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Impurity Profiling..

e |[dentification of Impurities in Active Pharmaceutical
Ingredients (API) Arising from Manufacturing/Processing

e Differentiation from other Pharma Applications
— Chromatography, Quantitation, Identification

e Source of Impurities ...
— Residual Solvents, Intermediates, Catalysts, Processing Aids

 Techniques
— GCI/MS, LC/UV, ICP/MS, LC/MS and LC/MS/MS
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Traditional Method for Impurity Analysis

Plant i1s Shutdown... Product has Failed..
Why, When, Where, How

Easy.. Just have Ph.D. Analytical Chemists Acquire
Lots and Lot of GCMS and LCMS Data

Manual, Biased Approach
Look for Known Things First
High/Low Major Differences
Is the Change Real?

Dump data onto
Coworkers Desk ID
the Differences..

Although Small a Needle in Hay Can Cause One Pain

Manually Compare LC/UV and MS Chromatograms
from “Control” versus “Contaminated” Samples
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APl Degradation by Aging

Pathways
 Hydrolysis, Oxidation, Dehydration, Ring Cleavage, Photolysis

Challenge

 |dentify low-level degradation products in the presence of the major API
component

Dream Solution — All Components ID and Separated

Chromatography — Infinite Resolving Power and Ultra Fast Separation

Mass Spec — Infinite Scan Speed, Dynamic Range, Resolving Power with
sub-ppm Mass Accuracy

Reality:
Coalition, ion suppression, limited dynamic range, accurate mass

New Analog/Digital Technology Evaluate the Importance of Resolution,

Accurate Mass, Dynamic Range with Automated Data Mining Tools for
Impurity Profiling
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Impurity Profiling Workflow:

 Objective: Detection - ID low-level Impurities in Active Pharmaceutical
Ingredients.

Targeted
Analysis

Differen\al‘

Analysis
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Sensitivity versus Unknown ldentification

Scan Scan Qualitative Sensitivity Quantitation Am
speed sensitivity (identification, (specific (accuracy, D
Ease of Use structural detection) precision) :
info) D
q
Single Q-TOF QQQ
uad TOF TOF (MS/MS w/ esp. dirty matrix, QQQ
q accurate mass) <5 pg on-col.
TOF : -
Singl d Singl
TOF Q-TOF Q-TOF unknowns A o
(acc. mass CID) q
Single :
Single QQQ TOF
QQQ quad guad (MS/MS) (accurate mass EICs) TOF
Q-TOF QQQ QQQ Single quad (CID) Q-TOF * Q-TOF *
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Agilent LC/MS/MS Solution
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New Ultra High Speed Acquisition
Intelligence at the Molecular Level

» 4 GHz (8 bit) Analog-Digital-Converter

— Adapted from Agilent High Speed
Oscilloscope Systems

« Ultra High Speed Processors
and Memory

— 4Ghz peak detection
— 4Ghz gain scaling
— Up to 20,000 m/z depth

« Dual Input / Dual Gain High Bandwidth
Input for Extended Dynamic
Range
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Enhancements in Time-of-Flight and QTOF
New Acquisition Technology Increasing Resolving Power

0.0 Methyl 5-acetylsalicylate 195101392
on [M+H]* 195.06519
195.065349 -09 ppm

o) O

o/\/\
+ 0.8 ppm
Butyl paraben HO

[M+H]* 195.10157 0.036 Da

8 bit —4 GHz
Analog Digital
Converter
Transient Peak
Apex Picking

14,000 Resolving
Power (FWHM)

195 19502 19504 19506 19508 1951 19512 19514 19516 19518 195.2
FIA, 2 scans/sec (6713 transients/scan) Counts vs. Mass-to-Charge (m/z)

2 IRM averaged over five scans
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Enhanced Resolving Power
Improved Mass Accuracy for Isobars

Previous 1 GHz Sampling New 4 GHz Sampling
+1.3ppm ||
1:1 o ||08ppm
MAS -MAS:“ :‘1:1 dilution
. BP
2.9 ppm (MAS) at high level, |
poor accuracy when BP B
abundance increases ' )
| - Zoom view
128:1 dilution 02ppm | E 128:1 dilutign

128:1 dilution -1.4 ppm

BP (unresolved,
not detected
at low levels)

195.02 19504 19506 19508 1951 19512 195.14 19516 19518 1952 19522

T T T T T T T T T T T T
195 195.02195.04195.06195.08 195.1 195.12195.14195.16195.18 195.2 195.22 Counts (%) vs. Mass-to-Charge (m/z)

Counts vs. Mass-to-Charge (m/z)

_0_0 o

OH Methyl 5-acetyl-salicylate (MAS) o~ Butyl paraben (BP)
[M+H]* 195.065185 [M+H]* 195.101571

HO
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Extended Dynamic Range Mode
Hardware

Page 11
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Dual Gain
Front End
Amplifilers

(32 staggered ADCs)
_ < FPGA
Agilent AGSPS Master
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ADC < <
AGSPS g
8-BIT
2GSPS .| CONTROL
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\ 4 A 4
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Extended Dynamic Range Mode

12X
— N\
!!!!;gggséggsgggg

Time 2> Time >

Data from low gain channel -

Signal e

Time 2>

© / Final spectrum
gain transition

Time 2>

Data from high gain channel
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Extended Dynamic Range
Up To 5 Decades Of In-Spectrum Dynamic Range

x10 6 + Scan (# 31-35, 5 scans) niacinamide_erythromycin.d

Max Abd s

887 123.055394

3.6x107 2o
o 9x10°cts

78] 102 +Scan (# 3135, 5 scans) niacinamide_erythromycin.d

7] Niacinamide, 10 ng/pL 250 CtS;zj; resse  Erythromycin, 500 fg/uL

:Z [M+H]* = 123.055289 m/z 2;2: [M+H]*" = 734.468518 m/z

661 Error = +0.8 ppm Error = +0.6 ppm

6.4 19

6.2 1.84

64 1.74
161 735.416113

: In-Scan Dynamic Range "

