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PROCESS FOR THE PRODUCTION OF TRIALKYLSILYL
(FLUOROSULFONYL)DIFLUOROACETATE~ '

BACKGROUND OF THE INVENTION
Field of the Inventron

This mventlon relates to a process for the productlon of tnalkylsﬂyl
‘b(ﬂuorosulfonyl)dlﬂuoroacetate by contacting (ﬂuorosulfonyl)dlﬂuoroacetyl
ﬂuorlde W|th siloxanes, preferably in the absence of carboxylate anron

, srlylatron catalyst: Thls invention further relates to reducing the amount of
(ﬂuorosuIfonyl)dlﬂuoroacetic acid i in the tnalkylsrlyl ' .
(ﬂuorosuIfonyl)dlﬂuoroacetate by contactmg with trralkylsrlyl hallde B
Description of Related Art i

' Tnalkylsnyl (ﬂuorosuIfonyl)dlﬂuoroacetate (FSOZCF2C028|R3,
'referred to herein as RSUTAS) i |s a precursor of dlfluorocarbene and’is -

: used for the cyclopropanation of olefins (see Dolbier, et al. in Journal of
Fluorine Chemlstry, Volume 125 pages 459 to 469 (2004)) ThIS
cyclopropanatron has value in the pharmaceutical and agncultural .

‘chemical industries as a mea.hs for preparihg commercially useful
compounds. .

| Tnmethylsrlyl (ﬂuorosulfonyl)d|ﬂuoroacetate (RSUTMS) was.
orrgmally prepared by the reaction of the silver salt of -
_(ﬂuorosuIfonyl)drﬂuoroacetrc acid with trimethylsilyl iodide (Terjeson et al
in J. Fluorlne Chem Volume 42, pages 187 to 200 (1989)).

 Tian et al. in Organic Letters, Volume 2, pages 563 to 564 (2000)

. descrlbe a procedure for preparation of RSUTMS lnvolvmg the reactron of
(ﬂuorosulfonyl)d|ﬂuoroacet|c acid (RSUA) with trimethylsilyl chloride.

' RSUTMS ‘manufacturing procedures based on RSUA are not preferred
because RSUA is derived from (ﬂuorosuIfonyl)dlﬂuoroacetyl fluoride

-(RSU). Thus, when RSU (acid fluoride) is hydrolyzed to make RSUA (the
acid), hydrogen fluoride (HF) is generated and must be disposed of.
Then, when RSUA is reacted. with trialkylsilyl halide (halotrialkylsilane), for
example the chloride, hydrogen chloride is generated. Thus, this process
generates stoichiometric quantities of HF and HCI. | |

-1 -
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Another problem with known methods for the production of ‘
RS'UTAS. is that the product is usually contaminated with
(fluorosulfonyl)difluoroacetic acid (FSO2CF2CO2H, RSUA) es'a by—produot
due to reaction of the RSU.. precursor and/or the trialkylsilyl ester product
with adventitious water. The presence of RSUA in RSUTAS is deleterious’
to subsequen.t'uses of' this _cOmpound asa cyctopropanation reagent. The
literature describes eddition of triethylamine to RSUTMS to remove RSUA.
Unfortunately, this procedure is difficult to control and can result in raprd
decomposrtlon of the entire sample : .

. - Farnham in U.S. Patent No. 5,268,511 teaches the preparatlon of
tnﬂuorovnnyl ethers by reactron of a siloxane with hexaﬂuoropropylene
oxrde-based carboxylic acrd fluorides or anhydndes, optionally in‘the . .

| presence of a carboxylate anion .'silylation.catalyst to provide usefut = :

) .rea'ction rates The resulting silyl ester intermediate is converted to the' :

. trlﬂuorovrnyl ether by heating in the presence of a thermolysis catalyst
However dlsclosure of Farnham is limited to carboxylic aC|d ﬂuondes as a .
startmg materlal Wthh contain the group —O(CzF4)COF or
~O(C2F4)-C(0)O(0)C(C2F4)O- and thus exclude RSU as a starting .-

: material. As discussed ~above RSUTAS decomposes toforma
drﬂuorocarbene radical and cannot form a vinyl ether. Moreover |f itis
attempted to produce RSUTAS employlng a process step as in Farnham

. i.e., reacting siloxane with RSU in the presence of carboxylate anion
srly_latron catalyst, RSUTAS is not produced in significant yield.

