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Abstract

This study presents the outstanding chromatographic selectivity of a porous graphitic carbon support for the separation of four isomeric
tropane alkaloids from the stem-barkSafiizanthus grahamii (Solanaceae). Capillary liquid chromatography coupled to mass spectrometry
was studied after the appropriate selection of mobile phase composition, temperature, nature and concentration of the acidic modifier.
Fragmentation behaviour by in-source collision-induced dissociation (CID) on a single quadrupole mass spectrometewyitr M5
ion-trap, was investigated for structural identification. The ability to differentiate the isomers by in-source CID was demonstrated and a
fragmentatiorpathwaybasedon MS" sequencetogethemwith accuratanassexperimentswasproposed.
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1. Introduction limited selectivity towards isomeric compounds. On the
other hand, normal stationary phases have a high selectivity
Tropane alkaloids, with their well-known pharmalogical towards compounds possessing similar chemical structures
activities and significant therapeutic importance, are exten-[14,15] which makes them well suited for the separation
sively used in modern medicine. This class of alkaloids is of isomeric tropane alkaloids by thin layer chromatography
relatively widely distributed in the plant kingdom and mainly [16,17] However, these normal stationary phases present
occurs in the Convolvulaceae, Erythroxylaceae, Proteaceaemany drawbacks and are rarely used in routine LC for the
Rhizophoraceae and Solanaceae fami[iEls The genus  separation of tropane alkaloids.
Schizanthus [2] belongs to the latter family and presents a Porous graphitic carbon (PGC) stationary ph§b8]
wide range of tropane alkaloiff3]. Indeed, the chemical evo-  offers interesting alternative properties. It possesses a rigid
lution in Schizanthus runs from simple pyrrolidine derivatives  and planar surface together with functions capable of strong
to tropane ester series derived from angelic, tiglic, senecioic, charge-transfer interactions which contribute to the driving
itaconic or mesaconic acids leading to numerous positional force separating closely related compoufid20] In addi-

and configurational isomef4-11]. tion, its polarizable surface is virtually free of residual surface
Liquid chromatography (LC) methods are widely used for defects which makes it particularly suitable for the analysis
the separation of tropane alkaloifis?2,13] with reversed- of basic metabolites. PGC columns have already been used

phase (RP) supports. Nevertheless, these supports havéor the separation of closely related structyizb-23]
In this paper, a PGC packing was used for the separation

* Corresponding author. Tel.; +41 22 379 65 61; fax: +41 22 379 33 99, Of fourisomeric hydroxytropane estefsg. 1) from Schizan-
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Fig. 1. Structure of the four isomeric hydroxytropane esters (M289 g/mol).

chromatographic parameters such as mobile phase composias well as ammonium formate were from Sigma—Aldrich

tion, concentration and nature of the acidic modifier, pH and (Buchs, Switzerland). Ultrapure water was provided by a

temperature. Capillary LC was chosen to handle the limited Milli-Q Gradient A10 unit from Millipore AG (Volketswil,

sample amounts available, as well as for its flow rate com- Switzerland).

patibility with the electrospray ionisation process. In order to

establish typical fragmentation pathways of the investigated 2.3. Capillary LC-UV conditions

tropane alkaloids, in-source collision-induced dissociation

(CID) on a single quadrupole was compared to"MSperi- An UltiMate Capillary LC System was used (LC

ments performed on an ion-trap mass spectrometer. Finally,Packings—A Dionex Company, Amsterdam, The Nether-

the exact mass of the precursor ion and of each fragment wadands) with a FAMOS Well Plate Micro-autosampler, a

determined by high resolution MS. UV detector and a thermoregulated column compartment.
The wavelength was set at 220 nm. Chromatographic sep-
arations were performed either on a HyperCarb capillary

