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= {Charped melecules or melecnlar fragments are generated in a Bigh vacuun cegion o
ol iately prive 4o a sample entering o high vacosm region, using a varety of
methods fur ion production. The ions ane generated in the gas phase so that they can
then be manipulatcd by the application of cither electric or magnetic fields e enable the
determinatioc of thewr molecular weighis.

*  Muss spectrometry prosides o highly specific method for determining or confirming the
tdentity or sneture of drugs and raw matevials wsed in thelr manufactire.

= Blass specleometry in conpunciion with either pas chrometopraph sy (GC-MS 5 or liguid
chmmuteeraphy (LC-ME) provides o method for charsctensimg imponoes in drugs and

= GC-MS and LC-MS provide highly sensitive and specific methods for delecmimng
drugs wnd therr metwholites in biologica] Nuids end pssues,




168

Pharmacoutical Analysis

Sirenpihs

v The best method for getling ropid identification of teace impuritics, which should
tdesn by be carried vl using cluomarographic scparation in conjuncton with highe
resolutinn mass spectrometry =0 il elemental compositions can be determined

«  With the sdvenr of clectraospray mass spectrometry end the re-emesgance of fime of
flirht imass spectiometey, the weehnigne will be of majer wie i the guality contol of
therapouie antthodies and peptides.

Limitations

o Mags spectromgtey is nor currently used in mootine quadicy control (R but is placed in
u reseurch and development (R & [ environmenl whers it 18 used te solve specilic
problems ansing frinm reutine processes oF i process development

« The instromentation is cxpensrve and reguites suppoct by highly trained persomned and
repular wsdintenaree, However, these limirations are graduslly being removed.

Introduction

A mass specteometer works by generating charged molecules or molecular fragpments
gither in a high vacoum or immediatcly prior w the sample entering the high vacuum
regicn. The ionised molecules have w be peoerated in the gas phase. In-classical
mass spectromeiry there was onlv one method of producing the charged inolecales
bust mow there are guite 2 number of alternatives, Ogee the molecnles are charged and
in the gas phase they can be manipulated by the application of either electric or
magnetic fields to enable the determination of their melecular weight and the
maolecolar weight of any frazments which are produced by (the molecule breaking up.

Instrumentation
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Fig. 9.1
Magnsatic sectar mass
spectrometer.

& schemuatic view ol 4 magnelic mass spectrometer is shown in Figore 9.1

(i) The samplais introduced oo the instrament sowree by heating i on the end of
a probe uncl it evaporates. assisied by the high vacuum within the instrument.

iy Omeein the vapour phase, the analyte s bombarded with the clectrons
pricluced by @ rhenivim or tungsten filament, which are aecclerated wwards
positive target with an energy of 70 oV, The analyte is introduced hetween the
filament and the tarzel, und the electrons canse ionisation as follows:
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{iii)  Since the alectrons vsed are of much higher energy than the strength of the
bonds within the analyte (4 7e¥) extensive fragmentation of the analyle
usially oocours,

{ivh Dwo oypes of system are commonly used to sepurate ions on the basis of their
charge 10 mass ratio,

Magnetic sector instruments
In a magnetic sector instrument the jons geaeraled are pushed out of the source by a
repeller polential of same charge as the ion ilsell, and are then accelerated inan
electric Belld of ca 3—8 KV and wavel through an electrostatic feld regien so that they
are farced to [all into a narrow range of kinetic energies prior o entering the lield of
a circular magnel, They then adopt a flisht path rough the magnetic Gekd
depending on their charge to mass (mvs) ratio; the large ions are deflected less by the
magnctic eld:

HY

2V
where H is the magnetic field strength and 7 is the radius of the circular path in
which the jon travels and ¥ = the accelerating voltage,

iz =

At particular values for A and V, only fons of a particular mass adept o [Tight path
that cpables them o pass through the collecior slit and be detected. IF the magnetic
field strength i varied, i0ns across & wids mass range can be detected by the
amalyser, a typical sweep time for the magnetic lield across a mass range of HIO0 5
510 & but Caseer speeds are required i high resclulion ehromatography is being used
in conjuction with muss spectrometry. The secelerating voltage can also be varied
while the magnetic field s held constant in erder to produce sepuaration of ions on the
busis of their kinetic cnergies,

Quadrupole instruments

A cheaper and more sensitive mass spectiometer than 4 magnetic sector instrument is
based on the guadrupele unalyser (Fig. Y23 which uses twao elecuric fields applicd al
right angles to each other, Tather than a magnetic ficld, e separate ions according to
their mifz ratios. One of the lelds used is DC and the other oscillates at
radicfreguency,

Fig. &.2
Cuadrupale mass
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The eflecl of applying the twe electoostatic fields acvipht angles to cach other.
one of which is oscillating. is o create o resonance frequency foreach mif value:
dons which resohare o1 the frequeney of the quadrupole are able w pass through i
and be detecred. Thus ions across the mass range of the muss spectrum are selected
a5 the resonance frequency of the guadropole 1s varied, A gquadrppole insorument is
miore sensitive than a magnetic sector instrument since 1015 able w collect ions with a
wider range of kinetic energies. The disadvantage of & simple guadrupole mass
specirotieler is that it cannot resolve ions to an extent = 0.1 amu whereus o magnelic
seclar instrument can resobve ons to a level of 00001 wmu or moere, This enables rhe
latter to be vsed to deternyine accurate masses for unknown compownds and this
aasipn their elemental compositions.

