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Typical Method Conditions: 1260 UHPLC

UHPLC: Agilent 1260 Binary pump, well plate autosampler, thermostatted column

compartment
Column: Agilent Zorbax Eclipse Plus C-18, 1.8 um, 2.1 mm x 50 mm
Column temperature: 40°C
Injection volume: 1 or 2 ul Oxytetracycline standard
Autosampler temp: 4°C
Needle wash: flushport (water:methanol 50:50), 3 seconds
Mobile phase: A = 0.05% Trifluoroacetic acid in H20

B = 0.045% Trifluoroacetic acid in ACN
Flow rate: 0.5ml/min
Gradient: Time (min) %B
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Impurity Analysis of Oxytetracycline and H20
Stressed (30 min at 90 deg C)

Oxytetracycline

O O @ OH OH
OH

OH <OH

trade name: Terramycin
C22H24N209
460.148183
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Pos ESI LC/MS TIC and UV Chromatograms of
Standard Oxytetracycline:
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Expanded TIC and UV Chromatograms of Standard
Oxytetracycline:
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1st Step — Use MassHunter Qual software to find
all components in the sample using the automated
MFE (Molecular Feature Extraction)
chromatographic deconvolution algorithm.
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Molecular Feature Extractor (MFE)
Transforming Accurate MS Data to Chemical Information

species [RT [m/z [mass [aburd |
M3H 13248 9215025 27614856 35764
Me3H 1 13247 9219373 27614874 548320 . .
M3H42 13248 9221722 27614837 476780 ﬂl AR A4 3135 el
M3H+3 13243 9225072 27614321 25680
M3H+2 13248 9228416 27614334 117143 AT mess [sbund _Theight [ions
MedHS 13050 G217 27614832 45705 75| 120560 48 1329 3
M+3H+6 13252 9235088 27614810 16721 7.718] 1579.7000 1223 18] 2
be3H+7 13246 9233 2/E1ATIS 44E2 7716 748.3860) 18753 1215 4
M+3H+0 13263 9241649 27614535 677 7.718) 1970.7335 2788 281 3
13242 28264043 11853 662 4
W+2H+Ha 13243 9288293 2714842 29521 13244 26144034 60188, 169 8
MeHeNasl 13243 9201643 27614883 45140 13245 28164119 8707 ]
- Me2HeNar2 | 13247 9294357 27614781 43276 13245 23311604 EiE] 2 3
Me2H+Har3 | 13247 9298283 27814737 33217 12247 14076950 14377 s 2
X MelHeNaed 13288 9301614 270614706 23203 12243 27614877 4778072 79795 78
2= _ Me2H+Hat5 | 13285 9305000 27614842 11741 19280 2T 2T 755 o
f - Me2H+HatB | 13277 9308343 27814888 3970 13250 2806 4575 Ta26 =
Faee
B M2H K 13247 9341483 27614673 8064 E §2§ 121u§:; S;}; 1:3;2 éég ;
i - M2H ekl 13241 9324883 27614883 13733
% S MeRHee2 | 13204 9300136 27614759 11070 13280 2RABZ6]  2rven]  iZA 8
i - [ 13250 9351566 27614847 5695 9189 E77.2975 8em 4 2
k% - W+ 2H+K+4 13247 9354933 27614926 3721 9153 21738334 3432 427 3
- b+ 2H+Ka5 13280 9358045 27614237 1162 9761 1306477 1838172 70S00) 23
9161 12218)  1m88 1
M+H2Ha 13238 931547 27614783 6950 9162 13346137 78374 2869 10

M+H+2Na+1 13241 9364933 27614913 9925
M+H+2Na+2 13244 9368254 27614853 8407
M+H+2Ma+3 13251 9371667  27E1.4763 7074
M+H+2Na+d 13256 9374817 2761.4497 3386
M+H+2N a5 13242 9378123 27614332 2586

10.385 15406853 2023 344 2

907 1noE Ea 27097 #1070 "

b i

Isotope
Background noise ., Individual m/z peaks _ clusters
removed grouped into isotope grouped into
clusters molecular
features

Identification, Quantification, Differential Analysis are performed on chemically qualified
compound data
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Molecular Feature Extraction (MFE)

Compound Finding Algorithm

Data is processed by a proprietary
feature-finding algorithm

* Finds chromatographic peaks
— Finds all ions that are related
— Includes any adducts, such as Na* or K*

— Includes isotopes A+1, A+2 for all
adducts found...

