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Study on synthesis and performance of PEG-Bola nonionic surfactant

HUA Chang-lin, ZHANG Rui, RAO Xin-quan, ZHANG Yan-ting
(Jiangxi University of Traditional Chinese Medicine ,Modern Preparation of Traditional Chinese Medicine,
Ministry of Education, Nanchang 330004, China)

[ Abstract] Objective; To synthesize a series of Bola type nonionic surfactants using 1,12-dodecanediol
and undecenoic acid as raw materials, characterize the products and evaluate the safety. Methods: Dodecyl Di-10-
undecenoate was prepared by esterification, epoxidation was conducted on the product followed by ring opening to
prepare disubstituted polyoxyethylene undecanoate dodecyl with different degrees of polymerization glycol ester, and
the products were compared with the nonionic surfactant Tween 80 in terms of surface activity, solubilization,
hemolysis, etc. Results: The safe and effective index of PUDD-800 was 10 times that of Tween 80. Conclusion .
PUDD-800 can replace the commercially available surfactants and has the potential for further application in the
development of injection formulations.
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Bola MY AF & 3 T 5 P 77 J& b 2 > B 2 K
Ui HE G 1 AR B 2 AR G K R B O B A TR, X
il R IR 25 K IO 25, 78 SO R I L U A 2, I
ol Ky 2 14 3 THI BE #8571 St 2% T3 R B9 3K I RE
PR b 5 AR UK 3R T 5K ) B BE T B2 o A B R
JER [ R F e SRR Wk B2 (CMC) |, 3% 53 172K
I A7 HE S, i K o T 18] AR T DB
B PR 2 i R B 9, R A R AR L 2R )
P I {7 JHL S B 5 A i RO A R 9 R S 2K
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PEFIAH LE , Bola #Y 3% TH 3 £ 7 B H A M9 & = 1Y
CMC F1 vy, AR &F 09 % P G 5 09 A 2H 2% fE
SRR IE AR A5 A B 5 T B I R A T
B P JB A [ o

AL, — A 1, 12-+ ke ik Wl 5
B, 2t Ee AL BR AL RN R R R A &R 51 I
REBE T — SR+ ke 3 T WS, BN kR
WE 1R, IF 5 E ST M Tween 80 A LLEK , i
LT Y ..., CMC R SE 7K 2% I i (E
(HLB ) X 58 A2 e 11 388 5 M LA Tt 00 40 i 1 3 1t 2%
SO 2 1 B R AV B R T T R R A, O A
FH 388 7 B Rk 19 I FH AT i A 5 35 AR B

AN OH pyopoH HO P AN OHO # _ mcpeA

? * \H:2 * 8 P, 33 h 8 12 8 CH,Cl, %5372 h

o] 0 o] o]
WOHOW HOGHCH0H HO(HZCHzCO)WOWOW(OCH20H2>n0H
0 12 ¢ 0] BF,-OEt, 80 °C, 5 h 12

0 0 OH O O OH

1 PEG-Bola AU HE B 7 3 i 7 1 51 & il s £k

B 577

1 {¢=8

EZ Plus R % R 58 (TR N A AR A A
KS 4000 i % 5 #5 K (72 [ IKA A F]) ; AR 240 B F
Rl MR -FE R 2 2 W) ; UV — 2550 584173
Y6 ( H 4 Shimadzu 23 &) ) ; Spectrum 2 i B -
LT SR (2 PerkinElmer 44 /) 51200 7
PR OB (A (2 [ Agilent 23 7] )  ELSD 6000 7
KOCHU K 4% (3£ [ GRACE 7)) ; DCAT 21 5%
T 5K 77 4% (f% [E Dataphysics 2 @ ) ; Avance II 600
MHz #% i 34 P 1AL (Fi + Bruker 24 7)) o
2 AR A

BB N0-F— MR 1, 12- 2 RO TR,
Xof BB R | ) S0 SR R L = A il & Tt (52 v
R T ) s Tween 80 (B 5t UK 25V AT FRSTAE A H]) o
3 Z®EH;Y

HARAR, @ Hm,12 ~15 J§ 1k #H 1.8 ~
2.5 kg, VLY rh B2 25 02 s ) S 8 oo 3R AL 1 AT
JiF : SCXK (% )2014 0005 , & #%1lF :0001294
4 BHAE
4.1 Z-10-+—FB+ ik E _EfE(UDD)MWE&
BL 1,12-1 k8 2 20.34 ¢(0. 1 mol) il 10-}—