2 ox106 /250 = 3.6 x 104 "

34 734 7345 735 7355 736 7365 737 7375 738 7385 739 7395 740 7405
2.8 Counts vs. Mass-to-Charge (m/z)
2.6
24
2.2

2 Maximum

12 36x107 /250 = 1.4X 10°

__207.007866 329.056151 425.138434 659.287715  759.355249 922.009798 1221.991581 1521.971969

160 150 260 2‘50 360 35‘0 460 450 560 55‘0 660 65‘0 760 750 860 85‘0 960 QéO 10‘00 1650 11‘00 11‘50 12b0 12‘50 13‘00 13‘50 14‘00 14‘50 15b0 15‘50 16‘00 16‘50 17‘00
Counts vs. Mass-to-Charge (m/ z)
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Mass Accuracy Function of Acquisition State

x10 3

C1BHTANZOBS

hu

o

120 322 324 326 328 330 332 33 336 338 340 342 344

Counts vs. Mass-to-Charge (m/z)

_ High Res
+ Scan (4.571-4.687 min, 15 scans) Amox200ShortHR 1.d w10 3+ Scan (2.680-2.778 min, 13 seans) Amox200ShortHR 1.
340.192732 0l 384.1p2263
C15HZINIC4S C1BHZINIOES
323106037 ' -0.31ppm
C1aHTANZO4S 967 095491
21 CIBHIINZOBS
'] i
J. m | I, l | ..J. n 04 ) LL L
+ Scan (4.57/-4 684 min, 14 scans) AmoxShort 100-r007.d «10 3 |+ Scan (2.677-2.776 min, 13 scans) AmoxShort 100-r001.d
] 340.132807 ] 384.192372
C15H22N304S | C1BHZINIORS
-0.31ppm o 1.74 ppm
323 105904 -1,01ppm -0.03ppm
CAH19NBO2S? 31  367.095469

J64 386 366 370 372 374 d76 378 380 G832 384 386 38

Counts vs. Mass-to-Charge (miz)

Extended DR
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Resolution Comparison

High Resolution Mode Extended Dynamic Range

®10% |+ Scan [3.802-3.893 min, 12 scans ] AmoxHELPMEDOOZ.d ] w10 5 |+ Scan (4.2268-4522 min, 37 scans) AmoxEDRMS-1002.d
2 36612162

15142 3 35%&&518
2.84
2.8

IoiCResalttion 2o 8.5K Resolution

224

1.8+

0.98 ppm
PP 0.99 ppm

1.2 I
12

0.8+
367114675

_ 12939 0.4
s 5711415
| 0.6 8233
0.4 368111408
22! 10925 59112918 0.4 ﬂ 38811113
|/ J{L 10538 221

36575 366 36625 3665 36675 367 36725 3675 36775 368 366.25 3685 366.75 363 36925 368, 55 365.5 366 3665 3e8 3685 369
Counts ws. Magsz-to-Charge [msz] |

367 3575
Counts vs. Massto-Charge (m/z)

=10 % |+ Scan [5.887 min] AmosHELPMEDDDZ.d

25 2881 p7a97 w10 4 |+ Scan (84676533 min, 9 scans) AmaxEDRME002.d
23] N Gt

12K Resolution i il 8.5K Resolution
0.09 ppm : ORI

7] ] 01375

5| 393 138795 | J Ba0e

0.4 1

03, 400 133073

D‘] . |/lL D T T T T T -t . T T T °Tr
397 3975 398 3985 399 3995 4in 405 4 45 40z

3975 358 3355 349 3355 400 4005 o]
Counts vs. hass-to-Charge [mdz) Counts ve, MaSS'tU'ChargE (mm

O e

W= =MW~

T T T N TR A I M
o
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Application of Enhanced Resolving Power
CgH;,NO Product from Albuterol from C,;,H 3N

w10 F

+ Scan [4.701 min] A5Syrup-ro0z.d

146337022
11735

1420174281
12¢19

[CoH, NOJ*
e

/

[C1oH1NI*

143.020961
10828

f el

w10 3

JE S

w10+

+ Scan [4.820 min] A5 5yrup-rooz.d
1469326935

+ Scan [4.747 min] A5 Syrup-r00z2.d

142111244

142.0755332
12130

[CoH,,NOJ*

142 928870
11120

149.073741
146.936935
171E L 11858
146.5 147 147.2 147.4 1476 147.8 145 1452 1454 1455 1455 143 1452 145..