Mass spectra obtained under electron impact
ionisation conditions

The original type of ionisation emploved in muss speclrometry was glectmon impact
(Ely innisation as deseribed earlier. This type of iwnisation uses high energy elecorona
which produce extensive fragmentation of the bonds within the apalyle. It is sl
very commonly vsed in standard chemical analyses bot is not as readily applicable
where molecules are very invalatile or unstable. In these cuses there 15 a rnge off
other ionisation technigues which can be applied. These tonisation lechnigues, which
are often used in conjunction with chromatography, are discussed in the seciions on
GO-MS and LOC-MS. However, they may also be applied withoul prige
chromaragraphic separation having been carried oul,

y A R —= D" o+ M Fig. 9.3

"_,,/"' Electran impact

| M Y L— ionisation.

\E*+N — 0 R

Figure 9.3 shows a generalised scheme for decomposition of & molecule under T
conditicns. The principles of the scheme are as follows:

(i) M represents the molecular ion which bears one positive charge sinee it s
last one electron and che unpaired clectron which results Irom the loss of ane
electron 1s representad by a dot,

(i) MY may lose a radical which, in & swaightforward fragmentation noel invelving
rearrangement. can be produced by the breaking ol any single bond inthe
molecule, The rufical removes the unpaired electron from the molecole
leaving behind a cation A

§i1i) This cation can lose any number of neutral frgments (M) such as HChoe C0
but o further rodicoly.

{ivl  The same process can occur iy a differcnt onder with s neviral Mragment
{H.O, CO, e being lost 1o produce BY and since ghis ion still has an
unpanred electren it can lose a radical o prodoce C7; this lon can therealier
only lose neutral fragments.

To sumimirise, the Tellowing rules apply to mass spectrometric fragmentation:

i) The molecular ion can lose only gee radical but any number of newtral fragments,
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iy Omee aradical hos been fos) only neotral fragmenes can be lost therealien

Molecular fragmentation patterns
Homolytic and heterolytic o-cleavage

4 Fig. 9.4
Grla O El maass spectrum of
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Under El conditons the analyte develops a positive charge through the loss of
one electron. If there is an elecitonegative atom in the structure of the molecule such
as nitrogen or oxygen, this posilive charge will be on the electronegative atomis), 1
an clectroncgutive atom is abseny the charge is more difficult to locate with cerlainty,
Figure ¢4 shows the Bl spectrum of ethanol which provides an example of two
rypes of fragmentation. The provess 15 a5 follows:

(i Homolytic ce-cleavage (Fig. 9.5) is promoted by the presence of a hetero stom

such as oxygen. nittogen o sulphur and in moleeules conlaining o helero wlom
it often gives dse o the most abundant ton in the mass speetmum {he bose peak ).

E- H Fig. 9.5
| 4 + Homalytic a-cleavage ot
CH;—CH—=0OH — CHy;—GH=0H - -H ethanal.
Mz 46 Mz 45
;‘_“\,' N i -
CHg—CH;—EDH —_— EHZZDH - CH:}'

iz 46 e 31

(i) Oneelectron in the bond broken goes tothe radical and the other combines
with the unpaired electron on the hetero atom to produce 3 double bond; the
hetera atom becomes positively charged,

(il Loss of the Fargest possibie radical is most favoured. In the case of ethanol,
loss ol CH.— gives rise to the base peak in the mass spectoum ol 'z 21

For many drug molecnles this rype of frapmentation dominastes their muss spectra,
A minor ion in the spectrm of ethanal results from heterolviie t-cleavage
tFig, 9.6)
As is illustrated in Figure 9.7, homolyliv ce-cleavage is the major fragmentation
mechaniam for chams containing hetero aloms.
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Fig. 9.6
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Indicate the typels) of cdéavage and the fragmends lost which gives rise to the majer iars in the
spectrum of butan-2-ol showen in Figure 9.8,
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Figure 9.9 shows the specitum of n-butanol, In this case homolyviic o-cleavige,

which gives nise 1o the iom at mdz 31, does nod completely dominage the speclrum and
the spectriam producead 5 more cormpleax as a result, Loss of the newtral frapment
H.Or oceurs via a LA elimnation (Fig, 9, 1) this produces an ion al sz 36 which,
sioee 1 1w s0lE a radical calion, gives rise w0 ihe fmgment ol meZ 41 via loss of OH,
and) (ollowed by Toss ol H; a5 a neotral fragment o give s 39,
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Cleavage with proton transfer

