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LR SRR BGOSR A S I B R R TR P Y
=PSY)oN

R=IEY?, IR, Z

X, 7 2% &;;\Lﬁ}a‘l,z 7}7]‘ 7]%/&1,2

s BN am

(1 REEZG TR SBE, Eifg 201203; 2. B & 52865, LifE 201203)

FE - KL IR B BEIRME S FTT (EMP) — 4 B AR/ 1EE RIS, & e (iledsib)n, ami%E e TR
(ESD IESE 7, DAPORRAT - AT (A FR R AR (Q-TOF MS) 52 K B AT 4053 S AIAH B 20 0 i — R s P, 3k
ITEHINENT . 25 R AE EMP JIRFEPAS H 5 A RPN A 5T 25 EMP AL I A, 456 EMP BRI (5 2.
B L B PR IR A R, HEDI Y S AN SR 5 B R RE S M BRI, DA BB IR S

RUEIA): BRERMESCETT AR YRR (il e DDE DR TRAT IR ) B I

hE 4SS TQ460.7°2; 0657.72 XRAARERD: A

DOI: 10.16522/j.cnki.cjph.2018.11.014

B MESEH] VT (estramustine phosphate, EMP),
R I EOT BEER R, O F T I U A e 1) 4
IR, WRTSI A MR E Y, 9F
BA MR X EM M EFEH . 3750 R0
XPHARERR IR 7, LETT 51 A R B2 D I3
WEEH 6 i, 5 ARSI IR 24 156 n) A 48 5 A
)gﬁ [4*7]o

JE[EZG 0 (BP 2018) W# T EMP JREES], H
WA R TR B R S s, FRRPE R C ANk
Jii. A SCERIABE, AR WK T EMP A ) o i
TR o ASHITF IR Hh O 1) 1) — 4 1 R R €2
WICH] (2D-HPLC-Q-TOF MS) %73 & 43 Hr EMP i
TP E XY L UIE 4SS0 ik B A
SRR HIFELR L B RE ) 21, G5 A DURRAT - }AT
] ] SR B 3 (Q-TOF MS) Akt e M Th g ™™,
2 N TG BV IR 53 B 53 A RD 46 1) 45 5 25
Sk ABTRGS EMP & RERL " (KD, X
EMP Ji 3 Ao B et F Hh & IR AR 1 2 s d it oo b))

Y5 HHEA: 2018-08-10

EZBN: BxIEQ991—), L, WHFFRA, Lljm: 2%
o

Tel: 18201725673

E-mail: 18201725673@163.com

BIEHERA: BT (1981—), %, EFEHIN, MHERZ LAY
falFallis) et

Tel: 13472642069

E-mail: 13472642069@163.com

XE4S: 1001-8255(2018) 11-1571-10

A R RROBORE S T BB (SR AT e W AN A A, I
S3 BT AT RE BRI -
1 UB5KZ

1290 Infinity 2 — ¢ w50 e i (4% 1290 B4
JCAEAN/NIANY )« 6545 Q-TOF A PUAR AT K AT IR fr) 4% (i
#% MassHunter Qualitative Analysis B.08.00 % #z 4b ¥ £ 4t Al
Agilent Isotope Distribution Calculator [/ 2545 A7 Jii 1% &l #541),
Ak ¥IA%EE Agilent A .

EMP 738 ( % KH) Pfizer Italia S.R.L. HIZ5A ], #tk
0.14 g, #it5 764CE) ; ZJiE. WELFI R ML, PUT
B -17p- R0 - MEES -1,3,5(10) - = -3- gkl (TBH) . IR
TN, ERER. AN 30 % XK I N M4, KA
ABAlK .

