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Abstract A nethod for producing partially fluorinated epox2%@stobad2003
correspondi ol yerher honopol ynmers of these pol yfluorinated epoxides is
descri bedw%?%‘(%s scribed is a nethod for incorporating a fRGGUSEICBIGO

functional group into a polyner as a pgn@ant group. Certain perfluorinated
olefins are also describ | ' xi des and the

associ ated pol yners and %%ﬁgﬁﬁﬁﬁwggb{aﬁ@%%ﬁg useful conponents in
phot oresi sts, particul mﬂSpGlInLTIEiD RO{YMIBRE ANDRR@SESSESf or use at | ow

ul travi ol et wavel engths ( 3F§§§5§§E¥ﬁ§93 WO 00/ 66575

PCT/ US00/ 11746 TI TLE POL SSOCl ATED POLYMERS AND
PROCESSES  BAEieERoN® IoFemipE | NVENTION 5 1. Field of the Invention This
invention is in tr’ﬁ&mv&ﬁﬁnqé inRRé ﬁél'dllﬂrpbl}ﬂtu%ﬁn@tﬁ@éb&ﬁ&s%g lhaﬁééédes met hods
for produ0|n ﬁﬁﬁ ﬁg_ g&ﬁ%l cert%@n ch enkﬁ afactlons hese epoxi des
_under go, anl*md SBESARRPE1dgS e CPPRiAal Fracons Shsse gRexider/ or t hei r
‘derivatives uﬂxﬁsré’o abé sioniopierDandafol Reéra dedvell froakidse epoxiatyddduarthaint ed

epoxi des ar As an illustrative exanple,

1, 1- bi s%rl ?? uororrset hyl ) et hyl ene oxide is known and can be produced by
reactio Beecrinionied RelasastiAtexaf | uor oacet one: see Chang, |. S., Wllis,

C J., J. Various polyfluorinated epoxides are known. As an illustrative example,

1,1-bis(triftuoromethyl)ethylene oxide is known and can be produced by reaction
of diazomethane and hexafluoroacetone: see Chang, I. S., Willis, C. I., Can. J.
Chem. 1997, 55, 2465. While this production method can be done on a lab scale,

15 it does involve use of hazardous diazomethane and is not capable of being scaled
up for producing larger quantities. As a second illustrative example, the

compound 1llustrated below is also known.

CH;O)CF—C(CF
(CH; )\O/( 32

20
The production of this compound, again involving a hazardous reagent, has been
reported via oxidation of the corresponding olefin with ozone. See JP Patent
Publication 08333302 A2. Neither of the aforementioned production processes is
attractive for commercial production for the reasons presented above.

25 The preparation of perfluorinated or perhalogenated epoxides using
sodiurn hypochlorite or sodium hypobromide is known. See: Kolenko, I. P.,
Filaykova, T. L., Zapevalov, A. Yu., Lur’e, E. P. Izv. AN USSR. Ser. Khim. 1979
p- 2509; and Coe, P. L., Mott, A. W., Tatlow, I. C., J. Fluorine Chemistry, 1985,
V30, p. 297.

30 There is a need for a safe and efficient production method for producing

3

polyfluorinated epoxide compounds as well as safe efficient processes for
converting them into useful polymeric products.
SUMMARY OF THE INVENTION

In one embodiment, the invention is a method for producing a fluorinated

L
L

epoxide in high yield, said method comprising the step of reacting a fluorinated
ethylenically unsaturated compound having the structure: |



Chem 1997, 55, 2465. Wile this production nmethod can be ggne ﬁn a_lab
scale, 15 it does involve use of hazardous di azonet hane an 2@‘?ﬁ‘)abl e

of bei ng saabgeks7aup for producing |arger quantities. As a SFE’?RJ%GO/]]’I%

illustrative exanple, the conpogmt)i(ﬁjl)tug Rg(pe‘g bel ow i s al s0 kKnown
(CH30)CF (CF3)2 O 20 The production of thi's conpound, again involving a
hazar dous reagent, has been reported via oxidation of the correspondi ng
ol ef i n wi t hvothoneetabbepahBliRatadizingPgbht iodbd pres@@8 883pRasAZanMer ttalysiof t he

af orenent i O?ﬁf@hm@%‘aﬂﬂ%%?ﬁg@Qg‘ég%%et*ﬁ%ﬁ e for commerci al

productign e reasons presente ve. 25 The preparation of
perfluorinated or perhal ogenated epoxi des using sodium hypochlorite or

sodi um hypobroni de i s known. Seej; ﬁj’]k@ ., Filaykova, T. I.,
Zapeval ov, A. Yu., Lur'e, E P. equJ\ﬁgEAl\l ,thRSg@zer. Khim 1979, p. 25009;

and Coe, P. L., Mtt, A W, Tatlow, J.OC_, J. Fluorine Chem stry, 1985,
V30, p. 297. 30 There is a need for a safe and efficient production nethod
for producing polyfluorinated epoxide conpounds as well as safe efficient

processes f Qheres o t ' iR HITBRd ORP SVVARY  OF
THE | NVENTI m“ﬁ“’%ﬁ(?%#&%@ﬂ?re@fﬁltf’@%ﬁé“d?ﬁﬁ%ﬁﬁ”@% s %%é?ﬁgfﬁggsrcbrdﬁuci ng a

f1 uori nat ed2!kzh RegsRelacied fopt §r eeun epnsisting ohBiandd’; abhBe 2ad Rg ahe step of
reacting a fdieded painetle grivpyoasicead bﬁ/(:pni#mt)aﬁlmmagt,g]avi ng the
structure: 29 Qctaber 2003 WO 00/ 66575 PCT/ US00/ 11746 (R1)(R-)) C=C(R3) (R4)
with a net aPerf%/“f)o Pt e oxi di zi ng agent in the presence of a phase transfer
catal yst to protuaethdrenflodonémathe dnemoxi dea mathoddot predwdiigiet ure: 5 (R1

R2) \ - C r-ehk : nsisting of H
ba CR whepavagatld SRR bd. By PRSP e A B8 SR B BB e ot 1 ng
of H and F; fluerdnata! ethyiemgally vnsepiraist sempaund bavinthheghoelpreconsi sting of C
1-C 10 perfluoroal kyl and C 1-C 10 perfl uroal koxy.

