Available online at www.sciencedirect.com

JOURNAL OF
sclsucs@nmsc're PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

A

R

ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 571-580

www.elsevier.com/locate/jpba

UPLC/MS for the identification op-blockers
Stephen A.C. Wret, Pierre Tchelitcheff

Analytical Development, PAR&D, AstraZeneca, Silk Business Park, Macclesfield, Cheshire SK10 2NA, UK

Received 12 October 2005; received in revised form 16 November 2005; accepted 17 November 2005
Available online 18 January 2006

Abstract

The B-blockers Oxprenolol, Metoprolol, Acebutolol, Atenolol, Propranolol, Pindolol, and Alprenolol were analysed by both UPLC/MS and
HPLC/MS using mobile phases containing acetonitrile, TFA and eithér &t D,O. UPLC gave superior separation performance and the quality
of the mass spectra were at least as good as those from HPLC.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction reactive chemical groups with deuterium. Thus if HPLC/MS
is performed with an acetonitrile/water based mobile phase and
1.1. HPLC and impurity identification then repeated with an acetonitrile/deuterium oxide based mobile

phase, mass shifts can be detected which assist in structural

HPLC is a standard technique for the assessment of the puridiucidation of the analyte molecules. This deuterium exchange
of new pharmaceuticals in development. For example HPLC igpproach can therefore help to identify impurities separated by
used to evaluate the quality of the active pharmaceutical sul4PLC. For example metabolites in which hydroxylation has
stance during the development of the synthetic route, and tgccurred can be distinguished from those where oxidation has
assess the stability of the drug substance in trial formulationssccurred at a nitrogen or sulphur at§B6].
The identification of any impurities generated during synthesis
or on stability testing, and which have been separated by HPLC,
is undertaken by spectroscopic techniques such as MS and NM 2 UPLC and UPLC/MS
Because of the low levels of impurities typically encountered

X . . Ultra performance liquid chromatography (UPLC) is a new
during the-developn."nent of pharmgceup-cals., HPLC/M.S IS NOp) ¢ technique in which the use of high operating pressures
mally the first technique used for identification. NMR is a less

. ) . I ~(up to 1000 bar as opposed to the 400 bar maximum of HPLC),
sensitive technigue and so unless the impurity is present at a hi

. . > o ables columns packed with sup. particles to be operated
level preparative chromatography and isolation is normally theat high linear velocities. UPLC means that high peak capacities

best approach. A wide range of MS techniques are routinelgg] and high resolving power can be generated along with

fs‘?d suchhas accmiraga rr:asfs measrl]Jrement, M_S/MS' ar;d ? ort separation times. Because of the performance of UPLC the
erium exchanggl—4]. Deuterium exchange can give importan technique is being linked to MS and is being used in metabolism

chemical information such as distinguishing between diﬁerengtudies where the ability to rapidly separate and identify a large

functional groups. Protons in certain chemical groups (e.g. i umber of analytes in a sample is at a prem[8rL0}

alcohol and amine groups) can exchange much more readily than Because of the separation benefits of UPLC in purity assess-

pthers (e.g. in aliphatic grogps) with protons_ in the surround-ment we decided to investigate the potential of UPLC/MS in
ing solvent. If the surrounding solvent contains exchangeabl

. . . X . ﬁnpurity identification. For UPLC to be accepted as aroutine tool
deuterium then this provides a way of replacing the protons "™ the purity assessment of new pharmaceutical development
compounds analysts need to be sure thatimpurities separated can
* Corresponding author. Tel.: +44 1625 513 498; fax: +44 1625 433 744, b€ characterised and identified to the same extent that they can
E-mail address: stephen.wren@astrazeneca.com (S.A.C. Wren). by conventional HPLC based techniques. Because of this need to
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explore the equivalence of the two approaches UPLC/MS studFhe source temperature was 20 the de-solvation tempera-
ies were performed in parallel with HPLC/MS studies in orderture 350°C, the cone gas flow 50 dhh~1 and the de-solvation
to compare the quality of the separation and mass spectral dagas flow 400 dh—1.
obtained.
2.4. NMR
1.3. Analysis of B-blockers
Proton NMR experiments were carried out using a Bruker

