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ABSTRACT

An improved process for preparing tlouromethyl 2,2, 2-trifluoro-1-(trifluoromethyl)
ethyl ether (sevoflurane) by reacting 1,1,1,3,3,3-hexafluoro-2-propanol with formaldehyde
and hydrogen tluoride either (a) under distillation conditions or (b) in the presence of or

with the subsequent addition of a solvent capable of selectively extracting sevoflurane.
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PRODUCTION OF FLUOROMETHYL 2.2.2-TRIFLUORO-1-
(TRIFLUOROMETHYL) ETHYL ETHER

This is a divisional of application, serial number 2,403,105, filed March 15, 2001.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is a method of preparing the inhalation anesthetic,

fluoromethyl 2,2,2-trifluoro-1-(tr fluoromethyl)ethyl ether (also known as

sevoflurane), by an equilibrium process wherein the equilibrium is favorably shifted
by removal of the product by distillation under active equilibrium conditions or by

extraction of the product from the equilibrium mixture. This method 1s based on

commercially available starting materials, produces higher yields of the desired

product, and is more economical than prior art methods.

2. Description of Related Art

A number of methods have been disclosed for preparing sevoflurane (SVF).
U.S. Patents 3,683,092 and 3,689,571 describe the replacement of chlorine in
chloromethyl 2,2,2-triﬂuoro-1-(triﬂuoromethyl)ethyl ether with fluorine using
potassium fluoride in a solvent, sulfolane, at 120°C, and U.S. Patent 4,874,901
discloses the replacement without added solvent at high temperature (185°C) and
pressure (280 psi). Other fluorinating reagents were also used to replace the chlorine.
U.S. Patent 5,886,239 uses diisopropylethylamine hydrofluoride, and the European

Patent Appl. EP 0 901 999 Al uses a mixture of an amine and hydrogen fluoride

(HF). The starting matenal, chloromethyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl
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ether, is not commercially available. According to U.S. Patent 3,683,092 1t 1s
prepared by the chlorination of methyl 2.2.2-trifluoro-1-(trifluoromethyl)ethyl ether,
which can be synthesized from 1,1,1,3,3,3-hexafluoro-2-propanol, as described in

U.S. Patent 3,911,024.

Direct fluorination of methyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl ether to
SVF is claimed using extremely reactive and expensive reagents such as bromine
trifluoride in U.S. Patent 3,683,092, and 20% molecular fluorine in argon 1n U.S.

Patent 3,897,502.

Another route to SVF, disclosed in U.S. Patent 4,874,902, uses 1,1,1,3,3,3-
hexachloro-2-propanol as starting material which 1s converted to methyl 2,2,2-
trichloro-1-(trichloromethyl)ethyl ether, and then fluorinated with bromine trifluonde
to give SVF. Alternatively, methyl 2.2 2-trichloro-1-(trichloromethyl)ethyl ether 1s
chlorinated, and the corresponding chloromethyl ether 1s multipli-fluorinated using

bromine trifluonde.

U.S. Patent 5,705,710 describes preparation of SVF by fluorination of

methoxymalononitrile using bromine trifluoride.

The above-mentioned methods of preparation of SVF are multi-step, or based

on commercially unavailable starting materials, or use dangerous reagents.
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Direct fluoromethylation to SVF of commercially available 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) 1s described 1n several patents. In U.S. Patent
4,250,334, HFIP, HF and formaldehyde (CH,O) are heated in the presence of

concentrated sulfuric acid to continuously produce SVF collected in a cold trap.

According to U.S. Patent 4,469,898, the yields of SVF are improved by adding
excess sulfuric acid or other additives to sequester the water produced in the

fluoromethylation of HFIP.

(CF,),CH-OH + HF + CH,0 « (CF,),CH-O-CH,F + H,0

However, a substantial amount of concentrated sulfuric acid or other Bronsted
and/or Lewis acid (ca. 3 times greater then HFIP by weight) should be used to achieve
76-78% wield. As a result, large amounts of wastes (inorganic and organic) are made

by the process.

PCT Int. Appl. WO 97/25303 discloses preparation of SVF by the reaction of
HFIP with bis(fluoromethyl)ether in the presence of sulfuric acid, in which the desired

product is produced with 55-60 % yield along with an acetal by-product.