(RR)C=C(R3}(Ry)

with a metal hypohalite oxidizing agent in the presence of a phase transfer catalyst

to produce the fluorinated epoxide having the structure:
20 '

(Rl)(Rz)C\—/C(R3)(R4)

wherein R is selected from the group consisting of H and OR, where R is C-C;,
alkyl; R, is selected from the group consisting of H, F, C-C;q perfluoroalkyl, and

25  X-substituted C;-C,q alkyl, wherein X is F, Cl, Br, I, OH, or OR; Rj; and R4 are
each independently selected from the group consisting of CIQCIO perfluoroalkyl,
CR(Rf)OH where Ry and R¢ are C,-Cyq perfluoroalkyl groups, C;-C
perfluoroalkoxy, C;-Cq carboalkoxy, and hydroxy-substituted C;-C;
carboalkoxymethyl-substituted C;-C,4 perfluoroalkyl.

30



| n anot her emnbodi nent, the invention is a method for producing a

fluorinated epoxide in high yield, said method conprising 2R&cabep2ei3
reacting a fluorinated ethyl eni cal | y unsaturated conmpound having the
structure: 15 20 (R1)(R2)C=C(R3)(R4) with a nmetal hypohalite oxidizing
agent in the presence of a phase transfer catalyst to produce the
fluorinated epoxide having the structure: (Rl)(R2)CC(R3)(R4) O wherein Rl
is selected fronz h@ g? ﬁ%c nslstln of Hand OR where Ris Cl1-C10

alkyl: R2 is sel &t@lpqt & SFENEeD Focn efmpunt of Erdottrel 0
perfluoroal kyl, and 25 X—substltuted C 1-C 10 al kyl, wherein Xis F, d,

Br, I, OH or CR R3 and R4 areRE&EhG(RgOMIENt |y sel ect ed from t he group-
consi sting of Cl1-Cl10 perfluoroalkyl, C(Rf)(Rf)OH where Rf and Rf are C~

1-C, 0 perf I 1-C 1 rfluoroal koxy, C1-C10

car boal koxy‘,l’VH‘gFg'él"h1 é?e% eﬁ%?%ﬁwat%flgﬁrowmﬁdﬁﬁwmn substi t ut ed
Cl- C4 perf|4immgpmallg@:tgtxmmmnﬁ&%tﬂeao& %énls afd Rt %& Rgfsgé; l.ment, the
inventien ign GUMRO er I's an
et hyl eni cal | unsa ur at Egﬁ %%%#SU%S CHﬁr%’ W%a&%ﬂ%@maxom
optional Iyt ?"e%felﬁQFﬁnéVf@renmnS&&Hérand%/g;aa&c&ﬂdmﬂﬁ (r)gi are the 5
same or di deﬁsleﬁikﬁg@ES’IﬂquQf bk Yibir e ¢arpon at ons
or taken tggether Sf ée a mhe(%glﬁﬂﬁﬂgorgﬁfr&lﬁeét(ﬂg e}c?eé’évlf’é’g‘t ed from
t he group COI’ISIS d GG ur oxygen, nitrogen, phosphorous, other G oup
Va el enent, and other Goup Vla elenent. 3 29 Cctober 2003 5 10 15

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) | n one enbodi ment, the
invention is a method for producing a fluorinated



epoxi de conprising the step of reacting a fluorinated ethylenically
unsaturated conpound (structure given supra) with a netal 2Hﬁf6%r|29@3
oxidizing agent in the presence of a phase transfer catalyst to produce
the fluorinated epoxide (structure also given supra). A suitable oxidizing
agent is a metal hypohalite. Exenplary netal hypohalites i ncl ude, but are

not limted to, D’.E?TAHJ@ PRISHRIPYROGQ DO THEESR BFERRED @#MN}@?
including Iithigm sodium-potassium . an Cl orl
hypobrom t es. érfew@a @diemmzm?gmé@élﬁpés awﬂ&fﬁfgamodeamgﬂﬂﬁormawﬁot assi um

hypochl ori t gpe¥i ﬁmgﬂxe@%aﬁmah@ambﬁﬁmea@myﬁmmb&ﬁasﬁfuamu tabl e
phase-transfer

cat S i ncl ude are
Petract hyl aﬁemaﬂwﬁdﬂ%m% gieen Bt 38t 4 i Brpoliatis PR aeertin e ny! -
amoni umshy greseticd@f atphseatpartsfor aataiysi wompreducertha 8potigdteddpoxydey mmroetinem
brom de, te&l@@%i{}%lsﬂﬁ@m um hydr oxi de, trinmethyl beuzyl ammoni um chl ori de,
tri met hyl benzy n brom de, nethyltri capr¥l rylyl halide, 4 29 Cctober

anmmo
2003 WD 00/ 66575 ARTTRbleo®idizng agens f+a/netal dxpehliis] Kxeniplaronetak, and

trimethyl beﬂ@bﬁlﬁﬁfé@’iﬁhdl‘ﬁﬂehlsﬂtré%h&qumt&’f@f Qi AEAI WRlobMbEitds @R RIAIN Y1 VI
hal i de or xi de ln a otp [ enbadl ment, the invention is a et hod for
produci ng a® R?g’FW e il g‘éﬂ‘?ﬁéf’ B POHASFIMET A Fﬂ&m&&?%? OSSN ng a
f 1 uor i ndtledhgpdxordites. Trhﬁﬂedgxidhﬂn@hgemmareeo@mzemalshm ar pbtabsiambasi ¢ -
conmpound Inhﬁ%{'“ﬁfglb?%]%%%t P&a&%%yﬁ%\ﬁoﬂl?eyﬂ uori nated pol yet her as

gi ven supra ases 'S reaction include, but are not
limited to, triaExgnples nbsuiteblefmhesaiiransirrzRENsts inghlecbirereRmotdineited

'ndependentio}/téﬁﬂae@}la@ﬁrh% mmmhﬂdrﬁienﬁua&ﬁgilaﬁml&huﬂp&@ﬁ%@mtraﬁiehgm des (e.g.
met hoxi de hoxi dée ut oxi d ” and sodi um or %Ot assj um 10 Aydr oxi de. The

pol yf | uori n@?@@n&%km@@déft%w ARASRIYB lammpniyiRe: Q2
- C(Rf) (Rg) bz@nﬂ;&e ,Garatheylsaaohith hwdrhxlaewamee}mbaizym@maﬂ&hﬁ@sdd, | | ustrat ed

| EXarDl e e Gl P LS O RS SRR RS, O the Structure:




