Exploring Impurity Profiling Techniques: UPLC coupled with oa-Tof Mass Spectroscopy

for Method Development and Structural Characterization of Impurities in a Pharmaceutical Drug Substance
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Exact Mass Results The application of MS/MS provides insight into the structure of an unknown chemical moiety. Unknown Components: Impurity or Degradant?
: " : , . . . ” , o . , ” , When combined with the exact mass data generated by using the Waters Micromass Q-Tof micro The technique of exact mass MS/MS was applied to each degradant and impurity. MS/MS fragmentation of the unknown peak (m/z
Purity profiling of pharmaceutical drug substances or dosage forms require methods Using LC/MS in purity profiling experiments aids in peak tracking during method development and facilitates a high L identity hvoothesi b P - octed based A 387 1302) vields a similar f : he MS/MS of ranitidine. th feri o that the i o< related i
involving high sensitivity and resolution for LC and MS alike as well as acceptable analysis level of confidence with known analyte identification when exact mass is employed. ACS requires < 5ppm mass accu- mass spectrometer, a peak identily hypothesis can be confirmed or rejected based upon fhe sfruc oo ) yields a similar fragmentation pattern as the MS/MS of ranitidine, thus confirming that the impurity is related fo ranifidine.
: : : : : : .y . . : . N . tural fragmentation pattern of the MS/MS data and the derived elemental composition. As an exam- The Masslynx “Elemental Composition Calculator” supports the hypothesis that the fragment series are the same (Figure 4). Subsequent
time. The FDA regulations require companies to develop methods for their analysis and racy for patent submission and publication. By coupling exact mass with tools like elemental composition, it is possible . , . ) ) ) o . ”
characterization of the active pharmaceutical ingredient (API), as well as the impurifies,/ to predict molecular formulas for the unknown analyes ple, the APl compound (ranitidine) was studied by using MS/MS. The resulting MS/MS fragmenta- evaluation of the MS-Tof spectra and the fragmentation patterns of the MS/MS spectra yields information about the analyte composition (as
degradants that could arise Fropm the synthesis p?ocess caw mla’reriol orovider oid/or stor ' tion pattern together with the exact mass information for the [M+H] = 315.1440 mass are consistent explained below).
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age conditions. Ultra Performance LC™ exploits the chromatographic potential of sub 2pm 200 siss 1556 RW: ISG:O?vy?Ffaln? ranitidine R e e 01525 22702 L roewses: Single Mass Analysis
stationary phases to generate high resolution, high sensitivity, rapid separations. This in- G - Active wop naied Tolerance = 15.0 mDa / DBE: min =-1.5, max = 50.0
creased performance makes UPLC™ the ideal tool for purity profiling. | Gradient:  Time  Composition Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%
Ranitidine, the histamine Hyreceptor antagonist heals gastric and duodenal ulcers by , ("(‘)”3 92/:'2 Z/:% Ranitidi Monoisofopic Mass, Odd and Even Eleciron lons
reducing acid output as a result of Hy-receptor blockage, it is manufactured by numerous 10 840 160 o G(;" \aine | MS exact mass
generic pharmaceutical companies. The assay and purity test as described in the USP, is a ] 40 640 360 roduct ions Cone = 15V ?;;51302 ggl;]g\?;s ’%Dg PQPQ'\] ng Sﬁore - :’;{‘“Es 06 S
two stage process including thin layer chromatography (TLC) test and an HPLC assay.?* 7.0 100 900 Collision = 4eV . ' 3871451 149 384 6.5 5 Cl14 H23 N6 O5 S
The original TLC method had an analysis time of 30 minutes to achieve limits of detection of ’ 387.1338 3.6 9.4 65 3 C15 H23 N4 06 S
0.05% (a/a) (in respect to % area of the main peak).?* The HPLC method was only used for .| Mase Cale. Mass Da PPM DBE  Score  Formula
ranitidine separation from the impurities with an analysis time of 10 minutes without optimi- ) 3 R RS N 1252 050G 0315305517320 pronves, 71.9887 71.9847 40 550 30 n/a c2 O3
zation of the impurities separation.? A capillary electrophoresis (CE) method facilitates quan- Ranitidine 71.9960 7.3 -101.1 3.0 n/a C N2 02
e e o |s . . . . 1 . . 72.0000 -11.3 1570 70 n/a Cé
tification of ranitidine and related substances analysis with a 30 minute run time.! This c Parent ion o 007 185 2571 30  n/a Nt O
throughput is not acceptable for today’s demanding pharmaceutical market. 72.0086 199 2758 2.5 n/a C2 H2 N 02
In this application, we demonstrate the increased resolution and throughput achiev- A .
able by “Ultra Performance Liquid Chromatography” and show how the increased sensitiv- oo MS/MS F 5. El ol C tion Report
ity combined with oa-Tof MS allows the detection and identification of more impurities in 7 oze . golr;_ef ]5\;8 v 1gure o= Hiemental --ompostiion Repor
comparison to traditional HPLC. This “proof of concept” approach utilizing UPLC supported 100, = vad ason | aesaies (m,l o zma . - ollision = 18e N .
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a peak’s origin whether it is related to the parent as a degradant or a possible impurity due i - T t UPLC - OTof mi £ o o the lebaled pecks in black are the k gests a chemical formula of C;,H;;N¢OsS. The differences between
from another source. (i.e. catalysts, synthesis reagents, or solvents) The UPLC coupled with ir’nguurreiﬁe's Oﬁif}i‘;’l Igze?;;fy Zazn;sboe%j;]n(ked a-re f-h;) ur:é;roovjnz raniiaine sampte, fhe fabeled peaks in black are e known CoHioNsOs _ Figure 4: Exact mass combined spectra of 387.1302 amu the exact masses of the API and the fJ'nknown 387.1302 amu equates
oa-Tof techniques for purity profiling increase efficiency and confidence in the quality of the P ' P ' m/7 = 144 MO Iy and MS/MS combined spectrum of 387 amu. to 71.9887 amu. Elemental composition of the 71.9887 fragment
data collected. o Ho oy 0 M yields a list of potential formulas, of which the formula/components
o NH S =
. Compound Formula M+H Result m/mDa v % L N What Do the Exact Mass and the MS/M Tell Us; an ﬁe l(jle(cj)ucsed GS.WE Odl(jed Coml\/lc\)olrjlent;g(; TESQ[M;hH];? ]gééém
Compound Formula Result ppm/mDa e . . . =387. . :
Experlmental CsH12NOS orts C1iH1NsO3S crs The fragmentation pattern eludes to a relationship to the ranitidine (CisHas 43 ) to yie . unknown [M+H] ‘ €
One-Oxime (A) C5H9N3OS 160.0544 160.0551 -4.4/0.7 m/z = 170 m/z = 270 (API). The mass spectrum suggests that the 387 amu compound frogn;)en:r:lls not so obvious, hence the formulation Tf the true structure
- i i itidi i tvi ts. imi truct
The described approach illusirates the benefits of UPLC purity andlysis combined with oaTof MS for ~ [S-Oxide (C) C13H22N4045S 331.1440 331.1445 1.5/0.5 consists of an even number of nitrogens as the parent ranitidine T oo b fiooe 6. Elomtion - fstf]’ il b
exact mass and structural confirmation. Collision induced dissociation MS/MS was performed to {5[(dimethylamino)methyl]-2-furyl} C8H13NO?2 156.1024 156.1031 4.5/0.7 Cé/Hla_N]sQO]zS CsH10N302S d?es (Nitrogen Rule) and one sulphur isotopic pattern. Exact mass are iustra eh i:n lgurde 'd Uc;ddblon'z df) rog'jlr.nen.d IOI‘;: ir:nec'anlsm
determine the structural identity of the related substances relative to the pharmaceutical active ingre- methanol (D) L mes o o o m/z = 176 P difference between 1he API G”fj unknown = 71 -9808 amu, how- IS not straight or\]Nor and could be aided by utilization or fracfiona-
dient (API) as well as to assist identification of any unknown impurity substances. : sy N Oy N ever the 71.9 amu difference is not so obvious and is currently un- tion followed by 'H-NMR analysis.
