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Preparation of Monoester and Diester from D-a-tocopheryl Polyethylene Glycol 1000 Succinate and
Determination of Five Components

ZHENG Qiuyingl’z, BAO Jianmin', ZHOU Weiz, WANG Guochengz, LI Youxinl*(I.Tianjin Key Laboratory for
Modern Drug Delivery & High-Efficiency, Collaborative Innovation Center of Tianjin Chemical Engineering, School of
Pharmacology Science and Technology, Tianjin University, Tianjin 300072, China; 2.Tasly Group Institute Co., Ltd., Tianjin
300402, China)

ABSTRACT: OBJECTIVE To prepare monoester and diester from D-a-tocopheryl polyethylene glycol 1000 succinate(TPGS)
using a preparative HPLC method, and to establish determination methods of monoester, diester, vitamin E succinate,
a-tocopheryl and polyethylene glycol 1000 in TPGS. METHODS A preparative HPLC method with a DAC-HB50 C,g dynamic
axis compress chromatographic column(50 mmx250 mm, 10 pm) was developed using the mobile phase of water(A)-ethanol(B)
in a gradient mode at a flow rate of 75 mL-min"'. Chromatograms were observed by a UV detector with wavelength set to
285 nm. Collected target product solution was evaporated by rotary evaporation. The target products were identified. An HPLC
method with a Waters XBridge Cg column(4.6 mmx»250 mm, 5 um) for the determination of prepared components was developed

using a gradient elution of 0.1% formic acid solution and acetonitrile-isopropanol(1 : 1) at a flow rate of 1.0 mL-min"".

Chromatograms were observed by a UV detector with wavelength set to 285 nm. The HPLC method was used for determination
of monoester, diester, vitamin E succinate and o-tocopheryl in TPGS. An HPLC-ESLD method for the determination of
polyethylene glycol 1000 in TPGS was developed with the same column and mobile phase but different gradient elution of HPLC
method. Chromatograms were observed by an ELSD detector with drift tube temperature of 90.4 C and gas flow rate of
2.3 L-min”'. RESULTS The purity of prepared monoester and diester were 99.1% and 99.8%. The methods were validated and
they were found that good resolution, linearity(#=0.999 5) within the certain range of five components and average recoveries of
98.2%-99.7% were achieved. CONCLUSION The preparative HPLC method is used successfully for the preparation of
monoester and diester. Two validated detective HPLC methods can be used for detection of monoester, diester, vitamin E
succinate, a-tocopheryl and polyethylene glycol 1000 in TPGS.

KEY WORDS: D-o-tocopheryl polyethylene glycol 1000 succinate; monoester; diester; preparative HPLC; HPLC; structural
identification
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B4 W 1000 44 K E BE R MR
(D-a-tocopheryl polyethylene glycol 1000 succinate,
TPGS) & —Fli /K44 R B, 44 R E IR
fig(vitamin E succinate, VES)HIFEREER L
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B[], TPGS & —Fh R E & 7 B R i 1 77
CAE N2 RN TR E 2500, I REAY)
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W BE A s 3E ) 2Rk BE R AK L TR
TN NI UPIS A e

TPGS ™ Bf & 2 i 7 TPGS H. 5 (TPGS
monoester, TME)%F, &AfF7E TPGS XS (TPGS
diester, TDE), LA i# & 1) o-2E B W (a-tocopheryl,
TCP). VES. PEG1000 %%, TDE #& 1T PEG 1000
% R F2 BR324 0% VES B4k, 8 i 350 77 A8 i 7K s
M, SEGLRMEEAEAE TME B 5K, B2
e i % 8K, K TPGS H# TDE. VES. TCP.
PEG 1000 [ & 245 TPGS Jii & 1 = Z 48 ¥5 .
o HE i A AR S W S R I AR T
AR WA TME K TDE Mt & H & . H ar &
AR B VAR R — Fh B PR 1 7 5 i 46 B ©
FER 405y W4y B aliAb g B B P, A sz
00K FH 1] £ A €3 73 B9 11 & TPGS W] TME,
TDE, Jf#3. HPLC /& HPLC-ELSD ¢34l
TPGS # ) TME. VES. TCP. TDE A PEG 1000
%%, TME. TDE 4% W& 1.

