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1,5,7- =& R[4, 4. 0]5-5-4% (TBD) 1E it
etk R

AR ST — A~ B T 4 B IR N TR Y LT
SRFER Y HES KR AE TBD b E T 51k
A TR R T IR R G il 45 — R G EE IR o i
16 5.3X10° ~12. 9 X 10° g/mol B &M . M XF
Oy F RSO AE 1. 28~ 1. 68, 38 3o A% 47 LA
KR 2 B (PEG) J5 16 i 18 16 52 10 1 4% 3 Fl b
FEHER A AR 58 1 [ 2% 5w i £ R AR
U FEIFE 100~200 nm (4 94 2K 35 25 i o, I K HAR
SR LG K 24 ) AR B RE T R K M 25 W 0 4
#.

1 SE¥SiR gy

1.1 S5 ILEs

MERE £ 99 %6 (BT 4 T3 700 A BR A 1) 5 B2 fil
FH 5 DU R < 43 BT 20 O AR 48 P Bl Ak TR A PR
ONED SRR R L I T R 2 R (R
DITE SR A W GO E I - O R S I o =
s W B Hr gl CRHE T S TR Ak T4 R
28 FD s AV E SR I A S AR R R 8]
12 h J5 #7818 % B4 F 5 2R B . 43 B 4l (B
PLT A AR A FD . mai /R T A4k
BERA LI 12 h 5 W AW EH & e W
fig (e-CL) : 99 % (Sigma-Aldrich) , & 4l & < A% 4
TOMA SRR A T 12 h J5 5 2R, % 5
25 s 22 TR ST (L-LA) £ 98 % C22 1t 35 1 79 A PR
ONED SRS TR R S K, TR R A
1.5, 7-= A 2% — 3 [4. 4. 0] %-5-% (TBD)
98 % (Sigma-Aldrich) , 1 4% ffi Fil ; BT 55 & £ R
(DOX « HCD) : 98 % (72 1if 3 12 1) A FR 2 ®]) .
DOX « HCI(100 mg) ¥ fi# 78 % 8 F 7K (50 mL)
H SR 5 A = 2 M (19 mg) » F &5 % B 3 1%,
JE G 75 e B 25 S i i = & i B AR 3 DOX
Ui 125 9 38 O U8 A7 18 FH 5 A % B B2 N iR (GDL) .
99 Yo CL 1t 35 1R A BR 2 m)D , B T s = RS
HBE (CPh,y CD 2 99 % CZE T 5 i M A IR A /D, B
A 5 4- — W & Lk e (DMAP) - 98 %0 (22 i 75
AT BR A F]D s BT 1-(3- P BN 5L -
3-Z KTk T B FR 3 (EDC « HCD 199 % (24 it
HIAAARA D, HEMEH: =8 R (TFA) .
99 % CZ 1t 7 A R D, B B AR R
Z R B (mPEG-COOH) ; (3 35 Mk 77 A R

ONTDY S BB 5 R R TR I ) IR R 43 A 4l
G B m R ERD.

% H Bruker Avance 11 400M #% g 3L 38 7 i
12, £ E Waters 22 A MALDI micro MX R4,
%[E Thermo Fisher iN10 f# HL 725 o ) {3 21 &b
FEIE AN B [ IR SCN T ZS90 Y KR ) zeta
B A3 BT A, 25 [ Viscotek 2y & % 5 € 3% 1%
(GPO) #E 17 HAR S5 1 R AE SR G W) PERE A 5E.
1.2 52885k
L.2.1 &1 KHEammNmG g
5.6 mmoD 5 =R I H & (1. 87 g,6. 7 mmol)
AT 10 mL MEpEp, IR HEFE 12 h. A 1 mol/L
AR R v A R ML RE O FH R R AR EL . A LA
MR YR P R Rf TR L 0 A T R B R K R U TEOK
T TR 0 T M B0 T e 7% R o 0 ) R ) FH
WA s R 4 R VLR ZBE) = VO i
fif)=3: DR A EEK L2 g, % 52%. 'H-
NMR (400 Hz, DMSO):8=7. 53 ~7. 21 (m,
15H),5. 94(d, J=14. 3 Hz,1H),5. 50(dd, ] =
13.1,4.9 Hz,2H) ,4. 34~4.22(m,1H) ,4. 09~
3.68(m,1H),3.56(ddd,J=16.2,13.0,8. 2 Hz,
2H).3.28(t,J =10.7 Hz,1H),3.16(dd, J =
10.3.5.5 Hz,1H). ¥ C NMR (400 Hz,DMSO) :
8=172. 2,144. 0,128. 7, 128. 3, 127. 5, 86. 3,
79.9,74.9,72.1,68.8,63. 5.