If no sulfuric acid or dehydrating, protonating and fluoride 1on generating

agent is used, the yields of SVF were very low, as was shown in U.S. Patent 3,689,571.
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SUMMARY OF THE INVENTION

The present invention provides a method for the preparation of SVF by

reacting HFIP with CH,0 and HF under conditions wherein the desired product SVF

is removed from the ongoing equilibrium either A) by distillation or B) by extraction.

A low-boiling azeotrope of SVF and HF was discovered so where SVF 1s
removed by distillation, it is removed as an azeotrope with HF. During this process,
water is also removed by distillation of the constant boiling mixture of water and HF

(b.p. 115°C). SVF, removed as the HF azeotrope, is separated from HF by several
methods: (i), washing the mixture with water, (ii), extracting with solvents dissolving
SVF but not HF, (iii), cooling the azeotrope to separate layers, and (iv), distilling the

SVF/HF azeotrope at the different pressures to obtain a mixture enriched in SVF.

In the extraction process, SVF is removed from the equilibrium

by a solvent capable of selectively dissolving SVF and other reaction products but not

starting materials and water.

DETAILED DESCRIPTION OF THE INVENTION

1. Removal of SVF by Distillation during Reaction

One preferred embodiment of the invention involves running the

fluoromethylation reaction during distillation. This is accomplished by having a
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reactor equipped with two columns. One is used to separate, as an overhead product,

the HF/SVF mixture from the vapor over the equilibrium mixture. We discovered

that SVF and HF form the low-boiling azeotrop¢ described in Table 4. The other

column is fed from the liquid in the reactor and removes the HF/water constant

boiling mixture as a bottoms product. The overhead distillate from this second

column is recycled to the reactor.

In practice, the HE/SVF azeotrope distillate may contain excess HF because

the azeotrope boils only slightly lower than HE. [The use of the words SVE/HFK

azeotrope throughout the text ‘s meant to include the actual azeotrope and the

called “HF/SVF azeotrope” will proceed to one of several separation methods to

obtain pure SVF and return HF to the reaction/distillation process.

A. Separation of the HF/SVF Azeotrope to Obtain Pure SVF

The HF/SVF azeotrope can be separated very simply by washing the HF out

with water. The SVF has a purity of about 99%.

As an alternative to water, SVF can be separated from HF by extraction with a

large variety of suitable solvents, which are insoluble in hydrogen fluoride (see

‘Section 2, infra). Following the extraction of SVF, HF can be recycled to the reaction

and the SVF can be separated from the solvent and purified to the desired purity.
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Another approach to separating SVF from HF is to cool the mixture. Upon
cooling, separation begins at a lower temperature depending upon the composition of
the HF/SVF mixture. The SVF/HF ratios are different in each layer. The separated
layer with the enriched SVF can be distilled to obtain the SVF/HF azeotrope as the
lower boiling product and excess SVF as the higher boiling product. The layer

enriched in HF can be returned to the reaction/distillation process.

Still another means of separating SVF/HF is by varying the composition of the

SVF/HF azeotrope through the use of different pressures (Table 4). An azeotropic
composition that has a higher SVF content can be distilled at a different pressure to

give an azeotrope containing less SVF as the lower boiling product and the excess

SVF as the pure higher boiling product.

B. Recovery of Byproducts

Four major byproducts: bis{[2,2,2-trifluoro-1-
(trifluoromethyl)ethoxy]methyl} ether (compound A), formaldehyde di[2,2,2-
trifluoro-1-(trifluoromethyl)ethyl] acetal (compound B), formaldehyde
fluoromethyl[2,2,2-trifluoro-1-(tr1 fluoromethyl)ethyl] acetal (compound C), and
bis(fluoromethyl) ether (compound D) were found. In a batch run it was found that

their concentrations decreased to almost undetected levels by the end of distillation.

All four compounds will react as well during a continuous distillation generating

additional SVF by way of the following equilibnia.
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(CF.),CH-O-CH,-O-CH,-O-CH(CF,), + 2 HF ¢ 2 (CF;),CH-O-CH;F + H,0
A
(CF,),CH-O-CH,-O-CH(CF,), + HF © (CF,),CH-O-CH,F + (CF;),CH-OH
B
(CF,),CH-O-CH,-O-CH,F «> (CF,),CH-O-CH,F + CH,0
C

FCH,-O-CH,F + 2 (CF,),CH-OH <> (CF,),CH-0-CH,-O-CH,-O-CH(CF3), + 2 HF

D A

These byproducts are reported in the hterature (U.S. Patents 3,689,571 and

4.469,898, Int. Appl., WO 97/30961, and Int. Appl. WO 97/25303) where they were

used as a source of SVF.

