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Synthesis of Low Molecular-weight Poly (Propylene Carbonate)-Poly (Ethylene Glycol)

Block Copolymers through CO,/Propylene Oxide Copolymerization
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Abstract : We synthesized low molecular-weight polymers bearing hydrophobic and hydrophilic parts in a chain through CO,/
propylene oxide copolymerization. When hydrophilic poly (ethylene glycol) bearing -OH group (s) at the end group (s) was
added as a chain transfer agent in the CO,/propylene oxide copolymerization catalyzed by a highly active catalyst, block polymers
were formed. If poly (ethylene glycol) (PEG) bearing -OH group only at an end was fed, PEG-block-PPC diblock copolymer was
obtained. When PEG bearing -OH group at both ends was fed, PPC-block-PEG-block-PPC triblock copolymer was obtained. We
confirmed formation of block copolymers by 'H-NMR spectroscopy and GPC studies.

Keywords : Carbon dioxide, Propylene oxide, Copolymerization, Poly (propylene carbonate), Poly (ethylene glycol), Block copolymer
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Figure 2. Chain growing process in the feeding of PEG-OH.
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Table 1. CO,/PO copolymerization results of PEG-block-PPC diblock copolymers by feeding various PEG-OH as a chain transfer agenta

Calculated M, of

Entry M, of PEG [PEG)/[Cat] TON Selectivity® GPC measured M," M,/M, PPC block®
1 350 640 7900 94 2900 1.08 1300
2 350 798 8000 94 2400 1.09 1000
3 350 958 8600 93 2100 1.09 900
4 350 1280 6400 87 1600 1.09 500
5 550 610 7700 95 3500 1.08 1300
6 550 711 6800 92 2900 1.08 1000
7 550 813 5700 94 2800 1.08 700
8 750 298 5500 94 5500 1.07 1900
9 750 372 2200 89 3900 1.09 600

*Polymerization condition: PO (10.4 g, 180 mmol), 2 (3.0 mg, 1.8 pmol, [PO]/[2]

=20,000, CO; (30 bar), temperature (75 C), time (60 min).

®M, of PEG is provided by Aldrich. ‘Selectivity for the PPC over the cyclic propylene carbonate in % units. “Determined on GPC using a

polystyrene standard. “Calculated from an equation of ‘M, =
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Figure 3. 'H-NMR spectra of PPC (A), PEG-block-PPC (entry 1 in
Table 1) (B), and PPC-block-PEG-block-PPC (entry 1 in
Table 2) (C).
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Figure 4. GPC curves of PEG-OH (Mn = 750) (A), PEG-block-PPC (entry 8 in Table 1) (B), and PEG-block-PPC (entry 9 in Table 1) (C).
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Table 2. CO,/PO copolymerization results of PEG-block-PPC-block-PEG triblock copolymers by feeding various HO-PEG-OH as a chain
transfer agenta

Entry M, of PEG® [PEG]/[Cat] TON Selectivity  GPC measured M,0  M,/M, Ca}fgg‘fgfﬁz of
1 200 838 5000 87 1600 1.07 300
2 200 1120 5000 87 1300 1.09 230
3 200 1680 2200 82 1100 1.09 70
4 300 372 6100 81 3700 1.07 830
5 300 559 2500 75 2800 1.06 230
6 300 745 1800 50 1300 1.12 120
7 400 419 5300 95 4400 1.06 640
8 400 559 5100 88 2900 1.06 460
9 400 698 1900 83 2000 1.09 140

*Polymerization condition: PO (10.4 g, 180 mmol), 2 (3.0 mg, 1.8 umol, [PO]/[2] = 20,000, CO; (30 bar), temperature (75 C), time (60 min).
"Mn of PEG is provided by Aldrich. “Selectivity for the PPC over the cyclic propylene carbonate in % units. Determined on GPC using a
polystyrene standard. “Calculated from an equation of ‘Mn = {TON x 102.13}/{[-OH]/[2] + 5}°

£ 4% 28 3FTA AzoIA 2 99 OHERY A BEQ o] R ANE [-OH] o] HBsHA 7] wjiol
X743 PPC AH&9] FAL M, = {TONx 10213}/{FOH)2] 2k & 4 93 £3 GPC SHo)A BelAejale REEY
+5p9] BAMORNY A4E 4 Gtk Table 20 HW GPC 2 AMESIEY] thieletm ¥ 4 GIrHI) IEA Aol 7
o YBiH HHE AF BF FEIA BTl 47 AN A BARTE FA SEE Ao e B
ol ofato] Poinl BAFS Bl AL AF BE FFY o FRARMM)S L1 vHo R uje E9kth 'HNMR
Ao BAFCIAE PPC B2 M, x 2+ BUE PEGY M) AHERS clolBE 333 AnEy Wi Holvh g9
3 Aol b A2 B 5 Gtk o 4] ol BE FFY  M(Figure 3(C) A9 HEZHS Foto] ANE PPC BF
Aol A 7143k vhol FUR o f2 FEHEk F FYA £ o BATS 4] AN Fotol AR A) At @
Ao AL QB HEATL oh YT BAMS 2 1 Qshac