A series ofp-blockers was used for this work as they are DRX500 (Coventry, UK) with water suppression for the®
a well-known and characterised group of pharmaceutical compased solvent system. Pindolol solutions at about 1 mgml
pounds. Several MS and HPLC/MS studiegeflockers have ~Were prepared using either 0.1% TFA in®, or 0.1% TFA
been published covering the use of deuterium exchange ardfl 90% HO and 10% RO. The DO was used to provide the
other experiments to determine fragmentation path\iiely42]  lock signal.
For further information on the use of chromatographic and MS
techniques for the analysis pfblockers the reader is referred 3. Results and discussion

to works such as the followind.3,14]
3.1. Comparison of UPLC and HPLC for the separation of

2. Experimental B-blockers
a—Aldrich A series off3-blocker samples was prepared for this work.

The B-blocker samples were obtained from Sigm
B P J The structures of th@-blockers are shown irfrig. 1 along

(Gillingham, UK). Individual stock solutions of eaghblocker ) . .
were prepared at about 1 mgThlusing 40% acetonitrile/60% with their molecular masses. The main sample had all of the

water. These stock solutions were used to prepare the samp?éblocﬁezﬁ pr.eser:jt a}[ S|mllar'cq|nceun\t/rat|ons (abotu2t7%.1 mglé ml)
solutions containing all th-blockers. o0 each otherin order to give similar UV response a nm. Pro-

pranolol and Pindolol, which have extended aromatic systems,
were present at lower concentrations because of their stronger
UV absorbance. Other samples had Oxprenolol present at a con-
centration of about 0.1 mg/ml, and the otlgeblockers present

UPLC was performed using an Acqw.ty systgm from Watersat relative concentrations of about 0.5 and 0.1% to represent the
(Elstree, UK) and 100 mm columns with an i.d. of 2.1 mm

) . . low-level impurities which might be present in a pure sample of
packed with 1.7wm Acquity C;g BEH particles (Elstree, UK). a pharmace%tical drug subst?ance P P P

Water was d(_e—i_onised us_ing aMiIIipo_re sy_stem (Waters, Elstree, The B-blocker mixture was separated by both UPLC and
U.K)' Acet.onlyr]le and tri-fluoro acetic acid (TFA) were from HPLC using the same mobile phase start and end conditions and
F'Sh?r Scientific (Loughborough, UK). The A solvenf[ was O'1(T/°gradient time. The conditions given were not fully optimised but
T!:A in water (v/v) apd the B solvent was 0.1% TFA in acetoni-\ are found to give a satisfactory separation for analytes with
trll_e (V/V)'. The gradient programme Tan fr_om 20% B t‘? 50%a range of hydrophobicities within a short analysis time. The
Bin10minata flow rate of 0.5 ml mint. With the deuterlum PLC separation was obtained from a 100 mr@.1 mm col-
exchange experiments the A solvent was 0.1% TFA dissolve] . packed with 1.im BEH C; g particles and the HPLC sep-

in 99.9% RO (Fluorochem, Glossop, UK). The column was aration from a 150 mmx 3.0 mm column packed with 3,m

thermo-stated at 3. UV absorbance data were collected y 1o11a s Gis particles. The HPLC stationary phase was cho-

at 270 nm with a bandwidth of 108 nm and a data collectionsen in order to have a similar chemistry to that used with UPLC.
rate of 10 Hz was employed. An injection volume ofibwas Flow rates of 0.5mlmin! (UPLC) and 1.0 mImin? (HPLC)

employed. were chosen so as to give similar mobile phase linear velocities.

