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BMDO T [ 4 A TS 23 5% i 58 4 00 64 2 0 A 2%
PEV M IAEAR SO 6 IVDG 5 BMDO 3R 9
T RAFT 457 R 5 28 58 7= ) 1) 43+ o 45 o
Agarwal FE A 4 R TR 1 il R R
4 (ATRP) JFiEEL 528U T BMDO 5 L 24 ik o
ROR 20 VG RTRSE G M A iR SEIE R A (HF]
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SAbESEE (LiAIH,, Aldrich, 98% ), T Bz
Bf (:-BuOK, Aldrich, 99% ) , % Ff 3L A6k ie (p
B2 255 ALK A F] L AR) (1, 2-4828 iR — H
B (ULPHIH =T, AR) , HEAH . 1,1- 2 2%
B2 & B (Aldrich, 99% ) | KU T BE (-
BuOH, | k24351, AR) , il A CaH, Br/KT
P — 1, W28 A0 A R (N A s R ),
AR) ,SEINA CaH, IR, R Z518, B8 IR F &

LiAlH, THF
66°C, 18 h

HO—; ;—OH

1

i AL S A (DCP, rp [ B2 24 Bk 27k
FIAF L AR) R E S, 5 2 K.

RAFT 3 1 3 4 48 78 & @e-1-28 J& & B
(PEPD) " 111,213 ,4-di-O-5: 3 P 3£-6-0-(2'-H
42K 2 838) -D-2F 30 (IVDG) 194 Wl &
i SCHkEA T
1.2 5,6-FE-2-THE-1,3-—8+tIK(BMDO)
Eo)=94

BMDO ()45 BN AE 2 SCik [ 14 ] 4T, R i
sl A SR MR B 1 R,

By
St 1L

p-toluene-
sulfonic acid

120°C,8h

t-BuOK, -BuOH
66°C, 18 h 6
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Scheme 1 Synthetic route of 5,6-benzo-2-methylene-1,3-dioxepane (BMDO)

L2.1 12488 “HIEE (1) BA R

RS T, 43 54 THE (100 mL) |
LiAlH, (56 g, 0. 14 mol) il A T4 1% 250 mL (¥
RS TERIZURERE VKA T S8 I 1, 2-4F 2%
T HR W EE(19.6 mL, 0.12 mol) % THF (30
mL) VU, RS B S, o B AR Z [m1 g 18 he ¥
R, TEVKIE T 8 50 BT AT B B V5
% (40 mL H,S0, % T 150 mL 7K ) HpRfi. Befi
Ja ARG CmEFEH 3 W, WA AR U,
NaHCO, % e % 2 ¥, HZE Kk sk = 2 vk,
TCKGRER N TR . el 28 K B 22 T0K < Tk, e
M= 1 1A/ 1IE C e E 4 i, 15 10. 4 g
F b iA, 7730k 60% . 'H-NMR ( TMS, CDCl,,
8):4.03 (s, 2H, —CH,OH), 4.48 (s, 4H,
—CH,0H) , 7.20 (s, 4H, —Ar).
1.2.2 5,6-70-2-(JHI AL ) -1,3- 4L 3 (2)
RSy

TERSDI T 55 1 (5.87 g, 42.5
mmol ) , 1, 1-= 2 5 FE-2-1 48 £, e (8.38 g, 42.5
mmol ) FIXf YRR 2 (90 mg ) Jill A BC A 537K £ Y
100 mL (1) [53 Ji% B2 i, ek 5¢ B 8 i i WA
120°CF i 8 h, 437K 2% R WO AR I 1 7= A= 1) &
Pt OGP VS TEIUE T 8 SO0 iR 28 160°C 4k