Cleavage with proton transfor is also commoen in the mass spectra of drug molecales,
In the first two examples the initial step is homelylic o-clesvage as shown in Figore
Q.11 this s followed by loss of 2 peutral hydrocarbon Tragmenl
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Tuble 9.1 shows some 1ypical small Tragiments which are lost from the molecular

1ons of molecules,

Table 9.1 Common lasses from a molecular lon

Radicals/newutral
Loss amu fragments lost Interpretation
1 H- Often a major ion in amines, alcahals and aldehydes
2 H:
15 CH.- Mast readiky lost from a quatemary carbon
17 OH- o MH,
18 H.O Readily lost from secondary or tertiary alcohols
1920 FuHF Fluorides
2R LK Ketone or acid
29 C.H.
30 CH.0 Aromatic methyl ether
31 CHO- Methyl ester/methoxime
#1 CHMH, Secondary amine
32 CH,OH Methyl aster
33 H,0 + CH,
3636 Cl/HCI Chiaride
a2 CH=C=0 Acetate
43 C.H. Readily lost if isopropyl group prasent
43 CH,CO Methyl ketone
43 0 + CH,:
44 o, Ester
45 COH: Carboxylic acid
45 CH,OH Ethiyl ester
a8 Co+HO
57 CHy
59 CH,COMNH, Acotamide
=] CH,COOH Acetate
73 [CH. b, 50 Trimethylsilyl ethar
o {CH 3, 5i0H Trimethylsilyl ether
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Fragmentation of ring structures

More complex Lypes of fragmentation involve rearrangement of the structare of a
molecule prior to fragmentation and this 1s mere likely o oceur if the molecule hasa
ring in its structure. Figure 9.12 shows the El spectrum of cyclohexanol.

Fig. %12
The El mass spectrum of
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The major ions in the spectram are due to the loss of the neutral fragment water,
s i the case of n-butanol 1,4 eliminaticn is probabiy involved. The hase peak is
Tormed via hoimulytic cleavage next o the O eroup followed by proten iransier
(Tag. 9050 The base peak of the inass spectroam is Tormed as shown in Figoes 213,

4 R . Fig. 9.13 |

OH oH OH Cleavage of cycdlohexanol |
/Li o with structural |
3 : — — I'EEITFBI'IQE‘N:EI'IT_ |
B

rrale miz 57

Retwo Diels=Alder fragmentation is another type of fragmentation which ovcurs
in compounds with ing systems.

The peak at myz 68 Inthe mass spectrum ol Hmonens results rom the moleculs
breaking in hall as shown in Figore 9,14,

El mass spectra of some drug molecules

Examples where the molecular ion is abundant

In the ease of some drugs the molecolar ion may be abundant in the mass spectrum,
Figure 9135 shows the mass specoum of codeine, where the molecular ion at me 209
i the base peak. The extended ving structure of the molecule means that apart foom
the abundant molecolar 1o, the frapmentation of codeing 15 not casy to interpret
because of the structural rearrangements which ocour. The only other fon in the mass
specteam of codeine closely related to the melecular ion 1% at sz 229 and formation
of this jon involves some rearrangement of the ring strocture.
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Drugs which vield abendant melecular ions wnder B conditions include: caffeine,
coumaretraly |, cyclazorineg, dextromethorphan, dichlorphenamicle, diflunasil,
dimoxyline, fenclofenac, flurbiprofen, priscolulvin, haomine, hydratazine,
hvdroflumethiazide. ibogaine, ketotifen. levallorphan, methagualone, nalorphine.
These drugs arc characterised by huving ring siouciures without extensive side
chains, or if side chains are presenl. they do not contain hetero awoms which would
direct cleavage to that part of the molecule,

Drug molecules in which homolytic a-cleavage dominates
the spectrum

Since many drogs conlain hetere atoms the fragmentation of drug molecules 35 oltlen
dirceted by o-homolytic cleavage adjacent o these atoms. Figure 9. 16 shows the
mass spectrum of bupivacaine, whese homolviic g-cleavage is directed by the
nitropen atom in the heterocyelic ring resuliing i an on at g 14, which
dominates the specitum.

Fig: 9.16
The El mass spectrum of
bupivacaine,
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A sitnilar type of fragmentation dominates the spectrum of other lucal anagsthatics
such as prilocaine and procaine; and sympathomimetics such as ephedrine. salbutamal
and lerbululing and [f-adrenergic blockers such as propranolol and oxyprenclil.

