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Investigation of the Trans Effect in the
Fragmentation of Dinuclear Platinum Complexes
by Electrospray Ionization Surface-induced
Dissociation Tandem Mass Spectrometry

Thomas G. Schaaff,} Yun Qu, Nicholas Farrell,* and Vicki H. Wysocki*}
Department of Chemistry, Virginia Commonwealth University, 1001 West Main Street, Richmond, Virginia 23284, USA

Cis and trans isomers of two dinuclear platinum complexes, [cis-{Pt(NH,),Cl},n-(NH,(CH,),NH,)](NO;),
(1,1/c,c) and [trans-{Pt(NH,),Cl} ,n-(NH,(CH,),NH,)|(NO;), (1,1/t,t), where the diamine was 1,4-
butanediamine (n = 4) or 1,6-hexanediamine (» = 6), were studied using electrospray ionization surface-induced
dissociation (ESI/SID) tandem mass spectrometry (MS/MS). The same fragment ions were observed for both the
cis and trans isomers of each complex (n =4 or 6), but the relative intensities were dependent on the isomer
studied. The ESI/SID data and energy-resolved mass spectra show that the position of the chloride plays a signifi-
cant role in the fragmentation of these ions. Two major fragmentation pathways were detected for the complexes.
The cleavage of the Pt—N bond trans to chloride was the most favorable pathway for both isomers of the complex-
es following the ion—surface collision. The differences in the ESI/SID spectra between the cis and #rans isomers can
be explained by the trans effect, namely that the Pt—N bond #rans to chloride is the most labile bond. © John

Wiley & Sons, Ltd.
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INTRODUCTION

Dinuclear  platinum  complexes of formula
[{Pt(NH,),Cl},u-NH,(CH,),NH,]** are novel anti-
tumor agents of clinical interest.!*? The presence of only
one chloride on each platinum center means that the
DNA binding of these species is bifunctional. We have
previously reported on the conformational changes?
and the interstrand* and intrastrand® cross-linking
properties  of  [{trans-Pt(NHj),Cl},u-NH,(CH,),
NH,]?*. The position of the chloride, either cis or trans
to the diamine bridge, produces geometrical isomers
and more recently the preparation, biological activity
and DNA binding properties of the cis isomer, [{cis-
Pt(NH,),Cl},u-NH,(CH,),NH,]**, have been
studied.®” In contrast to the pair of mononuclear cis-/
trans-[Pt(NH;),Cl,] isomers, both cis and trans isomers
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in this dinuclear series display antitumor activity, but
with different abilities to overcome cellular resistance to
the "parent’ cis-[Pt(NH,),Cl,].5:

This paper describes a mass spectral (MS) investiga-
tion of cis- and trans-[{Pt(NH;),Cl},u-NH,(CH,),
NH,]2*, where n = 4 and 6 (see Scheme 1). For many
years, the mass spectral studies of transition metal com-
plexes were limited to a select few types of complexes,

e.g. metal carbonyls®!® and acetylacetonates.!! This
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Scheme 1. Structures of platinum complexes I, Il, Ill and IV.
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limitation resulted from both the low thermal stability
of transition metal complexes and the lack of ionization
methods that produce gaseous ions with sufficiently low
internal energy to prevent fragmentation in the ioniza-
tion source. Other techniques that have been employed
more recently to study platinum complexes include fast
atom bombardment (FAB),'?> matrix-assisted laser
desorption/ionization (MALDI)!® and field desorp-
tion.’* Electrospray ionization'® (ESI) was first devel-
oped for the study of large biopolymers, but has since
been used for a variety of molecules. Recently, signifi-
cant advances have been made in the field of ESI/MS of
transition metal complexes. Colton and co-workers
have excellent mass spectral data for platinum
dithiolate complexes'® and other transition metal com-
plexes.!” MALDI/MS has also been used to study the
effects of metal-ligand bonds in oligonucleotides.!®

