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PURI FI CATI ON OF FLUORI NATED DI METHYL ETHERS BACKGROUND OF
THE | NVENTI ON This invention relates in general to fluorinated
di nret hyl ethers, and specifically to bi s(di fl uoronet hyl) et her

(CHF[ err] O0CHF[\¢6 bédoazg'i ch have utility has CFC al ternativesperhRbédsssyl arly
for use as refrigerants, bl ow ng agents etc.

Bi s(difl uoromet hyl ) et hepghtaré P I SRR oy
di met hyl ether followed by Isolation an uor | natlon 0
bi s(di chl oronet hyl )ether. The BACKSROWMDI OF THECENVEFDIGed in a conpl ex
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to distillation, fr&miswineentionxelates:maenared: horflrorinated dimgthy
Moreover, chloronethyl nethyl eth b chl orp hyl ) et her
oroduced byt hieEPEESer | ofBdand sassm?w%n%g'eﬁé Zomethy S eHbes
th th di fl t | b ;
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desired difluoronethyl-nethyl-ether is synthesized in a batch reaction in
a fixed ratio mhtlnrenétbynprqﬂudmethylretewerormblwedatby vigdlation and
continuously refluxing the unreacted f However, not only does this
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ethers, some of which were unstable, e.g. to distillation, £rom

gipignat i on of

»U

which bis{dichloromethyl)ether was separated. Moreover,
chloromethyl methyl ether and bis(chloromethyl)ether are
produced by this reaction, and are carcinogens.

Another approach to the synthesis of methyl difluoromethyl
ether is disclosed by Hine and Porter in Methylene derivatives

published in the Jourmal of the American Chemical Society 79,

5493-6 (1957). This article describes a reaction mechanism
wherein the desired difluoromethyl-methyl-ether is synthesized
in a batch reaction in a fixed ratio with the by-product
trimethyl -orthoformate, while continuously refluxing the
unreacted feed. However, not only does this reaction produce
large amounts of trimethylorthoformate, but also the product
itself breaks down to trimethylorthoformate, resulting in less
than advantageous yields of the desired difluoromethyl methyl

ethexr.
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U.S. Patent No. 5,185,474, the disclosure of which is hereby incorporated
by reference, discloses avoiding the production of such carcinogens and
unst abl e conpounds by using nethyl difluoronethyl ether as a starting
material. The di-fl uoronet hyl ether is chlorinated to

reaction mxture 1 ncluding at |east one conpound of the fornula
Crlerr]HOCH err] [ g gl Cphgbhl  n8NCTLi1R52 478, Lend, a2bcBosutfe ol Yllch A
then be fluorinated, or any one of the chlorination conmpounds first

separ at ed fromhehebyi xinterpoigteapabpt etefddemtel, Nadidtloses abloi8¥Ag, the
unreacted starting material (difluoronethyl nethyl ether) and a by-product
(chl or of | uor onﬂFﬁ%ﬁSFiPEr%Guicﬁ carelinegens aad ypstajile compounds by using

N By St N A
view of the pr Q.%E B¥'ﬁm8{:hfrfeé{:h29! li{égcm%tteg tt{?tgfadu e a reaction
thyl') et her, the

bi s(difl uorone or possibly In view o nconf1rnme ormat | on

of an azeotropg@xture IMEludiRigPaENTEast Une EBAPOunA 'oFPEhé#S8mid ©F,HOCH,

bi s(di fl uoronet hyl) et her can deleteriously ef fect its perfofmance
as a refrigejan;, whedeinexanpiel, 2)Mbeovrr, Thbl efigituyer ocdfet BRER ive a
known car ci nogen. Accordingly, it is therefore an object of the

present invenfivarinapedyioe auyi éhnedobi thei thlorimattivn )aimpmunds f£irdt
Is an further object of the present invention tO provide a process

for the prodBEPpERtedsfroy the gdxtyre apds peRprnkalyy flusripated.

However, unreacted starting material (difluoromethyl
methyl ether) and a by-product {(chlorofluoromethane) forﬁled in
the preparation of bis(difluoromethyl)ether, remain as
impurities in the product after distillation. They cannot be
completely removed during distillation in view of the proximity
of their boiling points to that of bis{difluoromethyl)ether,
or possibly in view of the unconfirmed formation of an
" azeotrope. The ©presence of these impurities in
bis (difluoromethyl)ether <can deleteriously effect its
performance as a refrigerant, for example.  Moreover,
chlorofluoro-methane is a known carcinogen.

Accordingly, it is therefore an object of the present
invention to provide purified bis(difluocromethyl)ether.

It is an further object of the present invention to
provide a process ‘for the production of purified

bis(difluoromethyl) ether.
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-SUMVARY OF THE | NVENTI ON The problens of the prior art have been
-overcome by the present invention, which provides a process for the
purification of bis(difluoronmethyl)ether. Mre specifically, the process
‘of the presegipgspddsgnti on includes exposing bis (difluorgsshidvshszet her
to nol ecular sieves in order to reduce or conpletely renove inpurities.
Mol ecul ar sieves or zeolites BADOARYN OFSTRE DR rqReparati on or
purification of both gaseous and I|qU|d feedstocks Whet her a nol ecul e
will be adsorbed tShen grohlems of thecpyionphrtuhave shear ¢verasme by the

predictabl e. Adsorption, depends not oply on size and shape of the
apertures in tPESESN e dRVEREIOD .| aVFVEhtoPFW‘;?%e ﬁndPrQFi&ﬁ@ 0F°Fhethe

