YETHER Gwg@8hsssaND ALCOHOLS DERI VED FROM 3, 4- EPOXY- 1- BUTERGE/US9F/Q0594
fention pertains to certain novel polyether conpounds. Mre specifically,
thi's inventign pertains to polyether glycols and al cohol s containing

fepeat i ng dﬂ'§§%%$?uh? ggﬁgcture: [err] This invention also pertains to a

%

§rocess for the preparafion of the polyether_cponpounds by the

fol yneri zation of 3,4-epoxy-1-butene in the preésence of an acidic catal yst
$nd a hydroxyl initiator conmpound. P. D. Bartlett et al., J. Am Chem

., 70, 926 (1948), disclose § e %%h%ﬁrbifﬁaﬂé' IM7hdft ha- nolysis
1151? Yrpom %E

3, 4- epoxy- 1-butene to give et OX¥owyDYL: . M Ross, et

L

., J. Am Chem Soc., 104, 1658 (198Z), diSCIlOS€ € acl d-catal yzed
drolysis of 3,4- epoxy-l-bytene to produce a m xture of

Xhds11BVEPkY RORFFERAIEE TS (SPRERIE PIVRY FOIWATIRS s
"prising resi due&ofnébuaad.(2koaées§atiﬁeraarml,aménnﬁdaxﬁhﬁvq;raiﬁms

preor art, and the reacﬁ%{ggﬁﬁexe I&ng‘?ggh%ﬁ ﬁéﬁﬁ%%i?{{igiﬁq%ﬁﬁﬁﬁ%e

| i
nufl eophil e. The p&PyRE on9a¥&e
l,ﬁ-epox- i des, including.g, 4-ggoxy-|-butene, %ﬂ k&f Q@gﬁg%gp Qg stannic
chifori de ang a smal | am)uﬁﬁzof Wat er . aB&i ti sh Pat ent 869, 1 anéiZJ. S.
Patents 3,0 9,439 and 3,417, 06 Hﬁ#§ﬁhose t he copol yneri zati on of

3, 4} epoxy-1| -butene with (1) (2)

This invention also pertains to a process for the

15 preparation of the polyether compounds by the
polymerization of 3,4—epoxy—l-butene in the presence of
an acidic catalyst and a hydroxyl initiator compound.

P. D. Bartlett et al., J. Am. Chem. Soc., 70, 926

(1948), disclose the sulfuric acid—catalyzed metha-

20 nolysis of 3,4—epoxy-l-butene to give 1l-hydroxy-2-
methoxy-3—-butene. A. M. Ross, et al., J. Am. Chem.
Soc., 104, 1658 (1982), disclose the acid—catalyzed
hydrolysis of 3,4—epoxy-—-l-butene to produce a mixture of
3,4~dihydroxy—1-butene and 1,4—dihydroxy-2-butene in a

25 964 ratio. Polymers comprising residues (1) and (2)
are not contemplated by the above-cited prior art, and
the reactions exemplified employ an excess of the

| ‘ nucleophile.

The polymerization and copolymerization of
30 3,4—epoxy-1-butene is known. U.S. Patent 2,680,109
discloses the polymerization of unsaturated 1,2-—epox—
ides, including 3,4-epoxy-l-butene, in the presence of
stannic chloride and a small amount of -water. British
Patent 869,112 and U.S, Patents 3,031,439 and 3,417,064

35 disclose the copolymerization of 3,4—epoxy—l-butene with
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L ACEMENT SHibbssg3giet hyl ene oxi de.and propyl ene oxi de, usi ngpegrussdkysst

ontium carbonate containing a snmall anount of water. U S. Patents

58, 705, 3,158,581, and 3, 158,591 di scl ose the pol ynerization of _

-epoxy-1-butene to give polyethers consisting only of residue (1), using

catal yst trial kyl al um num conpounds prereacted with water. These patents

o0 di sclose the copolynerization of 3,4-epoxy-12hbutene with ethyl ene

de, propylene oxide, and epichlorohydrin, using as catalyst trialkyl-

m num conpounds prereacted with water. U S. Patent 3,509, 118 discl oses
preparation of unethMienedopdfie- aadhprogY&enbsoxmdeainsiggoabycaEalyse
prepared by n- bUt¥£rbhEEhH”b5fﬁ§K§ﬂ§ 88?£§§29h§ angﬁgﬁg ?ﬁoﬂﬁigg water.

yet hers prepared by the_polynerization o g ene i n benzene
ng triethylal um num prePefict Batents 3aldd 7055 3pabBnbe3, 188d995158,591

cl oses the copol ynaiswosélene oﬁyﬁéﬁihaﬁﬂaﬁnbfoﬁ 4-6pBRYxY-hubehengo
h et hyl ene oxi de u5|n and solid sodi um

PhiYefhecd, 65 poY . of) S8 1
roxide as th cata?§¥ eﬁﬁ%E u ?9§Hs §9n°B Y oY) xespdpen{is, 1481ngsas
o di scl oses the copatabestzttialbkplalumihunnoompsunds Splerepckedlvithene

h tetrahydrofuran as [ L de; however
ut two-thirds of tﬁgtggallT%$£§3¥§£e€§ Qiééuééﬁgi?%giﬁ%%rﬁ8P3}¥Be¥¥?6tlon
the copol yether, and ®fie3répepexymitbetenetwithi ethylene oxide, propylene
oxide, and epichlorohydrin, using as catalyst trialkyl-—

O C T ~"DODYWWW

10 aluminum compounds prereacted with water. U.S. Patent
3,509,118 discloses the preparation of unsaturated poly—
ether glycols containing only residue (1) prepared by
n—butyl lithium cleavage of the high molecular weight
polyethers prepared by the polymerization of 3,4—epoxy—

15 l1-butene in benzene using triethylaluminum prereacted
with water.