In this paper, we show that electrospray ionization
and surface-induced dissociation'®-2° (ESI/SID) tandem
mass spectrometry (MS/MS) provides isomer distinc-
tion for the dinuclear platinum complexes investigated.
Because the precursor ions of the isomers occur at the
same m/z ratio, simple mass spectra of these compounds
do not provide isomer distinction. SID studies involve
collisions of mass-selected ions with a surface and the
subsequent measurement of the relative abundances of
fragment ions formed following the surface collision.
SID has been performed on a variety of types of mol-
ecules including transition metal complexes. Metal car-
bonyls, such as W(CO){', have been used as
‘thermometer’ ions to determine the amount of internal
energy deposited during ion-surface collisions.’"!°
These studies show that SID deposits large amounts of
internal energy in a relatively narrow energy distribu-
tion.2! It has been shown that the internal energy dis-
tribution provided by ion-surface collisions (SID) is
narrower than the energy distribution associated with
collisions of ions with gaseous targets such as He, Ar
and Xe (CID).?? The narrow energy distribution makes
SID an attractive method for studying ion dissociation
as a function of the internal energy deposition and
allows for isomer distinction by the study of the energy
dependence of fragmentation pathways.

One major motivation for this work is the desire to
correlate gas-phase properties with those found in
solution-phase chemistry. In the absence of solvent, it is
possible to study the intrinsic chemical properties of the
molecules. The trans effect has long been used to predict
the reaction pathways of square-planar platinum com-
plexes. In solution-phase chemical reactions, a Pt—N
bond trans to a chloride is more labile than the corre-
sponding bond trans to a nitrogen donor. As the data
below show, application of the trans effect allows the
prediction of the fragmentation pathways of various
square-planar transition metal species in the gas phase.

EXPERIMENTAL

Synthesis of complexes

The synthesis of the dinuclear platinum complexes
studied has been reported previously,>-?# and the com-
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pounds were characterized by NMR, IR and elemental
analysis.

The electrospray mass spectra show peaks at m/z 322
for the n = 6 diamine complexes (I, II) and m/z 308 for
the n =4 complexes (III, IV), corresponding to the
doubly charged cation of each complex. Peaks corre-
sponding to solvent adducts and impurities were visible
in the mass spectra, but had low intensities relative to
those of the ions of interest (less than 10% relative ion
abundance).

Instrumental

The tandem mass spectrometer used for the ion—surface
collisions was specifically designed to perform SID
experiments.”! The instrument consists of two Extrel
4000 u quadrupoles positioned at 90°. The ion beam
intersects a surface at 45° with respect to the surface
normal. The surfaces used for these experiments were
perfluorinated alkanethiolate (2-perfluorooctylethane-
thiolate) self-assembled monolayer (SAM) films on
vapor-deposited gold.?> The electrospray source is a
modified version of the Chait design?® and the Knapp
and Schey design.?” The ESI/SID instrument used for
these experiments has previously been used for studies
involving large biological molecules?®2° and cis-DDP
bound to guanosine.3® The potential difference between
the capillary and skimmer was held constant at 40 V,
unless gas-phase CID was desired. The pressure in this
region was ~1 Torr (1 Torr = 133.3 Pa), as measured
with an ion gauge located at the neck of the electro-
spray tee. The complexes were dissolved in 100%
reagent-grade methanol at a concentration of ~10
pmol ml~!. The sample was delivered with a syringe
pump at a flow rate of 2 ml min~!. The SID spectra
were obtained for one structural isomer and then
without changing the instrumental parameters, the
other isomer was injected and an SID spectrum was
obtained, providing identical instrument conditions for
each isomer at each collision energy. To avoid sample
carryover, the syringe was cleaned between loadings of
the different isomers and, in several instances, a meth-
anol blank was electrosprayed between infusions of the
two isomers.

The potential applied to the skimmer was held at the
same potential as the surface in order to obtain a simple
single-stage mass spectrum.?! The gas-phase positive
ions produced by electrospray are transmitted to the
first quadrupole. In order to obtain a simple mass spec-
trum, the ions are focused in a path to avoid collision
with the surface and analyzed by the second quadrupo-
le. To obtain tandem mass spectra, the first quadrupole
is set to allow only the ions of interest to pass through
(m/z 322 for n = 6 and m/z 308 for n = 4). With a zero
potential difference between the skimmer and surface,
the selected precursor ions pass by the surface into the
second quadrupole and are detected. To induce disso-
ciation, the potential on the surface is lowered and the
selected ions collide with the surface. Upon collision,
some of the kinetic energy of the projectile ion is trans-
ferred to internal energy, which initiates fragmentation.
The fragment ions are then focused into the second
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quadrupole and mass analyzed to obtain a surface-
induced dissociation (SID) spectrum.