Isotope peaks

Figure 9.17A shows the mass spectnum of chloroguing under Bl conditions, This
mailecule pives a spectrum typical of 4 basic compound with a side chain, [n this
citst humolylie n-cleavage takes place adjacent to the nitrogen in the side chain with
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the charge being retined on the smaller poreion of the molecule resulting in an ion at
s B, Another fealure of the spactrum which can be noted is the double molecular
ion which oeewrs at e 319 and st 321 and which arises from the presence of'a
chiorine atom in the molecule. Chlomine has two comInon isoropes with stomie miisses
35 and 37 in the ratio 311, and the small moleenlar ion for chlomsguine al s 319 has
a peak associated with it inoa 301 ratio at ez 321 This is seen more elearly in the
negative jon chemical ionisation (NICTy spectrum of chloroguine (Fig, 9.17R). NICT
is & sofl ionisation techaigque which produces little. if any, fragmentation in & moleeule
and results in an abundant molecolar ion. In this case, the chlone setope peuk for
chloroguine at sz 321 can be scen clearly. Bromine in the strocture of 2 moeleculs
will also produce an isetope pattern since it has isotopes with atomic weihis of 79
and 81 which cceur in more or less & L6 rutio, These typieal patlerns can be uselul
im characterisation of impurities in synthetic drugs becavse reactive intermediates
which are used in drug synthesis may contain bromine or chlonine. If more than one
chlorine or bromine atom 1= present, then the 1sotope patlern s mors complex.

The 1setopes of 4l the other elements commonly found in drug moleciles are
much less sbundant, although bacause of the number of carhon atoms in farge
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Self-test 9.2 L N Rl He Teen I

Predict the base peak In mass spectra of the following melecules:

OGHECHCH ZNHCH[GH ala
Hal —@—cow HGH JCH NI Hg)

1iy Procainamida CHaCHAOCH,
(e} heetapralol
-
CHOCHCHNIGH ) COOCHCH ,—M
it
C. eHs
B H?‘

(i) Déphenhydrarming
vl Flavorate

"BE Z/L (A B I (1) T T (1) O i i SRy apis e u) wole uabionu gy ol
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maleciles, the M+1 ion for carbon is vsually substantial, Although the abundance of
carbon-13 is only 1.1% compared with carbon- 12, the presence ol 40 carhon atoims
in o molecitle would pive vise i an M4+ jon with 4 44% shundance since there is a
44% probability that the molecule will contain a carbon-13 atom,

Tropylium ion

Another type of dirceted frugmentation oceers in malecules which have a benzyl
group. For instance, the spectrom of levodops (L-dopa) is dominated by an ion at
iz 123 which arises from the formation of & eopyliom ion as shown i Figure 918,
This ion is readily formed in any compoind with a benzyl group. The benzyl CH.
becomes incorporated into o seven-membered ring structare in which the positive
charge on the ion is delocalised around the ring soructure. giving a very stable cation,
Of course other types of fnggmentation can compete: in the case of L-dopa. homolytic
cleavage next to the nitrogen aiom is possible which gives rise to a fragment 4t

mifz 74, but this fragment is of lower abundance than the fragment ac s 123,

oH Fig. 5.18
HO Two routes of
O fragmentation in the
HO CoaH /,'f ; mass spectrum of L-dopa.
|
HQ@EHPDH—NHR iz 123
\ clooH
CH=NH; |

miz T4
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I Predict the riiu:ly trager peak e the mass spectra ot the tallawing mcleciiles:

)

CHL0 QOCH, . M
= .. ; :
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(i} Trmetazidiae {iit Mepyraming
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McLafferty rearrangement

McEatferty rearrangement can ocour in carboxylic acids, cswers, ketones and amides
which have a side chain contaning at lewst three carbon atoms. The gencralised
fragmentaticn is shown in Figure 9,19, For example, the sedative drug apronal bas a
Melatferry fragment 25 2 major won in it mass spectrum arising @ shown In

Fagrure 200, .
s Fig. 5.19
R 4 53 R H EH The Meclafferty
;K':__/U\ : \IT -ﬁi\ rearrangement.
b R, F|1
A= CHR, OH, OR, NHR.
Az Horalky
e Fig. 9.20
A} [
i i — b McLafforty
I. _'I"MO* EH“-CH_CH%{-’;OH fragmentatior af
T . = - al,
e EH"E? NHCOMH, OFArara
NHCOMH A )
miz 142
Bornal
CH:—CH=GH,

This lype oof fragmentacicn is not particulacly common in drug molecules, ollen
because where iLis possible homolytic G-cleavage dominates the specirum, but il s a
femture of Tong chain Hpid molecales such as fary acid csters.

