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glass transition temperatures but their cr})stalline melt temperatures are

Qrv

above room temperature. Thus, they are waxy solids at ambient
temperatures and need to be kept at elevated temperatures to prevent
20 solidification.

Copolymerization with a cyclic ether has been used to reduce the
crystallinity of the polytetramethylene ether chains. This lowers the
polymer melt temperature of the polyglycol and at the same time may
improve certain dynamic properties of a polyurethane which contains such

25 acopolymer as a soft segment. Among the comonomers used for this
purpose is ethylene oxide, which can lower the copolymer melt
temperature to below ambient, depending on the comonomer content.
Use of copolymers of THF and ethylene oxide may also increase certain
dynamic properties of polyurethanes, for example elongation at break,

30  which for some end uses is desirable.

Copolymers of THF with ethylene oxide are well known in the art.
Their preparation is described e.g. by Pruckmayr in US Patent 4,139,567
and US Patent 4,153,786. Such copolymers can be prepared by any of
the known methods of cyclic ether polymerization, described for instance

35 in "Polytetrahydrofuran” by P. Dreyfuss (Gordon & Breach, N.Y. 1982).
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above the melting point of polytetrahydrofuran. Certain physical properties
of the polyurethanes prepared from THF copolymers surpass the
20 properties of those polyurethanes prepared from THF homopolymers.
However, there are certain disadvantages connected with the use
of ethylene oxide (EO) in these copolymers. EO is quite hydrophilic and
can increase the water sensitivity of the corresponding polyurethanes
when used in the required concentrations.

25
SUMMARY OF THE INVENTION

The invention is a copolymer glycol prepared by polymerizing

tetrahydrofuran, ethylene oxide and at least one additional cyclic ether.
The invention is also directed to a polyurethane polymer comprising the

30 reaction product of at least one organic polyisocyanate compound and a
copolymer glycol prepared by copolymerizing tetrahydrofuran, ethylene
oxide and at least one additional cyclic ether. The invention is also
directed to spandex filaments comprising the aforementioned

polyurethane.



directed to spandex filanments conprising the aforenentioned polyurethane.
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useful in the 30 practice of this invention are the catal ysts descri bed
e.g., by Aos@ihyienesgxide. A copolymer glycol can be produced, containing
tetramethylene oxide and ethylene oxide units in the polymer chain, as
well as units of the additional polyether monomer distributed in a random
20 fashion along the polymer backbone chain. It should be noted that alkyl-
substituted oxolanes, such as 3-methyloxolane, are referred to as the
corresponding alkyl substituted THF, i.e., as 3-methyl-THF in this case.
Herein, the term “cyclic ethers” will be understood to include both
unsubstituted and substituted forms.
25 The copolymers of the present invention can be made by the
method of Pruckmayr in US Patent 4,139,567 using a solid
perfluorosulfonic acid resin catalyst. Alternatively, any other acidic cyclic
ether polymerization catalyst may be used to produce these copolymers,
e.d., heteropoly acids. The heteropoly acids and their salts useful in the
30 practice of this invention are the catalysts described e.g., by Aoshima, et
al. in US Patent 4,658,065 for the polymerization and copolymerization of
cyclic ethers.
A wide range of strong acid and superacid catalysts that are well
known to those skilled in the art can be used for the copolymerization of

3



al. in US Patent 4,658,065 for the polynerization and copol yneri zati on of
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N J
where
20
R is a C1 to C5 alkyl or substituted alkyl group,
n is an integer of value 3to 4 or 6 to 9,
25 m is zero or 1 except thatwhenn=4, mis 1.

Examples of cyclic ethers are as follows:
Ring C Chemical Name

C3 oxetane, methyl-oxetane, and dimethyl-oxetanes,
30 C4 alkyl-tetrahydrofuran such as 3-methyl-THF and 3-ethyl-THF,
and 2-methyl-THF,
C6 oxepane,
C7 oxocane,
C8 oxonane, and
35 C9 oxecane

Although not represented by the formula above, 3,4-dimethyloxolane (3,4-
dimethyl-THF) and perfluoroalkyl oxiranes, e.g., (1H,1H-perfluoropentyl)-



C8 oxonane, and 35 C9 oxecane Although not represented by the formula
above, 3, 4-di net hyl oxol ane (3, 4- dinethyl-THF) and perfl uoroal kyl oxiranes,
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di i socyanat e, unctlona chain exte e preparation of the
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"Spandex" means a manufactured fiber in which the fiber-forming
substance is a long chain synthetic polymer comprised of at least 85% by
weight of a segmented polyurethane. The segmented polyurethane can

20 be made from a polymeric glycol, a diisocyanate, and a difunctional chain
extender. In the preparation of the spandex polymers, the polymer is
extended by sequential reaction of the hydroxy end groups with
diisocyanates and diamines. In each case, the copolymer must undergo
chain extension to provide a sbinnable polymer with the necessary

25  properties, including viscosity.

