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Preparation of Novel Biodegradable Biomaterials using High-pressure
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We examined the development of novel biodegradable biomaterials using
hight-pressure. First, the acid-catalysed ring-opening polymerization of gamma-butyrolactone
(gamma-BL) was carried out in the presence of methanol as an initiator and trifluoromethanesulfonic
acid as a catalyst. As the result, the monomer conversions increased with increasing pressures,
indicating that high pressure conditions stron?ly affected the polymerization manner. Next, we
performed the preparation of chitin nanoparticles by regeneration from a
chitin/l-allyl-3-methylimidazolium bromide solution through high-pressure process. The morphology of

nanoparticles was seen in the SEM image of the sample from the resulting dispersion.



B X C—19. F—19—1, Z—19.

1. WFZEBIA Y DY =

LR E AT DO TR A ~T Y
TV, HEERLEML T NA A AKNT
DI - #2545 < ARG LM RO A T %% F
MULEEME L TERESNL TS, 2T b
BT ESHEES Y N EEO KRR
ISR & h, BT AR AR 7
FEMERSHIE S TR A E ER TV 5,
B 2 (X E B CIA < A & k% < FE
ENTVWBEMERY = A7V ThsH, RV
IR Y (e-H 7T 27 b)) id, —&IC
FIOFRRe-hTFuaT 7 FUoOBBEREAIC
LIRS, FERES O R T Ay T e
HEAHL I L > THIBCcE 5, Ll
28 5 BABR A ILER O O 2 O B5 & B E) )
ELTWDED, yTFad s hrokHk
BROOTHDO/NIS R RERREETHD T
J NATEFEOMERES TIXIZEALES
DT LRV, ZOE0H LWES RO
X, RRFDOZ 7 bond DAL NSA 4

~T U T NLOREE L TEETHD, —H.

RN < BV EER Z B L, BRFH
HEASRITHEM LTS Z L1X. DNA ©» &
HEAMEEDOTERSS, HAEHE., BERZ2
EHEREFAED 3 THRAEKTRHH I LTWY
B, THE, ZTOXORSTFLULTOR B L
7 FHIREALIC L B Ic B ST
NAF=T VT AR @ESITWD,
L L7 N B O%E, mrHEAEEZEN
WY ITHERT L Z LR TH D, —HEIC
5 BB D REHE 732 5 3% BE O IR #E X N 20
LD, FRCARED TO%E. D TESD
fi, HEEFEEORIEL, RoZE /) ~—0
FIHASCHEDEASRTOAAINTEY
WHBTIZRW, F-ABE LT, #il2E
WRWE 2 nE (rB) SETRENGES
{EEFDHEEIT, IERAV LTV D IREEE
HaOBR A L (R - pH 72 ) OB TIX
HOEALEZ ) EHHITE 0T L3z
Fohns,

2. Mo E®

B ANTF R RE 722 A2y g A B 720 ¢
X, REPH ARV A O Z BT L <
ZDH, FrLOEE (—k, @Kk) BT
HENIRYEANA F~T VT VOB KR F
HEHIEECTH D, AL TIE, B2 E
LELTEENEB L, RBOOT AP/
KEERT V7 NORBEESEZRH L, £
7=, RRSFEORSEICER T2 2 LT, &
S E AT DER N, A~ T U T IVOA|
A FRE LTz,

3. WD kL

EENT (~1000 MPa) Tix. ®ETF
(0.1MPa) & th#e L T4 FMBEEED /DN
BOGEER O KigE 72 s N e Th D, £Z T
¥, BE TIIESOEITARNE S ST
DR DT HO/NESNT 7 R DEE
HFCORBEAICEV R = AT L E2H

CK—19 (Jtm)

WU, JEDORINE, BEERAEERE (JE
FI#iPH ; ~1000 MPa, {EE#iPH ; 30~70°C)
BLOEERALERE (EFH ; 50 ~500
MPa) (2L o>T{T-7,
FEH—BERBETICBITAT 7 oMK
BEF, I OFEEIC L AR A AR Y LS
B2 EAVE~DEEIZOWN T, BLRLSF
BAFHME+ 5 Z & TRELEZRF LT,
DX, RREFEE L THFF v - F Y
ZIIR L, ZOWMR () WIRIZEZH
MT 52 & T, MR Fe bz ik
L7z, ¥ F 307N - o FRITOKFERRE
Bl XV mERESEEA L TWD Z
DIRRIEIZZ LTz JEIHINETOEEED
BIRNBEETHDLO, VAFALTERTI
RHEAL Y F U LRI A %/ — it b v
T A 2 KFERIE 7R E DRFR IR VRIS
BT R SN BBt 25354 4
VR E RV CIE RN X DS L &
L7,

