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We report the solution-phase synthesis and characterization
of an artificial pyridyl-substituted dipeptide that is
crosslinked by a 2,5-bis(2-pyridyl)thiophene (dpt) platinum
complex. The small molecule equivalent for the Pt(dpt)dipyr-
idyl-peptide is synthesized for comparison. These com-
pounds are characterized by two-dimensional and variable-
temperature NMR, mass spectrometry, electrochemistry, UV/
Vis absorbance and emission spectroscopy, and their photo-
emission dynamics are compared. The complexes have two

Introduction

Artificial oligopeptides containing metal-coordinating li-
gands on an aminoethylglycine (aeg) backbone have been
designed for use as nucleic acid sensors,[1] molecular wires,[2]

stabilizers for PNA–PNA[3] and PNA–DNA[4] interactions,
and artificial photosynthetic centers.[5] It has been shown
that the pendant ligands stoichiometrically coordinate
metal ions and complexes are held at distances that are de-
fined by the spacing of substituents along the backbone.
Artificial peptides have been incorporated into peptide nu-
cleic acid (PNA) strands,[3,4] glycerol nucleic acids (GNA),[6]

and in completely artificial architectures.[1a,2,5] Among these
previously reported systems, there has been a limited
number of luminescent metal-ligand complexes that have
been installed[1b,5,7] and could be employed as fluorescent
tags in biological systems or for photoinduced electron and
energy transfer in multi-metallic architectures. An ongoing
challenge for artificial peptides is to exert control over the
relative placement and assembly of heterometallic species in
these architectures. Using substitutionally inert transition
metal complexes, it is feasible to employ metallated peptide
monomers or dimers as building blocks during peptide syn-
thesis. We have therefore sought a route to prepare stable,
inert inorganic complexes on an artificial peptide scaffold
that could further be used as emissive tags for the host of
envisioned biological and photophysical applications. Syn-
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reversible, ligand-centered reductions, are luminescent at
room temperature, and have two distinct radiative relax-
ations with nanosecond and microsecond lifetimes. These
metallated peptide building blocks are promising for use as
stable inorganic complexes to label synthetic peptides with
luminescent and redox-active probes.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

thetic modification of the ligand(s) that coordinate Pt2+ has
led to the design of complexes with long-lived excited state
lifetimes and high-emission quantum yields in solutions at
room temperature. The photophysical properties of these
complexes would be useful for many of the potential appli-
cations, making these attractive candidates for incorpora-
tion into the artificial oligopeptide library.

One strategy pioneered by von Zelewsky[8] and others[9]

is the formation of a carbon–Pt bond through the chelation
of a 2-arylpyridine ligand. The resulting complexes have
high quantum yields that range from 0.14–0.35 and micro-
second excited state lifetimes.[9c,9d,10] These PtII complexes
have been used in light-emitting devices (OLEDs),[11] cata-
lysts in the photogeneration of hydrogen,[12] singlet-oxygen
sensitizers,[9f,13] photovoltaic devices,[14] and biological sen-
sors.[9d,15] Adjustment of the relative energies of the metal-
to-ligand charge-transfer band (MLCT) and non-emissive
metal-centered band (MC) is accomplished by variation of
the degree of saturation and substitution of the ligands. Al-
though there are a few examples of synthetic modifications
to the 2-(2�-thienyl)pyridine (thpy) family of the 2-arylpyri-
dine ligands, these have been limited to fused benzyl
rings,[9c,9e,9f] methyl/methoxy groups,[9e] and conversion to
a tridentate ligand by addition of a phenyl ring.[9d,16] In
all cases the planarity of the heterocyclic ligand system is
maintained because it plays a role in the excited-state ener-
getics that enable these species to be highly emissive.

A family of Pt(thpy) complexes with varying ligands, in-
cluding diimine (saturated and unsaturated), dithiolate, di-
phosphinate, or diketonate complexes, illustrates the tun-
ability of the spectroscopic and electrochemical properties.
Excited-state relaxation by photoemission occurs by relax-
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ation from the π* states on the diimine in complexes with
unsaturated ligands; in contrast, with saturated diimine li-
gands the emissive state is assigned to a 3LC transition from
the cyclometalate.[9c,10b] Variation of both the ligand bound
to the Pt(cyclometalate) and its substituents alters the elec-
trochemical properties of these molecules.