ol ecul o' to boPSRTARELoH 7F BAPIRLRERonTarsteah HPb BRI Wie
Sieve cation dtﬁé”ﬂ}‘bﬁedéaﬁgasa%‘% %ﬂér ggréé'lﬂxé NG rRfel ?.% I 1htPubd$ Cldrgoding ¢

on the moleculé to or bed. Inventors o e present invention
have di scoverpils (it iafdniithyd)) @eheRl e bdectil ¥ & eV Y6 ardesf £6 Hedure N
removing inpurities frombis (difluoronethyl) ether. In a further
enbodi nent, t her mospdetelyy canove iowpuxitdesy Mm]::écmﬂear wdevesfar zeolites
preferentlal ly inhibiting the formation of CF[err] %err}a in th
formation of DRV dPeeBoMSRS: iRy Ehecpeparation oXxpssisicahion of both

bi's(difluorome hé/l &l herrxdt 91t hedn%eeglsjtl:géks | evﬁﬁether a molecule will be

N
P

adsorbed by a particular size of molecular sieve is not
predictable. Adsorption depends not only on size and shape of
the apertures in the sieve crystal relative to the size and
shape of the molecule, but also on other properties such as the
polarity of the molecule to be adsorbed, the existence of a
permanent dipole moment, the sieve cation distribution énd
charge and the effect of its electric field on the molecule to
be adsorbed. The inventors of the present invention have
discovered that ce;tain size molecular sieves are very
effective in removing impurities frombis (difluoromethyl)ether.

In a further embodiment, the present invention optiomnally
includes means for preferentially inhibiting the formation of
CF,HOCCl, in the formation of bis(difluoromethyl)ether prior to

exposing the bis (difluoromethyl)ether to the molecular sieves.

The methyl difluoromethyl ether which is regarded as the
starting material for producing bis(difluoromethyl)ether is a

known compound which may be prepared in the manner reported by



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The met hyl difl uoronethyl ether
which is regarded as the starting material for producing

bi s(di fluoronethyl)ether is a known conpound which may be prepared in the
manner reported by 3 WO 96/ 39370
PCT/ US96/ 08221 wdea8aygnd Porter in their aforenentioned arti cpeepnpispbizghed
in the Journal of the Anerican Chem cal Society. Specifically,

di f1 uoronet hyl mhdydnetlmanerainehpiedutedetynttanid eirtiicles pdblished in
met hoxi de (Nacve) with chI or od| f 1 uor omet hane ( CF[ err] HC ), which reaction
may be repr esen‘@ urmall QLc the American Chemics foedYlaley [W&ca}ly

ol ut 1 on of | SO AHHERREEY en%%v&ue‘ém%h%‘%’e'%ﬁfm %%ﬁ%ﬁ%ﬁaﬁ‘e’e&é S y
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CF[err]HO and ‘ﬁﬁb t @igf t n operation.
The starting ether IpG\CIZ:I'-IeE"[%zeltrgrE?ﬁ efr,gn}é éséobnrﬁ%dﬂth%gb%?%%gr ed by first

reacting NaOH with CHerr]OH, in effect maki ng CH err] ONa, and then
reacting it with CF[err|CiGHCL HoWEl,0Na wat ef-+-5--a>s CRHEOMHJ+ NaCl he

NaOH CH err] OH reacti on. The effect water has on the subsequent
reaction to formCHF[err]OCH err]. is tQ reduce the yield o
CHF[ er r ] OCR[ er §xietly, A5} iAoy RS FOTMARG Pﬁaeisﬁhe% eBolukiep ¢ ot

produce  bi s( d'éclcﬁ?;%’ HEEQXQ.&& Lla Buﬂb?:mge’lﬁar e%ﬁfgggdfél&grlome\'&ane slowly

into the reaction mixture to obtain the methyldifluoromethyl
ether as a residue in the reaction mixture. Some product is
entrained with unreacted CF,HCl and can be separated from it in
a distillation operation. .

The starting ether, CHF,0CH;, also might be prepared by
first reacting NaOH with CH,0OH, in effect making CH,ONa, and
then reacting it with CF,HCl. However, water is also formed in
the NaOHICﬁ,OH reaction. The effect water has on the
subsequent reaction to form CHF,0CH; is to reduce the yield of
CHF,OCH, .

The chlorination and fluorination steps used to produce

bis (difluoromethyl)ether can be represented as follows:

2
CHF,OCH; --=-=~===~ > CPF,HOCH,;,Cl, + zHC1 (wherein z = 1, 2, or 3)

CPF,HOCH,,C1, --=-cmomn-=- > CF,HOCH,,C1,F,

{wherein z = 1, 2, or 3
y=1, 2, or 3
Yy < 2z}



Zdferr] CHF[err]OCH err] --------- > CFlerr]HOCH err] C [err] + zHO
(wherein z =1, 2, or 3) F

-CF[err]HOCH err]d[err] ----------- > CF[err]HOCH err]Cl [err] F[err]