SEION 30 min {2 W HEF TRIIG. VA 2 E= 0,
Yl AL, ¥ BT AR M W T & KR
NaHCO, 7K¥ W BE S 2 IR, KBk 2 2 vk, nJook
TR EA T 1L 78, T 28 I A BILI 00, AL
60 mL (3R Be F 45 i, 15 8. 85 g H R i
A&, 775 86% . 'H-NMR (TMS, CDCL,, §):3.46
(d,2H, J = 5.1Hz, (—CH,0),CHCH,Br) ,4.93
(s, 4H, —C(H, (CH,0),—), 5.13(t, H, J =
5.1 Hz, (—CH,0),CHCH,Br),7.16 ~7.25 (m,
4H, —Ar).
1.2.3 BMDO (3) &%
RT3k G4 2 (6.32 g, 26
mmol ) ,¢-BuOK (3. 14 g, 26 mmol ) il -BuOH (40
mL) fiIA 100 mL f [ J5E Be i, hiosl o¢ B2 ¥
MAE 80°C R i 15 h. B HI B E IR, kT
6] S BRI 40 mL 2k, 3o ik A B 25 AN 1
W A HLZ  INJC KB R B0 1 2k . ek 7%
R BRE CBERER B 1Y) t-BuOH 4 BT A58 7 i Dol &
R W R S RS AR 2.1 g, "
RN 50% . AP0 R g RS A& 1 TR, TH-
NMR (TMS, CDCL,, §):3.71 (d, J = 1.8 Hg,
2H, (—CH,0),C=CH,),5.04 (s, 4H, —C¢H,-
(CH,0),—), 7.21 ~7.23 (m, 2H, —Ar), 7.05
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Fig. 1 'H-NMR spectrum (300 MHz, CDCl; , room
temperature) of 5,6-benzo-2-methylene-1,3-dioxepane ( BMDO)

1.3 IVDG 5 BMDO #j RAFT £

— AN LAY SN AL BRI T - AE S AT
EFFPECE H IVDG (0.78 ¢, 2.0 mmol) , BMDO
(0.32 g, 2.0 mmol) ,PEPD (6.5 mg, 30 wmol)
DCP (2.2 mg, 10 wmol ) £ i Y THi 7 Fi ¥4 ¥ (2
mL) A . SRS T AR VR—Hh s —
FER G 3 K. BB L IHAE 130°CTA T
FLISE 48 h I AT 22 KL , 5 S o VR R\ R Y e
HUUE , # B, B0 B R TE 40°C R L AE
MR A R AR AR AR ) T AR
THEILRY) P BT 53 L.
1.4 HEYIRIFERE

B 70 mg BMDO-IVDG ¥y (M, = 5260,
M/M, = 1.41,Fum, =38.0% ) ¥EMAEH 9 mL
AR B AR (S wi% ) F1S ml Y S I g
IR G, 2R TR RO 1L A
0.9 mL ¥ERAR A IS, HI S 07 26 B, i 79 2 BOK
IKTEPIUR , e 28 K B 50 B A e AR ot 2
TNNERES S Sy E
L5 HEYEFRP

FH 26 B 7 12 2 2 3 i 2 LB SR v
R PR A7 5 A S I 7R 2, — A LY ) 481 G < 8
70 mg IVDG-co-BMDO L% (M, = 8540, M/
M, = 1.38,Fppo = 15.01% ) % f#1E 10 mL 88%
HmR D, 2R T B4k 24 h J5, #1004 mL K Hi
B ARSLARFE 3 ho TS M & IR R 2R K i
B2 KBREAHNG T % TS, 15 54 mg
R ACRA LR L R Y. K5 inis &
WA 3% P 53 BT e I R 47 s P S ST TR 6 58 40
2, NTTHIESE T 7K S AT IS

1.6 ESBERSWHMIKEFE

¥ 58 mg MR MER S WIE AL 2 mL 1Y
DMSO 7RI ZUBEFE (1 = 800 1/min ) T 72174 ik
B 36 mL 2B 7K, 5EE W v W8 W i G 64
WA R A i AT RS A W, IF A ]
W T IRR BG4 A S R s A o 1E T 26 T
HagEdT 4 K, B2 A AL ] DMSO.
1.7 {XF|ERIE

"H-NMR & 7£ 256 F Varian Unity Inova 300
FREAERAL L #4705 (Lh CDCLy Fi1 DMSO ki
M, Si(CHy), INBR). P800 i Kok 1k oA
(M,/M,)7E 35°C \[THF A sh#H i # 1 mL/min
I, % F Waters-Breeze GPC {Y %€ ( Water
styragel /4 HR1,HR3 F1 HR4 , 7 % 75 FEl 100 ~
5000, 500 ~ 30000 £l 5000 ~ 600000 ; Fy R, AR
A PR EUG I &% R1-2414 ).

