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Abstract
The mass spectrometric behavior of palladium(II) halide complexes of three types of
quinolinylaminophosphonates, diethyl and dibutyl esters of [α-anilino-(quinolin-2-yl)methyl]
phosphonic (L1, L2), [α-anilino-(quinolin-3-yl)methyl]phosphonic (L3, L4), and [α-(quinolin-3-
ylamino)-N-benzyl]phosphonic acid (L5, L6), was investigated under positive ion electrospray
ionization conditions. Each type of ligand forms complexes with different metal–ligand
interactions. Mononuclear dihalide adducts cis-[Pd(L1/L2)X2] (1–4) and trans-[Pd(L3/L4)2X2]
(5–8) as well as dinuclear tetrahalide complexes [Pd2(L5/L6)3X4] (9–12) (X=Cl, Br) are formed
by metal bonding either through the quinoline or both the quinoline and amino nitrogen atoms.
The sodiated molecule [M + Na]+ is observed in the mass spectra of all the complexes, and its
abundance as well as the fragmentation pathway depend on the type of the complex. In the cis
complexes (1–4) the initial decomposition goes under two fragmentation routes: those in which
the sodium molecular adduct sequentially loses halides HX/NaX and those in which this loss is
in the competition with the loss of dialkyl phosphite. The predominant pathways for
decomposition of trans dihalide (5–8) and tetrahalide (9–12) complexes include three
competitive reactions; the loss of halides, dialkyl phosphites and the intact phosphonate ligand
molecule and its fragments formed by ester dissociation or complete loss of the phosphonate
ester moiety. A series of acetonitrile adducts and cluster ions derived from dimolecular clusters
[2M + Na]+ were also detected. The most important fragmentation patterns are rationalized and
supported by the MSn studies.
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Introduction

A minophosphonic acids and their derivatives are
important class of organophosphorus compounds

owing to their wide range of biological properties and

numerous applications in the pharmacological and agro-
chemical fields [1–3]. As structural analogues of amino
acids, their biological activity is mainly displayed through
metabolic regulation and inhibition of various metalloen-
zymes or receptors having an amino acid as a substrate [4].
The differences in size, shape, and basicity of the carbox-
ylate and phosphonate groups might reflect in differences in
the enzyme–substrate interactions. The inhibitory action of
aminophosphonates enable their use in design of enzyme
regulators and application as antibacterial, antimicrobial,
neuroactive, antitumor, antiviral, fungicidal, and herbicidal
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agents [1, 5, 6]. The derivatives containing pyridine and
quinoline heterocyclic rings are also very attractive metal-
complexing agents that might form biologically important
metal complexes. Thus, a number of aminophosphonate
complexes of platinum group metals have been found to
possess remarkable antitumor activity in vitro [7–11]. With
this regard, there is a steadily growing interest for search of
new biologically active aminophosphonate derivatives and
their metal complexes, especially esters of α-aminophosphonic
acids. Our research program in this area has been directed to the
synthesis and characterization of new biologically active
palladium(II) and platinum(II) complexes with dialkyl and
monoalkyl esters of phosphonic acids derived from quinoline
and aniline [8, 9, 12–14]. It was found that different types of
investigated complexes, such as molecular dihalide adducts
with trans and cis configuration, mononuclear and binuclear
metallocyclic and ion-pair halide salt complexes, have
shown good cell growth inhibitory effects. We recently
reported the synthesis, structural characterization, and
some biological properties of three types of dialkyl
quinolinylaminophosphonates [15, 16] and their palla-
dium(II) complexes, mononuclear dihalide adducts either
with cis- or trans- configuration, as well as dinuclear
tetrahalide complexes [17]. In vitro biological evaluation
of these compounds revealed no specific antimicrobial
activity, whereas the majority of complexes demonstrated
antiproliferative activity, which was especially pro-
nounced in the case of dipalladium tetrahalide complexes
of quinolinylaminobenzylphosphonates.