(wherein z =1, 2, or 3 y
=1 2 or3 PCT/¥sdsRbAl  2)
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t he above reaction schene can be 1nhibited or even elim nated upon the
addi tion of anceaggion Iheme, cancber dhhjibated ¢ dven \ebipintingtieds apoaatheson
medium in accordance with U S. Patent No. 5,278,342 the disclosure of
whi ch is heremdditsiomp@fatan pyygerf gpunce. prefeyably hairi nhebthenyapps

t hr@e chl-orinati on roducts equal ly, ,the addition of oxygen surprisingly
pref or ent i al | PRARR LPEACEIRR { BRSHIT O 18( R9GOEPRRAEONID: 19 :S anFabegte oS-

Source not. del eterd oy el N REGAGH G Qe oSty SUTRONAUSERULY Do

used, incl udi Ay ‘oxygen- cont al'ni ng compoun berate oxygen In

The oxygen shopdgbiéndd.eSeRhthel AHhaOuRhiRid e | ¥e f ehrbbe dRYri®drion

inhibition. In the case of air, preferably the air is added in an anount
from about 1. prodwdmeit dgualiyqf tthe t daditgen flo¥w. oyerem sleddpadsinglpe
art wll recognize that where pure oxygen is used, the anmounts will be
about 1/5 thatpusferentiafiyf tnhibits Hdieo fpgwation afe GFHOCEed Any OFygen
reaction nmediumfor as long _as the chlorine gas is flown I't, has

been found t h&AOWN%s eRPF od§IiAtricns b’éosﬁhteabpmﬁf%apgd the desired
compounds could be used, including oxygen-containing compounds

which liberate oxygen in situ. The oxygen should be present
in an amount effective for the desired inhibition. In the case
of air, preferably the air is added in an amount from about 1.5
to about 5.5% of the total gas flow. Those skilled in the art
will recognize that where pure oxygen is used, the amounts will
be about 1/5 that of air. Preferably the oxygen source is
added to the reaction medium for as long as the chlorine gas
is flowing.

It has been found that CHF,0CH, may be suitably chlorinated
by liquefying the CHF,0CH; and reacting it with chlorine gas
while drradiating with a source of visible 1light.
Aiternatively, one may use other light sources such as
ultraviolet 1light or heat, a catalyst or a free radical
initiator to aid in the reaction. The chlorination products
of CHF,OCH; can be readily separated prior to fluorination or
the reaction mixture can be fluorinated without separation to
give an admixture of CF,HOCCL,F, CF,HOCF,Cl, CF,HOCHF,

CF,HOCFHC1, CF,HOCF,H. All separations may be effected by

5



by liquefying the CHF[err]OCH err] and reacting it with chlorine gas while
irradiating with a source of visible light. Alternatively, one may
use other light sources such as wultraviolet light or heat, a catalyst or a
free radical initiator to aid in the reaction. The chlorination products

of CHF[err] r9rgé ggn be readily separated prior to fluori perhogssgsiz t he
reaction m xtu ®'%e fluorinated without separation to give an

adm xture 5 gg_uigtm,g:[ err]HOCF[err]Cl, CF[err]HOCH err]F,
CF[err] HOCFHO , CHerr] HOCF[ err] H Al'l separations may be effected by
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fractional distillation. @Ere,ferred met hod of chI r| nating.the, &
CHF[ er r] OCH[ er rfaintaia mmcmp e IHFR e VRPOEHRIASE R ﬁBr%ﬁha 1L g
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preferred fluor dB{:ﬁert:F@aéﬂldH hidk afhch A4t c@ﬁaxysuiuhbatsor
reacted with an rous gen fluoride (HF), which reaction may be

represented as éoti:@avacadical init@akewr hkpQsk [weed insdidad of light in the
CF[err] HOCFCl [err] + CF[err] HOCF[err]d + 3HC Al ternatively, the
HF may be dil utemmrinamnomnr-eon-sol vent, preferably a dipolar aprotic

poLvent such as methy) nire L done, |0 Lrder! 8. LedNs s raeal Bk A0 04
reaction product is reacted with anhydrous hydrogen fluoride

{2F), which reaction may be represented as follows:

2CF,HOCCL, + 3HF ----- > CRHOCFCl, + CFHOCF,Cl + 3HC1

Alternatively, the HF may be diluted with an organic
solvent, preferably a dipolar aprotic solvent such as methyl
pyrrolidone, in order to reduce fragmentation of the
fluorinated material, resulting in higher yields of desired
product with less by-product generation. Other sources of
fluorine for the fluorination step include metal fluorides that
can form salts of the HF,° anion, such as KHF,, NaHF,, LiHF,,
NHHF,, etc., and pyridine salts of HF and NaF and KF in
suitable solvents.

The resultant fluorinated products may be separated by
distillation or by the process as taught in U.S. Patent
4,025,567 or U.S. Patent 3,887,439, the disclosures of which

are incorporated herein by reference.
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-l ess by-product generation. O her sources of fluorine for the
.fluorination step include netal fluorides that can formsalts of the
HF[err]e anion, such as KHF[err], NaHF[err], LiHFerr], NH err]HF[ err],
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The resultant fluorinated products nay be separated by distillation or by
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6 WPE6/ a5eey distillation}, molecular sieves thatpchavegodhread 1