U.S. Patent 3,133,905 discloses the copolymeriza—
tion of a small amount of 3,4—epoxy-l-butene with
ethylene oxide using ethylene glycol as the initiator

20 and solid sodium hydroxide as the catalyst in a
pressurized resin pot. U.S. Patent 3,133,905 also

a2y

discloses the copolymerization of small amounts of 3,4—
epoxy—l-butene with tetrahydrofuran using as catalyst
boron trifluoride; however, only about two—thirds of the
25 available 3,4-—epoxy-l1-butene is incorﬁorated into the
copolyether, and the repeat—unit structure is not
disclosed. S. S. Ivanchev, et al., J. Polym. Sci.,
Polym. Chem. Ed., 18, 2051-2059 (1980), investigated the
homopolymerization of 3,4—epoxy-l-butene with boron tri-
30 fluoride etherate and disclose that the rate of
termination is much faster than the rate of propagation,
leaving much of the 3,4—epoxy-l-butene unreacted. Our
investigation of this chemistry corroborates this
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jj:‘ﬁT§CIosed. S. S. lvanchev, et al., J. Polym Sci., Polym Chem Ed., 18,
2051- 205%y6 49883 1 nvestigated the honmopolynmeri'zati on of 3p@rresssogsds- but ene
:+  wWith boron tri- fluoride etherate and disclose that the rate of term nation
is much faster than the rate of propagation, |eaving nuch of the
3, 4- epoxy- 1- but ene unreacted. Qur investigation of this chemstry
corroborates this -3- result, i.e., lowyields of a thermally-unstable,
white material are obtained and the chl orof & msol ubl e portion of the
material contains only residue (1). U S. Patent 3,468,847 discloses the
copol yneri zation of 3, 4-epoxy-1- butene, hexafl uoroacetone, ethylene, oxide,

and propyl ene o€ ltisihe cestoMn YiedRs of & thempadiy—unstaple, crhife
{ Macronol . Chem ,paddri2Btard tohidifea ahd ctivs echi v o fofih-hyd PabTe PpEE€H64 €d

Wi th wat I i 3,.4- - 1- but t ive,a 54%yi el f high
I IR DOl S DR ST oA R LA YT 8L Ry
tal so di scl ose t e, 460) 847 adisdlesedo yhel copdl ymeyizdeiond rofn 3, 4—~epoxy—1-1-

ouble borkis [+ GRrSRIEe | AR o vafSedine i s "efde {058 ProbPigheT
his cheni stry rexide edisingiocesbimbf ueoidesas ¢catalystent 2,570, 601
hiscloses t he thernagfgh} cege PO{ {Wﬁé&f@&&&kCéhéh4~eff%¥-é399££@e to a
)ard yellow resin and a snall anount’ of a viscous yelfow of I
(1968), disclose that diethylzinc prereacted with water
polymerizes 3,4—epoxy-l-butene to give a 54% yield of
10 high molecular weight polyether containing only residue
. (1). Tsuruta, et al., also disclose the isolation of a
‘ 3% yield of polyether from 3,4-epoxy—l-~butene and
uncomplexed diethylzinc as catalyst having evidence of
internal double bonds [residue (2)] by infrared
15 spectroscopy. Our investigation of this chemistry
resulted in no isolable polymer.

U.S. Patent 2,570,601 discloses the thermally
induced polymerization of 3,4-epoxy-l-butene to a hard
yellow resin and a small amount of a viscous yellow oil.

20 U.S. Patent 2,570,601 also discloses the thermally
induced copolymerization of 3,4—epoxy-i-butene and
a—-methylstyrene to a brittle, clear, amber thermoplastic
resin. U.S. Patent 2,582,708 discloses radically
initiated copolymerization of 3,4-—epoxy—~l-butene and

25 maleic anhydride. U.S. Patent 2,720,530 discloses
residues of unsaturated polyether containing only
residue (2) formed by vinyl polymerization of 3,4-~epoxy-—
l-butene initiated by excess n—bu?yraldehyde and benzoyl
peroxide. U.S. Patents 5,013,806, 5,071,930, and

30 5,071,931 disclose the preparation of alternating
copolymers from 3,4—epoxy-—l-butene and maleic anhydride
by radical initiation, wherein the copolymers comprise
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U S.. Patent 23pdd;6f8l al so discloses the thermally induced copecy/oseseessd on
of 3, 4-epoxy-1l-butene and [err]-nethylstyrene to a brittle, clear, anber
thernoplastic resin. U S. Patent 2,582,708 discloses radically initiated
copol yneri zation of 3, 4-epoxy-1-butene and nmal ei ¢ anhydride. U S. Patent
2,720,530 di scl oses residues of unsaturated pol yether containing only

resi due (2) formed by vinyl polynerization of =3%-~epoxy- 1-butene initiated
by excess n-butyral dehyde and benzoyl peroxide. U S. Patents 5,013, 806,

5,071,930, and 5,071,931 _disclose the, pre atiop,of alierpating,copolyners
from 3, 4- epoxy- 1- but EREIANEGS bl ki an nhghrgﬁéeBQa éﬁ?chLﬁngﬁFanﬁﬁ}gmherein
the copol yners conpraskydridd-deesvededifddieall.(2) alternating with the
Vakr omol - Chem . Nacr omol & Sap 68 1af EBEEES (B RARERE, EaxLURbIS chem,
Makronol . Chem , RapfacromeinSymp., 1131086)20M (BB8AL/ ek, Brzarinskakrehol .

Chem , Suppl . 515, 491 (1949 ondo) Bl @MeR), Rhofh: colihomoh, Dhemvesacgonl
Synmp., 32, 155 (1990 t eaches that cationic foléner- i zat1 on of oxlIranes
@ tv

in the presence of dRRY 8K pr & rbis, PfalkRome PeB- nofBRRL - netRant€min
whi ch the propaga- t{pggpypceedsiddréhy @tldall prMakrSin6lonehes. IONEEEEMED

the hydroxyi -1 e naf o8p Or o4 1 DROL O0BL UL S ol Dl eREECES21 B P8 TyR0R1"
ization of oxiranes in the presence of alcohols proceeds
10 by an activated monomer mechanism in which the propaga-—
tion proceeds by the addition of protonated monomer to
the hydroxyl-terminated growing macromolecule. This
process has been shown to be useful for the polymeriza-—
tion of ethylene oxide, propylene oxide, and epichloro—
15 hydrin, having good molecular weight control and reduced
formation of cyclic oligomers. These papers disclose
that when propylene oxide is polymerized under these
conditions, the resulting polyether glycol contains both
primary and secondary hydroxyl end groups in a ratio of
20 45 to 55, respectively. These papers do not suggest
that the application of the disclosed conditions of
activated monomer polymerization to 3,4—epoxy-li-butene
would result in a copolymer having mostly (if not
completely) primary hydroxyl end groups and containing
25 both residues (1) and (2).
None of the prior art discloses our novel polyether
compounds described in more detail hereinbelow or a
process whereby the novel polyether compounds may be
obtained. The polyether compounds provided by the
30 present invention are comprised of n units of residue
(1) and m units of residue (2), wherein the total value
of n+mis 2 to 70, n/(n + m) is a value in the range
of 0.70 to 0.95, i.e., residue (1) constitutes from 70
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tﬂon of " et hyl¥a@smeagde, propyl ene oxi de, and epichloro- hydrin, having good
nol ecul ar wei ght control and reduced formation of cyclic oligogers. These
FHUSES/00594

papers di scl ose that when propyl ene oxide is polynerized under

conditions, the resulting polyether glycol contains both primary and

secondary hydroxyl end groups in a ratio of 45 to 55, respectively. These

papers do not suggest that the application of the disclosed conditions of

¥ ivated nononer polynerization to 3, 4-epoxV¥f-butene would result in a

ol ymer havi ng nngtlé (if not conpletely) primry hydroxyl end groups and
i-qués Pfﬂeamgrpéht Rgne paf E&f prior art discloses the
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taining both res
el pol yether conpodndsg)degqgi ;N _nore de

pol yet her conpgggaguﬁﬁy(ﬁé ebdai(gdnaliae pgl yet her

s of the present invention - -rUGkpriese

whgr eby the novel
cofypounds obt&i ned ushﬂ@-—t—dxﬁ%
residue (1) and unjts of resi ue_Lg),c%herein the total value
éﬂLﬁpgn the ra g§‘83=ﬁ¢ﬁﬁ—c520*95,

n gnits of
of{n + mis 2 to 70, n/(n +|? '
i.&., residyg (1) gﬂﬁ&i§(x;%%on17o REPLACEMENT SHEET -5- to”95 nole
eficent of the tot edhere ot gl and,(2), and i dues (1) and
wherein resi dies Reljused {@)tronsiddute at

per e cent @
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terninal hydWe®§18@8dups are primary hydroxy groups. The: pol yePREUSEMBunds
may be used in the preparation or formulation of surfactants and ot her
conposi tions anal ogous to conpositions derived from known pol yet her
‘polymers. The process utilized to prepare the above-descri bed pol yet her
compounds is believed to be novel and conprises pol yneri zi ng

3, 4-epoxy- 1-butene in the presence of a catalyt§ c anount of certain acidic
conmpounds and a hydroxyl initiator conpound to obtain the polyether

conpounds described in the precedi ng_paragraph. . The initjator conpoun S
sel ected from vari OREIAFREY LoPRPVRE Sﬁcﬁhﬁsl?gglﬁﬁﬂFox??dctﬂﬁoﬁﬂﬂ§e §B€5¥Ed
i n Published Intern@ht@ﬁﬁédFﬁHafﬁgfiﬁgtaqpoyﬁhﬁaf62§83polyﬁefnitTBéOresidue

cUch a5 al conol o, vRFyERE, BeLghyarady Ehi B18r S8 at B EERYepRRRRE B Cene
hydr oxyl groups, anﬂomuilmxw-ﬂmnwmwrpck%/rﬁsstmm@sme of a _
OO e B SchBbRsE s eakusELer P YT e, e a8 cerel S
on one end of the chain %%i€%b£$n%Jcﬂyql%x%$cbﬁéep}°§n§°lﬁ9§1§§ Hebﬁhgneric
al cohol . The other sRgapi{c!ALcORLYECANE B6Iyhéri 8T #18868UsWihhiichhgayepedue
of the alcohol initjator, e.q., a residue havipg the forpula -O R err]
wherein Rlerr] is t%%n?éﬁiﬂﬁgbﬁﬁn%PP%NEQQBP,a%?&?%?hﬁrya ACY¥FRIF BF oup,
contai ning up to 20aeehdeicat oNEtholigh SePohdaydroxyterbippyndlcshotedmay
the initiatoio the gglgggﬁ,Q£§¥EE;§OQ135h$f§S£r§ Bgekggred. Some typically
useful alcohol initiators include methyl alcohol, ethyl
alcohol, n-butyl alcohol, iso-butyl alcohol, 2-ethyl-
hexyl alcohol, n—decyl alcohol, stearyl alcohol, cetyl
alcohol, allyl alcohol, benzyl alcochol, phenol, cresol,
15 and the like. .Typically useful glycol initiators
include ethylene glycol, 1,2-propanediol, 1,3-propane—
diol, 1,2-butanediol, 1,4-butanediol, 1,6-hexanediol,
1,4—cyclohexanediol, 1,4-cyclohexanedimethancl, 2,2-di-
methyl—-1, 3—propanediol, 2,2,4-trimethyl-1,3—pentanediol,
20 2,2,4,4-tetramethyl-1, 3—cyclobutanediol, 1,4—dihydroxy—
2-butene, 3,4—dihydroxy-l-butene, benzenediols such as
hydroquinone and'reéorcinol, and the like. Typically
useful polymeric alcohols and glycols include poly-—
ethylene glycol, polyethylene glycol monomethyl ether,
25 polypropylene glycol, polypropylene glycol monobutyl
ether, poly(tetramethylene ether) glycol, and the like.
Low molecular weight hydroxyl-terminated polyesters also
may function as the hydroxyl initiator compound.
Typically useful polyols include glycerol, starch,
30 sucrose, glucose, pentaerythritel, and the like. Water
also may be used as the initiator. Diols having 2 to 6
carbon atoms constitute the preferred initiators, i.e.,
wherein R? is alkylene of 2 to 6 carbon atoms. The

eet Has Been Replaced

" i



hydr oxylwghgwags of the initiator the polyner grows from rtcTAUsgsdss of the
hydr oxyl groups of the initiator, and the subsequentl|y-obtai ned polyner is
a pol yhydroxyl polyner. The residue of the pol yhydroxyl initiators nay be
represented by the formula -O-Rerr]-O wherein Rerr] is the residue of a
pol yhydroxyl initiator. Suitable alcohols include | ow nolecul ar wei ght
organi ¢ al cohol s and pol yneric al cohols whiZch- may be |inear or
branched-chain aliphatic, alicyclic or aromatic. A though secondary or
tertiary alcohols may be used, prinmary alcohols are preferred. Sone
typical Iy usef ACifibieatalystarwhich neaydeenaseg| in| thacProeess| ol theol |

n-butyl al cohol réééhﬁ“&ﬁ“eﬁ%i&ﬁmﬁreZséigdtedhffdh §££ lacfagdesybn as

al cohol , stearyl al cohol , cetyl al coho| %F g*coho enzy| _al cohol

‘phenol , cresol ,S¥HIEMe §53& HSEFQ%R¥§CU§%% YREPPPRIE| 2¢3A% i ncl ude
et hyl ene gl yco'stﬂorﬂ; cawmaion Je:actmwerwesﬂngl elg2; bnkberlyst,

1, 4- but anedi ol hexan ol cl ohex dj

4-cycl oh anedﬁﬁ’f‘f};ﬁ"{ol dézh'b‘?r %ﬁ’l‘i,%cg‘?%p%ﬁé%i %ff,perfluoro—

i, 2,44;1t Li get hylam&mﬂtb foreit AGids qux;ﬂainimgmp h‘gab q, Gal:lyoizoéntwnﬁedi ol ,
i r ox u e as

hydrqu|%one gnd dsgggﬁﬁmﬁ%féﬁéﬁggyé%ﬂ%foﬁ#& 981 1y usafg%g y%%r

al cohol s and glaaisls amtmmefbm:gnsrelmnﬁma@;@fcmlyw?emweneNgfy@nl

mononet hyl et hefeg R Y PIORRH RiYH B HEH é@idﬁr?éw&?ﬁflﬁﬂ ¥Felc DUt ¥F

et her, poly(tetranethylene et her egcoI and tThe |jke. Low nol ecul ar
wei ght Fr oxy|eHE8SHING KPAN UL 19F 3 f@poxy—-1-butene and an

_ initiator, most exhibit limited activity and result in

"’ the formation of low molecular weight products. The
most effective and, therefore, the preferred catalysts
are the perfluoroalkanesulfonic acids such as trifluoro—

15 methanesulfonic acid and, especially, Nafion NR-50
perfluorosulfonic acidic resin which has been
cryogenically ground to 60 to 100 mesh (particles having
an average diameter of 170 to 250 microns), available
from C.G. Processing of Rockland, Delaware. The amount

20 of the acidic catalyst which may be used can vary
substantially depending, for example, on process
conditions and the particular strong acid employed. 1In
batch operation of the process, the amount of catalyst
used typically is in the range of 0.5 to 1.5 mole

25 'percent based on the equivalents of initiator.

The polymerization reaction preferably is conducted
in the presence of a solvent, e.g., an inert, organic
solvent such as a hydrocarbon, chlorinated hydrocarbon,
and the like. Specific examples of such solvents _

30 include benzene, toluene, xylene, heptane, methylene
chloride, chloroform, and the like.

The process of the present invention may be carried
out at temperatures in the range of 0 to 150°C,
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L o : $95/00594
Y functron‘ﬂggﬁﬁﬁshydroxyl initiator conpound. Typically useﬁiﬁupo lyol s

clude glycerol, starch, sucrose, glucose, pentaerythritol, and the I|ike.
ter also may be used as the initiator. Diols having 2 to 6 carbon atoms
nstitute the preferred initiators, i.e., wherein R2 is alkylene of 2 to 6
rbon at ons. The REPLACEMENT SHEET - 7- _agrgrc catal ysts which may be
ed in the process of the present invention are selected froma
rfluoroboric acid resine and a perfluoroal kanesul fonic acid having up to

carbon atons, e.g.ge éﬂdmrﬁo e R did i oGkt ddON S8Hkdie:, and
t hough strong acids ener Iy are ca aM(iﬁﬁ ef fecting reaction of

4- epoxy- 1- but ene Yri t i L F% %9 9% a8 iIRFSEPIERA
sult in the forrrataézn:tm‘ori (présﬁmrlﬁ rwm@n m;mhtztm pEYet nefStour novel

fective and, therefore t he ferre cat ar
rfl uoroal kanesul f AR éfcs iR uc GELE S ug%/ r?e?% ne%lf ah]f]cy a’tﬁ d and,

pecially, N&ion Nerfomed Iamramﬁdnmatailm (i:tmqs;mermmrmsméa@lthough

dater o 170 Lo B0 G LAY, (RS QR Al i ey ve

ckl and, Del aware. Ya®R-anount of the acidic catal yst which may be used can
ry substantially dependijigne BpePetIire o fOTbuY HRAS Wéé@nstlﬁlcbxtﬁﬁry

parti cul ar strong agld §Tploye bR oRer e T ol e B ossg e

10 the acidic catalyst, the nucleophilic initiator
compound, and any solvent used. The 3,4—epoxy-l1-butene
may be added all at once or, preferably, slowly or in
stepwise increments to a mixture of the catalyst and the
initiator. Stepwise addition of the 3,4—epoxy—l1-butene

15 monomer gives stepwise increase in polymer molecular
weight; thus, molecular weight control is readily
achieved by the stoichiometry of monomer to initiator.
A wide variety of molecular weights may be achieved, but
‘the molecular weights are generally controlled to

20 provide polymers with molecular weights of about 500 to
3000 for use as condensation polymer intermediates.
Slow addition of 3,4-—epoxy—i-butene is preferred for.
controlling the heat of reaction, controlling the
product molecular weight and molecular weight

25 distribution, and minimizing side reactions. The

polymerization reaction generally is rather rapid, and
reaction usually is complete immediately after addition
of the 3,4—epoxy—l-butene or up to about 16 hours after
the completion of the addition, depending upon the rate
30 of 3,4—epoxy—1-butene addition, temperature, and

catalyst activity.

It is apparent from the above process description
that the polyether polymers of the present invention can
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ped typi o@d baprossy i N the range of 0.5 to 1.5 nole percent bpeHUsENO0SHeE
Biui val ents of initiator. The polymerization reaction preferably is
ginducted in the presence of a solvent, e.g., an inert, organic. solvent

ich as a hydr ocar bon, chl ori nat ed hydrocarbon, and the like. Specific

fanples of such sol vents include benzene, tol uene, xylene, heptane,

Et hyl ene chloride, chloroform and the |ikeg Fhe process of the present
yjvention may be carried out at tenperatures in the range of 0 to
EO[ err] C, - 8- dependi ng upon the choice of initiator, solvent, and
it al yst . Terrperaianpasi.sﬁ, tha:dtﬁi[iem]@ arhee ¥ pé-eepaxiy—Rebuetene pressure