TR 36.86 g(0.2 mol) il A T 1y =SB,
A S0 mL HIZRAN0.57 g X HORERER . 78 — S8 1
G3N%E b 4y K 2% UL I, AR R SR AT RO .
T A L R R TR TR L 3 h 48 0k RN
FARVH 2 S5 K e b 1% 50N A3 A A 1R
T 3 r R A7 0 08 U8 VR 7% 2 AR O D 7R e A
28 R AN W B 2 B 2R AR B 7 4 53. 67 g

4.2 Z10-RmE+—KEB+ZKE B (EU-
DD)MI&EKR K 4. 17 GBS B9 —-10-+ — 45 R
+ e BT 53.67 (0. 1 mol) ¥ T 500 mL &
H e v, 2 25 W T 2. 2 3% B R st 114 i) it S0 P R
TR RN T2 b, ok u R AR N I R A A
e T2 S0 40 30 I b AR B 0z 1 ) SR SR H R, ok ik
B 28 e i 7 R ASOU R B 2 G R e, A 3R
R RERE A 28R LR =9 1R S 15 -
10-3 5+ —BelR T b L gl fh 51. 68 g, %
91.16% ,

4.3 =-11(10) PEG1000, —=-10 (11) -2 &E-+— k=
B+ ke B " EZ BE (PUDD-1000) B & B 7620 3%
A Z-10-3A S b — BE R T ke Bk R R
5.669 g(0.01 mol) H I A 4 fi5 BE /R & 1 ] £ — 8
1000 ( PEG1000) FEAL 5 1. 5% J ok B A9 = 81k
Bl 2, 1k ,80 C )i 5 h, |- ODS #: 247 ,50% F By it
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B 25 R SV PEG1000 , Fi- Y EE RIS , 75 18.58 g 7=
Yy, 7% 73.94%

4.4 S5HWIE R H HPLC-ELSD #% i #UH —fb ik
D52 P Al B, (63 454 : Alltima. C g €5 3% £ (250 mm x
4.6 mm,5 um), i s A0 100% H B, 3% 2. | mL -
min "', FEIE 225 C,ELSD R A I 60 C, 2
P16 Lemin ™'y 4l BE 5l 2O 3% o b 2R 5 R 4k
IR,"HNMR, " CNMR &% 8 . 45 # 0E )5 , 8 i
2 3 AT SR T R HLB

4.5 v, . CMC illE S M3cik' "™, i DCAT
21 FEih k1 AR T R ik D 49 0 R RE L T T
FEAS yo FE 20 °C 52 AN [R) M B 110 38 375 390 7K U
KK (y) , a2l y-lge B9 E F M4, 78 ) 5
Aab Xt 187 % B B SR CMC, FF 8 28 Y e o

4.6 HESRMIEM S IESCHRTY UL R EE O K
2y, SR FHARM 1 % L E A7 18 5 M DT, 78 37 °C
AN [ e JBE 7 i 1 A 3R 7KV VAR T 5 A I T R
JE SR FH 5 /N 30 1 o 486 95 00 e B (X)) -5 A O A
JE(Y) B 56 R P AT 2 v ], 22 4] 048 v il 28 3 0t A
(k) VU A [ 36 75 70 09 e v e Ay, OF B R
17007 5 38 7 il B Tween 80 #E AT X b 2842 1
Bl g % 25 1F : Alltech C g # (250 mm x 4. 6 mm),
5um). FEhH B S K =36:36:28; ik
1 mLemin ™5 KM K :227 nm AL IR 25 °C,

4.7 BTN SISO RIBZ]GPT4-1 f
2y KR 25 W R S R ot B 5 B B R AR T R
SR FH Bt A A A0 ot M R 56 95 (A3 OB BE IR ) T
N AL B B A i B AR B AR K VA TR A L%, DAY I
R <5% N BR W A A A R Y . 2T A
IV I E 53 (RBC% ) YR A R

RBC% = Aﬁnﬂn _Ammﬂﬁ

Vi (1)
[EREDCR [EREDSRLS

4.8 GRATEQY LA HE VA RE O RO LML AR 0

HHR L Tween 80 Jyf I, 11509 4 A ACHE L

P 7 9 0 52 4 T e I 0 8 AR

BRI, TR,
ARG = e e, < e W IR EE
(s£2)

HER5TR

1 HESH
R4, 47 TR (038 2% A XA i 2R AT 4 O
T AR — A5 I A5 7= 1~ 5 aliEE g3 5] O 100%
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90. 09% ,98.22% ,96.83% ,98.63% ,ULIK 2.