A process is needed to make RSUTAS which reduces or eliminates
the significant productlon of unwanted by-products such as HF. In

| addltlon it is deswable to reduce the RSUA by-product

BRIEF SUMMARY OF THE INVENTION
' In accordance With the invention, it has been discovered that
trialkylsilyl (fluorosulfonyl)difluoroacetate (RSUTAS) is produced by
.contacting (fluorosuifonyl) diﬂuoroacetyl fluoride (RSU) with siloxane. The .
' process' provides RSUTAS without the signiﬁcant production of unwanted .

by-products such as HF. In a preferred form of the invention, the process

is carried out in the absence of carboxylate anion silylation catalyst

2
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_Surprisingly, i in the absence of catalyst the process of the rnventlon .
provrdes good conversions and yields at good reaction rates:

. In accordance with another aspect of the mventron the amount of
(ﬂuorosulfonyl)d|ﬂuoroacetlc acrd (RSUA) byproduct in the RSUTAS .
‘,product is.reduced by contactrng the mrxture of RSUTAS and RSUA wrth a
trralkylsr!yl halrde This is advantageously carried out in one embodlment
of the mventlon concurrent!y with the reaction of RSU and srloxane or, in -
,another embodrment of the mventlon concurrently with or after the
drstrllatron step m whrch RSUTAS is recovered

- In one preferred embodiment of the invention, a process is provrded '
for the production of tnmethylsrlyl (ﬂuorosu!fonyl)dlﬂuoroacetate .
(RSUTMS) comprising: (a) contactrng (ﬂuorosulfonyl)dlﬂuoroacetyl
fluoride (RSU) with hexamethyldrslloxane (HMDS) to produce a mlxture
-compnsrng trimethylsilyl (ﬂuorosulfonyl)d|ﬂuoroacetate and
(ﬂuorosulfonyl)d|ﬂuoroacetrc acid; (b} distilling said mixture to form a
drstlllate comprising trrmethylsrlyl (ﬂuorosulfonyl)drﬂuoroacetate (RSUTMS)
and (ﬂuorosuIfonyl)drﬂuoroacetrc acid (RSUA); (c) contactrng said drstrllate '
with tnmethylsrlyl chloride to convert at least a portion of said
(ﬂuorosulfonyl)d|ﬂuoroacet|c acid (RSUA) therein to trrmethylsrlyl
(ﬂuorosuIfonyl)drﬂuoroacetate (RSUTMS) and (d) recoverrng trrmethylsrlyl
(ﬂuorosulfonyl)dlﬂuoroacetate (RSUTMS). ‘

' In another preferred embodiment the invention, a process rs
provrded for the production of trrmethyisrlyl (ﬂuorosuIfonyl)dlﬂuoroacetate
comprrsmg (a) contacting (ﬂuorosulfonyl)drﬂuoroacetyl fluoride with
hexamethyldrsrloxane to produce a mixture comprising trrmethylsrlyl
(ﬂuorosu!fonyl)drﬂuoroacetate and (ﬂuorosulfonyl)dlﬂuoroacetlc acrd (b)
drstrllrng sald mixture in the presence of trimethylsilyl chlorrde to form a
drstrllate comprlsrng trrmethylsrlyl (ﬂuorosulfonyl)d|ﬂuoroacetate and (c)
recoverrng tnmethylsrlyl (ﬂuorosulfonyl)drﬂuoroacetate

_ DETAILED DESCRIPTION OF T@NVENTIGN o

', The present invention provide’s a-process for the produ‘ction of
trralkylsrlyl (ﬂuorosulfonyl)dlﬂuoroacetate (RSUTAS), compnsmg
contactmg (ﬂuorosu!fonyl)drﬂuoroacetyl fluoride (RSU) with srloxane

-3
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Srloxanes used ln accordance with the present lnventlon are
_compounds contamlng the grouplng Si-O-8Si with each of the three free
bonds to smcon bound to a hydrocarbyl substltuted hydrocarbyl or
.oxysrlyl group By an oxysrlyl group is meant the O-Si group in WhICh the
free valences of the silicon can be bound to a hydrocarbyl or substltuted
‘hydrocarbyl group Slloxanes can contain either one sxloxane group, as ln'
‘hexamethyldlsrloxane can be cycllc compounds and contaln several ‘
siloxane groups, as in octamethylcyclotetrasﬂoxane or can contam many ‘

; srlcxane groups as in poly(dmethylsrloxane) Useful sﬂoxanes mclude
but are not llmlted to, hexamethyldrsrloxane hexaethyldlsrloxane
hexamethylcyclotnsrloxane octamethylcyclotetrasrloxane 1,3- dlethyl- :
-1,1,3,3- tetramethyldrsrloxane and poly(dtmethyls;loxane) Preferred .