g&«v%ﬁn\ﬂm

W

1 TME % TDE #) £ 4 3,
A-TME; B-TDE.

Fig. 1 Structure of TME and TDE
A-TME; B-TDE.
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Agilent SD-1 il £ BV AH (154X . Agilent 1200
TR B A . Agilent 1100 AR 14U (FEH Alltech
2000ES ELSD failll#%)304 H 3% B Agilent A A
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TPGS(H Vi AW R H H R A 7, 5
20111103, 20111104, 20111105); VES X I 5 (k]
P T, 5 F1510019; 46/%: 99.6%), TCP
XTHE (3£ E Supelco A H], #t5: LB85173V; 4l
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L THERET, #1655 20120413; 4 : 99.0%); 4
. TR, CEE(EEal, E£E Merck AF]); H
FR (o drat, KT RERERIE A IR AR K
47K o
2 FES5%R
2.1 TME 5 TDE il %
2.1.1  HlRBAH A %A ik DAC-HBS0
Cig 202 Bl 0] JE 48 €61 A (50 mm X250 mm,
10 um); JiahA: itk RRBIAE A, ZEENRS)
A OB BRE VE B (0~10 min, 60%—95%B ;
10~15 min, 95%B; 15~20 min, 95%—100%B;
20~40 min, 100%B; 40~41 min, 100%—60%B;
41~55 min, 60%B); ¥iii#: 75 mL-min"'; A :
Eidm: KK 285 nm; #EFEE: 5mL.
2,12 HEEAREB RS B TPGS & &, Ha
W Y5 A 5 W B R 20 100 mg-mL ™ W, 85
HIFS
2.1.3 TMERMITDERfl#& % & B & gLl
S5 mLVE N Agilent SD-141] 8 A (384, %
“2.1.17 TN SRR AT BB L, OB AR B
W AT 5y, SRIGTE40~46 C N ek 7% K £ B,
HIFS
2.2 il & RIS 0T R 0 S5 M A E
2.2.1 i TME XS : ESI-MS m/z 772.474 4
[M+2H] {5 5 i, AHARME 5 i fr Lh 25 N 44,
ETMZE 1 AR PEG ME, S TME 4
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5 PEG 1000 AT, S04 AR
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SR, A ST LY M, ST A

I ANk PEG [9RE, iFH4 TDE ST EH i "
2012.3154. TDE N VES 5 PEG 1000 DL 2 : 1]
P B T s 5 R T 4 SRR S i

222 BWARIGHE K% 75 301 TME. TDE
Xif R € "TH-NMR. PC-NMR. DEPT(135°), i
KW 2~3, (55 H)8 & 1~4.
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88§ 3 B3R smpumasasyczveccensgsvvashrgssa.
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I Lol ‘H] I MMI ,
1%0 1:‘m 150 160 a‘o éo 4‘0 2‘0 6 p;‘)m
C
Y [ N / \X\\\/W/
N \H MH
1&0 11‘10 11"0 160 8‘0 ppm
D
B3 BC-NMR #3047
A-TME; B-TDE; C-TME ##i¥%; D-TDE fi%i.
Fig.3 "“C-NMR spectrum data analysis
‘ ‘ ‘ ‘ : A-TME; B-TDE; C-"*C-NMR spectrum of TME; D-"*C-NMR spectrum
4.5 4.0 35 3.0 z ppm of TDE.
DT e g
o~ < 8 N|N|O (N O[O NN & “!

%1 'HNMR #3# & fz 5 )3 E(TME)
Tab.1 Data of '"H-NMR and signal attribution(TME)

A=) 2775 8/ppm JiR 5 A

a 4.255~4.279 2 CH,

b, ¢ 3.689~3.734 4 CH,

d, e 3.609~3.670 86 CH,

. e l‘ f 2.778~2.812, 2.916~2.950 4 CH,

45 40 35 30 25 20 15 10 05 ;‘7pm g 2.564~2.597 2 CH,
BT T S T 0L

" I DA b e 8 i 1.970, 2.010, 2.079 9 CH;

j 1.706~1.841 2 CH,

2 'H-NMR #4447 k 1.473~1.555 3 CH

A-TME; B-TDE; C-TME &i#%; D-TDE &i%. 1 1.026~1.435 18 CH,

Fig. 2 '"H-NMR spectrum data analysis - 1.228 3 CH,

A-TME; B-TDE; C—'"H-NMR spectrum of TME; D—'"H-NMR spectrum N 0.834~0.873 12 CH,

of TDE.
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%2 'H-NMR #3 X1z 5 3 & (TDE)
Tab. 2 Data of IH-NMR and signal attribution(TDE)

