09/070:587 A1 |0 I 00000 00 OO

=
(@

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization {2
International Bureau '

(43) International Publication Date
4 June 2009 (04.06.2009)

(10) International Publication Number

WO 2009/070587 Al

(51) International Patent Classification:
C08G 64/02 (2006.01) C08G 64/30 (2006.01)

(21) International Application Number:
PCT/US2008/084693

(22) International Filing Date:
25 November 2008 (25.11.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/991,687 30 November 2007 (30.11.2007)  US
(71) Applicant (for all designated States except US): E. 1. DU
PONT DE NEMOURS AND COMPANY [US/US]; 1007

Market Street, Wilmington, DE 19898 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): DICOSIMO,
Robert [US/US]; 1607 Masters Way, Chadds Ford,
PA 19317-9720 (US). DRYSDALE, Neville, Everton
[IM/US]; 227 Welsh Tract Road, Newark, DE 19702
(US). SUNKARA, Hari, Babu [US/US]; 3 Fritze Court,
Hockessin, DE 19707 (US).

(74) Agent: TANZER, Gail, D.; E. I. du Pont de Nemours and
Company, Legal Patent Records Center, 4417 Lancaster
Pike, Wilmington, DE 19805 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MV,

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, 7ZM,

ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: SOLVENTLESS PROCESSES FOR THE POLYMERIZATION OF A TRIMETHYLENE CARBONATE TO A
POLY(TRIMETHYLENE GLYCOL CARBONATE TRIMETHYLENE GLYCOL ETHER) DIOL

(57) Abstract: This invention relates to solventless processes for the polymerization of an unsubstituted or substituted trimethylene
carbonate to an unsubstituted or substituted poly(1,3-propanediol carbonate 1,3-propanediol ether) diol, using one or more solid acid

catalysts.



WO 2009/070587 PCT/US2008/084693
TITLE
SOLVENTLESS PROCESSES FOR THE POLYMERIZATION OF A
TRIMETHYLENE CARBONATE TO A POLY(TRIMETHYLENE GLYCOL
CARBONATE TRIMETHYLENE GLYCOL ETHER) DIOL

FIELD OF THE INVENTION

This invention relates to solventless processes for the polymerization

of trimethylene carbonates to a poly(trimethylene glycol carbonate
trimethylene glycol ether) diols, the process using one or more solid acid
10  catalysts.

BACKGROUND

There exists a need to produce dihydroxy-terminated materials. The

materials described herein, poly(trimethylene glycol carbonate trimethylene

15  glycol ether) diol, can be used in a number of applications, including but not

limited to biomaterials, engineered polymers, personal care materials,
coatings, lubricants and polycarbonate/polyurethanes (TPUs).

As described in Ariga et al., Macromolecules 1997, 30, 737-744 and in

Kricheldorf et al., J. Macromol. Sci. — Chem A 26(4), 631-644 (1989), in the

20  cationic polymerization of TMC, the initiating agent becomes incorporated into

the polymer ends.

SUMMARY OF THE INVENTION

One aspect of the present invention is a process for making a

25  poly(trimethylene glycol carbonate trimethylene glycol ether) diol of structure

R G R O R R—.r

4\)?3/%@ NG fﬁLRRR
HO”, o~ o goMo QMQH

Rr’ n Rr" R R IR R LR
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O

wherein z is an integer of about 1 to 10; n is an integer of about 2 to
30 100; and each R substituent is independently selected from the group

consisting of H, C4-Cy alkyl, C3-Cy cyclic alkyl, Cs-Cys aryl, Ce-Cyo

alkaryl, and Ce-Cy arylalkyl, and wherein each R substituent can

optionally form a C3-Cg cyclic structural group (for example,

cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane
35 and cyclooctane) with adjacent R substituents;
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the process comprising: contacting trimethylene carbonate or an R-
substituted trimethylene carbonate with a solid acid catalyst at a temperature
greater than the melting point of the trimethylene carbonate or R-substituted
trimethylene carbonate, to form a mixture comprising a poly(trimethylene
glycol carbonate trimethylene glycol ether) diol oligomer composition.