, srloxanes are ‘compounds of the formula RsleSIRa, whereln each R is |
mdependently C1-Ca hydrocarbyl. More preferred srloxanes are
hexamethyldlsﬂoxane (HMDS) and hexaethyldlsrloxane (HEDS) Most
preferred is HMDS Reaction proceeds faster with HMDS, probably

'because of reduced steric hindrance compared to the larger ethyl group
on HEDS. ,

In accordance wrth a preferred form of the invention, contactlng of
‘RSU with srloxane is carried out in the absence of carboxylate-anion
silylation catalyst. By “absence of carboxylate anion silylation catalyst" is
meant that catalysts of the type described by Farnham in U.S. Patent No.
5 268 511 are not added. The catalysts of Farnham are descrlbed as.
sources of carboxylate anion, —O(CzF4)Coz , which can be a carboxylate
anron itself (added as a salt) or sources which |n the process can react
wnth acyl fluorides or carboxylrc anhydrides to form the carboxylate anion :
Imcludmg silanoates, fluoride, and carboxylates such as acetate and -
perﬂuorooctanoate Although Farnham does not disclose RSU, “absence
of carboxylate anion silylation catalyst” in this applrcatlon also means that '
: sources of carboxylate anions corresponding to RSU, e.g., salts of RSUA, '
are not added. Ifitis attempted to use the carboxylate anion catalysts as
in Farnham in the process of the invention, the product RSUTAS is not
formed in srgnn" icant yleld This is belleved to be due to reactlons of the
catalyst with the RSUTAS product. '



WO 2007/136541 PCT/US2007/011067

In accordance with a more preferred form of the.in\/ention, .
.contacting of RSU with siloxane is carried out in the absence of silylation
'catalyst By absence of silylation catalyst is meant that no material of ‘
treatment is added durrng the contactmg step that mcreases the reaction .

~ rate by reducing the activation energy of the sﬂylatron process It is
-understood that although surfaces that are unavmdably present i |n any
reaction vessel may have incidental catalytrc or anticatalytic effects on the
silylation process, it is believed such effect makes an msrgnrf icant
contribution, if any, to the silylation reactionrate More specifically, .
absence of srlylatron catalyst means absence of an added catalyst tnat is
known from other reactions to promote the s:lylatlon of an acid fluoride and
, formation of a silyl ester, including the carboxylate anion silylation
| catalysts discussed above. Surprisingly, without a catalyst as in preferred
forms of the invention, the process provides good conversions and yields.
. at good reaction rates.
The amount of siloxane contacted with RSU is preferab!y about 0 9
. to about 1.5 moles of Si-O-Si bond in the siloxane per mole of RSU.
Generally, the amount of siloxane contacted with RSU can be close to
equimolar. For example, in the case of one embodlment of the mventlon
employing the reaction of HMDS with RSU the preferred mole ratio is
about 1:1. Amounts of siloxane in excess of the stochiometric ratio may
be preferred if it is desired to totally consume all of the RSU. Amounts of
RSU in excess of the stoichiometric ratio may be preferred ifitis desired
- to totaliy consume all of the siloxane. In the latter embodiment of the
_present invention, the subsequent isolation of the silyl ester RSUTAS by
: drstlllatlon is simplified by the absence of siloxane when the suloxane hasa
borlmg poirit closer to that of RSUTAS than that of RSU.

