain TiC¢,_,F,. The fluorine content # of this product
was 2.3.
Preparation Example 4

Into a 1 ¢ Hastelloy C autoclave, 200 g (0,6 mol) of
anhydrous tantalum pentachloride was charged, and the
autoclave was deaerated under reduced pressure. Then,
500 g (25 mol) of anhydrous hydrogen fluoride was added
éhereto, and the mixture was stirred at 50°C for 5 hours.
Then, hydrogen fluoride and hydrogen chloride were
removed under reduced pressure to obtain TaCésﬂg}.¥‘The
fluorine content g of this product was 4.
Example 12

Into a 10 ¢ Hastelloy C autoclave, 0.1 kg of aluminum
fluoride chrolide prepared in Preparation Example 1 was |
charged, and the‘autoclavé was deaerated undei reduced
pressure. Then, 3 kg (14.8 mol) of R225ca (CF,;CF,CHCZ,)
was added thereto. The autoclave was cooled to -10°C.
Then, while maintaining the reaction temperature within a
range of from 0 to $°C, tetrafluoroethylene and R21l were
continuously added at the rates of 850 g/hr and 670 g/hf,
respectively. Six hours later, the supply of
tetrafluoroethylene and R21 was stopped, and stirring was
continued for further 4 hours while maintaining the
reaction temperature within a range of from 5 to 10°C.

The pressure was returned to normal pressure, and then

the reaction solution was subjected to filtration,
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whereby about 10.7 kg of the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and !°F - NMR are shown in Table 12. The
crude reaction product was purified by distillation to

obtain 9.8 kg of R225 (dichloropentafluoropropane ).

Table 12

Composition of the
reaction solution

Molar ratio (%)

R225ca
(CF CF, CHCZ,)

R225c¢cbh
(CC€F2CF CHC¢F)

Chloroform
(CHCZ,)

R224ca
(CC€F20F2CHC€2)

Lo comenenis |35
Example 13

The reaction was conducted in the same manner as in
Preparation Example 1 except that 2000 g (19.4 mol) of
dichlorofluoromethane (R21) was used instead of
trichlorofluoromethane (R1ll), to obtain aluminum fluoride
chloride (B: 0.01). Then, using 0.1 kg of this product,
the reaction was conducted in the same manner as in

Example 12, whereby 10.8 kg of the crude reaction product
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was recovered. The results of the analyses by means of
gas chromatography and NMR are shown in Table 13. The
crude reaction product was purified by distillation to
obtain 9.6 kg of R225 (dichloropentafluoropropane). .
Example 14

The reaction was conducted in the same manner as in
Example 12 except that 0.1 kg of‘zirconium fluoride
chloride obtained in Preparation Example 2 was used,
whereby 10.8 kg of the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 13. The
reaction product was purified by distillation to obtain
10.2 kg of R225 (dichloropen@afluoroprOpane).
Example 15

The reaction was conducted in the same manner as in

Preparation Example 2 excépt that 2000 g (19.4 mol) of

‘dichlorofluoromethane (R21) was used instead of

trichlorofluoromethane (Rll), whereby zirconium fluoride
chloride was prepared (f: 1.8). Then, using 0.1 kg of
this produbt, the reaction was conducted in the same
manner as in Example 12, whereby 10.7 kg of the crude
reaction product was recovered. The results of the
analyses by means of gas chromatography and NMR are shown

in Table 13. The crude reaction product was purified by

‘distillation to obtain 10.1 kg of R225

(dichloropentafluoropropane).
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Example 16

The reaction was conducted in the same manner as in
Example 12 except that 0.2 kg of tantalum fluoride
chloride prepared in Preparation Example 4 was used,

5 whereby 9.5 kg of the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 13. The crude
reaction product was purified by distillation to obtain

8.5 kg of R225 (dichloropentafluoropropane).