1.2.2 ATHRZAFZNAAN FERMP. 0T
10 mL & N o Ak &% 1 (500 mg,
1. 2 mmoD) I PU A WLV ) (2 mol/L) . SR JE A
DMAP(7. 3 mg,0.06 mmol),60 ‘C FHi+E 24 h.
THE % 25 J I 23 5 300 5 KL 7= 0 D ke e A € 33 i 4 (ke
JF VZRRZ B + VCAThED =3 + DFRH
@ E 4K 270 mg, 77 % 54%. "H-NMR (400 Hz.
DMS0) :6=7.48~7.18(m,15H),6.23(d, ] =
5.5 Hz,1H).5.6(d.J=4.5 Hz,1H).5. 33(d.
J=6.2 Hz,1H), 4. 46 (dd, J = 7. 1, 4. 8 Hz,
1H),4.17(dd.J =8.5,4. 4 Hz,1H), 4. 03(dd,
J=5.2,3.8 Hz, 1H),4. 00 (m,1H), 3. 13(dd.
J=9.6,4.5 Hz, 2H).” C NMR (100 Hz,
DMSO) :6=175. 9,144, 4,128. 8,128. 2,127. 4,
86.2,80.6,73.6,73.0,68.2,66. 0.

1.2.3 ZHARAXB(RTAB GHNE FE
AL TR 10 mL KON O A T Y 22
JREN 28 FiE (L-LA) 3 & R (e-CL) iy — 5 H Be i3
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W (2 mol/L). SR J& A T2 2 1) #.JC 38 = & 5]
SR L HGH I AAEALF) TBD AR Y 5 % 1y 5t iy
FoO S H R T RV 12 hy A ik 8 04 26 W g 4
B A 7 P AT WY BT I B 52 10k A% o 26 S SO 1Y)
AR DL R AR, LS AR T B TR A
W GPC ARG AT 45 ¥ FRAE.

1.2.4 BRPZHREALERT AL GHE
T4 A 10 mL 52N H I A SIE 5B R A Y
(9 S B VAW (0. 1 mol/L) R A =4 2
2 (2 mL)  H,000.5 mL), & @+ 5 min. iE#E
R BR BT 45 2 09 R 2Tk 2 52 B B 2%
TR 7= R A = ORFE W G, BLS HLAR TR R E L B
T3 B JIR R AP 7 ) A G AT 45 ) SR AE.

1.2.5 MEHRZHARALB(RTAER) GH &
] T4 9 10 mL 2N Aol oA TR i 09 B =R
B R AW — AW B % W (0. 10 mmol,
0.5 mol/L) ARU N A H AR FE R & B 1R (5
IR 2 000 g/mol, 0. 10 mmol), EDC « HCI
(0. 12 mmol), DMAP (0. 06 mmol), & J& i £
12 h. e 2R BB L, B8 0 E R H,O0 )
S VRV S BR 25 A BN I BRAR R A AR, BL2s HEAE T
P 2 fE L, BT A O W SR PR R S W A W AT A5
FAE.