Countz vz MMaszs-to-Charge [mAz]
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Automated Data Analysis — Show me the Data

 Find Compounds from Background — MFE Algorithm
« Differential Analysis — Mass Profiler Software
* Identification: = Molecular Formula Generation, Databases

e Automation: MetID for Impurity Profiling
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Molecular Feature Extraction (MFE)
Automated Data Reduction Software

Finds Features in TOF/QTOF Data

Progassed TIC J— iz
Q00—
004
Processed TIC e
5] 00—
i
5 1604 g
§
g
1004
S00-—
il W K
i P ¢ P 8 _ I K -
i 1 4 i il 1 00—
species |AT | m/z | mazs | abund. |
X 8162 3421467 130643
+| 3 N .
MeH+1T | G162 344.1581 2290 z00-
_ o MeH+Z | 5157 3451743 33
Data Reduced sum intensities of
. MeH4N | S164 3601807 3427469 9420
Isotopes, adducts, clusters and M+H4N+ 8156 3511893 1227
mU|t|p|y charges 1ons together' MeMa | 8162 3651359 4271466 75670
M+Na+1 | 8163 366.1394 15324
M+Na+2 | 8162 367.1429 14901
2M+Ma 8164 7FO7.2610 3421453 4629
2M+Ma+1 5162 708.2860 1803
PM+Ma+z 8173 709.2895 336

Page 18

U N e N l.'.L-
i

Wk s L kWL

Lo P P, kit Al s o2 i e i st

CERR e

Impurity Profiling 2008

March 4t 2008



Molecular Feature Extraction (MFE)

Group #1(RT=10.19)-4 Compounds

Species  RT miz tazz Ahundance | Width | Satur. | O Score
» 10,1493 4540047 ROS00 007 726

]
2 |M+H 10198 455.0120 | 454.0047 34232 | 0.058 B0 Structure |Information Notes
3 |M+HA1 10777 456.0203 12572 0.084 51.0 Structure | pOL Te:-:t| meperidine derivative uged for treatment
4 |M+H+2 10175 4569332 3695 0048 R37 aof diarrthea
5

e drug
E M 10,195 452 2466 | ZR303026 | 0114(= 100.0 _ )

Dallery, Calin Therapeutic Drugs, 2nd Ed.

7 |M«H  |10.204| 4532638 | 4522465 1EEE9313| 0128 |x 95.1 1999 p. D156
8 M+H+1 10195 4542574 13454754 | 07105« 977
9 | M+H+2 10182 | 4552607 4301315 00871 |« 100.0
10 M+H+3 10181 | 4562636 3BB489 | 0082 100.0 H
11 M+H+4 10182 | 457 2667 31758 | 0082 100.0
12 M+H+5 | 10,205 4582607 2874 | 0.067 BE.9
13
14 | M+Ma 10185 | 4752360 | 452 2468 A6113| 0038 1000 Macs = 452 2466 Time = 10.195
15 M+Ma+l 10185 | 476.2330 F5815] 0101 100.0 Obz Mazs Obz RT Marne Farmula Ak azz(ppm) ART MFG Score
16 |M+hav2 |10.187 | 477.2425 17223 0108 10008 » 4 10195 | Diphenasylate | CI0H32N202 0.4 100.0
18 3 452 2466 10135 C1oHzeM1403 nr 211
19 M+K 10182 | 491.2122 | 452,249 3428 0103 n.a 4 AR Z4RE 10,195 C2IH I8 11 781
20 | M+k+1 10,221 | 4922180 1711 0.096 (A1

Molecular Formula Generation and Database Search
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Prednisolone: C,;H,30 360.193674

w10 6 |=kd 1481+ ECC Scan Frednisolone0002. d

4 4-
4.2
4_
3.84 O
3B
| cieHll o. CHj
e ® 3 0

3_

] CH O
26+
244
2.2
27 07
1.8
1.6+

145 2 year old Suspension

1.2

‘I_
0.8
0.6
0.4+
0.2 n'z
e WE&SEL Ve Fmm wwd
3.5 g 9.5 10

10.5 11 1156 12 125 13 12.5 14
Counts ws. Acquisition Time (min)
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Sequential Neutral Water Losses Detected
/ \

x10 5 |+ ECC Scan Prednisolone0002.d

1.2
1.1-

1.
0.9-
0.8-
0.7-
0.6
0.5-
0.4

0.3 13.421

23081.8
0.2

0.1

Nl —— 3 ,,7_ I ) ] :
3.5 9 9.5 10 105 11 115 12 12,5 13 135 14
Counts vs. Acquisition Time (min)
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12 Potential Degradation Products in Prenisolone

@ Compound List »
Cpd RT Mazs Height MFG Formula MFG Diff [ppm)

101 a936| 358173719 23405 C21H2E05 .94
105 9343 306162548 17280 C21H2202 185
106 9.344|  3B0.193836 1250150 C21H2805 -0.45
107 9344 34214522 213253 C21HZE04 354
108 9344 324173096 FE37E C21H2403 17
109 9.346 720.62655 34269 C45HS406 -0.08
110 9351 382176339 145634 C23H2E05 284
117 10.429] #416.220551 26523 C24H3206 159
119 10659 330184135 12054 C20H2604 -3
120 10653 F12173337 25539 C20H2403 254 CH 20 Loss
121 10,753 374209309 36324 C22H3005 1.3
122 10,854 342183835 41196 C21H2E04 212
126 11,982 382215005 26254 C24H3004 1,56
127 11983 400225555 156645 C24H3205 228
EY 13.421| 364.129939 18900 C22H2005 295
14 14331 308197352 130460 C18H2804 457
142 14481 322 248954 14793 C20H3403 562
144 14627 294 218533 15912 C18H3003 327
146 165.042] 3042359544 16958 C20H3202 456
143 15195 322 249471 34052 C20H3403 411

'H2, 'Hzo, _COZHZ’ +H2, +CH4+H2'O,
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Prednisolone

OH
342 ©
CH,
O
CH
~
@)
PHI
C
344  OH CH,
CH
=
@) o OH
344 0 GHs
CH
~
O
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Is 6-methyl Prednisolone Present? [M+H]+ 375

w1g 4+ EIC(3Y5.216601) Scan Prednisolone0001.d
5_
4_
3_
2_
5. 245 12.941
1 14466 17725
D_ T T T T T T T T T T T T T T T T T T T T T T
4 4.5 5 55 G G.5 7 7.5 a8 8.5 =) 9.5 1o 105 11 11,58 12 125 12 135 14 14!
Counts ws, Acquisition Time (i)
: jll MS Spectrum Resulks

W o T OB sl e ][] % % @

=10 4

331.191420

lal‘lllnllj [I:\J

+ Scan (10.684-10.791 min, 14 scans) Prednisolon=0001.d

3752917604

3532.174089

3832.211485

[ lJ...l;

L|.||LL|JJ I; J 1'1['];[14]]1'] 11.1.

