Figure 3: MS/MS Spectra of the
Four Major Extractables
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Figure 4: Source of the Major Extractables
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Figure 6: Sulfur-Oxygen Exchange Reaction
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Figure 5: Interpretation of the MS/MS Spectra
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Abstract

The aqueous extracts from an elastomeric formulation
were directly analyzed by Waters UPLC/Q-Tof Premier™
high resolution LC/MS/MS. Four major organic extract-
ables, 1-(2-piperidin-1-yl-2-thioxoethanethioyl) piperidini-
um, 1-[piperidin-1-yl (thioxo)-acetyl] piperidinium,1-
[oxo(piperidin-1 yl) acetyl] piperidinium,1,1'-carbonyl-dipi-
peridine, were tentatively identified via structure elucidation
based on MS/MS mass spectra and accurate masses.

INTRODUCTION

Recently, there have been increasing demands in the
understanding of extractables and leachables (E&L) in
pharmaceutical packaging. Container/closures are required
to meet safety requirements for new medicines. Analysis
and safety evaluation of E&L are essential in selection of
container/closure system components. Most of the volatile
and semi-volatile organic E&L can be identified using GC/
MS or GC/FTIR by library spectrum matching. However,
due to a lack of a searchable spectrum library, identifi-
cation of polar E&L can be a very challenging task. The
recent advancement in liquid chromatography and mass
spectrometry offers a very useful tool in the identification
of aqueous E&L.

This poster presents the tentative identifica-
tion of four major aqueous extractables from
a West Pharmaceutical Services formulation drug
container/closer component using Waters UPLC/Q-Tof
Premier high resolution LC/MS/MS system.

EXPERIMENTAL

Extraction: A West elastomer formulation material was cut
fine and extracted by extended hours of continuous reflux-
ing in water. The liquid extract was filtered with a Gelman
0.45 pm PTFE filter and then directly analyzed by UPLC/Q-
Tof Premier LC/MS/MS.

Instrumentation:

LC/MS/MS: Waters ACQUITY UPLC/Q-Tof

Premier system.

UPLC

Mobile phase:

A = 13 mM Aqueous Ammonium Acetate;

B = 13 mM Ammonium Acetate in Acetonitrile.

Table 1 shows the gradient.

Table 1: UPLC Gradient
Time

(min) g

0.0 3% 97% 6
1.0 3% 97% 6
6.0 50% 50% 6
7.0 95% 5% 6
8.9 95% 5% 6
9.0 3% 97% 11

Column: Waters ACQUITY BEH
C18 2.1 x 50 mm, 1.7 pm.
Flow: Constant, 450 yL/min
Injection: 10 pL
Q-Tof
Operation
Parameters: Positive ion electrospray, Cone = 25V,
MS Collision Energy = 4 eV; MS/MS
collision energy, ramp from 5 up to 35
eV, Argon = 0.72 mL/min, Source
130 °C, Desolvation = 350 °C.
Lock Spray: Spray frequency: one spray per 5
seconds. Flow 5 pL/min; external
standard for accuracy mass
measurement: 200 pg/uL Leucine
Enkephalin, 0.5 Sec scan time.

RESULTS AND DISCUSSIONS

Figure 1 (E) shows the ESI MS TIC of the aqueous extract
directly analyzed by UPLC/Q-Tof. The four major aqueous
extractables have a retention time of 3.67, 4.56, 5.15 and
5.37 minutes, respectively. Figure 2 shows the ion profile
within each of the four major extractable peaks. All of
them have both a proton adduct ion ((M+H-]) and a sodium
adduct ion ([M+Na‘], which allows easy identification of the
molecular ions. The isotope peak pattern of m/z 241 and
257 indicates that they both contain one or more sulfur
atoms. In addition, between ions of m/z 241.1363 and
257.1136, there is a mass difference of 15.9773 Da, the
same difference of sulfur and oxygen (Table 2). Therefore,
ion 257.1136 might have two or more sulfur atoms. Again,
225.1600 has no sulfur atom, which means that 241.1363
has only one sulfur atom.
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Figure 1: UPLC/Q-Tof ESI MS (E) and
MS/MS (A - D) Total lon Chromatograms