2 FAEEER
2.1 W

BhIK o0 I R NG BRI EMP R 2E N 2R W) &
& (ZJM% 1 EMP 100 mg) , # 50 ml &b, i
0.01 mol/L B4R £h 22 i (PBS, pH 6.8) : &N
(60 : 40, 7 A) & &, IREBAE AR, ISR AESR,
PES. £0.4 um JEME I 8, HUEERIEMAE AL i
PEaST/

5% ) [ AR X e 7R« 43 L EMP IRFE N 254
W (L4251 EMP 100 mg), # 20 ml Sk,
5. AT W R ERAE - 1 mol/L #h 7R 58X
1 mol/L SN A R 1 ml, B 60 C/KH A [ 4 h,
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TBH, CH,CI,

OH o
0-P-OH
OH ILIE, POC, OH
P ol N
o) 0
HO

U, 6

N
cl cl cl

Cl
Cl

e
EMP

1 EMP BIAmERE
Fig.1 Synthetic Route of EMP"**

RS SR A B S, 1ERNIR. BUBIRER s &
30% WAK 1 ml v f, AR A E%, ZHRNE
24 h, {ERNEABIRTER B 80 C/KIH RN 24 h
L E G NI 24 h g, BN AEE, (ENE
TR BB IR TG R SR VA

2.2 kAt

— % 5 . &4 Athena C,p-120 A KE
(4.6 mmx250 mm, 5 um) ; #3h48 PBS © 4 fif
(60 : 40, A), PBS : ZJi5 (30 : 70, B), itk
BEEEVEL (£ 1) 5 Amsk& 220 nm ; 423 30 C ;
ik 0.6 ml/min ; A£F 20 ul.

& A &9k 4 Agilent EC-Cog b
(4.6 mmx50 mm, 2.7 um) ; A 3h48 HEE K
(10 : 90, A), HEE (B), ZMEMEM (K1) ;
ik 0.3 ml/min ; 4238 30 C.

*=1 SMBERRER

Tab.1 Linear Gradient Elution Procedure

— Y Yk
t/min A B t/min A B
0 100 0 0 40 60
2 100 0 5 20 80
18 0 100 10 15 85
25 0 100 15 10 90

2.3 ARG

BTk HEBIEBEEE (ES, EAE TG
I, %.4m7% @& 3500 V(ESIT) /3000 V (ESI) ; #4,
MJE 350 C ; #HARiE 11 Lmin; "7 & /& 1 kV ;
FACAE ) 241.325 kPa ; FALEEE 300 C 5 T
A Z 8 L/min; £ o w/E 80V, K44

470 E miz50 ~ 1700 ; WARAF - #FE (~4mlz) ;
i fE & 20, 50, 70 V.
2.4 EMP JRFe 14A  Bkal

H “2.17 TR R sV v, dE — 4RO
ZPREERE, 15 BRI — 4Rl (LR
2A) o B 5 ANE RS BT 0.1% I AK Ik 5
NEFTR T ~ V.o BL“2.17 TR BI5m b B Rt e
TR, F— AU A S Rk Re . S5 RERM, ik
MV TRTERR . B iR AN E IR 2% A T 3 5 B A
FEAER ORI T, ARV WIALE & il AR il A 2%
PR R AR, oAt 3 AR AR i 4R WA WAL
( WK 2B) .
2.5 EMP 1 W) i 5 3 5 A

K H ESI-Q-TOF IEf & 4, 1531%
BT INE BT RIS T iE M) &6
MassHunter Qualitative Analysis B.08.00 ##z 4b ¥ &
4 I Agilent Isotope Distribution Calculator [F]f7 24
A0 VS BB R A, A 7R . EMP K&
HA W S B LR 2.
2.6 AV R R RS ST
2.6.1 EMP