In view of the chemistry described above, it is obvious that polyethers of
general formula R,O(CH,0)nk,, in which n is a small number and R, and R, are

hydrogens, alkyl groups, or haloalkyl groups, but both R1 and R 2 are not hydrogens

i1 one formula, will revert to their starting materials under reaction/distillation

conditions. Where the haloalkyl group 1s 1,1 1,3,3,3-hexafluoro-2-propyl SVF wiil be

formed.
C. General Conditions

1t will be obvious to those skilled in the art that this distillation under reaction
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conditions can be done either in a batch manner or continuously. Under continuous
conditions the reactants would be added to the distillation system with the amounts of
new components reduced by the amounts of reactants being continuously recycled.
The reaction/distillation should be run continuously with columns capable of
separating the SVF azeotrope from the other reactants and the constant boiling
mixture of water and HF and of sufficient size, including the reboiler, to maintain the
throughput desired. In this process, the equipment associated with the separation of
HF and SVF would also provide the pure SVF and streams for recycle continuously.

Conditions should be adjusted so they are close to optimum for both reaction and

distillation.

The reaction should be conducted with the stoichiometric excess of HF 1n
order to drive the equilibrium forward, and to provide for the HF/ SVF and HF/H,0

azeotropes. The process runs well with 15-13, or preferably with 25-30 mole

equivalents of HF to HFIP.

The term “formaldehyde” (CH,O) as used throughout this application, unless
otherwise noted, is intended to include formaldehyde polymers, such as trioxane,

which is preferred, and paraformaldehyde.

The reaction temperature is not critical, but the yields are substantially

improved above 50°C. Preferably, the reactive distillation can be conducted under

autogenous pressure of 30-40 psig ensuring pot temperatures 45-75°C.
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2. Removal of SVF by Extraction during Reaction

In a second preferred embodiment, the invention involves extracting the SVFE

product from the reaction mixture during the ongoing reaction.

The requirements for suitable solvents for this extraction are as follows:

1. The solvent should selectively extract SVF from the fluoromethylation

mixture and not extract HFIP.
2. It should be hydrophobic.
3. Tt should not extract substantial amounts of HF.

4. It should not extract substantial amounts of CH,O or its polymerc

forms.

5. The solvent should be easily separable from SVF.

A. Suitability of Various Solvents to Extract SVE

Several non-polar solvents have been evaluated for their ability to extract SVF
and HFIP from HF. The partitions of SVF and of HFIP in solvent/HF system were

measured by mixing a small amount of either SVF or HFIP with a two-layer mixture
of equal volumes of a particular solvent and HF at 25°C. After enough mixing to
reach equilibrium, the fraction of on ginal compound found in the solvent was
determined by Gas Chromatography (GC) and quantified using standards. The data

are given in Table 1.
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Table 1. Partition Coefficients of SVF and HFIP in solvent/HF system

Compound 1,2,3- Krytox® Perfluoro-
trichloropropane methyldecalin
—SvE | 100 | o045 | 030 | 032 | 02

s Mixture of tetrachlorohexafluorobutanes, commercially available as HC-0.8 oil from

Halocarbon Products Corporation
b 1-1 mixture of DuPont Krytox GLP 100 and K6

As Table 1 demonstrates, a large variety of solvents are capable of extracting

SVF from HF. Of these solvents it appears that the HC-0.8 oil is superior. On the
other hand, none of the solvents studied extracted any significant amounts of HFIP
f-om HF. From these data would appear that CFC solvents would also be good
candidates for extraction. Hence, chlorofluorocarbons, chlorohydrocarbons,
perfluorohydrocarbons, perfluoroethers, hydrocarbons and other solvents

satisfying the requirements mentioned above are expected to be suitable for

shifting the equilibrum.
B. General Coqditions

While the order of addition of reactants is not critical, the reaction was conducted
by adding HFIP to the mixture of anhydrous HF, formaldehyde and HC-0.8 under
agitation. SVP and other products (see below) were extracted by the solvent. The

layers were separated and more HC-0.8 oil was added and the reaction was

continued until no further progress was seen.