Generally, the temperature is about 30 degrees Celsius or greater.

DETAILED DESCRIPTION

The present invention relates to a process to make a poly(trimethylene

glycol carbonate trimethylene glycol ether) diol from a trimethylene carbonate
(TMC, 1,3-dioxan-2-one) at elevated temperature (generally 30 to 250
degrees Celsius) polymerization, in the absence of solvent, utilizing a solid

acid catalyst. The reaction can be represented by the equation below:

O
_ o/"l\a . -2CO0,
R+ R
RM R + H0

In the structure above, each R substituent is independently selected
from the group consisting of H, C4-Cy alkyl, particularly C4-Cg alkyl, C3-Cy
cyclic alkyl, C5-Cs cyclic alkyl, Cs-Cys aryl, particularly Cs-Cqq aryl, CgCyo
alkaryl, particularly Cs-Cq; alkaryl, and Cs-Cy arylalkyl, particularly Cg-Cy4
arylalkyl, and each R substituent can optionally form a cyclic structural group
with adjacent R substituents. Typically such cyclic structural groups are Cs-
Cs «cyclic groups, e.g., cyclopropane, cyclobutane, cyclopentane,
cyclohexane, cycloheptane, and cyclooctane.

In the structure above, n is an integer of about 2 to 100, and
particularly about 2 to 50; and z is an integer of about 1 to about 20,
particularly about 1 to 7, more particularly about 1 to 5.

The poly(trimethylene glycol carbonate trimethylene glycol ether) diol
can be isolated using known methods.

PCT/US2008/084693
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TMC is prepared by any of the various chemical or biochemical
methods known to those skilled in the art. Chemical methods for the
preparation of TMC include, but are not limited to, a) reacting 1,3-propanediol
with diethylcarbonate in the presence of zinc powder, zinc oxide, tin powder,
tin halide or an organotin compound at elevated temperature , b) reacting 1,3-
propanediol and phosgene or bis-chloroformates to produce a polycarbonate
intermediate that is subsequently depolymerized using heat and, optionally, a
catalyst, ¢) depolymerizing poly(trimethylene carbonate) in a wiped film
evaporator under vacuum, d) reacting 1,3-propanediol and urea in the
presence of metal oxides, e) dropwise addition of triethylamine to a solution of
1,3-propanediol and ethylchloroformate in THF, and f) reacting 1,3-
propanediol and phosgene or diethylcarbonate. Biochemical methods for
the preparation of TMC include, but are not limited to, a) lipase catalyzed
condensation of diethylcarbonate or dimethylcarbonate with 1,3-propanediol
in an organic solvent, and b) lipase-catalyzed depolymerization of
poly(trimethylene carbonate) to produce TMC . The 1,3-propanediol and/or
trimethylene carbonate (TMC) can be obtained biochemically from a
renewable source (“biologically-derived” 1,3-propanediol).

Preferably the 1,3-propanediol used as the reactant or as a
component of the reactant will have a purity of greater than about 99%, and
more preferably greater than about 99.9%, by weight as determined by gas
chromatographic analysis.

The 1,3-propanediol preferably has the following characteristics:

(1) an ultraviolet absorption at 220 nm of less than about

0.200, and at 250 nm of less than about 0.075, and at 275 nm of less

than about 0.075; and/or

(2) a CIELAB "b™ color value of less than about 0.15
(ASTM D6290), and an absorbance at 270 nm of less than about
0.075; and/or

(3) a peroxide composition of less than about 10 ppm;
and/or

4) a concentration of total organic impurities (organic
compounds other than 1,3-propanediol) of less than about 400 ppm,
more preferably less than about 300 ppm, and still more preferably
less than about 150 ppm, as measured by gas chromatography.