Contactlng of RSU with siloxane can be done in the IIC]UId phase.
RSUTAS (the reaction product) can serve as a reaction solvent, as can an '
excess of one of the reactants, RSU or siloxane. However, it is preferred

E that the contacting of RSU with siloxane is carried out in the liquid phase'
in the absence of any other added solvent other than reactants or
products
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+ . Contacting of RSU with siloxane is preferably done at'a
temperature of from about 50°C to about 130°C, more preferably-from
about 90°C to about 120°C .The autogenous pressure of the reaction '
contents at the reactlon temperature is advantageously used to carry out
the reaction. Contact trmes are typrcally from about one hour to elghteen
hours It is surprrsmg that RSU is converted to RSUTAS so quickly and in -
‘such good conversmn and yield without the use of catalyst '

The reactor its feed lines, effluent llnes and assocrated units
should be constructed of matenals resrstant to carboxylic acrd ﬂuorldes :

- such as RSU, and to hydrogen fluoride. Typrcal materials.of construction
'mclude stalnless steels, in particular of the austenitic type the well- known
high nickel alloys such as Monel® nickel-copper alloys Hastelloy® mckel- :
based alloys and, lnconel® mckel-chromlum alloys and copper—clad steel

ln one embodiment of the present process reactants RSU and
siloxane are added to the reactor. The reactor is sealed and the contents

_are heated to the desired temperature for a time suffi crent to cause
substantial conversion of RSU to RSUTAS This mode of operatlon is
known as batch mode.

In another embodiment of the present process, the reactor is
charged with the siloxane, and RSU is added to the siloxane at the desired
‘reactlon temperature over a period of one to eighteen hours. ‘This mode of
operation i is known as semi-batch mode. ',

In another embodiment of the semi-batch mode, the reactor is
charged with RSU, and the siloxane is added to the RSU at the desired
reaction temperature over a period of one to eighteen hours. ‘

After a time suitable to convert the RSU to RSUTAS, the reaction
mixture is preferably cooled and RSUTAS can be recovered Preferably,
dlstrllatlon is used to recover RSUTAS. The distillation may be carned out

' mrtrally at atmospheric pressure to remove low-boiling reactlon
components such as excess RSU (if present) and ﬂuorosﬂane co- product
which typlcally is formed in the process, e.qg., fluorotrrmethylsrlane when
the siloxane is HMDS. The pressure of the distillation is then reduced to
dlstlll the RSUTAS. Preferred distillation pressures are in the range of1to
50 mm Hg (0.13 to 6.7 kPa). ltis preferred that the temperature of the

6
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dlstlllatlon pot not exceed about 160°C so as to avord thermal
‘decomposmon of the product RSUTAS. .

- The pnmary side reaction m ‘synthesis of RSUTAS is the hydrolysrs |
-'of RSU or of RSUTAS by adventltlous water. In the syntheSIs of RSUTMS
'(F8020F20028|(CH3)3) the acid contaminant is: - ’
'(fluorosulfonyl)drﬂuoroacetlc acid (FSOZCF,?COzH RSUA) ln another
aspect of the present invention, the: RSUA content of RSUTAS is reduced ‘
by contactmg with trialkylsilyi hallde In- one preferred form of the
,lnventlon the contactmg occurs concurrently with the contactlng of RSU x
with sﬂoxane In another form of the mventron the contactlng follows _
:contactmg of. RSU wrth srloxane in the same or dlfferent reaction vessel
In another preferred form of the invention, the contactlng of the mixture of |
,RSUTAS contalnlng RSUA with tnalkylsrlyl hallde occurs durmg, or after
the dlstlllatlon step . ' :

Inone possuble mode of operation of the present process the
product mixture compnsrng the RSUTAS RSUA, ﬂuorosrlane co-product,
la‘nd -any unreacted siloxane of RSU startlng material are distilled under _ .
\racuum The recovered RSUTAS and any RSUA by—product are then’ .
contacted wuth trialkylsilyl halide’ and the resulting mixture re-distilled under
vacuum, Specrﬁcally, in the preparatlon of RSUTMS by reactlon of HMDS '
with RSU, the product mixture comprises, RSUTMS, RSUA, '
ﬂuorotrimethylsi!.an'e, and any unreacted HMDS or RSU. The reaction - .
‘mixture is ‘distille‘d to remove unreacted RSU and fluorotrimethylsilane. co- '
product.‘ The remainder of the product comprising RSUTMS, RSUA, and -
any urireacted HMDS is then contacted with trimethyisily! halide. After a
time suﬁ'“ cient to reduce the concentratlon of RSUA, this mlxture is théen
_‘dlstllled to recover RSUTMS. ,