3H7.199750

1 1HzI20rEMR a0

s ML

417.227903

] IIL-J I oL

].JJlJ]I. x L

320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 305 400 405 410 415 420 425 430 435 440
Counts ws. hMass-to-Charge (mdz)
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Degradation Products of
Amoxicillin and AmoxClavin

C16H19N3SOS
MW 365.10454

Source
« Tablet 875mg New

e Tablet 500mg 09/07

Sample Preparation

» Tablets Dissolved in 40mL Methanol
Water with 0.1% Formic Acid

e Syndicated 20 minutes
e Spin 5 minutes 14000 RPM
* Dilute 100 and 1000 fold with water
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Experimental Conditions

Chromatography Mass Spectrometry

» Agilent 1200 RRLC o Agilent 6520 QTOF

» Ecilpse Plus C18 2.1x100mm 1.8um » Positive ion ESI
heated to 50°C .

Mobile Phase: .

— Water/Methanol 0.1% FA .
— Water/Methanol 5mM NH4Ac .
* Multiple Gradients Tested

— 0 to 95% in 16 Minutes .
— 0to 95% in 13 Minutes .
Flow Rate: 400-500 pL/min

Mass Range m/z 100-1000
Acquisition Rate: 2 spectra/s
Drying Gas: 250°C

Internal Reference Mass

— m/z 121 and 922
Fragmenter: 165C

Enhanced and High Resolution
Modes
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Buffer in Mobile Phase
10X Enhancement with NH,Acetate

wio 5 + BPC(200.00000-600.00000) Scan Amoxicillin?00xAc-r001.d

ol i 0.1% Formic Acid

B.E04
7.064

7.484
1.5 0.927

14 3.889  4.284 7.870

0.5 A hﬂ 2270

w0 B |+ BPC(200.00000-600.00000) Scan Amoxicillinl00:D-r003.d
4.5 2461

i S5mM NH,Acetate

0.5 3013 3342 4668

: . 5435 5970 G445 5876

2205 o X 4116 e ol 7EB3 7R1A 8.606

04 0B 08 1 12 14 16 18 2 22 24 25 28 3 32 34 36 38 4 42 44 45 48 5 52 54 55 58 E 62 B4 66 68 7 72 74 76 78 8 82 84 88
Counts ws. Acquisition Time (min)
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Effect of Gradient

w10 B |Cpd 9+ ECC Scan AmoxiClan-ri03.d

14 Separated Degradation Products

2.8
2.6
2.4
2.2

0-95% in 13 minutes

1.2

T L

i 12 14 16 18 2 22 24 25 =28 3 32 34 35 38 4 42 44 48 48 E &2 &4 && E G2 G4 GE
Counts ws. Acquisition Time (mmin)

w10 5 |Cpd 42:+ ECC Scan AmoxClawShort-r001.d
6.5

ci 10 Separated Degradation Products

2.5

2] 0-25% in 13 minutes

151

A _ _ L%L . A _ A A o

12 14 16 18 2 22 24 2B 28 3 32 34 36 38 4 42 44 45 48 & G2 54 EE 58 6 B2 64 66 68 7 72 74 76 78 & 082 84 86 83 9
Counts ws. Acquisition Time (min)

0.5+
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Degradation Pathway of Amoxicillin

(previous TOF/Trap work)

. ,COOH

H (0] OH .

0 AN .
” NH CH !
NH, AN N/§<CH3 H : 2 NH’§< 3 N "
NH IIIIIIII
NH: J%\ s CH3 > H S CH3 — >
H H
H fe} HO (6]

G
HO 1 0] HO 2 \
H

1 Amoxicillin

5 4-Hydroxyphenylglyl amoxicillin

HN - H \ '
L P 5 H  coon . n HN/§<CH3 2 Amoxicillin penicilloic acid
L NH AN N)§<CH3 r\s s 3 Amoxicillin penilloic acid
HO /©>5\/7/NH ...... )g\ s o 4 Diketopiperazine amoxicillin
H
5 © HO 4

E. Naegele, R. Moritt, J. Am. Soc. Mass Spectrom. 2005, 16, 1670-1676
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Accurate Mass:
High Resolution Mode

w10 8 |Cpd 60+ ECC Scan AmoxHELFPMEDDDZ.of

5

55

5

4.5

4

354

34

254

ra
h

0.5

iz 34 36 38 4 4z 44 4B

54 66

Coums W Acqulsmon Time (| mm

66 B&

72 e

a7y |Amoxielllin penicillolel ¢ 11 N.0,5| 3841229 |384.12274] -0.93 | -0.36

3.84 amoxicillin 1 C,eHoN,0;S | 366.1124 [366.11222] 1.09 -0.4

457 | amoxicillin penilloic | ¢, 14, N,0,S | 3401331 [340.13352| -2.84 | -0.96
acid land Il 3

5.954 |  Amoxicillin Acid | C,;H,,N,SO, | 398.13803 |398.13826 -0.58 | -0.23

6260 | dKelOPIDErAZNG ¢ 1 NOS| 366.1124 [366.11286| 285 | -1.04
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Structural Information from MS/MS C,;H;gN;SO.