ESI"-TOF |43 EMP [ [M+H]" 5y 7 & 1
Ué A m/z 520.141 8, [A 7 R UM 4 5 & T 0
CoH3sCILLNOGP™ AR, REAS [A] 2 9.841 min. J
[M+H]" B 7 F Z 7 & 15 m/z 422, 300, 326,
255, 167.9. 159, 135 fi1 63, 5 EMP {45 i) #H
o mfz 422 A EEE T miz 520 it 2 1 9 TR <R,
m/z 255 Al m/z 167.9 2 1 m/z 422 fig 3L (1) C-O 4t
LU IG5 .90, miz 326, miz 300 2 miz 422
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HEAT — R A B 8K BE A% C-C 4 24 i 75 1) 45 g 24 ARG BTG, EMP [ 25 )i 3 ﬁj‘*ﬁﬁ?ﬁ%’:*ﬁﬁﬁﬁ
JG. mM/z159. m/z 135 Fl m/z 63 435 1 m/z 255 Fi1 m/z HEXR T AAEESE RN, RN EEE
167.9 (A 8RR C-C 8. SS4ARMI%5E C-N 4t 2 i 3.

mAU mAU
100
EMP 500
80 I 400
60 300
il A e
40 % 200 A d
c
20 I IV 100._j_lt" L—A——JAA\-—__b
A a
0
5 10 15 20 0 2 4 6 8 10 12 14 16 18 20
t/min t/min
A B

A HERBIET, B SRR AN @ EIRBEER, b BREEER, c: BAEEIR, d: SRR, e . BALEER)
& 2 i iR i& E saE PRI AR — % & iEE

Fig.2 First Dimensional HPLC Chromatograms of Test Solution and Stress Testing Solutions

% 2 EMP BYBUESHER A XA AT REM L F 54

Tab.2 Mass Spectrometry Characteristics and Proposed Chemical Structures of EMP and Its Related Substances

75 AT E (miz) HEM 57 B 72 AR 22/x10° 5B 1] /min F& T (m/z)
EMP 520.1418 CpHsCLNOP” -0.18 9.841 422, 300, 326, 255, 167.9, 159, 135, 63
PR/ 3751331 C,sH,50PNa" 1.68 3.972 255, 159, 95, 67
HIRY I 534.1215 CyHyu CLNO,P* 0.04 7.580 436, 302, 269, 167.9, 63
IR 500.139 0 CHeCIN,0,,P,7 -0.37 9.385 965, 929, 893, 482, 464, 446, 78.9
HRYRIV 534.157 6 C,;H4CLNOSP* -0.46 11.566 436, 342, 316, 288, 269, 167.9, 135, 63
H RV 509.121 1 C.sHeoCLN,0,,P,> 1.32 16.822 580, 544, 518, 491, 158.9, 78.9
0
+ 1
HO-P-OH +
OH
A T
— (T )
o O Cl
o cl
N 0 N Cl
Cl +
cl S CyaHsCLNOGP* S C,3H3CLNO," CsHgCl,NO* CaHCI
Cl Exact Mass: 520.141 7 ClExact Mass: 422.164 8 Exact Mass: 167.997 7 Exact Mass: 62.999 6

J oo
A

O Exact Mass: 159.080 4

(0}
(\ \ N O \ +
6\
cl <l S C1gH230" ©:>
. Cl Exact Mass: 255.174 3 N
C14H16CINO, C16H15CLNO," CioH1s
Exact Mass: 300.055 3 Exact Mass: 326.070 9 Exact Mass: 135.116 8

3 EMP FIRERVBAFER
Fig.3 Possible Fragmentation Pathway of EMP
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26.2 AR 1

ESI"-TOF JSA X5 1 11 [M+Na] ™ B1H
m/z 375.133 1, — 22 KB RAAFELE Cl 7T
Ff =G, WHZKEWAS CLET, 58T
3 CygH,s0sPNa" AHR, LRI A2 3.972 min,
[M+Nal]® & 7 F % 751 m/z 255, 159, 95 fll 67,
5HXYB T AN (£ 3). FHIETFET m/z
255 W EFES ¥ m/z 375 fiiZs 1 /¢ TRERRINITAS, %
TEF5 XA AR m/z 159, m/z 95
m/z 67 J& i1 4R BF% miz 255 #E4T— 4[] C-C 4
Wi TS 5 M B G, S5 6 EMP MRLERE F 5 B
LUK EMP F & il AME — B A JEORH BERE, R
HRPF T R EMP [P ER TR 7K A BT A3 (1) [ 2 T
AR 1 0] ge IR EE LA 4.
263 HXYH I

