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Optimization of Synthesis Process of Poly(ethylene glycol)
bis(carboxymethyl)ether
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Abstract Poly(ethylene glycol) bis(carboxymethyl) ether(PEG-biCOOH) was successfully prepared with
poly(ethylene glycol) (PEG,the average molecular weight is 2000 u) and succinic anhydride(SA) using 4-
dimethylaminopyridine as catalyst. The so-obtained product was characterized by ' H-NMR spectra, Fourier
transform infrared and Matrix-assisted laser desorption ionization time-of-flight mass spectrometer. The
impact of the solvent,the material ratio,time and temperature on yield were determined. This work demon-
strates that the optimum reaction conditions are as follows: the solvent is N, N-Dimethylformamide, the
molar ratio of PEG to SA is 1:2.8, the reaction time is 24 h,and the reaction temperature is 60 °‘C.The
product yield was 86.7% under optimal conditions(after dialysis).It lays a foundation for further research
on preparation of drug-nanoparticles and prodrugs.
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KRS W B FI 3 2 B (polyethylene glycol ,PEG) ., ¥ % oS -w I (H-1,2-2 ZH)RAEWY .
RE M Z B (PEO-LS), & F ¥ 2> T8 1 200-6000 u A 2 — B w5 B Y A0 BBk, H 45 X8 HO
(CH,CH, ), H.Ff % 73 431 2 i 38, H AU 7 TG €8 T8 5ORS BB MR 5 78 Ay BBk B 44, 43 1 5 200-600
u H TR T RETE 600 u DL 1 A AR S 2 B ACIR L 4 i 1000 u DA Ky A IR AR ) A
MRS, Tolk b — MR & R SR S R T RE AR OB 5K/ L B ISR A A
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B 2 ¥ (polyethylene glycol, PEG, 343+ 1 2000 u), T —BR K (Succinic anhydride, SA, 43 F i
100 w) , 5 7S ¥ (Dioxane) , N, N-— H B H it 2 (N, N-Dimethylformamide, DMF) , B & (Methylbenzene) ,
B2 (Hydrochloric acid, HCD) , — & ¥ %% (Dichloromethane, CH,Cl,) , Z B (Ether) , ¥] 5 [E 24 43 #1 4 il 571
4-Z TP JEMEBE (4-Dimethylaminopyridine, DMAP, 4G 99 %) 1 T Alfa Aesar il FI A ). BT A 1250 R 255
— e, SEu Al K B Ak i P& 2>18.2 MQ, R H Ultra-Pure BB 4li/K R G ( FiE MBS
A RS FD il
1.2 B & R R RN Yk

FREL 2 mmol PEG (4 g) Fil— 7 it ) SA(4.4-8.4 mmoD) .3 F 30 mL AR[FEFH (4512 DMF, 2 | 4
NI H LA —E & 1) DMAP(FH 5 SA MHFED , TRAAE T IR A W 58 A [\ 9 i BE (25-100 °CH
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7 i 55 TR, A SEE-FAT 3 U, O S 7 R A
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LA DMSO-d s ¥ #l, RH 400 MHz #% # 2L 9% 3% 4 (Bruker, Mercury plus 400 MHz spectrome-
ter) MK BT A5 5 19 H-NMR; | VECTOR 22 B0 AN G5 (Bruker AXS Co., Ltd. s Germany) Ml 5 19
LLAMGIRE  KBr JE A B 4000-400 em ' 5 FE 5 A B3 S 7F Bruker MALDI-TOF (5 5 4 Bl 30O % 1% o, 25
AT ] RS (Billerica, MA L, USA) Fi#EFTHY,
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FH MALDITOF 3% i T PEG 7= 6 S 04 7 5t 25 1
842

/
1342%7 550

(K 3), W& T . PEG fil PEG-biCOOH #YF4> T 8 4> 3 . . . .
L . 4000 3000 2000 1000
2000-2206 u, H PEG-biCOOH A4 F 7 5B {H —E(~2200) ., )
Wavenumber/cm™!
KT ZRE 5RO EMmHEE Bl 2 PEG K7™ &b S1 L0t kel
2000.14 PEG s (2)306‘11 PEG-biCOOH
1956.11 :
1913.08 2045.27 2119.08 2251.16
: 2075.06
) 1869.07 2089.08 ) 5030.02 2295.18
3 1824.03 2133.79 3 1986.97 2339.23
g 1736.97 2133.79 z 238324
5 5 242727
2 2220.19 g
1600 1800 2000 2200 2400 1800 2000 2200 2400 2600
Mass(m/z) Mass(m/z)
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2.4 AWEFIAE S REY T BRI RN IR W AR 5 )
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Ab s NI BE M 2% 5, S IR B R IR IR W2 2R 48 344 v  OF AT RE X I L RTRE 28 R 4
F L AMEP R AT AR R BOIE T F R X Bk RS AT IR v B AR T AR R 2 R A RRIRYE . ST
RN AR S PO G I AR, T DM JG 68, 0 A% 54K L B s 408 (153 OO AR G #E &, #EPEAR, HIOR &,
kB DMF g S i
2.5 JIL P JR% Ll i oK 1 5