Furanmethamine (F) C10H18N20S 215.1218 215.1212 2.8/-0.6 \O/ s/\/NHW) \D/ L der investigation.
. ey |o . i HN\CH HN\CH i - +/O
Instrumentation Ranitidine (active) C13H22N403S 315.1491 315.1490 0.3/-0.1 CHIONG . EB/TQ-NPss . @ 0L L " O P
Adduct/dimer (J) C27H44N80O3S2 641.2903 641.2898 0.8/0.5 m/z = 124 ) \y—cH, CHy P
Figure 6: Proposed structures for NN © p— o g
UPLC Conditions oa-Tof MS/MS Conditians _ N,N-Bis (*K) C13H22N403S 498.2208 498.2190 3.6/-1.8 unknown [M+H] = 387 AN N /\E)J | "
Column: ACQUITY UPLC™ BEH C4 Instrument: Waters Micromass® Q-Tof MS Figure 3: MS/MS spectrum of ranitidine. The structures above represent examples of the cleavage Y \
Software: Empower™ CDS Software: Masslynx 4.0 5P4 points producing the ranitidine product ions. The 224 amu fragment ID is currently under investigation, RSN .
Masslynx™ (w/oa-Tof MS) Table 1: oa-Tof Exact Mass Error Table. The data in Table 1 illustrates the derived elemental composition and mass errors generated however it is hypothesized to be a loss of NO, from the 270 amu fragment via a rearrangement N\ ’
Dimensions: 100 x 2.1mm, 1.7pm Tune Page Parameters: by the UPLC - Q-Tof micro system. A minimum combined average of five scans was used to determine the exact mass of each of the 2 ' 0
Mobile Phase A: 20mM Ammonium Source: ES+ known impurities. The reported ppm values are single measurement not RMS (root mean square) calculations.
Bicarbonate pH 9.0 Capillary (V): 3200
Mobile Phase B: Methanol Sample Cone (V): 35 for reference
Weak Wash : 95:5 Water: MeOH 1200pL 15 for analyte IUPAC Ranitidine [M+H] = 315.1491 (active) HC ~CHe , M M -
Strong Wash : 50:50 Water: MeOH  300pL Extraction Cone (V): 1.0 ] R oL A o . _ \ adduct o’ DISCUSSIO“ CO“CIUS'O“S
A.  3-(methylamino)-5,6-dihydro-2H-1,4-thiazin-2-one oxime o NH, N ) . . ..
Flow Rate: 0.45 mL/min B.  *Unknown m/z = 387.14 M _CH O 7° N [M+H] = 641.2903 () The extra resolution and throughput of UPLC makes it the ideal liquid chromatography tool
. - 387. N : -
Injection Volume: 1.0 pL Gas Flow C. NH{2-[({5-[(dimethylamino)methyl]-2-furyl}methyl)sulfinyl]ethyl} o " \_/ NH » The extra resolution and efficiency of the ACQUITY UPLC column allowed the ana- for impurity and degradation analysis. Applying oa-Tof MS with UPLC techniques to assist
Temperature: 50°C Conel (L/Hr): 2/0 0 N'-methyl-2-nitro-1, 1-ethenediamine O NN 2. ehanamine [M+H] = 215.1218 ) " S/\/ Hj/ ( lytical run time to be reduced to just 7 minutes, compared to 30 minutes for CE.'*- Al- with achieving exact mass allow for the confirmation of known or hypothesized degradant/
S D ti L/Hr): 55 Tdi ; . _ - ethanamine [M+H)] = . : . . . . .