Y A

A WN=

0 05 1 1.5 2 25 3 35 4 45 5 55 6 65 7

1 ~5 4334 :PUDD(300,400,600,800,1 000) ;6 : Tween 80
2 PEG-Bola #UHE B TR MG PEFH R4 & W
HPLC/ELSD &i B 4 #7 B 1%

2 HHETE

2.1 Z10-+— B+ RECEE A oR
44 IR . (em ™) : 3048.7, 2918.16, 2 851.26,
1738.86, 1471.60, 1411.83, 1261.07, 1181.63,
967.86, 912.07, 841.86, 856.85, 748.73,'H-NMR
(600 MHz, CDCI;, ppm) &§: 5.82(m, 2H), 5.01
(m, 2H), 4.99(m, 2H), 4.07(t, 4H), 2.30(t,
4H), 2.06(m, 4H), 1.63(m, 8H), 1.44 ~1.28
(m, 36H),"” C-NMR (151 MHz, CDCl,, ppm) §:
174.01, 139. 17, 114. 14, 64. 40, 34.40, 33. 80,
29.56,29.53,29.30,29.27,29.22,29. 14,29. 07,
28.90,28.66,25.95,25.02,

2.2 ZA0-RE+—EBRTZREZERE O
RFEA TR | (em ™) ;3 524.04,2 928. 61,2 855. 89,
1734.67,1 574. 87,1 465.72,1 390. 68,1 354. 39,
1257.24,1174.32,1 109.63,915.19,833.81,750. 91,
"H-NMR (600 MHz, CDCl,, ppm) &: 4.06(t, 4H) ,
2.92(m, 2H), 2.76(m, 2H), 2.47(m,2H), 2.30
(m, 4H), 1.62(m, 8H), 1.52(m, 4H), 1.45(m,
4H), 1.27 ~1.36(m, 32H) ;" C-NMR (151 MHz,
CDCl,, ppm) §: 174.02,64.43,52.41,47.15,34.38,
32.47,29.55,29.52,29.37,29. 35,29. 26,29. 16,
29.11,28.65,25.95,25.93,24.99

2.3 Z-11(10) PEG3000, —-10(11) -3 &-+—#&
B+ mECBEE MR AE; IR G (eom™):
3338.25, 2922.87,2852.76, 1731.13, 1464.76,
1352.35, 1250.65, 1107.78, 948. 35, 845. 58,
728.73,'H NMR (600 MHz, CDCL,, ppm) &: 4.06
(m, 4H),3.78(m,3H),3.73(m,4H) ,3.60 ~3. 69
(m, 46H), 3.49(m, 2H), 3.31(m, 1H), 2.29(t,



4H),1.62(m,8H) ,1.27 ~1.34(m,40H) ., C NMR
(151 MHz, CDCI,, ppm) 8: 174.05, 81.68, 77.26,
72.78, 70.11 ~70.97(m) , 64.42, 61.61, 53.45,
34.39,32.98, 32.77, 29.14 ~29.73(m) , 28. 64,
25.60, 25.00, 24.99,

2.4 Z-11(10)PEG400, —-10 (11)-B & -+ — &
B+ mREZBE O WREAE; R (em )
3366.46,2 924. 41,2 855.53,1 732. 41,1 644. 62,
1464.93,1 351. 72,1 297. 98,1 107. 93, 951. 33,
845.82,727.45,'H NMR (600 MHz, CDCl,, ppm)
5:4.05(t,4H),3.79(m,3H),3.74(m,3H),3.61 ~
3.70(m,54H) ,3.48(m,3H), 3.30(m, 1H), 2.29
(t,4H), 1.62(m, 8H), 1.28 ~1.45(m, 40H),
“C NMR (151 MHz,CDCl, ,ppm) &: 174.03, 81.67,
75.96, 72.71, 70.13 ~70.96(m) , 64.42, 61. 64,
34.39,32.97, 31.27, 29.12 ~29.73(m) , 28. 64,
25.92, 25.63, 25.57, 25.00, 24.99,

2.5 Z-11(10) PEG600, —-10 (11 )-8 & -+ — &
B+ e B BB MR IR (em )
3334.75,2 929. 63,2 860. 39,1 735.35,1 457. 52,
1350.99,1249.50,1 109. 18,950.98 ' H NMR (600 MHz,
CDCl,,ppm) &: 4.05(t,4H),3.78(m,3H),3.73
(m,4H),3.60 ~3.68(m, 94H), 3.51(m, 10H),
3.30(m,2H),2.28(t,4H),1.60(m,8H),1.29 ~
1.44(m,40H) ,”C NMR (151 MHz, CDCl,, ppm) &
174.01, 81.59, 75.88, 72.61, 70.19 ~70.96(m) ,
64.41, 61.64, 34.38, 32.95, 31.28, 29. 14 ~29.72
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(m), 28.64, 25.92, 25.56, 24.98, 24.98

2.6 —-11(10) PEG800,—-10 (11)-Z2 &+ — &
+ITRE TR FREA; IR o, (em ') 3 344,68,

2930,2 864.32,1 734.01,1 644. 54 1 456. 08,1 350. 81,
1298.88,1249.89,1108.03,952.11,850.81,'H NMR
(600 MHz, CDCL;,ppm) &§: 4.05(t,4H),3.79 (m,
3H),3.73(m,3H),3.60 ~3.68(m, 132H), 3.48
(m, 4H), 3.30(m, 1H), 2.28(t, 4H), 1.62(m,
8H), 1.27 ~1.43(m, 40H) ,”C NMR (151 MHz,
CDCl,, ppm) &: 174. 02, 81.59, 75.83, 72.55,
70.19 ~70.97(m), 64.42, 61.64, 34.39, 32.97,
31.27,29.12 ~29.73(m), 28.64, 25.92, 25.63,
25.57, 25.00, 24.99,

2.7 =-11(10)PEG1000, =-10 (11)-$2 &+ —kF
+ B R CEEA;IR o (em ') 3331.04,

2919.3,2 866. 6,1 734. 99,1 456. 53,1 350. 54,
1298.8,1250. 12,1 108.30,951.31,851.53;'H NMR
(600 MHz, CDCI, , ppm) 8: 4.06(t,4H),3.79 (m,
4H),3.74(m,2H),3.63 ~3.69(m, 164H), 3.52
(m, 4H), 3.31(m, 2H), 2.31(t, 4H), 1.61(m,
8H), 1.28 ~1.34(m, 40H) " C NMR (151 MHz,
CDCl,, ppm) &: 174.03, 81.62, 75.89, 72. 62,
70.19 ~70.97 (m), 64.42, 61.65, 34.39, 32.95,
29.15~29.73(m), 28.65, 28.64, 26.91, 25.93,
25.57, 25.01, 24.99
3 HSEEN

W1,

R 6 PR MG CS B

B i CMC/mmol - L ™! Yeme/mN+m ™! HLB L (k) 2 AR L/ % LA AR
PUDD-300 0.001 959 38.60 13.1 0.994 4 0.02 0.047
PUDD-400 0.003 507 39.13 14.0 1.243 0.05 0.147
PUDD-600 0.003 816 41.77 15.5 1.784 0.80 3.379
PUDD-800 0.009 832 44.56 16.2 1.486 3.00 10.55
PUDD-1000 0.013 92 44.53 16.9 1.263 3.50 10.46
Tween 80 0.027 10 42.10 15.0 1.408 0.30 1

3.1 XRWEiEM 5 Ff PEG-Bola HUAE B 7 3£ 1 1% o
FRA T 5K T W 3 s A 1 B e & L Bl
KL AT IR AR 0 B R A JE I B O e SR R
B2 3 IPAN=IIE JTTE ARA i NI E I S
TR LR HE ) TR LB, S T 5 1) S K K
AR S 2 AR ) 384 0 B 23 5 7R - T R A

PEREAR 325 21 1 108 B JIr o0 v A 3 O, e e i ok 0
M CMC Lz ¥, 5 Tween 80 #H [, PEG-Bola
LUE | S a2 = O S A RO (= W o
F4 77 153 B JEL IR, Bola 7Y 3R 17 3 14 591 76 < -1 5 1T B
AU BURE G 2 AN SR K R AR A K v v ) 2 il )
KB AR 1] SR, T 2 R A R T P R ) e A R Y

r
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JE IR TSIV R B AR /K Y 3 T 5 0 B BE 0 58 T
HY L, DR 0 32 350 Bola 4 3 ] 115 14: 77 W 1K /K 3% 1 5K )
AIRE 2%

1E-4 1E-3 0.01 0.1
Ig Clg-L"