Gas chromatography-mass spectrometry (GC-MS)
For the chromatooraphic aspects of GC-MS, refer to Chapler |1, Gas
chrommtography 1000 was the earliest chromatographic technigue o be inerlaced
ler 2 mass spectrometer. The original type of gas chromatogruph had a packed GO
column with o gas Tow rale passing through it at e 20 mbfmin and the major
problem was how Lo interface the GC without losing the muss spectrometer vacunm,
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This was solved by use of a jet separator where the column cffluent was passed
across a very narrow gap berween two jets and the highly diffusable cavier gas was
largely removed, whereas the heavier analvie molecules crossed the gap withoul
being vented. The problem of removing the carrier gas o longer exists since OC
capillary columns provide a flow rate of (£5-2 mlfmin. which can he dircetly
introduced into the mass spectrometer without it losing vacuum.

{onisation techniques used in GC-M5
Thera are three miain tepes of ionisation wsed with GO-3S5. which will be discussed
i turn.

Electron impact

This type of ionisation has heen diseussed earlier in this chaprer. The mass spectrum
ot psoralen under EY conditions is shown in Figure 921 along with the
corresponding GO trace, which is produced by the total jon curvent (TIC) across the
sean range of the mass spectrmnm. The metecular ion B 15 in this case in pood
abundance at sz 186 and other ions arise as follows: wds 158 1800, nefz 130
UM 2000, e 102 (M-3000

) (] Fig.2.21
The TIC GC
| chromatogram for
pearalen and the E|
g /

spectrum obtained Trom

the chromatographic
Paralen MW 186 peak.

e
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Positive ion chemical ionisation {PICI)
o the PICT mode o reagent gas is coniouously introduced i the ion source, ¢z,
methans (isobutane and wmmonis are also osed), The gas inleracets wath elecitons
produced by the hiliment g produce g senies of wons shown i Figore 922,

The positively charged 1ons can either associate with the analyie or can transfer a
proton 1o the anaivie. The most commonly observed adduct wous are tlivstrated by
the PICT spectrum of psoralen (Fig, 9234 In this case, the ions anse via addition
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Fly. 9.22
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Filative abundanee 2

ol H- Gz TRT), CoH ez 2158 and O H," (mdz 227) 1o the molecular ion. The
sipnubmoise ratio indicated by the baseline of the corresponding GO race shonss
thal. while the fragmentation of the molecule is reduced, iomsation efficiency is also

reduced i compariscn with Bl

Negative ion chemical ionisation (NICI)

The most common Form ol ionksation occuering in the case of negative ion spectrad 15
electron capture omisation. Again a reagent pas is wsed and the electrons collide with
it so that (heir energies are reduced to < 10eV, Molecules with a high affinicy for
efectrons are able to capture these low energy thermal electrons. This is often looscly
called N1CE but since it does not invelve the formation of a chemical adduct at is not
sirickly chemical iondsation. The two comnwmly observed types of cloctron capture
e shosen i Figore 9,24,

Fig. 9.24

/ AB Rasanance alecl-on caplure

B Diesociative slectron caphire
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The NICT spectrum of psoralen (Fig. 9.25) indicates that resonance caprore is
oicurming o thal most of the ion current 15 carried by the molecalar ion at me's FRA.
The associated GO lrace indicates that 1onisation is ca H times more efficient for the
same armoun? ol psorlen i comparison with EL In addition, since most of the ion
current is chanmnelled inlo the moleowlar ion, sn analytical method which selectively
monilored the moleoular ion ol psoralen would be o ) times more senaitive if NICT
conhlions were used rather than EL The technigue only works for compounds which
are elepdron capluring. The small ion at sz 218 indicates that the psoralen has also
lesrmmesd an adduct with traces of oxyeen present in the instrument, i.e. true chemical

sl i,
B Psoralan Fig. 9.25
NICI spectrum of
psoralen.
2

b

85 “ap

1.0

Hedslive abrsndance o

218
S &

g

mL

Applications GC-MS to impurity profiling

With the advent of requirements-by the American Foud and Drug Adminisitation
tFDAY for idencification of any imputity 8 a level of 5 0,19 in pharmaccuticals, mass
spectrametry with chromatography has [ound o role in impurily dentification. Such
impuritics can arise either froim the manufacturing process or from degradation ol the
drug. Figure 9.26 shows a GC-MS trace for a commercial sample of the B-blocker
propranolel. The synthetic route leading to propranolol is shown in Figure 9:27,

Proprancial Fig. 9.26
GL-MA5 trace of a
commerciat sample of
propranalol with
E impurities.
I f

TG

Impsrily 1
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Fig. 9.27
Aynthesis of propranola’,

There is one major additional peak in the sample which tums aller propranalol
fimpurity 2 The mass spectram for propranolol 1s shown in Figure 9,28,

