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Mass Spectrometry of Bis-quinolizidine
Alkaloids: Differentiation of Stereoisomers
and Metamers Using ESI and FAB

Mass Spectrometry

Beata Jasiewicz,

and Elzbieta Wyrzykiewicz ABSTRACT The ESI and FAB mass spectral fragmentations of seven bis-
Faculty of Chemistry, Adam quinolizidine alkaloids were investigated. Fragmentation pathways, elucida-
Mickiewicz University, Poznan, tion of which was assisted by FAB/CID mass spectra measurements, are
Poland

discussed. The data create the basis for distinguishing stereoisomers and
metamers.

KEYWORDS bis-quinolizidine alkaloids, ESI mass spectra, FAB mass spectra,
lupanine, sparteine

INTRODUCTION

A study of Bis-quinolizidine alkaloids by the EIMS method has been
stimulated by the evidence of its suitability for distinction of their stereo-
isomers, metamers, and positional isomers.!'® The stereochemical effects
that are encountered with dissociations of stereoisomers incorporating
saturated heterocyclic rings are due to the spatial relationship of chemical
bonds to be broken or formed. The basic bis-quinolizidine system spar-
teine consists of four rings, two of which (A/B) form a double-chair
system of trans-quinolizidine that is relatively resistant (for thermodynamic
reasons) to conformational-configurational changes. The second system
(C/D) is much more susceptible to inversion at the N16 nitrogen atom
and it can attain a frans boat/chair or a cis double/chair conformation.
According to Haasnoot,” sparteine adopts exclusively a C-boat conformer.
Theoretical calculations have confirmed that the free base of sparteine has
one most favorable conformer with chair-chair trans-quinolizidine A/B
system and boat/chair trans-quinolizidine C/D system.”™ The main charac-

teristic of the Electron impact (EI) mass fragmentation of molecular ions of
Received 4 January 2008; pact (ED 8

accepted 27 May 2008. Bis-quinolizidine alkaloids is the dependence of the fragmentation path-
Address correspondence to Beata way of the bis-quinolizidine skeleton on the stereochemistry of the A/B
Jasiewicz, Faculty of Chemistry, and C/D ring junctions. However, Electrospray ionization (ESD and Fast
A. Mickiewicz University, .

Grunwaldzka 6, 60-780 Poznar, atom bombardment (FAB) mass spectral behavior of these compounds
Poland. E-mail: has not been reported to our knowledge. This lack of information should
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be overcome because ESI-MS and FAB-MS give very
useful information for the chemical characterization
of other types of alkaloids.”'?

It should be pointed out that the study of the
differences in the mass spectra of stereoisomeric
compounds with known structure can help to eluci-
date stereochemical problems in the asymmetric
syntheses.”’
of the ESI and FAB mass spectrometric study of
2-phenyl-2,3-didehydrosparteine (1), 15-phenyl-14,
15-didehydrosparteine (2), 2-cyano-2-methylsparte-
ine (3), 17-cyanolupanine (4), 17-methyllupanine
(5), 2,17-dimethylsparteine (6) and 2-methyl-17-
oxosparteine (7) (Fig. 1). We wanted to determine
the cleavage reactions for the fragmentation pro-
cesses of 1-7 in the ESI and FAB conditions and
to establish whether it would be possible to distin-
guish the positional isomers (1, 2, 5, 7) and meta-
mers (3, 4; 5, 6, 7) on the basis of differences in
the mass spectra (i.e., the presence or absence of
relevant ions) between these compounds. The deri-
vatives of sparteine (1-3, 6) studied have A/B
trans-fused rings with double-chair conformations
and C/D tmrans-fused rings with boat/chair
conformations (1, 3, 6). 15-Phenyl-14,15-didehy-
drosparteine (2) has C/D cis-fused rings with dou-
ble-chair conformations. In contrast, 17-cyano-(or
17-methyl) lupanines (4, 5) have A/B trans-fused
rings with sofa/chair conformations and C/D
trans-fused rings with boat/chair conformations. 2-
Methyl-17-oxosparteine (7) has A/B trans-fused
rings with double-chair conformations and C/D
trans-fused rings with sofa/chair conformations.