PO B I SABE JR B AR HA S5 RN ST — 3k, 48— &% PEG 5 SA 4 5 I BE IR TR
MR . A SA BN 4.4.4.8.5.2.6.0,6.4,6.8,7.2.7.6.8.0 F1 8.4 mmol B, %R (1K) 7 5 4 5 23 551 A
S4-S13, 5 S1(SA WEE/R 8 5.6 mmoD M LU, 45 R ¥4 Fros ., BEE AR SA BE/R a3, & A J5
PEG-biCOOH Y & Z W 4 5 24 SA B4 hn%) 5.6 mmol i G¥ 5 S1 L PEG 5 SA BRI EE/R R 1:2.8, 10k
RIRFNWEME N 86.7 %0 8R )5 - BEA SA MY 4k SL 14 I SOR BB FRE 2 67.200 (7 S14) . £ 7= i B HT Al
WA T %1, 5E3 B —3,

SC T R R B BEE SA VR EE RGN, SN TR AV T B € A BT R R 1 AR Ak - S4-S10 5 I
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H~86.5(S19),~86.6%(S20), £ 7= fiBE M AT RS T £ 1,8 A7 PEG-biCOOH AR 5 & 4 #a#H—
B, UL 24 b BIA R Y SR A R s 1]
£l EEEMENEUHREKE

S A R
i H FE 5 G5
I SA/mmol  FRHEE IR 18] /h W/ C BEVTHT/ Y BT E /Y%
e S1 DMF 97.5+1.77 86.7+1.63
=]
%g S2 ZHEARR 5.6 1:2.8 24 60 94.941.94 85.141.87
2
I
i S3 1PN 87.8+2.08 80.6+1.92
S4 4.4 1:2.2 76.341.92 51.6+1.81
S5 4.8 1:2.4 83.7+1.86 68.84+1.74
S6 5.2 1:2.6 92.6+2.15 82.341.99
B S7 6.0 1:3.0 95.342.09 85.441.89
B
[ S8 6.4 1:3.2 92.1+1.69 84.1+1.60
IR
L S9 DMF 6.8 1:3.4 24 60 90.341.74 81.8+1.68
5
M S10 7.2 1:3.6 87.2+1.83 80.3+1.66
S11 7.6 1:3.8 83.2+1.78 78.6+1.97
S12 8.0 1:4.0 80.4+2.03 75.941.82
S13 8.4 1:4.2 79.5+2.46 67.242.24
S14 3 78.541.98 60.241.86
S15 6 80.8+2.06 65.3+1.84
I S16 9 84.3+£2.19 69.941.97
I
Eﬁ S17 DMF 5.6 1:2.8 12 60 87.242.12 75.7+1.83
-
ﬁé S18 18 90.4+2.27 80.5+1.98
S19 36 97.241.89 86.541.72
S20 48 97.6+1.77 86.6+1.67
. S21 25 79.842.07 62.441.82
?g S22 DMF 5.6 1:2.8 24 40 78.742.15 78.7+1.91
(L
§§ S23 80 96.1+2.14 85.6+1.90
M|
M S24 100 94.7+2.13 84.4+1.95
90 9 S1 S19 S20
80 - S18
80 |
° X S17
5 0f 3
3 3
= = 2oL S16
60 | S15
- S14
50 | B
1 1 1 1 1 1 1 1 1 1 1 1
4 5 6 7 8 9 0 10 20 30 40 50
SA/mmol time/h
Pl 4 SA 1B IR B IE AT e W o 1R 5% i) Pel 5 B IN T] R 38 AT e e 46 18 5% i

2.7 UL IR R R 5 W
R DMF, J o IS E] R 24 b, B BE IR el PEG . SA 9 1:2.8 B, %22 17 R [R) 5 I8 BE 6 7= ik
RIFEM , S NIREE 4332 25.40.80 F1 100 °C LSk 4 5 S21-S24, 5 SI(R W IR E 60 °C) ot e,
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SERNE 6 Fi . M 25 CTHRZE 60 °C . BTG K 3R 40 31 3
~62.4,~78.7,~86.7%,60 °CH} ik iz KIPCE G=dh S, A
TELEE 9 80 1 100 °C I, FE I B ¢ 119 B9 b 7% 95 €25 Ohy 95 €5, )
TEL 1K) 77 5 AT 2R 76 7 IR 49 99 ~ 85,6 (S23), ~ 84.4% (S23). _ 0

90 -

X
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70 +
3 4R
DL 4 N S AL R TR 2 B (PEG . P8 4T O
2000 w) AT R BF (SAD B i f5 TR 2 R R S Tk 20 20 50 80 100
(PEG-biCOOH) , %8 T 5 48R HC B | BN A i) 61 J52 17 3k B Temperature/C

Pl 6 g IO i JEE Xk 388 T Jes Wi 48 17 535 iy

XF 7= R A 5 L A5 B B RN S5 < IO R O DMF, PEG

5 SA WEEIR R 1:2.8, W ik BE & 60 °C L S BEE A1 24 b, BE 4548 F /7= Wi B 5 1 3200 86.7 % .
Rt SR S 20 A6 AT R 45 SR R W PEG SRt BB S5 ITF IR 10T IR EF I #ES , #145 PEG-
biCOOH, M T2 58771 % J5 1 B AR I R0 Tt BEARR 25 5 B4R 0 ) 3 PEAIR, 52 107 4% 10 R RS ISR A8 8
PEG-biCOOH 16 BN #E— 25 5 B 25 W 5 i 6 15 w4 245 490 il & 24 1 40 K J0RE 55 B 4t T — 2 1) o 5 ik
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