We have previously described the synthesis and charac-
terization of artificial oligopeptides with an aminoethylgly-
cine (aeg) backbone that contain heterocyclic pendant li-
gands.[2,5] These compounds rely on metal coordination to
form the single-stranded,[2a,2b] duplex,[2a,2c,2d] and hairpin[5]

geometries shown in Scheme 1. These structures self-as-
semble on the basis of the denticity of the attached ligand
and coordination chemistry of the added metal ions. We
report here the solution-phase synthesis and characteriza-
tion of an artificial dipyridyl aeg dipeptide [Boc-(py-aeg)2-
OEt] in which the two pyridine ligands both coordinate to
a single [Pt(2,5-bis(2-pyridyl)thiophene)]1+ (dpt) complex.
The small molecule equivalent containing two picoline li-
gands coordinated to [Pt(dpt)]1+ was synthesized for com-
parison of the structural and physical properties. Both
[Pt(dpt)x2]1+ (x is py-aeg or picoline) complexes emit light
following photoexcitation at room temperature, and have
two distinct radiative transitions with nanosecond and
microsecond lifetimes. Because the aeg scaffold is amenable
for incorporation into peptide strands by amide coupling
chemistry, the [Pt(dpt)(py-aeg)2] dipeptide has potential use
as a metallated artificial amino acid for labeling modified
peptides with a fluorescent and redox active probe.

Scheme 1. Metal coordination to artificial peptides: (A) metallated
single strands; (B) metal-induced duplex formation; (C) metal in-
duced hairpin formation; (D) intrastrand crosslinks.

Results and Discussion

Dipeptide Synthesis

Our group has used solid-phase peptide synthesis to pre-
pare artificial aeg peptides by efficient separation of pep-
tide-coupling reagents from the oligomers.[2a,2b,2d] However,
we have been limited by the small quantities that are af-
forded by solid-phase synthesis, which is largely determined
by the loading of functional groups on the resin sup-
port.[2a,2b,2d] To increase the quantities of material that are
available for electrochemical and spectroscopic investi-
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gations, we have recently turned to purely solution-phase
peptide syntheses. To accomplish these, in this work the
protecting groups on the ligand-modified aeg monomers
have been slightly modified: the pyridine monomer [Boc-
(py-aeg)-OEt] was prepared with the two different protect-
ing groups of a base-labile ethyl ester and acid-labile Boc
derivative. In separate reactions, the terminal acid was de-
protected in 65% yield, and the Boc cleaved from amine
terminus in 75.4% yield.

The deprotected monomers were used to synthesize the
pyridine-substituted dipeptide Boc-(py-aeg)2-OEt as shown
in Scheme 2, which was purified by column chromatog-
raphy.

Scheme 2. Synthesis of the Boc-(py-aeg)2-OEt (4): (i) 2 w/HBTU,
HOBt, DIPEA, DCM/1 h 0 °C, addition of 3 DCM/3 d room tem-
perature follow with column (35% yield).

In comparison with our previous report of artificial pyr-
idyl aeg peptides,[2b] this dipeptide was prepared in higher
yield (34.8% vs. 29% by solid-phase synthesis) and in much
larger scale (590 mg vs. 43 mg by solid phase). To confirm
the identity and purity of the dipeptide, analysis by electro-
spray ionization mass spectrometry (ESI+ MS) and 1H
NMR was performed. The aromatic region of 1H NMR
spectrum (Supporting Information) is simplified compared
to that of our previously reported py-aeg oligopeptides,
which contained a benzoyl terminal group at the N-ter-
minus. The aliphatic region of the spectrum is still compli-
cated by the presence of rotational conformers, however
comparison of the peak areas for the aromatic and aliphatic
regions confirms the purity of the dipeptide. Mass spec-
trometry reveals the molecular ion peak, further verifying
the identity of the desired Boc-(py-aeg)2-OEt.

