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Abstract
We have reacted [Pt(dien)Cl]Cl, [Pt(en)(D2O)2]2+, and [Pt(Me4en)(D2O)2]2+ [Me4en = N,N,N′,N′-
tetramethylethylenediamine] with selenomethionine (SeMet). When [Pt(dien)Cl]Cl is reacted with
SeMet, [Pt(dien)(SeMet-Se)]2+ is formed; two Se-CH3 resonances are observed due to the
different chiralities at the Se atom upon platination. In a reaction of [Pt(dien)Cl]Cl with an
equimolar mixture of SeMet and Met, the SeMet product forms more quickly though a slow
equilibrium with approximately equal amounts of both products is reached. [Pt(Me4en)(D2O)2]2+

reacts with SeMet to form [Pt(Me4en)(SeMet-Se)(D2O)]2+ initially but forms [Pt(Me4en)(SeMet-
Se,N)]+ ultimately. One stereoisomer of the chelate, assigned to the R chirality at the Se atom,
dominates within the first few minutes of reaction. [Pt(en)(D2O)2]2+ forms a variety of products
depending on reaction stoichiometry; when one equivalent or less of SeMet is added, the dominant
product is [Pt(en)(SeMet-Se,N)]+. In the presence of excess SeMet, [Pt(en)(SeMet-Se)2]2+ is the
dominant initially, but displacement of the en ligand occurs leading to [Pt(SeMet-Se,N)2] as the
eventual product. Displacement of the en ligand from [Pt(en)(SeMet-Se,N)]+ does not occur. In
reactions of K2PtCl4 with two equivalents of SeMet, [Pt(SeMet-Se,N)2] is formed, and three sets
of resonances are observed due to different chiralities at the Se atoms. Only the cis geometric
isomers are observed by 1H and 195Pt NMR spectroscopy.
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1. Introduction
Complexes of the type cis-PtA2X2, where A2 represents two unidentate or one bidentate
amine ligand and X2 represents two monodentate or one bidentate leaving group, have been
widely studied in part due to the anticancer activity of cisplatin, cis-Pt(NH3)2Cl2. Cisplatin’s
anticancer activity has been attributed to the formation of a 1,2-intrastrand crosslink between
two adjacent guanine residues in DNA.[1] However, interaction with proteins may be
important in transport of platinum complexes into the cell.[2–4] Furthermore, [Pt(dien)Cl]Cl
has been shown to react faster with methionine analogs than with 5′-GMP.[5,6] Thus, a
better understanding of the interaction of platinum complexes with amino acids is necessary.
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Platinum complexes have a high affinity for methionine, a standard amino acid found in
proteins. Depending on factors such as pH, stoichiometry, and the bulk of the amine ligands
on the platinum, a variety of products result from the reaction of methionine or N-
acetylmethionine with cis-PtA2X2 complexes. When methionine is present in excess,
complexes of the type cis-PtA2(Met-S)2 may be observed.[7] Chelates in which the sulfur
atom and either a carboxyl oxygen or the amine nitrogen are coordinated to the platinum are
also known.[7–9] The trans effect of the methionine sulfur atom can lead to displacement of
the ammine ligands of cisplatin[10,11] and can sometimes lead to displacement of a nitrogen
atom from a chelated diamine such as ethylenediamine (en).[8,12]

Selenomethionine (SeMet) is a nonstandard amino acid in which the sulfur atom of
methionine is replaced by selenium. Unlike selenocysteine, which is intentionally inserted
into proteins such as glutathione peroxidase, selenomethionine may be randomly inserted
into proteins in place of methionine.[13] In addition to the presence of nonstandard
selenium-containing amino acids, some organoselenium compounds have been in clinical
trials as cancer chemopreventative drugs. Selenomethionine was found to have protective
effects against cisplatin-induced toxicity in rats and mice.[14] Both 5-methylselenocysteine
and selenomethionine greatly increased survival in nude mice that were administered toxic
doses of cisplatin and oxaliplatin.[15] Thus, previous studies have focused on the molecular
interaction of cisplatin and analogs with selenomethionine.[16,17]

Selenium, like sulfur, has a significant trans effect that can lead to rapid displacement of an
ammine ligand of cisplatin. Mass spectrometry studies of the reaction between cisplatin and
selenomethionine found that even at 1:1 SeMet:Pt ratios, displacement of one amine ligand
occurs to a significant amount within 10 minutes.[17] For both cisplatin and carboplatin, a
significant amount of [Pt(SeMet-Se,N)2]+ was detected by mass spectrometry within 24 h,
[16,17] indicating that both ammine ligands had been displaced.