10 4 |Cod 5+ Product lon (4318, 4353 min, 2 scans) (366.11171[z=1] - *) AmoxEDPMIMSAd w10 4 |Cpd 24+ Product lon (B.375, 7001 min, 2 scans) (366.11171[z=1] > *) AmaxEDRMEMEAd
77 I 16004211
CBHIINOZS
5 34 H COOH
451 ’
4 251 O\ N
3.5' 2_ \
3 N (@]
H
25 151 HO
2.
13408821 1
154 CIHAND
1 05
051 .
U_ + U-_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
e e e e 50 100 150 200 250 300 30 400 450 500 G50 00 G50 700 750 60D 850 900 %60 1000
Courts vs. Mass-4o-Charge (m/2) Caunts vs. Massto-Charge (mf2)
= . Sl FUILIIEE Diizvznce (ppo) Loss rlase Lies Fomue m'z £ Formula Abund® Difference [ppm) Logs Mass Loz Formula
7006483 CAHEN 629 H18) .2H60488S)  C1eH1ZN0ss: 1130543 CaHEN0 555 i B A M
1139346 CAHANOS 66.0- 06|  28211101)  Cl2HTGN204 71403708 CEHENS 655 T T B R E NG
134 05671 CEHEND 1206 1363 23208178]  CBHTZMZ045 Ten04zT1 CErTONG o ERE ] i RS [ S L T K]
134 05621 C3HENZ03 T2.06 KRR 237 55a C13H12025
160.04098 COHENDZ 757 048] 20607251]  C7H14MZ03%
160.04098 CEHT0MDZS 757 1062|  20606914]  CIOH1ONZ03
16506415 CEHINZOZ a0 1033|201 04696 CEHTTNOAS C H NO S 3 53 ppm Error
T80 04641 CIHIONDS 36 47| 1860406 C7H1ONZ04 6" '10 2
160.04591 CTZHEND 356 q402| 196.06743)  CAH14MZ04%
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Differential Analysis Using Mass Profiler
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Impurity Analysis: Mass Profiling Software

Pracessed TIC
I

™ Processed TIC
w ’P_mc'is'se_d i T ™ Pracessed TIC
Processed TIC . — a o IPmEexxed TIC i -
“ Prgessed T u " Puoeued T
" 0 u 0
. 75[ k) 5 0
fm i P u
ToFm 10 Soam 0 G B
gxgng s gwlv: g rou
Eogus sw EoiME gm
wi gl A (ContrOI)
W[@ E 3] g
=6 o g
" 3 t
o [}
! i
mn 0 i
SN I\ W .
0 T T T T T
i - - 4 ] ] 1 1
min H 4
\AMh A+’ NhanA~anAdAD NMaAaca~aIDT D TMFAlAd PhAanAaAa
Mass vs. Retention Time
-
800 - ! _
i -
600 | | | -
i 1 0 N -
w ] - - - -
g | i R
| - - - -
= 400 { . - e et < - -
. — - - - - - - —
— - - - - - - - - - .
- - - - - - -
- - - - - - = - -cm
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S/N 5:1, Rl > 0.01%, Mass 200-600, RT 1-11 Minutes
835 Features

Mass vs. Retention Time
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36 Features after Filtering

Isotope Pattern, Background Subtraction, # lons

Mass vs. Retention Time
450

400
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Mass

300 -
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e — - - -

Retention Time (min)
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Detected 17 Degradation Products

Mass vs. Retention Time
550 .
500 - ;
450
@ 400 3 -
< 1 .
= ] .
350 ] . .
300 .
250
! a
200 4 : . - . - - - - - - - : - _ : : : ; : : - - =
4.5 5.0 5.5 5.0 B.5
Retention Time (min)
Expression: (5) Both () Up () Down 17 Features
IDJRT |50 [Mass  [SD  |Abundance |RSD [Freq |Mak|RT  |Mass  |Abundance |RSD [Freq. |RT |Mass  |Abundance |RSD [Freq. AT [Mass  |Logelel/ez) ||
1|13 4244 0003 3831152 00005 267975 0.29 6 4252 3831152 336921 003 3 4237 3831153 199030 013 3 0015 0.0000 0.75
2| 1 4367 D027 3851048 00004 13924040 055 B 4391 351052 6891901 002 3 4342 3651045 20955180 0.01 3 0049 -0.0007 160
3| 2 4388 0027 3480785 00003 9272090 056 B 4392 3480787 4610367 003 3 4344 3480782 13933810 0.11 3 0049 0.0005 160
a| 4 4383 0030 2070352 00002 1071072 062 B 439 207.0350 463599 018 3 4343 207.0353 1678555 000 3 0054  0.0002 186
5|15 4371 0031 2100834 00002 193118 063 6 4398 2100834 82008 016 3 4344 2100834 304229 0.01 3 0054 0.0000 189
B|16 4373 0032 5586432 0.0009 47625 071 5 4402 55E.6435 16814 0.03 3 4344 5536430 78435 002 3 0.058 -0.0005 222
7| 3 4802 0003 3220888 00003 465558 014 B A7 3220987 406343 000 3 4808 3220883 524774 001 3 002 0.0001 037
8| 7 4803 0009 3391254 00003 633992 004 6 4796 3391254 655426 0.1 3 4809 3391255 612558 0.01 3 0013 0.0002 0.10
3| 8 5183 0011 3220983 00003 533433 020 B 5174 3220388 638707 000 3 5191 3220883 438171 001 3 0016 0.0001 0.54
10| 5 5183 0011 3391256 00003 1036877 021 5 5175 3391255 1232619 002 3 5132 3331256 841134 0.01 3 0017 0.0001 0.55
11|12 5661 0010 2381414 00003 233431 044 6 5654 2381413 182178 026 3 5667 2381415 416804 0.01 3 0012 0.0002 113
12|14 6258 0016 2391345 00003 253315 073 6 £.245 2991343 71245 0.04 3 6271 2391347 435385 0.01 3 0025 0.0004 251
1310 6253 0016 2821673 00003 337361 078 6 6245 2821677 113254 002 3 6272 2821682  B31468 0.1 3 0026 0.0004 259
14| 3 6502 0007 3971312 00005 3293522 072 6 5438 397.1312 1120785 003 3 6505 3971313 5466253 0.01 3 0007 0.0001 229
15|17 6502 0008 4360561 0.0013 18341 058 6 5438 4960555 3037 013 3 G506 496.0568 28845 008 3 0008  0.0013 A7
16|11 6776 0018 32651342 00005 351970 097 6 6762 3261340 41734 004 3 6783 3261345 662205 0.01 3 0027 0.0005 399
17| & 6776 0017 3432211 00006 833377 097 6 E762 3432208 103229 002 3 6783 3432214 1663524 0.01 3 0027 0.0007 401 1
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Composition and Database Searching