— Includes different charge states
— Checks for dimers
— Creates a compound spectra (ECC)

« Sums all ion signals into one value (Feature
with associated Volume)

» Fully automated processing
» Creates data file for export to MassHunter

Retention Time {min)
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Molecular Feature Extracted (MFE) Component
Chromatograms for Oxytetracycline Standard:
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Several filters are available to find API relevant
iImpurities (Mass Defect, Common MS/MS
Fragment, and MSMS Neutral Loss):

|Z' Method Editor: Find Compounds by Molecular Feature
i () Find Compounds by Molecular Feature ~| ¢} | © - 4 -| Method Items~ | (2 35
| Extraction | lon Species | Charge State | A Compound Filters | Mass Fihersl Mass Defect | Peak Filters (MS/MS) | A Resuhs|

Mass defectfiltering
Filter results on mass defects

Expected mass defect
lConslanl VI
01600 Da + ( | 00000 per | 10000/ Da )

Calculate from formu

Mass defecttolerance

lConsla nt(symmetric) w ]

+/- 00300 Da
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Variation from Nominal Mass for Selected
Elements

H=1.007/8 F =18.9984
H+ =1.0073

O =15.9949

Br =78.9183

Cl =34.9689

C12 H1I8 N O Br=271.0572

Si1 O3 C13 H28 = 280.1808

Agilent Technologies



How Mass Defect Allows Discovery of Related
Components

Parent Compound

Parent Compound Molecular Formula: C25H32CINS02 Apply

Mass Defect

Mass defect range ofthe selected biotransformations: 021428 - 025834 Da
Difference of selected biotransformation mass defects from parent: 00107 - 003388 Da

Biotransformations

Use Name Phas: Formula Mass Req. E:rsmul:ia EZSS:R Defect geie ct
[¥] | Parent | |* 0.00000 C25H32 CI N5 02 | 469.22445

] |2x Hydroxylation | | = |+02 31.93983 C25H32 CIN5 04 | 501.21425 021423 | -001017
[¥] |Hydroxylation | |™|+0 15.99491 C25H32 CIN5 03 | 48521937 021937  |-0.00509
[¥] |second/Third Amine to Hydroxylamine/N-Oxide || | > |+0 1599491 N C25H32 CIN5 03 | 48521937 021937 | -0.00509
[¥] | Aromatic Ring to Arene Oxide | |*[+0 15.99491 C25H32 CIN5 03 | 48521937 021937 | -0.00509
[¥] |Alkene to Epoxide I |*[+0 15.99491 C25H32 CIN5 03 | 43521937 021937 | -0.00509
[¥] | Oxidative Dechlorination || = |+0+H-C -17.96611 | Cl C25H33N503  |451.25834

7 of 120 biotransformations selected [
[] Restrictto possible
[/] Hide not selected SelectAll | | InvenSelection | | SelectPhasel | | SelectPhasell |

Delete Al ||  Reset |

{3’; Agilent Technologies
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2nd Step — Use Mass Defect Filter to eliminate
compounds not related to structure/formula of API
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Molecular Feature Extracted Component
Chromatograms for Oxytetracycline Standard
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Note impurities hidden under APl UV signal, all
found by MassHunter MFE:

! £} Compound List

Automatically Show Columns || PiE | G 6l | 5 G | e # | cu, mp || ]

Cpd wR File wRyR Formula TR mfz ¥R Mass ¥R Score v+H Avg Mass ¥+ Std Dev v+ Mass (MFG) v+ RT v+ Vol % v+

14 Oxytet_Std1.d C21 H28 N2 09 451.1702 450.1628 95.37 450.4379 450.1638 3.0589
j-... -:lsz Mot Stroced A P71| H24 M2 N2l 422 1ANR] 425 1RA4 72 11 A7 ARAR nnnis 493 1722 2 NAR n aa
4 11 P

ﬂ Chromatogram Results

i oo 2 QR € KAl O e 2 x[m]E A K 2B % K B = Minutes =

x10 4 Compound 14: +ESI ECC Scan Frag=140.0V Oxytet_Std1.d
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3rd Step — Use Molecular Formula Generator (MFG)
to propose elemental formula for all the
compounds (“features”) related to API

Agilent Technologies



Molecular Formula Generation (MFG) Scoring
Use All Available Information — Consolidated Format
Scoring based on

. . +
: [ Method E ditor: Generate Formulas x Mon_OIS_OtOpIC mass MaSS MatCh
L4 v 0 | (8) +] Method ems < | (5 [y vy (varies in ppm)
|| & tlowed Species| A Limits| A Charge State | Scoring | 285.0205

Cantibution to overall score 1

Hss s Abund. Match +

e oD EEs Isotope distribution

fsotope spacing score (varies in %)

Expected data variation ¢ >

MS mass: Da pom Isotope spacing ,gzm71 Spacing ‘

MS isotope sbundance: % (varies in ppm) _

M5 S mazs: mba + PRMm 205 0236 M at C h j -

- 1 _1Tr_ T  _Tr __ 1T 1T _
285 28RB 286 Z2BER 287 287 A
Rezponze vs. Magzs-to-Charge [mdz]

Overall Scoreﬁ

i G MS Formula Results: Cpd 2: C10HICIN4 025

X
m'z lan Farmula undanice T‘l
[td+H]+ C10H10. 4025 245061
Best Farmula [b] Cale miz Score Cross Score i azs Calc Mass Diff [ppm) Abe Diff [p | Spacing Matc  Abund Mate . Mass Match miz DEE
C10H9CIM4 025 285.0208 9955 284.00137 284.0135 -0.71 0.71 9319 99.26 99.69| 285.021
| CAH12M20652 285.021 728 284.0137 284 0137 0o nm 9354 143 100] 285021
Fi C/H13CIM4 0252 285.0241 7857 284.00137 224.0168 112 11.12 99.87 9287 4E6.22| 285.021 P
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Mass Defect Filtering yields high proportion of API
related components.