F5 AL 8/ppm JiRTF L i)
a 4.255~4.279 4 CH,
b 3.688~3.712 4 CH,
c 3.644 80 CH,
d 2.776~2.811, 2.915~2.949 8 CH,
e 2.563~2.597 4 CH,
£ 1.970, 2.010, 2.079 18 CH;
g 1.705~1.840 4 CH,
h 1.490~1.565 6 CH
i 1.027~1.437 36 CH,
j 1.228 6 CH;
k 0.834~0.874 24 CH;

%3 "C-NMR # K1z 5 )3 B (TME)
Tab.3 Data of *C-NMR and signal attribution(TME)

55 WAL 8/ppm &)
1 61.71 CH,
2, 3 63.92, 69.05 CH,
70.34, 70.56, 70.61 CH,

5 72.51 CH,
6 75.02 C

117.34, 122.98, 12491
7, 8 9, 10, 11, 12 C
126.66, 140.41, 149.39

13, 14 170.92, 172.18 C
15 11.80, 12.08, 12.93 CH;
16 19.65, 19.75 CH;
17, 18 20.57, 21.00 CH,
19, 20 22.63, 22.72 CH;
21 24.42, 24.78 CH;
22 27.95 CH
23 28.80, 29.07 CH,
24 32.68, 32.77 CH
25 37.26 CH,
26 37.39, 37.42 CH,
27 39.34 CH,

#4 PC-NMR # K {5z 5 )3 E(TDE)
Tab.4 Data of “C-NMR and signal attribution(TDE)

55 W2EALFS §/ppm I

1, 2 63.92, 69.06 CH,
3 70.56, 70.61 CH,

4 75.03 C

5. 6, 7. 8 9, 10 117.35, 122.99, 124.93, c

126.67, 140.43, 149.41

11, 12 170.92, 172.18 C
13 11.80, 12.08, 12.93 CH;
14 19.65, 19.75 CH;
15, 16 20.58, 21.01 CH,
17, 18 22.63, 22.73 CH;
19 24.43, 24.79 CH,
20 27.97 CH
21 28.82, 29.08 CH,
22 32.69, 32.78 CH
23 37.27 CH;
24 37.41, 37.43 CH;
25 39.36 CH,

'H-NMR EI#, TME 7E §2.622~2.753 &b B A
HIREANES, TDE H %A ; TDE # H VES 5
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NI FH& TME 16 2 5.

BC-NMR K1, TME #15-0H #iEH 2 4
CH,7E & 61.71. 72.51 &bE 155, 7 TDE FHT
LERYSEAXTRR, X 2 A CH, IS 5 90 59 5 X FR AL
BN CHE5IEHEE.
2.3 TME F1 TDE X} & i,
TCP. TDE & &l 5E
2.3.1 B it AE: Waters XBridge Cg ik
F(4.6 mmX250 mm, 5 um); MBIAH: 0.1%F R
WA A, RS- EE(L 1) RREIHE B,
B B P i (0~7 min, 65%—100%B; 7~13 min,
100%B; 13~13.5 min, 100%—65%B; 13.5~18 min,
65%B); Wi#: 1.0 mL-min"'; FEig: 35°C; #ll
Wek: 285 nm; HEFEE: 20 uL.

2.3.2 HWH% OTME 0 Fa: k2 FREL
TME & &, i ZIEHMIFRRHE 6 mg-mL™ 1
W, A . @TDE s K ARE
TDE & &, H| ZJE W R H R 3 mg-mL ™ 1%
W, RS, OXFIRMER: %I TME.

VES. TCP. TDE X} I8 S iE &, 0 20 3 8 3+
B % &40 3, 0.09, 0.09, 0.6mg mL RS
B, A . @EH IR RS FREC TPGS
At 30 mg, B 10 mL 3R, N2 HE BRI
BEZIE, BANAE.

