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Analysis of polymer impurities in cefixime raw materials
and preparations
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Abstract: To establish a method for the determination of polymer impurities in cefixime raw materials and
preparations, a cefixime degradation solution containing polymer impurities was prepared by forced polymeriza-
tion. Polymer impurities in the degradation solution were separated and identified by high performance gel chroma-
tography and the column switching-LC-MS” method. A new RP-HPLC method for cefixime polymer was estab-
lished and validated with a Phenomenex Gemini-C18 column using a mobile phase gradient elution of 0.5% formic
acid-water solution and 0.5% formic acid-acetonitrile solution. The results showed that when using this high perfor-
mance gel chromatography method some small molecular weight impurities were co-eluted with the polymers,
resulting in a poor specificity and poor quantitative accuracy. But when using the RP-HPLC method, three polymer
impurities were detected with good specificity, sensitivity and robustness, including two cefixime dimers, and
dehydrate dimer. Therefore, the described RP-HPLC method is suitable for the quality control of polymer impurities
in cefixime, and cefixime degradation solution can be used as suitable solution for analysis of cefixime polymers.
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Figure 1 Chemical structures of impurities in cefixime degradation solution. 1, 2: HPSEC-1a, 2a, 2b; 3-5: HPSEC-2c, 2d; 6: HPSEC-3a;

7: HPSEC-3b, 3c, 3d; 8: HPSEC-3f, 3g; 9: HPSEC-3h; 10: HPSEC-4a; 11: Unk-6,7

Table 1 Mass spectra data of polymer impurities in cefixime degradation solution

Name Experiment  Theoretical Error Type .
Formula . Product ion (m/z)
HPSEC (m/z) (m/z) (ppm) of ion
la 454.048 13 454.048 57 -1.0  C,H;N,O,S, [M+H]" 329.00, 285.03, 210.02, 126.01
2a,2b 454.040 94  454.048 57 -0.8  C,H;:N;O,S, [M+H]" 329.00, 285.03, 210.02, 126.01
2c, 2d 907.089 29 907.089 86 -0.6  Cy,HyN,,0,S, [M+H]" 863.10,738.06, 694.08, 636.05, 454.03, 303.02, 183.03
3a 474.068 33 474.074 78 -13.6  C,H,,N,O,S, [M+H]" 456.03, 431.05, 412.04, 368.05, 352.07, 303.02, 295.03,
245.03, 192.64, 151.05, 126.01
3b,3c,3d  472.059 17 472.059 13 0.1 C,H,;N,O,S, [M+H]" 454.05, 428.07, 410.06, 384.08, 350.09, 303.02, 293.05,
245.03, 183.06, 149.07, 126.01
3e 454.048 58 454.048 57 0.0 C,H;N,0,S, [M+H]" 329.00, 285.03, 241.04, 210.02,182.03, 126.01
3f, 3g 681.048 46 681.048 65 -0.3  C,H,NO,S; [M+H]" 512.03,480.03, 311.01, 283.01, 170.03, 152.02
3h 889.079 53 889.079 29 03  Cy,HyN,,0,,S, [M+H]" 764.03,692.07,512.05,454.05,311.01,211.03, 170.03, 126.01
3i 799.138 87 - - - [M+H]" 623.07, 454.05, 285.03, 210.02
4a 428.068 76  428.069 30 -1.3  C H;N,O.S, [M+H]" 384.08, 350.09, 303.02, 245.04, 183.06, 126.01

(z=1) BINE & T, 70508 [M+H] U, ILHPSEC- X 7> 7 U8 2 18, #1205 #E Wy Sk 16 52 15 TF 3R /K i
3a B HIXS 73 1 5 B O 473, tt%i‘@ﬁﬂ?ﬁ%ﬁﬁﬁ?ﬁi W, et /o yoab, =F ARy RHK. 2%

B2 20, W) HEE N KA 5w IS TP OK AR 700, ANE T EP10.0 B B 2% BT 5 4, 4 SE HH % 3 A AL
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7E HPSEC-3b~3d [ 4= 33 4 i i P o 25 47 7E m/z 1E HPSEC-3e M 4 71 3 i 1% & v 47 7F m/z 454.05

472.06 (z = 1) I INA B 1§, Jy [M+H] U, PRk 4 (z=1) W& &1k, N [M+H] &, [F 4 HPSEC-

HPSEC-3b~3d A X 4 F i &N 471, Lk 5 5 1Y 3e [RIAH R 45 F B8 453, 5 3 780 7 J15 (R A 6 45 F 5
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ZUR AT B T m/z 170 R m/z 512, 6 B BUR AL 4
LSRG I 7 AL B . T R A, HEE % AR
RSk s B2 BT — 5 7 AR, A 2
L 1, B U AR A 2 5 A I 7 R ] NMIR 25 7 2533k
17t — B HIIE .
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oy TR g /N 180 HIE 58 S Sk 5 i I K = SR Ak
ORTE B A AE DY 0 P T A AR A R AR )RR
TEME T8 T m/z 720 Ml m/z 692, LA 2 K24 B 2L 7= 4k
(RFAE 1 T B8 7 m/z 764, WHBZ Al 4y 7 B — A
SER IR 5K, m/z 454 T F B TR B AL M 5 T
KRR kUl 7581, RUW S T kH
TG 2 0 R — AR, BRI 56 3R 1% 44 AN
SRR, J& T L2440, WA A 2 Sk s s
TR AR, SRR FEOK T A . TR i AR R
N Tkl T E S SRS S — 0T
Sk At 5 R 3 S N7, T 7K A R B 1 =, HESE 1
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G ERAT HE— D IE
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TR /N 109, #1284 8 o Sk fl v g = SEAR PR R4 -