With UPLC the operating pressure at the start of the gradient

2.2. HPLC was 670bar and with HPLC 330bar. The separations of the
main B-blocker mixture using UPLC and HPLC are shown in

HPLC was performed using an Agilent 1100 binary systemrigs. 2 and 3respectively. In both cases the elution order was
(Agilent, Stockport, UK). A 150 mm column with an i.d. of Atenolol, Pindolol, Acebutolol, Metoprolol, Oxprenolol, Pro-

3.0mm packed with 3.am X-Terra MS Gg (Waters, Elstree, pranolol, and Alprenolol. In this sample all of tiieblockers
UK) was used. The HPLC mobile phases and operating condgre present at similar concentrations.

2.1. UPLC

tions were the same as those used for UPLC. From Figs. 2 and 3t can be seen that UPLC gave a simi-
lar separation selectivity to HPLC but with somewhat sharper
2.3. MS peaks and a better resolution of Propranolol and Alprenolol. The

relative performance of the UPLC and HPLC was compared by
MS experiments were carried out on a Micromass ZQ singleneasuring the peak capacities of the two systems. Peak capacity
guadrupole instrument (Manchester, UK). The instrument wasvas determined by dividing the gradient time by the peak width
operated in +ve electrospray mode using cone voltages of 30 arad baseline, with the baseline width obtained by multiplying the
50V with a scan range of 150-500 amu and cycle times of 1 swidth at half height by the factor 4/2.35. With UPLC the mea-
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Fig. 1. The structures of th&blockers Oxprenolol, Metoprolol, Acebutolol, Atenolol, Propranolol, Pindolol, and Alprenolol.

sured peak capacities were all significantly above those obtainet2. Comparison of UPLC/MS and HPLC/MS with aqueous

from HPLC. For example Acebutolol and Metoprolol gave peakmobile phase

capacity values of 189 and 160, respectively, by UPLC whereas

the values obtained by HPLC with a flow rate of 1.0 ml min HPLC/MS was performed using flow rates of both 1.0 and
were both 76. In subsequent experiments HPLC (see below) @5 ml mir! with all the mobile phase passing into the mass
mobile phase flow rate of 0.5 mlmif was used and the peak spectrometer. The higher flow rate gave the same linear velocity
capacities measured from Acebutolol and Metoprolol were 52s with UPLC. A comparison of the results, however, showed
and 56, respectively. Thus UPLC generated significantly highethat the MS response was significantly weaker at the higher
peak capacities than HPLC even at the same mobile phase lingdPLC flow rate, with the maximum total ion current (TIC) for

velocity. Oxprenolol dropping from 5.% 10" counts to 1.3< 10’. The
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Fig. 2. UPLC chromatogram of thg-blockers.
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Fig. 3. HPLC chromatogram of thigblockers.

lower HPLC/MS response at higher flow rate also resulted in &ig. 5it can be seen that the two spectra are of a similar quality

significant increase in the level of background noise in the masis terms of signal intensity and noise.

spectra obtained for the individugtblockers. It is possible to

use a flow splitter after the UV detector and before the MS3.3. Deuterium exchange in UPLC/MS and HPLC/MS

but this was found to cause additional band broadening and so

some loss of chromatographic integrity. Because of the loss of As deuterium exchange can be a useful tool in gaining chemi-

MS sensitivity at higher HPLC flow rates the UPLC/MS and cal information about low-level impurities using HPLC/MS, the

HPLC/MS data given below are all obtained using the sam&ame approach was evaluated with UPLC/MS. BHalocker

flow rate of 0.5 mImirr?L. samples were used for this work and UPLC/MS and HPLC/MS
MS data were collected at cone voltages of 50 and 30V irexperiments were performed on subsequent days using the same

order to obtain fragmentation information as well as the massingle quadrupole mass spectrometer and with the same operat-

of the protonated molecular ion. The UPLC/MS and HPLC/MSing conditions. The data from the two sets of experiments were

experiments were carried out on subsequent days using the sameamined to compare sensitivity and spectral quality. UPLC has

MS conditions. The objective was to try and determine whethea potential benefit over HPLC for deuterium exchange work

the choice of the separation approach had any impact on thes the narrower column diameter, 2.1 mm as compared to the

quality of the mass spectra obtained. 3.0 or 4.6 mm that are standard with HPLC, implies a lower
Fig. 4 shows the mass spectra of the individ@ablockers  consumption of an expensive solvent. The performance com-

separated by UPLC and using a cone voltage of 30 V. The sampfgarison is important to ensure that data of the same standard can

contains Oxprenolol at a concentration of about 0.1 mg/ml andbe obtained.

the otherB-blockers at a relative concentration of about 0.5%.