In the present work, the mass spectrometric behavior of the
palladium(II) halide complexes of the reported α-anilinoqui-
nolinylmethylphosphonates and α-quinolinylaminobenzyl-
phosphonates was studied under electrospray ionization
conditions (positive ions). This is a soft ionization technique,
which has been widely used in the structural analysis of non-
volatile and thermally labile species as large biomolecules and
various coordination metal complexes [18–22]. ESI-MS
enables detection and mass determination of large biomole-
cules such as proteins and provides investigation of the
metallated biomolecules [18, 23–25]. Recent reports have
shown that palladium(II) complexes spontaneously bind
methionine, cytidine, and histidine residues and cause hydro-
lytic cleavage of short peptides [26–28]. As the ESI-MS
method allows pre-existing ions in solution to be very gently
transferred to the gas phase with minimum fragmentation, it
allows study of inorganic and organometallic chemistry in
solution as a complementary technique to NMR spectroscopy
and electrochemistry [29]. The ability of ESI-MS to detect and
characterize species and reaction intermediates in solution,
often at very low concentrations, provides a convenient means
of following the pathways of many reactions as well as the
reactivity of the complexes in solutions in terms of their
stability, ligand exchange, and selectivity.

We observed a number of species in the ESI mass spectra
of the investigated palladium quinolinylaminophosphonate
complexes, which could be ascribed to several factors such

as the halide and/or organophosphorus ligand exchange, the
ligand–solvent exchange, as well as the ion–molecule and
the ion–ion interactions. Detailed fragmentation pathways of
complexes were analyzed by tandem mass spectrometry.

Experimental
Chemicals

Palladium(II) dihalide complexes cis-[Pd(L1/L2)X2] (1–4),
trans-[Pd(L3/L4)2X2] (5–8), and dipalladium tetrahalide com-
plexes [Pd2(L5/L6)3X4] (9–12) (X = Cl, Br) were prepared by
reaction of diethyl and dibutyl [α-anilino-(quinolin-2-yl)
methyl]phosphonate (L1, L2), [α-anilino-(quinolin-3-yl)
methyl]phosphonate (L3, L4), and [α-(quinolin-3-ylamino)-
N-benzyl]phosphonate (L5, L6), respectively, and Na2[PdX4]
(X = Cl, Br) in methanol according to the previously published
methods [17].

Mass Spectrometry

The ESI mass spectrometric measurements were performed
on a LCQDeca ion trap instrument (Thermo, San Jose, CA,
USA). The ESI parameters for complexes 1–12 were: source
voltage in the range 3000–4500 V, entrance capillary
voltage in the range 15–35 V, entrance capillary temperature
280 °C, sheat gas flow rate 40 (arbitrary units, a.u.). The ion
trap mass spectrometer operated in the positive ion mode.
Compounds were dissolved in CH3CN (5–8) or CH3CN/
0.1% HCOOH (1–4, 9–12) (to obtain a concentration of
10–6 M). The obtained solutions were injected into the ESI
source via a syringe pump (direct infusion) at a flow rate of
10 μL min–1. MSn experiments have been performed by
applying supplementary radio frequency voltage in the range
1–2 V to the end-caps of the ion trap in order to make
selected ions collide with helium present in the ion trap as a
buffer gas at a pressure of 1.1·10–5 Torr. Expected natural
abundance isotope cluster patterns for various ion clusters
were calculated with the ICR-2LS program [30].

Results and Discussion
Investigations of the complex-forming behavior of three types
of quinoline-based aminophosphonates towards palladium(II)
ion, all containing three potential donor atoms, quinoline
nitrogen, amino nitrogen, and phosphoryl oxygen, have shown
that each type of these ligands forms complexes with different
metal–ligand interactions (Figure 1) [17]. Diethyl and dibutyl
[α-anilino-(quinolin-2-yl)methyl]phosphonates (L1, L2) act as
bidentate ligands through both the quinoline and aniline
nitrogen atoms giving the five-membered N,N-chelates cis-
[Pd(L1/L2)X2], X = Cl, Br (1–4). Their 3-substituted quinoline
analogues, dialkyl [α-anilino-(quinolin-3-yl)methyl]phospho-
nates (L3, L4) form dihalidopalladium adducts trans-[Pd(L3/
L4)2X2] (5–8) containing two trans ligand molecules bonded
only through the quinoline nitrogen. It may be presumed that
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the steric effects inhibit the aniline nitrogen coordination and
chelate formation. Diethyl and dibutyl [α-(quinolin-3-ylamino)-
N-benzyl]phosphonates (L5, L6) give tetrahalidodipalladium
complexes [Pd2(L5/L6)3X4] (9–12), containing one bridging
and two terminal ligand molecules. The bridging molecule is
bonded to both palladium atoms, one through the quinoline and
the other through the aminoquinoline nitrogen, whereas
terminal ligand molecules are coordinated to one palladium
via the quinoline nitrogen atom. Each palladium ion is also
bonded to two halide ions in a trans square-planar fashion. In all
the complexes the phosphoryl oxygen is not coordinated and is
free to be involved in hydrogen bonding, which is the main
feature of all structures of the quinolinylphosphonate com-
plexes. Their structure, which was determined and described in
our previous work by elemental, spectroscopic, and X-ray
structural analysis [17], was supported by the present mass
spectroscopic studies under positive ion electrospray ionization
conditions.