"GLOSSARY Term"F-" in a conpound nane designates that the conpound is per
fl uori nat ed- EXAMPLES EXAMPLE 1 25 Preparation of 29 October 2003
~1,1-Bis(trifluoronethyl)ethylene Oxide (1) Hexafl uoroi sobutene CH2=C(CF3) 2
(25 m, XPBYSRES condensed in a flask containing a sol uthGHUSKOIREASC)
(made at ﬁxeﬂ@rltn%&br?h‘ylbu&birbﬂge kndgriebthgtiearilmemonhinohydrokisee of 50 ni  of

50 wm. %o g of phase transfer catal yst
- net hyl ('E r%’&%%%}\%{?gﬁ#ﬁ’ﬁ?‘ﬁm%h%fﬁgl& 0,&{&9%[8)5 M 336, 30 Aldrich) was added
at -2 to +2C unbieanotheyembodingini,ithé ngentRéBJétalrm’ih% Sor prasdugme 2 agi t at ed at
this terrpeéglé,ﬁhgn%&é%%ag-etﬁer%ﬁ{pﬁsmylﬁe &8st Feh&ﬁlor £ASiRRd¥psle! was

transferre eact or vacuum col cFCtef inacold trap (at
-78C) and Ereng feetrueragiven SIPrawih@hagc gomBayyd BrsoNgtodich!D. 41- 420/ 760

nm Hg, whi ﬁﬁdﬁ@émb%nﬁluﬁhﬁﬂecﬁﬁol@éthér aslgivé Sipkd. | Sdmbhdme&d‘@ak)lﬁ imyl ene oxi de

h | h d
,g'lt)ruc;ru(raer i tl i C@H%%gﬁﬁre)}’\tﬂo? ﬁgpt%ﬁéq gn‘%lg?l%fmﬁe O?gésllg}‘%%lﬁ ’ggfow. 5 29

Cct ober zoa&ere\m -BQ 160 dépeRERtIYSOALCE 2likdg pytidiseNwRiug Ozsot@sﬁyurppm 19F NWVR:
-73.34 (s) ,pR 26.76 (q, 275
Hz) IR (gad %#%%é%iﬁgﬁgs%%ﬁ%é %%’ o%@%ﬁ%g@h ?f’lf%%’ﬂunilgw (nm, 871
(m, 50758y@wxde690 (m, 636 (W) cm1 Anal. Calcd for CAH2F6O. C, 26. 68,
H1.12. Found: CTh%?C%‘ﬁuoﬂﬁnatéd mc%%%WEhE1n3&1ﬁYdﬁﬁh@’&i ektructure:

CH2=CHOCH2 CH2 OCH2 3)20H (2) 10 A dry 5-L round bottom fl ask equi pped
wi th nmechanical stirrer, condenser and addi ti'on funnel was flushed with
nitrogen and charged with 14.2 gcH—se@mapRYy of 95% sodi um hydride and 400
m. of anhydrous DMF. This mxture\zva,s’ cooled to 10C and 41.6 g (1.85 g,
.0.47 nol) of 2- hydroxyet hyl vi nyl et®er was added dropw se over 1/2 hr. An
addi tional 250. nL of DMF were added and the mixture

15  can be reacted with a variety of compounds (as illustrated in Examples 3-6, 8) to
afford new compounds comprised of the structure:

“X-CH,CROR{A)OH

20 GLOSSARY
Term “F-“ in a compound name designates that the compound is
perfluorinated.
EXAMPLES
EXAMPLE ]
25 Preparation of 1,1-Bis(trifluoromethyl)ethylene Oxide (1)

Hexafluoroisobutene CHy=C(CF3)3 (25 ml, 40 g) was condensed in a flask
containing a solution of NaQCl (made at -5 to -3°C by bubbling 15 g of chlorine
into mixture of 50 ml of 50 wt. % of NaOH and 100 m! of water) and 0.5 g of
phase transfer catalyst - methyltricaprylylammonium chloride (Aliquat™-336,

30  Aldrich) was added at -2 to +2°C under vigorous stirring. Reaction mixture was
agitated at this temperature for 1-1.5 hours.

The resulting reaction product was transferred out of the reactor in
vacuum, collected in a cold trap (at —78°C) and distilled to give 37.5 g (yield
86%) of liquid, b.p. 41-42°C/760 mm Hg, which was identified as

35  1,1-bis(trifluoromethyl)ethylene oxide (1). The resulting compound 1 was
established to have the indicated structure based upon the analytical data obtained

as indicated below.



15 was stirred for 1 hr. 1,1-Bis(trifluoronethyl)ethylene oxide (1,

Hexaf | uor Q- i sobutyl ene epoxide) (85 g, 0.47 nol) was addedP Dgwben2@d3 at
20-23C. THE 9%%&2%7 ti ng suspension was stirrer for 22 hr. | tPGEESUOALTF6
transferred to a lgheMReck28{d)apkn and nost of the DVMF was renoved on a
rotary evaporator 1 C. The residue was dissolved in 250 niL
of water and 10% h@é\]rhgjéhlg‘qftlh%&iﬁ) 20 was carefully added until the

sol uti on pH was dBCUHISNMEn 4475 (i tho%senl 37 &), WA/ 6d8l ¥8cad, washed with
wat er and dri ed E k.U oW (5RYI 1083 ,L@g'/a(ﬁﬁ,@:m ot assi um
carbonate. The mqgﬁg?sgn%@flﬁﬂtg{r%gégﬁi he felgfjtrat ((agwas I Sti n%d in a
Kugel r oh? appar at us at’>8 (W) AF04AY: 81 roma small anmount of anhydrous

pot assi um car bonad@ t@aled #e BPLTs07 LR6®8, Hill12WFoahd:was2364r1ed . Der 25
pot assi um car bonate and characteri zZg 2corrpound 2. 1H NWMR (S, C6D6)
3.12 (d, 2H), 3.28 (d, 2H), 3.60 (s; - 9:90 (d, 1 H, 4.07 (d, I H,
6.20 (dd, 1 H). 19F NSfith&sis GbCE=CHOEH(E)OCEXAMH:GH Reacti on of |
with (CH3)3 COK 30 18 g of 1 was added(gjopwi se to a solution-of 12 g
(CH3)3 COK in 100 mM of dry dinethylforhan de over period of 1 h to keep
t enper atllre of rehdry @,ﬁ‘rowibgqt@naﬂaslsequg@ognﬂp\meghana%isttn,'rgﬂcq%lgn?fqrni shed

Ehe reaftio%fnﬁia&ﬁﬁ'i'bﬁf&ﬁ&_r 1wai;htagm\m;m?rogwandalazgeaxgmmf.e@t(o?géhmsf y
enperat ur e I’U . e.,.react] uy e, was r INtO0 a ol CO
sol ution of Of%&/%vﬁ?%ﬂ%rﬂ‘%c%‘}o(&m?@? yaeRoRMl ey \ & ‘3?0?6‘ m),
dried over Ng3IOAC andiV.émt(1833, 0etfomel) ofiRechydtdeyethgbiinyletheasvadiaddad | ed to
give 13.5 of, liqguid h. 139- ' ' ; .