ESI"-TOF A XML [M+H] ™ #i5rT1
B FIg N miz 534.121 5, [AIALRIER) A5 E 1
ﬁ C23H310|2NO7P+ *E@’ 1%%7B_f I‘Eﬂy‘j 7.580 min.,
H[M+H] " BT 2T BT m/z 436, 302. 269,
167.9 f1 63, SH XY I ML MM (£ 3).
m/z 436 Jy m/z 534 i 1 7R r= 4, miz 302
1 m/z 269 j& i m/z 436 43JlliE it C-C BRI C-O
WS B 5 M BT . AR 25 m/z 167.9 F1 m/z

+

Na
O-E’-OH
OH

HO
HO

CygH5NaOgP*
Exact Mass: 375.133 2

HHEZE25 Tk 244 £ Chinese Journal of Pharmaceuticals 2018, 49 (11)

63 5 EMP X F B THIN, RWZUEYS EMP
ZERIFRL. BRYE IS EMP ()M, 12 14, 45
B BRI P A5 B R AN B S W T AN BRI
HEHZAC AW EACE R ME S =T . i T 7 5 %
ARG IR LA SRR 1T AR AR, N
B REEY) . A IR AT RERI 2442 LI 5.
2.6.4 xRkl

ESI'-TOF {54 KR [M-2H]? B 1N
m/z 500.139 0, J—Z& ik mr L Cl Ji 7 [Ff7 =45
Z, 454 Adgilent Isotope Distribution Calculator #x{f:
B\ FEAL 2 A o, #E— PR G A 34
ClJEF, HEFR CuHeCILN,O,P, HIN, fRE
INFA] 9.385 min., H [M-2H]* &1+ EH 757 m/z
965. 929, 893, 482, 464, 446 f178.9, Skl
A PRI 5 R AR (32 3) o HEAET 251 m/z
965, m/z 929 1 m/z 893 43 il JyBE 2 F m/z 500 it 2
1. 2 F1 3 437 HCl Fif3 45 f 56, miz 482, miz
464, miz 446 M%7 miz 965, m/z 929 F1 m/z 893
7E ESIT BT O-H #2477 2 A1 s faf BT A3 (0 45
TG, miz 78.9 NFHIEE T# v PO, o 4G izft
SR REEE R, miz 965, m/z 929, m/z 893 (z=1)
5 milz 482, miz 464, m/z 446 (z=2) ——XfM,
MZAL SN EMP 1) 54k EMP f 24

+:
o Wi

o5P o

CygH,30"
Exact Mass: 255.174 3

|

+
E—
C7H11+
Exact Mass: 95.085 5

CllHlloJr
Exact Mass: 159.080 4

L

CsH7*
Exact Mass: 67.054 2

4 BRYIR | TRENHBIER
Fig.4 Possible Fragmentation Pathway of Related Substance [
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« 1575«

0O
+ 1
HO"P-OH
OH

v -
Gt

cl CaaH3CLNO;P*
Exact Mass:534.121 0

/

18 . )
Cl °

C13H14CIHNOS*
Exact Mass: 302.034 5

.

Cl C23H23C|2N03+
Exact Mass: 436.144 1

(:18HZlOZ+
Exact Mass: 269.153 6

(N
Cl

Cl
CsHgCI,NO*

Exact Mass: 167.997 7

|

(@]