In this study, we have utilized platinum complexes that contain chelated diamine and
triamine ligands. We wanted to use these platinum complexes to characterize SeMet
complexes that would be less prone to amine ligand displacement than the cisplatin analogs
used previously.[16,17] We also wanted to determine whether Met or SeMet would react
preferentially with platinum complexes.

2. Experimental
K2PtCl4, diethylenetriamine, Pt(en)Cl2, selenomethionine, methionine, and silver nitrate
were used as received. [Pt(dien)Cl]Cl and Pt(Me4en)Cl2 were prepared by methods
described previously.[9,18]

Pt(en)(NO3)2 and Pt(Me4en)(NO3)2 were prepared by reacting two equivalents of AgNO3
with the appropriate platinum(II) dichloride compound in H2O and stirring in an amber vial
overnight. The samples were filtered to remove AgCl precipitate and evaporated to dryness.
When added to D2O, [Pt(en)(D2O)2]2+ and [Pt(Me4en)(D2O)2]2+ would be expected as the
dominant species due to the very small association constant reported for NO3 with platinum
complexes.[19]

1H and 195Pt NMR spectra were acquired on a JEOL Eclipse 500 MHz NMR instrument.
The 1H NMR spectra were referenced to the residual HOD signal relative to TSP, adjusted
for temperature. The 195Pt NMR spectra were referenced relative to K2PtCl6. All spectra
were collected at room temperature unless otherwise noted.

A Hitachi LaChrom Elite HPLC system with a cation-exchange column was utilized. Buffer
A was 20 mM sodium phosphate at pH 6, while buffer B was 20 mM sodium phosphate
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with 0.5 M NaCl added at pH 6. The gradient was as follows: t = 0, 100% A; t = 2 min,
100% A; t = 20 min, 50% A.

Molecular mechanics calculations were performed according to methods described
previously using a modified AMBER force field.[9]

3. Results
3.1 Reaction of [Pt(dien)Cl]Cl with SeMet

[Pt(dien)Cl]Cl and SeMet (10 mM each) were combined in D2O at pH 5. A 1H NMR
spectrum acquired ~45 minutes later showed new resonances; two singlets at 2.41 and 2.42
ppm were observed; these singlets were ~0.4 ppm downfield of the singlet observed for
unreacted SeMet (Figure 1). A downfield shift of similar magnitude has been previously
observed for S-CH3 resonances of Met upon coordination of the Met to platinum via the
sulfur atom,[9,20,21] and similar shifts were observed with previous complexes of platinum
with selenomethionine.[16,17] Thus, the singlets were assigned to the CH3 resonance of
[Pt(dien)(SeMet-Se)]2+. A COSY spectrum was used to assign the additional product
resonances (Table 1).

The presence of two CH3 resonances suggests that relatively slow interconversion of
chirality about the Se atom is occurring. Only one CH3 resonance was observed previously
for the analogous [Pt(dien)(Met-S)]2+ complex;[5] however, the presence of two sets of
resonances has been observed previously for a number of platinum complexes with sulfur-
coordinated methionine by 1H and/or 195Pt NMR methods [9,22,23] and multiple sets of
resonances were observed in a [1H, 15N] HSQC NMR spectrum of a product formed
between carboplatin and SeMet.[16] Support for the assignment of two interconverting
chiralities came from variable temperature experiments that showed the signals broadening
by 60 °C and beginning to coalesce by 80 °C. A single peak at −3420 ppm was observed in
the 195Pt NMR spectrum at room temperature.