Table 2 Cefixime impurities separated by RP-HPLC

AR A R T — A
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%8 R AR 0 7R BN 427, )@ TNy T AR, AR
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A HE T O Sk A0 v i R ER LR Y, B EP10.0 Y2k 1) Sk 18
ST R B, AN @ TR AW AR, HAL =45 WE 1,
3 HPSECHENMRENHRFERMESH

TE Sk £ v i 5 W AT 1) 2 /> 55 £ B {44 i % HPSEC-
2.3 T Sk A T A IR AR L Sk 7 T i K SR Ak DA
KA i B — IRAR IR AR YD . 7 HPSEC-1~4 s
fl/ N F 25 . HPSECIE TR S WIRT, WA H R &
WA, AHJ2 52 B/ oy T2 R I 3R T4, S BTk
LB MR 2, BN ER, RS A A T Sk A 5 5 R
RS HIFR R AV A @S T RP-HPLC i,
R F LC-MS"i:4f RP-HPLC ¥: /& J@ M HEAT T 5% .
3.1 RP-HPLCENLARBEHNREESIRR

AW S b T b E 24 81) 2015 42 R EP10.0
hi - USPA42 Rz Wi 28k (1) Sk 760 5 H5 A6 DM o 4317 7 1%, 45
R, 3RO IR R B AR T R A AN
BN, AFIT A AT RS 4T, 48 R B4
SEALA R R, DRI FR T 20— B /Kb BE el 7 A E
RGN T IR UG 7 509, FEAE I e Rl 34T vk
flitl, 28350 7 RP-HPLC ¥, 4L /5 RP-HPLC %
I3 W Sk 6 5 AR AR A 3 Y 1) LB 3t P AL IR 2, SR AR
A5 T LAY B Y unk-1~ 11 25 11 4N AR H0 2% i
3.2 RP-HPLCH# N BREMARNGEFWIE
321 EEM RHLC-MS"EXLLE RP-HPLC %
G 07 B I unk-1~ 1125 11 N EERUR S 90 44 AT 7R
VA3 HT, AT SE IR 58 A 2% Jo AT R 0 7, o 1 K
PEWF2, B TIC K WK 2. 45 HFW, 54 Mk
50 5 AW A i S HATAEY), 48 unk-6.7.9~11.
4 unk-9~ 11 & =3, 7wl e Ak s =%
A SRR Sk 0 15 B 7K — SR AR AN Sk A v i — BB A, AT

No. tR‘ Experiment Theoretical TyPe Error Formula Chemical structure
/min (m/z) (m/z) of ion (ppm)

unk-1 15.4 472.058 65 472.059 13 [M+H] -1.0 C,¢H,,N;O,S, Ring-opened cefixime y-lactone (Figure 1: 7)
unk-2 15.6 472.058 72 472.059 13 [M+H]* -0.9 C,¢H,,N;O,S, Ring-opened cefixime y-lactone (Figure 1: 7)
unk-3 16.3 428.069 12 428.069 3 [M+H]" -0.4 CsH,,N,O,S, Decarboxyl cefixime (Figure 1: 10)
unk-4 21.7 454.048 4 454.048 57 [M+H]" -0.4 C,H,:N,0,S, Cefixime isomer (Figure 1: 1-2)
unk-5 23.7 829.056 46 - [M+H] - - Unknown
unk-6 255 905.072 69 905.075 3 [M+H]’ 2.9 Cy,H,N,,0,,S, Dimer derivative (Figure 1: 11)
unk-7 27.0 905.072 45 905.075 3 [M+H]* =32 C,H,;N,,0,,S,  Dimer derivative (Figure 1: 11)
unk-8 29.5 681.046 88 681.048 65 [M+H] -2.6 C,;H,()N;O,,S, Process impurity (Figure 1: 8)
unk-9 30.2 907.088 07 907.089 86 [M+H]* -2.0 C,H;N,,0,,S, Dimer isomer (Figure 1: 3-5)
unk-10 342 889.077 15 889.079 29 [M+H]" 2.4 C,,H,\N,,0,,S,  Dehydrate dimer (Figure 1: 9)
unk-11 40.3 907.088 07 907.089 86 [M+H]" 2.0 C,H,\N,,0,,S, Dimer (Figure 1: 3-5)
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Figure 2 Typical mass TIC and UV chromatograms of cefixime degradation solution by optimized method. A: Mass TIC; B: UV chromato-

gram 270 nm
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Figure 3  Typical chromatograms of cefixime degradation solution, raw material and product by RP-HPLC. 1: Degradation solution; 2:

Raw material; 3: Product
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