1.2.6 AREBRERGHE B 200 pL WEHE
RA& Y DMSO % W (20 mg/mL) % ii% % oF
I mL @ LB T KD, HARBRA YK
SR 3 2o G KA B SO T A5 4 KR Y R A iE AT R
fE. ¥ 150 pL W3R ME R &9 M DMSO % i
(20 mg/mL) LA & 50 pL. DOX {1 DMSO ¥ W
(20 mg/mIDIRA AT ZE R IE 1 mL & B
T T K B K M 25 W 1 B 2 3 3 g KR
JEEASORT BT 45 40 KobE ) A A2 R A T RAE

2 HiRS5iie

2.1 RSk B &5 A AE

AREERE NERIF R R A & 5 &flZ
— I EBEIR N BRAS R B A 4 AR A 34
FARERIE LA AR, A TR RARES 5
N B AR R BT ORI 2R 6 7 B AR
fR R e M L I B 1 ik B R D R R SR R
(Y52 ), B % = R R P e X R B R AT R 9 (]
D 1) s A2 60 % 7 DL E BRI E
AMFFIE(S 508 M AE 4. 90 KA R IL 115 5 e

0o HRIRRRAFIE 5 3 A 3 35 %) B3 1ol AL G O
A2 15+ 3, KW GDL AR s o) o = R B W
BELRY BB E A 3 MR AEY 1. L&Y
1 v (1 P TG 285 ) T A AR R 00 4R R B & TR AS i
CNERE R EIT AR AR 5 5 5 R,
L, N RE AR N 51 & E . AT 22 1 f
Kk, HA Y EM A M AG0 FFHRA M
AR KA. FIT I BR BRI IR 3K /N AT 2R e
PER . A TE—40 CRYMAREIA B T A REETTIF
FRUT R B S TG ER R A T A B S5 A
FEM Z RIS KA A B R, Nk, R A
DMAP L7 b &8 1 2047 TR 3R LA K4y F
FHE A B FoT IR = g R . Gl — 2 AR
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Fig. 1 The synthetic route and structure characterization

of Compound 1
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ARG (COSY ., HMBC, HSQC) | Jifi 1% DA M 21 4b FARIFAE R TR L, H 3 Lo AR A {H Fe &
b o HE T 7 ) AT AE R B 45 R R AL, EHE S SR FREAE I 2 A2 B RS X B IH AL & 1 BE 2R
JEE R J AN AR (BB JR i HE 420. 5 g/mol) , BAKFR EHE R oo =g R F (K 2).

(0}

HO
Hom THF @—Q\L\OH
HO™™ OCPh, + DMAP = 1 6 0o
OH
TIEH =5 %57
(a) & L4
Oy Q of{ i
L5 oo R s
bHO i 4 ;OCPh, _ dL g
OHE i+g+hf0 Gy b@
d+e TRFR=REIER )
a k Lboyef it
| | ol . '
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(b) "H-NMR (¢) "C NMR (d) FT-IR
J Ll ) M’\ 1 - J‘l e
, ;J‘ ; 1, —J L ?80 | T 0
s 18 < | SRS
= e e 11 = 70 - T 180
L N =R
s TS F S N PR B s do
80 65 50 35 20 05 80 65 50 35 20 05 80 65 50 35 20 05
f, fy 7,
(e) COSY () HMBC (g) HSQC
B2 HIUIH =5 KA A K& RN RAE
Fig. 2 The synthetic route and structure characterization of five-member-ring three-arm initiator
2.2 “EERA W B a5 K RALE RN, & 3 iR R R a(6=5. 18~