The mass spectra of palladium complexes give valuable
structural information about these compounds. The first
point to be noted is that all complexes give the sodium
molecular adduct ion [M + Na]+ and that its relative
abundance as well as decomposition behavior depend
mainly on the type of complex. The fragmentation pathways
including possible structures of fragment ions are proposed
on the basis of the accurate mass measurements and tandem
mass spectrometric studies. The selected data are presented
in Figures 1–6 and Schemes 1–3, while the whole tabular
listing of ions and more details of fragmentation patterns of
complexes are summarized in Tables S1–S18, Schemes S1–
S9, and Figures S1–S20 in the Online Resource. All reported
m/z values of the ions are referred to 106Pd, 35Cl, and 79Br
isotope-containing species. Assignment of fragment ions
containing palladium and halide species are justified by the
comparison of the experimentally observed isotopic clusters
with the calculated expected natural abundance isotope
cluster patterns (see Figure 5 and Figures S1, S5–S11, S16,

S18–S20). Incorporation of the sodium ion into the
molecular and some fragment ions is presumably based on
its addition either to phosphonate oxygen atoms or to
halides. In some cases, adducts with potassium ion were
also detected. Addition of alkali cation was observed in ESI
spectra of a number of amine-containing halide complexes
of platinum(II) and palladium(II) and in complexes where a
basic group (e.g., pyridinyl) is coordinated to the metal
center [31–34]. Furthermore, in the spectra of all types of the
investigated palladium complexes, a series of ions formed by
addition of acetonitrile to some fragment ions could be seen.
Also, cluster ions formed by fragmentation of dimolecular
ion [2M + Na]+ were also observed in the spectra of cis
(1–4) and trans (5–8) palladium dihalide complexes. The
spectral data of the most abundant adducts and cluster ions
as well as a number of original MS/MS spectra and
additional fragmentation pathways are given in the Online
Resource.

Complexes cis-[Pd(L1/L2)X2]

Spectral data for complexes 1–4, summarized in Tables S1,
S2 and S3, show that these complexes form a series of
palladium-containing species and also a number of ligand
quinolin-2-ylphosphonate ions (Table S1, Figure 2 for 1).
Relative abundance of the molecular ion [M + Na]+ in the
spectra of these chelate complexes is only 15%–23%, while
other palladium species have moderate intensities (Table
S1). Spectra of all complexes contain very intense proto-
nated ligand ion, its sodium adduct, as well as the fragment
ions formed either by ester dissociation yielding monoester
derivative or by complete loss of the phosphonate ester
moiety. The base peak for complexes 2–4 is the sodium
ligand ion, while in the case of complex 1 the most abundant
is the fragment ion [QPO(OR)2 + H]+ (Table S1). This ion
(m/z 266 for R = Et; m/z 322 for R = n-Bu), and its daughter

Figure 1. Palladium(II) quinolinylaminophosphonate complexes 1–12
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ions, are very intense (12%–100%) in the spectra of
complexes 1–4.