Reactions with Pt(dpt)

Previously, pyridyl-substituted aeg oligopeptides were
employed for Cu2+ and Pt2+ metal coordination.[2a–2b,17]

Adapting the straightforward approach of Lowe et al.,[18]

we used the method in Scheme 3 to react [Pt(cyclooctadi-
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Scheme 3. Synthesis of Pt(dpt) complexes. (i) Pt(cod)ClO4 acetone/acetonitrile (2:1) reflux overnight; (ii) 4-picoline (yield 61%)/Boc-(py-
aeg)2-OEt (yield 44.5%) ACN/room temp., 2 d.

ene)ClO4] with the dpt ligand in acetonitrile to give the
[Pt(dpt)(ACN)2]1+ complex. Reaction of this with pyridine-
based ligands causes disassociation of the ACN; complexes
6–7 (Figure 1) were obtained in good yields (44–61%) fol-
lowing purification by column chromatography.

Figure 1. Pt(dpt)-containing complexes prepared in this study.

The identity of the compounds was determined by time-
of-flight positive ion electrospray (TOF-ES+) mass spec-
trometry. In each case, the mass spectra of 6–7 contained
the molecular ion peaks of the expected product, and the
purity of the products was confirmed using 1H NMR spec-
troscopy. (Supporting Information)

Crystal Structures

Single crystals of the dpt ligand and [Pt(dpt)(4-pic)2]1+

complex (6) were grown from acetonitrile/acetone solutions
by slow evaporation of solvent at room temperature, and
characterized using X-ray crystallography. The crystal
structures of each of these are shown in Figure 2 and se-
lected bond lengths and angles are collected in Table 1. The
structure of the dpt ligand is planar with slight distortion
along one of the pyridyl rings and a torsion angle of
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–8.6(2)° for N1–C5–C6–S1 and 3.11(18)° for S1–C9–C10–
N2. The bond angles and lengths for the dpt ligand are
similar to those reported for related thpy ligands.[19]

Figure 2. X-ray single crystal structure of (top) the dpt ligand and
(bottom) Pt complex 6. Thermal ellipsoid at 50% probability, hy-
drogen atoms and perchlorate counterions are omitted for clarity.

Complexation of Pt does not distort the planarity of the
dpt ligand [torsion angles of 0° for C4–C5–C6–S1 and
3.6(9)° for S1–C9–C8–N2], as shown in Figure 2. The crys-
tal structure reveals that the dpt ligand coordinates the Pt
in a bidentate fashion by formation of one nitrogen–Pt
bond and one carbon–Pt bond, the latter of which is char-
acteristic of the Pt(thpy) family of compounds. The coordi-
nation geometry around the Pt is slightly distorted square
planar with no observed metal–metal interactions (Pt–Pt
distance 5.026 Å). The C(7)–Pt(1) [1.968(8) Å] bond length
is similar to values reported in other Pt(thpy) complexes
(1.989(6) to 1.953(7) Å[9c,9e]]; whereas the N(1)–Pt(1)
[2.056(6) Å], N(3)–Pt(1) [2.015(6) Å], and N(4)–Pt(1)
[2.111(7) Å] bond lengths are slightly larger or comparable
to values from other Pt(thpy) complexes in which the other
ligand has a weak trans influence.[20] Likewise, there are
marked similarities in the bond angles in 6 vs. other
Pt(thpy) complexes: the N(1)–Pt–C(7) angle of 81.0(3)° is
analogous to the mean angle of 80.7° for cyclometalated
PtII complexes.[21]
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Table 1. Selected bond lengths [Å] and angles [°] for dpt and 6.

dpt 6

C(4)–C(5) 1.401(2) 1.350(10)
C(5)–N(1) 1.344(2) 1.383(9)
C(5)–C(6) 1.464(2) 1.434(10)
C(6)–C(7) 1.373(2) 1.366(9)
C(6)–S(1) 1.7285(17) 1.731(7)
C(9)–C(10) 1.467(2) 1.487(11)
C(9)–S(1) 1.7274(17) 1.728(7)
C(10)–N(2) 1.345(2) 1.359(12)
C(10)–C(11) 1.393(2) 1.375(12)
C(7)–Pt(1) – 1.968(8)
N(1)–Pt(1) – 2.056(6)
N(3)–Pt(1) – 2.015(6)
N(4)–Pt(1) – 2.112(7)
N(1)–C(5)–C(6) 116.26(15) 113.4(6)
C(4)–C(5)–C(6) 121.64(17) 126.9(7)
C(7)–C(6)–C(5) 128.98(15) 118.2(7)
C(10)–C(9)–S(1) 120.00(13) 127.9(5)
N(2)–C(10)–C(9) 116.44(16) 115.2(9)
C(11)–C(10)–C(9) 121.19(15) 121.4(9)
C(7)–Pt(1)–N(1) – 81.0(3)
C(7)–Pt(1)–N(3) – 93.5(3)
N(3)–Pt(1)–N(4) – 91.0(2)
N(1)–Pt(1)–N(4) – 94.5(3)