Because the dinuclear complexes of interest are
doubly charged, the peaks in the mass spectrum were
separated by 0.5 u. The entire envelope of isotopes of
the precursor ion was selected and allowed to collide
with the surface; however, all of the fragment ions
detected were singly charged. In order to generate
spectra as a function of collision energy (energy-resolv-
ed mass spectra; ERMS), the selected projectile ions
were collided with the surface at different laboratory
collision energies (40-80 eV). For doubly charged pre-
cursor ions, the actual laboratory collision energy is
twice the potential difference between the skimmer and
the surface, i.e. a 20 V potential difference created a 40
eV surface collision. The relative abundances of two
major fragment ion groups (m/z 310 and 264 for n =6
and m/z 282 and 264 for n = 4) are plotted against each
collision energy.

To examine further the structure of the fragment ions
and to probe the two-step fragmentation pathways, an
additional means of fragmenting the ions was
employed: the potential difference between the capillary
and skimmer in the electrospray source was raised.>! By
raising the capillary voltage and holding the skimmer
voltage constant, the ions were accelerated through the
high-pressure region (~1 Torr) surrounding the capil-
lary and skimmer. The accelerations and subsequent
collisions with surrounding gaseous species caused frag-
mentation in the skimmer region. To assign the elemen-
tal composition of the fragment ions, the resolution of
the second quadrupole mass analyzer was increased to 1
mass unit, to allow for the measurement of isotopic
abundances of the elements present in the structures.
Various fragment ions were then selected with the first
quadrupole and collided with the surface, as explained
above. Hence, two separate activation steps (ESI/CID/
SID) allowed for the determination of the intermediate
steps in the fragmentation processes.

RESULTS AND DISCUSSION

The gas-phase fragmentation behavior of cis and trans
isomers of the platinum dinuclear complexes is present-
ed here. The structures investigated (Scheme 1) will be
referred to as I (1,1/t,t n = 6), II (1,1/c,c n = 6), III (1,1/t,
t n=4) and IV (1,1/c,c n = 4) for the remainder of this
paper. Below, typical 50 eV electrospray ionization
surface-induced dissociation (ESI/SID) spectra and
capillary/skimmer CID mass spectra will be shown and
the peaks identified, with the masses given referring to
the ion containing the most abundant isotopes of each
element present, ie. 'H, 12C, 1*N, 35Cl and '°°Pt. The
elemental composition of the ions corresponding to the
peaks in the ESI/SID spectra were assigned by compar-
ing the observed isotope ratios with calculated ratios.
Proposed fragmentation pathways of the complexes are
described, and it is shown that all four complexes frag-
ment by the same two major pathways. Different abun-
dances for the fragment ions produced by the two
pathways were observed for the cis and trans isomers.
Finally, the energy-resolved mass spectra are presented
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to illustrate the differences in the fragmentation of the
cis and trans isomers in a more explicit manner.

ESI/SID spectra

The ESI/SID spectra obtained for hexanediamine com-
plexes, I and II [Fig. 1(a) and (b), respectively] show
fragment ions corresponding to three different fragment
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Figure 1. 50 eV ESI/SID collision spectra for the n =6 complex-
es. Note the difference in the relative intensities of the fragment
ions corresponding to the two pathways proposed in Scheme 2
(m/z 264 and 310) between complex | (a) and complex Il (b),
where the symbols denote the ions that will be used in ERMS. The
capillary/skimmer CID spectrum of | (c) was used to determine the
elemental formulae from the fragment ion isotope ratios.
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ion groups. The selected doubly charged ion,
[{Pt(NH,),Cl},u-NH,(CH,),NH,]**, was not visible
in the collision spectra for either of the n = 6 complexes
at any of the collision energies examined. The lower m/z
ranges of the spectra (m/z 50—120) contain peaks corre-
sponding to the fragments of the 1,6-hexanediamine
ligand.*° The remaining fragment ion groups are
derived from two primary platinum containing frag-
ment ions as shown in Scheme 2. The fragmentation
pathway was determined for the complexes by a com-
bination of capillary/skimmer CID experiments with
SID experiments. All four complexes fragmented by the
same pathways, generating fragment ions with equiva-
lent structures differing only in the length of the
diamine linkers.