I der t ' h i . . ¢ ’
i st | ati on EERarabafaFocabbE S A, HreteraBiyofe, ool 240 ¢ 250°c
200-*400] er r] Car@r gkgaab! ﬁeé@i@qsme%@f&@rﬁ&c 25R181¢d1C aRBechfiCfan g%i-&g

times are not critical, and can range from about 3 hours to abou

hours. Preferabbitt Be houketoaaboupunDetioupser Bregevablyhthe siéves varen

I f vacuumtreating is not used, the nolecul ar sieves should be heated to
t enper at ur es pampefcuhdehar vactunf while 20140 6aem. | G f sragaumStreabingsigve
sizes include 3, 4, 5 and 10[err] far renoving_ dif] uoronethyl nethyl

et her. RenpvaPRobfugeflotde Uelemilan sdeves pheuld becheated Ho-bemperafuresss

RGP J L W R

sieves can be;£ophaet 99 15 tfa | fBX Bor removing difluoromethyl methyl
ether. Removal of chlorofluoromethane is more selective; gsieve
sizes less than 4A were not effective. Preferably sieve sizes
of 4 or 54 are used to remove chlorofluoromethane, most

preferably 4A.
The molecular sieves can be contacted with the impure
bis (difluoromethyl)ether either in a continuous process, i.e.,
- undexr constant flow, or in a static system. In the continuous
process, the weight ratio of bis(difluoromethyl)ether to
molecular sieves can range from about 0.04 to about 0;6,
preferably 0.07 to 0.33. In the static system, the weight of
bis (difluoromethyl)ether should exceed that of the sieves. A
suitable ratio is from about 1 to about 7, preferably from 1.8

to- 4.8.

The molecular sieves can be contacted with bis{difluoro-
methyl)ether at ambient temperature. Higher temperatures (ex.,
. up to 100°C) are operative and can increase the rate at which
equilibrium is established between adsorption and desorption,
but the amount of material adsorbed decreases with increases

in temperature. Unless adsorption is very high and there is



bis (difluoronmethyl) ether either in a continuous process, i.e., under
constant flow, or in a static system In the continuous process, the

wei ght ratio of bis(difluoronethyl)ether to nolecular sieves can range
fromabout 0.04 to about 0.6, preferably 0.07 to 0.33. In the static
System the wej 70 Dis (difluoronethyl) ether should exceqeniddgbs®f the
sieves. A suitable ratiois fromabout 1 to about 7, preferably from1.8

to 4.8. TBtnd0laidnBhgéi eMES BN da neant Bgt eghpiid h detabdlikhiene- of
met hyl) ether at anbient tenperature. H gher tenperatures (ex., up to

100[ err] C) ar e espuirldiiniamang highemtesperature rahcnld nohirormaddyt Pebrsedn i s
est abl i shed between adsorpti on and desorﬁtﬂi an, bg& t he anpunt of _nateri al
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advantage to b inb%é hii st abp] g%)é “gglya LWRbkUYedsBbRNghout
t emperat ure shg‘)ﬁgl ot Iﬁ)érdgﬁg%glgé usie’!‘('i‘.éﬁ ovxd/eﬁggt melfg?l%r es ?ex., o
0-20[err] O ar erl3®»qQpabab ygéfébagﬁﬁ%utquc,advant age to the use of
sub-anbi ent tenperatures in view of higher adsorption. Preferred

t enperatures are fr @rsalitable ZoritHow thifie imrthepcohtimbdys ghmres@bier £5@n
A suitable contact time in the continuous process is from about 2 to about

6 mnutes. SARAY 2 cbAt aPPUE| fe Minutes. stIitablescontastaddge Fmothe
but can be as hi as 15 hours. T inventitcl){ngwi | | 1@0 be

h t
further illust HPYSERE 48, 3PHENS i {gzxgncan be as high as ours.

EXAVPLE 1 The present invention will now be further illustrated by

the following examples.

EXAMPLE 1

a) Preparation of CF,HOCH,

A 25 wt % solution. of sodium methoxide in methanol
{(1533.1g) containing 7.1 moles of sodium methoxide was placed
in a 4 liter jacketed autoclave fitted with a temj_:erature
sensor, a pressure gauge and a dipleg. The vessel was cooled
to 0 to 5°C and chlorodifluoromethane (318.2g, 3.70 moles)
added over a period of 2.5 hours with agitation. When the
addition of gas had been completed, the autoclave was slowly
warmed to about 60°C while venting gaseous products through the
water-cooled condenser into a collection trap cooled to about
-70°C.

When all volatile material had been collected unreacted
CHF,Cl was removed at -20°C and the remaining CF,HOCH,
transferred to a metal cylinder. The recovered difluoromethyl

methyl ether (150.0g, 1.83 moles) represented a yield of 49.4%



a) Preparation of CF[err] HOCH err] A 25 w %solution of sodium

et hoxi de in nethanol (1533.1g) containing 7.1 noles of sodi um net hoxi de
was placed in a 4 liter jacketed autoclave fitted with a tenperature
sensor, a pressure gauge and a di pleg. The vessel was cooled to O to
S[err] C and clpkpsgudafol uor onet hane (318.2g, 3.70 noles) addegepiygdsngaRiier i od
of 2.5 hours wth agitation. Wien the addition of gas had been conpl eted,
t he autocl ave based| omd gF,H@arLmed to about 60C while venting gaseous
products through the water-cooled condenser into a collection trap cool ed
to about -70[err] @) Chloximationl ofoCEHAGH, mat eri al had been coll ected
unreacted CHF[err]d_was rempved at -20[err] C and the renaining
CFlerr]HOCH err]  t¥BiR¥ing apd €HHACH:dn a GAsepns phasy anecpassedthrough

difIt'Jororreth I nethyl ether (150.0 1,83 les) represented a vyield of
49 4% y smﬁ%}/%ggqﬁgenéers cgdled to ”8"0 2.:md ghen the gasy streams

PCT/ |JS96/ 0822 r C|:% - )er iNati of . .