NMR Spectroscopy

Assignments for each of the proton and carbon shifts in
the NMR spectra for 6 were determined by analysis of the
data from both 1D experiments and COSY, HMQC and
HMBC spectra (see Supporting Information). On the basis
of the analysis of all of these data, the peak positions in the
spectrum (Figure 3) for 6 indicate an upfield shift for the
protons in the meta-position (M, K, I and G) and a down-
field shift for the para-position protons (L and H) (see Fig-
ure 3 inset for structure labels). In contrast, there is an up-
field shift of about 0.6 ppm (vs. the free ligand) for the
ortho-protons (N and F). The shifts on the terminal pyridyl-
ring of the dpt are shifted downfield due to the deshielding
effect of the Pt bound thiophene-pyridyl complex. Similar
downfield shifts are observed for the picoline ligand pro-
tons.

The chemical shifts in the 1H NMR spectrum of 7 are
broadened relative to those for 6, however the spectra of 7
can be interpreted aided by the assignments from the small
molecule analog and the COSY and HMQC experiments.
In the case of 7, coordination of the Pt complex forces the
pyridyl ligands into a more rigid conformation; broadening
and rotational conformers are therefore observed in both
the aliphatic and aromatic regions of the spectrum. When
the sample is heated, coalescence of the peaks occurs but
broadening is still visible as seen in the series of 1H NMR
spectra taken at the indicated temperatures in Figure 4.
This experiment demonstrates that even at the highest tem-
peratures, the rate of exchange is still on a slow enough time
scale that the peaks have not completely coalesced.

Consistent with prior studies of pyridine-substituted oli-
gopeptides[2,22] and PNA[23] structures, rotational conform-
ers complicate the aromatic and aliphatic regions of 1H
NMR spectra. In this case, the spectrum is further compli-
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Figure 3. 1H NMR (400 MHz) spectra of 6 in [D6]DMSO and (In-
set) expansion of the aromatic region.

Figure 4. 1H NMR (300 MHz) spectra of 7 in [D6]DMSO acquired
at the indicated temperatures.

cated by the increased number of chemically non-equivalent
protons that are created upon binding of Pt(dpt) to the di-
peptide; the combination of conformers and chemically
non-equivalent protons makes the assignment of the ali-
phatic region difficult. Nonetheless, by identifying the pro-
tons from the protecting groups at elevated temperature, the
relative integrations of the peaks in the aromatic and ali-
phatic regions are quantitatively compared. This reveals the
expected relative number of protons in these regions, fur-
ther confirming the identity and purity of complex 7. In the
13C NMR spectra, similar shifts in the carbon peaks are
exhibited by both 6 and 7, as shown in the HMQC spectra
in Figure 5. The spectrum of 7 has negligible shifts com-
pared to the unmetallated dpt ligand for the unbound pyr-
idyl ligand (∆δ = 0.2–3.2 ppm).

Electrochemistry

Application of cathodic potentials induces a ligand-cen-
tered reduction of the heteroaromatic ligands in the Pt2+
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Figure 5. HMQC NMR spectra (400 MHz) of 7 in [D6]DMSO.

complexes. Cyclic voltammetry was used to measure the
formal potentials of these reactions for the dpt ligand and
compounds 6 and 7; the voltammograms are shown in Fig-
ure 6 and data summarized in Table 2. The dpt ligand has
two sequential reduction waves at formal potentials of –2.00
and –2.40 V vs. SCE. Complexation of Pt causes an oxidat-
ive shift of the ligand-centered reductions by ca. 200 mV in
6 and 7. In all cases the reduction reactions are chemically
reversible with ∆Ep of 66–100 mV. For an electrochemically
reversible system, according to the Nernst equation ∆Ep/n
= 59 mV/n. