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Abstract

Introduction: A fragmentation pathway of atorvastatin de-protonated ion
was proposed based on rational interpretation workflows. Method: The mass
spectral data (MS, MS/MS and MS’) of atorvastatin was obtained by electro-
spray negative ionization mode with flow injection analysis; using liquid
chromatography systems coupled with tandem mass spectrometers (Q-trap
and Q-ToF). Results: The fragmentation pathway was established using frag-
ment ions of de-protonated ion; elemental composition, molecular structure
and mechanism of formation for each major fragment presented. Pathway
was proposed based on the MS’ spectral data in combination with basic inter-
pretation rules and rational workflows. Conclusion: This study and data in-
terpretation workflows can be useful for writing fragmentation pathway, me-
chanism for formation of fragments, and can be applied for mass spectral data
interpretation of similar small organic molecules.
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1. Introduction

Mass spectrometry (MS) is an analytical technique/tool to identify and quantify

verity of organic, inorganic and biological compounds. In pharmaceutical re-

search and development, mass spectrometry plays a key role during develop-

ment phases for all type of drug molecules: small organic molecules and large
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molecules (peptides and monoclonal antibodies). Use of advanced mass spec-
trometry instruments is continuously increasing in analytical research laborato-
ries. These recent advance features along with rational workflows allow re-
searchers for in-depth research with minimum experiments. In this study, spec-
tral data generated using advanced mass spectrometric systems, along with ra-
tional data interpretation, is very helpful for detailed structural analysis study,
Le. to study the fragments and to propose a pathway [1]-[13] A focus of this
study solely towards the mass spectral data interpretation, during this study
high-resolution mass analyzer (Q-ToF) and unit resolution tandem mass ana-
lyzer (Q-trap) mass spectrometry systems with trap functionality, was used.
Q-trap analyzer was very helpful to generate MS® spectral data by using third
quadrupole as trap, and high resolution mass analyzer Q-ToF provides the ac-
curate m/z information. MS® information guided to write a fragmentation path-
way for parent and product ions. A nitrogen-containing small organic molecule
with hydroxyl, amide and carboxylic acid functional group atorvastatin was se-
lected for this study and spectral data was generated using negative ion mode.
Followed by prediction of fragmentation pathway of de-protonated ion, pathway
of positive ion mode, i.e. protonated ion, was already published [14].

Atorvastatin [15] [16] [17] is an inhibitor of 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase. This enzyme catalyzes the conversion of HMG-CoA to
mevalonate, an early and rate-limiting step in cholesterol biosynthesis. It is used pri-
marily as a lipid-lowering agent and for prevention of events associated with cardi-
ovascular disease, especially people with Type 2 Diabetes, coronary heart disease, or
other risk factors. It is an off-white crystalline powder and chemically known as (3R,
5R)-7-[2-(4-Fluorophenyl)-3-phenyl-4-(phenylcarbamoyl)-5-propan-2-ylpyrrol-1-yl]
-3, 5-dihydroxyheptanoic acid. The empirical formula of atorvastatin calcium
trihydrate is (Cy;H,, FN,0;)2Ca-3H,0 and its molecular weight is 1209.42.
Atorvastatin free form empirical formula is C;;H;;FN,O; monoisotopic mole-
cular weight is 558.2530 and molecular structure of atorvastatin free form is
presented in Figure 1.

During this study, mass spectral data of atorvastatin was generated using elec-
trospray ionization and collision induced dissociation; followed by interpreta-
tion, workflow [18] and basic rules were used for the interpretation of the full
scan atmospheric pressure ionization mass spectra (MS), collision induced dis-
sociation fragmentation spectra (MS/MS) and MS® data.

2. Experimental
2.1. Drug Sample

Atorvastatin was extracted from generic dosage form. A final concentration was

about 10 pg/ml in water, methanol and acetonitrile.

2.2. Chemicals and Reagents

The ultrapure water (18.2 MQ) was obtained using MilliQ apparatus from Mil-
lipore (Milford, USA), acetonitrile HPLC grade and the HPLC grade methanol
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Figure 1. Deprotonated ion Atorvastatin in negative ion mode.

was purchased from J.T. Baker.