CF[ er r] HOCH[ erl‘r:i ﬁaﬁ %gi{hdegéan Cﬁ.%rort] %&%‘lé%ﬁd]%ﬁagga’éséo‘{ﬁa‘}}ﬁa’fé
are passed threigh viepplat aighedenseny. Coohseht arfkeldel G dLhlge S:h%%as
streans conbine and pass into one arm of a U shaped reactor, |rra8| ate
with visible |jatketted dnd cddded wivth watéhe reactor are jacketed and
cooled with water. . There is an outlet at the bottomof the Uto
which is attached Thexediftaroputkat oat f the kbokt@evaf - typecUcondwhieh is

cooled to -50[err Is attached to_the qutlet of the second armof the
U-tube and, i na'i‘tfl%‘# {2 [ REGe CO24erhion, £Lask; ( A Dewaxt tymey Fansensiaract

unreacted chl gddfedtd 28obROL SHLUME t8 the cutlet of the second arm of

the U-tube and, in turn, it is connected in series with a cold

trap to collect unreacted chlorine and an NaOH scrubber to
remove Hcl. The reaction is normally carried out at
atmospheric pressure, but higher or lower pressure can be used.
Temperature should not be allowed to rise much above 50°C in
the reactor to avoid attack on the glass:

In practice, the apparatus is flushed with nitrogen and
then chlorine and CHF,0CH, are fed to the reactor at rates such
that the ratio of the flow of chlorine to that of the ether is
maintained at about 2.5:1 for optimum results, i.e., yield of
CF,HOCHCl,. - A predominant amount of any one of the three
products can be obtained by changing the ratio of the gas
flows.

After the passage of 2.3 moles of chlorine and 0.9 moles
of CHF,0CH;, 136.6g of product were recovered. GC analysis of
the product mixture showed CF,HOCH,Cl1 10.0%, CF,HOCHCl, 62.4%,
and CF,HOCCl, 22.2%.



remove Hcl. The reaction is normally carried out at atnospheric
pressure, but higher or |ower pressure can be used. Tenperature should not
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stai nl ess steel agybprdeforad hdars COMHRI dy) ih@BrPRAS Eher Oebinited HMFBLEHS aHF
(30.0g). The cylinder was closed with a valve and pressure gauge and then
was pl aced i n aNaQEeschidber and6edratile fprodichs kelledted ihi adarap\asoliedn
vented through a NaCH scrubber and volatile products collected in a trap

cool ed at -70[8Frt®@°The The grrighit mfomreduct cooepvered dirathdhe sFyapayas

cor ospondi ng {96091 ol d BF oSBSPURH B AV hEpttA By "W Skdnysts,
corresponding to a yield of 83.8% of CF,HOCF,H.

When conducted on a larger scale (e.g., 5 gallons), almost

quantitative yields of CFHOCF,H (based on CF,HOCHCl,) were

obtained.

EXAMPLE 2

The chlorination apparatus consisted of two vertical
lengths of jacketed glass tubing, 4 feet long by 2 inches I.D.,
connected at the lower ends in a U-tube fashion 'by a short
length of unjacketed 2 inch I.D. tubing. A dra:fn tube led from
the lowest point of the U-tube arrangement so that product
could_ be collected as it f_ormed and removed continuously from
the appafatus or alternatively allowed to accumulate in a
receiver. Three 150 watt incandescent flood lamps were
arranged along the length of each tube.

The gasés were fed int;,o the upper end of one arm of the
U-tube arrangement. Flow rates were measured by calibrated
mass flowmeters. A low temperature condenser on ﬁhe outlet of

the second arm of the U-tube returned unreacted E-152a and

10



"When conducted on a larger scale (e.g., 5 gallons), alnpst quantitative
-yields of CF[err]HOCF[err]H (based on CFerr] HOCHCl [err]) were obtai ned.
"EXAMPLE 2 The chlorination apparatus consisted of two vertical

| engt hs of jacketed glass tubing, 4 feet long by 2 inches I.D., connetted
‘at the | ower ewslesrdonrea U-t ube fashion by a short |ength of mrofaisemszal 2
inch 1.D. tubing. A drain tube led from the | owest point of the U tube
arrangement SOchiigki e Ol Gihe GQUhithiRErE@! +eAL OIS dre I OBFRE g EiTERiL
continuously from the apparatus or alternatively allowed to accunulate in
a receiver. pyhpeedddd awd tainceagesl ehirchighogdhkarpadenser mitarmedatadong
the Il ength of each tube. The gases were fed into the upper end of one
arm of the U sebebbex arkpireethe Biydwoganeshheridensas rxanayedsal i br at ed
mass’fl oweters. A | ow tenperature _condenser on the outlet of the second
armof the U-tube rAdtTiFedeflededipnel|sal yager, cooled to 0 to 5°C was
10 VO, 96/%937