3.2 Reaction of [Pt(dien)Cl]Cl with SeMet and Met
In order to determine the relative reactivities of SeMet and Met with a selected platinum
complex, [Pt(dien)Cl]Cl was added to a mixture of SeMet and Met to give a solution that
was 5 mM in all three components. During the first several hours of reaction, the 1H NMR
spectrum showed signals corresponding to [Pt(dien)(SeMet-Se)]2+ and [Pt(dien)(Met-S)]2+;
however, the signals of the former were notably larger than those of the latter (Figure 2).
Moreover, the signals corresponding to unreacted Met were larger than those of unreacted
SeMet. This result indicates that SeMet is the kinetically favored target of [Pt(dien)Cl]Cl.
Previously, SeMet was reported to have a faster reaction rate than Met with carboplatin.[16]

After several days, the 1H NMR spectrum indicated that the amount of [Pt(dien)(Met-S)]2+

had increased (Figure 2). Furthermore, it was apparent that the amount of free SeMet had
increased relative to the amount of [Pt(dien)(SeMet-Se)]2+. This result suggests that Met can
slowly displace SeMet from the platinum complex.

In separate experiments, we added SeMet to [Pt(dien)(Met-S)]2+ and Met to [Pt(dien)
(SeMet-Se)]2+; after several days, both 1H NMR spectra looked similar to the analogous
spectrum in Figure 2. These results indicate that SeMet and Met can displace one another
from platinum complexes and that thermodynamically both complexes are relatively similar
in stability under these conditions.
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3.3 Reaction of [Pt(Me4en)(D2O)2]2+ with SeMet
When [Pt(Me4en)(D2O)2]2+ was reacted with SeMet at pH ~4, new resonances were
observed within ~10 minutes (Figure 3). Singlets in the ~2.3–2.4 ppm region and doublet of
doublet signals around ~3.9–4.1 ppm appeared initially but had disappeared within 20
minutes, suggesting formation of [Pt(Me4en)(SeMet-Se)(D2O)]2+ complexes. A larger
singlet was observed at 2.49 ppm within 10 minutes, and this resonance continued to
increase over time. A small singlet was observed at 2.47 ppm within 10 minutes, and it
slowly increased in intensity until it was approximately the same size as the 2.49 ppm
resonance after 1 day. Two 195Pt NMR resonances were observed at −3190 and −3260 ppm
after 1 day. The two sets of resonances that dominated after 1 day are assigned to a
[Pt(Me4en)(SeMet-Se,N)]+ complex with different chiralities at the Se atom. Support for the
presence of a Se,N chelate comes from the upfield shifts of the Hα signals (Table 1), which
have been observed previously for S,N chelates.[9,11,24] A previous study found that
[Pt(Me4en)(D2O)2]2+ reacted with Met to form [Pt(Me4en)(Met-S,N)]+, and two sets of
resonances were likewise observed.[9]

We also mixed [Pt(Me4en)(D2O)2]2+ with an equimolar ratio of NaCl; this resulted in
significant formation of [Pt(Me4en)(D2O)Cl]+ within ~30 minutes as evidenced by two large
singlets at 2.84 and 2.85 ppm assigned to the two sets of methyl groups of the Me4en ligand
in the non-C2-symmetrical compound. When SeMet was then added, we saw two resonances
at 2.38 and 2.39 ppm that grew at approximately equal amounts. These resonances are
assigned to the Se-CH3 groups of [Pt(Me4en)(SeMet-Se)Cl]+; after ~5 days, approximately
one-third of the [Pt(Me4en)(SeMet-Se)Cl]+ had converted into [Pt(Me4en)(SeMet-Se,N)]+.

We have previously used molecular mechanics to study a number of platinum(II) diamine
complexes with methionine.[9,20] Since there are relatively few crystal structures of
platinum(II) selenomethionine complexes, we instead examined models of energy-
minimized [Pt(Me4en)(Met-S,N)]+ structures with both the R and the S stereochemistries at
the sulfur atom. The energy-minimized structure with the R stereochemistry had a twist-boat
conformation for the six-membered chelate ring that formed, as this conformation avoided
steric clashes of the Se-CH3 group with the methyl groups of the Me4en ligand. However,
the six-membered chelate ring had a chair conformation with the S chirality. The dihedral
angles formed between the Hα and Hβ hydrogens were 151° and 33° in the R configuration
and 176° and 66° in the S configuration. In examining the Hα coupling constants of the
initial stereoisomer of [Pt(Me4en)(SeMet-Se,N)]+ that formed, they were found to be 3.0 and
5.5 Hz. The other stereoisomer had coupling constants of 2.6 and 8.9 Hz. The dihedral
angles from the molecular mechanics structure in the R stereochemistry are more consistent
with the coupling constants observed for the initially dominant stereoisomer, and thus we
assign that stereoisomer to R.