2.3.3 TME il TDE XHESEEENIE TME A&
TDE RS mli% “2.3.17 TR itk 2 1Fil
€, KHMARE—ET 5, 152 TME 48
99.1%, TDE 4N 99.8%, ik ILE 4.

1 4

4l 5 9 52 J2 TME. VES.

Ji A ’ B
Il |
1
1 |
[ |
0 4 8 12 16 0 4 8 12 16
t/min t/min
1 1
I
I c (R
I 124
f‘ 4 f ‘l
A |
. o U
0 4 8 12 16 0 4 8 12 16
t/min t/min

B4 TME, VES, TCP, TDE & &l € & 2K A £ 3% B
A-TME fti¥#; B-TDE ftilig: C—ikdhidwi: DX
#l: 1-TME;: 2-VES: 3-TCP; 4-TDE.

Fig. 4 HPLC chromatograms of determination of TME,
VES, TCP, TDE

A-TME solution; B-TDE solution; C—sample solution; D-standard
solution; I-TME; 2—VES; 3—-TCP; 4-TDE.
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234 LB KO IREES A  E %
“23.17 TR SRR E, ek LK 4. 4
F B TPGS & 450 53 85 R AT, T J@ 1 B8 i 2 DU
235 HAMERRMIEE Ak E I TME,
VES, TCP, TDE X & 5 750, 22.5, 22.5, 150 mg,
#H 50 mL ®HiH, MOIEEEAmERZE, 7%
51, VENRYERE &R G 25 i HUER 1 i 25 VA
T, MOEMRE, Sl TME K 5
149.4, 373.4, 1493, 2 240, 2 987, 4 481 pg'mL™",
VES Jii S & 435N 4.550, 11.37, 45.50, 68.25,
90.99, 136.5 ug-mL™", TCP Jii & £ 4> 71 4.466,
11.16, 44.66, 66.99, 89.32, 134.0 pg'mL™', TDE
JR B 43 AN 30.52, 76.30, 305.2, 457.8, 610.4,
915.6 pg-mL ™ I RANBEHEW . % “23.17 TF
FAERERENE, DUREIRE X(ug-mL ™) AR,
WA Y N AR, BEATZRPERE, 193] TME 1)
[ A5 FE N Y=1.432 7X+25.196, r=0.999 8, VES
e A 5 2N Y=4.178 6X—0.135 6, =1.00 0, TCP
() 18] 9 5 RN ¥=7.279 4X-3.165 9, r=1.00 0, TDE
FIE A 5 FE N Y=2.032 7X-4.99 7, r=0.999 5, 4
TR 2H oA ot B FE VO N 2P R R R
2.3.6 KU IPR A E B PR R R VR ROE R
B, #2317 T SRR E , BUEMEEE 10 0 1
FEEMR, EMEE 3 01 IR . 45 5389 TME,
VES, TCP, TDE K& &R 7377 7.468, 0.909 9,
0.446 6, 6.104 pug-mL™", KWERS 5K 2.240,
0.1820, 0.1340, 1.221 ug'mL"",

23.7 {ESFEEERLE K RS “2.3.17
TR B S2EFE 6 Ik, WII#3 TME, VES, TCP,
TDE I&E A RSD(n=6)73 514 0.05%, 0.26%,
0.14%, 0.05%, RN IEFEEE R

2.3.8 EEMRIE H TPGS@ES: 20111103)FkE
i, % “2.3.27 WURNIEFATECH] 6 bl mis
W, 4% “2.3.17 TUR AR E . TME, VES,
TCP, TDE & & (n=6)7 5N 82.0%, 0.04%,
0.19%, 12.3%, RSD(n=6)% %1~ 0.46%, 1.32%.,
0.60%, 0.46%, FITIEELEMERL.