Figure 2: lon Spectra of the Four
Major Extractable Peaks
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Table 2: Mass Difference between Sulfur and Oxygen

Measured Measured
Mass Difference Mass Difference
257.1136 241.1363
15.9773 15.9763
241.1363 225.1600
S 31.9721 S&O Difference
15.9772
(0] 15.9949

The four molecular ions were further analyzed by CID MS/MS to acquire fragment ion spectra (Figure 3) for structural elu-
cidation. Again, 241 and 257 have a common fragment ion with an m/z of 128 of which the isotope pattern indicates sulfur
atom(s). Also, the difference of 112.0760 and 128.0529 is 15.9769, a difference of Sulfur and Oxygen which suggests that
Sulfur and Oxygen might be the only difference and they may be in the same position in the molecule. In addition, all the
four have a common fragment ionwith an m/z of 69. Therefore, the four major peaks are structurally related closely.

With all this information, elemental analysis became much easier. Table 3 shows the settings for single mass (for molecular

ions) and multiple mass (for MS/MS fragment ions). Table 4 shows the results of elemental analysis.

Table 3: Parameter Settings for Elemental Analysis

Elemental Mass Error Tolerance DBE Selected Elements Used
Analysis Filters
Min Max © H N o S
Single Mass* 10 ppm -1.5 50 None 0-50 0-100 0-10 0-10 0-2
Multiple Mass™ 4.0 mDa -1.5 50 None 0-11 021 0-2 0-2 0-2

* For molecular ions. ** For fragment ions.

The results indicate that all of the four major aqueous extractables were derived from a sulfur-containing curing agent
(Figure 4). The fragment ions in the MS/MS spectra are explained in Figure 5.

In the aqueous extracts, an Oxygen-Sulfur exchange reaction converting the thio-oxo group(s) into acetyl group(s) was
observed under room temperature (Figure 6). The favorable direction was found to be from thio-oxo group to acetyl group
which is more stable. Higher temperature promotes this hydrolysis reaction toward acetylation.

Table 4: Elemental Analysis Results

R.T. (min) [ Norminal Calculated Measured mDa PPM DBE iFTI Formula
m/z* Mass** Mass Error
225.1603 225.1600 -0.3 -1.3 8.2 50.7 C12H21N202
3.667 505 112.0762 112.0760 -0.2 -1.8 2.5 0.1 C6H10NO
84.0813 84.0816 0.3 3.6 1.5 0.8 C5H10N
69.0704 69.0706 0.2 2.9 1.5 6.1 C5H9
2411375 2411363 -1.2 -5 Bh5) 187.1 C12H21N20S
4.557 241 128.0534 128.0529 -0.5 -3.9 2.5 1.2 C6H10NS
69.0704 69.0705 0.1 1.4 1.5 4.5 C5H9
197.1654 197.1651 -0.3 -1.5 2.5 7.6 C11H21N20
5155 197 112.0762 112.0765 0.3 2.7 2.5 1.3 C6H10NO
84.0813 84.0819 0.6 7.1 1.5 0.6 C5H10N
69.0704 69.0711 0.7 10.1 1.5 8.3 C5H9
257.1146 257.1136 -1.0 -3.9 B15 0.9 C12H21N2S2
5336 057 172.0255 172.0257 0.2 1.2 8h5 41 C7H10NS2
128.0535 128.0535 0.1 0.8 2.5 14 C6H10NS
69.0704 69.0707 0.3 4.3 1.5 1.7 C5H9

* Monoisotopic mass, odd and even electron ions.

** The lost electron was not considered in accurate mass calculation.