Polymeric glycols that can be used in making the polyurethane of
the present invention can have a number average molecular weight of
approximately 1500-4000. Diisocyanates that can be used include 1-
isocyanato-4-[(4-isocyanatophenyl)methyl]benzene, ("4,4'-MDI") 1-

30 isocyanato-2-[(4-cyanatophenyl)methyllbenzene ("2,4'-MDI"), mixtures of
4,4'-MDI and 2,4'-MDI, bis(4-isocyanatocyclohexyl)methane, 5-isocyanato-
1-(isocyanatomethyl)-1,3,3-trimethylcyclohexane, 1,3-diisocyanato-4-
methyl-benzene, and mixtures thereof. When a polyurethane is desired,



approxi mately 1500-4000. Diisocyanates that can be used include 1-
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di am nopentane, mxylylene di am ne, and m xtures thereof Optionally, a
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20 wet-spun when spandex is deS| red. The practice t he Bpesent I nvention
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Chem cal , M hewyldramne/\can Biecused to control the molecular weight of the polymer,
and a trifunctional 'chain brancher' such as diethylenetriamine can be used
to control solution viscosity. Polyurethaneureas are typically dry-spun or
20 wet-spun when spandex is desired.
The practice of the present invention is demonstrated by Examples

below which are not intended to limit the scope of the invention.

MATERIALS
25 THF, 2-methyl-THF, fluorosulfonic acid, and phosphotungstic acid

hydrate are available from Aldrich Chemical, Milwaukee WI. The
phosphotungstic acid hydrate was dehydrated by heating at 300°C for at
least three hours prior to use.
3-Methyl-THF, 3-ethyl-THF, and oxepane were prepared according
30 to methods described in the literature.



phosphot ungsti c acid hydrate was dehydrated by heating at 300C for at
| east three hours prior to use. 3-Methyl-THF, 3-ethyl-THF, and oxepane were
prepar ed woaasisy 30 to nmet hods described in the |iteraPardalSosoissd
03/ 059989 PCT/ US03/01330 EXAMPLES Exanple 1 This exanple was provided to
show copol yneri zati on of THF, 3- 5 EX®AMPIEBS and et hyl ene oxide. THF (160
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about 4 15 1a HehhBoEd 4 BbtpnesiotagoP0T Toek) Waa aodecgie i nl ot system
flushed  wi t holouIay Wé@ﬁ?@entl’&%%gﬁeﬁ‘@ﬁg“egﬁ'%ﬂo\ﬁgggo‘égéfoé’rgﬁﬁlelb m nut es,

and the polynerization vessel t cool™e il1tration. The
solid céal MR-50erypgisindrte desaithaoq mebb. INARIEIN® NR-50ds wrsmlidsol uti on was

vacuum dri ed 0 . 0 nm. 0.027 kPa) .pressur figal 20 product
filtration 98%'@80@"?}2%3&%{6%% éﬁ?Q?W@@yGQQWSﬁmﬁ“ viMltc s

char act er i zegolppherizdtib® it e stiredldrRt Meste§R6 G0FOS FaANis(olhty) . Nucl ear
Magneti ¢ Resonance Spectroscogy (NWVR), and Gel Perneation Chromatography

(GPC). 1t hagthylaner oxideWaspdsesd dewlyada fhrigas inlelsiube @andtberaddition Aver age
L5 o 1 Won A0 T SYOCTS B R Aok Sl
15 hours. The EO feed was then shut off and the gas inlet system flushed
with dry nitrogen. Heating was continued for another 15 minutes, and the
polymerization vessel then cooled to 30°C before filtration. The solid
catalyst was recovered and could be reused. The polymer solution was
vacuum dried at 100°C at 0.2 mm Hg (0.027 kPa) pressure. A final
20  product filtration gave 50 g (24%) of a clear, viscous polymer, which was
characterized by Fourier Transform Infra-Red Spectroscopy (FTIR),
Nuclear Magnetic Resonance Spectroscopy (NMR), and Gel Permeation

Chromatography (GPC). It had the following properties and composition

25 Number Average Molecular Weight: 3100
THF content: 72 mol%
EO content: 25 mol%

3-ethyl-THF content: 3 mol%

30 Example 2
This example was provided to show copolymerization of THF, 3-

Ethyl-THF, and ethylene oxide.
A 250-ml round-bottomed polymerization reactor was set up,
equipped with a mechanical stirrer, dry ice reflux condenser with Drierite
35  moisture protection tube, thermometer, and gas inlet tube. THF (26 g,
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Thi s exanpl e was provided to show copol yneri zati on of THF, 3- Ethyl-THF,
and et hyl ene oxide. A 250-m round-bottoned pol ynerization reactor was set
up, equiwpadoswssh a nmechanical stirrer, dry ice reflux cecdarss®o13séth
Drierite 350:@6i ok} 8-yt EOFi(d8 o Obt3 mohpranshanyeXNAFKIN catalystdaavddrube. THF