Composition Summary, 36 Features

b azs RT .« FeaturelD Abundance log2[ad Aa2) M ame Formula b aze(ppm)
2 | 3831152 4252 17 163450 16.00 | Apnosicillin Hedrolysis C16H2TH30ES -1.9
P 3 3040834 4333 22 T22E1 =217 | Sulfamnetay! C15H1EM 2035 0.2
4 | 3EBZTRE| 4342 18 1569937 -1E6.00
5 | Z27/B0932| 4360 23 43322 -3.28 C14H1EM 2025 ne
E | 3651048 4367 1 13924040 -1.E0 | Arnoxicillin C16H19M 2055 0.E
7 | 380785 4368 2 9272080 -1.60 | Amoxicillin Amine Loss C16H1EM 2085 -0.3
8 | 2070352 4369 5 1071072 -1.86 C10HAMO2S 1.1
9 | 2100634 4.371 16 193118 -1.83 CaH10M 204 2.2
10 | 2330143 4402 39 9642 16.00 C1THFHO3S 22
11 | 3821308 4566 21 73152 16.00 C16H22M 4055 04
12| 3220388 4.802 11 4E5558 037 | Amozicilin Degrad Product B | C15HT8M2045 -0.3
13| 3391254 | 4803 | £33932 010 | Amosicillin Decarbonyl C15H2TH3045 03
14 | 3220383 5133 10 533439 0.54 | Amnoxicillin Degrad Product B | C15H18M 2045 01
15 | 3391256 5183 B 1036577 0.55 | Arnoxicillin Decarbonyl C15H2TH 2045 0.5
16 | 3791200 5318 38 11471 -16.00 | Amoxicilin Degrad Product E | C17H21M3055 -0.2
17 | 3392619 5ER4 13 146388 -2.32 C20H37HOS 5.7
18 | 2401112 5673 29 23537 16.00 C1TH1EMZ204 0.5
19 | 22611681 E175 34 16770 -1E.00 | Cratethamide C12H22M202 1.3
20 | 2391345 E.258 13 253315 -2.E1 C16H23M025 8.8
21 | 2181030 E.453 47 4323 16.00 | Primidore C12H14M202 2.9
22 3801043 EBAM ] £33433 -2.85 | Amowicilin Degrad Product F | C17H20M20E5 -2
23 397132 BAOZ 3 3293522 -2.29 | Amozicilin Degrad Product E | C17H23M30E5 1.7
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MetlID Software For Impurity Profiling
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Overview MetID

© 0 N o O h~ W D PRF

Parent Compound: MW, Formula and Structure
Transformations: List Proposed Degradation Products
Identification Criteria: Vary Importance of Tests

Find Compounds by MFE: Molecular Feature Extraction
Find Compounds by AutoMSMS: For MSMS data

Sample Comparison: Mass Profiler What is Different
Isotope Pattern Filtering: Best for Halogenated Species
Mass Defect Filtering: From Proposed Compounds

EIC Generation: Confirms Presence of Compounds
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gilent MassHunter MetabolitelD - Amoxicllin.mid