§ ot an importas Rarde 0 ald\ELET B Cend NP DI ACESSE
t@pically is perforne at’ apprOX|na er LY hoSpher T ¢ pressure although
& essur e noder at diuclasphe lgic U@M%ﬁ%sﬁ?MQ’@%y Fer .example. t ke a

ogeration of our polymeri¥ GGENS atidle, REIJBS Ya )@%&%&B}l—@eﬂmfﬁ&ﬁé’d%@l‘}ﬂne
added to a nlxture of . the acidic cata yst nucleophlllc I nitiator

fpound, #hd anPRNIHENR RPLYRRF 3, 18 j;PYe (R theWEbeHRE al | at
ogce or, prefer altlepeaai MMt Orof 1B S4-pbBe-1-H0iteme t fed ddvdesi ksure of the

cofal yst and the AdAlely el E o bR Sl obledy L PRI labut e

nol ecul ar wei ght aﬂ)rtlre)lpolymeza(hdw be less than 10 wezght percent. On
the other hand, if the initiator employed is a low

10 molecular weight compound such as methanol, ethylene
glycol, or water, the 3,4—epoxy-l-butene residues may

‘. constitute greater than 99 weight percent of the
polymer. The polymers typically comprise at least 80
weight percent, preferably at least 50 weight percent,

15 3,4~epoxy-l-butene residues. Residues of -the initiator

| compound typically constitute at least 1 weight percent

(at least 0.5 weight percent when water is the
initiator) of the total weight of the polyether
pelynmers.

20 Our novel polyether polymers preferably are

‘ comprised of n units of residue (1) and m units of
residue (2), wherein the total value of n + m is 7 to
50, and n/(n + m) is a value in the range of 0.70 to
0.95. The polymers are further characterized in that at

25 least 95% of the terminal hydroxyl groups are primary
(rather than secondary) hydroxyl groups. NMR analyses
of the polyethers of the present invention have failed
to detect any secondary, terminal hydroxyl groups. The
primary hydroxyl groups (and thus the polymers) are more

30 reactive for condensation polymerizations reactions in
general. The polyether polymers normally have a
polydispersity value of less than 4, preferably in the
range of 1 to 2.5. The polyether polymers wherein the
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achi eved Ryolokrgesgt Oi chionetry of nonomer to initiator. A w PET/Usasi0esds of
nmol ecul ar wei ghts nay be achi eved, but the nolecul ar weights are generally
controlled to provide polynmers with nol ecul ar wei ghts of about 500 to 3000
for use as condensation polyner internediates. Sl ow addition of

3, 4-epoxy-|-butene is preferred for. controlling the heat of reaction,
controlling the product nol ecul ar wei ght andi®otecul ar wei ght distribution,
and m nim zing side reactions. The polymerization reaction generally.is

rather rapid, and reaction usually is conplete inmedi atel%gfter addi tion
of the 3, 4- epoxy -totalk srlug @b N ot oA 1B RIS are paXRcebAMI®ti on of

:he addlttlon d . é&é@onti‘ﬂl@ ;Szaéﬁaﬂfe@ Plo BROXY terfls bé&&&‘@lﬁgﬂtém(m o
enperature, an ca a activ appar en rom t he .abov cess
description that % "p’é tl?‘Fe?ciﬂﬁl %e%f '?@’%r‘é%’e?ﬁ e e)clg?m &r 9.
conprise, in addlpdmém toe I'Byr}k-cﬁm(yrﬂ:rwm f@sidiws prefarably aj or
anount of the reS|duq10f g%wle hildc i' und F 2 %xanple | f
a pol yneri i ni tisTorSues ]?f’%y efy‘? nat d poI

pol yner, is enpl @B{Ybsmb tofe 2 Uth e cHErbypettonsi t s of 3 4 epoxy 1 butene
residues is relatively |Iow, the 3,4-epoxy-1-butene residue content of the

pol ymer may be |ess than 10 wei ght percent. On the other hand, if the
initiator enployed is The @¥eparation of the novel polyether polymers of

the present invention and the operation of the process
10 are further illustrated by the following examples. NMR
spectra are obtained on 300 or 400 MHz NMR spectrometers ‘..
with samples dissolved in deuterated chloroform
containing tetramethylsilane as an internal standard or
deuterated acetone. The value of n/(n + m) is
15 = determined by comparison of the integrated proton NMR
absorptions of residues (1) and residues (2), i.e.,
—O-_CHZ_-E:_ and ~—0—CH_, —CHe==CH—CH_ —
==CH

2 2
20

(2)
and all reported values relate only to the 3,4—epoxy-1-
butene monomer units added and are, therefore, exclusive
25 of the initiator fragment.

Absolute molecular weight distributions are
determined by size—exclusion chromatography (SEC) with
viscometry detection in tetrahydrofuran using four 10 um
PLgel mixed—bed columns. Absolute molecular weights are

30 calculated from the viscosity data and a universal cali-
bration curve constructed from narrow molecular weight

..

distribution polystyrene standards. The value of n + m
is determined from the SEC—determined number average
molecular weight. Hydroxyl numbers are determined from

is Sheet Has Been Replaced

T L



nmol ecul ar meig?t conmpound such as net hanol, ethylene gl ycobcrakosidtisey , the
3,4-époxfy9}5 Bhe residues may constitute greater than 99 wei ght percent

. of the polymer. The polyners typically conprise at |east 80 wei ght percent,
- preferably at |east 90 wei ght percent, 3, 4-epoxy-1-butene residues.

Resi dues of the initiator conmpound typically constitute at |east 1 weight
percent (at least 0.5 weight percent when_wagerL is the initiator) of the
total weight of the polyether polyners. Qur novel polyether polymners
preferably are conprised of n units of residue (1) and munits of residue

(2), wherein thetietatival ve €henatefitSaditiofbfmedndynthe re@ktisnactal ue
in the range of 0.70.to rs.,are further characterized in

0.95. T |
that at |east 95§€BPth¥1FQrﬁFﬁgﬁcﬁgﬂ¥§§§Fd§roups are primary (rather than

secondary) hydroxyl groups. NMR anal yses of the polyethers of the present

I nventi on have fggéﬁﬂaﬁgadetect any secondary, term nal hydroxyl groups.
The primary hydr ps (and thus the polyners) are nore reactive for

condensat i 8n pol yner i Methpheneecablivohdei (88emd) al 1,Frbupshedindr (Beb¥ngns
normal |y have a pgl ¥dj it aku | 8$S+4-k b kRt Re
range of 1 to 2.gsj¥ﬁ%ﬁggégét E§ 50P§§EfsSﬁhg%g?guﬁﬁgﬂée£?h%oE¥1F§F%P val ue
of n + mis 10 tacid are ghproed &Pl § Prepekycd00TRE. prerRRrbatiepy fdnsks

contain from5 tRaving an argon atmosphere and egquipped with a
thermocouple, mechanical stirrer, and a septum with
10 argon inlet. Stirring is begun and the reaction flask
. is cooled with a cooling bath composed of water and ice
‘I’ and having a temperature of 0 to 5°C. 3,4-Epoxy-1-
butene (40 mL, 500 mmole) is added dropwise at a rate of
¢ mL/hour by syringe pump. After the addition of the
15 3,4—epoxy-l1-butene is complete,-the cooling bath is
" removed and the reaction solution is allowed to warm to
room temperature. Solid calcium oxide (about 1 g) is
added and the mixture stirred for several hours to
neutralize the acid. The mixture is then filtered and
20 the filtrate evaporated to give 35 g of a clear,
colorless oil having a n + m value of approximately 17
and 2 n-(n + m) value of 0.85; Mn = 1270 and Mw/Mn =
1.94; and hydroxyl number = 100.5.