:?E:fj,:z:flivcgjﬁs B,;LC ) 2996 Foa esolvation (L/Hr) ED.. E\’lj{[éd[l(Tset[Tg:;:;E;I):n?::z;ﬁfﬁ%l}ng:;cll}r::;}Egll\):mfa]nf/ﬁe:h?j}g L HZC/N/ £ \ S/\//NH Lo ’rb9ugh not shown, infegration comparisons of the HPLC chrzmofogram detected 34 impu- impurity substances. Collision induced dissociation (MS/MS) helped define structural char-
' Tof Settings nifroacefamide N \ he e’ ritiy peaks with area percents greater than oroequa| to 0.05% area o that of fhe UPI-'(; acterization of the API, known related substances and provided insight to some unknown
Acquisition F. 2-}[1({5-[(dfmefhy|0min0)mefhy']-Q-fUFYHme'hY”SU'Fany'] . He W NH N\ chrc?mgfogrgms .det'e.chng 45 peak with 0.05% area or greater. A.’ro’rql of 11 Impurities of impurity substances. The implementation of MS to impurity profiling provide added sensitiv-
Range: 100 - 750Da - EL;:%:TMHVG) CSH- oxide [M+H] = 331.1440 (C) ‘>N/ N S~ | cHy ranitidine with significant response were detected and identified with 3 of these being new ity in many cases. In summary, UPLC oa-Tof helps fast tracking method development of pu-
Scan Time: 0.28s C. Roniidne foctvel VA M Mg, o \_W o unknowns. The UPLC peaks produced are very narrow, which therefore require high data rity analysis methods.
H:E;Znsjelrgp?ﬁllsIeucine/enkeph0|in . *Unknown m/z = 297.16 2 s \—QAE . T ’E\) sampling rates by the mass spectrometer. The acquisition speed of the Q-Tof micro mass
L ~60pL/‘min. JA El.nillr?glrs(;?[?g?&?r:eliﬁrr;:ifinjﬁeethacli]d;z)m Imethylhio] N N - oxide [M+H] = 331.1440 _ - spectrometer was balanced against UPLC peak widths to ensure that sufficient data points References
Desolvation Temp (°C): 250.0 " ethyl} 2nitro i yameny ° Mo are collected across the LC peaks to allow high quality accurate mass data to be obtained.
Source Temp (°C): 120.0 . Appropriate sample dilutions need to be employed to prevent detector saturation. This pre- 1. M.A. Kelly, KD. Altria, C. Grace, B.J. Clark. J. Chrom. A, 798 (1998) p297-306 '
t NH{2-[({5-{(dimethylamino) methyl]-2-furanyl}ihioljethyl}N-methyl-2- o \ sents an inferesting problem in impurity analysis as loadability could become peak specific 2. M.B. Evans, P.A. Haywood, D. Johnson, M. Martin-Smith, G. Munroe and C. Wahlich. J. Pharm. Biomed.
nitro-2,2-ethenediamine (N-oxide) R- ; s N SN / Q . . . . .. . Anal 7 (1989) p1-22
[Mfﬂ? :X;28.0544 (A) h o M TN Vo depending upon concentration (in respect to detector saturation of an active ingredient 3. Managing Selectivity With UPLC Method Development Of Pharmaceutical Drug Substance Purity Analysis,
f Retention time not determined, but is a published degradant'2 N WA |/ such that enough signal is detected to see the small impurities when using UV based detec- Michael D. Jones and Andrew J. Aubin, Waters Application Note
HN (le © B -2 ’rors). 4. United States Pharmacopeia XXIV, United States Pharmacopeial Convention, Rockville, MD.2000. p.1463
*Unknown components based on current MS data® “SCH, R-nitroacetamide [M+H] = 301.1174 (E) N,N bis [M+H] = 498.2208
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