The spectra of th@-blockers are displayed according to their 3.3.1. Spectra of the molecular ions

elution order with that of Atenolol at the bottom and that of UPLC/MS and HPLC/MS data were obtained using cone

Alprenolol at the top. Frorfrig. 4it can be seen that at the lower voltages of both 30 and 50 V. The use of the lower cone voltage

cone voltage the main signals are due to the protonated molecularintended to produce the deuterated equivalent of the proto-

ions of theB-blockers /H*). For example Alprenolol gives a nated molecular ions discussed abdvig. 6shows the TICs of

protonated molecular ion with am/z value of 250. Fronfrig. 4 the 0.1%3-blocker sample obtained with a cone voltage of 30 V

it can also be seen that the quality of the spectra are good iinom UPLC/MS and HPLC/MS, respectively. Frdfig. 6it can

terms of the signals and background noise. At the higher conke seen that UPLC/MS gave a TIC with a much better signal

voltage some fragments were obtained and they are discusseginoise ratio than was obtained by HPLC/MS, with the peaks

below along with the results of the deuterium exchange work. due to the low-level impurities being much easier to locate in
Comparison with results from HPLC/MS showed that similarthe background signal. The reason for the better sensitivity of

quality mass spectra were obtained from both UPLC/MS andJPLC/MS with D,O in the mobile phase is not known but it

HPLC/MS. Fig. 5 for example shows the spectra obtained forwas observed at both high and low cone voltages and with all

Acebutolol by UPLC/MS and HPLC/MS, respectively. From samplesFig. 7 shows the mass spectra for Acebutolol obtained
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B block test 0.5%
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Fig. 4. Low fragmentation voltage mass spectra ofgH#ockers separated by UPLC.

B block test 0.1%
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Fig. 5. Mass spectra of Acebutolol obtained by UPLC/MS and HPLC/MS.
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Fig. 6. TICs of theB-blockers obtained by UPLC/MS and HPLC/MS, and using deuterium oxide in the mobile phase.

B block test Mixture 0.1% D20
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Fig. 7. Mass spectra of Acebutolol obtained by UPLC/MS and HPLC/MS, and using deuterium oxide in the mobile phase.
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by UPLC/MS and HPLC/MS, respectively. As expected fromMetoprolol all show a mass shift of +3, as expected from the
the higher sensitivity seen in the TIC traces showRim 6, the  amino alcohol side chain and the switch from a molecular ion
UPLC/MS spectrum ifrig. 7shows a better signal to noise ratio with H* to one with O'. In each case the exchange reaction has
than that from HPLC/MS. The difference is particularly seen ingone to completion with very little trace of partially deuterated
the greater level of high mass noise seen with the HPLC/MSpecies. Acebutolol shows a mass shift of +4 as discussed above.

spectrum. The exceptions to the expected behaviour are Atenolol and Pin-
dolol where the spectra are not as simple as might be expected
3.3.2. Mass shifts observed with the use of D20 at first.