The main fragmentation reactions confirmed by tandem
mass spectra are outlined in Scheme 1 for complex 4, as an
example of the common pattern for these complexes. Gen-
erally, the complex decomposition goes under two fragmenta-
tion routes: the first, in which the sodium molecular adduct
sequentially loses hydrogen halides (or sodium halides) and the
second, in which this loss is in competition with the loss of the
part or the whole phosphonate moiety (Figure 2 and Figure S1).
These two routes give various types of mono- and dihalido-
palladium N,N-chelate ions as well as palladium and mono-
halidopalladium tridentate N,N,C-chelate fragment ions, most
likely formed by cyclopalladation through the C-8 carbon atom
of the quinoline ring along with coordination through both, the
quinoline and aniline nitrogen atoms.

In MS/MS spectrum of [M + Na]+ ion (Table S2,
Figure 3a for 4), the most abundant fragment ion is either

[(M+Na) – HX]+ (in chlorido complexes 1 and 3) or
[(M+Na) – HPO(OR)2]

+ (in bromido complexes 2 and 4),
but in spectra of all complexes both these fragment ions are
dominant with relative intensities of 41%–100% (Table S2).

Among other MS/MS spectra, very informative is the
spectrum of the halide-free ion [(M + Na) – NaX – HX]+,
which indicates the complete breaking up of this species (Table
S2, Figure 3c for 4). Intense peaks assigned to non-palladium
species [QPO(OR)2 + H]+, [QPO(OR)(OH) + H]+, and
[QPO(OH)2 + H]+ implied that [(M + Na) – NaX – HX]+ ion
was the main source of quinolin-2-ylphosphonate species.
Worth mentioning here is that these non-palladium species
were not found in tandemmass spectra of any other ions except
[(M + Na) – HX]+, which is the parent ion for [(M + Na) –
NaX – HX]+ (Table S2, Figure 3b).

Fragment ions obtained by loss of the halide ligands may
also produce adducts containing coordinated acetonitrile solvent
molecule. The usual coordination number of palladium is four,

Scheme 1. Fragmentation of complex 4 (L = L2, X = Br, R = n-Bu, R' = CH3CH2CH=CH2) according to the data in Table S2 in
the Online Resource. Q = quinolin-2-yl, Ph = phenyl. CH3CN adducts are not shown
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and in the case of at least one vacant coordination place,
acetonitrile with known good ligand properties towards
palladium could be bonded. When all four palladium coordina-
tion places are occupied, no acetonitrile adducts are formed. It is
worth noting that the ligand exchange does not take place in
acetonitrile solution before ionization, which was confirmed by
the proton NMR measurements of complexes. The most
abundant acetonitrile adducts are [(M + Na) + CH3CN –
NaX – HX]+ at m/z 516 (for 1) and m/z 572 (for 3) as well as
[(M +Na) + CH3CN –NaX –HX – PhN=CHX+ atm/z 413 (for
2) with relative intensity of 61%, 35% , and 28%, respectively
(Table S1). The abundance of other acetonitrile adducts are less
than 14%. In the high-mass region all complexes show cluster
ions [(2M+Na) – 2HX]+ and [(2M +Na) – 3HX]+, obtained by
loss of hydrogen halides from the sodiated dimer of the complex
molecule. In addition, observed ions [(M + Na) + L]+ are
probably obtained from clusters formed by addition of one
organophosphorus ligand molecule to the sodium adduct of the
molecular ion. It is interesting to note that a variety of aggregate
ions including dimer and trimer species have been observed in
the ESI-MS experiments of some palladium(II) and platinum(II)
complexes derived from ethylenediamine, amidine, and azeti-
dinone ligands [21, 35, 36]. As a general remark, it should be
pointed out that by increasing the source collision energy, the
cluster ions as well as the molecular ions became less abundant
and the intensity of the ions obtained by complex fragmentation
increased (Figure S2) [37].

Complexes trans-[Pd(L3/L4)2X2]

Structurally informative MS and MS/MS data of palladium
dihalide complexes 5–8 are summarized in Tables S4–S10 in
the Online Resource and presented in Figures 4 and 5 as

well as in Figures S5–S11 in the Online Resource. The base
peak in the spectra is the molecular ion [M + Na]+,
indicating the great stability of this type of complexes. It
can be noted that the potassium adduct ion [M + K]+ with
the relative abundance of 7%–18% is also present.