10 Table 13

Example Nos. -

Composition of the
reaction products

(%)

R225ca

Chloroform _

15

R224ca

20 Example 17
The reaction was conducted in the same manner.as in
Example 12 except that 0.1 kg of titanium fluoride
chloride prepared in Preparation Example 3 was used,
whereby 10.5 kg of the crude reaction product was
25 recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 14. The crude

reaction product was purified by distillation to obtain
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9.5 kg of R225 (didhioropentafluoroprOPane).
Example 18

The reaction was conducted in the same manner as in
Preparation Exaﬁple 3 except that 2000 g (14.6 mol) of
trichlorofluoromethane (R1ll) was used instead of
dichlorofluoromethane (R21) and stirring was conducted at
10°C for one week, whereby titanium £luoride chloride was
prepared (B: 2.2). Then, using 0.1 kg of this product,
the reaction was conducted in the same manner as in
Example 12, whereby 10.7 kg of the crude reaction product
was recovered., The results of the analyses by means of
gas chromatography and NMR are shown iﬁ Table 1l4. The
crude reaction product was pgrified by distillation to
obtain 9.6 kg of R225 (dichloropentafluoropropane).
Example 19

The reaction was conducted in the same manner as in
Preparation Example 1 except that 200 g of hafnium
tetrachloride was used instead of zirconium(IV) chloride,
wheréby hafnium fluoride chloride (B: 1.5) was prepared..
Then, using 0.1 kg ¢of this product, the reaction was
conducted in the same @anner as in Example 12,'whereby
10.7 kg of the crude reaction product was recovered. The
results of the analyses by means of gas chromatography
and NMR are shown in Table 1l4. The crude reaction '
product was purified by distillation to obtain 9.9 kg of'

R225 (dichloropentafluoropropane).

PCT/JP90/015

e X |
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Example 20
The reaction was conducted in the same manner as 1in
Preparation Example 2 except that 200 g of hafnium
tetrachloride was used instead of zirconium(IV) chloride,
5 2000 g (19.4 mol) of dichlorofluoromethane (R21l) was used
instead of trichlorofluoromethane (Rll), whereby hafnium
fluoride chloride (f: 1.7) was prepared. Then, using 0.1‘
kg of this product, the reaction was conducted in the
same manner as in Example 12, whereby 10.6 kg of the
10 crude reaction product was recovered. The results of the
analyses by means of gas chromatography and NMR are shown
in Table 14. The crude reaction product was ﬁurified by
distillation to obtain 9.8 kg of R225
(dichloropentafluoropropane).

15
‘Table 14

Composition of the
reaction solution

mm--

Examplie 21

20

25

A 10 ¢ Hastelloy C autoclave was deaerated under
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reduced pressure after 100 g of aluminum fluoride
chloride prepared in Preparation Example 1 was charged.
And then, 10 kg of,l;l,l;trichlorOpentafluorOprOPane
(R215cb) was charged as an initial solvent. The
autoclave was cooled to -10°C. Then, while maintaining
the reaction temperature within a range of from 0 to 5°C,
tetrafluoroethylene, dichlorofluoromethane and the
aluminum fluoride chloride prepared in Preparation
E%ample 1l were continuously added at the rates of 1300
g/hr, 1030 g/hr and 20 g/hr, respectively. The reaction
was conducted with continuously discharging the réaction.
mixture which is the same amount as the charged one.

From the results of the analyses by means of gas
chromatography and 19p-NMR, it was found that after 20
hours of the reaction, the initial solvent R215cb was not
present in the reaction mixture. The composition of the
reaction products after 30 hours is shown in Table 15.
10.7 kg of the crude reaction products recovered since 20
hours later was purified by distillation to obtain 9.2 kg
(yield: 86%) of dichloropentafluoropropane (R225).
Example 22 -

The reaction was conducted in the same manner as in
Example 21 except that zirconium £luoride chloride
prepared in Preparation Example 2 was used instead of
aluminum f£luoride chloride. The composition of the
reaction products after 30 hours of the reaction is shown

in Table 15. 10.7 kg of a crude reaction products
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recovered since 20 hours later was purified by
distillation to obtain 9.2 kg (yield: 86%) of
dichloropentafluoropropane (R225).
Example 23