The peak found at m/z 380, corresponding to
the cleavage of one Pt—diamine bond and loss of
the [Pt(NH;),CI]", was more intense for trans com-
plex I than for cis complex II. By fragmenting the
precursor ion in the capillary/skimmer region of the ESI
source, it was possible to select this fragment ion (m/z
380) from the mass spectrum and determine that the
fragments of this ion contribute to two different frag-
mentation pathways. When the second Pt—N(diamine)
bond is dissociated, either the [Pt(NH;),CI]* or pro-
tonated diamine is formed. Alternatively, if the Pt—
N(diamine) ligand is the only remaining ligand, the
resultant ion is singly charged, suggesting a loss of H*
as neutral HCl. This would allow for the possible
chelation of the diamine through the other amino group.
When the diamine is the only remaining ligand, the
resultant ion exists as a singly charged ion, suggesting a
loss of H*. The group of ions found between m/z 300
and 350 are formed by the sequential losses of the two
NH; groups after the loss of HCl. The ions from
this process are [Pt(NH,;),(NH(CH,),NH,)]" (m/z 344),
[Pt(NH,)(NH(CH,),NH,)]* (m/z 327), and
[Pt(NH(CH,)sNH,)]* (m/z 310). These ions are further
stabilized by rearrangement and loss of neutral H,
groups, which can delocalize the charge; this is a
common fragmentation process for aliphatic hydrocar-
bons.3? The fragment at m/z 293 can be assigned as

-HCI

- -NH
[diamine+H'T 2P [PUNH)I
——— P and diamine
fragments mz 214
O [ N-PLNH
a miz 228
(1) P|l [2NHyy oy
> N{*J\ miz 230
vz 264 L_:NHy,  [PUNH,CIF
miz 247
SR v *
N4 TN
ol | Bl 1
Hy * NH,(CHy)gNH NHagy (i, o o NH—Rt
mvz 380 ' I
NH, y
v
(2) miz 327
+
/h\\ -
-HO '(“H il
2NHy le BT Tt .
NH, NH,
—
mwz 310

Scheme 2. Fragmentation of platinum complexes.
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Figure 2. 50 eV ESI/SID collision spectra for the n =4 complex-
es. As with the n =6 complexes, pronounced differences in the
relative abundances of fragment ions corresponding to the two
pathways in Scheme 2 (m/z 264 and 281) are observed for com-
plexes Ill (a) and IV (b). Again, the capillary/skimmer CID spec-
trum of Il (c) was used to determine the elemental formulae.

[Pt(NH(CH,),CH=CH,)]", resulting from the frag-
mentation of the diamine by NH; loss, with retention of
one Pt—N bond. The [Pt(NH;),CI]* fragment ion,
when selected from the ion source and subjected to
surface  collisions, dissociates further to yield
[PtNH,)CI]Y  (m/z 247), [PtCI]* (m/z 230),
[Pt(NH,)(NH,)]" (m/z 228) and [PtNH,]* (m/z 211).
Again, the loss of HCI during the fragmentation process
is a plausible explanation for the presence of the frag-
ment ions at m/z 228 and 211.
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Table 1. Isotope contributions for the [Pt(NH,),Cl]* fragment ion found at

m|z 261-269*

Calculated
Measured

261

0.006
0.009

263

0.249
0.262

264

0.256
0.257

265

0.272
0.267

266

0.084
0.074

267

0.116
0.112

269

0.018
0.019

@ Relative abundances of less than 0.0005 were not used for determination (i.e. m/z