2. Experimental column (15 cmx 300pm i.d., 7Mm/250,5\, ThermoHyper-
sil phase packed by LC Packings) or on a PepMap C18
2.1. Plant material capillary column (15 cnx 300pmi.d., 5.m/80A, LC Pack-

ings). Acidic aqueous mobile phase (phase A) and organic
S. grahamii Gill. was collected in Rengo (central Chile) mobile phase (phase B) contained from 0.05% to 0.4%
in January 2000. The stem-bark (2.6 kg) was extracted with (v/v) formic, acetic or trifluoroacetic acid. For basic eluents,
ethanol at room temperature. After filtration, the alcoholic 50 mM ammonium formate aqueous solution was adjusted to
solution was evaporated to dryness. The residue was taken uphe required pH (i.e. 8.0 and 9.5) with concentrated ammo-
in 0.1 M HCland washed with dichloromethane. The aqueous nia. The organic mobile phase consisted of pure methanol.
solution was then basified to pH 12 with ¥&H and further Isocratic elution was systematically carried out and condi-
extracted with dichloromethane yielding to a gummy alka- tions are specified in figure legends. Flow rate was set at
line residue (6.6 g). Further purification onto an aluminium 4 pl/min for both columns. Experiments were carried out at
oxide column was performed according to iz et al.[7] 25, 40 and 60C by preheating 20 cm of the LC fused-silica
leading to the investigated purified fraction containing the tubing ahead from the column inlet. Finally, QulLl sam-
four isomeric hydroxytropane esters. ple material was systematically injected onto the capillary
columns.
2.2. Chemicals
2.4. Mass spectrometry conditions
LC grade methanol (MeOH) and acetonitrile (MeCN)
were obtained from Panreac Quimica SA (Barcelona, Spain).  Single quadrupole and in-source CID mass spectra were
Formic (FA), acetic (AA) and trifluoroacetic (TFA) acids recorded on a HP series 1100 MSD (Agilent Technologies,
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Waldbronn, Germany) betweeriz 70 and 250 Th. Measure- 3. Results and discussion

ments were carried out in the positive ionisation mode using

an orthogonal pneumatically assisted electrospray interface3.1. Chromatographic separation

(ESI). The following ESI parameters were applied: electro-

spray voltage of 3500 V, nitrogen nebulizing gas pressurewas  Separations were performed underisocratic LC conditions

set at 10 psi. Furthermore, the nitrogen drying gas flow rate with MeOH as organic modifier because of its lower eluent

was 51/min at a temperature of 250. strength compared to MeCN and because MeOH is gener-
Multiple stage MS measurements were performed with ally more selective than MeCN. As expected, reversed phase

a HP 1100 Series MSD-Trap-SL (Agilent Technologies) material was unable to baseline separate the four isomeric

using an electrospray interface equipped with an orthogo- tropane alkaloidsKig. 1), neither in acidic nor in alkaline

nal microsprayer. The electrospray conditions were the samemobile phase (data not shown).

as abovementioned. A maximum trap filling time of 50 ms With the PGC column, several parameters were tested (e.g.

was chosen to limit the number of ions entering into the acidic modifier, mobile phase composition, column temper-

trap to avoid space charging effects. lonised species wereature) to obtain a set of conditions which provided a baseline

individually isolated and further fragmented. Fragmentation compound separation in the shortest period of time. This

amplitude was set at 1.0V to excite the precursor ion. Full packing material can provide unusual retention mechanisms

scan mass spectra were taken frema 80 to 250 Th and spe-  due toits rigid, planar surface with sites capable of dispersion

cific product ions were selected to produce extracted massas well as charge-transfer interactions.

chromatograms. Alkaline LC conditions were tested first. As shown in
Accurate mass measurements were performed on aFig. 2 the four isomers could neither be separated at pH 8.0

QgTOF instrument (QSTAR XL, AB/MDS Sciex, Concord, nor at pH 9.5. In the latter conditions, analysis time signifi-

Ont., Canada) for structural characterization of MS/MS frag- cantly increased since the alkaloids were mostly under their

ments. TOF-MS spectra were acquired framz 200 to unionised form.

300 Th with an accumulation time of 1 s. Product ion spectra

were recorded over the mass rangenéf 70 to 250 Th with

a collision energy of 30 eV (nitrogen gas set at 5, laboratory min -
frame). Data acquisition and QSTAR XL instrument control .
were performed by Analyst QS software (version 1.0 SP8). 304 '
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Fig. 2. Capillary LC-UV analysis of the purified plant extract on a porous ' _ _ o
graphitic column under alkaline conditions: (A) pH 8.0 afZ5 (B) pH 9.5 Fig. 3. Influence of formic acid (FA) concentration on separation time and
at 25°C. peak resolutionk).
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Fig. 4. Influence of the MeOH percentage on separation time and resolBgpwith: (A) AA; (B) FA; (C) TFA as acidic modifiers.

