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Synthesis of Chemo-Degradable and Bio-Degradable Polyurethane Elastomers Containing
Castor-Oil Ester.
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Tamotsu HASHIMOTO
Department of Materials Science and Engineering, Graduate School of Engineering,
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Ricinoleic acid derived from castor oil was utilized for the preparation of ester

linkages-containing  poly(tetramethylene

ether) [or

poly(tetrahydrofuran)] glycol

{HO-CH[(CH,)sCH3]CH>CH=CH(CH,);-C(=0)O-[(CH2)40]s.1-(CH2)4-OC(=0)~(CH,);-CH=CH-

CH,CH[(CH,)sCH;]-OH; PTHF-RA-OH}.

This polyol was reacted with two-fold amount of

4,4’-diphenylmethane diisocyanate followed by the chain-extension reaction with 1,4-butanediol

to give a new polyurethane with degradable ester moieties.

The obtained polyurethane

(PTHF-RA-BD-PU) exhibited similar thermal and mechanical properties to those of the
polyurethane (PTHF-BD-PU) prepared from poly(tetramethylene ether) [or poly(tetrahydrofuran)]

glycol (PTHF-OH).

The treatment of PTHF-RA-BD-PU with potassium hydroxide in

tetrahydrofuran/ethanol (9/1 v/v) solvent in the presence of a small amount of water caused

hydrolysis reaction of the recinolate ester linkages to give the mixture of PTHF-OH and the

urethane oligomers capped with recinoleic acid moieties.

The extraction of PTHF-OH with

methylene chloride from the mixture resulted in the recovery of PTHF-OH in over 90% yield
based on the poly(tetrahydrofuran) segments of PTHF-RA-BD-PU. Enzymatic degradation of

PTHF-RA-BD-PU was carried out with lipase as a catalyst.

Both of the heterogeneous reaction

with film specimens in water using phosphate buffer solution (pH 7.4) at 37 °C and the

homogeneous reaction in N,N-dimethylformamide at 45 °C caused the decrease in the molecular
weight of PTHF-RA-BD-PU. This is probably due to the lipase-catalyzed hydrolysis of the

recinolate ester groups of PTHF-RA-BD-PU.

KEYWORDS : Poly(Tetramethylene Ether) Glycol, Castor Oil, Ricinoleic Acid, Polymer
Degradation, Chemical Recycling
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Synthesis of PTHF-based polyols (PTHF-OH and PTHF-RA-OH) and polyol precursor (PTHF-Br).
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Table 1. Characterization of PTHF-based Polyols (PTHF-OH and PTHF-RA-OH) and Polyol Precursor
(PTHF-Br)
Polymer M, (GPC)®» M, /M, (GPC)» M,(Calc.)? M, (NMR)" M, (Titr.)®
PTHF-OH 4030 1.35 2550 - 2690
PTHF-Br 4160 1.35 2690 2830 -
PTHF-RA-OH 5240 1.28 3120 3130 3420

a) Measured by GPC with polystyrene calibration.
b) Measured based on DP, of PTHF segment = [THF], / [Initiator], x (Initiator Efficiency)'6l.

c) Measured by 'H NMR spectroscopy.
d) Measured by acetylation method.
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Scheme 2. Synthesis of PTHF-based polyurethanes (PTHF-BD-PU and PTHF-RA-BD-PU).
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Figure 1. DSC thermograms of the polyols (PTHF-OH
and PTHF-RA-OH) and the polyurethanes (PTHF-BD-PU
and PTHF-RA-BD-PU) on second heating scan.
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Figure 2. Temperature dependence of (E’) for the
polyurethanes (PTHF-BD-PU and PTHF-RA-BD-PU).
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Table 2.
and PTHF-RA-BD-PU)

PrEL, SR THAEZELTE Fe ¥ 2 RiD
PTHF-OH Z[EX L7z, & HIZZ DR Y ~v—0 THF &
HawAK (~0 C) ICTHEWTHIDE L TRER L,
INEE12.8 g, EHAH16.6 %

2.4 VI I VA VBT AT VEMEET AL K
% RIGAR Y (THF) (PTHF-RA-OH) DA FR
BIGHE RN =23y 7 &z 1072 200 mL
D=2 77 AT, fHA L7 PTHF-Br (N\MR 12 &L D
sked7- M, = 2830 ; Table 1 M) 9.9 g (3.46 x 10™
mol) % AZu, DMF100 mL (Z¥afi# SH 7=, W\ T, BE
WD FEICLVESNTZV Y ) LA VDY T L
(3.5 g, 1.04 x 10° mol) EAHMIBEMLEL LT
BAVF N T FAT = A (Fe, #5533
g Nz, BUGIEE 50 CT 62 Rl &7z, #*
D, ISR Z A URKIED Y > ) VA U ih
Vo azxEREL, AN ANARL—X—2XD
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SHIZFDORY ~—% THE (100 mL) RS,
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FbE % 2 JEITV, BN LR Y ~— %2R CHZE
R L7, INE 11.3 g. UXEE 93 %,
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DOMUSOAT7 T AT 4,4 -V T 2= )b A XA
V7 — Tk 0.8890 g (3.55 x 102 mol) # A
THRERFHKTIC Lz, 22~ W FMEF%2H
W PTHF-OH (B Fa v EgRICL ki i =
2690 ; Table 1 ZHH) 4.7828 g (1.78 x 10° mol) %
o< D EFEFL, 80 CT 2 MBSt & 1B Rl
WA YT — R NEEETDHT VAR ~— %GR
L7z (Scheme 2) , R\W\T, $HEEHIE LT 1,4-
TRV F— 0.1601 g (1.78 x 10°mol) & 7
VA ARG E LT T o) VRY T T