(26 g, 7 WO P 3 0 .36 mol .),, 3-e ~JHF (13 g, 0.13
ol .). and d@éﬁéﬁ?ﬁ%"c%"%ég%émhg(@mwaéﬁﬁte%@ b witiged, The
m xture was $tiraihgduhdertd Slow dthesih iof hitigyenU NYBEN3hS bPstefii hadfesdhad t rogen.
When t he syséem had reached 60C, ethylene oxide gas (EO was added slowy

through t he §&<Ligthwens axidegag (RO} was adﬂeamwlysﬁr@uaﬁ tEgagdntet on was

conti nueg ungi I : ud NEL: ed was t hen
shut offfés an b!tehagt %ggstéoif% ce)lf't%sgé’?eﬁa‘%@h&gﬁﬁ’gf%&ﬂﬁﬁ@ogﬁtﬁl%ﬁ t1ng was
continued f o8.5sgEhbad been adided: dhe BOdett evast then phly offr ardditHeogay essel wasd
allowed to cool, to, rogm, t rature. 10 The polyner solution was separate
fromthe soI'Pget(,sé(ﬁﬁr?/gf‘srﬂﬁffwlﬁIri?tf%ﬁ‘?rbnée%mﬂ ﬁ’%? %BF'E}‘I‘I%C?‘COJ&%WJIQ'O !to he

cat al yst wasmiifitey eshd’thenvhs ipofy é\‘!iié’ﬂioﬁ_r\bésgsg\ﬂﬁé"tgll]owé@E@E‘S&Iecg rBB@ﬁ”er Vas

renmoved fromthe solution by distillation, e polynmer residue was
vacuum dr i edemperaturaour at 100C and 1 nm of Hg (0.13 kPa) pressure. A

ot ecul A9 wei gnt TaePersiEe POl sPefted Pt P st S and 1 e
fol I owi ng cfittration tarmhamg pelghir rittaeHed Yo N AARLY whS rerhdviall Yy THF, 20 20 wt %

3-ethyl-THF, and 31 wt% of EO Exanple 3 This exanple was provided to show
copol ymer i zavasngwith-giry methgrehHareasted sonpmasavasdemovesl Too-the

round- botto Edymad | r ' ] mechani cal
stirrer, dr ;@(ﬂ%ﬁgﬁr éﬁbé}m%%'ﬁ%é‘ﬁs@r@g‘mrﬂg‘gﬁsﬁet‘gg%ﬁg%@g‘ﬁ%ﬂf’tﬂt i on tube,
t her monet er , haurdatg0°Ciaridet miming HGTEO-(3L RPg) pfestdraroA final filkafengave
( hexamet1 %yl 36 widh gfe a clégr 8bly(r%ie}f with a number average molecular weight

determined by end group titration to be 1075, and the following

composition as determined by NMR analysis:

49 wt% THF,
20 20 wt% 3-ethyl-THF, and
31 wt% of EO.

Example 3
This example was provided to show copolymerization of THF,

25 oxepane, and ethylene oxide. A 100-ml round-bottomed polymerization
reactor was set up, equipped with mechanical stirrer, dry ice reflux
condenser with Drierite moisture protection tube, thermometer, and gas
inlet tube. THF(10 g, 0.14 mol.), oxepane (hexamethylene oxide, 10 g, 0.1
mol.), and dry NAFION catalyst bowder (grade NR-50, 2 g) were added.

30  1,4-butanediol was added as a molecular weight controlling agent. The
mixture was heated to 70°C with stirring, under a slow stream of nitrogen.
When the system had reached 70°C, ethylene oxide gas was added
slowly through the gas inlet tube at a rate of 4.5 g per hour. EO addition
was continued until a total of © g EO had been added. The EO feed was



ol .), and dry NAFION catal yst powder (grade NR-50, 2 g) were added. 30
1, 4- but anedi ol was added as a nol ecul ar wei ght controlling agent. The
m xture va® ohes9ed to 70C with stirring, under a sl ow str@amusb3/mni3se ogen.

When the systhan stut offaor doe gaginlet systemdiushedevithasitragen atitating swasu y
our .. EO addition was

cont | nued ungemriebrHife s o, Sha dnen R Thtizaton uiteensts wo

03/ 059989 P@Mdﬂ&‘wt@&&ﬂﬁo rob@rtesiperatofd., and the gas inlet system flushed
with nitrogen. was continued for another 15 minutes, and then the

pol yneri zati on veIé@IPO\M%er Wlytinnwas sepaisted Fonpihe sczilﬁlpmtalvsdrlw Thedpol ymer
I and any
ol yier ant aheon ch aht BB ABchel IS San Y was ieingVERY ar y et hanol

The pol ymer washingadith oy memanbheTbelputyinmrvbas isoteted fofh 1Hegoliién bghour at
100C and 1 nm of filtrati on gave 45 wt % of