The current work involves the results

MATERIALS AND METHODS

The compounds 1-7 were obtained and their
structures confirmed according to the literature
methods.">*) The positive mode ESI mass spectra
of 1-7 were recorded on a ZQ mass spectrometer
(Waters/Micromass, Manchester, UK) equipped with
a Harvard Apparatus syringe pump. The sample
solutions were prepared in methanol in a concentra-
tion 5 x 10> M, which is typical for ESI. The samples
were infused into the ESI source using a Harvard
multipump at a flow rate of 40puL min~'. The ESI
source potential was 3kV on the capillary, 0.5kV
on the lens, 4V on the extractor, and the cone
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FIGURE 1 Structures of compounds 1-7.

voltage was 30V. The source and desolvation tem-
peratures were 120°C and 300°C, respectively. Nitro-
gen was used as neutralizing and desolvation gas at
flow rates of 100 and 300 Lh™', respectively. The
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TABLE 1 Relative Abundances of Characteristic lons in the Positive-Mode ESI Spectra of Compounds 1-7

M+H"

Elemental composition m/z (%)

Compound (a) (b) (c)
1 Cy1HagN> +H™' 309 (100) CioHisN+H' 174 (38) —
2 Ca1HagN> +H™ 309 (100) Cy7H1gN> + HY 251 (7) —
3 Cq7H7Ns+H™ 274 (100) CqgH26N> + H' 247 (99) CsHsN+HT112 (20)
4 — CqsH5N>O +H™ 247 (100) CoHoNO +H™ 148 (6)
5 C1gHa6N>O +H™ 263 (100) CoHoNO +H™ 148 (5) C;HisN+H' 112 (28)
6 Cy7H30N> + HY 263 (100) — —
7 Cq6H26N20 +H' 263 (57) Cy5H24N>0 +H™ 249 (100) —

FAB spectra were produced by liquid secondary
ions mass spectrometry (LSIMS) ionization (Cs* ion
bombardment) using 3-nitrobenzyl alcohol (NBA)
as matrix. These spectra were recorded on positive
mode on an AMD-Intectra GmBH-Harpstedt
D-27243 Model 604 two-sector spectrometer. For
Cedrin-induced discution (CID) experiments, helium
was used as a collision gas in the first field-free
region (1FFR) at a pressure corresponding with 50%
attenuation of the precursor ion signal.

RESULTS AND DISCUSSION

The relative abundances of characteristic ions in
the positive-ion EST mass spectra of 1-7 are summar-
ized in Table 1, and the pathways of the ESI mass
fragmentation of the compounds 1-4 are described
in Fig. 2 and those of 5-7 in Fig. 3. In the mass spec-
trum of 6 only the protonated molecule [M+ HI",
[C17H30N, +HIY, m/z 263, was observed, whereas
in the mass spectra of 1-3, 5, and 7, the protonated
molecules [M+ H]™ together with the even-electron
fragment ions were found. It should be pointed out
that from the mass spectrum of 4, the protonated
molecule [M—H]" is missing and only two even-
electron fragment ions b [M + H-HCN] ", C;5sH,,N,O™"

m/z 247, and ¢, [CoHoNO +HI* m/z 148, were
observed. The latter of these ions was obtained by
the cleavages of the C7-C17 and C9-C11 bonds of
ring C (Table 1, Fig. 2).