(i) 3cocHpdresdiss Bﬁé,jr bE p‘g’r1 ?"@%"’E%@E“L pf ?@‘ﬁ( gﬁ?@%&,&& PLHBRE) 4 20
(1H, br 18) ppan Bin2d fack bbel, 1-Biggifhwronsdsbziykayp 1 Hepflgorot oF NVR:
-76.24 () HP&BW@%& AL 10 PPmBY) wasddBd SRHIMF at 26-29°0f The Was added

dropwi se to 10 n 2 Wth stirri over 5 period of 1 h to keep
t enper at ur e T8SUIHRGUSPHISION WELFETSH P17 12'5%’? WS ﬁ’@? “égﬂhr? P2 Qﬁém’lci(ni shed the
reaction ni sk andfosedt HBYWBME vasaémibudd droa Rikly ekpiratat at (Ml sm hedrper at ur e
| I/\ﬁlr c ﬁ6c Py?? %%qti Hﬁ%g#eg‘?%lrﬁéf%ﬁé‘?ed%{]ggogﬁ gé&%ﬁ%ﬁb@%%‘ég&%ﬁ%%g&@nr u?’? ure
20  was carefully added until the solution pH was about 8. An oil which separated
was collected, washed with water and dried over a mixture of anhydrous sodium
sulfate and potassium carbonate. The mixture was filtered and the filtrate was
distilled in a Kugelrohr apparatus at 0.5 mm and 50-59°C from a small amount of
anhydrous potassium carbonate to give 89 g (71%) of oil which was stored over
25  potassium carbonate and characterized to be compound 2. H NMR (8, C¢Dg)
3.12 (d, 2H), 3.28 (d, 2H), 3.60 (s, 2H), 3.90 (d, 1H), 4.07 (d, 1H), 6.20 (dd, 1H).
I9F NMR (8, C¢Dg) -76.89 (s).
EXAMPLE 3
Reaction of 1 with (CH3); COK
30 18 g of 1 was added dropwise 1o a solution of 12 g (CHz); COK in 100 ml
of dry dimethylformamide over period of 1 h to keep temperature of reaction
mixture at 5 to 10°C. After addition was finished the reaction mixture was
allowed to warm up to 25°C and kept at this temperature for 1 h. The reaction
mixture was poured into a 200 ml of cold solution of 10% hydrochloric acid,
35  extracted with CH,Cl, (2 x 50 ml), dried over MgSQy,, solvent was removed and
the residue was distilled to give 13.5 of hiquid b.p. 139-140°C, which is the
product (CH3);COCH,C(CF),0H, 95% purity. :
JH NMR: 1.26 (3H, s), 3.80 (2H, s), 4.20 (1H, br s) ppm



" C6H5NHCH2C( CF3) 20H. 10 1H NVWR 3.75 (2H, s), 4.30 (1H, br s), 4.20 (1H, br
s), 6.80 (2H, d), 6.95 (1H, t), 732 (2H, t) ppm 19F NVR 29Qc@Re(2003ppm
Anal . Calcd for CLOHOF6NO: C, 43.97, H 3.32, F, 41.73, N, 5.13. Found: C
43. 46, H W @@6sH, 40.53, N, 5.09. 15 EXAVPLE 5 Reacti on ofpdr/wédonizas

4- F- C6HANH2 10 91 opwi se to a solution of 5 g of

4-F- C6HANH2 in rrll'{ Syéaggd%gp%th stirring. After addition finished the
reaction m'xture was aIIovved to wiAMBLES 25C, kept at this tenperature
for 16 h, solvent was 20 rermy@ggnohhglr@mg sNEs distilled to give 12 g of

e L ctp%énlfffé%%bﬁﬂ%%d SRR 1H MR

3.64 (2H speriol &0 § RHkeeprternperanBOof 2bttich)mixur? beloM25°0) ,AMer2dditicH, t) ppm

C. a1, 25, s Bl ackhn ke His bduadih PR 485 CRAD af s 1OV0TI50
N, 4.73. EXERNRIeREefentq h@nddfstlllewemvcém@éﬂmsmséﬂ%l53"@3/&)@ mmwas added
dropwi se Wwi afmcb Hifedtupval seind ey o p93 P39 @f ThHbAREHACHShE2 50 M of
dry di et hyl :g %@?’ﬁp t enper ature bel ow C. After addition
finished thgﬁ 3( was kept at 25C for 16 h, poured into-100 m
of col ditol uti onlIENMR%3ST (2H,s) 4030 (A, br £)hé.20 1t Nbcs)| AFE(2HaD, 6.98par at ed,
-dried over P205 and d{ﬁ L-"%@%Cg) 6 g of material b.p. 35 25-26C/ 0.1 mMm
Hg. The product has a deur PP CH2CH2SCH, C(CF3) 20H. 1 H NMR. 2. 50
(214, m, 2.88 (PEN :?'H@((@Piﬂms) 4.15 (1 H, br s), ppm7 29 CQctober

2003 \Ao00/6657§na<:@w§99/é JONCISE, AR, 11 2208 40T 28513 B0 28, (5F

tt), -114.60 (2F. m, SBE W,
-126.64 (2F, m ppm g 732 F, 4053 N; 289
15 EXAMPIE 5

Reaction of 1 with 4-F-C¢H,NH,
10 g of 1 was added dropwise to a solution of 5 g of 4-F-CgH4NH; in
10 mi of CH,Cl, with stirring. After addition finished the reaction mixture was
allowed to warm up to 25°C, kept at this temperature for 16 h, solvent was
20  removed, the residue was distilled to give 12 g of material b.p.
116.5-118.5°C/12 mm Hg, which crystallized upon standing , m.p. 34-36°C. The
product has a stracture 4-F-CgH,NHCH,C(CF3),0OH. |
THNMR: 3.64 (2H, s), 4.20 (2H, br 5),6.80 (2H, d), 6.75 (2H, m), 6.93
(2H, t) ppm
25 I19F NMR : -77.94 (6F, s), -123.08 (1F, m) ppm
Anal. Caled for CygHgF;sNO: C, 41.25, H, 2.77, F, 45.67, N, 4.81. Found:
C,41.00,H, 2.70, F, 45.78, N, 4.73.
EXAMPLE 6
Reaction of 1 with CgF3CH,CH,SH
30 4.5 g of 1 was added dropwise with stirring to a solution of 9.5 g of
CF13CH,CH,SH in 50 ml of dry dimethylformamide, to keep temperature below
25°C. After addition finished the reaction mixture was kept at 25°C for 16 h,
poured into 100 mi of cold solution of 10% solution of HCL, the organic layer was
separated, dried over P,O5 and distilled to give 6 g of matenial b.p.
35 25-26°C/0.1 mm Hg. The product has a structure
Cgf 15CH,CH,SCH,C(CF4),OH.
THNMR: 2.50 (2H, m), 2.88 (2H, m), 3.18 (2, s), 4.15 (1H, br s), ppm