.0. 13 A f I
a clear pol yY%quW!_gF&'gg i?fnﬁgs'?’%&f@% 3%1 @@hro?frl-lg,@ kP PeessuRRd by end
by R anal ys e flk@diof b 48aoh 8P sicerigRiyiiet i SO, p a8 | O° Ll il o
4yTh| S exan%mlemléarpmghtjéetermlr@udw enp groupetitiatini tomrfo?42mgn(c[itggmt h{l 1'£HF
d et hyl T 3-met hyl - TH g
ﬁgl e;at W)e"rognef?gé‘gg&%fmjﬁg %ﬁ Pgtdgg rﬂ‘"ﬁ%ﬂ?y?’\{ﬂﬁ rTs'c‘?%m pol ymeri zati on

reactor, equipped wth a nmechanical stirrer, dry ice condenser,
therrmrreter and gatdgTrgE, tube. 1, 4-but anedi ol (4 g, 0.033 ol e) was
added as a m)l ecul ar wei ght control ling agent, and dry NAFION pellets
(grade NR-50, 30 4 wd¥dexepaweaangol yneri zation catal yst. 25 The _
pol yneri zati on mgégmg g\eéostl rred and heated to 50C, when ethyl ene oxide
was added slow y ad & Via“the gas inlet tube. Ethylene

15
Example 4

This example was provided to show copolymerization of THF, 3-
Methyl-THF, and ethylene oxide.
THF (800 g, 11.1 mole) and 3-methyl-THF (100 g, 1.15 mole) were

20 added to a 2-liter 4-neck round-bottom polymerization reactor, equipped
with a mechanical stirrer, dry ice condenser, thermometer, and gas inlet
tube. 1,4-butanediol (4 g, 0.033 mole) was added as a molecular weight
controlling agent, and dry NAFION pellets (grade NR-50, 30 g) added as a
polymerization catalyst.

25 The polymerization mixture was stirred and heated to 50°C, when
ethylene oxide was added slowly added via the gas inlet tube. Ethylene
oxide addition was continued until 55 g (1.25 mole) had been added over
a period of about 4 hours. The ethylene oxide feed was then shut off and
the gas inlet system flushed with nitrogen. Heating was continued for

30  another 15 minutes, and then the polymerization vessel was cooled to
35°C before filtration. The solid catalyst residue was washed and could be
recycled. The polymer solution was vacuum dried for 1 hour at 100°C at 2
mm Hg pressure (0.27 kPa). A final product filtration gave a clear viscous
polymer with the following typical properties:



oxi de addition was continued until 55 g (1.25 nole) had been added over a
peri od of about 4 hours. The ethyl ene oxide feed was then shut off and the
gas inl etwoysisaysd | ushed with nitrogen. Heating was conti meadSi®n1330

anot her 15 m nutes, and then the polynerization vessel was cooled to 35C
before filtratiMs. The solid catal yst27@8i due was washed and coul d be
recycl ed. The L yner . solution was va m dri opr, at 100C at 2 mm
Hg pressure (0@%%). A final produibl'%qu'?‘?g‘ﬁpré%yagé)\%‘ﬁfg ear Vi scous

pol ymer with thgeilt drhow ng typical propergies: 9 WO 03/059989

PCT/ US03/ 01330 _ WMh: 2700 Viscosity: 10.5 poise (1.05 Pa.s) at 40C Melt
tenp.: -3 9C 5 EOGHestt: 28 nol % 328 - THE Content: 8 nol % Exanpl es
5-15 These examp [y d copo tization of THF, 3-Methyl- 10 THF,
and et hyl ene og)ll&%?hsi ng ﬁohgér'@'sul fon#%ﬁ@l $d (FSA) catal yst. The procedure
for each of these exanples (Table 1) is as follows: A dry baffled and

j acketed gl ass reactor was equi ppegExamblasdb-15her nocouple, a fritted gl ass
gas inlet for nitrogen and ethyl ene oxide, a solid carbon dioxide
condenser with oufh@se GWPESWtﬁed sepelyserizatien of TBIFVSTMEtwhs char ged
to the flpask L; ' | difional THF to

gi ve thél O?mn-(l;lqrrgf nggmﬂgﬁgék@Eoﬁnﬁ&\%g@g&@c;;g@ (F‘(%‘gﬁggﬁygt. 10- 15C. The

flask was swept wWihé pnodedoge foraathfdfibess exdmples (Tabled! WeasFdeRsdr opwi se
over 3 - 5 %n tgrﬁk‘:‘g’h a drg tggdition funnel. The reaction nmass was then
heated to t He dreRatiledARdiaskeien glassieactyy WahowRRed W@ was added over
about 3 h. ' | 0 ' ' A ; oyt the
reaction na?gb\‘;\r/ggbgg%%i %Z@é& EQ? gﬁ%@rlgﬁjﬁlﬂ;g télﬁeaé F’I{n@}éer?s%ggygvi scous
cont ent s wassalid ecarbdn dioxides eondgnsenwithautled, areka esethahicdl stioet.r the of t he