CoHJCI
Exact Mass: 62.999 6

5 BRI I FTREIRRIREE
Fig.5 Possible Fragmentation Pathway of Related Substance 11

G B KA KL, HWNZWEY AW F EMP
G — 7 HCI g . A R IIA] 58 1 2R s
HILE 6.
2.6.5 HRYRINV

ESI"-TOF M5 H XMHE IV [M+H] " #E5+
27U miz 534.157 6, RN RIER A0 5 512X
C4HssCILNOP™ #HE, B [H] A 11.566 min. m/z
556 & M+Na I, L [M+H]" EE-F BT m/z 436,
342, 316, 288. 269. 167.9. 135 i1 63, 54 %4
TRV RIARR (% 3) . miz 436 NEEE T miz 534
Wi 2= 1 2 TR 4, miz 342, miz 316 F1 m/z 288
JEH m/z 436 4y HliE T — RS R BEZ C-C HEbi R
TE R 45 6 570 . m/z 269 F1 m/z 135 J2 i m/z 436
Je b AT HEEE C-O BT, )5 i H Mk BEAZ C-C bt
PSSR BT FHIEE T m/z 167.9 1 m/z 63
HEMP LT B FMHMN. Zib&Y 5 EMP ML
M, A1 % 14, 8 AR o A A0 B 3 7 — A
~CH,. 456 EMP FIZLRIE A5 B A Rk 2k,
MRZAL AN AT . B RPR IV AT B 545
BIEE 7.

26.6 HXWHEV

ESI -TOF % EMP 4% V i) [M-2H]*
BN m/z 509.121 1, FH— 2wk & wr L Cl s
FRALEES, 454 Agilent Isotope Distribution
Calculator BAFRHULIF A7 R - AfE o, #E— D5 uE %
EWA 4 CHET, 58T CiHeCLN,0P,”
R, {REEET A Ay 16.822 min, L [M-2H]? 3
TFB5F m/z 580, 544, 518, 491, 158.9 f178.9, 5
HIRYEV RN (£ 3) . m/z 544 Fil m/z 491
JEH m/z 509 %25 1 431 HCI 2 C-O Bk 24 jr 15 1)
SEMIPA TG, mfz 580, m/z 158.9 Fil m/z 518 & m/z
491 ilid C-O B Jr WAL P-O BT TSI 45
PR TG, m/z 78.9 NFFHIET 2T PO, o Ztb &
4 m/z 518, EJEMP[M-H] T BTN, 44
EMP 2L 15 8 & R 2, HENZAL SR
Az P FE T EMP B IR 31 18] I K R B 1) i i —
g, NEREREEIF=Y). XYV ] BRI 20 %
L 8.
3 g

AIRE K F 0 17) %) 2D-HPLC-Q-TOF/MS
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N
O
cl \ J ~
cl
0
0-p-d
OH

CagHe1CIgN;01,P5*
Exact Mass: 1 000.276 5 (o
m/z 500.138 8 &l \

OH € 1gH5qCIN,Op P,
Exact Mass: 928.323 2
m/z 464.162 1

CagHsgN;015P7%
Exact Mass: 892.346 5
m/z446.173 8
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CagHgoCloN,O1 P22
Exact Mass: 964.299 9

CaeHp1Cl2N2012P;
Exact Mass: 965.307 7

m/z 482.150 5

N
O =
c\ 7
- o}
0
0-p-d
OH

Cy6HgoCIN,O 1P,
Exact Mass:929.331 0

Qéj%
gff@“

CaeHs59N2012P2
Exact Mass: 893.354 3

'UO

\7
o\i__/\o

6 BRIRIIFTREMRBRIRE
Fig.6 Possible Fragmentation Pathway of Related Substance I1I

W7 T EMP R ZE 15 P . i % A AR
S U) BRI T % EMP &Eaﬁ%ﬁa@%fﬁi
ITE LRIk, JE T/ B8 55 G, 390 o AT AE A
o dia g E FARBME KL EMP K&
BB 2R, X EMP [ 5 A B S R T T 45

I SR BRI M A SR T 9 AR 2 o »

HAMEI G BRI P, B AR 3. 5 il B i il 5
iKY, EMP b AR RE KR, HAEIRYE
FEACRAT T R A B £ 2 KRR, SR
EMP X R AN A AL BN U AHE T EMP 57K
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+

. . N
o j’\\ S ci
o)