Crue to GyH,| MO+ Fig. 3.28
] El rass spectrum of

e propranolol.
i
E M- H, M
=2
2 144
m
E 127 Mo HH Soa Mt
L 215 psaGH,

i \ 244

im I Sy SRt o M 1T L i

Ler F4

The molecular ion can be seen g mes 258 and the two major fragment ions ot
vz 14 and 115 arise us shown in Figure 929,

The impurity peak shows a major ragment at s 158 (Figune 9 300, This
compound must have @ molecular weight higher than that of prepranolol since its
GC retention lime is longer. However, therea is ne substantal ion of molecular weight
higher than thal of propranclol in @15 mass spectrum. 'The mass spectrum of the
impurity under PCL conditions is shown in Figure 931

[mpurity 2 wives an apparent molecalar ion at e 302 and also shows a major
fragment an sz 158 This information is consistent with an additional isopropy]
being aluched (o the vitrogen in propranalol as shown in Figure 9,32, The fragmenl
al werz 138 observed bk onder H and PO conditions arises as shown ie Figune 9,32,
Thus, this extra peak is mapufaciuring inpaeity, probably absing from a-small
amount of disepropylamine being present in sopropylamine used 25 a reagent in one
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of the later stages of the avathesis. It is also possible to detect in the propranolal
sample a very miner amount of [-naphthol, impurity | (Fig, 9.26), which is usad
an earlier stage of its synthesis,

Liquid chromatography-mass spectrometry (LC-MS5)
The imterfacing of a liquid chromatograph to a mass spectrometer proved moch mere
difficalt than interfacing a gas chromatograph sinee each mole of solvent introdeced
intor the instrument prodoces 22,4 | of solvent yapeur. even at atmospheric pressoere,
The technique has made buge advances in the last 10 vears and there are muny Lypes
of interface available, the most succesaful of which are the electrospray and
armospheric pressure ionisation sources. Tahle 9.2 summarises the major types of
FO-MS iterface which are available. In many cases, LC flow rates have to be in the

range 10108 ul per miin so that cither splitting of the cluent from a pormal column

is required of microbore chromatography i

sused, Table 9.3 summarises some

additional ion separation methods which are vsed in conjunetion with liguid

chramatography.

Table 9.2 LC-MS interfaces

Interface

Comments

Farticle beam
Cecasikaalor
rhamrbar

| T M5
s
e 1
- - ; @ | — —
1 i
a {
AT O

hormeriim
rparabi

Fils~sitl
Hebukser

Thermospray
Fram L Jut o aump e vyEer
- at At Ter Tap WS Higght eminnare

—_——= —p

Haateed canliary :'\_,'\/I
|

Fiamunt

Usetul interface which is applicable to 3 wide
range of molecules. The valatile solvent
malecules are stripped from the sample and
lost in @ pracess similar ta that used inthe
early jet separators wsed in GC-M5, The
heavier sample molecules enter tha M3 and
can be ionised by the standard methods of E1,
PICH or NIC|. Gives spectra with El
fragmentation which can be referred far
identification to El spactral libraries built up
ower many years. Na solvent background thus
sensitive to the 10-7 g level. Solvent flow rate
up to 1 mlifmin, mass range up to 1000 amu

The eluent frem the column |s vapourised and
a portion of the vapour (ca 1%) is transferred
o the mass specirometer and the rest of the
vapour is pumped toowaste, The speclra
produced are like Ol spectra since the
presence of solvent vapour with the sample
reduces the energy of the ionisation process
and adducts can be formed with the salvent,
Sensitive to the 10% g level; mass range up to
2000 amu

Fig. 9.32

#A5 fragmentation of the
tpurity peak in
progranalol
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Table 8.2 LC-M5 interfaces (Cont.}

Interface
FRIT-FAE (fast atom hambardment)
Ep
e A
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A S razden
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; L
\ {_‘_‘_r.-'
4
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I
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alng my ghise Zamphe in realnlie
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Electrospray (E5) lonisation
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!
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Caomments

The mobile phase entars the instrument
directly so that the flow rates can anly be ca
10 plivnin. The mobile contains 1% of an
involatile matrix, 8.q. glycerol, The sample
flowes aut onta the centre af a porous disc and
the salvent, apart fram the invalatile matrix,
evaporates. The sample in the mateix is strack
bry Tasl atoms (¥e or Cs) from a FAB gun and
the high energy of the atoms generates ions
frarm the sample. foft ionisation technigue
praduces limited fragmentation. Sensitive 1o
110+ @ level for lipophilic compounds, mass
rance U ta 2000 amu of more

The mast comman LC-MS interface. Flow
rates up 1o 1 mi‘min but best at 200 plimin or
below, & charged aerosol s genarated at
atmospheric pressure and the solvent 1§
largely stripped away with a flow of M, gas.
The charged molecules are drawn into the M3
by electrostatically charged plates.