The proposed fragmentation pattern of sodiated molecular
ion [M + Na]+ of complexes 5–8 is presented in Scheme 2
using complex 8 as an example. MS/MS spectrum of the
molecular ion [M + Na]+ (Figure 5, Table S5) shows that the
predominant pathway for decomposition of this type of
complex includes combinations of three competitive reac-
tions: the loss of halides HX/NaX, dialkyl phosphites
HPO(OR)2, and the loss of intact ligand molecule. The
cleavage of the C–P bond and complete loss of the
phosphonate ester group produces imine species (e.g., m/z
519, 439, and 337 for 8, Figure 5) while various mono- and
dimetallated species are formed by the loss of one or both
halide molecules (Scheme 2).

These dehalogenation reactions give monohalidopalla-
dium and palladium C,N-chelates containing both or only
one quinolinylphosphonate or quinolinylimine moieties with
palladation at the quinoline C-8 atom, as well as C,C,N-
palladacycles in which it may be presumed that palladation
occurs at the quinoline and aniline carbon atoms (Scheme 2
and Schemes S2, S3 and S4). Formation of such metallated
systems is in agreement with the reported high stability of
the cyclopalladated complexes with the nitrogen donor
ligands, and supports the assumption that in their formation
the initial step must involve coordination of the palladium to
nitrogen followed by attack on the aromatic ring [38, 39].
The cyclopalladated fragment ions were observed also in
mass spectra of a series of palladium complexes with
aniline- and quinoline-based ligands [14, 40]. In addition,

Figure 2. ESI mass spectrum of complex 1 (L = L1, X = Cl, R = Et, R' = H2C=CH2) in CH3CN/0.1 % HCOOH. Q =
quinolin-2-yl, Ph = phenyl
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some cluster ions containing complex molecules in a dimeric
form were also formed, and the most abundant in the spectra
was [(2M + Na) – 2L]+ (4.3%–21%). Furthermore, adducts
of the dimeric species with NaX (or NaCl for bromide
complexes 6 and 8) could also be detected (Figure 4, Tables
S4, S8, and S9).

As well as in complexes 1–4, the halide ligand exchange
may facilitate formation of fragment ions containing
coordinated acetonitrile solvent molecule (Figure 5). Frag-
mentation of all high-mass species mainly goes either by the
successive losses of ligand or HX molecules or their
combinations (Tables S7, S8 and S9).

Figure 3. MS/MS spectra of (a) [M + Na]+ (m/z 713), (b) [(M + Na) – HX]+ (m/z 633), and (c) [(M + Na) – NaX – HX]+ (m/z 531) of
complex 4 (L = L2, X = Br, R = n-Bu, R' = CH3CH2CH=CH2)
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Complexes [Pd2(L5/L6)3X4]

The presence of three ligand molecules and two palladium
dihalides in complexes 9–12 leads to more complex spectra
with more complicated and extensive fragmentation patterns
based on increasing dehalogenation and dephosphorilation
processes accompanied by depalladation and the organo-
phosphorus ligand loss. The most abundant fragment ions
are listed in Table S11 and the selected MSn spectral data are
summarized in Tables S12–S18 and presented in Figures
S12–S20 in the Online Resource. The presence of [M + Na]+

ion in the spectra of these complexes supports their dinuclear
structure. A number of palladium-containing fragment ions
with various structures, e.g., those with one or two

palladium ions, with one to four halides, and those with
metal bonded to one or two organophosphorus ligand
molecules or their fragments are observed. Cyclopalladation
occurs at the quinoline or benzyl carbon of one or two ligand
molecules (Schemes S5–S8). Analogous to complexes 5–8,
potassium adduct ions [(M + K) – PdLX2]

+, along with the
adducts of complexes with NaX (and NaCl for bromide
complexes 10 and 12) are also observed (Tables S11, S16,
S17 and S18). Again, losses of ligand, HX, NaX, or HPO(OR)2
molecules constitute the fragmentation patterns of these ions.