262, 268).
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Figure 3. Isotope pattern of fragments found at m/z 300-313,
corresponding to the fragment ions formed in pathway (2)
(Scheme 2) for the n =6 complexes (I and Il). (a) Observed
isotope pattern for the fragment ions. Note the increased relative
abundance at 2 mass units apart due to the overlap of a fragment
ion containing '°4Pt and a fragment ion containing '°®Pt after loss
of H,. (b) Graphical representation of the method used to sum the
different peaks corresponding to isotopes of different fragment
ions produced by the loss of H,. (c) Comparison of calculated
abundances and observed abundances, after the outlined pro-
cedure is followed.
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The fragment ions observed for the cis- and trans-
butanediamine complexes, III and IV [Fig. 2(a) and (b)]
correspond to those found in the n = 6 counterparts (I
and II, respectively). A peak corresponding to the
protonated diamine ligand was observed and the frag-
ments from the diamine are also observed, as with the
n = 6 complex. [Separate experiments were performed
using ESI and SID of 1,6-hexanediamine and 1,4-buta-
nediamine. The protonated ions of 1,6-hexanediamine
(m/z 117) and 1,4-butanediamine (m/z 89) were disso-
ciated. The fragment ions of 1,6-hexanediamine were
NH,(CH,)s* (m/z 100), NH,CH,* (m/z 30) and other
low-abundance ions corresponding to dissociation of
C—C bonds. For 1,4-butanediamine the fragments were
NH,(CH,),* (m/z 72) and NH,CH," and also with
fragmentation of the C—C bonds.] At m/z 264, the peak
representing the structure [Pt(NH;),CI]" was detected.
The peaks corresponding to the fragments from this
structure are seen at m/z 247, 230, 228, and 211
(formulae are listed above). The proposed diamine ring
fragment ion, [Pt(diamine-H)]" appears at m/z 282. At
17 mass units above that, m/z 299, the fragment ion is
[PtNH,(diamine-H)]*. The contribution to the inten-
sity of the peak at m/z 264-267 is from two fragment
ions. Based on comparison with the n = 6 complexes
and the isotope abundances of the ions [Fig. 1(c)], one
fragment ion is [Pt(NH,),CI]* (m/z 264). The other is
assigned as [Pt(NH,(CH,),CH=CH,)]* (m/z 266),
based on the corresponding fragment ion for the n =6
complexes being found at m/z 294.

There are two major differences between the SID
spectra of the cis and trans isomers of either the n = 4
or n = 6 complex: (i) the intensity of the [Pt(NH,),CI]*
fragment for the trans complexes I and III was greater
throughout all collision energies studied and (ii) the
relative ~ abundances of the fragment ions
[Pt(NH,),CI]" (m/z 264) and [Pt(diamine-H)]* [m/z
310 (I) and m/z 282 (III)] differ considerably depending
on which isomer is being studied.

Fragment ion formula assignment

Because of the large number of platinum isotopes and
the possible presence of chlorine with its two isotopes,
special attention is required in the determination of
fragment ion composition. To identify the fragment
ions, capillary/skimmer CID was employed and the
resolution of the second mass analyzer was increased to
unit mass resolution (the resultant spectra are shown in
Figs 1(c) and 2(c) for n =6 and 4, respectively). The
platinum and chlorine isotopic abundances allowed for
straightforward determination of elemental composition
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Figure 4. Energy-resolved mass spectra for all of the complexes.
Note that the general shape for like isomers is the same. For the
trans isomers of n =6 (a) and n =4 (b), [Pt(NH;),CI]* was the
most abundant of the two ions over all energies studied. However,
for the cis isomers of n =6 (c) and n =4 (d), at lower collision
energies the [Pt(diamine-H)]* ion was more abundant, then at a
certain critical energy the most abundant ion became the
[Pt(NH;3),CI]* ion. The fragment ion abundances used for the
breakdown curve correspond to the two major fragmentation path-
ways proposed in Scheme 2.
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Table 2. Isotope contributions for [Pt(diamine-H*)]* and
[Pt(diamine-H*)(—H,, —2H,, ...)]* fragment
ions appearing at m/z 301-314°

Relative
m/z M M-H, M-2H, M-3H, M-4H, abundance (%)
301 0.120 2.620 2.67
302 2.950 2.87
303 0.161 5.036 2.272 7.28
304 5,660 0.165 5.68
305 0.243 6.802 4.282 0.591 11.61
306 7510 0.031 0.045 7.39
307 0.153 10.22 5.784 1.114 16.83
308 11.29 0.420 0.085 11.49
309 6.449 8696 1.500 16.22
310 7120 0.631%# 0.113% 6.94
311 5484 2261 7.55
312 0.398 1.730 2.07
313 1.426 1.39
314 0.109 0.11