: 1 Compound List

: |1l Automatically Show Columns

il AR N 8

F}%Ilﬂ ]

YwH  Label v# Formula
#- [1.d| Compound 4 C21H24 N2 08| 2834 76.62| 432.1523 0.03 20768 0.075 5959 433.1586 4321533
#- [1.d| Compound 5 C23H25 N 09| 2885 47.38| 459.1533 0.0003 1.23| 838963 0.066| 220359 460.1605 4591528
1.d| Compound 6 289 442 1371 1.21| 825158 0.102 85860 4431443

- [1.d| Compound 7 C22H24 N2 09| 2896 99.07| 460.1486 0.0003 93.06| 3435596 0.128| 6767952 461.1558 460.1482
#- [1.d| Compound & C22 H24 N2 010 2.906 77.96| 476.1428 0.08 61483 0.095 7499 47715 476.1431

Compound 9 C21 H26 N2 09 4501628 451.1702 450.1638
- [1.d| Compound 10 C21H26 N2 08, 318 99.53| 434.1686 0.14 97326 0.049 25494 4351759 4341689
- [1.d| Compound 11 C22H24 N2 08| 3.291 99.1| 444.1532 0.0001 2.29| 1550485 0.075| 279864 4451607 4441533
- [1.d| Compound 12 C21H26 N2 08| 3.375 95.65| 434.168 0.09 62432 0.045 16640 435.1749 4341689
- [1.d| Compound 13 C22H24 N2 09| 3.998 97.07| 460.1472 018 125180 0.111 18037 461.1544 460.1482
- [1.d| Compound 14 C22H24 N2 08| 4.015 98.46| 4441527 039 262542 0.087 43869 44518 4441533
- [1.d| Compound 15 C16H25N 02| 5911 81.44| 263.1878 0.05 33687 0.079 5804 264.1953 263.1885
#- [1.d| Compound 16 COHI9NO| 6836 86.06| 157.1464 0.06 38913 0118 5275 158.1538 1571467
- [1.d| Compound 17 C13H24 N2 O 7.304 87.26| 224.1888 0.0004 0.9/ 613018 0.085| 104506 2251961 2241889

L

—
TH RTv¥H# Score v+ Mass v Std Dev v+ Vol %7+ Vol ¥+ Width v+ Height v+ Base Peak ¥+ Mass (MFG) v+ Diff (MFG, ppm .

1
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TIC and UV Chromatograms of H20 Stressed
Oxytetracycline

+ESI TIC Scan Frag=140.0V Oxytet_Stress1.d
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Molecular Feature Extracted and Mass Defect Filtered
Component Chromatograms for Oxytetracycline (H20
Stressed)
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Dynamic Range for API (oxytetracycline) In
Stressed Sample: Area (V) = 32,008,508

Compound 54: +ES| MFE Spectrum (2.804-3.075 min) Frag=140.0V Oxytet_Stress1.d
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Dynamic Range for Degradation Component at
0.02% level Iin Stressed Sample: Area (V) = 7,057

Compound 1: +ESI MFE Spectrum (0.360-0.432 min) Frag=140.0V Oxytet_Stress1.d

299.1610
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Formula Generation (MFG) shows the efficiency of
extracting related components from H20O stressed sample:

i 1 Compound List x
(|48 Automatically Show Columns | 48| &l 58 | & & | @ & | 5% % || 1] 8