File Wiew ‘Worklist Method Graph Metabolites Browser Formulas  Fragments Fragment Loss  Fragments Owerview  Structure  MFE Compounds  Report Tools  Help
cH Yl NS d &L &l ERal T PEET ) S & b Findmetaboites | @
%Method E ditor x @Metaholiles Browser x
4 | Parent Compound = | [Z 54 | £| E—l | Short Summary « [=] | <Filtered> ~ | B o | =4 hl| = NEE]
Farent Compound 1| Metabolites Sample.. EIC Co.. Mass D.. lsobopic..
Hame: |F'arent Warings | Mame AT Mass miz Qualified = Relevance | User Qual. | Qualified | Qualified  Qualified  Qualified
! 1 &, Parent 4443 3651026 388.1099-
Description: Amozicilin 3 §, Parernt £.999 2651051 3661124
2| &, Parent 4,380 3651046 385.1119
4 Oxidation and decarboxylation deamine 4378 27E0928 2771001
5 I ethosy E.B50 3971316 3921389
B tetharnol Addition Arnitne loss £.550 3201049 381.1122
Hydrati d A d carbonyl | 4864 3220982 32371055
Molecular Formuls: | CTEH19N305S . HIEICIEN SITEIIINING CHel EETsm e
- =) Huydration and Amine and carbonyl lozs F.234 3220884 3231057
e paer ompourd emus can fect el || Decatogio s nine Lo L & | WO
i 10 amoxicilin perilloic acid | and |1 3 4861 3391250 340.1323-:-
Molecular Structurs: | D-\Pitcon200842086. mol o 1 e | e e 523 3391248 3401321
12 » | amosicilin peniciloic acid 2 [ 42547 538377487 384.1215)
12 _f. Aming loss 4379 3480780 349.0853
W “lla 4354 4330775 4340247 L O v
£ | > < |
ﬁ Chromatograms & Spectra x ||: Formulas x
£| i—“ Eustom'@|_ﬂjﬂ|l| Signals - £| E—HEI FDrmuIaV|®®@I|L‘?§.i|d Ll'ﬁu'{é
f&'ﬁqf;&‘g&wi gf{f"l 108) Selected  Formula [M] Calc. Masz  Score Max
i 2 11485008 L2 43 = CIEHZIN30ES 3831151 100.0
LR |
5.754 lon Formula mdz lon Maszs & Maszs [ppm] | Score
55255: =4 CIBH22M3065 | 384.1218] [M+H)+ | 383.1145 1420 1000}
4:;: Abund®  Calc Abund®%  m/z Calc mdz & mdz [ppm)
4.5 100.00 100,00 3841218 3841224 1.42
425
4
375
33 % Fragments b4
323 189,0687 [ =
275 | IR NP PRV e
222-55' I mdz z Abund  Abund%  Abund Sum % Fes. Width  MeutralLosz | FPM mdz | Shiftmdz | A Shilt [mDa]  Erac ™
P I 8?.0283; 3??; 12.93; a1 297.0931 =
1.754 160.0420 107.0486 584 20149 4.86 27r.0vze [
154
rs] tooees | - 114.0330 g3 212 525 270.0824 114.0355  0.0000 a8
1 Lealoans 3531008 H I 1220584 275 9.42 2.27 2620631 [
875 26,0053 osih (I 1280613 191 £.56 1.58 2560702 0
0.5 @2 tegdres, 1873912 o35 pgs7 2770935 |
025 T T? T SHET T2 E oo (I 1340578 B30 2161 5.20 2500636 1340603 0.0000 245 [
1] T T T T T T T T T T T T T T T T T T 140 NCcca heln el 1Mn 2R el L= 41 NEAC I'.:
B0 80 100 120 140 180 180 200 220 240 2B0 2E0 300 320 340 360 380 400 | >
Ready 15 of & metabolite candidates | Consistent | Saved
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Method Input

Parent Compound Propose Degradation Products

Parent Compound

a4 | Biotransformations = | (= 54| A

N ame: |F'a"3nt | Brintransfarmation Fepositom
Description: Amosicilin lse  Mame Phaze  Formula Masz Req Result Formula Result Mass
[ Parent |+ (.0000 C1BH19M3085 3651045
diketopiperazine (S 0.0000 CI6HT9M3055 3651045
amosicillin peniciloic acid 2 | +HZ+0 18.0106 CIEHZ1M308B5 3a311s
Malecular Farmula: |C‘IEH‘I 9M30ss 365.1045 Da amoicillin penilloic acid | and I 3 | w | +HZCO -20.9793 CIBHZ1N3045 3391253
The parent compound formula can affect the biotransformation list, A-hydroxyphenylglcyl amosicilin 4 | s CB+HTH024N | 149.0477 C24H2B6MN4075 A14.1522
the parameters for formula calculation and masz defect filker.

Methowy | w | +C+H440 320262 C1PHZ3N308BS 3971308

talecular Structure: |D:\F'itcnn20|]8'\2EIBE.mc-I |A - —
Dimethosy Addition | o | +C2+02+H4 | BO.0211 C18HZ23N3075 4251257

B
Amine loss | % -N-H3 170265 CIBHTEM 2085 348.0780
rHE Decarboxylic and Amine Loss | % -M-H3C02 61.0164 C1BH1BM 2035 304.0882
Dridation | w40 15,9949 C1BH19M 30865 3410995
Y Dinwidatiar | w402 31,9898 CIBHT9M307S 397 0944
HO 5 HE Hydration decarbaynl | % +H2+0-C0 -9.9843 C1BHZ1M3055 3BE1202
Hydration and Amine and carbonyl lozs || % | -N-H-C-0 -43.0058 C15H18M 2045 3220987
o |
/ M H3 ethawy far Hydrasl | % +C+H2 14.0157 CIPH21M3085 202
o &cetic Acid Addition | % [ +C+H3+02 47.0133 CIPHZZNA075 121178
o tethanol Addition Amine loss | v | +C+H3+0-M-HZ | 14.9357 C1PHZ20M2085 330.1042
Ho Dwidation and decarbosylation deaming |1 % | +0-C2-04-M-H3 | -89.0113 CT4H1ENZ2025 276.0932
* | [ W
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Proposed Degradation Products
Qualified by Mass Defect and Isotope Pattern