Can determine both small melecules and
mokecules Ug 1o 200 000 amu. Spectra can be
simple, tantaining melecular icn only, or
fragmerntation can be induced by varying the
cohe valtage, More suitable for polar
malecules

Wery similarto ES but can pperate at noermal
LC flaw rates 0.2-2 mifmin, ES instrumeants can
be simply converted to run this technique.
lardsaticn is mare analpgous to Cl with the
torana distharge producing ions such as MO0
and M7, which promaote the ionisation of the
sample. Complementary to ES since this
interface will lonise less polar molecules

Table 3.3 additional icn separation methods

Matrix-assisted laser desorption with
time of fight (MALDI-TOF)

LasDT OpaETl

Frizlbsclion:
Annip i
many

Lens slack
Sl T
\"'-....___‘_. ..“/ - - 1

Dawaciur

Can be used for very large proteins = 200 000
amu. The tample is dissolved ina light-
absorbing matrix, soft ionisation is promoted
by @ pulsed laser and ions are ejected from
the matrix and accelorated wsing an
electrostatic field into a field-free regian. The
lighter ions travel fastest, In arder to improve
resalution a device called a ‘reflectron’ is used
to foous the kinetic energies of 3 population
of a particular ion prios 1o its entering a field-
frea regian. The lengih of time taken for ians
to reach the detector gives their molecular
waight (MW, The puised nature of the
ionisatian ensures there is no overlap
between spectra. (deal technigue for
characterisation of the MW of large proteins

187
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Table 9.3 Additiona ion separation methods (Tont)

Tandem mass specirometny Commonly known as MS—-M5, One quadrupale
Lia st 24t s g e is used to filter aut the malecular ion of the
R - e rampound of interest which is imroduced
A inte & collislon cell where argon gas is used ta
l induce futher diagnositic fragmentation of
—_— = the molecular ion. The secondary fragments
— —— l__.’ sz - — can then be separated with a second guadrupole.
petny i T Thres or feur quadrupoles can be used 1o
| produce even maore filtering. The technique
. m‘:‘;".‘:‘;ﬁ‘: can remove the need for a chromatographic
bbb o step replacing iL with high-speed ion filtering
fon trap The ion trap separates ions by capturing them
i g withity @ circular electrade where they orbit
ez T until they are ejected by a varation in
F 3 voltage. The technology is developing rapidhy
] :il'ld has advanlages over a guadrupole in that
T ) —_—— ".T_:.‘“.:.\.... inns can e trapped while tandem MS5-type
i _h" i T e tragmnentation is produced. Can filter out
e & mlnerie o g background while the jon of interest is

retained in the trap hefore being further
fragmented and ejected

Cmapednbateny Farg vcoosk:

Applications of LC-MS in pharmaceutical analysis

Determination of impurities in insulin-like growth factor
with ES~MS

ES- M5 provides an excellent means for guality contral of recombinant proleins,
some of which arg now used as drugs, e.g. human insulin, inrerferens, erylhropoictin
and tissue plasminogen activating factor! The advantape of ES-ME in {he
determination of proteins is thal multiple charges can be formed on a protein o bring
it within range of standard mass specirometers which have a mass range of

TOEM) 2000 amu. A protein with & charge of |04 and a MW of 10 000 would show up
at [(KM) ami. It would be further characterised by having ions in a series beuring
different charges, eg, QU0 CEL4+, 1000 (L0+), 1111 094+ 1230 (8+), el The
simplicity of the single ion specira for cach charge number means that smull
amounts of related proteins that muy contaminate the main protein show up quile
clearly. Thus. varistions in protein slructure such as degree of glycosvlation or in the
terminal aming acids of the protein can be scen quite clearly.

An example of how 1S-MS can be used to determine minor impurities in a
recombinant protein is shown in Figure .33, where some small additional ions in
the mass spectrum of recombinant insulin-like growth factor (16GH) can be seen, The
major ions in the spectrum are due (o IGF itself boaring varving chargs but the minor
inpurities also give rise Lo peaks and (hese can be nterpreted as shown in Table 9.4,

Before the advent of this technigue Lhe deferminaton of protein molecular weight
wias 8 laborious process and control and identification of miner impurities more or
lesy impossible.

Characterisation of a degradant of famotidine

Tublets of famatidine, an anti-uleer compound, were subjected to stress conditaons in
pack * Figure 9.34 indicates the profile oblained from analysis of an extracr fram the
stressed tablets by LO-atmespheriv pressure chemical ionisation mass spectromelry
(APCIMS). The seructure of famoliding is shown in Figure 9.35,
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Assignment MW Da
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LC-MA5 prafile of
famotidine and
degradant.
Reproduced with
perrmission from Pharm.
Biomed. Anal. (sea
Reference 23,
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+H = mr 183 Fig. .35
- Fragmantation of
HEN‘. S Famolidine,
L= jL
H =M
N CH,5CHCH :.""Elllﬂ 80,
MH. NH,
Famotidine W 337

The mass spectra obtained for famotiding and its degradant by APCIMS and
APCIMS-MS are shown in Figures 9.36 and 9.37.