DL TC B0 ) 4G W R N TR AR o = 51 &R AR 5.23)F b(8=1.45~1. 57) 43 5 % ¥ B L % A9 ¢
& )& AL TBD VR AR ik 5] & L-LA 3 RS CH M RS (—CH) FIEIE, c (0=
cCLAARREGH A RAMRBLE NN, TBD & 4. 20) X I F AR sty 72 36 AH AP A Ik B R A (— CHD
— A LR G JE AR e e T SR AL RRARIE. W LU B, 51 R N B R R AR AR I e (6=
7R B A0 B B A 1), HLR A AR IR 7.33) 5% PR A I B RRAE 05 ¢ (6=4. 20) ¥ L9 1R
TR B B AT G ) IS B AR VA O 15 1 3L aX 5 5] K 5 B R 45 B Y R AE 0 L 1)
Xt F R KA R AN sl kR AR L MELEW T E AR 3 RIS S5 RAE K.
FRIEMAEORE T B AR AW 0 R R R AN BT LLE i LA FRIEIE a(6=5. 18 ~5. 23)
SRR LI T P B R, e U RS 51 & RIARIE I e (0= 7. 33) B4 1 A
A DA g A A R B B B L ke S R R B H A T34 BT B TR A BER G
B (4 ] 5 A . B SC A A AR A B BAAR LA AR TRl LA BRI R WA a (0=
5 =R 5| & 4 5 Y AR BOR [ AR X 4 5.18~5.23) 5GP R Wi c(6=4. 20) FFAF 1§ FL 5y
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Fig. 3 The synthetic route and structure characterization of three-arm PLA with different polymerization degrees

T AR ) LU {8 T 5875 2 B 45 000 B Y 2R 0k &2 PR 0T
B DT A5 2 B AR X 4 BT . 45 s, TBD
Al AL N R SR i T 4R R G G S R Y
REE S REERA 2.

B 5 o 38 o O A B BAR e CL 5 = 51 &
B Y o LA BN [ AR X 4 TR R O N
fiss, B8 Tl 4. = R O N B 098 g % &
WE 4 Frs, R a(0=2. 27) il b,d (0=
1.54),c(8=1. 31), e (8=3. 98) 43 W % )i & F| iR
[ L & (— CH) FRIE I, £ (0=4. 31) Xf [ 5
IR Ui 2 AH AR A W S (- CHL) MY RRIE I,
(6="7.33) XN 51 A AL REAE I, 5 O N g
18 JBE 7K T i A I BT s 5] 2R 3R A R BRI U g (0=
7.33) LA, R O N R Y B R BT A A
51 K 1) R SRR AE V0 55 L A5y & B - CL B
AWy JB ) kb %) 185 i i e 2D, i 3R B = 51 R
W25 R AN 8 AT DU i A R AE I R )
T R ) EUAB 13045 1 B AR PR G B0 A 4% ) % 1
PR EE 5T BT R, DT A5 B 2R A W SRR R 5T R

PR JEE JR BT At

GPC MR T = BRI CRE NEH 1Y
JEE IR Jo i R BE R T ik oA, B 5 O = 51 R R G
K LA 8 «-CL iy GPC i K. 7 LIE H A [
R R T R AW GPC 2k 25 5k X FR (1) # i
G3 AT, HLF A AR 5 52 40k} L i 35 K, GPC il
S 1 fry B R B 6 7 10 8% 8l ' H-NMR #il GPC il
AR 78 TBD WAL E R T & 1 1 4
Py i BRG] ki = RILIR (R WD . b, i
it GPC 15 3 A Wi BE IR ot i M oA, 45 2R 3k
1 Ji7R.
2.3 WSEPER AW B B R AE

PISEYE SR G W) 48 4 5% h W] B 35 A R K B
B KB R A A — KT, MR R
B AT LA 2 2 AN K G R TR B )z N T 2
PR 0BTt B R SR KRG W RE RN
IR R OB RO RS L R T
AN RN Z  XFEHARNTRL R
U1 A AR 2 AR AR S I v DL K
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Fig. 4 The synthetic route and structure characterization of three-arm PCL with different polymerization degrees
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EH5 FEAMSTHEEHZERSHH GPC E

Fig. 5 GPC traces of three-arm polymer with different relative molecular mass

k1 ZBEREUNERRERSA

Tab.1 Molar mass and its distribution of three-arm polymers

iR n(M) /n(OH) M, e,/ (10° g » mol™ 1) M, xur/(10% g » mol™ 1) M. gpc/(10° g » mol™ ') My.gpe/(10° g« mol™ ') PDI

