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| Introduction and aims of work

The differentiation of stereoisomers with mass spetetry requires
special methods. Fragmentation studies of the tstralcisomers often
provide acceptable results, however the stereoin@nnot be
distinguished. Under electrospray (ESI) conditioias-covalent dimers
are often generated. The masses of these dimectaidthg are the same
but the energy dependent dissociation or isotogielling allow us to
study and distinguish these stereo isomers.

Soft ionization techniques allow large moleculegreypolymers to be
ionized and open new ways of structural investigeti of these
molecules. Furthermore, mass spectrometry offemsique opportunity
to characterize polymers because each macromolappkears separately
in the mass spectrum. The ionization of a polynaenge depends on its
polarity, molecular weight and molecular weighttdisition. The two
most frequently used ion sources for polymer charemation are the
MALDI (matrix-assisted-laser-desorption/ionizatiand the ESI.

One of the aims of my work was to study the diffei@ion of the
noscapine and hydrastine stereoisomers utilizingidedman mass
spectrometric methods. Noscapine and hydrastine kiawilar structures
and they both contain two chirality centres, thereffour sterecisomers
exist. The fragmentation pathways of the stereo&ssrare the same, thus
they cannot be differentiated in that way. Howevbg analysis of the
dimer adduct ions may lead to the distinction oé thtereoisomers.
Therefore, the energy dependent collision induasdogiation (CID) of
the homodimers ([2M+Cat] and heterodimers ([M+Tyr+Cét]
[M+Lys+Cat]’) of noscapine and hydrastine stereoisomers warkest,
where Cat stands for 1Li Na, K' and C$ ions. The survival yield
method and the characteristic collision energieg aapable of
guantifying the relative stability of the homo- ameterodimers.

The generation of the adduct ions of nonpolar pelgis a hard task
due to the lack of any effective site for the ditaent of ions. Special ion
sources, such as APPI (atmospheric pressure phatatmn) are capable
of ionizing nonpolar polymers, however the procesguires hazardous
chemicals and anhydrous conditions.
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Another goal of my work was to investigate the agtdility of the
ESI and DART (direct analysis in real time) ion sms for the
characterization of nonpolar polymers. The addocs igenerated by the
ESI and DART ion sources can offer stability andicural information.
The structures of the investigated compounds asepted oscheme 1
and2.
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R: OMe (-)-alpha-noscapineR: OMe (+)-alpha-noscapine
R: H (-)-beta-hydrastine  R: H (+)-beta-hydrastine

R: OMe (-)-beta-noscapine R: OMe (+)-beta-noscapine
R: H (-)-alpha-hydrastine  R: H (+)-alpha-hydrastine
Scheme 1. The structures of the noscapine and hydtmne
stereoisomers
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Scheme 2. The structures of the polyisobutylene deatives
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[ Methods

A MicroTOF-Q type Qg-TOF MS instrument (Bruker Dmitk,
Bremen, Germany) was used for the MS and MS/MS uaneasents. For
the MS/MS experiments, nitrogen was used as thksiool gas. The
pressure in the collision cell was determined tolt#x10? mbar. The
precursor ions for MS/MS were selected with anasoh width of 4m/z
units. The mass spectra were recorded by means difitzer at a
sampling rate of 2 GHz. The DART, APPI and ESI gources were
utilized by the MicroTOF-Q instrument.

4 kV spray voltage was utilized in the ESI sournd &, was applied
as drying gas. The drying temperature was 200 tCtlam flow rate was
4.0 L/min. The mass spectra were calibrated exiigrogaing the exact
masses of clusters [(NaTRA)TFA] generated from the electrosprayed
solution of sodium trifluoroacetate (NaTFA).

The DART SVP ion source was purchased from lonS@os&ense,
Inc., Saugus, MA, USA). The polymer samples werenumady
introduced into the DART gas stream and were irgentto the middle
of the gap. The DART system was operated in botfatiee and positive
modes with helium 5.0 (purity >99.999%). The tenapare of the helium
reagent gas was varied from 200 °C to 450 °C.