Reaction of 1 with C6H6 5 10 g of | was added dropwi se at 10C to a m xture
of 20 g of C6H6 and 0.5 g of anhydrous Ai Cl13, stirred at 180feben2093and
poured on VO&¥66FTgani c | ayer was separated, dried over MyS@tTarsbodi=sil | ed

to give 9 g of matgrNRIRD. B9 (15@ )1%3/@?@%)'49}14%0 62*? WS- 159%3%0 be
C6H5CH2C( CF3) 20H. I'H NVR: élH 3 F (ilé% %2 28 ( , 7.42
(3H, mppm 10 19F NI\/Rm)>‘7l§3§§( %)m)pplr{% Aﬁ%a(k J@él £6{ 25 -C 45. 53,
H 3.12, F, 44.15. Found: C, 46. 30, EXAM@LEZ? F, 43.94. EXAI\/PLE 8 Reaction
of | with HOSCRCF3 15 4 g of 1 added. dr.of e at 10Cto 10 m of
HOSO2CF3 to keep tenperature b\gﬁ?ﬂﬁf @dl ction mxture was stirred
at 25C for 3 h and0 gpduress aded depwiregad DI tmmxwfs@pgaoh@ﬁdkmdii ed over

cPascoooroc T S ropl (Rl e 4 TP CRord n alf UG ABECDGHAEIRE: 5 1o

NVR: - 74. 74 waFsepgyated ;adrieovesMgSO, q@émtlﬁe@ HagiE -8 @fismteml)b P1426 (s),

126& ES) |1:1f21@12663/539§3}{ Mm@?@ﬁ%&mﬂec @@%@ﬁ Jogparati on Of)

OXy- was
added dropwi se i ﬂﬁw e)tll,:g/ Ig'gg"c&i gﬁﬁ}gﬁj > 7%2?@6@&(%% at -5
to -3C by addi ti oFPFaRMR:5-78.3% ) pfrhori ne into sol ution of 10 m 50% NaOH in
20 nl of water) e vl apryl vyl
anmoni um chl ori deﬁﬁﬂl I lcgtf%t gﬂg—g%eop‘lt(%?t??ﬁ)ﬁ g%a%@ lsoéreuﬁ] er” V|[33§rous
stirring. Reaction mx Bé2v\5,,s43k%t at this tenperature for 40 mn,
diluted with water, organic |ayer (lsyeyprwas separated, 30 washed with

wat er, dried over I\/gSO4 and anal yzed. ~Based on NVR data crude product was
found to be a m xture of 80% &eaFUQDrﬁtlthlﬂ@?ﬁ:I&l met hyl et hyl ene oxide ¢

and 20% of (CF3) 2@%@1&@&& igit 10+ MVRY int 3f BIOIGLCE, tb'&):e pm 19F
B 5505 (el i o S Wb B 08 05 (1
poured on ice. Organic layer was separated, dried over MgSO, and distilled to
give 8 g of material, which was found to be CF3S0,0CH,C(CF5),OH.
THNMR: 4.53 (2H,br s), 3.31 (1H, br s) ppm.
20 19F NMR: -74.74 (3F, s), -76.24 (6F, s) ppm
- IR (major): 3507 (1n), 1426 (s), 1226 (s), 1146 (s), 982 (s), 823 (w) cm- 1.
EXAMPLE 9 |
Preparation of 1-Methoxy-F-2.2-Dimethvylethylene Oxide
Olefin CH30CF=C(CF3); (4.8 g) was added dropwise into a flask
25  containing a solution of NaQCI (made at -5 to -3°C by addition of 2.5 ml of
chlorine into solution of 10 ml 50% NaOH in 20 ml of water) and 0.3 g of phase
transfer catalyst - methyl tricaprylyl ammonium chloride (Aliquat™-336, Aldrich)

at -2 to 0°C under vigorous stimring. Reaction mixture was kept at this
temperature for 40 min, diluted with water, organic layer (lower) was separated,
30  washed with water, dried over MgSO, and analyzed. Based on NMR data crude
product was found to be a mixture of 80% of 1-methoxy-F-2,2-dimethylethylene
oxide and 20% of (CF3);CCIC(O)YOCHj.
Epoxide: 1H NMR : 3.53 (d, 1 Hz) ppm.
I9F NMR: -69.06 (3F, dt, 8; 19 HZ), -64.40 (3F, qd, 8; 1 Hz), -110.90
35 (1F, m) ppm.
IR: 1490 (s, epoxide), cm™1.



“WD 00/ 66575 PCT/ US00/1 1746 COVPARATI VE EXAMPLE | Attenpt of Oxidation of
CAF9CH=CH2 In an attenpted reaction of 5 g of CAF9CH =CH2 ¥ ©rtoser 2R03on of
~NaCCl (made out of 10 m f 50% NaCH, 20 ml of H2O, 3 ml of chlorine) and
0.3 g of wophase transfer catalyst - nethyl tricaprylyl ang@enusongigori de
(Al'i quat TM 336, Aldrich) at - lyy;starting fluorool efin was
recovered and no - detect abl eC%’n\kﬁ ﬁ?ﬁ@ ]:yle found. EXAMPLE 10
Preparation of F-1-Methyl - AtempPpbOkidation ehe4+GHRCHD O efin