P3OH-LA50 50/1 4.0 4.6 5.3 6.8 1.28
P3OH-LAT75 75/1 5.8 5.9 5.9 8.4 1.40
P3OH-LA100 100/1 7.6 7.5 9.5 14.0 1.47
P3OH-LA200 200/1 14. 8 16.1 12.9 17.0 1.31
P30OH-CL50 50/1 6.1 5.0 7.5 11.6 1.54
P30OH-CL75 75/1 9.0 9.4 7.9 12.2 1.54
P30OH-CL100 100/1 11.8 11.8 8.9 15.0 1.68
P30OH-CL200 200/1 23.2 24.8 10.7 18. 6 1. 68
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3.5 BT B3R 2 R A 3 (- CHL) 4% 1F
W I A 2 K BE B 2 R R I A B B = R A
Yyt v o W 2Rk =R R A R &L B TR
PE A W TE K T S [ 22 SR TR R A A
JZIEIK N2 B K B R A A, B I R TR vk
JEART B HORL AR /N R PR A A A, LR
K A% BE 5 A0 3 I B K (DOX) S5 i K P 25 9 . I
Uk B B FH R B K 25 4 U bl i . an
6(DH K& 6(g) i .P3OH-LA200 5 P3OH-CL200
BT A 43 A VREARAE 100~ 200 nm (1) I H 45
¥ 38 265 DOX [ 2 1T B i £ 1 98 oK 245 4 F
TR RIE . Z5 R BN, E-HREAGY S DOX 1
Brit bRy 3+ 1 RSN L AR KW I P nT DARRE Hb
T R 42 #E 100 ~ 150 nm 1Y 49 K 3R, ki 42 45
AN Oy AR A T AR 2 IR R

3 & i

AR S LA A B R IR R JRURE T B B T AR
SRR G DA R RS R % 5] R R
JE [ IG5 R I HBEA 3 451 R TG MR AL TE
A HUIRAEAL R TBD BVET x5l BRI 51 &
FEBEN ZCHE . C N BRI AT TF ARG R R A 3 =
WG (E15 — R 002 B T 51 A SR K M B4 1
R NIRRT = R A W AN W R
PERG W %M R M RS YRR i FE K rh B 2 %
RiAEAE 100~200 nm 4 40 K i o #E 17 5 7K 25 9
i F 2.
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responsive polymersomes for programmed drug

Study of aliphatic polyesters initiated by selective rearrangement
of hydroxyl groups in glucosactone

LIU Chenglin, SONG Wangze, ZHENG Yubin”

( School of Chemical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Five-member-ring, three-hydroxyl-group initiators were successfully synthesized via the
intramolecular ring-open rearrangement of the primary-hydroxyl-group-protected glucosactone. Such
initiator is a kind of carbohydrate-based compound originated from the glucose with three secondary
hydroxyl groups. Three-arm polylactic acid (PLA) and polycaprolactone(PCL) with various relative
molecular mass were prepared with organic alkali 1, 5, 7-triazabicyclo[ 4. 4. 0]-dec-5-ene (TBD) as the
catalyst via the controlled polymerization method by varying the feeding ratios of the monomers as
lactide and caprolactone to the hydroxyl group. A series of amphiphilic three-arm polyester were
prepared by the conjugation of polyethylene glycol (PEG) at the end of the chain, then post
functionalization for the drug encapsulation study. NMR, MS, FT-IR were used to fully characterize
the structure of the bio-based initiators. GPC and NMR were used to characterize the obtained three-
arm polyesters. Nano particle size meter was used to test the particle size of the self-assembled
micelles. Results indicate that the bio-based three-arm initiators are stable five-member-ring
initiators. The relative molecular mass of the three-arm amphiphilic polyester is controlled and
narrow. The polymer can be self-assembled to micelles with the particle size of 100-200 nm.
Hydrophobic drug could be successfully encapsulated into the micelles formed by such amphiphilic

polymers.

Key words: glucosactone; biomass; ring-open polymerization; amphiphilic polymer; drug

encapsulation