3.4 Reaction of [Pt(en)(D2O)2]2+ with SeMet
When [Pt(en)(D2O)2]2+ was reacted with SeMet, several new sets of resonances could be
observed. The relative abundances of the signals depended heavily on the SeMet:Pt ratio.
When low SeMet:Pt ratios (≤ were used, two sets of resonances were typically dominant
with singlets observed at 2.41 and 2.43 ppm (Figure 4). An Hα resonance was observed at
~3.48 ppm; the upfield shift of this resonance suggests [Pt(en)(SeMet-Se,N)]+ is the
dominant species,[9,11] with differing chiralities at the Se atom accounting for the presence
of two CH3 singlets.

When SeMet was added in excess (2:1 or greater SeMet:Pt ratio), singlets at 2.53 and 2.54
ppm were observed within ~10 minutes; also, a singlet at ~2.83 ppm appeared concurrently
(Figure 5). These resonances are assigned to [Pt(en)(SeMet-Se)2]2+. The singlet at 2.83 ppm
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is assigned to the en CH2 resonances; 1H-13C HMQC data showed the 13C NMR shift for
this signal to be 47.8 ppm, and both 1H and 13C NMR data are consistent with en resonances
in similar complexes.[7] The two singlets at 2.53 and 2.54 ppm are assigned to the CH3
resonances with chirality differences at the Se atom. Peaks due to [Pt(en)(SeMet-Se,N)]+

were also present though these signals are smaller.

As the reaction proceeded, the resonances corresponding to [Pt(en)(SeMet-Se)2]2+ decreased
and new resonances appeared (Figure 5). A singlet at 3.38 ppm corresponds to
uncoordinated ethylenediamine, indicating the en ligand has been displaced. Four new
singlets in the 2.48–2.58 ppm range were observed and assigned to [Pt(SeMet-Se,N)2]
species; two geometric isomers are possible, with three different diastereomers possible for
each geometric isomer. Interestingly, even in the presence of excess SeMet, the signals due
to [Pt(en)(SeMet-Se,N)]+ are still present. Similarly, when a sample that had been formed
initially with a low Se:Pt ratio had excess SeMet added afterwards, we found that [Pt(en)
(SeMet-Se,N)]+ signals that were present did not disappear even after 1 week. This result
indicated that the formation of the [Pt(SeMet-Se,N)2] complex occurred via the [Pt(en)
(SeMet-Se)2]2+ complex.

Support for the assignments of all of the complexes came from HPLC experiments using a
cation exchange column. Samples containing [Pt(en)(SeMet-Se)2]2+ showed a peak with a
retention time of 14.5 minutes, whereas samples containing [Pt(en)(SeMet-Se,N)]+ showed a
peak with a retention time of 4.5 minutes. Samples of [Pt(SeMet-Se,N)2] showed no
retention on the column and eluted in the void volume. Thus, the retention times correlate
with the expected charges of the assigned species.

3.5 Reaction of K2PtCl4 with SeMet
In order to more fully characterize the [Pt(SeMet-Se,N)2] complexes, K2PtCl4 and SeMet
were combined in a 1:2 molar ratio under conditions (heating to ~80 °C) similar to previous
reactions between K2PtCl4 and Met that produced [Pt(Met-S,N)2].[23] Three new sets of
resonances were observed (Figure 6). One set of resonances was dominant, with a large
singlet at 2.58 ppm assigned to the S-CH3 resonance of the set. Resonances at 2.51 and 2.48
ppm were similar in size to one another, whereas a slightly larger resonance was observed at
2.52 ppm. The signals observed here are identical to those observed in the reactions of
[Pt(en)(H2O)2]2+ with SeMet in which en displacement is observed, thus supporting their
assignments to [Pt(SeMet-Se,N)2]. 195Pt NMR spectroscopy showed three major resonances
in the range of −3800 to −3900 (Table 1).