Show/Hide + Cpdv+ File w8 Label w+ Formula R RTV+H Sco™vH Mass ¥+ Avg Mass ¥+ Std Dev v+ Vol % ¥4 Vol v+ Width ¥+ Height 7+ Base Peak V-FTI
& 30| Oxytet Stress1.d| Compound 30 C22 H26 N2 010 2454 99.65| 478.1591 47854583 029 286141 0.054 65375 4791664 |
B 58| Oxytet_Stress1.d| Compound 58 C21H26 N2 08| 3.349 99.52| 434.1691 4344346 543 8314507 0.078| 1273518 43517632
28 19| Oxytet Stress1.d| Compound 19 C21H26N208| 2.08 99.29| 434.1692 4344574 0.0008 11.31] 11157941 0225 927936 4351764
28 65| Oxytet_Stress1.d| Compound 65 C21H24 N2 07| 3.583 99.2| 416.1583 416.4043 0.0027 449 4424782 0.103| 624789 417.165€
28 60| Oxytet Stress1.d| Compound 60 C21H24 N2 07| 3433 99.19| 416.1585 416.4063 541| 5341620 0.08| 858938 417.1658
28 61| Oxytet_Stress1.d| Compound 61 C22 H24 N2 09| 3.456 99.16| 460.1485 4604244 0.0009 489 4822337 0088 6434584 461.1557
B 17| Oxytet_Stress1.d| Compound 17 C21H26 N2 08| 1.699 99.1| 434.1688 434431 1.94| 1909862 0.105| 239508 4351762
28 74| Oxytet_Stress1.d| Compound 74 C22 H24 N2 09| 3.974 99.1 460.1481 4604347 063 621419 0.08 96979 461.155€
=8 25| Oxytet_Stress1.d| Compound 25 C22 H24 N2 09| 2.356 99.05| 460.1482 4604251 0.0028 069 679635 0.047| 158095 461.1557
28 15| Oxytet_Stress1.d| Compound 15 C22 H24 N2 09| 1.458 95.95| 460.1485 460413 0.0016 1.89| 1868410 0.061 416010 461.1558
=8 52| Oxytet Stress1.d| Compound 52 C22 H24 N2 09| 3.247 95.93| 460.1483 4604076 0.0018 1.97| 1945065 0.062| 394815 461.1557
=8 43| Oxytet_Stress1.d| Compound 43 C22 H24 N2 09| 2.895 959 460.1476 4604701 0.001 33.16| 32713932 0.101| 4358982 461.1562
=8 44| Oxytet Stress1.d| Compound 44 C21H24 N2 09| 2939 95.88| 448.1476 4454248 0.2/ 199553 0.116 27658 449 1548
B 37| Oxytet_Stress1.d| Compound 37 C22 H24 N2 09| 2.802 95.8| 460.1485 4604183 0.87| 857045 0.034| 282129 461.15€
=8 34| Oxytet Stress1.d| Compound 34 C22 H26 N2 010| 2.691 95.78| 478.1591 47854403 146| 1442104 0073 281843 479.166E
B 29| Oxytet_Stress1.d| Compound 25 C22 H24 N2 09| 2448 95.74| 460.1488 4604177 0.0011 429 4229494 0.076| 748382 461.15€
- 13| Oxytet Stressl.d| Compound 13 C21 H26 N2 08| 1.308 98.69| 434.1692 434 4091 1.51| 1487784 0.052 414266 4351767
B 12| Oxytet_Stress1.d| Compound 12 C21TH28N209| 1.25 95.66| 452.1788 4524415 0.09 91620 0.063 19801 453.1861
(- 71| Oxytet_Stress1.d| Compound 71 C19H22 N2 08| 3.788 95.62| 406.1369 406.3924 0.22) 212531 0.053 515814 407.1443
B 54| Oxytet_Stress1.d| Compound 54 C22 H24 N2 08| 3.272 95.59| 4441532 444 4302 0.0012 0.75| 736332 0.064| 151385 4451607
(- 50| Oxytet_Stress1.d| Compound 50 C22 H24 N2 09| 3.094 95.41| 460.1483 460.4645 0.0025 0.25| 248595 0.053 §2532 461.1557
G- 39| Oxytet_Stress1.d| Compound 38 C21H24 N2 09| 2818 98.25| 448.1474 445.4088 0.09 91546 0.057 19383 449 154€
(- 14| Oxytet_Stress1.d| Compound 14 C21H28 N2 09| 1.362 97.9| 4521786 452.4552 0.34| 332937 0.049 87778 453.1858
B 16| Oxytet Stress1.d| Compound 16 C21H27 N 0O10| 1468 97.83| 453.1628 4534515 0.04 35254 0.045 9283 454170z
(- 80| Oxytet_Stress1.d| Compound 80 C21H24 N2 06| 4.618 97.78| 400.1626 400.478 014 137115 0.083 22720 401.169%
B 2| Oxytet_Stress1.d| Compound 2 C21 H26 N2 08| 0.695 97.66| 434.1682 4344514 0.05 46317 0.054 12766 4351754
Jj‘ | il AR | Min kst QirTrr[-rd Al MarmmmnAd AR N HIR K M7 a2 N1 a7 £4A] 201 12924 101 A72727 nne c1em2 nnaz 17R20 207 ‘IQ(:_J

- Agilent Technologies




4th Step — Now that a target list of impurities has
been created, now acquire high-quality MS/MS
spectra on just these compounds related to the
API.