Ina preferred mode of operatlon ‘of the present process, the
product mixture comprising RSUTAS, RSUA, fluorosilane co-product and’
any unreacted siloxane or acid fluoride starting materials is contacted with -
trialkylsilyl helide ina ve.,ssel that mey be same or different than the _
reaction vessel. The resulting mixture is then distilled under vacuum to ..
recover the silyl ester. '
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The trialkylsilyl halides suitable for conVerting_RSUA'by'-prodL'rct to
the RSUTAS preferably compriee compounds of the formula R3SiX, '
whereln each R is mdependently C1-03 hydrocarbyl and X is a halide -
selected from the group consisting of chlorlne bromlne and iodine. When_
tnmethylsrlyl esters are being produced, the preferred trlalkylsrlyl hallde is

‘ tnmethylsrlyl chlonde When trrethylsrlyl esters are bemg produced the
preferred trialkylsilyl halide is triethyisilyl chloride. Some hydrogen hallde
is produced by these reactions but substantially all exits the reactlon '
mlxture as a gas.

-The amount of trralkylsrlyl hallde contacted with RSUA contalnlng
RSUTAS is preferably about 1 to about 5 moles of trralkylsrlyl halide per '~ .

~ mole of RSUA. Typically, an excess of the trialkylsilyl halide is employed. '
Contacting of a mixture comprising RSUTAS with RSUA with trialkylsilyl
.hahde is preferably carried out in the Ilqurd phase in the absence of added
solvent at a temperature of from about 25°C to about 140°C and at the
autogenous pressure of the mixture at the reactlon temperature. The

; mlxture comprtsrng the RSUTAS and RSUA is combined with trialkylsily! ‘
‘hahde and then brought to the preferred temperature. Alternatrvely, erther
component may be added to the other component over time in a
measured fashion at the reaction temperature. Excess unreacted

' tnalkylsnlyl halide may be recovered and reused

RSUTMS that is recovered by the preferred process of this
mventron employing contacting with tnalkylsrlyl halide is preferably

. substantlally free of RSUA. By substantlally free is meant RSUTAS

' contalnlng less than about 3 mole% RSUA, preferably Iess than about 1-
mole% RSUA.

As a typical example of the efficacy of this preferred form of the

' present process, the amount of RSUA in a mixture of RSUTAS and RSUA
can be reduced from about 9 mole% to about 1 mole% (see Example 1).

" One embodlment of the present invention thus provides a process
for the productlon of RSUTMS comprising: (a) contacting RSU with
hexamethyldisiloxane to produce a mixture comprising RSUTMS and .
RSUA; (b) distilling said mixture to form a distillate comprising RSUTMS



WO 2007/136541 PCT/US2007/011067

‘ and RSUA,; (c) contacting said distillate with trimethylsilyl chioride to.:
convert RSUA therein to RSUTMS, and (d) recovering RSUTMS. .

Another embodlment of the present mventlon thus provndes a
process for the production of RSUTMS, comprlsmg (a) contactlng RSU
with hexamethyldlsnloxane to produce a mixture compnsmg RSUTMS and
RSUA (b) dlstlllmg sald mixture in the presence of tnmethylsnlyl chlorlde to
form a dlstlllate compnsmg RSUTMS; and (c) recovenng RSUTMS

EXAMPLES
: In the examples the followmg abbrewatlons are used
'RSU (ﬂuorosulfonyl)dlﬂuoroacetyl fluoride, FSO.CF,C(O)F
RSUA (ﬂuorosulfonyl)dlﬂuoroacetlc acid, FSO,CF>CO-H -
'RSUTMS trimethylsilyl (ﬂuorosulfonyl)dlﬂuoroacetate
FSOzCFzCOzsl(CH3)3, reaction product. -
FTMS: Fiuorotrlmethylsﬂane reaction product.
HMDS Hexamethyldlsﬂoxane reactant.
CTMS Chlorotnmethylsr!ane reactant.

Example 1
Preparatlon of RSUTMS

_ A 600 ml autoclave is cooled in ice water, evacuated and charged
wnth hexamethyldrsrloxane (294 ml, 220 g, 1. 36 moles) and RSU (255.3 g, |
1 42 moles). The autoclave is then heated at 100°C for 18 hours; the -
pressure rises to a maximum of 100 psig (0.79 MPa). The reactlon .