25 EXAMPLE 2
The procedure described in Example 1 is repeated in

the absence of a solvent and at a reaction temperature
between 20 and 30°C by coocling with cool water and
adding small amounts of ice as needed. The resulting

30 clear,'colorless oil has a n + m value of approximately
18 and a n/(n + m) value of 0.86; Mn = 1305 and Mw/Mn =
2.00; and hydroxyl number = 97.18. NMR analysis of this
product shows no evidence of secondary hydroxyl groups.
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20 wei ght percent, based on the wei ght of the polyether poly
hydr oxyl i N™Q ¥Y1988% esi dues, preferably residues having the ;?(#rﬁﬁ%émosw

-ORerr]-O wherein Rerr] is alkylene of 2 to 6 carbon atons. The
preparation of the pol yet her polyners of the present invention and

t he operation of the process are further illustrated by the follow ng
exanpl es. NVR spectra are obtained on 300 or 400 MHz NVR spectroneters with
sanpl es di ssolved in deuterated chIoroforn1Eoﬁ?aTning tetramet hyl sil ane as
an internal standard or deuterated acetone. The value of n/(n + m is
determ ned by conpalisgp og the integrated proton NVR absorptions of
residues (1) and Rt t2), i.e., [err] and all reported values relate
only to the 3,4-epoxy-11, puBuhanedhobel2Unbt g, a6da340amale) epndhaPefopps of

exclusive of the ippikph8fohEfHARA! suf?éﬂkl:'k@cﬁfa' asukaivea th 250 mL of
di stributions are determ ne ¥ES|ze excl usi on chromat ography (SEC) wth

vi sconetry det ect i Bathyilener ghiersfar areushaggrdutold FEPPFKVP Teb

m xed- bed cosumms. rSkR@LpbetoR! £TALR h4RifGt anakegenl athakpHereORNENE
viscosity data and_a universal caltPﬁbratlon curve onstr ng from narrow
a

mol ecul ar wei ght dPSRIPBERi BAtHoRy ERGFBAEOUP LR ¢ PEE! a?ﬁga 5PN + mis
det er m ned fron1thseﬁfﬁhde&ndnreﬁﬁunuabadenseragéthnhaguhainmetghtWith

Hydroxyl numbers age; defgem geg LEoW1-butdne (471 g, 6.72 mole) is added

dropwise at a rate of 60 g/hour by liquid pump. The

10 temperature rises initially to about 42°C, gently
refluxing the solvent, and continued to rise, reaching
58°C near the completion of the addition of the
3,4—epoxy-l1-butene. After complete addition, the
reaction solution is allowed to cool and stir for 1

15 hour. The reaction mixture is washed twice with water,
dried over anhydrous magnesium sulfate, filtered, and
evaporated to give 468 g of a light yellow oil having a
n + m value of approximately 29 and a n/(n + m) value of
about 0.83; Mn = 2100 and MwMn = 2.64; and hydroxyl

20 number = 46.05.

EXAMPLE 4
1,4—Butanediol (0.90 g, 0.010 mole) and 1 drop of
trifluoromethane sulfonic acid dissolved in 10 ml of
25 toluene are charged to a reaction flask having a
nitrogen atmosphere and equipped with a refluxing
condenser. With stirring, the reaction solution is
heated to 100°C by an oil bath. 3,4-Epoxy-l-butene
(9.1 g, 0.13 mole) is added dropwise at a rate of 0.15
30 mlminute by syringe pump. After complete addition, the
reaction solution is allowed to cool and stir for 15
minutes. The reaction mixture is washed twice with
water, dried over anhydrous magnesium sulfate, filtered,
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. . 95/19381 PCTUS9S/00594
titration o? the acetic acid forned by the reaction of sanple with acetic
anhydri de. EXAMPLE 1 Met hyl ene chloride (80 niL), 1,4-butanediol (3.62 g,
40.0 mmol e), and 3 drops of trifluoronethane sulfonic acid are charged to a
3-neck, 300-ni, round-bottom flask having an argon atnosphere and equi pped
wi th a thernocouple, mechanical stirrer, andla septumw th argon inlet.
Stirring is begun and the reaction flask is cooled with a cooling bath
conposed of water and ice and having a tenperature of 0 to 5[err]C
3, 4- Epoxy- 1- but epBd( gayapprated ®proBdyei §-8dde@fdrophiesk @ilaheyisgoe @ +

mL/hour by syringg pHile 6&tsﬁpkbﬁlﬁddbuyoa4oanahs fAMCRORY - halitleCRE 1 S
conplete, the cooljng bath is renoved d the reaction solution is all owed

to warmto room t 8REBEaPurA; §Blrd9§9IEPGWFH%FBe“(éb&GV ang) hydroxydd and

the m xture stirrgadmber seysrel hours to neutralize the acid. The m xture
is then filfered and the filtrate evaporated to give 35 g of a clear,
colorless ofl having a n + mvalue of approximately 17 and a n/(n + m

val ue of 0.85; MhEXAMPLZE 8nd MV WMh = 1.94; and hydroxyl number = 100.5.