A complete separation of all isomers was only possi- depicts the effect of MeOH percentage in the mobile phase
ble in acidic mobile phase conditions. The nature of the on separation and puts forward the influence of the acidic
interactions between the graphitic surface and analytes waamodifier. Fig. 4A shows that with 0.1% acetic acid a base-
strongly influenced by the acidic additive which acts as an line separation of the critical isomers was hardly obtained
electronic modifier. Therefore, the effect of the concentra- in 20 min with 25% MeOH. Formic acidg. 4B) and TFA
tion of formic, acetic and trifluroroacetic acids was evaluated. (Fig. 4C) both presented good performances, but for further
These volatile acids were preferentially chosen for further ESI-MS experiment, FA was preferred to avoid eventual sig-
MS requirementsrig. 3shows that above 0.1% (v/v) formic  nal suppression effecf24]. It has to be noted that, with TFA,
acid, all isomers were baseline separated and higher conthe critical isomeric peak pair is not the same as with AA.
centration did not significantly improve resolution, while Moreover, TFA, known as a good ion-pairing agent, led to
separation time increased. The same tendency was observethcreased retentions and thus a higher organic solvent per-

for acetic and trifuoroacetic acids (data not showsy. 4 centage was required for elution. Consequently, 0.1% (v/v)
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Fig. 5. Separation of the four isomers using the PGC media. (A) Conditions obtained with 0.1% (v/v) FA at 25, 40@n{B§0.1% (v/v) AA at 25'C; (C)
0.1% (v/v) TFA at 25 C.
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formic acid in 30% MeOH was selected for further experi- under these conditions was poor. In order to induce frag-
ments. mentation, the skimmer voltage was increased from 80 to
Finally, the effect of column temperature was investigated 200V. The in-source collision-induced dissociation (CID)
to speed up the analygi$5,25,26] The influence on reso-  of the molecular ions lead to the formation of product ions
lution was small but analysis time was significantly reduced, (Fig. 6B). The latter were common to each isomer, except
as reported irFig. 5A. The efficiency, measured on the last the fragment at:/z 158 Th, which was detected only in the
isomer, increased from 3360 to 4880 theoretical plates whencase of the last eluting isomer. Product ioméi 140 Th was
heating up from 25 to 40C and finally reached 6220 theoret-  attributed to the tropane ring generated by the loss of the C5
ical plates at 60C. Separations with AA and TFA at 2& acidic moiety (i.e. loss of 100 Da).
are shown irFig. 5B and C, respectively. Finally, the LC con-
ditions obtained at 60C with 0.1% (v/v) FAin MeOH/water ~ 3.3. MS" experiments (ion-trap MS)

were retained to conduct MS experiments.
MS" experiments offer significant structural information

by generating fragmentation pathways. However, no gen-
eral fragmentation rules have been established when using
electrospray ionisation (ESI). Nevertheless, the fragmenta-

LC-MS is atechnique of choice but single quadrupole MS i th fthe i iaated alkaloid bled t lect
presents some limitations for structural identification studies. 'on pathway of the investigated alkaloids enabled to collec
relevant structural informatioriig. 7A shows the extracted

Indeed, for the tested isomeric compounds, all MS spectra.

were identical and showed only the protonated molecular ion ion chromatogram OT the pseudo-molecular |om&t24_0 h
at mlz 240 Th Eig. 6A). Therefore, structural information with the corresponding MS/MS spectra of the four isomers.

Fig. 7B shows the extracted ion chromatogram of the frag-

ment selected as a diagnostic iati{ 158 Th) for performing

MS2 experiments. Only isomesand4 showed a response

towards this diagnostic ion which was subsequently frag-

mented into the tropane moiety (fragmentrdt 140 Th in

MS3 spectra). Further MSexperiments generated a fragment
R ion atm/z 122 Th by the second loss of a water molecule

(A) 80 100 120 140 160 180 200 220 240 miz (data not shown). Thus, a fragmentation pathwig.(8)

could be proposed. Moreover, accurate mass measurements

3.2. In-source CID experiments (single quadrupole MS)

Isomer #1
500000+
400000- Max: 536640
300000
200000

1000001

240.1

2411

100 Isomer #1 < [M+H - C4H,0, f were performed with a QQTOF instrumettig. 8). Unfor-

gg: i 3 tunately, the geometrical configuration of the isomeric acid

il - = 9 = moiety could still not be determined unambiguously. So far,

20{ 8 . d only peak 1 was unequivocally attributed te-83enecioyloxy-
LI ' 7B-hydroxytropane since the reference compound was at

80 100 120 140 160 180 200 220 240 m/z . . . .