The reaction was conducted in the same manner as in
Example 21 except that 40 g/hr of titanium fluoride
chloride prepared in Preparation Example 3 was supplied
instead of aluminum fluoride chloride. The composition
of the reaction products after 30 hours of the reaction
is shown in Table 15. 10.7 kg of the crude reaction
products recovered since 20 hours later was purified by
distillation to obtain 9.2 kg (yield: 86%) of .
dichloropentafluoropropane (R225).
Example 24

The reaction was conducted in the same manner as in
Example 21 except that hafnium.fluoride chloride used in
Example 19 was employed instead‘of aluminum fluoride
chloride. The composition of.thé reaction products after
30 hours of the reaction is shown in Table 15. 10.7 kg
of the crude reaction products recovered since 20 hours
later was purified by distillation to obtain 9.2 kg
(yield: 86%) of dichloropentafluoropropane (R225),
Example 25

The reaction was conducted in the samé'manner as in
Example 21 except that 40 g/hr of tantalum fluoride
chloride prepared in Preparation Example 4 was used

instead of aluminum fluoride chloride. The composition
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of the reaction products after 30 hours is shown in Table
15. 10.7 kg of the crude reaction product recovered
after 20 hours was purified by distillation to obtain 9

kg (yield: 84s%) of dichloropentafluoropropane (R225).

Table 15

T B E ER

Composition of the

reaction solution .
(%)

R225ca 39 .

A N N I N T
“onioratom | o | o [ o [ o | o

Example 26

The reaction was conducted in the same manner as in
Example 12 except that 0.1 kg of anhydrous aluminum
chloride was used instead of aluminum fluoride chloride,
whereby 10.7 kg of the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 16. The crude

reaction product was purified by distillation to obtain

9.1 kg of R225 (dichloropentafluoropropane).



206627

WO 91/08183 PCT/JP90/01581

10

15

20

25

....29...

Example 27

The reaction was conducted in the same manner as in
Example 14 except that anhydrous zirconium(IV) chloride
was used instead of zirconium(IV) fluoride chloride,
whereby 10.7 kg of the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 16. The crude
reaction product was purified by distillation to obtain 9
Kg of R225 (dichloropentafluoropropane).
Example 28

The reaction was conducted in the same manner as in
Example 17 except thét 0.1 kg of anhydrous titanium
chloride was used instead of titanium fluo;ide,chloride,
whereby 10.5 kg of the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 16. The crude
reaction product was purified by distillation to obtain
8.5 kg of R225 (dichloropentaflgorOpropane).
Example 29

The reaction was conducted in the same manner as in
Example 19 except that 0.1 kg of anhydrous hafnium.
tetrachloride was used instead of hafnium fluoride
chloride, whereby 10.5 kg of a crude reaction products
was recovered. The results of the analyses by means of
gas chromatography and NMR afe shown in Table 16. The
crude reaction product was purified by distillation to

obtain 8.9 kg of R225 (dichloropentafluoropropane).



2046271
WO 91/08183 PCT/JP90/015. )
- 30 -
Example 30
The reaction was conducted in the same manner as in

Example 16 except that 0.1 kg of anhydrous tantglum
pentachloride was used instead of tantalum fluoride

5 chloride, whereby 9 kg of-the crude reaction product was
recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 16. The crude
reaction product was purified by distillation to obtain
7.5 kg of R225 (dichloropentafluoropropane).

10

Table 16

Composition of the - .
| reaction solution R
15 |
(%)
R225ca : 58 59 -

e | 2 [ 1 [as [ | 6

Example 31
The reaction was conducted in the same manner as in
Example 12 except that 3 kg (12.6 mol) of R215cb
25 (CF3CF2CC63) was used instead of R225ca .as the solvent
for reaction and anhydrous aluminum chloride was used,

whereby 10.5 kg of the crude reaction product was



WO 91/08183

recovered.

Q04647

- 3] -

PCT/JP90/01581

The results of the analyses by means of gas

chromatography and !?F-NMR are shown in Table 17.