Examples of other solid acid resins useful as catalysts in the
processes disclosed herein include sulfonated tetrafluoroethylene

PCT/US2008/084693
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copolymers, for example, Nafion® SAC-13 or NAFION® NR50
(tetrafluoroethylene/perfluoro(4-methyl-3,6-dioxa-7-octene-1-sulfonic acid)
copolymer, an ionomer available from E.l. DuPont de Nemours Company,
Wilmington, DE, and poly(styrenesulfonic acid) crosslinked with
divinylbenzene, for example, the hydrogen form of DOWEX® 50WX8-200,
DOWEX® Marathon C, DOWEX® HCR-W2, DIAION® SK1B, DIAION®
PK228, Purolite® C-100, IONAC® C-250, Amberlyst™ 70, and Monoplus
S100H.

Preferred are sulfonated tetrafluoroethylene copolymers, for example
NAFION® NR50 (tetrafluoroethylene/perfluoro(4-methyl-3,6-dioxa-7-octene-
1-sulfonic acid) copolymer, an ionomer available from DuPont, Wilmington,
DE), and DOWEX® 50WX8-200 (an ion-exchange resin consisting of
poly(styrenesulfonic acid) crosslinked with divinylbenzene) available from
Acros Organics N.V., Fair Lawn, NJ.  The processes disclosed herein are
desirably carried out substantially or totally in the absence of a solvent
(“solventless”).

The process described herein occurs at elevated temperature,
generally above the melting point of the monomers used, typically from about
30 to 250 degrees Celsius, and frequently about 50 to 150 degrees Celsius,
preferably about 100 to 150 degrees Celsius. Once the reactants are added
together, they may be mixed by any convenient method. The process can be
done in batch, semi-batch or continuous mode, and generally take place in an
inert atmosphere (i.e., under nitrogen).Once the reactants have been
contacted with the catalyst, the reaction is allowed to continue for the desired
time. Generally, at least 6 percent of the TMC polymerizes to give the
desired poly(trimethylene glycol carbonate trimethylene glycol ether) diol after
about 3 to 6 hours, with greater than about 75 percent conversion achieved
within about 25 hours. As shown in the examples below, 100 percent
conversion is easily achieved by the proper selection of catalyst, the amount
of catalyst, and the reaction temperature and time.

Additionally, the desired degree of polymerization, m, can be achieved
by varying the temperature. As shown in the examples below, higher
temperatures afford higher conversions and lower m values, e.g., about 0.5 or
greater. In the present embodiments, n is an integer generally between
about 2 and 100, and more spegcifically between about 2 and 50; and z is
about 1 to about 20, more specifically between about 1 and 10.

PCT/US2008/084693
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The resulting poly(trimethylene glycol carbonate trimethylene glycol
ether) diols are easily separated from the unreacted starting materials and
catalyst by any convenient means, such as filtration, including filtration after
concentration.

The processes disclosed herein allow for the degree of polymerization
to be selected based on the solvent and/or catalyst chosen, and the amount
of those materials used. This is advantageous as the materials resulting from
the process can vary in properties including viscosity, and can find wide uses
in products such as personal care, coatings (including thermoplastic
polyurethanes), elastomers and lubricants. The diol produced, can find wide
uses in products such as biomaterials, engineered polymers, personal care
materials, coatings, lubricants and polycarbonate/polyurethanes (TPUs).

EXAMPLES
The processes carried out in the following examples can be
represented by the equation:

G
2n+z O/J\OR m-—:-ﬂ
RMR + Hyl

R RR 0 Rg R

In the structure above, each R is independently selected from the
group consisting of H, C4-Cy alkyl, particularly C4-Cg alkyl, C;-Cy,o cyclic alkyl,
Cs-Ce cyclic alkyl, Cs-Cos aryl, particularly Cs-C4q aryl, CeCy alkaryl,
particularly Cs-Cqq alkaryl, and Cs-Cy arylalkyl, particularly Cs-C4¢ arylalkyl,
and each R substituent can optionally form a cyclic structure with adjacent R
substituents.

In the structure above, n is an integer of about 2 to 100, and more
particularly about 2 to 50; and z is an integer of about 1 to about 10,
particularly about 1 to 7, more particularly about 1 to 5.