REWRERIIL SR JEM-100CX 1T 7
P EE (TEM) 75 100 keV g vy T R 47 ML4%
4, DI 56 30 285 016 3 A ) S oA Yk v B 1 3 T
InE R R R b, AR R TR 2% RS
MRV G o, 20 T T4 10 min.
2 BRSHH
2.1 IVDG 5 BMDO Hj RAFT £E&

YESRERRECES , S #8417 IVDG 5 BMDO ) —
W AR IR A DL DCP Ry 5| & 5 v
F)130°C 48 24 h ([IVDG] =[BMDO] =
1.0 mol/L, [ DCP] =5.0 mmol/L) , BL{REE (&
4 57.6% ,"H-NMR #1015 4L R 1 BMDO Hio0
FEIR S w2 15% . GPC M 25 R (I 2 A ihih
£8) WonILRY 15 16070, 73 - d o A 8
FE(M /M, ~ 2.41) . TEVL RS RZ HmAFE G
5] PEPD #4947 RAFT 24 ([ PEPD] = 15 mmol/
L) IR T SR AR T e 2 28% . SL R YY)
LT AR R RAFT 358500 i gl 22, {5 338 7=
Yoy 54T RE(M, ~ 6010) 380 A W] ik A2
(MM, ~ 1.36), H GPC il £k 52 X Fx 7345 1Y
g (B2 fiithgk) . DL S5 R R RAFT 5]
PEPD %} IVDG/BMDO H 3R 4G HAGHE M
PRI

Ay it — 2 UE W] RAFT K %] PEPD f£7E T
IVDG 5 BMDO 55K & 1Y nl 2 55 0E, BF5E T
WY1 (M) Rsro i (M /M) B8
RS R A O AR WL 3 iR, M, AR
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RAFT polymerization
M, =6010, PDI = 1.36

Conventional
radical polymerization
M, =16070, PDI =2.41

20 22 24 26 28

Retention volume (mL)

Fig. 2 GPC curves of poly(IVDG-co-BMDO)
obtained by conventional radical copolymerization
(left) and RAFT radical copolymerization ( right) at
130°C for 24 h in anisole

[IVDG] = [BMDO] = 1.0 mol, [ DCP] =5.0
mmol, [PEPD] = 0 mmol (conventional
(RAFT

copolymerization )  and 15.0  mmol

copolymerization )

Bl B A AR MRS N, R A S R R AR R AR
RS TR AT (M /M, ~ 1.4)  ZRILLE A
FIR AR BB n] L.

1.5 2.4
12F ) 122
—42.0
<t
IS 09 ‘ [e) §&:
X —11.8 \B
=
= 06k =
—41.6
o
03F
a o o 14
i
0 1 1 1 1.2
0 20 40 60 80

Conversion (%)

Fig. 3 M, (O) and M /M () curves of poly(IVDG-
BMDO) obtained with DCP as an initiator and PEPD as a
RAFT agent at 130°C in anisole

[IVDG] = [BMDO] = 1.0 mol/L, [ DCP] = 5.0
mmol/L, [ PEPD] = 15.0 mmol/L

Table 1 Copolymerization of IVDG and BMDO using DCP as the initiator and PEPD as RAFT agent at 130°C for 48 h in anisole®

Feed ratio ( molar ratio)

[M],/[PEPD],/ Yield

Copolymer composition ( molar ratio)

| Run M, M. /M,
BMDO IVDG [DCP], (%) BMDO IVDG
1 30 70 400/3/1 75. 4 18000 1. 40 4 9
2 50 50 400/3/1 58. 4 12060 1.43 15.0 85.0
3 80 20 400/3/1 39. 1 5260 1.41 38.0 62

“[IVDG] + [BDMO] = 2.0 mol/L

s R IVDG 5 BMDO [9BSR 08} He it 47
RAFT 4G, 45589 T3 1. ZIMBEE BMDO K}
TS, BMDO 7 2 5 ) v JBE R 5 ot il 2 3
T (LS 0 ) 5 32 8 /N T 5k 18 0 4 W 2
HAAREFEACRRRAG, 7 T8/, X 7] g J2 BMDO
RETEMAZ/NT IVDG FrEL. #F Agarwal 45 firfiziE
) BMDO 5 MMA ()i 5% A R R A1,
RIZEMBIEBL . S2BR L, BMDO B4 i XU
52 ANESHTMRAIME, P8 A kR
A PERAR. it H-NMR 2047 7 g 4L % =4
(s, ] 4 2 AE 130°C %€ H1 fif f, PEPD/DCP
FlE S8 — MU E ML RY (£ 1, Run 3)
(¥)' H-NMR 1. a] i, , &l H 8L IVDG il BMDO [
S AT T YRR AE WU, NS LR () I
Z(b~g), LhJ BMDO JF¥R8IE | KK 1 3F Y
FA(L, §, k). BRELERHER IS 7E S = 3.9
b B S AREZ K [ PEPD fi F 4 3 I 3L 4 (h) 4
TEWZ s | [RIEAE & = 3.5 At B T 57 TR i

