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(EI &7, £ [ Thermo Scientific /A 7] ) ; FiveEasy PlusTM pH 3 (% - Mettler Toledo 23 7] ) ; Milli-Q Refer-
ence #8407k 2 4 (32 [H Millipore 23 7] ).

PR TR (MMS, 98. 0% , 5% %% Ak 27 A7 BRZA ®]) 5 W B R OE A B (n-PMS) A1 B8R 53 T i (i-BMS)
(>98. 0% , 15 A T A AL Tl 2 AT BRA 71D 5 FFRS IR e TG (s-BMS) TR 1E T 15 (n-BMSS) (>98. 0% , S M
YR IR 2R A B D) 5 OB AR £ B (EMS, 98.5%) | 8RR 5 PR (i-PMS, 97.0%) . L4t 4
(99.0%) 2-CL 1 (99. 0% ) (77 R @Bt A B2 7)) 5 AR CHCL, (99.8%, 1. T. Baker 23 7)) 5 B AR B 2 4
(99. 0% , Sigma Aldrich 23 &) s H A i 313 S 6 38 655 4 H7 .

1.2 & i&AYE S

A B - R 60 g WAL BT 30 mg B AU LAl L K 37 A OF 7 B 25 50 mL 351 46 J1.

PUBR VAL < kB CHCL, S 5k, P 2- 0 F 34 A A e , 0 A St VR 1 0 14 84 o/ L. 1 YA £ 46 L, 7 4
KRR RN 7.42 mg/L (9 NARIE TR, 325045 F.

PR T2 6 255 TR A A VA U T2 A 4% BE B0 MMS (EMSS [i-PMS  n-PMS s-BMS i-BMS  n-BMS 47 ff i 3% &,
2OV RV R IR, T TR YR 29 5 o/ L (B AW, 3850, T 4 C 18 4% P A 55 e JOURT M 0 8 4% Y 8
JHAB LK 53 5 B B B W BE 29 09 1.1.,3.2.2.2.2 mg/ L ITRE A b 9, B B
1.3 fT&ERM

TR G ARMEVE TR AT A A %5 1 JUR S AR MEVA MR 200 pl B T 20 mL THZS M, i A 4liK 320 wl .2-C i
30 pL AR 50 pl FIAG AR 400 WL, 7 B hn 25 %5 &, i g IR 41, T 60 °CF K2 A 20 min.

FESE AT AR RS B AR BUR R 25 25 mg B T 20 mL TRASHR A, N A 4li/K 520 wWL #1 2-C B 30 wl, iR
e EC VA T A DY ARV T SO wL FIAT A WA 400 WL, 57 BI AN S 85 IR HEIR 4D, F 60 C F M 20 min.
1.4 ®ig-Fusk&H

354 TR-wax MS # (30 mx0. 25 mm,0. 25 um) ; #2 7 FHiR :40 CAEHF 6 min, 8% )5 LA 20 °C/min F} &
240 CRFF 5 mins AR LS I 0. 8 mL/min, 8 A HEAE DR E 200 °C 5 #EAEHE 100 L 2
FETT R R o B RE A3 TR L 50 = 1 Ak S I BE 80 °C, -7 IR 1] Sy 30 min. Jo 3% 4% 4« 5 F U IRLEE 250 °C 5 %%
2R IR B 250 °C ;EI B F U5 AE Tt 70 eV K S X 0 SE B 28 F 4 (SIM) 8 1 W 35 - om/z 142 (U &%) ,m/z
156 (W Zk) ,m/z 170( AR ETT/ B P kL) ym/z 184(BURIE T /S T/fh The) sm/z 83 (CHCL, ) & #: W i
TFim/z 127(BURKEHE) ,m/z 118( CHCI,) .
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2.1.1 RpmEffmE B b E k=R UL O/ K CRELH 80 = 20) WA i 57 Ry fig A 3L 5, i
A B RE G TH A5 AL, RS ) SR PR G E A 2 7 A AR B A T 0 R AR AR S - R T 22 1 A A, i
2y 5 A AR A HOURHA 2GR L, X — 28 1R W A B OR T AR I Y B bR 4 5 A LA AT T 5 4% 1.3
W AR, A SR AR, 2 A 30 L G ATLAH 2R BE SR L TE C e BRARUT R L R OE T R .
2-BEMA IE T EE 2-CU W, 5 R HLAH 25 21 53 % LA BT, e B 2- O TR SR F A [ AR 2- O R Y P
11T, B 2-COl/ K (R L 3 2 97) I B ik 30 L.
2.1.2 AFARAAZT 4AINA 0.2.0.3.0.4.0.5 mL {74 RF], #e 1.3 Frik st BRERAE , 38 5o 8 5 88 gt K A
S 00 O P A VM S B DR FFAE 1 mLL 25 BRI, A AR iR A 0. 4 mL B AT 38 381 s A A A 80O ISR T 3¢
Bk[9-10]1 0.5 mL [ FH & .
2.1.3 A7ABEARE %13 PRt BREAE 40 FE 40 .50 .60.70 C R AT A SO 20 min J5 RN E , &
B 60 C T ATARBCR AL AR M BB b, 2552 T SOB B[] 10,20 ,30 .40 min X 777 A2 S 7 19 52 1, Bff 2 o5 A S
5 ] A7 20 min.
2.2 TAEEREHG