4 Discussion
A number of 195Pt NMR spectra of platinum(II) diamine complexes with methionine amino
acids or methionine-containing peptides have been recorded; typically, a PtN2S2
environment gives shifts between −3600 and −3800 ppm whereas PtN3S environments give
shifts of −3000 to −3300 ppm.[8,9,12] In the present study, we found that PtN2Se2
resonances were typically between −3800 and −4000 whereas PtN3Se resonances were
approximately −3200 to −3400 ppm (Table 1), in each case ~200 ppm upfield of the range
of analogous sulfur shifts. Other complexes containing PtN3Se coordination environments
have been previously characterized and were found to have shifts in the same range as we
observed.[25,26]

Both SeMet[16,17] and Met[24,27,28] have been shown previously to promote displacement
of the ammine ligands from cisplatin and its analogs due to the trans effect from the
selenium and sulfur ligation. The use of bidentate and tridentate amine ligands in the present
study makes ligand displacement less prevalent. Nevertheless, we have found that an en
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ligand can be displaced from [Pt(en)(SeMet-Se)2]2+ as [Pt(SeMet-Se,N)2] complexes are
formed. This conversion results in the displacement of one five- membered N,N chelate ring
with two six-membered Se,N chelate rings. By comparison, [Pt(en)(N-AcMet-S)2] was
found to be stable in D2O[7,9] even though platinum complexes can coordinate to the amide
nitrogen both in N-AcMet[7] and in peptides with internal methionine residues.[8] The
amide nitrogen atom of N-AcMet is apparently less prone to displace the en ligand than the
amine nitrogen atom of SeMet.

Reaction of SeMet with [Pt(en)(D2O)2]2+ can lead to multiple products (Figure 7). The
initial product would be expected to be [Pt(en)(SeMet-Se)(D2O)]2+; however, this product
was not directly observed. At high SeMet:Pt ratios, [Pt(en)(SeMet-Se)2]2+ is present
initially; over time, this product disappears and signals from uncoordinated en and from
[Pt(SeMet-Se,N)2] appear (Figure 5). At low SeMet:Pt ratios, [Pt(en)(SeMet-Se,N)]+ is
dominant (Figure 4). When additional SeMet is present in a sample containing [Pt(en)
(SeMet-Se,N)]+, little or no conversion of this product to [Pt(SeMet-Se,N)2] is observed.
These results indicate that displacement of the en ligand occurs only when both coordination
positions trans to the en N atoms are occupied by a selenium atom. In support of this
observation, no displacement of the Me4en ligand was observed in the [Pt(Me4en)(SeMet-
Se,N)]+ complexes. Previously, [Pt(en)(Met-S,N)]+ was found to be stable to substitution of
the en ligand by 5′ough [Pt(NH3)2(Met-S,N)]+ led to displacement of the NH3 trans to the
sulfur atom in the presence of 5′-GMP.[28]

Conversion of [Pt(en)(SeMet-Se)2]2+ to [Pt(SeMet-Se,N)2] presumably occurs through an
intermediate in which one SeMet is chelated and the en ligand is coordinated in a
monodentate fashion; formation of this intermediate would break a 5-membered N,N chelate
ring but would form a 6-membered Se,N chelate ring. A monodentate en ligand was
observed by 1H NMR spectroscopy previously in reactions with peptides that coordinated in
a tridentate mode, though complete displacement of the en ligand was not observed in those
complexes.[8,12] We did not observe an intermediate with a monodentate en ligand in our
complexes; thus, the complete displacement of the en ligand to form the second Se,N chelate
in the present study may be occurring relatively rapidly.