The UPLC mass spectra obtained usingoOn the mobile
phase were compared with those obtained fros®kh orderto  3.3.3. Mass shifts observed with Atenolol and Pindolol
confirm the number of readily exchangeable protons. A compag.3.3.1. Atenolol MS data. The spectrum of Atenolol in the
ison with the mass spectra of Acebutolol obtained by usiggH D20 mobile phase has a peakmaft; 272 which is a mass shift
as the mobile phasdig. 5 with that obtained by using D  0f +5 on that of the protonated molecular ion witly 267. The
as the mobile phasé&ig. 7) shows a mass shift of +4 with the mass shift of +5 is as expected from the following: the amino
deuterated solvent system. The shiftin mass arises because of #lgohol side chain; the amide chain in the 4 position; and a proto-
alcohol and secondary amine protons in the amino alcohol sideated molecular ion. In addition however the Atenolol spectrum
chain, the amide proton in the side chain at the 4 position, anth D20 has several peaks which do not seem to correspond to
the change from a protonated to a deuterated molecular ion (i.810se seen in yD. The reason for this spectral complexity is
M'D" instead of\/H"). With Acebutolol deuterium exchange is not known but it may be due to noise, as the signal seen with
complete and no trace of partially deuterated species could batenolol is only about 10% of the intensity seen with the other
seen. B-blockers. At higher concentrations of Atenolol the peak/at

Fig. 8 shows the mass spectra obtained for all of fre 272 is much more intense than the oth#t values.
blockers using the same experimental conditions as those which
were used foFig. 4, except that RO was used instead ofJ® 3.3.3.2. Pindolol MS data. The spectrum of Pindolol in 8D
in the mobile phase. A comparisonBigs. 8 and shows that  shows peaks withi/z values of 253 and 254 in the ratio of about
for most of theB-blockers the mass shifts from those of the 2:1. Thesen/z values correspond to mass shifts of +4 and +5
protonated molecular ions are those expected from the strucelative to that of the protonated molecular iorwdt 249. A
tures shown irFig. 1 Alprenolol, Propranolol, Oxprenolol, and mass shift of +4 is consistent with the pattern described above