EXAMPLE 2 The procedurg geégﬁkg?gﬁger§§aggh %Olgsr pegtgqgoﬁ Q?ngﬁeqpe

of a solvent and at a Téac ure betweéen 20 an
cooling with coo|dmapepfahu1§&upngmgﬁhaneasn&ﬁ991§fapéé égss@éaeé imhdo

resulting cl ear, aflﬁé€n9aénaaéh§091aenh¥al&ﬁaegeapQBO&lE&h%kxo$8fqagka
n/(n + nm value o hydr,oxyl nber =
97. 18. hmmggna|yspgvbpgtﬁlgltrogen atmosphere and an 18°C chilled water
. cooling bath. With stirring, 3,4—epoxy—l-butene (9.1 g,
‘i’ 0.13 mole) is added dropwise at a rate of 0.15 mL- minute
by syringe pump. After complete addition, the reaction
solution is allowed to cool and stir for 15 minute. The

15 reaction mixture is washed with 5% sodium carbonate in
water, dried over anhydrous sodium carbonate, filtered,
and evaporated to give 8.6 g of a clear, colorless oil
having a n + m value of approximately 14 and a n/(n + m)
value of about 0.87; Mn = 1400; and Mw-Mn = 1.68.

20 J-resolved NMR and 13C NMR analyses of this polyether
product shows that essentially all of the terminal
hydroxyl groups are primary hydroxyls since no secondary
hydroxyl groups are detected.

25 EXAMPLE 6
The procedure described in Example 5 is repeated
using 0.18 g (0.010 mole) of water as the initiator in
place of 1,4~butanediol, yielding 8.6 g of a clear,
colorless oil having a n + m value of approximately 15
30 and a n(n + m) value of about 0.86; Mn = 1320; and
MwMn = 1.51. J-resolved NMR and 13C NMR analyses of
this polyether product shows that essentially all of the
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pr oduct shows no evi dence of secondary hydroxyl groups. - LE 3
1, 4- But anedWV@195(133816 g, 0.240 nole) and 10 drops of trifl uorgﬁf‘ﬁgﬁgéw

sul fonic.acid dissolved in 250 nL of nethylene chloride are charged to a
3-neck, 1-L, round-bottom flask having an argon at nosphere and equi pped
with a thernocouple, nechanical stirrer, septum and reflux condenser with
argon inlet. Wth stirring, 3,4-epoxy-1-buteng, (471 g, 6.72 nole) is added
dropwi se at a rate of 60 g/ hour by liquid punp? The tenperature rises
initially to about 42[err]C, gently refluxing the solvent and continued to

rise, reaching 58] n h
3, 4- epoxy- 1- butenéegééfégfg%%ﬁPg¥ifngégé#g aP% éP gg?l ?% %Oﬁlnce ne
al lowed to cool arsesendaryrhydrexyl gh@uP%aéteoﬂehﬁﬁtaﬁe |s washed tw ce
wth water, dried over anhydrous nmagnesium sulfate, filtered, and

evaporated to give 4681ﬂ?0f a I| ht ellom10|l haV|ng an+ n1value
approxi mately 29 and a H¢ moavey %%Pu%a%f bagp gescpibeqin éiﬁﬁlﬁhﬂlﬁﬂlhh =

2.64; and hyslrOXy|pﬁtm1§r4ﬁeﬂ&exEé@~NE$EpﬁeﬁeﬂrBﬂt_éﬁdeQheﬁ'_ﬂs%)hﬂrerplo
nole) and 1 drop triflup tha sulfo acid dissplved ig 10 m of
tol uene are char g&“% o) Y’eggt %nu? exx*- ‘?1% gﬁ?ﬂ'ﬁ 1AP&t M8 phere and

equi pped with a raiddidtications will be effected within the spirit and
scope of the invention.

10
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‘ondenser.Wﬁﬁmsni rring, the reaction solution is heated torPadD0®smgssan oi |
yat h. 3, 4- Epoxy-1-butene (9.1 g, 0.13 nole) is added dropwi se at a rate of
15 i/ m nut e by-syri nge- punp-—-_After conplete addition, the reaction
sblution is allowed to cool and stir for 15 m nutes. The reaction mxture

i 5§ washed twice mlmum[lHHEHM!lmE over anhydrous magnesi um sul f at e,
filtered, d to give=81® g of a black oil having a n
+ m val ue of apprOX| rrately 1% and a n/(n + m value of about 0.74; M = 950
and MV WMnh = 2.16; and hydroxyl nunber 95. 0. EXAMPLE 5

3, 4- Di hydr oxy- 1- but ene (0.88 g, 0.010 ol eCEBdS drop of trifluoronethane
sul fonic acid di sgel '¢ad imn? 10 mL of nethylene chloride are charged to a
reaction flask haying sphere and .an _18C chill ed ter,

n
cooling bath. Wt ‘sti%‘r?ﬁ y %freﬁ X, GOPRE 360G P YRits fff He5idugged
dropwi se at a rat ¢19f apdlm mh/msnotferle;laymel Q@9 ,pwherei cathe cigad evalue
addition, the rea nsI tiqQn [ 1 to 0 n rfor 15 te.
The reactlo‘E’ m xt %%egl S %agﬁeg % A)%gsg m so%a’?"es"l% J[gn‘%e
over anhydrous so@fufm.@Qr konatL85, fahders@,ld@mﬁ d\ldp@rai el® )t chagmlal’&-G g of

a clear, colorl esétQhEtﬁ%\ébng a n + mvalue of approximately 14 and a n/(n
+ m vaI ue of about 0.87; Mr = 1400; and MW Mh = 1.68. J-resolved NVMR and

err] C NVR anal ses_o.b_r_bgs kyet her
Lerr] 180 Y 2 —O0—CH,,—CH==CB—CH,—
==CH
(1) 2 (2)

i5
‘iﬁ 2. A polymer according to Claim 1 wherein at least 95
percent of the terminal hydroxyl groups are primary
hydroxyl groups and the polymer has a polydispersity
value of less than 4.
20 _
3. A polyether polymer comprising n units of residue
(1) and m units of residue (2), wherein the total value
of n +mis 7 to 50, n’(n + m) is a value in the range
of 0.70 to 0.95, and residues (1) and (2) have the
25 structures:
. "'IH" —0—CH,,—CHe==CH—CH,—
¢ (2) , (2)
wherein residues (1) and (2) constitute at least 80
weight percent of the polymer.
35
4. A polymer according to Claim 3 wherein at least 95
percent of the terminal hydroxyl groups are primary
hydroxyl groups and the polymer has a polydispersity
value of 1 to 2.5.
40
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product' showdV@Bs1938Lsential |y all of the terminal hydroxyl grBousoaesss
primary hydroxyls since _no_secondary hydroxyl groups are detected. EXAMPLE