Properties of the Polyols (PTHF-OH and PTHF-RA-OH) and the Polyurethanes (PTHF-BD-PU

Viscoelastic Test DSC TG-DTA
M.?  Rubbery Plateau TP of Soft 7o) oG
Area, °C Segment,°C 9’
PTHF-OH 4030 30 262
PTHF-RA-OH 5240 25 355
PTHF-BD-PU 42600 20~120 16 327
PTHF-RA-BD-PU 36200 20~70 19 315

a) Measured by GPC with polystyrene calibration.
b) Melting temperature; on second heating scan.
c) Thermal decomposition temperature; 5% weight loss.
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Figure 3. GPC curves of (A) PTHF-Br, (B)

PTHF-RA-OH, (C) PTHF-RA-BD-PU, (D) the
degradation products of PTHF-RA-BD-PU, and (E) the
dichloromethane-soluble part of the degradation
products of PTHF-RA-BD-PU: the degradation reaction
was carried out by hydrolysis with 0.05 mol/L-KOH in

ethanol/THF (9/1 v/v) solvent at room temperature.
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Chemical recycling of PTHF-RA-BD-PU by hydrolysis of the recinolate units.
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Figure 4.

"H NMR spectrum of (A) PTHF-OH, (B) PTHF-Br, and (C) the dichloromethane-soluble part of the

degradation product of PTHF-RA-BD-PU [(E) in Figure 3] in CDCls.
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Figure 5.

"H NMR spectra of (A) PTHF-RA-OH and (B), (C) the enzymatic degradation products of

PTHF-RA-OH; the degradation reactions were carried out in heterogeneous system using powder sample with lipase

(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37°C.
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Table 3.

Degradation of PTHF-RA-OH : Extent of Hydrolysis of the Ester Groups

. ] Hydrolysis Enzymatic Hydrolysis Enzymatic Hydrolysis
ReaiEOmT""e In Buffer Solution?  in Buffer Solution® In DMF®)
a
y Extent of Hydrolysis (%)%
30 0 28 0
PTHF-RA-OH
60 0 23 0

a) The degradation reaction was carried out in heterogeneous system using powder sample without
lipase in phosphate buffer aqueous solution (pH 7.4) at 37°C.

b) The degradation reaction was carried out in heterogeneous system using powder sample with lipase
(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37°C.

c} The degradation reaction was carried out in homogeneous system with lipase AYS Amano (source :

Candida rugosa) in DMF at 45°C,

d) Measured by 'H NMR spectroscopy (see Figure 5).
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Figure 6. Change in molecular weight distribution curves of the polyurethanes measured by GPC; the degradation
reactions were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) without
lipase in phosphate buffer aqueous solution (pH 7.4) at 37°C.
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Figure 7. Change in molecular weight distribution curves of the polyurethanes measured by GPC; the degradation

(A) PTHF-BD-PU
Time (day)

reactions were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) with

lipase (source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37°C.
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Figure 8. Change in molecular weight distribution curves of the polyurethanes measured by GPC; the degradation

reactions were carried out in homogeneous system with lipase AYS Amano (source : Candida rugosa) in DMF at 45°C.
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Table 4. Degradation of PTHF-BD-PU and PTHF-RA-BD-PU: Change in Number-Average Molecular Weight
(M,) and Polydispersity (Mw/My)

Hydrolysis Enzymatic Hydrolysis Enzymatic Hydrolysis
Reaction Time  jn Buffer Solution®  in Buffer Solution® in DMF9
() M, M, /M, M, M, /M, M9 M, /M,
0 42600 1.77 42600 1.77 42600 1.77
PTHF-BD-PU 30 41900 1.83 42100 1.93 41700 1.88
60 41700 1.93 41300 1.83 42100 1.87
0 36200 2.43 36200 243 36200 2.43
PTHF-RA-BD-PU 30 35700 2.30 31600 2.04 29100 1.91
60 34600 2.15 25200 217 22600 1.97

a) The degradation reaction was carried out in heterogeneous system using film specimens (10
mm x 10 mm; 1 mm thickness) without lipase in phosphate buffer aqueous solution (pH 7.4) at
37°C.

b) The degradation reaction was carried out in heterogeneous system using film specimens (10
mm x 10 mm; 1 mm thickness) with lipase (source : Phycomyces nitens) in phosphate buffer

aqueous solution (pH 7.4) at 37°C.

c) The degradation reaction was carried out in homogeneous system with lipase AYS Amano

(source : Candida rugosa) in DMF at 45°C.

d) Measured by GPC with polystyrene calibration.
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