The reaction of K2PtCl4 and SeMet could produce both cis- and trans-[Pt(SeMet-Se,N)2]
complexes; furthermore, each geometric isomer could produce three diastereomers, with
chiralities at the sulfur atoms of R,R; S,R; and S,S. Previously, the cis-[Pt(Met-S,N)2]
geometric isomers were determined to be favored ~87:13 over the trans isomers at
equilibrium,[23] and the latter had broader signals relative to the signals we observed in the
SeMet complexes. Isomerization of the cis and trans forms of [Pt(Met-S,N)2] was very slow.
[23] Furthermore, the resonances observed in the reaction of K2PtCl4 and SeMet are
identical to those produced from the reaction of [Pt(en)(D2O)2]2+ with excess SeMet upon
en displacement. Since the formation of [Pt(SeMet-Se,N)2] from [Pt(en)(SeMet-Se)2]2+

should produce the cis geometric isomers at least initially, we assign the [Pt(SeMet-Se,N)2]
resonances observed to the three diasteromers with cis geometries. The 195Pt NMR spectra
showed three major signals in the range of −3800 to −3900; [Pt(en)(SeMet-Se)2]2+, which
has a cis-PtN2Se2 coordination environment, has a similar shift to those observed for
[Pt(SeMet-Se,N)2] (Table 1). By comparison, the cis isomers of [Pt(Met-S,N)2] were ca.
−3600 to −3700, whereas the trans isomers were significantly downfield of that at −3400 to
−3500.[29]

The signals of identical size are assigned to the S, R isomer. The dominant isomer had a
coupling constant of ~10 Hz between the Hα and one of the Hβ protons, which was true of
the R stereochemistry in the analogous Met complexes.[23] Thus this isomer is assigned to
the R,R stereochemistry and the remaining isomer to the S,S stereochemistry.
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No signals corresponding to the trans geometric isomers of [Pt(SeMet-Se,N)2] were
observed by 1H NMR spectroscopy; the 195Pt NMR spectrum showed three resonances
between −3800 and −3900 ppm but no noticeable resonances ~200 ppm downfield as was
observed for the analogous methionine complexes.[23] A preference for the cis geometric
isomers of S-containing chelates has been noted previously and was rationalized by an
increased π-accepting ability of the S atom relative to O.[30] The even greater preference for
the cis isomer for SeMet complexes relative to Met complexes could be related to a stronger
π-accepting ability of selenium compared to sulfur.

Previously, the reaction of carboplatin with SeMet was monitored at 310 K by both mass
spectrometry and NMR spectroscopy.[16] The mass spectrometry data indicated that a
[Pt(SeMet-Se,N)2]+ species was present in a significant amount in 3 h and dominant within
22 h. NMR spectroscopy showed resonances in the 2.55–2.65 ppm range that were
significant at 5 h and 10 h. These resonances were not explicitly assigned to specific
products, though the time of reaction would suggest [Pt(SeMet-Se,N)2] species as a possible
assignment. We note that the pattern of these NMR resonances is very similar to those
observed in our reaction of K2PtCl4 with SeMet, though with shifts slightly downfield of
ours perhaps due to the temperature difference.

The reaction of [Pt(dien)Cl]Cl with SeMet produced two Se-CH3 resonances in the 1H NMR
spectrum; however, the close spacing of the resonances and the broadening at higher
temperatures suggest that the resonances are from a single complex with different chiralities
at the Se atom. The presence of two diastereomers has been observed previously for
complexes of platinum(II) with methionine[9,22,23] and selenomethionine.[16] Thus, the
resonances were assigned to [Pt(dien)(SeMet-Se)]2+.

Competition experiments indicated that [Pt(dien)Cl]Cl reacts faster with SeMet than with
Met (Figure 2). These results indicate that reaction with SeMet has a lower activation energy
than reaction with Met, suggesting that the selenium atom has more favorable interactions in
the transition state than the sulfur atom. This preference for SeMet is consistent with
previous data[16] that indicated that carboplatin reacted with methionine slower than with
selenomethionine.

Coordination of either sulfur or selenium to carboplatin led to displacement of the trans
ammine ligand;[16] however, the tridentate dien ligand utilized in this study is inert to such
substitution, and thus our competition studies can give insights about thermodynamic as well
as kinetic preferences. When the reaction of [Pt(dien)Cl]Cl with SeMet and Met was
monitored over several days, it was observed that approximately equal amounts of Met and
SeMet products were produced. Moreover, when Met is added to a sample of [Pt(dien)
(SeMet-Se)]2+ or SeMet is added to a sample of [Pt(dien)(Met-S)]2+, a similar distribution of
Met and SeMet products is reached. Thus, the thermodynamic stabilities of the Met and
SeMet products are apparently very similar, and a slow equilibrium is reached when both
Met and SeMet are present.