6 The procedure described in Exanple 5 is repeated using 0.18 g (0.010

nol e) of water n place of 1,4-butanediol, yielding 8.6 g
of a clear, col o “mewmu'mn I“Ia n + mvalue of approximtely 15 and a
n/(n + n) value off about (O 86; Mh = 1320; and WMh = 1.51. J-resolved NWR
and [err] C NWR anal yses of this polyether product shows that essentially

all of the - 14 - ter #B%H r

no secondary hydrox grcriti?gélre d&Xﬁ:t% %% ﬁirﬁﬂﬁﬁ’ﬁié’@ﬁ Sréi

pol yner conpri sing n(Ju)nlﬁ A ynkhs RE @esigie nfdini t@%ﬁe#fés(’dheﬂ(?)to*-al
wherein the total valdmuefof i Ma i/ 1P t&p,sm/éﬂaw S 1 Vi Ue vdlddein

Wherei n rost dues (Ll dAREE dthdis 1T J FTastLBo KA GHED el b (The

gol ymer and ats | eastcdiistpenoantatofldast (80 melighth \proent @b Uudse el yerar y

fydr oxyl (iii) at least 95 percent of the terminal hydroxyl
groups are primary hydroxyl groups; (iv) the polymer has
a polydispersity value of 1 to 2.5; and (v) residues (1)
and (2) have the structures:

0 —o—C¢H, _g: =, —O0—CH,—CH=CH—CH,—

2
13 (1) (2)
6. A polyether polymer according to Claim 5 containing
from 1 to 20 weight percent, based on the weight of the
20 polyether polymer, of hydroxyl initiator residues having
the formula —O-R?>-0- wherein R? is alkylene of 2 to 6
carbon atoms.

7. A polyether polymer according to Claim 5 containing

25 from 0.5 to 20 weight percent, based on the weight of
the polyether polymer, of hydroxyl initiator reésidues
derived from water.

8. Process for the preparation of a polyether polymer
30 comprising n units of residue (1) and m units of residue
(2), wherein the total value of n + m is 2 to 70,
n/(n + m) is a value in the range of 0.70 to 0.95, and
residues (1) and (2) have the structures:
35 —0—CH, _‘E: —O0—CH,—CH=CE—CH,—
40 (1) (2)
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Pups. 2WO9IINBH ymer according to Claim1l wherein the polws%%?gwg
@ydispersity va%ue of—1 to—2-6—3: A polyether pol ymer according to
‘?' 1 or e total value + mis 10 to 30. 4. A
B\ ct her polyrrer 'f“ﬂ \rlﬁ,! Hﬁ H:!H m 3 cont a| ning from1 to 20 wei ght
‘ﬁcent based on polyethgr pol ymer, of hydroxyl
tiator residues haV|ng t he fornula OR rf1C> wherein Rerr] is
kyl ene of 2 to 6 carbon atons. 5. A pol yet her polyner according to

@ains 1 - 4 co n t g d ;N ¢4
W ght of the pgﬁgggheQOQérkggg pg?§ﬁe5r215ﬁeldpt re5| u%% p?bV|%Ed by
$@ic use of wat erpPHesenget hé prsp&ﬂévtén gmoun¢ SGI?@tHGndps1ywﬁﬁ1Y§t and

Jocess for the pr - 16 - conprising n
@i ts of reS|dueg(ﬁﬁégﬁgbﬁgagFtgng?hﬁgg?gﬁé 2), mhereln the total val ue of

ng+ mis 2 to 70, n/(n + m is a value in the range of 0.70 to 0.95, and

si dues (8) ande(2) fReeptbeedkr bgt tNasin behhbr\diw ¢he heautiu:es:aétk)ly@tﬂ
(3) constitute at_| east

d,at | 5
bl cont “of the (&P rRnBFTEIUPERILkGPERRLEaRICoPATE DNITEORR thr GUSETRAM ch
canpri ses poIyneatamagaﬂd4thaopye&ebstdsecamrubé putsatca tlenperatairet iof
anount of an aCiHiEO 100°C.

10 10. Process for the preparation of a polyether polymer
" comprising n units of residue (1) and m units of residue
"i (2}, wherein the total value of n + m is 7 to 50,
n/{n + m) is a value in the range of 0.70 to 0.95, and
residues (1) and (2) have the structures:
1o —0—CH, —iu —O—CH,,~—CHa==CH—CH,—
==CH
(1) (2)
which comprises polymerizing 3,4—epoxy-l-butene at 20 to
60°C in the presence of (i) a catalytic amount of RN
trifluoromethanesulfonic acid or a perfluorosulfonic
25 acidic resin and (ii) water, an organic hydroxyl
initiator compound, or a mixture thereof.

20

" 11. The process of Claim 10 wherein 3, 4—epoxy-l-butene
is added slowly or in increments to a mixture of the
30 trifluoromethanesulfonic acid, a glycol containing 2 to
6 carbon atoms and an inert, organic solvent.

12. Process for the preparation of a polyether polymer

comprising n units of residue (1) and m units of residue
35 (2), wherein the total value of n + m is 7 to 50,

n/(n + m) is a value in the range of 0.70 to 0.95, and

residues (1) and (2) have the structures:
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catal yst swbestgss1from a perfl uoroal kanesul foni ¢ acid havi nECHHSS

atons and a perfl uorosutfonic aci dic resin and a nucl eophilic initi#a

conmpound. 7. The iy 6 wherein the acidic catalyst is
per fl uor cal kanesul fﬂﬂﬂMJ "j @rlﬂ]jup to 6 carbon atons and the procesSus
carried out at a te MOls 100[ er rlgC_ 8. The process of O ai‘nt

whi ch conprises pol ynerizing 3, 4-epoxy-1-butene at 20 to 60[err]Cin the"
presence of (i) a catalytic anount of trifluoronethanesulfonic acid or a

perfluorosul fonic acidi ey esidg-and (ii) water, or ggpi ¢ _hydr oxyl
initiator conpound, or a @ xt{ure thereof. gfohiﬁ%aﬁﬁgyéggﬂ%ﬂ5331m m 8
wherein 3, 4-epoxy-1-butene | slowy or in incr nts to a m xture of

the trifludronethanesul fonildlacid, a gl ycol containing to 6 carbon atons
and an inert, orgmiich T¥ntiilses polymerizing 3,4—epoxy—l-butene at 20 to

60°C in the presence of (i) a catalytic amount of
trifluoromethanesulfonic acid or a perfluorosulfonic

10 acidic resin and (ii) water, a glycol containing 2 to 6
carbon atoms, or a mixture thereof.
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