B block test Mixture 0.5% D20
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Fig. 8. Low fragmentation voltage mass spectra ofHgockers separated by UPLC, and using deuterium oxide in the mobile phase.
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(amino alcohol side chain and protonated molecular ion), andolumn temperature of 3%. With HPLC the retention time of
the expected exchange from the hydrogen bound to the nitroge?indolol was about 3.3 min as opposed to 0.91 min for UPLC.
in the indole ring. The mass shift of +5 implies that a secondlhe longer time on column with HPLC means that there is a
exchange is also occurring in the indole ring. The fact that twdonger period of time for deuterium exchange to occur. The
peaks are seen implies that the deuterium exchange reactiompact of this longer exchange time in HPLC is seen in the
has not gone to completion, presumably because of slow kineHPLC/MS spectrum of Pindolol with the peaksmaft; 253 and
ics. In the experiments described here samples were dissolvedz 254 having a ratio of about 5:7, i.e. the exchange reaction
in acetonitrile and HO so exchange can only begin once thehas gone to about 58% completion.
analytes have been mixed with the mobile phase at injection, Thus both sets of data show that Pindolol differs from the
and exchange stops when the analytes become de-solvated ugmher B-blockers in that it has an aromatic proton bound to a
entering the mass spectrometer. The hypothesis that the kineticarbon atom which is capable of exchange, but that the reac-
of exchange for the second indole proton are slow was testeiibn kinetics are much slower than those seen with the other
in two ways: by using a higher temperature to increase the ratgrotons. Deuterium exchange reactions which are slow on the
of reaction, and by examining the impact of a longer reactiortimescale of an HPLC separation may also be observed in sys-
time. tems where there are many exchangeable protons. For example
The reaction temperature for deuterium exchange wawith the peptide substance P, which has 23 exchangeable pro-
increased by changing the temperature of the UPLC columions, several minutes at room temperature was required before
from 35 to 60°C. This temperature increase made only a smalthe final equilibrium distribution was reachgb].
difference to the chromatography with retention time for Pin-
dolol dropping from 1.08 to 0.91 mirkig. 9 shows the mass 3.3.3.3. Pindolol NMR data. The position of the slow exchang-
spectra for Pindolol obtained using column temperatures of 3fhg indole ring proton was determined byt NMR studies using
and 60°C, respectively. Fronfrig. 9it is seen that the ratio of either DO or H,O as solvents along with 0.1% TFA. The NMR
the intensities of the:/z 253 tom/z 254 peaks has changed from spectra of Pindolol were recorded at 500 MHz. iOHwo broad
about2:1at38Ctoabout1:3at60C, i.e. the exchangereaction singlets were observed in the aromatic part of the spectrum at
has gone from about 33% completion to about 75% completiorabout 6.6 and 7.3 ppm and these are due to the protons in the
The impact of a longer time for deuterium exchange3 and 2 positions in the indole ringrig. 1). The broadness of
was investigated by comparing the spectrum obtained fronthese signals results from the small splitting constant. 4@ D
UPLC/MS with that from HPLC/MS obtained with the same the 6.6 ppm signal disappears and the 7.3 ppm signal becomes
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Fig. 9. Mass spectra of Pindolol obtained using deuterium oxide in the mobile phase and column temperatures of 80.and 35
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much sharper, indicating that the proton in the 3 position hasnolecular ion does not contain any readily exchangeable pro-
exchanged with the solvent. tons. This observation is consistent with the loss of 42 being due
The 'H NMR studies demonstrate that slow deuteriumto the loss of propene from the molecular ion. In contrast to this
exchange occurs with the proton at position 3 on the indoleall of thep-blockers show a loss of 77 in theB based solvent
ring. With indoles position 3 is known to be activated to elec-and a loss of 80 in the D based mobile phases. The loss of a
trophilic substitution (e.g. nitration). Preferential electrophilic mass with an odd number indicates that the component(s) lost
substitution at the indole 3 position can be rationalised either bgontain a nitrogen atom and the mass shift of +3 between the two
examining the canonical structures which describe the transsolvents indicates the presence of three exchangeable protons.
tion statg16], or by a molecular orbital approach looking at the These observations are consistent with the loss of both water and
frontier electron population of indole in the ground stdie]. isopropylamine from the protonated molecular ion. Acebutolol
shows a loss ofi/z 18 in the mass spectrum from the® based
3.3.4. Fragmentation and structure confirmation mobile phase and a lossmfz 20 in the mass spectrum from the
The use of 50V as a cone voltage leads to fragmentatio®,0 based mobile phase. These mass losses are consistent with
of the protonated molecular ions. The fragments produced cathe loss of HO and DO, respectively, from the protonated and
normally be related to the structure of the analyte by commonlyleuterated molecular ions.
observed processes such as the loss of stable neutral molecules
from the protonated molecular ion. The mass shifts observed. Performance of UPLC/MS and HPLC/MS in routine
with the use of RO helps to identify the neutral molecules lost operation
and the remaining fragment, and so help to confirm the identity
of known analytes and unknowns such as related substances. An important aspect of the comparison of a newer analytical
The mass spectra of tigeblockers in the 0.5% sample which approach with more established techniques is the performance
have been separated by UPLC using+and DO inthe mobile  in routine operation. Such a comparison of UPLC/MS with
phase are shown iRigs. 10 and 11respectively. The spectra HPLC/MS is beyond the scope of this work, but in a recent
shown inFigs. 10 and 1&re consistent with fragmentation pro- study we have found UPLC with UV detection to give good
cesses observed with Propranolol and indicate the presence pérformance in the assessment of the purity of a number of
the amino alcohol side chaji2]. The spectra of many of the AstraZenecadevelopmentcompoufi. UPLC/UV gave sat-
B-blockers show a mass loss of 42 for bothHand O con-  isfactory sensitivity, linearity of response with concentration,
taining mobile phases. The lack of a mass shift between the twstandard recovery, retention time precision, and peak area pre-
sets of spectra indicate that the species lost from the protonatetsion for impurities at a range of concentrations. UPLC/UV
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Fig. 10. High fragmentation voltage mass spectra offidockers separated by UPLC,

and using water in the mobile phase.
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Fig. 11. High fragmentation voltage mass spectra of3tidockers separated by UPLC, and using deuterium oxide in the mobile phase.
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