The DSC runs were made on a TA Instruments Q2000 DSC, using a
10°C/min heating rate and an N, purge. The profile used was heat, cool and

PCT/US2008/084693
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reheat from -90 to 100°C. The TGA runs were made on a TA Instruments
Q5000 TGA, again using a 10°C/min heating rate and an N, purge.

Examples 1-3
5 These examples demonstrate the production of poly(trimethylene

glycol carbonate trimethylene glycol ether) diol using Nafion® NR50 ion

exchange resin as catalyst at various temperatures without the use of a
solvent.

Trimethylene carbonate (40.00 g, 0.392 mol) and Nafion® NR 50

10 (4.00 g) were placed in three separate flasks equipped with mechanical

stirrers and under nitrogen. The flasks were placed in oil baths maintained at

100, 120 and 140°C. Aligouts were withdrawn occasionally and analyzed by

Proton NMR, the results of which are tabulated below:

Example Temperature, Reaction Conversion Reaction Conversion
Degrees Celsius Time, (%) Time (%)
(Hr) (Hr)
1 100 1 69.98 4 100
2 120 1 94.53 5 97.72
3 140 1 96.67 4 100

15

The molecular weights of the materials made in Examples 1-3 were
determined, as was the value of “m” for each material. The results are found
in the Table below.
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Example Temperature, Molecular Weight,
Degrees Celsius Mw
1 100 3852
2 120 3467
3 140 3246
5 Thermal analyses (TGA’s, performed at a heating rate of 10°C per

minute) of Examples 1 and 2 showed the materials to be thermally stable, as

tabulated in the following Tables:

Weight Lost (Decomposition) Temp (degrees Celsius)
Example 1

10% 50% 90%
Under Air 284.75 333.86 359.59
Under 319.68 353.38 372.40
Nitrogen

10

Weight Lost (Decomposition) Temp (degrees Celsius)
Example 2

10% 50% 90%
Under Air 2900.54 343.97 366.49
Under 303.76 342.14 365.90
Nitrogen
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CLAIMS

What is claimed is:

1. A process for making a poly(trimethylene glycol carbonate
5 trimethylene glycol ether) diol of structure
O R

R R Q H R'{ T

%;(R /L{ 4;}5 LIRS R j}%\ E\R 1
HO o~ To o” ™o QQMQ o H\GH

RR R RR R - R 4 ZE RR R i1 RRR

wherein z is an integer of about 1 to 10; n is an integer of about 2 to
10 100; and each R is independently selected from the group consisting
of H, C4-Cy alkyl, C5-Cy cyclic alkyl, Cs-Cys aryl, Ce-Cy alkaryl, and
Cs-Cyo arylalkyl, and wherein each R substituent can optionally form a
C3s—Cg cyclic structural group with adjacent R substituents;
the process comprising: contacting trimethylene carbonate or an R-
15  substituted trimethylene carbonate with a solid acid catalyst at a temperature
greater than the melting point of the trimethylene carbonate or R-substituted
trimethylene carbonate, to form a mixture comprising a poly(trimethylene
glycol carbonate trimethylene glycol ether) diol oligomer composition.

20 2. The process of Claim 1, wherein the trimethylene carbonate is

unsubstituted trimethylene carbonate.

3. The process of Claim 1, wherein the solid acid catalyst is
selected from the group consisting of ion-exchange resins comprising
25  poly(styrenesulfonic acid) crosslinked with divinylbenzene.

4, The process of claim 1, wherein the solid acid catalyst is a
tetrafluoroethylene/perfluoro(4-methyl-3,6-dioxa-7-octene-1-sulfonic acid)
copolymer.

30
5. The process of Claim 1, further comprising isolating the

poly(trimethylene glycol carbonate trimethylene glycol ether) diol oligomer.

6. The process of Claim 1, wherein the temperature is greater

35 than 30 degrees Celsius.
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7. A poly(trimethylene glycol carbonate trimethylene glycol ether)

diol made by the process Claim 1.
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