Table 17

’ Composition of the Molar
reaction solution ratio (%)
R225
CF,CF,CHCY, (R225ca) 45
CC¢F,CF,CHCZF (R225cb) 23
224
10 R
CC¢F,CF,CHCYE, (R224ca) 2
o) | o
R215
CF;CF,CCé, (R215ch)
Other components —
15
The crude reaction solution was purified by
distillation to obtain 6.6 kg (yield: 84%) of R225
(dichlofopentafluoropr0pane).
Example 32
20 Into a 10 ¢ Hastelloy C autoclave, 0.2 kg (1.5 mol)

of anhydrous aluminum chloride was charged, and the

autoclave was deaerated under reduced pressure.

Then,

autoclave was cooled to -10°C, and 5 kg (48.6 mol) of R21

(CHC¢,F) was added thereto.

Then, while maintaining the

25 reaction temperature within a range of from 0 to 5°C,

tetrafluoroethylene was continuously added at the rate of
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800 g/hr. The upper limit of the reaction pressure was 5
kg/cm?, and the reaction was continued while purging the
gas as the case required. Five hours later, the reaction
temperature was raised to 20°C, and the reaction was
continued with further supply of tetrafluoroethylene.
When chloroform in the system was consumed, the reaction

was stopped, and the préssure was returned to normal
pressure. Then, the reaction solution was subjected to
filtration, whereby 7.8 kg of the crude reaction product
was recovered. The results of the analyses by means of

gas chromatography and !°F-NMR are shown in Table 18.

Table 18

Molar
ratio (%)

Composition of the
reaction solution

R225
CF,CF,CHC¢, (R225ca)
CC¢F,CF,CHCSF (R225cb)

R224
CC¢F.,CF,CHCZ, (R224ca)

Other components

- The crude reaction product was purified by
distillation to obtain 3.5 kg (yield: 35%) of R225
(dichloropentafluoropropane).

Example 33
A 10 ¢ Hastelloy C autoclave was deaerated under

reduced pressure. Then, 10 kg of R215ch (CF,CF,CC¢é,) was

'''''
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charged as the 1i1initial solvent.

The autoclave was cooled to -15°C. Then, while
maintaining the reaction temperature within a range of
from -10°C to -5°C, tetrafluorocethylene, R21 and aluminum

5 chloride were continuously added at the rates of 1300
g/hr, 1030 g/hr and 20 g/hr (1.5 mol% relative to R2],
same applied hereinafter), respectively. The reaction
was conducted with continuously withdrawing the reaction
mixture which is the same amount as the charged one.

10 From the results of the analyses by means of gas
chromatography and *?F-NMR, it was found that after 20
hours of the reaction, the initial solvent R215¢b was not
present in the reaction mixture. The composition of the

reaction solution at that time is shown in Table 19,

15 Table 19

Molar

Composition of the
reaction solution

ratio (%)

R225
CF4CF,CHCY,, (R225ca)
20 CC¢F,CF,CHCZF (R225cb)
R224
CC¢F,CF,CHCY¢, (R224ca)
Other components —
25 The reaction mixture which 1s the same amount as the

charged one was continuously withdrawn, and 10.7 kg of

the crude reaction product thereby obtained was purified
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by distillation to obtain 9.1 kg (yield: 85%) of R225
(dichloropentafluoropropane).
Example 34

The reaction was conducted in the same manner as in
Example 33 except that the supplying rates of
tetrafluoroethylene, R21 and aluminum chloride were
doubled by twice, whereby 10.5 kg of the crude reaction
product was recovered. The results of the analyses by
means of gas chromatography and !9F-NMR are shown in

Table 20.

Table 20

Molar |
ratio (%)

Composition of the
reaction solution

R225
CF,CF,CHCY, (R225ca)
CC¢F,CF,CHC¢F (R225chb)

R224
CC¢F,CF,CHCE, (R224ca)

Other components —

The crude reaction product was purified by

distillation to obtain 8.8 kg (yield: 84%) of R225

(dichloropentafluoropropane).