Agilent Technologies



APl related components in H20 stressed sample
can direct the MS/MS experiments:
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Components are exported automatically by RT and
mass for high efficiency MS/MS:

List of opened data files:

Export M /M Inclugo D LT OO0 I s

One export fi

Export destination

() At the location of the data file
(@) At specified directory

le per data file:

Ctemp

Inclusion list form
(@) Auto MS/MS

() Auto MS/MS

If export file already exists
(@) Overwrite existing export file

() Auto-generate new export file name

() Targeted MS/MS inclusion list

=

at Precursor sort order

preferred list Sotby:  [Retention Time |

exclusion list

Sort order: ’ Increasing - ]

Agilent Technologies



UV Chromatogram for for Oxytetracycline H20

Stressed from Auto MS/MS experiment
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Molecular Feature Extracted Component Chromatograms
for Oxytetracycline H20 Stressed from Auto MS/MS
experiment
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1

0.51

Compound 123: +ESI ECC Scan Frag=140.0V Oxy_tet degrade 2.d

4207

7 5.386
5.733

P6 133
116.459

7.262

7.936

18.259

18.780

19.773

— [11.422
2.228
2.548

112890
t;::»?: 141
+154.027

55

S 2 25 3 35 Cc‘;‘dgts vs.sAcqmsﬂlon Tirﬁe {mirfit'j5
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MS/MS data packet for APl in H20 stressed sample with
formulas assigned for precursor and fragments

10 8 Compound 53: +ESI MFE Spectrum (4.093-4.482 min) Frag=140.0V Oxy_tet_degrade_2.d

* 461.1561
([C22 H24 N2 O9]+H)+

1] 483.1371
(M+Na)+

Compound 53: (M+H)+: +ESI Product lon (4.451, 4.468 min, 2 Scans) Frag=140.0V CID@23.0 (461.1561[z=1] -> **) Oxy_tet_degrade_2.d AvgCE

426.1158
3 [C22 H20 N O8]+

x10 8

201.0551 381.0566
46.0656 154.0487 1042 1o O3+ 307.0548 [C20 H13 O8]+

05] [C2HBNI* g6 0ga3 [C7HEN O3]+ [C13H11N207]+

0l .'| . A | ol | TR TR l b L L i L ¢

40 60 8 100 120 140 160 180 200 220 240 260 280 300 . 320 340 360 2380 400 420 440 460 480
ounts vs. Mass-to-Charge (m/z)
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Precursor mass and isotope match for APl in H20
stressed sample

Compound 53: +ES| MFE Spectrum (4.093-4.482 min) Frag=140.0V Oxy_tet_degrade_2.d

*461.1561
4.751 ([C22 H24 N2 Og]+H)+
45]

4.25
4_
3,751
35
3.25]
3_
2.75]
25/
225,
2_
1.75]
15
1.25]
1_
0.75]

051 464.1642 466.1577
0.251 m (M+H)+ (M+H)+
0 |

456 457 458 450 460 461

x10 6

466 467 468 460 470 471 472
Cou ?s Vs. hﬂass to- Charge (m/z?
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MS/MS data packet for component at 0.03% rel area of API
In H20 stressed sample with formulas assigned for
precursor and fragments:

103 Compound 65: +ESI MFE Spectrum (4.482-4.585 min) Frag=140.0V Oxy_tet_degrade_2.d
1 407.1441
5. ([C19 H22 2 O8]+H)+
5_
4_
3_
2
1_
0- Il
10 2 Compound 65: (M+H)+: +ESI Product lon (4.515 min) Frag=140.0V CID@23.0 (407.1441[z=1] -> **) Oxy_tet_degrade_2.d AvgCE
7. 175.0739 390.1194
| [C11H1102)+ 326,091 [C19H20 N O8]+
[C18 H16 N O5]+
51
i 100.0373 273.0793
3 [C4 HE N 02+ [C15H13 05]+ 309.0688
5] 60.0420
C2H6N O]+
1. | ] 138.0265 ‘ J 424.3729
0l el e JM \llmlln { il .

60 80 100 120 140 160 180 200 220 Zﬂh] {26 300 320 340 360 380 400 420 440
Counts vs. Mass-to harge m/z)
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Precursor mass and isotope match for component
at 0.03% rel area of APl in H20 stressed sample

Compound 65: +ES| MFE Spectrum (4.482-4.585 min) Frag=140.0V Oxy_tet_degrade_2.d

407.1441
(IC19 H22 N2 O8]+H)+

x10 3

651
6_
551
5_
45
4_
351
3_
251
).
15
1]
0.5

400 401 402 403 404 405 406 407 608 40%4 410 411 12 413 414 415 416 417 418 419 420
ounts vs. Mass-to-Charge (m/z
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Find by AutoMSMS components related by
common neutral loss and or common fragment ion

[ Method Editor: Find Compounds by Auto MS/MS x
: (¥ Find Compounds by Auto MS/MS ~| &} | ¥ =« -| Method Items~ | (= 4
A Processing ExciudedMassesl A Resuhs|

Compound identification

Retention time window: 7{}25{} min
Positive MS/MS TICthreshold: 1000

Negative MS/MS TICthreshold 1000

Mass match tolerance: W mfz

[] Limit to the largest 50, compounds

Compound fragment filters

Filter results by fragments A
(") Fragment mass filter 15400, mjfz

) Meutral loss filter A 3505 A mfz

Match specified fragments:

ny fragment

() Al fragments
Mass match tolerance:

Symmetric (mfz) ¥ + 0100 + A

Persistent background compounds
Compounds with same precursor m(z occurring at different times:

Remaove if there are mare than 5

Except when the TIC exceeds 100000.0

Agilent Technologies




Find by AutoMSMS components related by
common neutral loss

Compound 1: +ESI EIC(227.1747) Scan Frag=140.0V Oxytet_StdMS2_1.d

by ©

x10 9

3.284
TO0.00 |

1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1

1_
0.91
0.81
0.7
0.6
0.5
0.4
0.3
0.2 .

i

08 1 12 14 16 18 2 22 24 2C?0ur%sgvs.icqaiszltio?‘l'q'im%?mi%)g 4 42 44 46 48 5 52 54 586

2.88
100.0

o
[~
o<
= =]
<2

1.243
100.00
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5th Step — Use MS/MS spectra and MassHunter
Molecular Structure Correlation (MSC) tool to
propose structures.

Agilent Technologies



MS/MS structure assignment from MassHunter MSC

(Molecular Structure Correlation) and Chemspider:

ilent MassH Jar S Iilor ; ce=2 -
File Settings Help
=)
Compotindio mm i S Compound formula: C22H24N209
Structure Search . o o . S
M = 460.1488: 24 formula candidates from MFG Parameters | Compatibles/Total: Fragments of structure #1 -- elucidated: 93.3% ions , 99.5% Weight play
. ;
9/46 No. of Best
PO [ —. S Sort by . .
ID  Formula Isomers jlaut dM{ppm) |dM(ppm)| Prody ChemSpider (Web) - g Ruzs ety | ) candid score
Gre q
¥ C22H24N209 101 45 14 14 L
2 1/C22H24NZO8 101 45 E 14 ¢ |2 | 8810566 601.98 3
3 2/C23H20NGO5 60 51 15 15« 1 3| 42| SEEH 135 !
3 alciomeN1zos o 0 s e c Standard InChiKey- 4 201.0551|  437.93 0.1 6
TUEWQXNXQFRUTK- 5 3370708 36790 16 4
5 4|C15H24NBO7S 0 0 01 01 f KDEDHZJPSAN =, s ovs| asaes - 5
6 5 CI18H20NBO7 3 3 72 72 & - -
i = ] Score:  76.06 7 4081028 27275 38 4
8 1540467 | 21542 0.0 5
Fragment formulas for C22H24N209 9 | 365.0651| 21340 15 4
norm. 10 46,0656  183.93 0.0 3
mfz intensity formula dM(ppm)
intens. 11 3070548 13841 03 1
¥ 382261 10000 C22H20NOS 12 | o080587| 10577 00 7
2 3810566| 60198| 1575
3 4441241) 53693 1535 C22H22NO9 Penalty=4.0 dM=6.0ppm Score=82.2 Penalty=4.0 dM=6.0ppm Score=82.2 |
- - : C22H23NO8-3H C22H23N08-3H
4 201.0551| 437.93| 1146|  C12H903
5 201.0551| 437.93 1146 C15HIN 2
6 337.0706| 367.90, 962| C19H1306 Standard InChiKey:
7 3370706 | 36790 962 |C14H13N208 df&g;‘g&;ﬁw'
8 2260758 | 29248  7.65|C13HION202 W _ean |
9 2260758 | 29248 765 CBH14N207 Scare:  76.06 N 0'" H3C I
10 2260758| 29248  7.65| CIOH12NOS o
n 408.1028 | 27275 7.4 ~
12 154.0467 | 21542 564|  C4H1006 ChomSodar. 21926542
Iem. ger:
13 1540467 21542 564 CTHENO3 (R A, | /
4 3650651 21340 558 C15H13N209 oo o i L
o OH
15 460656 18393 481 C2H8N
% 307.0548 | 13841 362 C13H11N207
17 | 208.0587| 10577 277 C7H1207
18 | 208.0587| 10577 2.77| CIOH1ONO4 3
19 2050537 | 10577| 277| CI3HSN20 Standard InChiKey: Penalty=7.0 dM=6.0ppm Score=72.7 Of4 Penalty=7.0 dM=6.0ppm Score=72.7
- - OWFJMNZYSDULZ- C22H25NOB-5H C22H25N03-5H
20 1789956 | 8827 231 C8H305 UHFFFAOYSAN
21 1789956 8827 231 C3H3N207
22 | 1789956 8827 231| CI1HNOZ ws
23 86.0643| 8465 221 C4HBNO .|
2 93.0633| 78.09 204 C5HBNO
H3C CH3 H3C CH3
\ / OH \ / oH
25 1550517 7389 193 C11H70 ChemSpider: 29786131 N ' Hic,  gon W ' N
2 3530622 | 7250 190|C14H13N209 - N ! \,' N 1 \ -
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Structures can also be assigned to MS/MS spectra from