W 107 HE 5 B RE S 43 IAE 50 .60 .70 .80 °C R SEAF 30 min J5 TH2S #ERE AT 45 S R B0, B % TR RE O TE s BT
G0 1) P 2 i A R, L e AR A3 T v T AR 32 U R S e R R AR, 2 B I T A R P e g
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ARSI R AE 80 °C R - AE B AR Al b B S T AE 80 °C TR VMl B 1) X 4 B 45 SR s, g5 SRR,
S 30 min B A€ ORI S 47, PR B0 T 2 AR AR Rl 80 °C R P £ 30 min.
2.3 REMAEBREMTESYHREN

H T 1 0 H R PR IR IR S AR MEVR W T = IR T ACE  OR BUCE 0,20,40 .60 .80 min [ S 4T 40 AT, &
IAE 20 min N5 TR A B8 ) 20 min J5 ,s-BMS 545 5 43 ff , HoKOZ: -PMS Al i-BMS. XA A2 77 1)
MRS EPEIEAT 58,4 A IR B PR R WBCH R S A5 2R J5 T 200 T CE B 24 h R 1 A & & B
REIET=AE 3 d WERREIR IR FE & .
2.4 FHEZWIE
2.4.1 ZBEEE MHEEAeKE HHEBREKESIERRGEREZR 7 D E, D B AN bR e
g T B KT AR i SO VAR R R AT R [l U, A 38 2R M [l U O R R O R B A TR A bR E T W R R R A
5 ) {5 e b (S/N) kA e s B (S/N=3) FilE & R (S/N=10) , 85 W3k 1 Jron. 70 A 0 bs o il 22 1) 26 v
R REII KT 0.999 0,45 HFR K 0. 21 ~2. 64 /L, B4 0. 70~ 8. 81 g/ L, XF I 1Y S Br & i 46 4 FR
H 8. 4~106 ng/g, IR K 28 ~352 ng/g. B 4 AR HE 7 Wi (MMS . EMS ,i-PMS  n-PMS ,s-BMS . i-BMS . n-BMS
) O R B 4301 R 10,9 .27 (18,22 .22 18 pg/L) 4T H N L H B AT 4007, Zad b %5 B8 1150, AH X A o i 22
(RSD,n=3)}0.95% ~10. 3% , 1 /& 77 7% 2F (W B3R FREUEE Lo 15w g (R FE 25 mg (5 i MMS (EMS Al
n-PMS Z& 50 ) , 53 9 A TR & A5 fE 3 W (MMS (EMS [ i-PMS (n-PMS | s-BMS [ i-BMS ,n-BMS [ JiT £ ¥ F&£ 73 51 4
10.9.27 .18 .22 .22 18 pg/L) #47 ISR IES , 2 H AR B9 bR i % 88.2% ~115. 1% (n=3) i /& J7 ik
TR,

K1 THBEEENSYHEELE BRFE BMLLAHA FEEFEKE

Tab.1 The linear range, regression equation, correlation coefficient, precision and recovery of methanesulfonate compounds

28 M e & e =2 \ . 4
o /fiff')/ L 15 n fig'_‘f/) SN S S
MMS 2.50~400 Y=0.6102 =+ X-1.312 0 0.999 6 0.53 1.78 10. 3 5.07 101. 6
EMS 2.25~360 Y=1.187 8 « X-2.228 § 0.999 6 0.21 0.70 2.90 4.13 112.3
i-PMS  6.75~1080 Y=2.116 8 X-5.909 1 0.999 8 1.32 4.39 0.95 1. 64 115.1
n-PMS  4.50~720 Y=4.565 7% X-3.464 3 0.999 9 0. 65 2.15 1.45 2.85 88.2
s-BMS  11.0~880 Y=2.281 6« X+8.371 2 0.999 1 2.64 8. 81 1.43 3.18 96. 4
i-BMS  5.50~880 Y=0.348 9 % X+1.205 0 0.999 0 1. 15 3.84 1.25 2.54 99.5
n-BMS  4.50~720 Y=0.3250 X+1.463 1 0.999 4 0.85 2.85 2.56 4.45 108. 2