CF2=C( OC3F7-n) CF i i il . o ing a
sol ution of NaCBfIn %ﬁgtdr%}l%}é@%f@?%jeg%ﬁ%gg%g%ﬁ t(lt:g%%g{h %ghlr%n %g?\g (?lom' ne into
sol uti on of (@edgoniadiOing f1%66 NeOBE 20at &f Y26k d miod aforse) apBdR 2ef -2 to 0C
znﬁer vigg_r Hﬁse&?dr;%{eireﬂal feapdthPnriBApe iyl SniRSidse BhioAle (ﬂiicﬁmrt@{:m%[ aturﬁ CIfor
ours, | ed w er, rgani c | ayer r was separ ed, washe
with 15 wat é“ﬂfdﬂg})iaéai] W&gé thp2 B@HEWHMHP% “PTO&‘B%W R?&O‘se&“g&f(‘f/\% d 86% of
1iquid, b.pdetebablei€actiodpridubiseckrasound1- net hyl - | - n- propoxyet hyl ene oxi de.
19F NVR -79.57 (3F, s), -85.8! (3Eybhkprp84-29 (2FM), -114.59 (2F, m, -

134.00 (2F, m) ppm IR 1517 (s), m EXAVPLE | 1
Pol yrmeri zati on of 1, ZXrepRiatipnp P eiee Oyidde To 5 g of

epoxi deyg 1) in aGbAEFAEUF,2)0rPRD Hlwdliiabd beplideqionenyg e - added and

gl ass reactor was left a ter, 12" hours li.quid, but gnly white

(0]
solid was f&OREIRE? sRlutin QENAQRY (mady at —r?atpeﬁ?%gy tigpef $dmiste in sol vents
such 25 as bedriabystoeblutiomoD20 gNGOIE:, 1 50kt dfkdated)dhd i1 00 waSTTHAN by sol ubl e

in t J-ai s0l-ubl e | F6, Dat f 'H 19F .and 13C NVR of

ol yrior ol gt Fo G et Bl sl Rl RS s Ropr 4l il FBE Vet ner
(i.e., ringfopthadssautedevith Water, ogganirdaytr(loorar) was teparatdie washed3@ith

“ o CE3)2- - . Piase : t inth
ﬁa%e 3%%003%’6%a&gﬁ%?ﬁ?@%&é‘ﬁk?ﬂ@gﬁ%ﬁ;ﬁg%ﬂgs a@hcgplﬁmﬁlbf |'n;l \gg?n!t nat ©
148. 8C (secéﬁ§7ﬁ€a‘@?ﬂtlfa‘-‘tﬁlcﬁ5&hﬂ“—‘é‘&b’ltion"ﬂ‘é(wmﬂea% Ofiderper at ure over 350C.

ISF NMR: -79.57 (3F, s), -85.81 (3F, 1), -87.29 (2Fm), -114.59 (2F, m), -
134.00 (2F, m) ppm.
IR: 1517 (s), epoxide, cm~1,
20 EXAMPLE 11
Polymenzation of 1.1-Bis(irifluoromethylethvlene Oxide
To 5 g of epoxide (1) in a glass reactor 2 drops of dry triethylamine were
added and glass reactor was left at 25°C. After 12 hours no liquid, but only white

solid was found inside of reactor. The material was not soluble in solvents such

25  as tetrahydrofuran or diglyme, CFC-113, but it was slightly soluble in acetone and
fairly soluble in CgFg. Data of 'H, 19F and !13C NMR of polymer solution in
CgFg are consistent with the structure of polyether (i.e., ring opened polymer
having the structure shown below:

30 (-C(CF3),-CHy-0-),
Molecular weight calculated based on NMR data was in the range 3000-5000.

Based on DSC, this polymer has a sharp melting point at 148.8°C (second heat)
and started to decompose at temperature over 350°C.



9 WD 00/ 66575 Synthesis of 29 Cctober 2003 PCT/f3S00/1 1746 EXAVPLE 12 5
Hexaf | uor ojgpfegpanol - substituted norbomene A dry round bo2% Gaicbeb2l03ni t h
mechani cal stirrer and condenser was__ charged under nltrogenPW/pﬁ 03748 ¢
(1.2 mol) of 95% sodi um hydride andEX@AMBLE ldf anhydrous DMF.

5- Nor bor nene- 2- et hanol (108.6 g, 0.875 nol) was added dropw se at room
tenperature over 0.5 hr. The resultimg m xture was stirred for 10 3 hr.
1,1-Bis(trifluoronethyl)ethylene oxifdg (1, Hexafl uoroisobutyl ene epoxide)
(173.2 g, 0.96 nol) was added dr opw 2 hr. The resulting m xture was
stirred for 72 hr atSafn?l‘?é’@ué%fl’[p was evaporated on a rotary

evaporator at 45C an < ) quj@q @,\,(@;h 208 N of ice
wat er containing 30 nL of gl acial c acid.” A | dwe ‘?ﬁyer was separ at ed

and the 15 aqueous | ayer was extract ed with 2 X 25 nL of nmet hyl ene

chl oride.. The conbined %gé‘ﬁ“ c la ersoﬁe ,gsrtwasgled with 3 X 100 nL of
water, dried over anhyd CORALRIBITFED ROTHOMENE and di sti | | ed
under vacuumin aA dfygehnd)ﬂmnoapﬁmkam]sn&thﬁﬁczﬂzﬁerrw)d&oﬁdmrﬁas NVR

io i T N f
OV 501t e HE PRt nickodf, RRACHSE ¢ VB2 S AROAISR A Bl R MR Yo 1T © ©
wat er, dri edom@w Mué-Ncprbgmmﬂrmgtbamdt(bOS6g1@§?@mma.m¢ied| led in a
Kugel r ohr ap a&&sateéorz@er@&%ta&dovepo%ﬁmmyemnﬁm&uﬁ&%& g he t't'e

roduct opanol tituted norbo co oun
hothar 1 enahe: ParbiseRBoS P atD e thlene gt (1 Beorativogtiaabuay ene en
zoguzm i nfh c@ﬂﬁﬁg@mnof) v 20 3€a dvopWisk o 2 bt 'gﬁzfﬂbﬁtﬁlé,m%gfgi}i %Ng Eg
conpl ex _.mu .
Cha0 5y 75 TR foP gk s T?Lfneer.sﬁﬁmﬁﬂ*ﬁ 380 yetisfied M o oiahy
vi nyl - addi tumppmqrm%%@ancb_hnﬁﬂ The BHIE(EEIIREG Mubléi)OmIldingew,atdB 125 g
(0,319 mml) . Gfiaifink o HRlOF BRALATLGRTRERX A lower layer was separated and the