Cer i nat® arisciins Ha e KEHa iebk T REsthpabfiSacanig THY T 1°

with additional THF to give the monomer loading as shown in Table 1 and

cooled to 10-15°C. The flask was swept with nitrogen and fluorosulfonic
acid was added dropwise over 3 — 5 min through a dry addition funnel.
The reaction mass was then heated to the reaction temperature and

20 ethylene oxide was added over about 3 h. Agitation to maintain a uniform
temperature throughout the reaction mass was provided. The temperature
of the increasingly viscous contents was allowed to rise to, but not to
exceed, 45°C. Control of the ethylene oxide feed rate was used to
moderate the temperature.

25 To terminate and neutralize the reaction, the carbon dioxide
condenser was replaced by a simple distillation head and hot water (600
mL) was added. The flask contents were heated to 100°C to remove a
THF /water distillate. A nitrogen flow was maintained to speed the
distillation. When the THF was stripped off, the stirring was stopped and

30 the contents were allowed to separate. The water layer was removed, and
the organic layer was then washed twice with two 600 mL batches of hot
water. After the second wash, 15 g of calcium hydroxide was stirred in
thoroughly, precipitating additional water, which was removed. Additional

10



condenser was replaced by a sinple distillation head and hot water (600
m-) was added. The flask contents were heated to 100C to renove a

THF/ wat erwaiosisdosat e. A nitrogen flow was nai ntai ned to spegdsSvhel33o

di still ati onCalpkish hyd@xidewas added iippeall grortionshentd the pHyasds &t dpped and
30 the conte r was renoved, and
the organic ﬁé@gﬁmﬁéq’{’%}gﬁ%\%gﬁg %Oigq%@ﬁ eW‘Fﬁcg'%Mis%éggg}'a‘ltches of hot
water. After the Fedsuldtethsipolyrhen tiod neairaluzmilWaﬂp@yméemastﬁppéd ed in

t hor oughl vy, cipitatin dd| i onal water was rem)ved Addi ti onal
10 WO 03/ 059@@‘3“%%9%?8@ OE%? Wﬁmﬁmavwbu@ltwa@néhm i% smal |

por ti ons gunt glatdigcdblidesr mat%n o WhatPRINMIPAiltdR gapth anRLitaM. Regdf  80C t 0
mai ntain | ow viscosity. To Isolate the polyner, neutralized wet polyner
was stri ppedBuanmnrfunaeliufheahazsee polynisr wes wm@nm:uéhle mpolécular at i on
through a 5 dia eQus rth mat on a.\Wiat #1 filt er..on, a

st eam heat ed VR ARG T ORA B SSHREOHR SBHioae i ereampelioR FeREmingthe

nol ecul ar \Asy@lhtNMRtermébe@atmer@@,dnﬁﬁmdintméleqn and the conposition
determned by 1H NVR These data are summarized in Table 2. 10 Table 1.

Ex. THE (g) EO (g) 3- FSA Rxn Rxn Te%p Me THF (g) time (C) (hr) 5 663 37.1
176 37.104.4 40 6 663.6 37.1 176.4 Jabe3.30.1-34.6 7 663.6 37 176.4 37.2
2.3 30.7-39.2 866363717643774344412 9 1448 81 385 80.8 4
35-40 10 1448ER3. 2TBES(OE® 4gBF 31 2948SR04 aq,znlzmmzrea?m 12 2949
204 647 141.|4 4.25|32-42 |13 2768|v|3¢{1||:792{%;3.] 4ime- 32 (#2768 204 792
74.6 3.7 15422 15(2768 204 792 75.@)4.5 5'31(hr)

5 663 371 176 37.1 44 40

6 663.6 | 37.1 176.4 37 2.3 30.1-34.6
7 663.6 37 1764 | 37.2 2.3 30.7-39.2
8

9

663.6 37 1764 | 37.7 4 34.4-41.2
1448 81 385 80.8 4 35-40
10 1448 53.2 385 80.8 4 35
11 2949 204 647 141.4 4 35-41
12 2949 204 647 1414 | 4.25 32-42
13 2768 204 792 75.1 4 25-32

14 2768 204 792 74.6 3.7 15-22
15 2768 204 792 75.9 4.5 10.5-31

Rxn in the table above means reaction.