10
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The reaction temperature is not critical, but the reaction time and yields w

substantially improved above 50°C. Preferably, the reaction temperature should

be maintained 60-70°C. To achieve high conversion, both HF and CH,0 should

be present in excess of HFIP. Preferably, 50-100 % molar excess of CH,O, and

up to 1000 molar excess HF were used.

The amount of solvent to be used for extraction is not important because it could

be easily recycled after distilling SVF. In batch reactions the frequency of

extractions is an important factor to efficiently shift the equilibrium and shorten

reaction time. Ideally, the process should be conducted under continuous

extraction conditions.

As indicated previously according to U. S. Patent 4,469,898, the yields of SVF

are improved by adding excess sulfuric acid or other additives to sequester the

water produced 1n the fluoromethylation of HFIP. HF 1s known to function as a

water sequestering agent. Accordingly, the teaching of U.S. Patent 4,469,898 1s to

employ additional water sequestering agents. It has been found that in the context

of the present invention such use of additional water sequestering agents 1s

unnecessary, and the extraction process can advantageously be carried out in the

absence of a water sequestering agent other than the HF starting matenal.

C. Recovery of Byproducts

In addition to four major byproducts (A-D) extracted with SVF from the

11
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reaction mixture by HC-0.8, there was also small amount of formaldehyde

methyl[2,2,2-trifluoro-1-(trifluoromethyl)ethyl] acetal (compound E) found after

distillation.

(CF,),CH-O-CH,-O-CH,E

In a typical example, the composition of products in HC-0.8 1s 1% D, 63 %
SVF, 1 % HFIP, 8 % B, 15 % A, and 11 % C. A small amount of HFIP was removed

from the extract by washing with water. Distillation of the HC-0.8 extract gives 50-57

% isolated yield of SVF.

Compound A can be reintroduced to the reaction mixture (see Example 8) and
become the source of more SVFE. Acetal C does not survive the distillation of the HC-
0.8 extract, reverting to SVF and formaldehyde (see Example 7). Ethers D, E and
polyethers of the generalized formula described above would also be expected to
revert to their starting materials under reaction conditions. Thus, all the significant
byproducts formed by the reaction of HFIP with HF and CH,O0, as well as solvent and

unreacted HFIP could be recycled making the new process environmentally and

commercially more attractive than existing processes.

The invention will now be described in greater detail with reference to the

following, non-limiting examples:

Example 1.

12
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Preparation of SVF by reaction/distillation of HFIP/HF/CH,O at atmospheric

pressure.

TM ) « -
In a 0.3 L Monel reactor, equipped with a 4’x 17 distillation column, a

pressure gauge, thermocouple, gas outlet, liquid inlet and stirring bar, trioxane (15.0

g, 0.50 mol as CH,0, 67% excess) was placed. The reactor was cooled to 30 °C,
evacuated, and loaded with anhydrous HF (175 g, 8.75 mol) and HFIP (56.0 g, 0.333
mol). The mixture was warmed and distillation was begun at atmospheric pressure.
One hundred and five grams of matenal was collected at b.p. 19-20°C. More HF (139
g) was added, and the distillation was continued to give a second cut (157 g) with b.p.

19°C. Another portion of HF (157 g) was introduced, and distillation was continued

to generate a third cut at 19°C. The combined distillates were analyzed by mixing a

sample with water, separating the organic layer and analyzing by GC. Atotalof 37.4 g

(0.187 mol) of SVF was isolated with the purity > 99%. A pot sample was put Into

water, neutralized with potassium hydroxide solution, and analyzed by GC-MS with

external standards showing 21.1 g (0.126 mol) of starting HFIP. Thus, the conversion

was 62%, and the yield of SVF was 92%.

Example 2.

Preparation of SVF by reaction/distillation of HFIP/HF/CH,O at the elevated pressures.

The reactions were started as described 1n Ex ample 1, but distillations were

conducted at the elevated pressures (see Table 2). The distillates and the pot contents

13
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were analyzed as described above to determine amounts of unreacted HFIP remaining

and SVF made.

Table 2. Reaction under Pressure

F %o %o
HF, HFIP, | CH,0, Vapor Press
E P EEEE | |
°C

A Purity of SVF after separating with water was 99.5+ %

B 394 acetal C was also found in the pot

C HFIP-trioxane mixture was added to HF refluxing at 20 psig

Example 3.

Preparation of SVF by reaction/distillation of HFIP/HF/CH,O at lean CH,0

levels.

In a manner similar to Example 1, trioxane (9.0 g, 0.3 mol as CH,0), HFIP

(169.7 g, 1.01 mol, 237% excess HFIP), and HF (362.4 g, 18.12 mol) were loaded 1n a

1.0 L pot. The mixture was distilled at 18-20 psig pressure. SVF with greater than
99.5 % purity, was obtained from samples washed with water. Concurrently, pot

samples (~10 g) were washed with water, extracted with a mixture of

14
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tetrachlorohexafluorobutanes, Halocarbon 0.8 o1l, (2 x 2ml), and the extracts were
analyzed by GC to monitor the reaction progress (see Table 3. After ~6 h of
reaction/distillation, water was added to the pot, the pot contents were neutralized
with potassium hydroxide solution and distilled at atmospheric pressure to recover
unreacted HFIP. Two fractions were collected with b.p. 58-60°C (99% HFIP) and 67-

98°C (39% HFIP) having a total 0£ 99.6 g (0.593 mol) HFIP. Conversion of HFIP was

found to be 29%, and the yield of SVF 79%.

Table 3 Pot Analyses during Distillation of SVF

Product Wt.% 1in HC-0.8 extract

Breaking the HF/SVF azeotrope (63:37) by cooling to —63°C

Starting mixture, weight 1558 ¢g

HF/SVF ratio ‘ | 63:37

Upon cooling to —63°C the volume of lower layer was about 20-25 ml. The

layers were separated, weighed and each was mixed with ice water. The SVF

separated from the ice water from each of the layers was collected and weighed.
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Lower layer, weight 304 ¢g
Ice-water 140.1 g
SVF separated 27.1g
HF/SVF in lower layer 11:89
Upper layer, weight 125.1 g
Ice-water 3779 g
SVF separated 30.1 g
HF/SVF in upper layer 76:24
Total SVF from both layers, g 572 ¢
SVF recovery, % 57.2/155.8x0.37= 99 .

As can be seen the HF/SVF ratio is considerably richer in SVF in the lower
layer of the cooled mixture than it is at ambient temperatures. This enriched mixture

is readily separated into pure SVF and the HF/SVF azeotrope by distiilation.

Example 5.

Separating HF/SVF by varying the composition on the azeotrope using

different pressures for distillation.

Table 4 lists the azeotrope boiling points and compositions of SVF and HF

found by distillation at various pressures. The azeotrope obtained at 65 psia contains

16
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45% SVF. A mixture of this composition can be distilled at 15 psia to obtain an

azeotrope containing 20% SVF as the lower boiling component and pure SVF as the

higher boiling component.

Table 4 SVF/HF Binary Azeotrope Composition

Temperature, °C SVF |
— | | Molfraction | Weight%

25 | 0042 30
— 50 1 0063 37

— 64 | es | 0076 45

Example 6.

Preparation of SVF by fluoromethylation of HFIP with subsequent extraction with

HC-0.8 o1l.

A 0.3 L Monel reactor equipped with pressure gauge, thermocouple, gas outlet,

liquid inlet and stirring bar was used. Trioxane (10.9 g, 0.12 mol) was placed in
the reactor, which was closed, cooled to —30 °C, evacuated, and loaded with

anhydrous HF (36.6 g, 1.83 mol). The mixture was heated under agitation using a

magnetic stirrer to 31°C, whereupon a 10 psig pressure developed. HFIP (30.3 g,

0.18 mol) was added from a bomb pressurized by N,. The reactor was heated at
60-65°C and 16-33 psig for 6 hours. A sample (7.93 g) was put into 1ce-water

(49.7 g), and the organic layer (1.56 g) was separated and analyzed by GC. The

organic mixture consisted of 5 % E, 10 % HFIP, 55 % SVF and combined 30 % of

vndd

17
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compounds A-C. The amount of SVF 1n the sample (0.9 g) accounted for 23 % ot

total SVF possible.

After taking the sample, HC-0.8 (98 g, 57 ml) was added to the pot, and agitation

was continued for 1h at 60-62 °C and 38-40 psig (some N, was present in system).

Ninety-five g of HC-0.8 extract was taken out, and was shown to contain 8 %
SVF. Another portion of HC-0.8 (70 g) was added, and the oil layer was removed
after about 1hour. The SVF content in the second extract was 5 %. Reaction was
continued with multiple HC-0.8 extractions until essentially no further SVF was

extracted. The combined extracts, collected in 28 hours, totaled 391 g with a SVF

content of 4.5 %, or 18.3 g, 0.092 mol. The product composition 1n the extract

was: 2 % D, 60 % SVF, 3 % HFIP, 4 % B, 15 % C, and 13 % A.

Following the extractions, the remainder (31 g) was poured into ice water. The
aqueous layer was found to be 280 g. Ten g of this solution was neutralized with
ammonium hydroxide to give 13.3 g of new solution, which was analyzed by GC-
MS to determine the HFIP concentration. It was found to be 0.51 %, with the total

amount of HFIP in aqueous and HC-0.8 extract of 3.0 g, or 0.01 8 mol. Thus, the
conversion of HFIP was 90 %, and the direct SVF yield was 57 %, not counting

the amounts available from the byproducts.

Example 7.

Preparation of SVF by fluoromethylation of HFIP with HC-0.8 present from the

start.

18
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In a 0.3 L Monel reactor, equipped with pressure gauge, thermocouple, gas outlet,

liquid inlet and stirring bar, trioxane (32.4 g, 0.36 mol, or 1.08 mol CH,0) was

placed. The reactor was closed, cooled to -30 °C, evacuated, and loaded with

anhydrous HF (125 g, 6.25 mol). The mixture was heated to 56°C under agitation
using a magnetic stirrer, upon which 29 psig pressure was developed. HFIP (89.3
g, 0.532 mol) was added from a bomb pressurized by N, followed by HC-0.8 (70

g 40.5 ml). The reaction was run at 60-65 °C and 50-60 psig pressure.

After about 1h, 60 g of the HC-0.8 extract was taken out. It was found to contain

10 % SVF. Another portion of HC-0.8 (71 g) was added, and the reaction was

continued removing several portions of the oil and approximately replacing those
portions at 60-65 °C until essentially no SVF was found in the extract. The

combined extracts weighed 1228 g and had a SVF content of 3.7%. The
composition of all the products was: 1% D, 1 % HFIP, 63 % SVF, 8 % B, 11 % C,

and 15 % A.

Distillation of 1,123 g of HC-0.8 extract after washing with NH,OH and drying

over SiO, afforded: 42.8 g of product with b.p. 58-59 °C, consisted of 99.7 % SVF
and traces of B and E; 18.6 g in the second cut, with b.p. 70-130 °C, consisted of 9
% SVF, 29 % B, 58 % HC-0.8, and a trace of E. While taking the second cut
there was deposition of white crystalline product (polymer of CH,0) in the
condenser. No C was found in the distilled material or in the pot. The total

amount of SVF based on the original HC-0.8 solution was 48.7 g, or 0.243 mol.

19
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The amount of unreacted HFIP was 8.4 g, or 0.05 mol that accounted for 91 %
conversion and 50 % yield of SVF, based on consumed HFIP but not taking into

account the SVF recoverable from the byproducts.

Example 8.

Preparation of SVF by reaction of A with HF.

To a 0.3 L Monel reactor equipped with a pressure gauge, thermocouple, gas

outlet, hquid 1nlet and stirnng bar, A (20.6 g, 0.054 mol) was added. The reactor

was closed, cooled to — 30 °C, evacuated, and loaded with anhydrous HF (25 g,

1.25 mol) and HC-0.8 (44 g), and the reaction mixture was heated to 60-70 °C.
After 1.5 h an HC-0.8 extract (28 g) was taken out, and the reaction was continued
under multiple extraction conditions, as described in Example 7. A total 284 g of
HC-0.8 extract was collected with a SVF content of 3.9 % that accounted for 11.1
g, or 0.055 mol of matenial. Based on the content of A 1n the HC-.08 solution (0.3

%), the conversion was found to be 96 %, and the yield of SVF 53 %.
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CLAIMS:

1. A process for preparing fluoromethyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl ether
(sevoflurane) comprising reacting a mixture comprising 1,1,1,3,3,3-hexatluoro-2-propanol
(HFIP), formaldehyde and hydrogen fluoride in the presence of or with the subsequent

addition of a solvent for selectively extracting sevotlurane.