15 aqueous layer was extracted with 2 X 25 mL of methylene chloride. The

combined organic layers were washed with 3 X 100 mL of water, dried over
anhydrous magnesium chloride, filtered and distilled under vacuum in a
Kugelrohr apparatus at 65-87°C and 0.1 mm. An NMR spectrum revealed that
the product was contaminated with small amounts of DMF so it was dissolved in
20 100 mL of hexane, washed with 4 X 200 mL water, dried over anhydrous
magnesium sulfate, filtered and distilled in a Kugelrohr apparatus at 70-80°C and
- 0.1 mm giving 233.9 g (88%) of the title product (hexafluoroisopropanol-
substituted norbornene, compound 3). In another preparation, the product was
distilled through a 12" Vigreux column indicating a bp of 52-53°C at 0.1 mm. 'H
25 NMR (8, CD,Cl,) 0.5 to 4.3 (complex multiplets, 12 H), 5. 90 6.19 and 6.26 (m,
2H). I9F NMR (8, CD,Cl,) -77.4 (s).
EXAMPLE 13

. . / .
Copolymerization of CH,0CH,C(CF,),0H with ==

by vinyl-addition polymerization
30

Under nitrogen, 0.125 g (0.319 mmol) of allyl palladium complex
[(n3-MeCHCHCH,)PdCI], and 0.219 g (0.637 mmol) silver hexafluoro-

10



f(rl3-MCHCHCH2) PdC1] 2 and 0.219 g (0.637 mmol ) silver hexafluoro 10 29

Cct ober 2003 WO 00/ 66575 PCT/ USOO/ 11746 antinonate were sudper@ber 2003

~chl orobeqﬁéra&, éséfg The resulting mxture was stirred at room

t enper at u 8715 m nutes. It was then filtered to renovedCTRHSB¥II#6 at ed

AgCl . To t hentiresuatt ivery gopahded ioclddrobohasne (40 wdhd AUdegulingehwtirowanf 6. 46
g (21.2 ol ltn?éd étt}Sorﬂ%é&Fxéérg&F@fo?QB éﬁ%ﬁﬁﬁQ'I é& H{)@i@d RofRRfAgne and 1.00 g

5 nor bor nene I ssol ve orobenzene. The resulting

reaction m REGHEaREALEL rhodhe srekinggol 'S‘i’lof"élo‘%ﬁ’i‘{t’é’ﬁﬁ‘é%éflé?‘ba sofpon efact i on
m xture wag.46hen 100068 0BE E@tlﬁﬂaﬂﬁbrdrsy&ﬁ@?amﬁadbéth@ze@abwaa{enwaﬁ@e@O\gi th
i

hexane and dried acu 0 =. 7.48 of..addi ti.on polyner. i H
N ( oot 2porpmens Gl BT ST s Bl thethe TG Srer
struct ur e wrdabtibthmiepereas statd ovitigis labroonotepgsratiren Thh ovactitme hnoxwmreCF3| 3u,

G 3 OH EXA ronmet hyl
. Oxi rane Usi %ak—%é‘};mﬂ[ éenﬁ-&%ggﬁiﬁiﬁﬁ ¢ ?r;dc[g} E&%%W%%@@b% Sﬁd @%cg 5 g of
phase tran#i @vacamadyest Yieldit 48 glof additiey Pakywessi (HNHRIGRESL,) of the

(AT quat TM 386 mePhilE boitisterR RE I Braadeh opbFheestataieGrith B iaphrokfnagdded

sl owy % 5-15C, after. Stféor”&% reaction mxture for | h at 15-20C and
separ at {dn BPFEPBPOSHIAR SROWRDACHF at ed 26 g 20 of crude product, contai ning
84% epoxi de and 16% of (CF3) 2CHCH=CHC1 (NI\/R) Distillation of crude

mat eri al using short spinning-band col uy 8 ) (78% cal cul ated and 25%
isolated yield respectively) of epoxidg H ‘ f, b.p. 88.2-88.6C. NWR

J H (acetone-d6): 4.12 (I H m, 3. . 2(|H,rr); 19F 74.11 (3F,
q; 7Hz), -67.21(3F, q; 7Hzp; G

58.94(q; 3Hz), 59.53(septfs § 20~ ez, 120. 96(qQ. ; 281Hz)
IR : 1459 cm 11 WD 00/ 66575 29— 003 PCT/ %0%11746 EXAMPLE 15

CF i
CF3" OH
EXAMPLE 14
15 Synthesis of 1,1-Bis(trifluoromethyl)-2-Chloromethy! Oxirane

Using 100 ml of NaOCl (Aldrich, 12% chlorine available), 0.5 g of phase
transfer catalyst, tricaprylylmethylammonium chloride (Aliquat™-336, Aldrich)
and 28 g of (CF3),C=CHCH,Cl, which is added slowly at 5-15°C, after stirring
reaction mixture for 1h at 15-20°C and separation of layer, there is isolated 26 g

20  of crude product, containing 84% epoxide and 16% of (CF3);CHCH=CHCI
(NMR). Distillation of crude material using short spinning-band column give 7 g
{(78% calculated and 25% isolated yield respectively) of epoxide 98% purity, b.p.
88.2-88.6°C. NMR: 'H (acetone-dg): 4.12 (1H, m), 3.95 (1Hm). 4.20(1H,m):
19F: 74.11 (3F, q; 7THz), -67.21(3F, q;7Hz); 13C (proton decoupled) 34.42(q;

25  4Hz), 58.94(q; 3Hz), 59.53(sept.; 40Hz), 120.37(q. ; 281Hz), 120.96(q.; 281 Hz).
IR : 1459 cal. -

11



Synthesis of | , 1-Bis(Perfluoroethyl)-2-n-Perfl uoropropyl Oxi rane Using 18
m of NaOQ. (Al drich, 12%chlorine available), 0.2 g of phé3 ctobpad(iiler
catal yst (XAYELE?" 1- 336, Al drich, tricaprylyl nethyl anoni umREHe¥a0deHeand 5
3 g of (C2F5)2C=CHC3F7, which is ad BEAMPDEIlY at 5-15C, after stirring

t t t
ool ated 25 g of SPUACIFU L Hid e iR Rl Fnflro ST O Ll e or
>98% purity. Yiel &sing %%‘ of RaOC] gsldrich,33%0 ehlprine ayailiR),((Cbe pphass. 85
(d.d); 19F Nliﬁnsfeﬁéataﬁgstgﬁ'ﬁquﬂ)ﬁ-%‘@%&%ﬁ@ﬁmaﬁf’yl yinfedh Q’n&nﬁﬁm chl&ld and 11. 50

2F, AB tt 9

(357, 86 COF, %/ﬁegfpfgﬁ{%ﬁ I‘@EWAE‘E @gﬁ‘?%{%’ sty 157, er setbin Bofibh)
CH2(O d [ CF&)&Q:H ﬁ(l@)—%fo(’ 35 th‘dpﬁxgtl&ﬁ)ofﬂomf ldyafitlis (séladardl Thg of2Padehl ori ne
Y enaryi o ndt P SR R WA A lh bl iR St
which is addéaS-kllé\ﬁBycna{ H=11\B\¢R after stirring reaction m xture at 15-20C