11



Rxn in the table above nmeans reaction. 11 WO 03/059989 PCT/ US03/ 01330

Table 2. Ex. Conversion % EO % 3- M Melt Point MTHF (C) 5 56 4.8 9.5
1804 14. 8W03H29989 5.0 10.0 2166 7.79 7 NA 4.4 9.3 2244 9Pr8I/US83/6B33® 5. 4
9.6 1657 7.39 9 51.6 4.7 9.6 1778 16.15 10 51.1 2.9 9.3 1996 17.89 11
56.2 6.4 9 2274 17.18 12 50.6 7 9 20%%1% .14 13 4.2 11.8 8.1 843 14.97

14 2.9 13.3 11.3 660 4.21 15 16.3 9 1085 11.05 5 Exanples 16 - 20
These exanpl es are provided to show copol yneri zation of THF, 3-Methyl-THF,
and et hyl eng @&x.dg Conversiomyd%oE® gho%%pBot UngsMinc amelt PBIAY |catal yst. A
5-L baffl ed|j acketled reactor was eqU| mzﬂdqp\nth a therrmcp@}yl e, | 10 ethyl ene
oxi de and nift+eger—+ % -y eoRgeRSEr— a
mechani cal stiMrer|. § equi pmaﬁiB wds oq')lsed at 1886C Wi t h148N2 svveep. The
THF, water, [ang the aryyg‘ir ous I-’59 WET € 1adfied To1EBe [T asK7gnd |cool ed (see
Table 3). The 3- MBTHF was charged ta the flask as a 5% sol utijon of
3-MeTHF in THF7vm'th adNAtlonaI 4'I4F tlo 9.8e tlhe28d84oner 193890adi ng as shown
in Tabl e 3 andcogted The—+eagtor—wWaS—SW m—th—nHt rogen and
the stirrer |sef far ﬁ?pm Tb@ et hyl eqll ox]i dvgé‘r’%a add%-agstecldl ly over a
period of aljoulg 2 [to gfwurs] wyt/h doolg gy tlo {RgNt @i n1ghe; specified
reaction tenmperatyre. After all_ of tlhe ethyllene oxide was added, stirring
was continued Util tHd.1otal rdfctijon 9Bme Mad996 conpl@t8H. After the
reaction perp u;l'il - L5‘6 é“llc-i Jniézd wat-et—was aggﬂ. 1718
12 50.6 7 2000 16.14
13 4.2 11.8 8.1 843 14.97
14 29 13.3 11.3 660 4.21
15 16.3 9 11.2 1085 11.05
5 Examples 16 - 20
These examples are provided to show copolymerization of
THF, 3-Methyl-THF, and ethylene oxide using anhydrous phosphotungstic
acid (PTA) catalyst.
A 5-L baffled jacketed reactor was equipped with a thermocouple,
10  ethylene oxide and nitrogen inlet, a dry ice condenser with N2 exit, and a
mechanical stirrer. The equipment was dried at 100°C with a N, sweep.
The THF, water, and the anhydrous PTA were added to the flask and
cooled (see Table 3). The 3-MeTHF was charged to the flask as a 55%
solution of 3-MeTHF in THF with additional THF to give the monomer
15 loading as shown in Table 3 and cooled to 10-15°C. The reactor was
swept with nitrogen and the stirrer set for 250 rpm. The ethylene oxide
was added steadily over a period of about 2 to 4 hours, with cooling to
maintain the specified reaction temperature. After all of the ethylene oxide
was added, stirring was continued until the total reaction time was
20 completed. After the reaction period, 1 L of de-ionized water was added

and the mixture stirred for at least 30 min. at 45°C.

12



and the mxture stirred for at least 30 mn. at 45C. 12 WD 03/059989

PCT/ US03/ 01330 The crude copol ynmer was purified by diluting the reaction
m xt ure \Wwolsasegual vol une of nethanol at 45C, and paSSIP[Tg/ItShﬁomd hanol i c
sol ution through Aheerude copeiv@er wast uilicd by dilingitae reactiearmyixturesi n to
adsorb the ag wer e

t hen renoved |tﬂ a\iﬁ%u M%quggfm}?@%%ge§?€b?ﬁw@% I[I(I)éIJIFI'&hr oug%

di at omaceoussdativh tInngbra colinmatpeked With 4 Wweakpegser ionrexghahgearesie & ed

Buch f I - f hed, t I I i ght
Frgi L I N T A R T
NVR.  Th d EO

e TS St g ST iy e B (5,0

2808 178 792d|am)’na10eousaeartl$mat on7aannﬂ#ﬂﬁlmrmmmn-aasteam-ﬁeate@l 18 2943

70.8 657.3 75.6, 6 -4 8- 19 2943 123 657.75,6.5 -1 - 3.6 3.83 20
2088 162 elzg?ﬁh%e%fuﬂﬂeg 14I2F QazerEISFém mﬁ%wﬁwe&?ﬁﬁe&h J'EI'?%'%V MeTHE Mh

Mel't ~sion Pﬂb@ht@@emﬂlﬁe@% Ehd@rédp &ttdton (briﬂﬁheldorﬁﬁesﬁtld{ﬂ él%rﬁq?né%j 4438
-3.21 18 26.7,15. 233 4.46 19 46.6, 13.9 10.35 2194 7. 37 20 66.3