2.3. Instrumentation

Prominence 20 AD HPLC (Kyto Japan) and Waters Aquity HClass was coupled
with Q-trap 5500 (AB SCIEX) and Xevo Q ToF mass spectrometer system re-
spectively, equipped with electrospray ionization source (ESI) was used for this

analysis.

2.4. Chromatographic and Mass Spectrometric Conditions

The extracted drug sample of atorvastatin was subjected to MS, MS/MS and MS’
analysis via flow injection analysis (FIA) mode; liquid chromatography system
was used to introduce the sample to mass spectrometer ion source. Liquid
chromatography system set to isocratic flow 0.1 ml/min of mobile phase water
and methanol in a ratio of 1:1 and injection volume was 10 pl. Electrospray ion
source (negative ion mode) was selected to achieve the intense de-protonated
parent ion and Q-trap mass analyzer selected to get the MS, MS/MS and MS’;
which supported to predict the right fragmentation pathway. Spray voltage and
collision energy optimized by using direct infusion mode to get optimum quality
to spectral data. Experiments were acquired using optimized parameters; spray
voltage of —4.0 kV for MS and collision energy (CE) setting of 40 V applied to
generate MS/MS and MS’ spectral data.

3. Results and Discussion

The experimental data (MS, MS/MS and MS®) of atorvastatin was generated us-
ing a high performance liquid chromatography (HPLC) coupled with Q-trap
and Q-ToF mass spectrometer system; via Flow Injection Analysis (FIA) mode
and Electro-spray Ionization (ESI”) ion source.

The full scan MS and product ion spectrum of atorvastatin was obtained from
MS, product ion (MS/MS) and MS® experiments. The workflow [18] and other
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basic mass spectrometric interpretation rules were applied for the interpretation
of MS, MS/MS and MS® spectral data.

De-protonated parent ion [M-H]™ at m/z 557.3 u, from MS scan displayed in
Figure 1, negative mode MS/MS spectrum of atorvastatin also exhibited
de-protonated ion peak (about; 1.5%) at m/z 557.2 u as [M-H]~ (for elemental
composition C,;H,,FN,O; , calculated monoisotopic 557.2 u). It was frag-
mented in collision cell (Q2), into four major fragments at m/z 479.3 (F1; about
2.5%), 453.2 (F2; about 17.4%), 397.2 (F3; about 61.3%) and 278.1 (F4; about
17.2%) as presented in Figure 2.

Interpretation for these four fragments (F1, F2, F3 and F4) carried out and
data presented in Figure 3. Assigned molecular structures, elemental composi-
tions and calculated molecular weight structures of MS/MS fragments were illu-
strated in Table 1 and Figure 3; pathways was assigned using MS/MS and MS’
data, described later in this section, mechanism for formation of fragments pre-
sented in Figures 4-20. Product ion m/z 479.3 (F1) (calculated formula
C,,H,;FN, 05, calculated monoisotopic molecular mass 479.2) formed by loss of
water (H,0), loss of C,H,0; and loss of H,, refer Figure 4; product ion m/z
453.3 (F2) (calculated formula C,,H,FN,O; , calculated monoisotopic molecular

W -MIS2 (557.00): 0.689 to 0.964 min from Sample 2 (WSMS 557.9 NEG) of ATVR.wiff (Turbo Spray), Centroided Max. 3.267 cps.
3267 sz F3
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Figure 2. MS/MS spectra of parent ion m/z557.

Table 1. Interpretation of MS/MS of atorvastatin based on rational work flow.

Observed Mass Electron Nitrogen No. of Nitro- Proposed Theoretical Mass®
(m/ 2)* Paring Rule gen(s) Formula (ml 2)
557.2 Parent [M-H]" EN 2 C,,H,,FN,O; 557.2
479.3 F1 EE EN 2 C,H,FN,0; 479.2
453.2 F2 EE EN 2 C,,H,.FN,0; 453.2
397.2 F3 EE EN 2 CyeH,,FN,O" 397.2
278.1 F4 EE ON 1 CoH,,FN- 278.1

a: Mass acquired with quadrupole mass analyzer unit resolution; b: Monoisotopic theoretical mass. EE: even
electron; EN: even nitrogen; ON: odd nitrogen; ID: Identification; m/z= mass-to-charge ratio.
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Figure 3. Proposed fragmentation pathway for fragment ion F1, F2, F3 and F4 of ator-
vastatin based on MS? and MS’® spectral data.
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Figure 4. Mechanism for formation of fragment F1.

mass 453.2) formed by loss of C,H,0;, C2H30™ and H,, refer Figure 5; prod-
uct ion m/z 397.2 (F3) (calculated formula C,;H,,FN,O", calculated monoiso-
topic molecular mass 397.2) produced for product ion F1 and F2 by the loss of
C,H¢O and C,;H,O respectively, refer Figure 6. Product ion m/z278.1 (F4) (cal-
culated formula C,,H,FN-, calculated monoisotopic molecular mass 278.1)
formed by the loss of C,H;NO, refer Figure 7.

To understand the pathway in detail MS3 analysis of fragment ions (F1, F2, F3
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Figure 5. Mechanism for formation of fragment F2.
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Figure 6. Mechanism for formation of fragment F3.
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Figure 7. Mechanism for formation of fragment F4.

and F4) was carried out for product ions m/z 479.2, 453.2, 397.2 and 278.1 MS’
spectral data of aforesaid product ions is present in Figures 8-11. Interpretation
of MS’ spectral data was presented in Table 2 fragmentation pathway presented
in Figure 12 & Figure 13. And mechanism of formation of all MS’ fragment
ions presented in Figures 14-20. During MS’ analysis production F1 (m/z
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Figure 8. MS® spectra of product ion m/z479.20 (557.0).
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Figure 9. MS’® spectra of product ion m/z453.20 (557.0).
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Figure 10. MS® spectra of product ion m/2397.2 (557.0).

DOI: 10.4236/0alib.1104547

Open Access Library Journal


https://doi.org/10.4236/oalib.1104547

D. K. Shandilya et al.

W -MS3(557.00),(278.10): 0.785 to 1.163 min from Sample 6 (MSMSMS 557_278.1_CE 40 AF2 0.1) of ATVR.wiff (... Max. 2.7e5 cps.

F9 2622
~

2.6e5
2.4e5
2.2e5
2.0e5
1.8e5
1.6e5

1.4e5

1.2e5 F10

1.0e5

Inten#lty, cps

8.0e4
6.0e4
276.2
4.0e4

2.0e4

234.1.236.1 2562 26?'2 |f253-2
) Ll L

195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315
m/z, Da

Figure 11. MS3 spectra of product ion m/z278.10 (557.0).
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Figure 12. Proposed fragmentation pathway for fragment ion F5, F6, F7 and F8 of atorvas-
tatin based on MS® spectral data.
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Table 2. Interpretation of MS’ spectra of atorvastatin based on rational work flow.

Ng 1:26(272)3 D I\IZ; ZZSF;e/j) Elec'fron Nitrogen NIi\:(-);:n Proposed Theobretical
(MS/MS) (MS?) Paring Rule ) Formula  Mass® (m/z2)
F5 477.2 EE EN 2 CyH,FN,O,"  477.2
F6 461.2 EE EN 2 C,,H,FN,O0,” 4612
479.3 (F1) F3 397.3 EE ON 2 C,H,,FN,O" 397.2
C,HFN,O, g7 360.2 EE ON 1 C,,H,,FNO~ 360.2
F8 3423 EE ON 1 C,,H,,FNO~ 342.1
F4 278.2 EE ON 1 C,H,,FN- 278.1
453.2 (F2) F3 397.2 EE EN 2 C,H,,FN,O" 397.2
C,H,FN,0, g 2782 EE ON 1 C,H,,FN~ 278.1
397.2 (F3) F4 278.2 EE ON 1 C,H,,FN- 278.1
CosHpFN,O™ R 262.2 EE ON 1 C,;H,;FN~ 262.1
2781 (F4)  F10 276.2 EE ON 1 C,H,;FN- 276.1
CyoH7FN F9 2622 EE ON 1 C,H,,;FN- 262.1

a: Mass acquired with quadrupole mass analyzer unit resolution; b: Monoisotopic theoretical mass. EE: even
electron; EN: even nitrogen; ON: odd nitrogen; ID: Identification; mm/z = mass-to-charge ratio.