4.HE

7] gH% Zovk -OH7| & ZH= PEGe} thity| oF% &
B -OH7|E 2l PEGE B4 AR AREsho] oj4t
sieta/ZR g SAlE F5dE 3ste] PEG-block-
PPC t}hol &5 F53A| @} PPC-block-PEG-block-PPC 4% &

ol
e 11

Z:
of

2 Z23AS FAste] 'HNMRY GPCE Ea HA514c).
PPC E229] 57]&= %43 PEG7} E33H= -OH %} o
% TONo] €J3}o] ‘M, = {TON x 102.13}/{[-OH}/[2] + 5} 7|

@1 oz Au zAL} = ggfs} PEG7} %33l -OHYFS =

e}

oHz e 2 Ao
L1 vgko & uj$ E9ky w3t

oh

4%

ERE 201IME R@Egalans faow
FATARe] getEgaTe Ao

(2011-0022978).

o]

>
o?:'
i

ik
rar

=2

1. Coates, G. W., and Moore, D. R., “Discrete Metal-based
Catalysts for the Copolymerization of CO, and Epoxides:
Discovery, Reactivity, Optimization, and Mechanism,” Angew.
Chem., Int. Ed., 43(48), 6618-6639 (2004).

2. Darensbourg, D. J., “Making Plastics from Carbon Dioxide:
Salen Metal Complexes as Catalysts for the Production of
Polycarbonates from Epoxides and CO,,” Chem. Rev., 107(6),
2388-2410 (2007).

3. Kember, M. R., Buchard, A., and Williams, C. K., “Catalysts
for CO»/epoxide Copolymerisation,” Chem. Commun., 47(1),
141-163 (2011).

4. Luinstra, G. A., “Poly(Propylene Carbonate), Old Copolymers
of Propylene Oxide and Carbon Dioxide with New Interests:
Catalysis and Material Properties,” Polym. Rev., 48(1), 192-
219 (2008).

E-T‘

10.

11.

12.

13.

14.

Hl 7HE | o] E)-E2| (o El

2D EZ TSIAA G 249
Ren, W.-M., Zhang, X., Liu, Y., Li, J.-F., Wang, H., and Lu,
X.-B., “Highly Active, Bifunctional Co(IlI)-Salen Catalyst for
Alternating Copolymerization of CO, with Cyclohexene Oxide
and Terpolymerization with Aliphatic Epoxides,” Macromole-
cules, 43(3), 1396-1402 (2010).

Vagin, S. I, Reichardt, R., Klaus, S., and Rieger, B., “Confor-
mationally Flexible Dimeric Salphen Complexes for Bifunc-
tional Catalysis,” J. Am. Chem. Soc., 132(41), 14367-14369
(2010).

Pack, J. W,, and Lee, Y. W,, “Clean Technologies using Surfac-
tant for Supercritical Carbon dioxide,”
10(3), 149-158 (2004).

Koh, M., Yoo, J., Park, K., Kim, H., and Kim, H.,
mulsions in Supercritical Carbon Dioxide Utilizing Nonionic
Surfactants,” Clean Technology, 10(4), 221-228 (2004).
Noh, E. K., Na, S. J., Sudevan, S., Kim S.-W., and Lee, B.
Y., “Two Components in a Molecule: Highly Efficient and
Thermally Robust Catalytic System for CO»/Epoxide Copoly-
merization,” J. Am. Chem. Soc., 129(29), 8082-8083 (2007).
Sudevan, S., Min, J. K., Seong, J. E., Na, S. J., and Lee, B.
Y., “A Highly Active and Recyclable Catalytic System for CO»/
Propylene Oxide Copolymerization,” Angew. Chem., Int. Ed.,
47(38), 7306-7309 (2008).

Na, S. J., Sudevan, S., Cyriac, A., Kim, B. E., Yoo, J., Kang,
Y. K., Han, S. J., Lee, C., and Lee B. Y., “Elucidation of
the Structure of a Highly Active Catalytic System for CO,/
Epoxide Copolymerization: A salen-Cobaltate Complex of an
Unusual Binding Mode,” Inorg. Chem., 48(21), 10455-10465
(2009).

Min, J., Seong, J. E., Na, S. J., Cyriac, A., and Lee, B. Y,
“Efficient Synthesis of a Highly Active Catalyst for CO,/
Epoxide Copolymerization,” Bull. Korean Chem. Soc., 30(3),
745-748 (2009).

Cyriac, A., Lee, S. H., Varghese, J. K., Park, E. S., Park,
J. H, and Lee, B. Y., “Immortal CO,/Propylene Oxide Co-
polymerization: Precise Control of Molecular Weight and

Clean Technology,

“Microe-

Architecture of Various Block Copolymers,”
43(18), 7398-7401 (2010).

Varghese, J. K., Na, S. J., Park, J. H., Woo, D., Yang, I., and
Lee, B. Y., “Thermal and Weathering Degradation of Poly
(Propylene Carbonate),” Polym. Degrad. Stab., 95(6), 1039-1044
(2010).

Macromolecules,