,mrxture is cooled to room temperature and a black Ilqmd (4714 g)is
~removed from the autoclave.
The product above, and another prepared in substantially the same
manner, are combined in a 2L flask and distilled using a water-cooled
' condenser and a dry ice trap between the vacuum source and distillation
apparatus to trap co-product trimethylsilyl ﬂuonde Results of the
distillation are summarized in Table 1.
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: . _ Table 1.
“Fraction No. | Head Temp Pressure | Weight (9) -
' ' " Q) (mm Ha) ' .
Dry ice trap | B — . 254.3
1 2340 760 | 6.9
5 | . 2465 T 25 1576
3 - | 6567 "25 4884 .
Heel EE S 58

Fractions 2 and 3 are RSUTMS containing 8.4 mole %‘RSUA
Yield of RSUTMS is 86. 9% based on HMDS, the hmltmg reagent ‘which is,
substantlally all converted in the course of the reaction.
Reducing the Amount of RSUA in RSUTMS

A 500 m! three heck flask fitted with a condenser thermometer and |
add|t|on funnel is charged with 40.0 g of CTMS. The addition funnel, is
charged wnth 100.0 grams of RSUTMS (contammg about 9 mole% RSUA)

"'The flask contents are reﬂuxed and the RSUTMS is added over the course

of about 2.2 hours as the temperature of the flask contents is increased to
81.5°C. . After the addltlon of RSUTMS is complete, the flask is allowed to
cool with stirring for two hours. Analysis of the reaction mixture by °F
~ NMR mdrcated that the concentration of RSUA had decreased from about
9 mole % to about 1 mole %. | '
Example 2

. Preparation of RSUTMS :

In this Exarnple, trimethyisilyl chloride is included in the initial

charge to the reactor, fo reduce the RSUA in the product RSUTMS.

A 210 ml Hastelloy™ C shaker tube is charged with
hexamethyldisiloxane (28.3 g, 0.174 mole) and CTMS (2.8 g, 0.0258
‘mole) The tube sealed, cooled in dry ice, evacuated, and charged with
.RSU (33 ¢, 0. 183 mole). The tube is then heated at 105°C for 6 hours the

pressure rose toa maximum of 67 psig (0.56 MPa). The reaction mixture
- is cooled to room temperature and the yellow-brown liquid product -
transferred to a flask set for distillation. Analysis of the crude product by

.10
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H NMR shows that’ conversron is about 93% (based on the ||m|t|ng
reactant hexamethyldlsﬂoxane) Analysrs of the reactlon mlxture by 19F '
"NMR lndlcates that the concentratron of RSUA relative to RSUTMS is -
:about 8.6 mole %. Low-bonlng components (RSU and
| ﬂuorotnmethylsnane) are dlstllled at atmosphenc pressure up toa pot o
temperature of 103°C. The RSUTMS is then dlstnled at 34 mm Hg . 5
'kPa) fo. glve 34 6 grams (0.138 mol) of product contarmng about 2 mole % -
RSUA. This is an '84% yleld of distilled product in the six hour reaction .
“time. The lower RSUA content'as compared to- that found in Example 1.
before the CTMS treatment shows the effectiveness of the addltlon of -
trimethylsilyl chloride at the start of the reaction. ‘
' ‘ Example 3
4 Preparation of RSUTMS
A one liter autoclave is charged with hexamethyldlsnoxane (243 5
- g, 1 .50 moles) and then purged with mtrogen cooled, and evacuated
SU (286 g, 1. 59 moles) is. then added at 1 9°C The autoclave is then
heated to 100.6°C over the course of about one hour with 600 rpm -

agrtatlon; the pressure rises to a maxrmum of 69 psig (0.58 MPa). AT.hel

reaction is stirred at 100°C for six hours and then cooled to room.

temperature The crude product (521 g) is removed from the autoclave;

the concentration of RSUA relative to RSUTMS i is about 7 7 mole %. 'H
“NMR shows HMDS conversion to be about 97%.

