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COMPLETE SPECIFICATION

Purification of Halothane

We IMPERIAL CHEMICAL INDUSTRIES

LiMITED of Imperial Chemical House, Mill-
bank, London, S.W.1., a British Company.
do hereby declare the invention, for which
we pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statement: —
" This invention relates to a purification pro-
cess and more particularly it relates to a pro-
cess for the purification of 2,2,2-trifluoro-1~
chloro-1-bromoethane hereinafter referred to
as halothane, :

Halothane is a valuable inhalation anaesthe-
tic used for the production of anaesthesia in
man and in animals. However, depending
on the manner of manufacture of halothane,
it may contain small amounts of certain im-
purities and it ds an object of the present in-
vention to remove such impurities.

According to- the present invention we pro-
vide a process for the purfication of impure
halothane containing as impurity one or more
compounds of the formula:—

' CF,.CX=CY.CF,
wherein X stands for hydrogen, bromine or
chlorine and Y stands for bromine or chlorine
which comprises intimately contacting said

impure halothane in the liquid phbase with

aluminium chloride, aluminium bromide or
antimony pentachloride and recovering the
purified halothane. ' .

It is.to be understood that any compound
of the above stated formula may be present
as impurity in the form of a cis isomer or a
trans isomer or a mixture thereof.

The process of the invention may be car-
ried out by adding granular or powdered
aluminium bromide, aluminium chloride or
liquid antimony pentachloride to the impure
halothane and stirring the mixture at a tem-
perature ranging from 0°C. to the boiling

'[_P_rite 4s. 6d.] _

point of the mixture. Alternatively aluminium
bromide can be generated in situ by adding
aluminium powder to said impure halothane
which also contains bromine. Longer. times
of contact are required with lower tempera-
tures in this range and it is preferable to carry

out this process at ambient temverature or
- above. '

Since aluminium bromide and aluminium
chloride are affected by exposure to the at-
mosphere, we prefer to grind the said bromide
cor chloride under the surface of the impure
halothane and then to stir the mixture.

The amount of aluminium chloride, alum-
injum bromide or antimony pentachloride
used depends upon the concentration of im-~
purity in the halothane., It is preferable to
use an excess of aluminium chloride, alum-
inium bromide or antimony pentachloride rela-
tive to the impurity and good results are ob-
tained by use of 10 to 100 molar proportions
of aluminium halide per mole of the im-
purity. : :

The present process. may be cacried out mn
4 batchwise or continuous manner,

"The halothane may be recovered from the
reaction mixture by any suitable means. It
may be recovered for example by distillation
from the reaction mixture, Alternatively, the
excess aluminium chloride or aluminium
bromide may be removed either by filtration
or by dissolving in an acid or alkaline aqueous
medium. If filtration is used, the halothane

with aqueous " sodium hydroxide and the
organic phase containing halothane is then
dried and distilled. If dissolution in an acid
or alkaline aqueous medium is used, the halo-
thane may then be recovered from the organic
phase after washing, drying and distilling
operations, :

The following Examples illustrate but do
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‘may then be recovered by washing the filtrate



chromatographic analysis.
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not limit the invention. . All parts and per-- . EXAMPLE 5 .;.,
centages are to be read as parts by weight. 374 arts halothane containing 390 p.p.m. i
_ : S o -0 L,1,1,4,4,4-hexafluoro-2-bromobutene-2 (trans
4 Exames 1 | isomer) were heated with stirring at reflux
Into a stirred glass vessel were added con- temperature with 0.5 part of aluminium bro- 65

5 tinuously at 15—18°C., 3720 parts per hour mide. for 30 minutes. . Successive 0.5 part

. of impure halothane and 54 parts per hoyr amounts of aluminium bromide were: added
of - aluminium bromide (contact time 20 - &t half hourly intcrvals over a further period -
seconds). The halothane originally contained of 1} hours and the mixture heated under

‘matelv 500 po.m. of 1,1,1444- reflux for a further 30 minutes following 70
approximately pp.m. »131,4.45 a Y min ) : v

10 hexafluoro-2-bromobutene-2 (mainly trans the last addition of aluminjum bromide. After .-
isomer), approximately 800 p.p.m. of 1,1,1,- reCOVvery of halothane gas/liquid chromato-
4,4,4-hexafluoro-2-chlorobutene-2  (mainly g;aﬁigch;;mr;agzg ig‘gegpﬂgﬁ- the content
trans isomer) and & small amount of hydrogen the mnpunty. p.m.
bromide and bromine R o ' '

. - . EXAMPLE 6 T

15 The mixture was_withdrawn continuously Under 100 parts halothane containing 200~ -
and washed with a 7% aqueous caustic soda ppin. of  1,1,1,4,4,4-hexafluoro-2-bromo-
solution, The final mixture separated into go... o (trans’ i’sgm,e;) and 200 ppm. of
two phases and the lower phase containing 441444 _ hexafiuoro - 2 - chlorobutene - 2
the halothane was distilled. The distilled : -~
. p el . (trans isomer) were ground 2 parts of granu:

20 material on analysis by gas/liquid chromsto-  or aluminium chloride. The mixture was
graphy was found to contain less stirred at. 15—18°C. At -intervals, ' speci-
p-p.m. total of the impurities. " mens of the material were withdrawn and

L ' o : fter washing with aqueous 7% sodium
EXAMPLE 2 - : aoer queats Py
1870 parts of halothane to which had been [Jorokde. were submitted o gas/liquid

25 added - '_1',1,1,4,4,4-he:_:aﬂuoro—2,3'—d.jchlox_'obu- After 30 minutes’ snrrmg the halothane was .
tene-2 (cis and trans isomers) fo give & 6% found to contain <10 ppam. of LLLAAL
tent of 1000 pp.m. ‘of the Impurily WeI€ y.y,f40r0-2-bromobutene-2 and after 1 hours’ - .

d with 100 f ‘al bromid
stirred with 100 parts of aluminium bIOMICE  gipping, it was found to contain <10 p.p.m.
at 15—18°C. for 16 hours, - After separation ¢y 177 4 4 4 hexafluoro-2-chlorobutene-2,

30 ‘of the halothane, the impurity could not be WHAT WE CLAIM IS: — -

+* detected by gas/liquid chromatographic analy-  § 'A process for the purification ‘of impure

- Sis o S hal_othane'contaiging z’:s__impurit;lra one {o_éF m&e .
. : . of the compounds of the formula:— {
. . ExampL3 ° . =CYCF, wherein X stands for hydrosgen,
i 1702 arts of halothane containing as 1M~ promine or chlorine and Y stands for bromine
35 purities 27 p.p.m. of L1,1444-hexafluoro- 1 chiorine which comprises intimately con-
33 dictominitne? (o hones) icing it e Tioune in e Gid
bromobutene-2 (trans isomer) were heated with -gl;g;;dg"ﬁ‘ aﬁiﬁﬁl}'ﬁenﬁ%ﬁ?&&ﬂmnw w
. stirring at reflux temperature with 17 parts  ~ 3 'A process as claimed in.claim 1 wherein
40 of aluminium bromide for 2 hours, - " granular or powdered aluminium bromide or
Halothalne was then reénmlrled gy'dlilsati]:lation aluminium c(lillozc'lide or liquid antimony penta& '
at normal pressure and the istillate was chloride is added to the impure halothane and 105
washed with 500 parts water, then with 100 the mixture is stirred at a temperature rang-
_ parts-of a 5% aqueous solution of potassium ing from -0°C. to the boiling point of the

45 Dbisulphite and finally with 500 parts of water. mixture.. _ " o o
The organic layer was separated and dried 3. A process as claimed in claim 2 in which
over calcium chloride, Gas/liquid chromato- the added aluminium bromide or chloride is 110
graphic analysis of the dried liquid showed ground under the surface of the impure. halo-

- the level of impurities to be <1 p.p.m. of -thane and the mixture is then stirred.

50 1,1,1,4,44 - hexafluoro. - 2,3 - dichloro- ' 4. A process as claimed in claim 1 in which
butene-2 and <1 p.p.zm. of 1,1,1,4,4,4-hexa- the aluminium bromide -isé generated i sitw - .
fluoro-2-bromobutene-2. R by adding aluminium powder to impure halo- 115
N D ' : ' thane which also contains bromine. .

' .. FxamMPLE4 = .. - '5. A process as claimed in any of the pre-
*.100 parts halothane containing 372 p.p.m. ceding claims 2 to 4 in which the mixtire

55 of 1,1,1,4,4,4-hexafluoro-2;3-dichlorobutene-2 ds. stirred at at least ambient temperature. . ..

' as impurity were stirred with 23 parts of 6. A process as claimed in any of the pre- 120
antimony entachloride at 15—18°C, for 28 .ceding claims in which an excess of alum-
hours. After recovery of the halothane, the inium chloride, aluminium bromide or anti-

60 impurity could not be detected by gas/liquid mony Ilaentgchloride relative to the impurity

18 employed. '



RS e o

T

1,051,375

10

15

35

o

not limit the invention. All parts and per-
centages are to be read as parts by weight.

ExamMpLE 1

Into a stirred glass vessel were added con-
tinwously at 15—18°C,, 3720 parts per hour
of impure halothane and 54 parts per hour
of aluminium bromide (contact time 20
seconds), The halothane originaily contained
approximately 500 ppm. of 1,1,1.4,4,4-
hexafluoro-2-bromobutene-2  (mainly ~ trans
isomer), approximately 800 p.p.m. of ‘1,1,1-
4,4,4-hexafluoro-2-chlorobutene-2 (mainly
trans isomer) and a small amount of hydrogen
bromide and bromine,

The mixture was withdrawn continuously
and washed with a 7% aqueous caustic soda
solution. The final mixture separated into
two phases and the lower phase containing
the halothane was distilled. The distilled
material on analysis by gas/liquid chromato-
graphy was fcund to contain less than 10
p.pm. total of the impurities,

EXAMPLE 2

" 1870 parts of halothane to which had been
added 1,1,1,4.4,4-hexafluoro-2,3-dichlorobu-
tene-2 (cis and trans isomers) to give a con-
tent of 1000 p.p.m. of the impurity were
stirred with 100 parts of aluminium bromide
at 15~-18°C, for 16 hours. After separation
of the halothane, the impurity could not be
detected by gas/liquid chromatograpluc analy-
sis.