2The relative abundances shown for each fragment were calcu-
lated as prescribed in the text. The isotope contributions for the
fragments were summed for each m/z and the summed values
were normalized to unity to produce the relative abundance.

of most fragment ion structures, such as the
[Pt(NH,),CI]* fragment ion (Table 1). For more com-
plicated situations, e.g. the fragment ions found at
approximately m/z 310 (I and II) and m/z 282 (III and
IV), simple inspection of isotope contributions was not
possible and calculations were required

One way to explain the unusual broad grouping at
m/z 301-314 for n = 6 and m/z 276-286 for n = 4 is that
multiple H, losses occur in the [Pt(diamine-H)]* ion.
Calculations were performed to allow comparison of
calculated and observed ratios to explore this possi-
bility. With the loss of H,, overlapping of platinum
isotope peaks occurs. As an example, we use the frag-
ment ions of I found at m/z 301-314 in the ESI/SID
spectra [Fig. 3(a)], where the normal platinum isotope
pattern for 1°°Pt, 1°°Pt and '°®Pt isotopes was discern-
ible for m/z 310, 311 and 313. Table 2 shows the calcu-
lated abundances of each isotope of each fragment, if
consecutive losses of H, are assumed. The calculated
abundances are shown graphically as summed bars in
Fig. 3(b). The highest m/z fragment containing '°°Pt
(m/z 310) was used as a reference and normalized to the
other observed peaks (between m/z 301 and 314).
Assuming that one fragment was [!°°Pt(diamine-H)]™,
the peak found at m/z 309 would have a relative abun-
dance due to the contribution from both the
['°4Pt(diamine-H)]* ion and the ['°°Pt(diamine-H)
— H,]* ion, ie. after the loss of H,. Therefore, the
abundance of the ['°*Pt(diamine-H)]* ion (based on
the observed intensity of the [!°Pt(diamine-H)]*
fragment) was subtracted from the observed abundance
at m/z 309, giving the relative abundance of the
[*6Pt(diamine-H) — H,]" ion (after H, loss). The cal-
culated intensity of the peak due to the [1°°Pt(diamine-
H) — H,]"* ion was used to normalize the abundances
of the other platinum isotopes in the H, loss fragment
ions. Then, using the calculated ['°°Pt(diamine-H)
—H,]" abundance (based on [!°°Pt(diamine-H)

JOURNAL OF MASS SPECTROMETRY, VOL. 33, 436-443 (1998)



442 T. G. SCHAAFF ET AL.

— H,]" abundance), the steps were repeated for the
—2H,, —3H, and —4H, fragment ions. The abun-
dances at each m/z were summed and normalized. The
calculated spectrum matched the observed spectrum
with an average error of ~4% [Fig. 3(b)]. A similar
calculation was performed for the n =4 compounds
and showed a comparable average error; of course, for
n = 4 fewer total H, molecules can be lost [e.g. see Figs
1(c) and 2(c) to compare the envelopes]. When spectra
were obtained as a function of collision energy, the
envelopes shifted to lower m/z, consistent with the loss
of a greater number of H, with an increase in energy.

Energy-resolved mass spectra

To summarize the main pathways described above, dis-
sociation of one Pt—N(diamine) bond, resulting in two
singly charged ions, occurs for all of the complexes
studied. In the next step of the fragmentation pathway,
either (1) the other Pt—N(diamine) bond is cleaved or
(2) the Pt—N(diamine) bond is retained and the other
ligand bonds are cleaved (Scheme 2). Note that in the
spectra for the complexes, the relative intensities of the
peaks corresponding to [Pt(NH,),CI]" and
[Pt(diamine-H)]* are different for the cis and trans
isomer of each complex. This is even more apparent
when the relative abundances for the key product ions
are plotted as a function of collision energy (ERMS,
Fig. 4).

