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Synthesis of branched polyethylene glycol-co-dodecylamine and its properties

NIE Fan-ru"?, Al Ru-jing?, ZHOU Xin-xin"2, GUO Yi-fei’, HAN Mei-hua’, WANG Xiang-tao" 2

1. Life Sciences and Environmental Sciences Center, Harbin University of Commerce, Harbin 150076, China

2. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China

Abstract: Objective To synthesize a novel amphiphilic molecule branched polyethylene glycol-co-dodecylamine (PGDA) with
branched hexa polyethylene glycol being as the hydrophilic segment while dodecylamine as the hydrophobic segment, and study its
physicochmical property. Methods PGDA was successfully synthesized through acylation, substitution reaction, reduction reaction
and esterification. The chemical structure was verified by NMR and MS analysis. The critical micelle concentrations (CMC) of PGDA
were determined by pyrene fluorescence probe spectrometry. The morphology of PGDA in water was examined by transmission
electron microscopy and the size of PGDA micelles at 37 ‘C was monitored to assess the stability. Results The amphiphilic molecule
was successful synthesized. MS proved the molecular weight of the obtained PGDA was in accordance with the theoretical molecular
weight of 1 171.69. PGDA could easily self-assembly into micelles in aqueous solution with critical micelle concentrations of 75 mg/L.
The resultant micelles were quite stable after incubation at 37 ‘C with constant particle size. Conclusion The novel amphiphilic
molecule PGDA is successfully synthesized, and its ability to easily self-assembly in aquesous solution which suggested that the
resultant amphiphilic PGDA may be used as a pharmaceutical adjuvant, especially in micelles preparation for insoluble drugs.
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Fig. 1 Synthetic route of PGDA
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P11 (6.07 g, /7% 82%). 'H-NMR (CDCl3) &

2.45 (s, 3H, CH3), 3.51 (s, 3H, CH3), 3.54~
3.70 (m, 22H, CH,), 4.14~4.17 (m, 2H, CH,),
7.26~7.35 (dd, 2H, CH), 7.78~7.81 (dd, 2H,
CH) 91,

212 WEY 22 EH EETFRTNE (0.54 g,
2.94 mmoD). L&#1 (53 g, 11.8 mmol). KI (0.39
g, 2.36 mmol). K,CO; (4.06 g, 29.40 mmol) ¥
50 mL T/§f¥) DMF, 80 C F#ii#k 24 h, FHZHKT
DMF, 5% B4 H DCM ¥ - A7 HIAHFH 2R NaHCO;
R 2R /K VRS, 67K MgSO, T4, FEAi o 2,
Se A - BERR 48 (10 5) VB, T DCM-
MeOH (20 : 1) BEMit, 1535 E0E W& 2
(24 g, "% 80%). 'H-NMR (CDCly) §: 3.37~
3.38 (s, 9H, CH3), 3.52~3.56 (m, 6H, CH,),
3.61~3.72 (m, 54H, CH,), 3.78 (t, 2H, CH,),
3.84~3.88 (m, 7H, CH,+CH;), 4.17~4.18 (t,
6H, CH,), 7.27~7.29(s, 2H, CH) U,

213 EY 3 MEK tEY 2 (034 g, 033
mmol) % T 20 mL FEERT 6 mL KR A H

-5 ‘C4M F Il LiOH-H,0 (56.2 mg, 1.34 mmol),
KV 12 h s, Z&APLERL, H 10% KHSO, K%
WA 2R pH A A 5~6, ] G REAHL 3 1K,

AN A 2R /KPR, o7k MgSO, T4, 734k
HY3 (0328, 77K 95%).

214 WEY 4 MEK EW 3 (140 g, 1.39
mmol) T M & Fh (50mL) H, =\ F
IINBEFIEE I (HOSu, 0.27 g, 2.34 mmol), i
P15 min J5, 7620 C IO IR IR — W%
(DCC, 25.5mg), AMRTHRZ N, Hidtidn, 1§
BRA B PTUE, DB M NaHCO; AR £ #57K
Yok, AHUZHTK MgS0, T8, f3LA4 4 (1.38
g 77 90%).