PCT/ Us96/ 082215 ERIbFTHE T qued (1%L FPRALRY JRSReTH L e RPAFaGER -
chloride by-produc n?‘g-a?irc as3Rd Loguan Jthﬁdegﬂﬂéféﬁiﬁé erooatEQ’aéfé is

scrubber where the hy n chl oride was renoved. m xture o
met hanol and waifdul&ed echidudh tthed @otlingCHaekkekedthar SLGHd t 1mpH OGhe )
j ackets of the apparatus. In a typical run, coolant at a tenperature

of 0 to 5[err]hrrned oin andatiey fbe @igcadhdnctbei oy jteriperacurbccétdanksennps
were Chlorine was introduced into the apparatus first, followed by
difluoromethyl ether and air in the desired ratios. Product
was removed at intervals from the receiver and washed with
saturated NaHCO; solution to remove HCl. Since the reaction
was continuous, it could proceed for any 1length of time
desired. At the end of the reaction, gas flows were stopped
and product allowed to drain from the vertical reactor tubes
into the xeceiver.
The results are tabulated in Table 1 below. Examples 6-
29-1 to 6-29-7 show the distribution of products normally
obtained without the addition of air to the gas stream.
Examples 7-7-3 through 7-8-6 show the effect of the addition

of air in diminishing amounts.

TABLE I
. Alr

——FlowRates _  Produst Produst Disuoution in T Aiz in

G EBEiS21 Air Weiglt Meono Di- To- Moles Mole Ratioc  Gas Flow  Chlorine

Run No. {mls/min) Ll (%) (%) (R} Chr  Elia CvE-lan (%) (%)
6i%1 00 25 - 8.4 40 425, 36 00203 00111 L85 - —
3 629-2 500 L S 9.6 &2 428 304 0203 0014 178 - —_
§6-29-5 s10 20— .4 5 385 37 Q027 cO110 1.88 - -
529-7 5o w0 — 7.1 3.2 433 312 4003 ool 1.78 - -
793 870 380 &7 5.3 350 329 13 00353 00184 29 54 17
Figans 830 M0 &5 963 363 70 15 04348 Q.m0 193 L1 7.6
313 900 05 6 1193 485 424 51 00385 00168 273 4.9 70
T 900 05 &0 1160 543 198 43 00165 0016 m a5 &7
P-7-3 930 ws &£ 1Ls 2% 362 33 00378 00 .30 4.5 &7
782 1430 0 35 1986 450 431 72 00s81 Doz 38 i g 38
2.3-3 1350 70 4 2024 423 465 50 00751 00308 146 21 29
g X W 2200 1030 S1 2130 33.6 %69 7.7 0.0893 00418 258 t.a 23
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turned on and dry ice placed in the | ow tenperature condenser. Chlorine
was i ntroduced into the apparatus first, followed by difluoronethyl ether
and air in the desired ratios. Product was renoved at intervals fromthe
recei ver and washed with saturated NaHCO err] solution to renove HO .
Si nce the reacwossmsesms continuous, it could proceed for any perpsdsos®:ti ne
desired. At the end of the reaction, gas flows were stopped and product
allowed to drain fromthe vertical reacEXAMBHES into the receiver.
The results are tabulated_in Table 1 bel ow., Exanples 6- 29-1 to 6-29-7
show t he distributi dhSgMRseRE chdoninated difdyozrnetbyl Etber TheEuerii(RPEN
of air to the gas. st -7-3 .t %-8-6 s f f
{’?%i%@i fg%hﬁgcém l\f%ss _*Hl%‘é%% 8D sl iefl’ 21hsR

the addition o °‘%ﬁ‘?

TABLE 1 . \ . . ir
fitted wi an inlet tube for nitrogen as carri éﬁ an
FI ow Rat es Pr odtuct Pr o‘aﬁct Di stri bution g I N el%t%? Alr

in Cl i YdtE-chind Qleakiify’ té Heoddd poPyethyiene Miak cMpltaiRahio
Gas Fl ow Chl orine (M s/ mn) (gme) (99 (W (99 Cferr
E[err] C[err]/Naoib2felat{én (%), SoPPowed5BY a Wi3ring tubed.dnd &. Grap
42.5 33.6 0.0203 0.0111 1.83 - - 6-29-2 500 250 - 95. 6
8.2 42.5 30.epoked 208 Dry) Irey/MeOH. 78 - - 6-29-6 510 270 -
81.4 22.5 38.5 33.7 0.020 0.0110 _1..88 - -, 6- 29- 500
280 - 79.1 23, A0 exgegs 9%.?‘1‘1(91’02’(93113!5698&&451‘?”7@5 was ‘added tosthes
870 380 67 6,9 9 2. Q3! 29 _ 5
7-7 850 fzf?"”%é‘at&ég%ﬁ%%. gnd §§9o ?“’gqﬁ’é’e o&b‘%%ﬁ ‘6‘%‘17‘5 ugggérie |
7.6 7-7-5_ Q0405 Giaatl 4hsd notBapplidd, 4the Stempdrita refadhbdg at23
4.8 7.0 7-7-7 900 405 60 116.0°7°54.3 39.8 4.5 0.0365 0.0163
2.33 4.6 6.7 about 20C.I93Mord) hydrdgeilflbori@e Swas Hidded td heOmiXtlre
0.0164 2.30 4.6 6.7 7-8-2 1430 600 55 198.. 6 43.0 45, 2 7.2
0.0581 0.0244s mesded untilgall ¢he- grgagldo maggpialbhad(peacte). 3 The
46.5 5.0 0.0751 0.0305 2.46 1 2.9 7-8-6 200 1030 51 313.0
33.6 56.9 Meighy @ate(f16‘31§°%%?‘19?d £xpm Fhe cold trap {3 § &h7o
PCT/ US96/ 08221 : Eééyﬁ 3 :ﬁﬂa@:’l o]
chl orinated difl uor &rﬁﬁ%ﬁmet%%rt%exfﬁfgvfﬁgg) coﬁ?‘éi ﬁ?n&%ﬁ _ &_ to
CF[ err] HOCO [ erddns s ol 8468% icw,B00PcY ot AW iRNA brasds Ydsehiesn Wi cajodai, et
tube for nitrogen as carrier gas an

content of the chlorinated mixture. A small amount of

CF,HOCFCl, was also present.