In the ESI fragmentation of protonated molecule
[M+HI" of 1, simple cleavages of Csp°~Csp® bonds
(C9-C10, C6-C7) of ring B gave the even-electron
ion b, [C;H;sN+HI", m/z 174 (Table 1, Fig. 2).
The positive mode ESI spectrum of 2 showed the
even-electron fragment ion b, [C-HgN,+HI" at
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m/z 251. This ion was obtained by the cleavages of
C6—C5 and N1-C2 bonds of ring A. The structure of
2 (i.e., cis-fused C/D rings in chair/chair conforma-
tions) implies that N1 and N16 annular nitrogen
atoms are close enough to each other for an intra-
annular H bridging to occur and enable the forma-
tion of an additional six-membered ring (Fig. 2,
Table 1). In the ESI fragmentation of protonated
molecule [M+H]" of 3, the cleavages of C6—C7
and C9—C10 bonds of ring B with simultaneous elim-
ination of HCN molecule were observed. The even-
electron fragment ion ¢, [C;7H;3N,+HI' at m/z
112, was obtained in the fragmentation processes.
In the mass spectrum of 3, the even-electron frag-
ment ion [(M+H)—HCNI*, [CigHxN, +HIT, m/z
247, was present (Fig. 2, Table 1). It ought to be
pointed out that in the mass spectrum of 4, the
protonated molecule [M+ H]* was absent. In this
spectrum, only two even-electron fragment ions b
[(M+H" —HCNI" (CsH,,N,O m/z 247) and
cl(CoHoNO +H)™ m/z 148] were observed. The latter
of these ions was obtained by the cleavages of the
C7-C17 and C9-C11 bonds of ring C (Table 1,
Fig. 2). The differences in the dissociation path-
ways are probably due to the different substituents
on the rings A and C (i.e., the position of substituents
in the bis-quinolizidine skeleton), and as well as the
stereochemistry of the ring junctions of this skeleton
are sufficient to differentiate the isomeric sparteine
and lupanine derivatives (1-2; 3—4). On the basis
of the presence (or absence) of the characteristic
even-electron fragment ions in the positive EST mode
(Table 1, Fig. 2) at m/z 174 (1), m/z 251 (2), m/z 148
(4), m/z 112 (3) together with the fragment ions at
m/z 247 (3), it is possible to distinguish isomers 1
from 2 and metamers 3 from 4. In the ESI mass

MS of Bis-quinolizidine Alkaloids
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FIGURE 2 The fragmentation pathways in the ESI spectra of compounds 1-4.

spectrum of 6, only the protonated molecule
[M + HI™ was observed, but in the ESI mass spectra
of 5 and 7, instead of this ion, the even-electron frag-
ment ions were observed (Table 1, Fig. 3). The ESI
mass spectrum of compound 5 revealed the even-
electron fragment ions b, [CoHoNO +H]" m/z 148,
and ¢, [C;H 3N+ HI* m/z 112, obtained by the clea-
vages of C7-C17 and C9-C11 bonds of ring C with
retention and migration of charge, respectively.
Compound 7 only eliminated a neutral methylene
group leading to the even-electron ion b,
[C15sH24N,O +HI™ at m/z 249 (Table 1, Fig. 3). The
differences in the ESI mass fragmentation of com-
pounds 5, 6, and 7 depends on the location of
the alkyl and carbonyl functions in the bis-quinolizi-
dine skeleton as well as the differences in the

B. Jasiewicz and E. Wyrzykiewicz

conformations of the A/B and C/D rings. On the
basis of the presence (or absence) as well as the
differences in the abundances of the characteristic
protonated molecule M+H" a (m/z 309, 1,2; m/z
274, 3,4; m/z 263, 5-7), b (m/z 174, 1; m/z 251,
2; m/z 247, 3,4; m/z 148, 5; m/z 249, 7), and ¢
(m/z 112, 3-5) in the positive-mode ESI mass spec-
tra, it is possible to distinguish between isomeric
1,2; 5,7 and metameric 3,4; 5,6; 6,7 (Table 1).