12.1 8.6 418by ild Wﬁgxﬁh@ﬁqu@tg are summarlzed in Table 4,

10
Table 3.
Ex. | THF (g) | EO (9) 3-. |PTA (g)| Rxn Rxn EO
MeTHF time temp | ADDN
(9) (hr) (C) TIME
(hr)
16 2808 178 792 130 4.1 -4 -4 3.1
17 2808 178 792 75.6 4 -44-15| 2.9
18 2943 70.8 657.3 75.6 6 -48-04| 2.33
19 2943 123 657 75.6 5 -1-3.6 3.83
20 2988 162 612 75.6 5 14-22 4.8
Table 4.
15
Ex. |Conver| %EO (% 3-MeTHF Mn Melt
sion Point ("C)
16 59 14.6 12 3420 -0.37
17 53.6 14.45 - 12.9 4438 -3.21
18 26.7 15.2 10.2 2233 4.46
19 46.6 13.9 10.35 2194 7.37
20 66.3 12.1 8.6 4180 10.02
Example 21

This example is provided to show copolymerization of THF, 2-
methyl-THF, and ethylene oxide. A 250-ml round bottom polymerization
20 reactor was set up, equipped with mechanical stirrer, dry ice reflux

13



This exanple is provided to show copol ynerization of THF, 2- nethyl-THF,
and et hyl ene oxide. A 250-m round bottom poI ynmerization 20 reactor was
set up, e\qomp/psmsw th mechanical stirrer ice reflux PETWS0DBI3GHI9989
PCT/ US03/ 01380ndensed ¥ttePrigiiteneisiuse |pﬂ”‘éteﬁﬁ¢f$¥uhee thersrapetesrandigas

o et hyt - T auges TekBhir AR (TR 2B MDA Ry CER o or ace
NR-50, 6.5 g0.78amel.), aehdedty NAEION shtalyst pewdee tjradeNRBVC6VS ghweks 1 ri ng,

under a slo ﬁ‘ié 5 of nltro en. en _t he system had reac ed 60C,
et hyl ene oxi "gcg %E@?'X ‘ﬂﬁé"’ eq (R RPYC mith GHNG. H@dﬁds"r‘ slavetreame at a

rate of ou r t of 17
§"EO had s MyBgEA" fieNihs S tidd RRCHEE SEPC PVRIIN: oBs (BL ..

syst em f | ushedswdded simwlydbmughl-ﬂhatgasgnlmawb@mtta rate df bboubtd gtpger 15

m nut es, and,_t he he, 10 oI zat to cool, to room
t enperat ure. hWer%@ %ﬂ?&ﬁ’or‘g h l\'/%dsu'gt«g &’i‘géﬁvﬁs%ﬁd ﬁéggﬁﬁpé‘d@%al yst by
filtration, 7Rd E&D'Yeéwwﬁﬂlﬁeﬁhh%f?@nﬁ%éf@%s‘iﬁl(e%ys?cémﬂﬁ’@srfe%rw*t’ﬁd by

washi ng W|th dry met hanol . The polyner was isolated fromthe sol ution by

vacuum dryi ngitrogen1 Heatingawas oontinued for aneiber A§ ninutes, lapd)then asure. 15 A

final fi4 | ecul ar wei ght

det orm rish 50 ST g ol Veroclis Aciiso SR Rio eeBicti ng

composi ti on 25 Wrhe pdfymelsclttion Wag sbpakitéd from thansblid3atay %V% EQ, as
determ ned NVR anal ysis. 14 WO 03/ 059989 PCT/ US03/ 01330 T IS CLAI MED

1S 1. A cop fratien, anshBRy P iigched i the satelystwasvemayed byo ymeri zi ng

L etrahydr of Wagning i 8RFmEHiBI. 2 He Bbiyhidihad RIREH HoP B solti6h by et Ner -
vacuum drying for 1 hour at 100°C and 1 mm of Hg (0.13 kPa) pressure.

15 Afinal filtration gave 30 wi% of a clear polymer with a molecular weight
determined by end group titration to be 2000, and the following

composition:

25 wt% THF,
20 40 wt% 2-Methyl-THF, and
35 wt% of EO,

as determined by NMR analysis.
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2. The copolynmer of Claim1, wherein the additional cyclic ether is
represented by the structure (RRm[CnH(2n-m] 0 10 where Ris a d to &

al kyl or wolswser ed al kyl group, 15 n is an integer of warusSoB0t3604 or 6
to 9, mis ZMLSA%E@D_&hat when n = 4, mis 1. 3. The copol yner of

Caim1l, wherein the additional cyclic ether 20 is selected fromthe group
consi sting of 3, 41di nef\saAroegreipplicng canstitiant wais deriedddky! - oxi r ane. 4.