- Example 35

The reaction was conducted in the same manner as in

Example 33 except that the supplying rate of aluminum
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chloride was changed to 67 g/hr (5.5 molg), whereby 9.8

kg of the crude reaction product was recovered.

The

results of the analyses by means of gas chromatography

and °F-NMR are-shown in Table 21.

° Table 21
Composition of the Molar
reaction solution ratio (%)
R225
CF,CF,CHCZ, (R225ca) 53
10 CC¢F,CF,CHCSF (R225ch) 37
R224
CC¢Fr,CF,CHCY, (R224ca) 5 .
Other components —
15
The crude reaction product was purified by
distillation to obtain 8.0 kg (yield: 82%) of R225
(dichloropentafluoropropane).
Example 36
20 The reaction was conducted in the same manner as in

Example - 26 except that the reaction temperature was

changed in the range of 0 to 5°C, whereby 8.5 kg of the

crude reaction product was recovered.

The results of the

analyses by means of gas chromatography and !9F-NMR are

25 shown in Table 22,
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Table 22

Composition of the
reaction solution

R225
CF,CF,CHC?,  (R225ca)
CCeF,CF,CHCOF (R225cb)

R224
CC¢F,CF,CHCY,

(R224ca)

CHC¢, (R20)
10 Other components

The crude reaction product was purified by

Molar

ratio (%)

PCT/JP90/0158

distillation to obtain 6.8 kg (vyield: 80%) of R225

(dichloropentafluoropropane).

15 Example 37

The reaction was conducted in the same manner as in

Example 33 except that the catalyst was changed to

zirconium(IV) chloride, and the supplying rate of the

catalyst was changed to 20 g/hr (0.9 mols), whereby 11 kg

20 ©Of the crude reaction solution was recovered.

The

results of the analyses by means of gas chromatography

and NMR are shown in Table 23.
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Table 23

Composition of the Molar

reaction solution

s

R224
(CCeér,CF,CHCY,)

10 Other components

The crude reaction solution was purified by

ratio (%)

distillation to obtain 9.5 kg (yleld: 86%) of R225
(dichloropentafluoropropane). '
15 Example 38
The reaction was conducted in the same manner as in
Example 33 except that the catalyst was changed to
titanium tetrachloride, and the supplying rate of the
catalyst was changed to 20 g/hr (1.1 mol%), whereby 11 kg
20 ©Of the crude reaction.solution was recovered. The
results of the analyses by means of gas chromatography

and NMR are shown in Table 24.
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Table 24

Molar
ratio (%)

Composition of the
reaction solution

R225ca
Chloroform

Other components -

PCT/JP90/0158

distillation to obtain 9.2 kg (yield: 84%) of R225

(dichloropentafluoropropane).

15 Example 39

The reaction was conducted in the same manner as in

Example 33 except that the catalyst was changed to

zirconium dichloride difluoride, and the supplying rate

of the catalyst was changed to 20 g/hr (1 mols), whereby

20 11 kg of the crude reaction product was recovered. The

results of the analyses by means of gas chromatography

and NMR are shown in Table 25.

— 4 A -~
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Table 25

Molar
ratio (%)

Composition of the
reaction solution

A R

Razse N
chiorotorn o

R224ca
(CC?FZCFZCHcez)

The crude reaction product was purified by

39
2
Other components

PCT/JP90/01581

distillation to obtain 9.5 kg (yield: 86%) of R225

(dichloropentafluoropropane).

15 Example 40

The reaction was conducted in the same manner as in

Example 33 except that the catalyst was changed to

titanium dichloride difluoride, and the supplying rate of

the catalyst was changed to 20 g/hr (1.3 molg), whereby

20 11 kg of the crude reaction solution was recovered. The

results of the analyses by means of gas chromatography

and NMR are shown in Table 26.
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Table 26

Composition of the Molar

reaction solution

ratio (%)

R225¢ch
Chloroform

Other components

10 The crude reaction soluﬁion was purified by

distillation to obtain 9.2 kg (yield: 84%) of R225

(dichlorOpeﬁtafluoropropéne).