N O (\N |
6 6

cl Cl

CyaH3:Cl,NOP* CaaHaClNO," CsHgCl,NO* CHCI*
Exact Mass: 534.157 4 Exact Mass:436.180 5 Exact Mass: 167.997 7 Exact Mass: 62.999 6

i - ’io + - - ©i+>

N0 (N
cl S cl S CI
| cl CI
Cy3H16CLNO,* C15HaoCIoNO," Cy7H,,CLNO,* C1gH50" CioHis”
Exact Mass: 288.055 3 Exact Mass: 316.086 6 Exact Mass: 342.102 2 Exact Mass: 269.190 0 Exact Mass: 135.116 8
B 7 BRYIRIVAGERIHBIRE
Fig.7 Possible Fragmentation Pathway of Related Substance IV
¥ obo o o
75T 0-f-0-¢-0 Q o+
- o o oh~
i o) o
@ o |
Cl o o 0
/go cl T o
f N N <’N
cl 2- 2- \\ -
CagHecClaN,011P; Cl N\ CyeHsoCIsN,O; 4P, cl Cyp3H,gCINOGP,
cl Exact Mass: 1 018.242 6 Exact Mass: 982.266 0 Exact Mass: 544.105 7
m/z509.121 9 m/z 491.133 5
o (e}
o I 1] _
O*I%-OH O*g-O*P*O
O b
0 - 0 - o o 9
0=p—0 o ——  HO-P—0-P=0
N N O o]
cl cl S i
03P of  CasHaiClNOP™ cl Ca3H30ClNOgP, HOGP, ™
Exact Mass: 78.959 1 Exact Mass:518.126 6 Exact Mass: 580.082 4 Exact Mass: 158.925 4

8 BXRYIRV FTREHBIRR
Fig.8 Possible Fragmentation Pathway of Related Substance V
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TR B T 2% . AR UK
1 2D-HPLC-Q-TOF/MS F-BHEM 26 Ji 454,
2 IV AR BTG 0 BT T O AL, BT B
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Analysis of Related Substances in Estramustine Phosphate Capsules by
Heart-cutting Two-dimensional Liquid Chromatography-tandem Mass Spectrometry

DENG Yunfei'?, WANG Linbo®, WU Xiaoluan®*, PENG Xingsheng"?, LIN Mei*?
(1. China State Institute of Pharmaceutical Industry, Shanghai 201203; 2. Shanghai Institute for Food and Drug Control, Shanghai 201203)

ABSTRACT: A heart-cutting and two-dimensional liquid chromatography was used by transferring the target
component in estramustine phosphate (EMP) capsules through a loop which could achieve the purpose of on-line
purification. In the two-dimensional liquid chromatography system, a C;3 column was employed in the first dimension
to separate the EMP. The target compound fluent were heart-cutted to a loop which was connected to a 6-way valve.
Then the valve switched, so the second dimensional mobile phase took the target compound for the second dimension.
Electrospray ionization source was operated in positive and negative ion mode. The structures of the related substances
in EMP capsules were speculated by quadrupole time-of-flight (TOF) tandem mass spectrometry for accurate ion mass
determination and by Q-TOF for product ion scanning. The structures of five related substances in EMP capsules were
speculated according to the products of mass spectra fragmentation elucidation, combined with the synthetic process and
stress testing results. Our work might provide some references for the quality control of EMP capsules.

Key Words: estramustine phosphate; related substance; two-dimensional liquid chromatography; heart-cutting;

quadrupole time-of-flight tandem mass spectrometry

mAU related substance |:
100 EMP degradation impurity
1
¥ m/z 375.1331 related substance 1V:
60 - t:=3.972 min synthetic by- product
40 \
related substance II: m/z 534.157 6
20 it W - synthetic by-product| & =11.566 min

o ; m 5 5 E= = miz 534.1215
First Dimensional HPLC Chromatogram Heart-cutting of Target synthetic by-product
of Test Solution of Estramustine Compound Fluent in Second m/z 509.1211
Phosphate Capsules LDimensional ChromatograpyJ synthetic by-product 1z =16.822 min

m/z 500.139 0
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