8.1
i 3 Fig. 5.36

Mass spectra of
Tametidine obtained
wndes AP conditions
with tamdern M5

LAl wWithout additional
fragementation, () After
collisicnally pramated
fragmigntation
Ropracuced wilk

250 2 permission from Phamm.
Blamed., Anal. lsee
Reference ).

Fefative abuncsnce

182
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Relative abundance

The degradant had a MW 12 amu higher than that of famotidine. The fragment @
s LB9 was common o Both spectra, indicating that the two molecules were similar
in structure: The degradant was Towid o have the structure shown in Figure 958 and
wigs proposed woresult from reaction of famotidine with formaldehyde residues
present in the packaging. The struciure ot the degradant was confirmed by synthesis
of & standard Tor the degradant by reaction of famotidine with formaldehyde,
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Mass spectra of 2
famotidine degradanit
obtained under APCH
carditiars with tandem
RS, (&) Without
aciditlaral
fragrmentatian; (B) After
coliisionaily promoted
fragrmentation.
Reproduced with
permission fram Pharm,
Bicmed, Anal. {sec
Refererae )

Profiling impurities and degradants in butorphanol

tartrate

HPTT compled o an ES-MS was used to elucidate the stucture of a number of
degradants in butorphane?’ following its storase in agueous solution. Figure 938
shows the LO-MS profile of the degradants which were detected in bulorphanol,
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Fig. 9.38
LC-M5 selected ion
pratile of the degradants
formed frem
buterphanot,
Reproduced with
peErmission trom Pharm.
Biomed, Anal. (see
Refarence 3).
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Figure 939 shows the APCTMS-MS specirum ol butorpharal, where additional
Fraganentation of the molecule was produced in g collision vell as anaid o
identificarion.

Fig. 9.38 310
ME-PS spactrum of
butorphanaol ionised
using ARCH

Reproduced with
permissicn from Pharm.
Biormed. Anal. see
Refarence 31

Felative abiindance
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Some of the ions present 10 bulerphanaol shown in Figare 9.3% can be explained
by the following losses: 310 (MH—H.), 282 (MBP-T.0-C.H,) and 242
iMH=-H.0-CHy) Anton al meds |99 [ormed by rearrangement of the stricture poor
to Fragmentation with loss of one of the rings was assigned the fallowing soucture

[Fig. @400
= Fig. 0.40
M | Characteristic fragment
Hz'i} = icn generated from

outorphanol and related
degradants.

= — —

The fragment in Figure 940 was chamelensiic of the nucleos of the molecule and
provided an importunt puinger in the elucidation of structure of the other degradants,
Bwv comparison with mass spectrum oblaine| lor butorphanal, the depradanes shown
in Figure 9.4 were found to be presenl.
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- AH Fig. 9.41
ey #,/ Degradants oresent in
cenz > #
[ / L/LL/\QGM butarphanal
~/ HO™ b
< aH
HE s T o |
Bulorphansl MW 327 Morbutarphanol MW 259 I
|
v !
Hydroxybulcmbanol MW 343 |
Al 30 Butorphanal MW 09
Ketobutorphanol MW 341 |
Refarences
1. Lo Poaleer, BN Grreen, 5. Kaer and AL Boelinghame. In: AL, Burlinghame and A

MoCloskey, eds, Biolugical Miss Specinanginy, Elsevier Science Fultlishers, Amstenbion { 19900

(3. Xoe-an, PLE Domime, K H-CL Chang. PML Drsdransky, MoAC Brooks and T, Sakumi.

I Pharm. Bimmed. Anal. 12, 221-233 (1% ).

30 KLAGIE, 5 F Kol BA, Rowrick, B H, Kernsand M5, Lec, 1o Pharm. Boimed. Anal. 14,
16E3- 1674 (1996

-

Further reading

Practical Cugane Mass Spectremety: A Guide Tor Chemieal and Biochemioal Analysis. 2nd Edn,
LE. Chapman, ed.Wiley Interscience, Chigchesler {19957

Masz Spectrometry. B Davis and M. Froorson, eds. Iohn Wilew and Some Chichester (1904)

Masz Spectomeny for Chemists and Bicchemisrs, Cambridge University Press, Cambridge {19496,

Spectroscopic Metheds in Oreonie Cheonstey, i Edn B2H, Williuses ol T Flesing, eds MeGraw
Hill, London {1980}