(|:H3 | \Q{\ . ﬁ h
CH O. ! S—C—CH—< >
n O’{’E ] kdm CH z
a a

CHO CHO
< g/%
0] € d 0 )= ¢ d
00 fO0
0% K
b
e.fg

Fig. 4 'H-NMR spectrum (300 MHz, CDCl;, room

temperature ) of a representative BMDO-1VDG copolymer ( Table
1,Run 3)

5 PEPD % F A% 19 TVDG &5 v B 3L (1) 1y 4
TE WS, DAL, T DL 2R & W0 R o 2 % RAFT
A PEPD W F $5f v 1), 3X 5 35 3 #% %2 1 RAFT
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2.2 IVDG-BMDO B4 B& iR i4

BMDO FFIR G B BE EHE IR TR G
BAA AW RERE, T % %8 IVDG/BMDO LR 1Y)
e LA AT R, K R Y4 KOH kb3 5 E 47
GPC 73 #rt. 5 AR R RE S (M, = 5260,
M /M, = 1.41 ,Fy,, =38.0% ) /KT )5 B GPC
Mgk, NEIHRIE KA 5 R AW o AR W
M m] AIK S3 1 ER 4 #% B, Hoor A A2 B, R
IVDG-BMDO #5842 0] L /K B figk 1), [ Bsf o
—EB] IVDG Al 5 BMDO & A= 35, H
BMDO FF AR A B onfr LR Y 2 ICHL 0.

20 22 24 26 28 30
Retention volume (mL)

Fig. 5 GPC curves of BMDO-IVDG copolymer
( Tablel, Run 3 ) (a) before hydrolytic

degradation and (b) after hydrolytic degradation

2.3 IVDG-BMDO B4 KR

K H 88% HFRTEZ I T i 2 IVDG-BMDO i
R PR 2 B G S A TN B & T A
WS, A5 ]2 UM B B4 TVDG-BMDO
Y. B 6 &5 LR R Y — R S
(' H-NMR 3. iy &I 0] 0L, Bt e, 768 = 1.2 ff
ISR IR E S IEE A, TR
AREESL A 58 oK M. T EE AL, ' H-NMR 3% -
T A B S A (a) AR, % FH AE R A 2
WD) e A LA AR RO . IEanTkL 72 & =
4.9 ~ 5.3 ghARREHMWILLFE] BMDO JFERBAIT |
PiE LA FF 3 & () A RRAE IR IS0, 3% AT R A PR
VN AR 3 N R =N AN A O S e e S vl < ]
BEAGSEES HEES = 2.5 ~ 3.04
WKIREER T BMDO FFERBI0 55 A H 3 5 (c,
d) .

a
CHO

H,O

HO OH

10 8 6 4 2 0

Eird
O
O
HO

DMSO

Fig. 6 'H-NMR (300 MHz, DMSO-dg, room

temperature ) spectrum taken after the deprotection of
poly (IVDG-co-BMDO )

M, of poly (IVDG-co-BMDO ) precursor measured by gel
permeation chromatography: ca. 8540, M /M, : ca. 138,
Fyvno = 15.01%

2.4 SEBEERSYREKNE &

JLEEH) IVDG-co-BMDO 2% 88% H i /K fift )5
R TAE - i K AT B | T R N =W a2 e L)
P FUME LA (W5 SR ML R Y 2 L R Y e S A
AN AT AR 2 96 PRI A9 0 T A TRtk h A
FULTE BURHL. Ryt , AT 220 i L R Wi T2
i DMSO 1, SR 5 7E R ZU 1 A2 R A Wi b
T INZEIRK T ke il 8 R . S5 R iR &
WA DIE = A B Z B0, B AW h ot
VT A Rl A LG R E IR, OF
AR T IR RIG R TE . 2B TR
FAMLEER DMSO J5 , e 45 2 R G W IR K%
W TR S Y I F K E AR F e, fEER
TE 6 A A AP Rk IR EIE S
B (TEM) B 0EE, | 7 AR e ke
i (IVDG-co-BMDO i 3R A& 4L 34 M, ~ 12060 )