APPI quadrupole time-of-flight mass spectrometd®PI-Qq-TOF
MS) measurements were performed in negative ion emadh a
MicroTOF-Q type Qqg-TOF MS instrument (Bruker DaltorGmbH,
Bremen, Germany) equipped with an APPI source (@Nate Kr
discharge lamp, VUV photons of 10.0 and 10.6 eVhitensity ratio of
4:1, respectively) from Syagen Ltd. (Syagen Teabgl Inc., Tustin,
CA). The PIB solutions were introduced directlyoirthe APPI source
with a syringe pump (Cole-Parmer Ins. Co., VernoltsHIL) at a flow
rate of 25 L/min together with a carrier flow ofrbban tetrachloride at a
flow rate of 200uL/min by means of a T-piece. The APPI source heater
was kept at 450 °C.
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Il New scientific results

llI.1  Differentiation of the noscapine and hydrastine steecisomers
applying tandem mass spectrometry

[11.1.1 | determined the characteristic collision energZEsg) of the
homodimers based on their energy dependent colfisiduced
dissociation and | proved that the diastereomersnche
distinguished.

| studied the distinguishability of the noscapined ahydrastine
isomers by tandem mass spectrometry. | used fdionsa namely Lj,
Na', K" and CS. | established that the only fragmentation proéeshe
dissociation of the dimers to ionized and neutralsaapine and
hydrastine. In the case of the lithiated dimer atldons, additional
backbone fragmentation was observed at highersamilienergies.

| determined CEy values for all types of homodimers and | concluded
that the Clg values of the diastereomers were different, tloeeethey
could be differentiated. On the other hand, betwdenCEk values of
the enantiomer pairs no difference could be fouBased on the SY
curves | found that the sodiated adduct ions weoeensuitable for the
differentiation of the stereoisomers than the dthd ones. The
homodimers of hydrastine provided similar resulistise diastereomer
pairs of hydrastine can also be differentiatedetedmined the order of
the stability of the homodimers which was the fafiog:
Li*>Na>K">Cs'". Furthermore, | determined the activation energies
the fragmentation which were in good agreement ik results of
guantum chemical calculations.

[11.1.2 | found that based on the Cfg values of the heterodimers the
enantiomer pairs can be distinguished and the diface
between the diastereomers increased.

| pointed out that the application of the dimer actdions with a
chiral selector had benefits for the differentino Additionally, the
heterodimers were suitable for distinguishing etrenenantiomer pairs. |
utilized L-, D-tyrosine and L-, D-lysine as chilixiliary reagents along
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with Na™ and Li" ions. The survival yields of the noscapine-L-tynes
heterodimers with Naand Li" ions can be found iRig 1.
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Figure 1. The survival yield (SY) versus collisiorenergy curves of the
sodiated and lithiated noscapine-L-tyrosine heterodners. The figure
insets show the zoomed survival yield curves in thrange of
55t06.5eVand 8.5t0 9.5 eV.

[11.1.3 | proved that in the case of biner samples therst@someric
purity can be determined using the correspondingd4gvalues
| found linear relationship between the stereoisoeraurity and the
CEsp values of two component samples, thus it can bead for the
determination of stereoisomeric purity. In ordetdst the validity of the
method, samples with known stereocisomeric compmusivere analyzed

by calibration. | found good agreement between theasured and
calculated values.
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[11.2  Application of the DART ion source for the ionizaton of
nonpolar polyisobutylenes

[11.2.1 | proved that the intact polymers can be characd trough
the formation of [M+CI] and [M-H] ions in negative ion mode

| showed that the DART ion source was capable & thst
characterization of nonpolar polymers. The chloand olefin telechelic
polymer adduct ions were generated byi@ts, while in the case of the
polyisobutylene with succinic acid end group, othlg deprotonated ions
appearedFigure 2. shows the mass spectrum of the chlorine telechelic
polyisobutylene.
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Figure 2. The DART-(-)MS mass spectrum of the chlane telechelic
polyisobutylene

Based on the peaks in the mass spectrum and tbheateenasses the
polymer could be identified and members of theesewith mass over
1000 Da also occurred. To the best of my knowletiggse were the
highest masses which were detected in case of tanpolymers
applying DART-MS.

1.2.2 | demonstrated that the generated adduct ions waearet
suitable for tandem mass spectrometric investigaio

8
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| achieved the tandem mass spectrometric measuteoferthe
[M+CI]" and [M-HJ ions. | determined that the only fragmentatiorpste
was the dissociation of the polymer and the chiimh. However, the
polyisobutylene with succinic acid end group yieldefragment ion with
the loss of a C®molecule, but further fragmentation processesndid
occur.