2.3.9 [ RE K% PRI TME, VES, TCP,
TDE *t1# & 62.5, 22.5, 22.5, 75.0 mg, & 50 mL
B, MORBEWIFmBERZIE, %5, (R
B SR A % . B EL TPGS(HIL 5 : 20111103)%)
30mg, & 10 mL &, FEFREC12 43, 2 50m
R E BRI 2452 2018 4F 6 H 5 35 555 6 11

ANEWEERW 1, 2, 3, 8mL, 1FJN 4 MREK
o, BRI PATECS] 3 4%, I E IR
PR EZIEE, $825), ¥ “2.3.17 TUR 4R
€, TME PAZE 1, 3, 4 KRB ESF R,
VES, TCP, TDE PL% 1, 2, 3 WRJEAKFiH5H T
[A]U§ 2 . TME, VES, TCP, TDE 1 V13 [7] i K (n=9)
4398 98.8%, 98.4%, 99.7%, 99.3%, RSD 43l
AN 1.41%, 0.37%, 1.32%, 1.31%.

2.3.10 FRE RIS KRRl S A VR E IR R R
&, T 0, 2, 4, 6, 8 12, 24 h {REEECEEN
%€, W3 TME, VES, TCP, TDE I&[mHF [ RSD
IR 0.46%, 1.82%, 1.07%, 1.15%, FHAHER
MRS VRAE 24 h WA SE .

2301 FESE B3 AR 4 BRIk
TME, VES, TCP, TDE (& &, ZiRNE 5.
2.4 PEG 1000 & &5E

2.4.1 @M ik : Waters XBridge Cg o il
¥ (4.6 mmx250 mm, 5 um); ViahiH: 0.1%H R
WA A, CHE-RHNEE(L D D) A3siE B, #
JE e i (0~4 min, 45%B, 4~5 min, 45%—100%B,
5~12 min, 100%B, 12~12.1 min, 100%—45%B,
12.1~17 min, 45%B); #ii#: 1.0 mL-min"'; AEif:
35°Cs #HEFfRE: 8 uL; ZERJEHURA IR 2% 14 (=
BAD R ERERE 904 C, HWAME
2.3 L-min',

242 HWHN L OXIE S K S PRI
PEG 1000 XJ B8 fhiE &, I 205 ¥ ffk 51 5 e ol B 2
£ 0.06, 0.3, 0.6 mg-mL™ IR, A, (AN
MRV 1~3. QS AW : RS FRE TPGS Atk
i 30 mg, B 10 mL SEF, NGB IR R
ZIEE, AT

243 TREM CHEXTERSER, MRS %
“2.4.17 DU AR E, BIREILE S, 4
KL EMERL .

1

0 4 8 12 16 0 4 8 12 16
t/min t/min
5 PEG 1000 | 5T & 2 A8 1%
AN IREW: B-RK W 1-PEG 1000; 2-TME; 3-TDE.
Fig. 5 HPLC chromatograms of determination of PEG 1000
A-standard solution; B—sample solution; 1-PEG 1000; 2-TME; 3-TDE.
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244 LMEAVEHE KEEPREX PEG 1000 XfHE &
150 mg, & 50 mL &, InOIE@E MR
ZIEE, A, (NG &R WEEI L
& BOE R, IOHEMEE, Hil PEG 1000 Jii &
WLy 504 9.065, 18.13, 60.44, 120.9, 181.3,
302.2, 483.5, 604.4 pgmL '[N RVIEW. 1%
“2.4.1 TR A AEHERE I E , AR BV E (g mL )
(PIXFE X AR AL hR, WET AR Y NNALAR,
HEATER M)A, PEG 1000 [H])H 75 F2°8 Y=1.738 8X+
2.1513, r=0.999 5, &55% K] PEG 1000 7E 9.065~
604.4 pg-mL~" Py e R AT

245 KPRAEER KX REER 1 BHW
B, #9241 TR SRR DS, HUEMEEL 10 0 1
NEEME, E8 3:1 KRR, EERY
PEG 1000 fE &4 9.065 pgmL™", &R N
4.533 ug'mL ",

2.4.6 XAFEHEEAR BXHEIER 1 1% “2.4.17
TR A RS2 RE 6 IR, W48 PEG 1000 U [ (1)
RSD(n=6)4 0.67%, R IAACENE 2 E R IT o

247 BEEMHIRK B TPGSHLS: 20111103)F
i, CPATECH] 6 M i vs i, % “2.4.17 TF
S AEHERED 5, PEG 1000 FI°F 3% & (m=6)N
4.99%, RSD(n=6)’~ 1.17%, £ HiLEEZERLT.
24.8 [ KEPREC PEG 1000 XfHE A
150 mg, # 100 mL &=, INOKEBEMBIEMESR
2R, A, MEABEEM A 7R %R
TPGS(#t5: 20111103)150 mg & 50 mL =,
FREL O 4, a3l N [Ee e fig £ 1, 5, 10 mL,
YER 3 MIRFEAKT, BAMIKREEAKT-PATRCH 3 6y,
MSEEBICMBERZIE, Y, % “24.17 W
TR E, THESEECR . PEG 1000 1)
SRR (n=9) 4 98.2%, RSD N 0.87%.