EXAMPLE 3 -

1702 arts of halothane containing as im-
purities 27 p.p.m. of 1,1,1,4,4,4-hexafluoro-
2,3-dichlorobutene-2 (cxs and trans isomers)
‘and . 186 ppm. of 1,1,1,4,4,4-hexafluoro-2-
bromobutene-2 (trans isomer) were heated with
‘stirring at reflux temperature with 17 parts

_of aluminium bromide for 2 hours.

" Halothane was then removed by distillation
at normal pressure and the distillate was
washed with 500 parts water, then with 100
parts of a 59 aqueous solution of potassium
bisulphite and finally with 500 parts of water.
The organic layer was separated and dried
over calcium chloride, Gas/liquid chromato-
graphic analysis of the dried liquid showed

the level of impurities to be <1 p.p.m. of

1,1,1,4,4,4 - hexafluoro - 2,3 - dichloro-
butene-2 and <1 p.p.m. of 1,1,1,4,4,4-hexa-

' :ﬂuoro-z-bromobutene-z

55

ExaMPrLE 4

-100 parts halothane containing 372 p.p.m.
of 1,1,1,4 4,4-hexaﬂuoro-2,3-d1ch10robutene-2
as impurity were stirred with 23 parts of
antimony entachloride at 15—18°C. for 28
hours. After recovery of the halothane, the
impurity could not be detected by gas/liquid
chromatographic analysis,

ExAMPLE 5

374 arts halothane containing 390 p.p.m.
1,1,14 4,4-he\aﬁuoro-z-bromobutene-z (trans
1somer) were heated with stirring at reflux
temperature with 0.5 part of aluminium bro-
mide for 30 minutes. Successive 0.5 part
amounts of aluminium bromide were added
at half hourly intervals over a further period
of 13 hours and the mixture heated under
reflux for a further 30 minutes following
the last addition of aluminium bromide. After
recovery of halothane gas/liquid chromato-
graphic examination showed that the content
of the impurity was <20 pp.m.

EXAMPLE 6

Under 100 parts halothane containing 200
ppm. of 1,1,1,4,4,4-hexafluoro-2-bromo-
butene-2 (trans isomer) and 200 p.p.m. of
1,1,1,4,4,4 - hexafluoro - 2 - chlorobutene - 2
(trans isomer) were ground 2 parts of granu-
lar aluminium chloride. The mixture was
stirred at 15—18°C. At intervals, speci-
mens of the material were withdrawn and
after washing with aqueous 79% sodium
hydroxide were submitted to gas/liquid
chromographic analys1s

After 30 minutes’ stirring the halothane was
found to contain <<10 p.p.m. of 1,1,1,4,44-
hexafluorc-2-bromobutene-2 and after 1 hours’
stirring, it was found to contain <10 p.p.m.
of 1,1,1,4,4,4-hexafluoro-2-chlorobutene-2,

WHAT WE CLAIM IS:—

1. A process for the purification of impure

" halothane containing as impurity one or more

of the compounds of the formula: — CF,CX
=CYCF, wherein X stands for hydrogen,

bromine or chlorine and Y stands for bromine

or chlorine which comprises intimately -con-
tacting said impure halothane in the liquid
phase with aluminium chloride, aluminium
bromide or antimony pentachlonde

2. A process as claimed in claim 1 wherein
granular or powdered aluminium bromide or
aluminium chloride or liquid antimony penta-
chloride is added to the impure halothane and
the mixture is stirred at a temperature rang-
ing from 0°C. to the boiling point of the
mixture.

3. A process as claimed in claim 2 in which
the added aluminium bromide or chloride is
ground under the surface of the impure halo-
thane and the mixture is then stirred.

4. A process as claimed in claim 1 in which
the aluminium bromide is generated im situ
by adding aluminium powder to impure halo-
thane which also contains bromine.

5. A process as claimed in any of the pre-
ceding claims 2 to 4 in which the mixture
is stirred at at least ambient temperature.

6. A process as claimed in any of the pre-
ceding claims in which an excess of alum-
inium chloride, aluminium bromide or anti-
mony pentachloride relative to the impurity
is employed.
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k j 7. A process as claimed in claim 6 in which 9, Halothane whenever purified by a pro-
~% 10 to 100 molar proportions of aluminium cess as claimed in any of the preceding claims,

halide are employed per mole of the im-

~ purity. :

5 8. A process for the purification of impure
halothane substantially as described with refer- BERTRAM F, DREW,
ence to the Examples, Agent for the Applicants.

Leamington Spa: Printed for Her Majesty’s Stationery Office by the Courier Press.—1966.
Published at The Patent Office, 25, Southampton Buildinzs, London, W.C.2, from which copies may be obtained.
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