Reaction of SeMet with [Pt(Me4en)(D2O)2]2+ led initially to two stereoisomers of
[Pt(Me4en)(SeMet-Se)(D2O)]2+ and eventually to two stereoisomers of [Pt(Me4en)(SeMet-
Se,N)]+. Formation of the chelates was expected, as analogous complexes have been
previously found to form when Met was added to this platinum complex.[9] Interestingly,
however, the selective formation of one stereoisomer of the SeMet chelates was observed
initially. We assigned the initial product to the R stereochemistry at the Se atom based on an
analysis of coupling constants and a molecular mechanics analysis of [Pt(Me4en)(Met-
S,N)]+ chelates.
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There are two possible explanations for the kinetic preference of one stereoisomer (assigned
to R) in the chelate. One possibility is that formation of the R stereochemistry of the mono
product is favored over S and that chelation occurs rapidly relative to isomerization of the
mono products. Another possibility is that chelation occurs more readily for the R isomer
than for the S isomer in SeMet. Signals from the [Pt(Me4en)(SeMet-Se)Cl]+ stereoisomers
arise at approximately equal rates, and thus it is likely that the same would be true of
[Pt(Me4en)(SeMet-Se)(D2O)]2+. Furthermore, isomerization occurs within the order of
seconds at least for the mono product [Pt(dien)(SeMet-Se)]2+ according to variable
temperature NMR experiments, suggesting that one stereoisomer would not build up in
excess in the mono products. Thus, our experimental data is more consistent with the
interpretation of faster chelation of the R isomer than the S isomer.

In summary, we have found that SeMet has several similarities but some notable differences
compared with Met in terms of reactivity with platinum(II) complexes. Kinetically, SeMet is
faster to react though both have similar thermodynamic stabilities; furthermore, SeMet and
Met can displace one another from platinum(II) triamine complexes. In reactions with
K2PtCl4, SeMet does not appear to form trans-[Pt(SeMet-Se,N)2] complexes whereas Met
forms trans-[Pt(Met-S,N)2] complexes as minor species. The trans effect can lead to
displacement of an ethylenediamine ligand in SeMet complexes when both remaining
coordination positions have SeMet coordinated via selenium; the resulting substitution
replaces one chelate ring with two chelate rings.
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Figure 1.
Partial 1H NMR spectrum of the reaction of [Pt(dien)Cl]Cl with SeMet at pH ~4.5 at room
temperature Initial concentrations of both are 10 mM.
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Figure 2.
Partial 1H NMR spectra of the reaction of [Pt(dien)Cl] with a mixture of Met and SeMet at
15 min and 5 days at room temperature. Initial concentrations are 5 mM each. The methyl
resonances of SeMet (Se), Met (M), [Pt(dien)(SeMet-Se)]2+ (PtSe), and [Pt(dien)(SeMet-
Se)]2+ (PtM) are labeled.
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Figure 3.
Partial 1H NMR spectra of the reaction of [Pt(Me4en)(D2O)2]2+ with SeMet at 10 min, 60
min, and 1 day at room temperature. Initial concentrations are 5 mM each.
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Figure 4.
Partial 1H NMR spectrum of the reaction of [Pt(en)(D2O)2]2+ with SeMet at a ~1:1 Pt:Se
ratio at room temperature. SeMet was added incrementally every 5 minutes for 5 additions,
and the final concentrations are ~50 mM each. The spectrum was acquired ~2 h after initial
addition of SeMet.
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Figure 5.
Partial 1H NMR spectra of the reaction of 10 mM [Pt(en)(D2O)2]2+ with excess (32 mM
SeMet) at 20 min (bottom) and 1 week (top) at room temperature. Labeled peaks are from
dissociated ethylendiamine (en), [Pt(en)(SeMet-Se)2]2+ (bis), [Pt(en)(SeMet-Se,N)]+ (mono
c), and [Pt(SeMet-Se,N)2] (bis c).
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Figure 6.
Partial 1H NMR spectrum of the reaction of 20 mM K2PtCl4 with 40 mM SeMet.
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Figure 7.
Proposed reaction scheme of [Pt(en)(D2O)2]2+ with SeMet.
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