Formation of fragment ions F9 and F10
HsC_ CHy

CyoH}7FN
Exact Mass: 278.1351

Fragment ion F 4

N

Formation of F10 fragment
HH Formation of F9 fragment
HsC_ ,CHy

HyC_ CHs

Fragment ion F 4 Fragment ion F 4

Fragment ion F 9

CgH3FN”

CioHysFN Exact Mass: 262.1038

Exact Mass: 276.1194

Figure 13. Proposed fragmentation pathway for fragment ion F9 and F4 of atorvastatin
based on MS?® spectral data.

479.3)—fragmented into six fragments, refer Figure 8; two fragments are com-
mon with MS/MS analysis F3 (/2 397.3) and F4 (m/z 278.2), remaining four
fragments are new fragments named as m/z 477.2 (F5), 461.2 (F6), 360.2 (F7)
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and 342.3 (F8). Fragment ion F2 (m/z 453.2)—fragmented into two fragments,
refer Figure 13; F3 (mm/z397.3) and F4 (m/z278.2), both fragment are discussed
during MS/MS data interpretation. As shown is Figure 10, fragment ion F3 (m/z
397.3)—fragmented into two fragments F4 (/2 278.2) and F9 (m/z 262.2) frag-
ment F4 same as MS/MS analysis and one new fragment F9. Fragment ion F4 (m/z
278.2) fragmented into two new fragments refer Figure 11, F9 (12/2276.2) and F10
(m/z 262.2). So, during MS’ data interpretation six new fragment was observed,
when compared with MS/MS analysis data. Formation of fragments F6 to F10 pre-
sented in Figure 12 & Figure 13 and mechanism for formation of fragments pre-
sented in Figures 14-19. And also summarized in few words as; Fragment F5
(m/z 477.2, calculated formula C;H,.FN,O,, calculated monoisotopic mole-
cular mass 477.2) produced by the loss of H,from fragment ion F1 (m/z 479.2)
refer Figure 14; source of fragment ion F6 (m/z 461.2, calculated formula
C,,H,,FN, O3, calculated monoisotopic molecular mass 466.2) is F5 (m/z477.2)
produced by loss of CH,, refer Figure 16 Fragment ion F8 (mm/z342.3, calculated

Formation of F5 fragment

-H,

Fragment ion F 1 Fragment ion F 5
C31HysFN,O, C31Hy6FN, 05
Exact Mass: 479.2140 Exact Mass: 477.1984

Figure 14. Mechanism for formation of fragment F5.

Formation of F6 fragment

Fragment ion F 6
C30HpFNO,
Exact Mass: 461.1671

Fragment ion F 5
C31Hp6FNO,
Exact Mass: 477.1984

Figure 15. Mechanism for formation of fragment F6.

Formation of F7 fragment

‘ ~ C// HsC, CHy
QN NW N/\/-\_J N//

-C;HsNO
Exact Mass: 119.0371

Fragment ion F 1

C31HpgFN,O, C31HgFN,Oy Fragment i"? ¥7
Exact Mass: 479.2140 Exact Mass: 479.2140 CogHp3FNO
Exact Mass: 360.1769
Figure 16. Mechanism for formation of fragment F7.
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Formation of F8 fragment

-C;HsNO
Exact Mass: 119.0371

Fragment ion F 6 C30HxFN,0y” Fragment ion F 8
C30H2FN,0y” Exact Mass: 461.1671 Cy3H 7FNO
Exact Mass: 461.1671 Exact Mass: 342.1300

Figure 17. Mechanism for formation of fragment F8.