The relative intensity of the sodiated molecular ion of
only 1%–8% for complexes 9–12 implies that they are the
most fragile of three types studied in this work (Table
S11). The base peak in their spectra is the species

Figure 4. ESI mass spectrum of complex 8 (L = L4, X = Br, R = n-Bu) in CH3CN

Figure 5. MS/MS spectrum of the molecular ion [M + Na]+ (m/z 1139) of complex 8 (L = L4, X = Br, R = n-Bu). Insets:
experimental (lines) and theoretically calculated (bars) isotope patterns of assigned peaks
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produced by loss of PdLX2 fragment from [M + Na]+ ion.
In order to determine the dominant fragmentation path-
way for these complexes, tandem mass spectra of the
most intensive high-mass peaks, including the molecular
ion [M + Na]+, [(M + Na) – L]+, and [(M + Na) – NaX]+

as well as [(M + Na) – PdLX2]
+, were examined. The

results are shown in Scheme 3 using the data for complex
9 as an example, while additional fragmentations for
other complexes are given in Schemes S5–S9.

The only intensive peak in MS/MS spectra of the molecular
ion is that of [(M +Na) – L]+ (path A in Scheme 3, Figures S15,
S16 and S17). Further fragmentation of the obtained tetrahali-
dodipalladium fragment ion (m/z 1115 in complex 9, X = Cl)
ends up in the formation of [(M + Na) – 2L – 3HX]+ (m/z 637),
[(M + Na) – L – NaX – 3HX]+ (m/z 949), and [(M + Na) –
PdL2X2 – HX]+ (m/z 533) species (Scheme 3, Table S12). The
second possible decomposition path, path B, could begin with
the loss of sodium halide, which gives [(M + Na) – NaX]+ ion.
Its further fragmentation consists mainly of losses of one ligand,

HX molecules, or their combinations, which is supported by
MS/MS experiments (Table S13). This path meets path A by
forming of the [(M +Na) – L –NaX – 3HX]+ (m/z 949) species.
The third possible path, path C, could originate from the initial
breaking of the molecule into [(M + Na) – PdLX2]

+. Loss of
PdLX2 from the sodium adduct yields the corresponding
molecular sodium adduct analogous to the [M + Na]+ ion of
dihalidopalladium complexes 5–8 (Figure 6, Figures S12 and
S13). Paths A andCmeet at forming of the [(M +Na) – PdL2X2

– HX]+ species (m/z 533). Due to moderate intensities of peaks
assigned to [(M + Na) – L]+ and [(M + Na) – NaX]+ species in
the main spectra (4.5%–19% and 5%–12%, respectively) and
high abundance of [(M + Na) – PdLX2]

+ ion (95%–100%), one
can argue that the leading dissociation mechanism for these
complexes is breaking of the main molecule into two species,
[(M + Na) – PdLX2]

+ and [(M + Na) – PdL2X2]
+, during the

ionization, as is shown in Scheme 3 and Scheme S7. Other less
common pathways then could be formation of the [(M + Na) –
L]+ (Scheme S5) or [(M + Na) – NaX]+ species (Scheme S6).

Scheme 2. Fragmentation of complex 8 (L = L4, X = Br, R = n-Bu) according to the data in Table S5 in the Online Resource.
CH3CN adducts are not shown
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The second possible rationalization of the experimental
observation could be the very high breaking tendency of the
[(M + Na) – L]+ and [(M + Na) – NaX]+ species. Nevertheless,
due to the fact that tandem mass spectra of [(M + Na) – L]+ or
[(M + Na) – NaX]+ ions do not lead to the formation of [(M +
Na) – PdLX2]

+ (Scheme 3, Tables S13 and S14), it may be
presumed that instability of these ions is not the main reason for
observed fragmentation and concluded that elimination of one
ligand molecule or sodium halide is not the main fragmentation
feature for these complexes under ESI conditions.

Comparing the spectra of all complexes, few remarks can be
made. In general, parts of the mass spectra of dinuclear
complexes bellow them/z values corresponding to [(M + Na) –
PdLX2]

+ peaks are very similar to the spectra of monopalla-
dium complexes 5–8 due to their closely related fragmentation
patterns (e.g., see Figure 4 and Figure S13). Thus, a number of
palladium-containing fragment ions with various structures
very similar to those in Scheme 2 was assigned (see Scheme
S7). High-mass parts of the spectra of these complexes differ
and support their mononuclear and dinuclear structure.