EXAMPLE 4
Molecular sieves (114g) were heated to about 250°C and

pumped under +vacuum for five hours then placed in a
polyethylene tube (17’ x %#"). Impure bis(difluoromethyl)ether
prepared as detailed above was then passed through the tube at
ambient temperature, and the resulting purified material was
collected in a cold trap. The collected material was then
transferred to a cylinder for gas chromatograph analysis. The

data are shown in Table 2.

12



outl et tube |eading to. a second pol yethylene flask containing NaCH
solution (10%, followed by a drying tube and a trap cooled in Dry

l.ce/ MeOH. An excess of anhydrous hydrogen fluoride was added to the
¢chlorinated ether and the mxture stirred wth a magnetic stirrer. Heat
was not appl i e odrdvgrot enperature remai ni ng at about 20[ er r ] pcTABSsIS221
hydrogen fluoride was added to the m xture as needed until all the organic
materi al had reacted. The weight of natEABLE 2ollected fromthe cold trap
was 9. 5g. Anal ysis of the recovered product by GC showed it to
consist of 84.3% CF[err]HOCF[err]Cl [err], a yield of 78% based on the

Chlerr] OCO [err] gRpd entwg_foft he §vpr| nat eﬂnz{ﬂ&‘stﬁgf&e A sr@&hy

CF[err]HOCFCI[err] %
Mol ecul ar si eves (J(&ziq) vve;oq jeat
vacuum for five hours then [ placed Tn a po y
| mpure bi s (difluodefret hyl8.0et.her0.0pgepar edogts detadd ed above) vvas 2700

passed through the Bube al3.0anbi ed08B enper 300r e, amed t he reswting 5700i fi ed

material was collegted i#0-& col d0.0B3p. TEEOOol | 82¢kd materi®l wa#300en
transferred to a cy§| nderlg gr gas9-8R% omat o?@%oh aﬁ 5| S. Th%0 dat #38e

h Table 2. 3 0.097 39370
shown in Table 3 38.0 0.092 3 20 0 0548
PCT/US96/ 08221 3 359 o022 BLEZSS oo

The data show that difluoromethyl methyl ether can be
readily removed in the fixed bed process. The increases in
CH,FC1 after treatment with molecular sieves is due to
inaccuracies in the analytical procedure at the parts per

million level.

EXAMPLE 5

Molecular sieves, ranging in size from 34 to 104, were
heated for about 20 hours to about 250°C prior to their being
used. A weighed amount of a particular size molecular sieve
was then placed in a cylinder which was then fitted with a
valve and evacuated. A measured amount of
bis (difluoromethyl)ether was then added to the cylinder which
was then allowed to stand for several allows at ambient
temperature. The bis(difluoromethyl)ether was then transferred
to another cylinder for GC analysis. The data are shown in

Table 3.
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Pore W. of Fl ow Anal ysis Before Anal ysis After Size
.CF[err]HOCF[err]H Rate Cerr]HOCH err] CH err] Fd CF[err] HOCH err]

CH err] Fd ([err]) (g) (g/min) (g/mn) (ppm _(ppm (ppm
‘(ppm 4-5 . 038 3000 2700 0 2700 3
15. 0 0. 083 2700 - 0 5700 3 Risoenais 083
3000 - 2700 W°9"389‘b 4800 3 10.0 0. 083 2’%t')'oo 2700
90 4800 3 35.0 0. 097 e 3 400 0 0

3 38. 0 0. 092 3000 2700 0 3700 3 35.0

0. 083 3000 2700 0 5000 The data show t hat

di fluoronet hyl nBoisyl Bieher carfibe CeRANCRE r eAnsigss Befotshe fi xAdalpsiviAfter
process. The i n§l¢éase§reh¢ﬂted.‘,l-l[ @W] FCI V&{tter CHpRGt ﬁfzhﬂCtHs r@ﬁ@bl 5}F°H0CH'

sieves i s due t-eifdp -1 o = ciniila SR o £19:793 P ar
mllion | evel. I\/blecula_r Si eve rang "n fro err
10[err], were hedted f3P about hou z-’to o 250 1C p ‘p{’gl r
being used. A vveﬁghed %ﬁ"bunt oi part; gul ar 3 | ar %50
then placed in a gyl indeggs whi chidigs thg itté& Ive‘ 20
evacuat ed. 5 A sur edi oarmu 6 ofy |s(d dodor orreg@yl )et heg

was then added t aothe cwbi nder ydipch wag t hemoad | ovved~000 st angod or gp@r al
al l ows at anbi enfl0 tenpeeat ure. 10be bi g7,0di f| ugownet hyl ) et her 9@@&as t hen0
transferred to another cylinder for GC anal ysi s. The data are shovvn in
;?;?} 8586/ 08221 These data show that in a mté% system, %%e ecular
sieves have to be heated and pumped before use in order for
adsorption to be most effective. Difluoromethyl methyl ether
was removed completely by all of the different size molecular
sieves tested, provided they were preheated and pumped.
Chlorofluoromethane content was reduced substantially, to as

low as 40 ppm by the 4A sieve.
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Pore Sieves Sieve CF[err] HOCF[err]H “Analysis Before Anal ysis After