User directed databases (compendium of “Learned”
proprietary structures). PCDL database in MassHunter:

w MassHunter PCDL Manager for Metabolomics - F s\Metlin_AM DLcdl = .L[

File Edit View PCDL Links Help
B Find Compounds & & |1 & | @

Single Search ‘ Batch Search | Batch Summary | Edit Compounds | Speciral Search | Browse Spectra | Edit Spectra ‘

Molecule: | Stucture | MOL Text
O MtHE @ Neutral () [MH] Formula:

Name:  Oxytetracycline

Mass

Mass tolerance: 00 @ ppm () mDa

Notes:

Retention time
IUPAC:

Require

RT talerance: 01 min
CAS:

lon search mode )
ChemSpider:

Include neutrals _— _—
METLIN. ’ Antibiotic

Include anians
Drug

Include cations

<

Single Search Results: 1 hit for

Compound Name Formula Anion  Cation (rI:;) hemSpide METLIN  HMP KEGG  LMP [UPAC Name

Oxytetracycline

- Agilent Technologies




6th Step — Use MassHunter Mass Profiler (MP) tool
to compare any two LC/MS files.

Agilent Technologies



Untargeted approach based on MFE comparison
Best approach for expected and unexpected metabolites,

degradants, etc

Sample Control
MFE MFE
2 \4
Cmpds Cmpds

=)

Potential Degradants
| | | | |

[ Confirm + identify ]
vV vV V ¥V Vv

Flagged Degradants
I
[ Review + conclude ]

Flagged Degradants

« Untargeted approach via comparison
of MFE Compound lists

«  Sophisticated Sample-Control Comparison
Algorithm based on Molecular Feature Extraction
(MFE) allows more comprehensive detection of
differences via exploitation of mass and RT

resolution. Impurity Analysis: Mass Profiling Software

N 1
e ‘ Group B ‘
K (Control) I

. ‘ Group A
‘. (Impure) |

All Data RTiMass ST Compounds Unique to AB

-

Mass/RT Shows 2X Change

Agilent Technologies



Mass Profiler allows comparison of Std. (Blue) vs
H20 stressed (Red) Oxytetracycline:

Mass vs. Retention Time
700
I 6
600
500
-~ ] g'-, . i '.'.:.“.éa;.ﬁ '
ﬁ ] n :0. . ;l:l. ':%@@. "' %ﬁ'i .:o 0 !
" 400 | B | L] L] .|l e [ ]
0 i
M |
E |
300
20 | '
100 - T T T T T T T T T T T T T T T T T T T T ‘ T T T T ‘ T T T T ‘ T T T T
0 1 2 3 4 5 6 I 8
Retention Time (min)
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Overlaps are components common to both
samples:

Mass vs. Retention Time

500 -

40 -

460 ., ’ ®

Mass (Da)
P
P
[ )
-

420 -

400 :

380 :

2.7 2.8 29 3.0
Retention Time (min)
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Mass Profiler can find components only found in

H20 stressed sample (Red, degradants from API):
83 Features present only in H20 Stressed

700

6002 u

500:

T ; BRI ....'..'.“.-.l.gu'ﬁ'.

Q ] . ' ’ ®” ¢ '.o 0 ,

3400- .

s

300

2005

100:............
0 1 2 3 4 5 6

Retention Time (min)
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Mass Profiler can schedule further MS/MS studies
If needed:

File Method View Web Image Identify Features Help
el ec=aa % |
Graph data Plot style Visibility criterion Visibility threshold
All samples ~ Coloredbysample  ~ None - 1 -—U
Mass vs. RT | Log2 Ratio vs. Unique to H20 Stressed | Unigue to Std
———
Export Inclusion List Options E .
83 Features present only in H20 Stressed
700 lon-species selection
1 Most abundant
4 Charge state
L
600 @ Single O All O Prefer 2 above threshold
4 500
500 Adduct selection
—_ 1 Multi. charge Single charge i . . bl s (L o e
8 ] Select adducts ot * Bl T P S Bt - .
E, 1 @p o o addu . ! . [T [ * . .
1 (@) Protonated only +] . . - . L]
@ 400 - . . A — . . . :
(] : ) All adducts .
1 - -
1 RT tolerance
200
] 02 minutes
i L]
1 -
100 ; : . . : ; : T . . T . . T
0 [ ok |[ cancel 2 3 4 5 6
Retention Time (min)
Expression: (@) Both Up () Down 1 features
Feature summary H20O Stressed(1) Std(1) Comparison
ID RT sD Mass sD Abundance RSD Freq. Mark RT Mass Abundance RSD Freq. RT Mass Abundance RSD Freq. RT Mass Log2(A1/A2) Expression Diff Score
b 44 0.000 4161585 0.0000 2215188 1 3.583 416.1585 4430375 0.00 16.00 100.0000
45 4581360 1 4581360 104642 1 o o
46 14 3.646 0.000| 4321543  0.0000 821947 141 1 3.646 | 432.1543 1643894 | 0.00 1 o o 16.00 up 100.0000
47 13 1.458  0.000| 4601483  0.0000 921284 141 1 1458 | 460.1483 1842568 | 0.00 1 o o 16.00 up 100.0000
48 48 1.005 | 0.000| 4821524  0.0000 47716 | 1.41 1 1.005 | 4821524 95431 | 0.00 1 o o 16.00 up 100.0000
49 12 1.699  0.000| 4341687  0.0000 954988 141 1 1.699 | 434 1687 1909935 | 0.00 1 o o 16.00 up 100.0000