Lo b Sy oheact LeRCThXE 45sa s 19F MGk HBea) Lag baakahedidoag, o

pr oduct mhlch ba I S epoxi
56-58C. Weld is 57% OR1LFUEF, Ma@ﬁémrllﬁiﬂpmhm‘arp 51940 (1H, d,

~ 5.6Hz) 3.25 (1H, d, 5.6h¥ aﬁegn)wlzc%ﬁ(ggm ﬁe,ﬁ%H br.s); 19F NWVR - 66. 39
(3F, q, 7.2Hz), -73.28(3F, q, 7. Synt hesi s of

CHZ(O)C[C(CFB)ZOH]C(O)G:HB (4) US|n NaOCl (Al drich, 12% chlorine
avai l able), 0.2 g of ph3wsheskHOftCRAONEIC(EEEROFHC(OMPCHa4l) 336, Al drich,

tricaprylyl methyl i h ! o 07, )OCI—|3
whi ch is added sl W}t{nmg ﬁ@ébe?%%ﬁﬂ& ?l/‘??lﬁzﬁn rea(%i% ?ﬁé E%gsgt 15- 20C
for 1.5 B r @acsftmtah'stt(&hguatsﬁﬁ: Atd@ﬁbmamylyﬂmemlaﬁ@m@nlcab@dem g of o

product which,g @(0 (mmgommaﬁséd@éd sl&&ﬁP/athrwogaﬂaﬂ p.
148- 150C. Yi el d IS 8 30 12 Pg}r£003 CLAI NS: é nmet had f or
T

produci ng a Fﬁlﬁ@gﬁpﬁl@a TRSBYE EFel c =trﬁ%pt’sopéﬁlx8fre 15 faltered n fhere
fluorinated &fibylhedidomg by prodaetwiiet, &ds«iomIgMRIditavis Bgotibes s >a8%ur e:
(R1) (R2) C=C{ Bk Rhp. 56-58°C. Yield is 57%. IR: 1744; 1450 em-l; TH NMR (CDCl3):
20 3.15(1H, d, 5.6Hz) 3.25 (1H, 4, 5.6Hz); 3.87 (3H, s), 4.7 (1H, br.s); 19F NMR: -
66.39 (3F, q, 7.2Hz), -73.28(3F, q, 7.2Hz).
EXAMPLE 17
Synthesis of CHa(0)YC[C(CF3),OH]C(O)OCH3 (4)
Using 18 m! of NaOCl (Aldrich, 12% chlorine available), 0.2 g of phase
25  transfer catalyst (Aliquat-336, Aldrich, tricaprylylmethylamonium chloride} and
4 g of CHa=C[C(CF3);OH]C(O)OCH3, which is added slowly at 5-15°C, after
stirring reaction mixture at 15-20°C for 1.5 h, reaction mixture is filtered and
there is isolated 2.5 g of product which, based on NMR data, is epoxide 4 of
>98% purity, m.p. 148-150°C. Yield is 83%.

30
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S with a netal hypohalite oxidizing agent in the presence of a phase
transfer catalyst to produce the fluorinated epoxi de havi pgddigesboo®Et ure:
(Ri)(R2) ; C(R3)(R4) O wherein RL is selected fromthe group consisting
of Hand OR, where Ris C1-C 10 10 alkyl; R2 is selected fromthe group
consisting of Hand F; R3 and R4 are selected fromthe group consisting of
Cl-d o perfluoroal kyl and Cl-Cl0 perfl uoroal koxy. 2 A method for producing
a fluorinatgdego idc conprising the step of reacting a fduorinated

ef hyf eni cal Ey unsaturated conmpound having the structure:

(R1) (R2) G A(R3) (R4) AlmeiddoPprdBi:dhg Bm@fiﬁéﬂa& ep@@{di@ktoﬁmu@@etswprbft he
presence of a phase_transfer oduce ‘iiHae"ﬁ]iglF ori nat ed epoxi de

at al yst
havi ng the 3% Egﬁrme“(‘P%fﬁiFﬁi‘Z'f 3‘5‘?%)3'[ ORrera S&‘F%‘E‘E ed from
t he group consi sting of H and OR whereRls C"C4 20 alkyl; R is
sel ected fromthe group consi sti®g &I =ERRRB O perfluoroal kyl, and X
-substituted Cl1-Cl10 al kyl, WnerelnX|s F, d, $r, Z O#4 or OR R3and R4

are each ind nden ec dfromth

perfi uor5oal H’E%ﬂ?%%%‘f%%ﬁ ﬁ%@gﬁrgﬁ?l egp %I?'ﬁ‘(g)gpfb%f %%%58%%0&3? oxy,
and hydr oxy+o pnddsmtlmtfh@nmted:]epomwbmﬂlg(ﬂwwﬁmm substl tuted Cl-C4
perfluoroal kyl., 25 .3. The nethod of daiml in which Rz is H 13

(Rl)(Rz)C\—— /C(R3)(R4)

wherein R; is selected from the group consisting of H and OR, where R is C;-Cyg
10  alkyl; R, is selected from the group consisting of H and F; R3 and R, are selected
from the group consisting of Cy-C,q perfluoroalkyl and C;-Cyq perfluoroalkoxy.

2. A method for producing a fluorinated spoxide comprising the step of
reacting & finorinated ethyvlenically unsaturated compound heving the structure:

RDRIC=CRIR)
15 witha metal hypohalite oxidizing agent in the presence of a ph;;se transfer catalyst

to produce the fluorinated epoxide having the structure:

(RI)BZ)C\_}C(KQ[R{)

wherein R, is selected from the group consisting of H and OR, where R is C1-Cy,
20  alkyl; Ry is selected from the group consisting of H, F, C4-Cy perfluoroalkyl, and
X-substituted C;-Cyp alkyl, wherein X is F, CL, Br, I, OH, or OR; R3 and R are
each indcpenﬁcnﬂy selected from the group comsisting of C;-C;g perfluoroaltkyl,
CRpRAHOH, C-Cy¢ perfluoroalkoxy, C;-Cyq carboalkoxy, and hydroxy-
substituted C1-Cyq carboalkoxymethyl-substituted C;-Cy perfluoroalkyl,

25 : 3. The method of Claim 1 in which R, is H.

13