1 ~5 4331 : PUDD(300,400,600,800,1 000) ;6 : Tween 80
B3 6 MR IV A K y-1gC 2k

PRREMZE Y = kX +b,b Ny SEAZ AR K v (8 9 1 32
M kB TR PPN B S PE R I S 40, 25 2R DL 3R 1 A
Kl 4, B 1 AT, PUDD 3% 7 bR 25 #4232 522 34 )
gkt A, o 2 K 3 PUDD-600 F 38 ¥ 105 1 41
X K, 5T Tween 80, A 85 3 [ 1 M 551 (%) 35 %
A FH 2 K 0 o 0 20 0 e o 22y, T S PR 1 I 1
HiI 4 o Bola 13RI i 4 7] v 38 Sy 25 ol 3 141, 79 3 oy
KA TR K A AT HES 30T LB J o oK 3
VAT 0 2 S Vil R AT 1Y) B oy 2 SR AR A, RT R O B 4
JERR R, 543 1 2 IR I 25 it M 5 5 A B8 B MRS .
M7 2 T 375 M 500 0 53 7K AT -2 il 5 T K/ L A9 ek
Ao g VW T AR HE R S 8(P) M2, P {E 1Y
KNI WL 25 8] 25 7 DA e B o VA 8 L3 3%
Mo I H 2R AKEE B KANASTR], P 4% BOE 43 1] 750
ANTR] B K PR BT AR B RTAS [] RO ek e 5 245 400
HEV IS RS i AR K, PUDD-600 3% 3 H3 #1038 %5
TV, TR R IZ T B K NI 5 A & R AT

3.2 HEEM UYREY R E R RS EE— RO AH 21
PUDD-300 PUDD-400 PUDD-600
10 10 10 *
Y=0.994 4X+0.31 Y=1.243X+0.31 Y=1.784 3X+0.31
8 RP=0.946 7 8 R?=0.929 * 8 R?=0.872 5
6 6 6
4 4 4
2 2 2
1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 1
% 1 2 3 4 5 % 1 2 3 4 5 % 1 2 3 4 5
PUDD-800 PUDD-1000 Tween 80
10 10 10
Y=1.485 6X+0.31 Y=1.263 1X+0.31 Y=1.408 2X+0.31 *
8 R2=0.949 9 8 R2=0.976 5 8 R*=0.861 3
6 6 6
4 4 4
2 2 2
1 1 1 1 ] 1 1 1 1 ]
it 1 2 3 4 5 %% 1 2 3 4 5 O 1 2 3 4 5

3.3 FAmtE

B4 6 ol 3 TG 4 50 00 7KV TRONS 5% A2 I 1 O

i 5 i A A AR e R s (O 251

JEIERERE ) MK 6 A A I A R B4 9 L 22 4l vk
JE(RRT 5% i A BR) o C-RBC% 4 %5
5 FR e kMR Z 5 AT R R B R R LM
R0 B R O, I IS M PR R R, p, PUDD-
1000 F 45 1. 2 4= 1l e JEE 0 3. 5% , # HE T Tween-
80 119 0.3% A % ML 124 4 B L
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—
) -2
0 —3
s —
< 15}
3 e
[ 10+
i rl-l'r
0 1 1 1 1
0.000 01 0.000 1 0.001 0.01 0.1 1

C/g-mL"
1 ~5 4352k . PUDD(300,400,600,800,1 000) ;6 :Tween 80
B S 6 FhRm R C-RBC% £k



BN Ay £1 0 i R I T - R ek R A 2 Y
G =Y U3 e T TR IR & i1 e = | R e €
2 FiAT RE B g AR D SN R T PR 20 T DABE SR
B IRAR LA, SRR B R, @ K
TET 376 1 70 R 5 £ 40 M il 5 T TR B ISR, = B
BB, 2 FhORARTEVR L AR rh R & B
X2 FPHLE 2 18] 5 A WA B9 R R . AE Bola B 1A
TR BB JBE R (B TR MR ) 1 4 Bola
I3 BB A i B k0, e SR 1A SRR P
o 1o I A A K A5, #6 J , Bola 731 A A F
ARSI U0 1 J2 v DA B It 28 g ] R Y A
17 232 7K e AR A, X — o 8 e PRI S Y o PRIt BB 2 2%
JK HE P 5 4R, 2 0 SR TR ) I 8 ML e L, B
P HA AT HLB {E 69 JF 2 7 2 1 {5 7457 Tween 80
240 B 9 P i IR, AN B T B UL

AT FE LA A 1 1R D5 R (10~ — M R ) oA i
G M T PEG-Bola BUAE By 7 R W 15 V57, B4 T
R Y F MG VER AL S P R 20 . CMC HLB 3
TV M2 VeSS0 28 8K W, Bola B+ —
Bt R % 51 3R 0% M R AH HE Tween 80 M 5, 76 A 2034
LA A R % 4k, Hoh PUDD-800 Al
PUDD-1000 . X ¥ 24 ¥ il 57 I+ % i 1 i 5, B
T TR g 1 5P G R

[ & % xx & |
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