Metabolites Sample.. EIC Co.. Maszs D.. lsotopic.. Fragme.. Biotran.. | Formulas
“Warnings | Mame RT Mazz mi'z [ualfied Relevance | UszerQual | Qualfied  Qualfied Qualfied | Qualfied  Qualified  Azsigned  Assigned
1 amaxicilin penicilloic acid 2 2905 3831152 3841225 80.0 F |
2 i 4265 387.0867 388.0340 100.0
3 Decarbosplic and Amine Loss 4337 3040832 305.0955 100.0
4 Parent 4.340 3651043 3EE111E 100.0
5 Ozxidation and decarbosplation deamine  4.341  276.0330 2771003 100.0
g Amine lozs 4.345 348.0780 349.0853 100.0
7 4353 384.0731 385.0863 100.0
a b, Parent 4396 3651043 3661123 20.0 F |
q Hudration_and Amine and carbonul lo 4807 3220988 323 1061 80.0 "
10 4.808 41111001 4121175 100.0
11 arnaxicillin penilloic acid | and 113 4.808 3331256 3401328 g0.0 F |
12 Hydration and Amine and catbongl loss 5191 3220985 3231 EIEB 0.0 F
13 amawicilin peniloic acid | and | 3 5192 3391252 324001 328- 800 F|
14 & 6503 4350340 436.0912 - 100.0
15 M ethanol Addition Amine loss E.511 3801047 3311120 100.0

16 b | Methowy BB1T 3971308 J95130T SEMIVE 1000 3
17 Amine logs RS 480777 349.0850 ki W
189 & B.513 481.0834 4520909 100.0
19§, Parent B.9E5 3ER.1058 3661131 20.0 F |
a0 Farent 7.002 3651044 3661118 533 d |
| i, Parent 7268 3EB1040 3EE1115 n 533 d |

Let’s Determine Composition of MW 411
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Accurate Mass Generates Composition
Acid Hydrolysis (H,O0+CO,H-OH)

Selected | Formula (k] Calc. Mazz | Score Mad  Score Mazz Max | Score Abund. Max  Score Spacing Max | [ Maszz| [ppm] Max
[ I e N D 411.1100 100.0 93.3 33.1 93.2 0.41
lon Farmula mdz lon b azs AMazs[ppm] | Score | Masz Scare | Abund. Scare | Spacing Score | 1A M assl| [ppm]
=i CTAHZ2N307S | 4127175 [MeH]+ | 4171702 0470 10000 99.8 99.11 98.2 0.47}
Abund®  Calc Abund®  m/z Calz mdz & mdz [ppm]
100.00 10000 A21175 21173 -0.41
.77 20079 41371205 4131202 0,73
839 797 M4.1166 41471172 1.46
1.89 1.36 4151183 4151188 1.21

Accurate Mass of Fragments lons

m'z Abund | Abund¥ | Abun..  Meutral Lozz | FPM mdz | Shift mdz  Shift Formula | lon Formula Lozs Formula Calcmdz | Amdz[ppm] &md.  Lossz Mazs
3231043 1915 J0E8 1364 230128 3661108 -43.0058 -M-H-C-O C15HT19M 2045 C2H3MO3 3231060 5.39 1.74 89.0113
3050918 E26 10.03 443 107.02R3 C15H17M2035 C2HEMO4 3050954 11.92 3E4  107.0219
1990579 E74 10.79 476 213.0892 C13H11S CAHTTH30? 1990576 .52 0300 2130857
1900738 795 12.73 RE2 2220433
1890703 B242 10000 4474 2230458 CAHI3M2025 C10H9MO5 1890692 BRI 06 223043
160, 0406 850 13.E1 E.01 2520765 160.0409°  0.0000 CAHENO2 CEHI1EM 2055 1600393 BE 13 2820780
1430673 540 8.E5 182 269.0497 C7H1103 CIOHTTM3045 1430703 20,44 292 Z2B9.0470
114.0379 19 511 228 298.0791 114.0365  0.0000 CEHEMS Cl2HT4M 207 114.0372 660 05 298.08M

107.0435 1805 2891 1276 305.0656 CyH7O CI0H15M3065 © 107.0491 £.21 066 3050632
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Overlay MSMS Spectrum Parent/Product

Abundance

Parent MS/MS (66,1 108)

MS/MS (412.1171)

I1tC+H4+§I * -M-H-Z-C
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H H
i i
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i i
it it
i i
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i i
i1 i
1] i
i i
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i i s23, 1043
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MSMS of MW 380 Compound

L LINIRINE- 1R LR
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3D of MSMS Spectra Fragmentation Pattern
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Summary:

1. New 4GHz A/D Electronics, Resolution > 10,000: m/z > 100,
Which Enables Resolving Trace Level Degradation Products
from Chemical Background

Automated Data Analysis: Molecular Feature Extraction
Differential Analysis:  MassProfiler

|dentification: Personal Metlin Database

a bk~ WD

Impurity Profiling: MetID Software with MS/MS Data
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Albuterol Sulfate/Levosalbutamol

C13H,NO; CI>_I<3CH3
MW 239.15214 NH
CHj
Sources OH
« Syrup 2MG/ML 10/26/99
» Aerosol 90ug/dose New
OH

e Suspension 0.65mg/3mL New

OH
Add reference article
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Loratadine

MW 383.15257

Source

e Syrup 10mg/mL 05/02
e Claritan D 07/02

cl N
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Naproxen

C14H1403
MW 230.094294

Source

e Tablet 500mg 08/97
« Tablet 220mg New

OH

O
™

CHj
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Diphenoxylate

Diphenoxylate
* C3H3N0,

e MW 452.246378
Atropine

* C17H3NO;

« ME 289.16
Source

e Tablet

5/1994
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Hyosophen-Donnatal

Phenobarbital

* CpHoNLO,

« MW 232.084794
Atropine

* C17H;NO;

« MW 289.16
Scopolamine

« C;H;NO,

« MW 303.147058

Tablets 90mg 1/97

OH

H4C
O O
N
R NH _NH
/)E‘ m
O
(@)
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Atarax

Atarax
C,,H,-N,O,Cl
MW

Source
 Tablet 10mg 7/2002
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