4. WFFERRE

1) MESRMETTCOy-7Fu7 7 o
iR ER S

W OBBRES TIIEA OEITH N &
SINTWHy7Fr727 b (yBL) O]
FUET CORMBBBRESICOWTHRFL
7o WUy 7FuZ7 by (FVUyBL) 13
WIS EPEST DAESIRMERY =X F )LD —
BAODORY (48 Fex7FL—h) 1
JE LT BREIRA S e RENE & oy 1A B
~OERBZHFEIND N, BBOOT HOMEER
DEREN ) Ch DR EAS CIXEME DL E
72y BL OFEAOETIIRETH D, —J7, &
JE S84 F Tl s TIEHETT L 722 WS A
HATT 5 Z ERRISENRIEIZH L9252
ERMBENTWDS, TZCTEENFKETTO
y-BL Ol BHER A 2 et L7z,

F9. BLAANC A ¥ ) — (MeOH) ., fif
B N g a A& ALk (TfOH)
DE>RBIT L AT Yy FBEE AW TEE
T (~1000 MPa) CTHEAZITV, EH
DIEENRIZ L - T, EAHOEITEZFHE L 7=
(Scheme 1),

? Triflusrarmethane
sulfanic acid

o] e}
™, (TTOH)
CHZOH + n Q/O WH:}C\O/(/K/\/O‘);H
4000

Scheme 1. Acid-catalyzed Ring-opening Polymerization of
y-Butyrolactone under High-pressure Conditions.
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Figure 1. *"H NMR spectra of reaction solution (800 MPa,
24 h) (a) and isolated product (b) in CDCls.

Table 1 Acid-catalyzed anionic ROP of y-BL at the different conditions®.

SN E——
Run Initiator® Catalyst® (OUL‘“U& Mo thoor Moo My 1 MF
b o

1 MeOH TfOH 44 32 3.860 6.450 1.49
2 MeOH Sc(OTH)3 34 16 2,940 3.000 1.36
3 t-BuOK - 0 0 0 - -

 Polymerization conditions

y-BL: 23.6 mmol, initiator; 0.236 mmol, catalyst; 0.0236 mmol. reaction pressure;
800 MPa, reaction time; 24 h, reaction temperature; 40 °C. * MeOH; methanol, ¢-
BuOK; potassium tert-butoxide © TFOH; trifluoromethanesulfonic acid, Sc(OTh);;
scandium trifluoromethanesulfonate. ¢ Monomer conversions were estimated by 'H
NMR analysis of reaction solutions. ® Insoluble fraction in diethyl ether.  Estimated
on the basis of monomer conversions. & Estimated by GPC measurement with
chloroform as an eluent using polystyrene standards.
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Figure 2. Plots of monomer conversion vs. reaction

pressure (y-BL / MeOH / TfOH = 100/1/0.1 at 40 °C at
for 24 h)
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Figure 3. Plots of Mn vs. y-BL / MeOH feed ratio. The
calculated line indicates the theoretical values of Mn, y-BL
= 23.6 mmol mmol, TfOH = 0.0236 mmol.
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Figure 4. 'H NMR spectra of reaction solution (800 MPa,
48 h) (a) and isolated product (b) in CDCls
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Figure 5. Feed ratio of y-BL vs. conversion of g-BL (a) and
feed ratio of y-BL vs. y-BL content in polyester (b): Monomer
/ methanol / TfOH = 100/1/0.1, reaction temperature; 40 oC,
reaction time; 24 h, reaction pressure; 800 MPa.
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Figure 6. Feed ratio of y-BL vs. conversion of y-BL (a) and
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(R)-b-BL /y-BL / methanol / TfOH = 20/80/1/0.1, reaction
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Figure 7. First order kinetic plot (a) and monomer conversion
of y-BL vs. y-BL content in polyester (b): B-BL /y-BL /
methanol / TFOH = 20/80/1/0.1, reaction temperature; 40 °C,
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Scheme 3. Procedure for Preparation of chitin nanoparticle
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Figure 8. SEM image of regenerated chitin nanoparticles
after dialysis of methanol dispersion.
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