Mass spectra of complexes 1–4 differ significantly with
respect to the spectra of other two types of complexes. They
do not show many high-mass cluster peaks. Chelates break
easily and have a rich fragmentation pattern described
in Scheme 1. Palladium non-containing species like
[QPO(OR)2 + H]+ and its daughter ions are formed and
have high intensities. Analogous peaks are absent from the
spectra of complexes 5–12 and the reason for this could be
found in the subtile difference between the fragmentation
of complexes 1–4 and 5–12. In the spectra of 1–4, the ion
[(M + Na) – NaX – HX]+ that is the parent ion of the non-
palladium containing species is formed easily by elimination
of two halides and has intensities in range 24%–64% (Table
S1). For other complexes, fragments analogous to [(M +Na) –
NaX – HX]+ were assigned as [(M + Na) – L – NaX – HX]+

(5–8) or [(M + Na) – PdL2X2 – NaX – HX]+ (9–12). To

produce these species, at least one more fragmentation step is
required comparing to the chelate complexes. Thus, these ions
have moderate intensities in the mass spectra of complexes 5–
12 (Tables S4 and S11) and inMS/MS spectra of [M +Na]+ of
5–8 (Table S5) or [(M + Na) – PdLX2]

+ of 9–12 (Table S14).
Due to the lack of their parent ions in the case of complexes 5–
12, [QPO(OR)2 + H]+ and its daughter ions were not observed
with high intensities and in some cases were not present at all.
In addition, [(M + Na) – NaX – HX]+ ion of 1–4 is most
probably N,N-chelate species in which palladium is avaliable
to stimulate breaking of the ligand molecule and forming of
the quinolin-2-ylphosphonate species (Scheme 1). In other
complexes, [(M + Na) – L –NaX –HX]+ (5–8, Scheme 2) and
[(M + Na) – PdL2X2 – NaX – HX]+ (9–12, Scheme 3) are
stable cyclopalladated species in which palladium is bound
only to quinolinyl group and is situated far from the rest of the
ligand molecule. For this reason, metal is not expected to have
a signicifant impact in inducing their cleavage. Fragmentation
of complexes 5–12 at the end produces mainly [QC≡NPh]+ or
[QN≡CPh]+ ions (m/z 231) in which the ligand molecule is
only dephosphorylated (Tables S5 and S14).

Conclusions
The ESI-MS studies of a series of palladium(II) chloride and
bromide complexes with three types of quinolinylamino-
phosphonates support the structure of these compounds
previously determined by traditional spectroscopic and
crystallographic techniques. All organophosphorus ligands
contain three potential donor atoms, quinoline nitrogen,
amino nitrogen, and phosphoryl oxygen, but their coordina-
tion behavior towards palladium(II) ion is different. In
complexes, either quinoline or both the quinoline and amino
nitrogens are involved in metal(s) bonding and forming of

Figure 6. ESI mass spectrum of complex 9 (L = L6, X = Cl, R = n-Bu) in CH3CN/0.1% HCOOH
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the mononuclear dihalide adducts either with cis- or trans-
configuration as well as dipalladium tetrahalide complexes
containing one bridging and two terminal ligand molecules.
The spectra of palladium complexes are characterized by
complicated and extensive fragmentation patterns, which
depend on the type of the complex. All complexes form the
sodium adduct of the parent molecular ion and its intensity is
greatest in the case of trans-dihalidopalladium complexes,
indicating greater stability of these compounds with respect
to the cis-palladium and dipalladium complexes. Decom-
position of cis-dihalido complexes starts with two compet-
itive reactions, sequential losses of halides HX/NaX and loss
of dialkyl phosphites. On the other side, the fragmentation in
trans-dihalido and tetrahalido complexes is more complex,
including three competitive fragmentation processes; the loss
of halides, dialkyl phosphites, and the intact phosphonate

ligand molecule and its fragments. The cleavage of the C–P
bond and complete loss of the phosphonate group produces
imine species, while various C,N- and C,C,N-cyclopalla-
dated species are formed by the loss of halide molecules. In
addition, in the spectra of monopalladium complexes,
dinuclear cluster ions are observed, and all types of
complexes show a series of acetonitrile adducts. The results
of numerous MSn experiments gave detailed insight into the
most important fragmentation reactions and structures of the
formed species.
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