The mass spectrometric behavior of isomeric 1-7
was also investigated in detail by positive FAB mass
spectrometry combined with CID. The relative abun-
dances of characteristic peaks of even-electron ions
are presented in Table 2. The characteristic product
ions obtained from protonated molecule [M+ H]"
for compounds 1-7 are presented in Table 3. On
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FIGURE 3 The fragmentation pathways in the ESI spectra of compounds 5-7.

the basis of FAB and FAB/CID mass spectra of 1-7,
the postulated structures of fragment ions from iso-
meric 1 and 2 are shown in Fig. 4, those of 3 and
4 in Fig. 5, and those of 5-7 in Fig. 6. In the FAB
spectra of 1 and 2 apart from the expected proto-
nated molecule [M +H]" a at m/z 309, there are also
M** and [M-HI" ions as well as fragment ions. Frag-
mentation of the cyclic [M+HI™ of 1, 2 (Fig. 4,
Table 2) proceeds by the cleavages of two bonds
of rings B or C of the sparteine skeleton. The clea-
vages of bonds C6—~C7 and C9-C10 of ring B (for 1)
or C9—C11 and C7-C17 of ring D (for 2) lead to the
even-electron fragment ions f [C,H;sN+H]", m/z
174, and the cleavages of bonds N1-C2 and C4-C5
of ring A (for 1) or N16-C15, C13-C12 of ring D
(for 2) lead to the even-electron fragment ions e
[C12H 0N, +HI T, m/z 192. The cleavages of bonds
C6—C7 and N1-C10 of ring B (for 1) or C7-C17,
C9—C11 of ring C (for 2) lead to the even-electron
fragment ion g1 [C;H-N+HI", m/z 154. It should
be pointed out that the origin of the even-electron
fragment ions gl and hl1 has been confirmed by
the FAB/CID mass spectra of 1 and 2 (Table 3). Ions
gl and h1 are the product ions of the precursor
[M+H]T a of 1 and 2 (Table 3). It should also be
mentioned that even-electron fragment ions at m/z
154 (g2) and at m/z 136 (h2) have different elemen-
tal composition connected with the fragmentation of
liquid matrix (m-nitrobenzyl alcohol; NBA) (Table 2);
for example, g2 [C;H,NOs + HI™*; [NBA +HI* at m/z
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154 and h2 [C;H,NO; + H-H,Ol"; [NBA + H-H,O]"
at m/z 136. The even-electron ions g form the basic
peaks for the spectra of 1 and 2. The differences in
the relative abundances of even-electron ions e
[CoHoN, +HIY, m/z 192, and f [C,H 5N+ HIY,
m/z 174 (Table 2), in the FAB spectra of 1 and 2
allow the differentiation of these positional isomers.
The differences in the relative abundances of ions
e and f in the spectra of 1 and 2 depends clearly
on the location of the phenyl substituent in the
skeleton of bis-quinolizidine and the differences in
the conformations of C/D rings (trans C/D boat-
chair for 1; cis C/D chair-chair for 2). In the FAB
spectra of 3 and 4 apart from the expected proto-
nated molecules [M + H]" a at m/z 274, there are also
peaks of M"* and [M-HI" ions, as well as those of
fragment ions (Table 2).

Fragmentation of the cyclic protonated molecule
[M+HI* of 3 (Table 2) proceeds by the cleavages
of C6-C7 and C9—C10 bonds of ring C and leads to
the even-electron fragment ion hl [CoH3N +H]™,
m/z 136. Elimination of the HCN molecules from
the protonated molecule [M+H]" a of 3 and 4
leads to the even-electron ions d [C;gHa¢N, + HIT,
m/z 247, for 3 and [C;sH,N,O+HIT, m/z 247,
for 4, respectively. Metameric compounds 3 and 4
may be distinguished from each other based on
the differences in the relative abundance of ions a
and d (Table 2, Fig. 5) as well as the different ele-
mental composition of ions d, m/z 247. In the FAB

MS of Bis-quinolizidine Alkaloids
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TABLE 3 Product lons Obtained from the Protonated
Molecule [M +H]" lons Generated from Compounds 1-7 Under
FAB Conditions