Agilent Technologies




Entire Workflow is Automated with Simple
Instructions

E@HeihndEdilnrAssignﬂclin:h Run from Worklist

: (¥ Run Worklist Actions Now ~| &} | 9 - ¢« -| Method Items~ | (= G5

Available actions

Deconvolute (Protein) E
Generate Compound Report
Generate Analysis Report @
Find Compounds by Targeted M3/MS
Find Compounds by Molecular Feature
Find Compounds by Formula

Find Compounds by Protein Deconvolution B

Actions to be run

Extract Defined Chromatograms A
Integrate and Extract Peak Spectra

Find Compounds by Molecular Feature
Find Compounds by Auto MS/MS

Generate Analysis Report

KEIE

Agilent Technologies




Summary:

» An example API was found to have 59 trace level impurities,
of which 17 were related to the API structure.

» Degradation of the API produced approx 60 impurities
related to the API.

» MassHunter software was utilized to find automatically the
impurities (MFE), calculate elemental formulas (MFG), and
possible structures (MSC).

» Using MFE, impurities can be found that are not resolved by
the LC separation.

» Mass Profiler software allowed for easy sample
comparisons.

» The individual software steps can be linked together in a
simple MH work list to automate the complete workflow.

‘7%~ Agilent Technologies



Additional Background Information:

Agilent Technologies



Agilent Products for Pharmaceutical Research:

MassHunter
» . Bravo/ Software
p | Encore
P S | N
Hi-DEF Q-TOF
6500 series

lIIIIlIl|l|I|IIIIIIIllIIllu
IIIIl|I|l|IIIIIlIlllllm

7000 GC-000,

I

gih .
e ——

5977 GC-SQ | By
. ﬁ SQ 6100
E .L — Infiniti Series QQa _ 620;'0"'"
CE/MS 1290 UHPLC 6400 Series B H [ series




1200 Infinity Series HPLC, UHPLC, SFC for MS:
More workflow-automation and application-based solutions

: B
| e
= = _ {;;"
Analytical Bio-inert Nano LC Preparative GPC |socratic
SFC HPLC & Cap LC LC & LC/MS SEC LC

|
b

-

Multi-method and High-throughput Nanoflow
Method Development LC & LC/MS HPLC-Chip MS




Sample Introduction Choices for your Agilent LC/MS
— More than just HPLC/UHPLC:

HT SPE-MS Agilent
€= &a- ! id F i FedFire Hi"?h-Thrt-)ughput Mass Spectrometry

New multi-dim LC Jj;A?L/Lu
choices with valve %ﬂ/

i, '.l e
automation: ‘ ’ i ' == | T
AR . R | ;Wu i

3 00 A
S

Ili
b

Agilent CE/MS Setup

» New MassHunter SW control

SFC/MS: From SQ to QTOF

ﬁ ﬂ Sheath Liquid Pump
)

. ﬂ Agilent 6130
Agilent 1260 —__ Single Quadrupole [

Infinity
Analyticel I

LC/MS
SFC System T

.. Sprayer Kit
 (interface) Kit i (G16078)
= e

Nitrogen /\

PC-system controlling nebulizing gas
- 7100 CE system
- MS system

- Sheath liquid pump -
MS source ’
L . ielSlveam Ngr E‘P§I
Agilent 1260 S§ capillary tubing The Agilent CE/MS Advantage Soossdiss
. 0.12 % 400 mm
Isocratic Pump

= Single vendor solution: == directand competent support
Sheath Liquid Interface: ~ wssp robust and reliable, offering efficient control on chemistry
Capillary outlet on ground: == no compromises on voltages for CE or ESI-MS

Agilent Technologies



LC/MS lon Sources — Many Choices

. Widest choice of sources

from any manufacturer Nano HPLC-Chip

MultiMode

— Electrospray (ESI)

— Agilent JetStream ESI

— Nanoelectrospray (nanoESI)

— APCI

— APPI

— Dual ESI sources for TOF and Q-TOF

. Multimode Source
— ESI and APCI combined
in one source
— Simultaneous operation
. HPLC-Chip/MS APCI

— Nanoelectrospray made easy
— Reproducible results
— Sample processing on chip

» Most sources are interchangeable
between MS platforms

APPI
lonize AlImost Anything!

ESI

Agilent Technologies