100 Tsmicis disposal. Peaks 2 and 4 did not correspond to a tigloyl deriva-
80 g tive. This was suggested by the fragmentation pathway which
601 - L showed the distinctive diagnostic ion/at; 158 Th Eig. 7).

s b o S o This fragment involves the neutral loss of a 82 Da moiety.
204 > a & . .
04 J Such aloss may be explained by a rearrangement that is ster-

80 100 120 140 160 180 200 220 240 m/z ically hindered for tigloyl substituted tropanes. The proposed
fragmentation can be described as having two steps, includ-
ing the transfer of a hydrogen atom from the olefinic methyl
group to the alcoholic oxygen atom from the tropane moiety

1007 Isomer #3
80-

2401

601 5 = . A

404 - = g - followed by the scission of the ester functidrid. 8). The

201 > > |“‘ fragmentation is possible only if the methyl is orientated in

0_ o . al. . . . . . . .
B0 100 120 140 160 180 200 230 240 miz a Z configuration. This positions an hydrogen in a six-ring

arrangementKig. 8). In the E configuration of the double
1004 Isomer #4 bond geometry (tigloyl derivatives), such a rearrangement is

tedh

80- g unlikely because hydrogen atoms are inaccessible. This pro-
3 y yarog p

ig: Sei o B = ™ posed rearrangement lead to a stable neutral keten moiety and

0] 88 & d i: 3 & finally suggested that peak 3 correspondsitehgdroxy-73-

i e S — tigloyloxytropane.

(B) 80 100 120 140 160 180 200 220 240 miz As reported elsewhere, the excellent separation power
_ , _ offered by the PGC column coupled to NMR permitted to
Fig. 6. (A) Single quadrupole MS spectrum of peak 1 (skimmer voltage at

80V); (B) MS spectra of the four isomeric compounds with in-source CID unamblguousw Identlfy all the mvestlgated |sommi] and_
(skimmer voltage at 200 V). confirmed therefore the LC-MS results presented herein.
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Fig. 7. Extracted ion chromatograms of (A) the isolated protonated moleculanip240 Th) with MS/MS spectra of the four hydroxytropane esters; (B) the
diagnostic fragment iom{/z 158 Th) with corresponding Mspectra.

H+
CH3
CH, H J -H,0 !
N
HO OH
OH
- isomeric acid C8H16NO2+
C8H14NO + 158.1184 (A=5.3 ppm)
140.1069 (A=12.2 ppm — —
(: ppm) o,
| OH
o N
-H,0
o] OH

- tropane moiet
/ — (precursor) — \ y
CH, H+ C13H22NQO3+ ot

240.1618 (A=9.9 ppm)

N Il
C5H70 +
CBH12N +
122.0964 (A=4.3 ppm) 83.0491 (A=14.0 ppm)

Fig. 8. Proposed fragmentation pathway of the investigated tropane alkaloids with the particular case of the senecioyl substitidedisomate mass of
the precursor and generated ions.

4. Conclusion with a porous graphitic carbon column. The peculiar sepa-

ration power in the first chromatographic dimension allowed
A rapid and simple LC method was developed for the further MS' experiments on each individual isomer. Molec-

separation of four tropane isomers by the systematic inves-ular mass was confirmed and product ions could be identi-
tigation of LC conditions. At an elevated temperature, an fied and attributed to the tropane moiety. The case study of
outstanding selectivity was obtained towards all alkaloids the second and last eluting isomers pointed out that some
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molecular fragments lead to distinguishable MS/MS spectra.
However, even if the technique confirmed the presence of ¢ ' [ _
four isomeric hydroxytropane esters, it also showed some [71 O- Mufoz, M. Piovano, J. Garbarino, V. Hellwing,

limitations as only LC-NMR could unambiguously iden-
tify all isomers. However, the inherent lack of sensitivity
of NMR detection usually precludes quantitative analysis.

In this respect, the developed LC-MS method offers bet-

ter detection and quantitation possibilities and is sufficiently
selective for the identification of these alkaloids in plant
extracts.
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