Srcc T T 1

Tppm (ppm  (ppm ppm) * 8 L WMOs = 5.0 24. 2 2000 16000
2000 2000 15.0 27.0 2200 4400 2 so6ra220

4 no W@W”'yzl 3 2000 16000 2000 3000 i'?i s

10.0  17.4 1488 45 ciZ0@ed is: 40 20 5 yes 10.0  25.6
2700 16000 606 0. 10 no 15.2°  27.6 2000 3000

1300 2200 10 1. yeprocesslfbid)thePurificHiidn of bis{@ifiuctfethyl) o
These data show that in a static system the nolecul ar si eves have to be
heat ed and punptiebef FemMPEising wmmmrsmédmsﬁﬁnﬂupmtwether to

effeetive. D fluoroneth et her s renoved co eI by all o
The di {1 ont SPAESHE BhipiLaY iame raoting' TPobore £ aBhnEia.feq

and purrped °f%h05h or onet hane content was reduced substantlal ly, to as
| ow ds 40 ppm Perr] si eve.
14

PCT/ USO6/ 082\2/\? 96/ 39370rne process of claim 1 further compr:Ls:Lng heating said
molecular sieves to about 250°C prior to said contact with
bis (difluoromethyl)ether. |

3. The process of claim 1 further comprising i:umping sald
molecular sieves under vacuum prior to said contact with bis-
(difluoromethyl)ether.

4. The process of claim 1, wherein said molecular sieves
have an average pore size of 4A.

5. The process of claim 1, wherein said molecular sieves
are contacted  with a continuous flow of said
bis{difluoromethyl)ether.

6. A process for the preparation of fluorinated dimethyl
ethers of the formula CF,HOCCL,F/H,,, wherein x is 0, 1 or 2
and y is 1, 2 or 3 and wherein the total of x + y is 1, 2, or
3, said process comprising:

chlorinating CHF,0CH, by reacting said CHF,0CH; with
chlorine in the presence of oxygen to form a chlorinated
admixture containing at least one compound of the formula
CF,HOCH, Cl,, wherein z is 1 or 2;

fluorinating said at least one compound of the formula
CF,HOCH,,Cl, with a fluorine source selected from the group
consisting of hydrogen fluoride, anhydrous hydrogen fluoride,

metal salts of HF,®, NaF in the presence of a solvent, KF in

15



VWhat is clained is: 1. ‘he purification of bis
(di fluoronethyl) - ether, cqmgi{ﬂﬂmmﬂ\m Said bi s(dif I oronet hyl ) et her
to contact nol ecul ar sieves ng 1m pore size fromabout 3 to about
10[err]. 2. The process of claim1 further conprising heating said
ol ecul ar  si evegp bgaeggout 250[err] C prior to said contact w tperbiesnsz

(di fl uoronethyl) ether. 3. The process of claim1 further conprising
punpi ng said nehecprésente€Ves aNE6Iverit LU HRP Pyaridities #adteobiEa®F, Wihh thies-
(di fl uoronethyl)ether. 4. The process of claim1l1, wherein said

mol ecul ar si evedbsepge &f adercaj@lyste t9zoObSAiN] o3 fluorinated appdxture
process of claiml1, wherein said nolecular sieves _are cont act ed i th

a continuous CORfRIPIngat Jeagt e  comaquRd,Rf hFPymuia o CFHOCH F\Chyyi o
process for the_preparation of fluorinated dimethyl ethers of the fornula
CF[err]HOCCI[er?'?[err]H[err], wherein x is 0, 1 or 2 andy is 1, 2 or 3
and wherein the tot ah,Ofekinky Yei 9 i 0 I $& NG

w ;hn*si AS tesdltifg ﬁro%?}r‘lz By %%EFaEE 3 ?E #ith

chlorinating CHF[err] OCH err y reacting sald err| err

chlorine in themplesslar sievias temging’ @hNparehkdié nie amsilt WAt about
containing at |east one conpound of the formula CFlerr]HOCH err]d[err],

wherein z is 1 8Pd2; fluorinating said at |east one conpound of the
formula CF[err] HOCH;err Cllerr] with a fluorine source selected fromthe
group consisting of hy&:l"GgBﬁoFP%rﬁjé‘,la&NWdr%h?deG@Eﬁlﬂ%r’i%PltﬂfESal

salts of HF[er r'l:he'\?&rd\a%ito%&r%%@cﬂt a solvent, KF in

8. The process of claim 6, wherein said molecular sieves

are contacted with a continuous flow of said resulting product.

le
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-presence of a solvent, and pyridine salts of HF, in the absence of RiMp
icatal yst to obtain a fluorinated adm xture containing at |east_gne copf
.conpound of fornula CFlerr]HOCH err]Flerr]d [err]; and S

B n por e

‘resul ting produ cont act Aokec “ﬂ; sheves \ WPl

si ze from about wr] to ab{gut &ﬂi m&mmwu Ige process— cl aim 6,

g ur tT Eer c Qﬁmmﬁgmn hphutmmz m&m TRE pﬁ'ftﬁ-r tbtiﬁﬁ&ﬁonrﬂazmr @CcT)
e rnm Ci cect A'A O
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