249 FaE i R A VA R IR R I
B, 25T 0, 2, 4, 8, 12, 24 h {RIFEGFEN 2,
M3 PEG 1000 U THIFL ) RSD SN 1.09%, 7 B i
SVEVIAE 24 h WEESE.

2.4.10 FESIE B 3 HEAER A BRI E
PEG 1000 )&, S5RNE S,

RS H&ETSHESEENZER0=3)

Tab. S Results of determination of five components(n=3)

Lk TME/% VES/% TCP/% TDE/%  PEG 1000/%
20111103 82.4 0.04 0.19 12.3 5.0
20111104 80.1 0.04 0.20 14.0 5.7
20111105 81.9 0.03 0.19 12.7 4.6
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3 i
3.1 TME, TDE fill#& 77 2 S Bl il ik

TPGS [ 2li0! 5 3 b i i) 43 B U] W
SCHRTRIE , HIEH IEAR R REERAEE T, R
B4 TME 5 TDE. A< 28648 F S AH il 45
WA EEA, F8 T OG- RAEE-K, -4
IKFI - KSR R, SR ER, 78R % LA
SIS O -7KBR B2 P AR 2 () TME, TDE 4%
B, HAZGE AR R X EE RO U -

TPGS " EE 5 A TME, TDE & &EHXH 4
A, BB B 4% TDE X I8 5, 8 SR 8K .
A TPGS 5 VES #4511 1 Wbl e, =ik
PEG 1000 5 VES #4471 © 2 [ EL 5 ;2 b7 , 53] TDE
B A, SRS B4 B4 TDE X e
AR, BRI, HIRKHK .
3.2 W RS HuE

TME, VES, TCP, TDE 4} %7 285, 293 nm
WA B KER AN, AfdE 4 PR 78 [ — 261 T
HECRKWM, HA&EFE 285 nm 1E AR K.
PEG 1000 L 4MEW HA G #8Kk, kBFmiiA s
WAL ELSD R I8, AR 45 Uil 30 AH 2H 5 i e
ELSD il &5 4146 SOV ER BIRIE 914 C,
HAVHE 2.5 Lomin™, 355 FRAGIR B RN 8 % 52
FE b R IIE O, FEHL 4o M 75 15 & R S oL T
13 BRFINZH 73 1) B KU TR, o 280 58 T3 4% i I
J£90.4 °C, #AWE 2.3 L-min',
3.3 Bk

8T 5 AR A S &1 (SHISEIDO
CAPCELL PAK C5, Agilent ZORBAX Eclipse
XDB-C;g, Waters XBridge Shield RP18, Waters
XBridge Cs, Agilent ZORBAX Eclipse XDB-Cs),
A4 4.6 mm X 250 mm, 5 um, 45 5 7K Waters
XBridge Cs i H:ESRAT R 470 B S 1 [3] i 41
s R, ik B 6.
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t/min t/min
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6 A AL A

A-Waters XBridge Cs 4141 ; B—Waters XBrldge Shield RP18 a1
C-Agilent ZORBAX Eclipse XDB-Cy;3 & i ¥ ; D-SHISEIDO
CAPCELL PAK Cjg ffuiif £ ; E-Agilent ZORBAX Eclipse XDB-Cj {fLif
#; 1-TME; 2-VES; 3-TCP; 4-TDE.

Fig. 6 HPLC chromatograms of choosing columns

A-Waters XBridge Cg column; B-Waters XBridge Shield RPI18
column; C—-Agilent ZORBAX Eclipse XDB—C;3 column; D-SHISEIDO
CAPCELL PAK C,g column; E-Agilent ZORBAX Eclipse XDB-Cs
column; 1-TME; 2—VES; 3—-TCP; 4-TDE.
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