Fig. 7 TEM micrograph of polymeric nanospheres
M, of poly (IVDG-co-BMDO ) precursor: ca. 12060,
M, /M, : ca. 1.43, Fpypo = 15.0%
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(1) TEM B R WA AT LLFE Y, 1%2R S W IR S 4
KNGFRIERIE S5

100

80F

Intensity
N
(=)

T

IS
=
T

20F

40 80 120 160 200
Diameter (nm)

Fig. 8 CONTIN size distribution of polymeric nanospheres
M, of poly (IVDG-co-BMDO) precursor; ca. 12060, M /

M,: ca. 1.43, Fpypo = 15.0%

n

FHEIA Y 8ET (SR B CONTIN 32 % gk ) wf
I A5 e oA R AR DL BORL AR Ay A Ay T RM, ~

12060 ) IVDG-co-BMDO  fif 4 4 1t 5 ) 7K fif )i
FEK T A 4L AL 101 nm (RS PR FTA3 1
AR AR Y 5 B — koA, J3 U /T 0.1, 4
Kl 8 Ffrm.

3 #Fig

AR T 1,21 3, 4-di-0-57 W 3£-6-0-
(2'-HiE4" - L I%E) -D-F3LBE (IVDG) f1'5,6-
ARIE2-W -1, 3- T4 -E A (BMDO) B9 TG 7/
Al RAFT A il SR il 4 1 o e SR AETY
e SEDIREALAY B R IL R Y, SRR Uk Wi R AT
VUSRI Rk Afe. LA, B 2 3 B AT T s A =
KR LB A P 2R TSGR iR R
PIEASNIMFLALTI YT BT, 72K RS 1 242
FE AT A= WA ) I SE D REAL Y S A K BOER
RO GER A HE T ROk 4 1) 245 ) 47 T R
&,
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PREPARATION OF WELL-DEFINED AND DEGRADABLE
ALDEHYDE-FUNCTIONALIZED GLYCOPOLYMERIC NANOSPHERES

Nai-yu Xiao, Le Zhong, Wan-jing Zhai, Wei-dong Bai
( College of Light Industry and Food Science, Zhongkai University of Agriculture and Engineering, Guangzhou 510225)

Abstract The “living”/controlled radical copolymerization of 1,23 ,4-di-O-isopropylidene-6-0-(2'-formyl-
4'-vinylphenyl ) -D-galactopyranose ( IVDG ) and 5, 6-benzo-2-methylene-1, 3-dioxepane ( BMDO ), was
successfully achieved using dicumyl peroxide ( DCP) as the initiator and 1-phenylethyl phenyldithioacetate
(PEPD) as the reversible addition-fragmentation chain transfer ( RAFT) agent at 130°C in anisole. The
number-average molecular weight of the obtained copolymers increased in direct proportion to the monomer
conversion, and the molecular weight distribution was narrow ( polydispersity index < 1.4 ). Various
copolymers of BMDO with IVDG were synthesized by changing the molar ratio of the two monomers in the
initial feed using PEPD as chain transfer reagent under RAFT reaction conditions. There was an increase in the
molecular weight from 5.2 x 10” to 1. 8 x 10* on increasing the molar ratio of IVDG: BMDO from 2080 to 70
30. In general ,the molecular weight of the polymers increased with increase in the amount of IVDG in the
copolymers. Moreover , the copolymer composition was determined by taking the ratio of peak areas of aldehyde
protons of IVDG to that of of BMDO. It is observed that the mole fraction of BMDO was less in copolymers as
compared to that in the initial feed. The result was mostly because the BMDO radical is neighbor to two
electron-rich oxygen atoms so as to have lower reactivity as compared to IVDG radical. The copolymer
compositions and structural characterization were obtained from 'H-NMR spectroscopy. Degradation behavior of
these copolymers was also investigated. Removal of protective isopropylidene groups from the sugar residue in
poly (BMDO-co-IVDG) was carried out quantitatively using 88% formic acid at room temperature, yielding a
novel amphiphilic copolymer containing both galactopyranose and aldehyde functionalities. These amphiphilic
glycopolymers self-assembled into well-defined degradable and biocompatible aldehyde-functionalized
polymeric nanospheres in aqueous solutions without recourse to any surfactant. The nanospheres obtained from
the resultant glycopolymer are possible to be used as nanoparticle targeted drug-delivery system.
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