2.1.5 PGDA W& ERARYE, T 2%
(0.64 g, 3.45mmol). —Z4J& (0.52 g, 5.17 mmol)
A IR L RE (DMAP, 0.07 g) %1 DCM (50
mL) H1, 755 CH, K454 4 (1.90 g, 1.73 mmol)
1) DCM (50 mL) ¥ AR NAR R T, =il Y
16 h, MNVEHR, 2T, H DCM %l HI
F NaHCO; FIHANE £h7K¥E, A HLZH MgSO, 118
o, A B, DCM-MeOH (20 @ 1) ¥Efii, 75
BB WA PGDA(1.62 g, 7 % 80%) . 'H-NMR
(CDCly) &: 0.89 (t, 3H, CH3), 1.24~1.33 (m,

18H, CH,), 1.60 (m, 2H, CH,), 3.36 (s, 9H,
CHy), 3.52 (m, 6H, CH,), 3.60~3.72 (m, 54H,
CH,), 3.78 (t, 8H, CH,), 4.18 (t, 6H, CH,),
727 (s, 2H, CH). “C-NMR (CDClL): & 13.95,
22.53, 26.94, 29.19, 29.25, 29.44, 29.48, 29.51,
29.61, 31.77, 40.11, 58.85, 68.99, 69.63, 70.36,
70.39, 70.42, 70.49, 70.57, 71.80, 72.22, 76.52,
76.95, 77.39, 107.27, 129.96, 141.27, 152.30,
166.75% 1 ESI-MS s Hi[M+H] W AE m/z 1 172.75
4b, 5 PGDA BRISAHN 7> iiE 1171.69 W4, &
W% 44.87%.
2.2 “ERE

KR & PGDA, Bt/ 100 ug/mL (1) EEHE K,
£ 200~400 nm P HEATEIHE, SRR B UL P
2. JAE 259, 216 nm A PIAS SRR, X 51k
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HA TR S HPLC HEAT & R, LA
TR b AR
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Fig. 2 UV chromatogram of PGDA in 200 — 400 nm

¥ € B IY PGDA WAL LI, L B i
WREH 50 pg/mL W, SR HPLC ¥ 3 5t
A (01 4 F : Waters Symmetry C g (235 4E (250
mmX4.6 mm, 5pum), JsIHLINE - 7K (30 170,
AR 1 mL/min, KA 260 nm, HEAEAF
20 pL, A 30 °C o R HAH— %1155 PGDA
R 50l (99.3240.005) %, fF 15.08 min
Hg
2.3 IGSFERERRE RN E

K TR CEREH LN E T PGDA I SR Ak
B (CMO). BRI PR A 5 A0k,
IYIAE 3731 379, 384. 394, 480 nm Ffiir. TEAE
KA IR P A 0N PRSP TN TR A v A
eI CMC fi)5, WsRME R hoaH —
ANGAR, PCRTEEDENCHREE 374/ gs BAG W BE 224k
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AR, BRTRAR I P R B A P SE PR R )
CMC, S0 5 AN [7) S Bk J3E (10 4 TR P A
HHEE I KA 2 LT CMC.

FEEFRE 3.0 mg B, BT 250 mL &, H
W R R ZI 5, RIF3R A 60 nmol/L, 1 :
100 # R JE M o K% FREL 24.2 mg PGDA, &1 5
mL &=, HEE TR ZE. o
IUE S, A 2 38 KK LR R 4.84~
2.36 pg/mL [)— RV AR E . B 20 pL T
T 2mL &I, FFEORE, NElEeERE (4
6 h), MAANFEWKE PGDA Wik 2 %1%, A
15 min CRUFEZIATR G« AT S0/ 0GRV ] e ¥
KPR 334 nm, W 5E A5 0 3831374 nm
AbII9ECERIE, T L7a/les X PGDA [ 1g 1
W, W 3. AIad sk 75 pg/mL, RBI4 PGDA
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Fig. 3 Emission spectra of pyrene l374/134; intensity ratios vs

concentration for PGDA
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Fig. 4 Particle size distribution of PGDA micelles in water
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(M RN R 25 1) 8, FF 0] e 35T 4R BN 34 =7 3K
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