2.4.2 fRABEH TR LR SCE[9-10] R i, 28 0rb i F s 2 5 R A A A 1) e A 2R A IS
Az R PR A5 S T XA 0 A R A B — R A B R T A A O 3 o, R LS R R A T A R B A A AR
FU, 4% MR 5 b HE TR WA T ) D7 5 IO 1 P B £ I B TR 4 AL, T TS R PR A SR R B O 127 g/ L HE
() A B 7 325 HEAT AT A2 20 BT, R WL 38 At T e it 2 e 3% e ) o B, 9 WD 2 ARt o b ik B T 2
7R BRI A5 SR B R SCRRL 9 - 10 ] v 59 T 40 Rl BB i T T T OB A HLAREE R 2 0 fe it T 4
Yy A= nl.

2.4.3 HSHobr A& ERIFEEXI A B S SR Ho B e I b R AR R AT o0 A, G SIM @ an A 1 B
- LCa) AT, 7 min NBTA HARfE& Y18 2 g, AR CHCL (1S) B9 & B IF[E] A 5. 47 min, X MMS |
EMS [i-PMS . n-PMS s-BMS i-BMS , n-BMS {97 4= #) W) A% 84 B (8] 43 5 &y 2.25.2.77.3.06.,4.05, 4.91.5.17,
6.43 min.[& 1(b) & B IS A4 3. 68 3. 80 min fYIE A I TR A K. B 1 (c) Jy SEPrke fn i SIM (3% 151 (5]
1(e) Wy /N B 43 50 O 52 BRAE il i m/z 142 m/z 156 F m/z 170 BYZEBCES 5 1) , #4945 ) MMS (EMS FiI
n-PMS SRR T Az 7= o F B L 9 B A5 0 51 49 T A T S P i S L TG A 7% v o P 81 9 5 N B R IE L 53 ORUT
BEBEAREINE] 5 HEAE i (S1~S5) /Y9I 5 25 58 WL 3% 2.
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Fig.1 Selected-ion monitoring chromatograms of mixed standard solution (a), blank solution (b) and the sample (¢)
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Tab.2 Determination results of five batches of samples ng/g
e S1 S2 S3 S4 S5
MMS 0. 181 0.199 0.176 0.213 0.188
EMS 0.278 0.438 0.411 0.374 0.414
n-PMS 0. 086 0. 143 0. 087 0. 140 0. 153
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Simultaneous Determination of Seven Methanesulfonate
Impurities by Headspace-GC-MS

WANG Shaomin' *, NIU Yingl , DAI Min', WEI Yi', LIU Hongmin2
(1. College of Chemisiry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. School of Collaborative Innovation Center of New Drug Research and Safety Evaluation of
Henan Province, Zhenghou 450001, China)

Abstract; A procedure for the simultaneous determination of seven methanesulfonate genotoxic impuri-
ties, such as MMS, EMS, i-PMS, n-PMS, s-BMS, i-BMS, n-BMS, employed in drug synthesis was de-
veloped and validated by derivatization-headspace-GC-MS. The effects of type and amount of organic
phase, reaction temperature and time related to the derivatization were studied and the optimum condi-
tions were determined. The conditions including heating temperature and equilibration time to the head-
space method were discussed and optimized, too. The methodological validation showed the good linearity
for all the analytes with the correlation coefficients greater than 0. 999 0, the detection limits (S/N=3)
varying from 0. 21 to 2. 64 wg/L, and the limits of quantitation (S/N=10) from 0. 70 to 8. 81 pwg/L. The
standard deviations of intra-day and inter-day were less than 10. 3% and 5. 07% respectively, and the re-
coveries of standard addition ranged from 88.2% to 115. 1%. The method was successfully used to test te-
bipenem intermediates and it was found that all the samples tested contained MMS, EMS and n-PMS. The
method was suitable for the simultaneous analysis of the methanesulfonate impurities in active substances.
Key words: alkyl methanesulfonate; derivatization; headspace-GC-MS; determination
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