M+H* Product ions
Compound m/z m/z
1 309 289, 192, 174, 154, 136
2 309 289, 192, 174, 154, 136
3 274 247, 136
4 274 247, 136
5 263 247, 136
6 263 247, 136, 112
7 263 249, 247, 136, 112

spectra of 5-7 (Table 2) apart from the expected
protonated molecules [M+H]" at m/z 263, there
are also M** and [M-HI" ions, as well as fragment
ions. The common characteristic features of the
FAB fragmentation of the protonated molecules
[M+HI" a of the lupanine skeleton of 5, as well
as those of the sparteine skeleton of 6 and 7 are
cleavages of bonds in rings B and C, and
simultaneous elimination of methyl and hydrogen
radicals. The even-electron fragment ions d,

Ca1HaeNp + HIY
@ m/z 309

ring A
ring B Cl;g;’figz of bonds
cleavage of bonds CACs
C10-C9
C6-C7
N
/CH3 —
NH /
A @ s ]
\H
' CroHioN, + HI*
m/z 192
CiaHisN + H1*
m/iz 174

[C1sH2,N,O +HI' for 5 and 7 and [C,¢HyN, +HIT
for 6 at m/z 247 were obtained in this way by
FAB fragmentation (Table 2).

It should be pointed out that the characteristic
elimination of neutral methylene group from proto-
nated molecules [M+H]" a of 7 leads to the basic
peak ¢, [C1sH,4N,O +HI" at m/z 249, in the FAB
spectrum of this compound (Table 2) and that the
even-electron fragment ions h1, [CoH;sN+H]" at
m/z 136, can be obtained from the even-electron
fragment ions d of 5-7 by the C7-C17 and C9-
C11 bonds cleavages in ring C (compound 5 and
7) and those of C6-C7 and C10-C9 bonds in ring
B (compound 6) (Fig. 6). The presence of the abun-
dant ion d in the FAB spectrum of 7 allows its dif-
ferentiation from metameric 6 and isomeric 5.
Metameric 5 and 6 may be distinguished by the dif-
ferent relative abundances of ions i, [C;H;sN + H]"
at m/z 112 (Table 2). These ions have been
obtained from protonated molecules [M+HI" a of
5-7 by the cleavages of bonds C6—~C7 and N1-C9
in ring B for 6 and 7 and bonds C7-C17, C9—-C10
in ring C for 5 and 6 (Table 3).

N
€\
H

M + ﬂ + 2
CorHagNy + HI
m/z 309
ring C
ring D cleavage of bonds
cleavage of bonds C9-Cl11
C7-C17
N16-C15
C13-C12
H3C\
o
H J—

CiaHsN + HIY
m/z 174

CiaH1gN2 + Rl
m/z 192

FIGURE 4 The postulated structures of the fragment ions in the FAB spectra of isomeric 1 and 2.
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FIGURE 5 The postulated structures of the fragment ions in the FAB spectra of metameric 3 and 4.

CONCLUSIONS ESI and FAB mass spectra. The ESI and FAB mass
fragmentation of the protonated molecules [M + H|"
of 1-7 proceeds by the cleavages of bonds in the B,
C, and D rings of the bis-quinolizidine skeleton. The

The current study demonstrates that positional iso-
mers and metamers of sparteine and lupanine deriva-
tives 1-7 can be differentiated on the basis of their

a

a 5 MaH Y
- CH, M+HT* CH,  CigHaN,0+HI1*
+
MeH® o, CiHaoNg + HI * miz 263
[} C1gH26N20 + H m/z 263 M+H1* *GH, °H

m/z 263

o

L)
MaH T 2o oy M -"CH; *H] l
N

H CistaaN,O + H1*
m/z 247

O CiHpN0+HI*

m/z 247

CigHzeN2 + T

nE
miz 247 CisHaaNo0 + H

m/z 249

FIGURE 6 The postulated structures of the fragment ions in the FAB spectra of metameric 5-7.
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fission of these bonds depends mainly on the loca-
tion of the alkyl, phenyl, and carbonyl functions in
the bis-quinolizidine skeleton but to some extent
also on the stereochemistry of C/D ring junctions.
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