Example 41

The reaction was conducted in the same manner aé in

15 Example 33 ekcept that the catalyst wés changed to

gallium trichloride, and the supplying rate of the

catalyst was changed to 20 g/hr (1.1 moli), wheéreby 11 kg

of a crude reaction solution was recovered. 'The results

of the analyses By_means of gas chromatography and NMR

20 are shown in Table 27. .
Table 27

Composition of the Molar

reaction solution ratio (%)

25

Chloroform

R224ca

Other components
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The crude reaction solution was purified by
distillation to obtain 9 kg (yield: 81%) of R225
(dichloropentafluoropropane).

Example 42

The reaction was conducted in the same manner as 1in
Example 33 except that the catalyst was changed to
hafnium tetrachloride, and the supplying rate of the
catalyst was éhanged to 20 g/hr (0.6 mols), whereby 1l kg
of the crude reaction solution was recovered. The
results of the analyses by means of gas chromatography

and NMR are shown in Table 28.

Table 28

Molar
ratio (%)

Composition of the
reaction solution

R225ca
R225cb ’
Chloroform _
R224ca

Other components

The crude reaction solution was purified by
distillation to obtain 9.5 kg (yield: 86%) of RZ225
(dichloropentafluoropropane).

As shown by the Examples, according to the present
invention, dichloropentafluoropropane (R225), a high-
purity product of which used to be hardly available, can

be prbduced in good yield.
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CLAIMS:
1. A method for producing a dichloropentafluoropropane,

which comprises reacting dichlorofluoromethane (R21) with
tetrafluoroethylene (4F) in the presence of a Lewis acid

catalyst for addition reaction to obtain

dichloropentafluoropropane, wherein said Lewis acid is a halide
containing at least one element selected from the group

consisting of Sb, Nb, Ta, Zr, Hf and Ti, or a fluoride of the

formula

MX.Fp

wherein M 1s one of atoms selected from Group IVa, Group Va and

Group IIIb, or a mixture of such atoms, X is one of Cl, Br and
I atoms, or a mixture of such atoms, a is a real number of

0 <a <5, and p 1s a real number of 0 < B < 3.5 in the case of
Group IVa, a real number of 0 < B < 4.5 in the case of Group
Va, and a real number of 0 < } < 2.5 in the case of Group IIID,

provided that a + f is an integer of from 3 to 5.

2. The method according to Claim 1, wherein the fluoride

1s a compound obtained by fluorinating a halogen compound of

the formula

MX«

wherein M is one of atoms selected from Group IVa, Group Va and

Group IIIb, or a mixture of such atoms, X is one of Cl, Br, and
I atoms, or a mixture of such atoms, and o is oo = 4 in the case

of Group IVa, o = 5 in the case of Group Va, and o = 3 in the

case of Group IITb, with a fluorinating agent.

3. The method according to Claim 2, wherein a

chlorofluorocarbon (CFC) or hydrochlorofluorocarbon (HCFC) is

used as the fluorinating agent.
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4 . The method according to Claim 1, wherein the reaction

1s conducted under the reaction condition such that the molar

ratio of 4F to R21 is 1 £ 4F/R21.

5. The method according to Claim 4, wherein the molar

ratio of 4F to R21 is 1.01 < 4F/R21 < 10.

6. The method according to Claim 4, wherein 4F and R21

are continuously supplied to a reactor in a molar ratio of 4F

to R21 being 1 £ 4F/R21, and the reaction product containing
the dichloropentafluoropropane is continuously withdrawn from

the reactor.

7. The method according to Claim 4, wherein the Lewis

acld catalyst, 4F and R21 are continuously supplied to a

reactor 1n a molar ratio of 4F to R21 being 1 < 4F/R21, and the
reaction product containing the dichloropentafluoropropane and
the Lewls acid catalyst are continuously withdrawn from the

reactor.
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