H
A
C (C

Formation of F9 fragment

Fragment ion F 4 Fragment ion F 9
C19H1_7FN' C,gH,3FN-
Exact Mass: 278.1351 Exact Mass: 262.1038

Figure 18. Mechanism for formation of fragment F9.

Formation of F10 fragment

O F
Fragment ion F 4 Fragment ion F 10
CioH7FN° CyoH;sFN
Exact Mass: 278.1351 Exact Mass: 276.1194

Figure 19. Mechanism for formation of fragment F10.

formula C,;H,,FNO~, calculated monoisotopic molecular mass 342.1) formed
from F6 fragment after loss of C;H;NO, refer Figure 17. Fragment ion F7 (im/z
360.2, calculated formula C,,H,,FNO7, calculated monoisotopic molecular mass
360.2) formed from fragment F1 by loss of C,;H;NO, refer Figure 16. Fragment
ion F9 (m/z 262.2, calculated formula C,;H,;FN", calculated monoisotopic mo-
lecular mass 262.1) and F10 (m/z276.2, calculated formula C;,H,;FN~, calculated
monoisotopic molecular mass 276.1) formed by loss of H, and CH, from frag-
ment ion F4 respectively, refer Figure 18 and Figure 19. MS and MS/MS data
described in the above section acquired using quadrupole mass analyzer; error
ppm not calculated. As an additional verification, to support proposed elemental
composition of common fragments compared with HR-MS/MS measured m/z

values (Figure 20), and ppm error presented in Table 3.
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Table 3. Comparison of proposed elemental composition with High resolution MS/MS
data.

Obserw(z;i/;;curate ID Proposed Formula 'Ir‘::lo;;:i;il (j;;lzl)- Error (ppm)¢
557.24350 Parent C,H,FN,0; 557.2457 -4
453.19515 F2 C,,H,.FN,0; 453.1984 -7
397.17220 F3 C,6H,,FN,O" 397.1722 0
278.13903 F4 CoH,,FN- 278.1351 14
262.10266 F9 C,H,:FN- 262.1038 -43

c: Mass acquired with high resolution; b: Monoisotopic calculated mass; d: Mass error = theoretical accurate
mass - observed accurate mass/theoretical accurate mass X 10°. EE: even electron; EN: even nitrogen; ON:
odd nitrogen; ID: Identification; 112/z = mass-to-charge ratio.

F4\
278.13903
5e6
4.5¢6
4e6
3.5e6
F3
7
5 6 279.13722
=
2 25e6 397.17220
g
E 266
Fo F2
1.5¢6
~ 398.17275
1e6 262.10266‘ (M_H).
453.19515 “
5e5 199.85074 280.14063 " 557.24350
" 20412796 39917866 11454.19843 [558.24465
0 | W BN e "
150 200 250 300 350 400 450 500 550 600

Observerd mass [m/z]

Figure 20. HR-MS/MS spectra of atorvastatin deprotonated ion.

4. Conclusion

This study and rational manual data interpretation workflow can be useful for
writing fragmentation pathway, the mechanism for the formation of fragments,
and can be applied for mass spectral data interpretation of small organic mole-
cules with similar functional groups. The de-protonated ion peak as [M-H]™ of
atorvastatin appeared at m/z 557.3 u. Further, the CID fragmentation of
de-protonated [M-H]™ ion generated, and interpretation was carried followed by
the proposal of fragmentation pathway; based on neutral losses, charge sites ac-
tivated fragmentation, elimination reactions, single and multiple bond cleavages.
Various software tools are available for the interpretation of mass spectrometry
data; during the study, no software tool was used for interpretation, predication
of the fragments structure and pathway of formation. In addition to above, the
study also provides the insights about the in-depth structural analysis study for
small organic molecules and manual workflow based interpretation of parent

and product ion spectra in combination with the basic rules. The workflow ap-
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plied in this study was found efficient and can be applied to similar structure ve-

rification studies.
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