Just as other spectroscopic techniques use a range of
absolute energies, isomer distinction by MS/MS uses a
series of collision energies that can be used to show dif-
ferences inherent in the structures being studied. For
precursor ions with the same chain length n, the peaks
in the ESI/SID spectra are at the same m/z ratio, but
with different intensities. This can be immediately recog-
nized, for example, in Figs 1 and 2, where the symbols
over the ions of interest correspond to the symbols used
in ERMS. Because the ions [Pt(NH,),Cl]" and
[Pt(diamine-H)]* are the major products produced
by the fragmentation of the cis and trans complexes,
the abundances of these two ions were used to generate
the ERMS. Recall that, in the case of III and IV, the
cluster of peaks found at m/z 264 was due to the over-
lap of two fragment ions, [Pt(NH;),CI]* and
[Pt(NH(CH,),CH=CH,)]*. Even though corrections
for the overlap were not made, the general features of
the ERMS plots for n =4 (III and IV) are in good
agreement with the corresponding plots for the n =6
counterparts (I and II) (Fig. 4).

The ERMS plot for the hexanediamine complex, I
[Fig. 4(a)] shows that at all collision energies the pre-
ferred dissociation pathway for the trans complex is the
dissociation of both Pt—N(diamine) bonds, trans to
chloride, in the proposed stepwise manner. Likewise,
the same trend is observed for III [Fig. 4(b)]. In con-
trast, at lower collision energies the preferred disso-
ciation pathway for both cis isomers, II [Fig. 4(c)] and
IV [Fig. 4(d)], is the dissociation of one Pt—N(diamine)
bond followed by the retention of the second
Pt—N(diamine) bond. For both II and IV, a collision
energy is reached at which the preferred pathway
becomes the generation of the [Pt(NH,),CI]* ion.

© 1998 John Wiley & Sons, Ltd.

CONCLUSIONS

The trans effect of ligands in a square-planar complex is
generally used to describe chemical reactions in the
solution phase where the most labile bond in these com-
plexes would be the Pt—N bond trans to chloride. Our
data suggest that the position of the chloride also plays
an integral role in the gas-phase fragmentation of these
complexes, independent of incoming solvent effects. It is
observed that when the chloride is trans to the diamine
linker (as in I and III) the preferred pathway is to cleave
both of the trans-Pt—N(diamine) bonds, producing a
dominant [Pt(NH;),CI]* fragment ion over all energies
studied. The gas-phase trans effect is further supported
by the fragmentation pathway for II and IV. In these
complexes, the chloride is now cis to the diamine linker,
resulting in a more labile Pt—NH; bond instead of the
Pt—N(diamine) bond. In both II and IV, the preferred
fragmentation pathway at lower collision energies is dis-
sociation of one Pt—N(diamine) bond and retention of
the other Pt—N(diamine) bond. Because the chloride is
in the cis position, the abstraction of the proton from
the diamine is a kinetically favored process and the pro-
posed [Pt(diamine-H)]" structure can be formed. This
structure fragments further by loss of H, and may form
a bidentate ring structure with the platinum. Eventually,
an energy is reached at which the preferred pathway is
the dissociation of both Pt—N(diamine) bonds. At
higher energies, the steric effects of the ligands of the
complex may outweigh any stabilizing effects inherent
from the trans effect of the chloride.

With the advances being made in ionization and acti-
vation techniques in mass spectrometry, fundamental
studies of transition metal systems are becoming more
viable. Our results show that the use of ESI in conjunc-
tion with SID is a very useful combination for this class
of metal complex ions. Also, the ESI/SID data allowed
a correlation to be made between solution-phase char-
acteristics of transition metal complexes and the observ-
able gas-phase characteristics. By studying the
gas-phase fragmentation characteristics, the intrinsic
properties of the ions can be probed. ESI provides pro-
jectile ions with sufficiently low internal energy to
prevent fragmentation in the source and SID provides
an internal energy deposition with a narrow energy dis-
tribution. With this combination, differences in the
energy-dependent fragmentation pathways can be
detected. This allowed the observation of differences in
fragmentation pathways due to the trans effect of the
chloride in the dinuclear complexes. Simple single-stage
mass spectrometry would not allow for the determi-
nation of the structural isomers of transition metal com-
plexes, but ESI/SID provided data that permitted the
distinction of structural isomers from the differences in
the fragmentation patterns of those isomers.
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