The copol ynepolginefiziighetrahyiiongian, b laidokideBal £ Yeast onetdtRiitiodat sel ect ed
fromthe gr ou)gﬁll.cor%ﬁl sting of, oxetané, nethyl-oxetane, 25 dinethyl -oxetane,
3-net hyl -t et PHHGEWSFu ran , 3-ethyl-tetrahyd rofu ran, 2-

met hyl -t & r ahydr of uran, oxepane, oxocane, oxonane, and oxecane. 5. The

copol ymer of daigl, rej o ogon . i e C ituent units
derived from et hy?}ene ﬁ?&gb{g@%{?pﬁﬂ c@m ?tgﬁ%@l%ﬁé@@?ltﬂ%%&_ﬁé:Iahbe?

copol yner of isGerreaentedvhg ik girgeiererol ar concentrati on of constituent units
derived from ethyl ene oxide, is 3 percent to 35 percent. 7. The copol yner
of Claiml, wherein tth)_m_)[ba\H conce@trati on 35 of constituent units derived
fromtheadditional cytlic 88" g3 percent to 40 percent. 8. The

copol ynmer of d ai nh7 wherein the nolar concentration of constituent units
derived fromthe ¥ Sﬁi onal cyclic ether is 5 percent to 40 30 percent. 15

WO 03/ 059989 PCT/ UsS03/ 3 9. A pol yuret hane pol ynmer conprising the
reaction product gf's&tS%E%géta'%H@r&ughﬁu\tﬁcgeﬂyl &GHQanate compound and a
copol ymer gl ycol conprising constituent units derived by copol yneri zi ng

et hyl end%oxi de, B is anirirger off @y 3dad @6 lelst one additional cyclic
ether. 10. The pol yurethane polyner of Cdaim9, wherein the additional

m is zero or 1 except thatwhenn=4, mis 1.

3. The copolymer of Claim 1, wherein the additional cyclic ether
20 is selected from the group consisting of 3,4-dimethyl- tetrahydrofuran and
perfluoroalkyl-oxirane.

4, The copolymer of Claim 2, wherein the additional cyclic ether
is selected from the group consisting of, oxetane, methyl-oxetane,
25 dimethyl-oxetane, 3-methyl-tetrahydrofuran , 3-ethyl-tetrahydrofuran, 2-
methyl-tetrahydrofuran, oxepane, oxocane, oxonane, and oxecane.

5. The copolymer of Claim 1, wherein the molar concentration
of constituent units derived from ethylene oxide is 1 percent to 40 percent.
30
6. The copolymer of Claim 5, wherein the molar concentration
of constituent units derived from ethylene oxide is 3 percent to 35 percent.
7. The copolymer of Claim 1, wherein the molar concentration
35  of constituent units derived from the additional cyclic ether is 3 percent to
40 percent.
8. The copolymer of Claim 7, wherein the molar concentration

of constituent units derived from the additional cyclic ether is 5 percent to
40 30 percent.
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cyclic ether is represented by the structure 10 (Rm[ChH(2n_m] 0O where R
iIs aCl to C5 alkyl or substituted al kyl group, 15 n is an integer of

val ue 3 twod3059989t0 9, and mis zero or 1, except that wrea/uso 030 mis 1,
and does not incl ude 2- met hyl -tetrahydrofuran 20 11. The pol yuret hane

pol ymer of C aim rein t eaddltlonal clic ether is selected from
the group consi stPng o ReMSrgHane RAlyper CB'%‘Bf' g thgreaction pr@ﬁb‘ﬁa@fea
3- et hyl -t et Iealsydne ofgamcapolyls%)oyahaﬂecdrmasm’rwmwéu;ro@bly pér, oxocane,

Che add ¢ | ongat BB congyitient iffs BRINGHLE) BRBRV AR BV iehr e  "or ' "
3, 4-di mt%ylwtlﬁéwdmfymnﬂ ahleaaﬂommaddutlonalaaylcgnt etharrane. 30 13. A fil ament

of spandex, conprising the polyurethane polynmer of claim9, 10, 11, or 12.

16
10.  The polyurethane polymer of Claim 9, wherein the additional

cyclic ether is represented by the structure

S
10 (R)m-ICnHen-m] ©O
—_—
where

Ris a C1 to C5 alkyl or substituted alky! group,

15
nis an integer of value 3to4 or6 to 9, and
m is zero or 1, except that whenn=4, mis 1, and
does not include 2-methyl-tetrahydrofuran.

20

11.  The polyurethane polymer of Claim 9, wherein the additional
cyclic ether is selected from the group consisting of oxetane, methyl-
oxetane, dimethyl-oxetane, 3-methyl-tetrahydrofuran , 3-ethyl-
tetrahydrofuran, oxepane, oxocane, oxonane, and oxecane.

25

12.  The polyurethane polymer of Claim 9, wherein the additional
cyclic ether is selected from the group consisting of 3,4-dimethyl-
tetrahydrofuran and perfluoroalkyl-oxirane.

30 13.  Afilament of spandex, comprising the polyurethane polymer
of claim 9, 10, 11, or 12.
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