2. A process according to claim 1 for preparing fluoromethyl 2,2,2-trifluoro-1-
(trifluoromethyl)ethyl ether (sevoflurane) comprising reacting a mixture comprising
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), formaldehyde and hydrogen fluoride in the
presence of or with the subsequent addition of a non-aqueous solvent for selectively

extracting sevoflurane.

3. A process for preparing fluoromethyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl ether
(sevoflurane) comprising reacting a mixture comprising 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP), formaldehyde and hydrogen fluoride in the absence of a dehydrating, protonating

or fluoride ion generating agent, but in the presence of or with the subsequent addition of a

solvent for selectively extracting sevoflurane.

4, A process for preparing fluoromethyl 2,2 2-trifluoro-1-(trifluoromethyl)ethyl ether
(sevoflurane) comprising reacting a mixture comprising 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP), formaldehyde and hydrogen fluoride in the presence of or with the subsequent
addition of a solvent for selectively extracting sevoflurane, said solvent being a
chlorofluorocarbon, chlorohydrocarbon, perfluorohydrocarbon, perfluoroether, or

hydrocarbon.

5. The process according to claim 4, wherein the solvent for selectively extracting

sevoflurane 1s HC-0.8 oi1l.

6. The process according to claim 5, which comprises:

(a) reacting HFIP with formaldehyde and hydrogen fluoride in the presence ot
or with the subsequent addition of HC-0.8 oil to yield an HC-0.8 o1l solution comprising
sevoflurance, bis{[2,2,2-trifluoro-1-(trifluoromethyl)ethoxy]methyl } ether, formaldehyde
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di[2,2,2-trifluoro-1-(trifluoromethyl) ethyl] acetal, formaldehyde methyl[2,2,2-trifluoro-1-
(trifluoromethyl)ethyl] acetal and formaldehyde fluoromethyl[2,2,2-trifluoro-1-
(trifluoromethyl) ethyl] acetal;

(b) separating sevotlurane from said HC-0.8 oil solution by distillation to yield

sevoflurance and residual HC-0.8 oil solution; and

(¢) recycling said residual HC-0.8 oil solution to the process.

7. The process according to claim 6, which further comprises preparing sevoflurane
by reacting said bis {[2,2,2-trifluoro-1-(trifluoromethyl)ethoxy]methyl} ether with
hydrogen fluoride in the presence of or with the addition of a solvent for selectively

extracting sevoflurane.

8. The process according to claim 7, wherein the solvent for selectively extracting
sevotlurane is a chlorofluorocarbon, chlorohydrocarbon, perfluorohydrocarbon,

perfluoroether, or hydrocarbon.

9. The process according to claim 8, wherein the solvent for selectively extracting

sevoflurane 1s HC-0.8 oil.

10.  The process according to claim 6, which further comprises preparing sevoflurane
by reacting said formaldehyde di[2,2,2-trifluoro-1-(trifluoromethyl)ethyl] acetal, and said
tformaldehyde fluoromethyl[2,2,2-trifluoromethyl)ethyl] acetal with hydrogen fluoride and

formaldehyde in the presence or with the addition of a solvent for selectively extracting

sevoflurane.

I1.  The process according to claim 10, wherein the solvent for selectively extracting
sevoflurane 1s a chlorofluorocarbon, chlorohydrocarbon, perfluorohydrocarbon,

pertluoroether, or hydrocarbon.

2. The process according to claim 11, wherein the solvent for selectively extracting

sevoflurane 1s HC-0.8 oil.
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13.  The process according to claim 4, wherein said mixture comprises one or more

polyethers of the general formula R{O(CH;0)nR», where nis 1 or 2 and R, and R; are
independently selected from the group consisting of hydrogen, alkyl groups, and haloalkyl

groups, but both R and R; are not hydrogen in the same formula.

14. A process for separating tluoromethyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl ether
(sevoflurane) from a mixture comprising sevoflurane, 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP), and hydrogen fluoride, said process comprising:

(a) providing a mixture comprising sevoflurane, HFIP and hydrogen fluoride;

and

(b) extracting with a solvent for selectively extracting sevoflurane.
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