The product is transferred to a 500mL flask fitted with a vacuum-
jacketed Vigreux column and a cold finger distillation head. -Volatile
components (RSU and ﬂuorotrlmethylsﬂane) are removed from the mrxture
by distillation at atmospheric pressure up to a pot temperature of 127 6°C..
The pot is allowed to cool to room temperature and then CTMS (41.7 g,
0.384 mole) is added to the pot. The flask is then heated at atmospheric
pressure to a maximum of 107.8°C as excess CTMS distilled overhead.

" The pressure in the distillation is then reduced and RSUTMS is recovered
The heart cut (320.6 g) contains about 3.3 mole% RSUA. Yield of
.'RSUTMS is 85% based on HMDS converted tn the six hour reaction time.
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Example 4
Preparation of RSUTMS ,
Followmg the procedure of Example 3, RSU (428 g, 2. 38 moles) is
contacted with HMDS (361.8, 2.25 moles) for 6 hr at 95°C. After -
dlscharge H NMR analysrs of the crude product indicates the presence of
.0.20 mole % HMDS, 48.1 mole % FTMS, and 51.7 mole % RSUTMS; the
conversion of HMDS is about 99.6%. '°F NMR analysrs of the-crude ~
_product indicates that the relative amount of RSUA to RSUTMS is’ about
3.0 mole% The crude products from this reaction and another carried out
in substantlally the same manner (but with a-reaction temperature of -
-'1 10°C) are combined (1 558 g total) and distilled at atmospherlc pressure
to remove low-boiling components. Chlorotnmethylsﬂane (126.04 g) is .
added to the distillation pot and the mixture stirred overnight and then _
distilled at a pressure of about 370 to 380 mbar (37 to 38 kPa) The -
‘ pressure of the distillation is then reduced to 33-36 mbar (3.3-3.6 kPa)
After a small fore-run (59 g) the product (1008 g; 87. 7% yreld based on’
"HMDS charged) is collected at head temperature of 59. 3 to 61. 3°C at a
pressure of 33 to 36 mbar (3.3 to 3.6 kPa). The RSUA content ofthe -
product is mole 1.4 mole%. ‘

12
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CLAIMS
What ls.c':laimed is:

1. A process for the productlon of trralkylsrlyl
(ﬂuorosulfonyl)drﬂuoroacetate compnsmg contactlng '
(ﬂuorosulfonyl)d|fluoroacetyl ﬂuorrde with. sﬂoxane

2. : The process of claim 1 wherein said contactlng rs carned out in the Q
absence of carboxylate anlon srlylatlon catalyst v )

3 '~‘ The process of clalm 1 wherem sald siloxane is at least one. .-
-compound selected from the group consrstlng of hexamethyldrsnoxane |
hexaethyldrsrloxane hexamethylcyclotnsrloxane ‘ T f
-octamethylcyclotetrasrloxane 1 3- dlethyl 1,1,3 3-tetramethyldrsrloxane and
poly(drmethylsrloxane) - '

4, The process of claim 1 wherem sard srloxane is at least one -
'compound selected from the group consrstlng of hexamethyldrsrloxane
and hexaethyldrsrloxane '

5. The process of clalm 1 wherein said srloxane is
.hexamethyldrsnoxane

6.A. . ' The process of claim 1 wherein the amount of said siloxane - ‘
contacted with. (ﬂuorosuIfonyl)dlﬂuoroacetyl fluoride is from about 0.90 to ’
about 1. 5 moles of siloxane per mole of (ﬂuorosulfonyl)drﬂuoroacetyl '
ﬂuonde

7.. The process of claim 1 wherein sard contactmg is'carried out in the
liquid phase with tnalkylsrlyl (ﬂuorosulfonyl)drﬂuoroacetate servmg as a
solvent.

8. . ~The process of claim 7 wherem sard contactlng is carrled out in. the
llqurd phase in the absence of added solvent. '

9. The process of claim 1 wherern sard contactrng is carrled out at a .
temperature of from about 50°C to about 130°C

13
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10. “The process of claim 1 wherein sald contacting produces a mixture
-of trialkylsilyi (ﬂuorosuIfonyl)dlﬂuoroacetate and '
(ﬂuorosulfonyl)dlﬂuoroacetlc acid. ‘

A1 : .The process of claim-10 further comprlsmg contactmg sald mlxture
of tnalkylsnlyl (ﬂuorosuIfonyl)dlﬂuoroacetate and. ]
~(ﬂuorosulfonyl)dlﬂuoroacetlc acid with trialkylsilyl halide, wherein said
halide is selected from the group consisting of. bromlne chlonne and :
|od|ne

: 1°2. : The process of claim 11 wherein said contactmg of said mixture of
.tnalkylsnlyl (fluorosulfonyl)difluoroacetate and (ﬂuorosuIfcnyl)dlﬂuoroacetlc

, ac1d wnth said tnalklysﬂyl halide is concurrent with said contactlng of sald

: (ﬂu.orosuIfonyl)dlﬂuoroacetyl fluoride with said siloxane.