[11.2.3 | showed that the polyisobutylene derivatives caangrate
adduct ions with ammonium ions in positive ion mode

| detected a series of polyisobutylene-ammoniumadducts in the
case of the olefin and chlorine telechelic polyménsthe positive ion
mode further series and fragment ions appearedhén MS spectra
indicating the possibility of tandem mass spectrpimanvestigations.
Figure 3. shows the DART-(+)MS spectrum of the chlorine ¢hkdic
polyisobutylene.
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Figure 3. The DART-(+)MS spectrum of the chlorine ¢lechelic
polyisobutylene

| identified four different series in the case bé tchlorine telechelic
polyisobutylene. These series were tBa+tNH,4]*, [6a-HCI+NH,]", [6a-

9
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2HCI+NH,]" and pa-2HCI+O+NH,]". An additional series was detected
in the mass spectrum of olefin telechelic polyidglmne which
corresponded to th&&2HCI+20+NH;]* series.

| determined that the main fragmentation step efatiduct ions was
the loss of the polyisobutylene chains generategpmance stabilized
benzyl-type cations. Additionally, | showed that tbxidation of the
polymers took place at the olefin end groups.

[11.3 lonization of polyisobutylene derivatives by electspray ion
source

[11.3.1 | demonstrated that the ESI ion source is capablieianizing
nonpolar polyisobutylenes with chloride and nitraiens

| studied the ionization of polyisobutylenes witiffefent end-groups
including chlorine, olefin, hydroxyl telechelic amgethyl, initiated from
aliphatic and aromatic initiators by electrospragnization mass
spectrometry (ESI-MS). | used NEI and NHNO; for the generation of
[M+CI]” and [M+NQ]" adduct ions. The ESI ion source needed polar
solvent for the sufficient ionization while the pislobutylenes could be
solved in nonpolar solvents. Therefore, | used ealvmixtures
(acetone:dichloromethane), but I also investigatber types of solvents.
Figure 4. shows the mass spectrum of the hydroxyl telechelic
polyisobutylene measured in methanol.

10
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Figure 4. ESI-MS spectrum of hydroxyl telechelic plyisobutylene
ionized by CI ions. The numbers at the top of the peaks standrfthe
total number of isobutylene units (n). Solvent: etanol

In Figure 4. two series appeared at low m/z values. Thesesserie
belong to the chlorinated and nitrated polymersthiaimore, | identified
other series between m/z 1800-2700. That seriesnpetl to the
[2M+NaClI+CI] adduct ions. The formation of dimer ions is typifa
the ESI ion source, but the dimerization of suchoapolar and high
molecular weight polymer was not published before.

[11.3.2 | determined that for the formation of the adducbms the
presence of a polar solvent is required

| investigated the effect of the composition of gwvent mixtures
on the ionization in the range of 0-90% acetondemn | showed that at
least 20% acetone was necessary for the detedtitire gpolymer series.
Increasing the amount of acetone the intensitie® w&kso increasing. In
the case of the chlorine telechelic polymer a mamnmwas reached,
while the intensity of the hydroxyl telechelic poigr was the highest at
90% acetone content.

11
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[11.3.3 | determined the relative stability of the chlomted and
nitrated adduct ions.

| studied the collision induced dissociation of #aduct ions in MS
and MS/MS modes. | experienced that with the irseeaf the collision
energy the measured number average molecular weightshifted to
higher m/z values. | determined also that the [M+@&tduct ions had
higher dissociation energies than the correspondMgNO3]" ions.
These results were supported by quantum chemitallatons.

12



Mono és dimer addukt ionok felhasznalasa apoldilisngrek és kiralis molekulak MS
szerkezetvizsgalatara

IV Possible application of the results

The method developed for the differentiation of ti@scapine and
hydrastine stereoisomers can be applied to disshgather classes of
chiral components. The method can also be suifabliast identification
of stereoisomers and stereoisomeric compositions.

| proved that nonpolar polymers can be ionized ®RD and ESI
ion sources generating different adduct ions. Tlmsestigations provide
new ways in the characterization of nonpolar polgndy mass
spectrometry. Besides the characterization of tignpers the additional
appeared series can be applied for unique strdchwastigations in the
case of other nonpolar polymers. From the masstrgpeetric point of
view, these results are important, because | pravatdthese ion sources
are capable of ionizing nonpolar polymers extendihg number of
investigable components.
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