13; - The process of claim 11 further comprising recovering said mlxture
of tnalkylsﬂyl (ﬂuorosulfonyl)dlﬂuoroacetate and
"(ﬂuorosulfonyl)dlﬂuoroacetlc amd by distillation.

1"4. The process of claim 13 wherein said contacting of said mixture of
'trlalkylsﬂyl (ﬂuorosulfonyl)d:ﬂuoroacetate and (ﬂuorosulfonyl)dlﬂuoroacetlc
amd wnth said tnalklysnyl halide is concurrent with or after said distillation..

15.  The process of claim 11 wherein said trialkylsilyl halide is
tnmethylsnlyl chloride.

16. The process of claim 11 wherein the amount of said trlmethylsuyl
halide.contacted with said mixture of trialkylsilyl ,
(ﬂuorosulfonyl)diﬂdoroacétate and (ﬂuorosuIfo'nyl)diﬂuoroacetic acid is
from about 1 to about 5 moles of trimethyisilyl halide per mole of
(ﬂuorosulfonyl)dlﬂuoroacetlc acid.

17. The procecs of claim 11 wherein the amount of said
(ﬂdorosuIfonyl)diﬂuorcacetic acid in said mixture of trialkylsilyl

: (f:lu.oro'suIfonyl)diﬂuoroacetaté and (ﬂuorosuIfonyl)diﬂuoroacetic acid
folloWing said contacting is less than about 3 mole percent. -

14
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.18. . A process for the production of tnmethyls:lyl
(ﬂuorosulfonyl)diﬂuoroacetate comprising: (a) contactlng
.(ﬂuorosulfonyl)diﬂuoroacetyl fluoride with hexamethyidlsﬂoxane fo produce,
a .mlxture comprising trimethylsilyl (ﬂuorosuIfonyl)diﬂuoroacetate and " |
(ﬂuordsulfonyl)diﬂuorbacetic acid; (b) distilling said mixturé toforma.
distillate comprlsmg trlmethylsnyl (ﬂuorosulfonyl)dlﬂuoroacetate and

,(ﬂuorosulfonyl)d|ﬂuoroacetic acid; (c) contacting said distillate with .
tnmethylsnlyl chionde under conditions sufficient to convert at Ieast a.
portion of said (ﬂuorosulfonyl)diﬂuoroacetic acid therein to trlmethylsﬂyl
(ﬂuorosulfonyl)dlﬂuoroacetate and (d) recovenng trimethyISIIyl
(ﬂuorosulfonyl)d|ﬂuoroacetate '

19. A process for the production of trimethylsilyl
(ﬂuorosulfonyl)d|ﬂuoroacetate comprising: (a) contactmg
(ﬂuorosulfonyl)d|ﬂuoroacetyl fluoride with hexamethyidisuoxane to produce.
a mlxture comprismg trimethylsily! (ﬂuorosulfonyl)diﬂuoroacetate and .
(ﬂuorosulfonyl)d|ﬂuoroacet|c acid; (b) dlstilling said mixture in the presence
~ of trimethylsilyl chloride to form a distillate comprising tnmethyls:lyi
(fluorosulfonyl)difluoroacetate; and (c) recovering trimethyisilyl |
(fluorosutfonyl)difluoroacetate. .

© 20. The progcess of claim 18 wherein said trimethylsilyl
(fluorosulfonyl)difluoroacetate is recovered substantially free of
(ﬂuoros‘uifonyl)diﬂuoroacetic acid. ‘

21.‘- The process of claim 19 wherein said trimethylsilyl
(ﬂuorosuIfonyl)diﬂuoroacetate is recovered substantially free of -
(ﬂuorosulfonyl)d|ﬂuoroacetic acid.
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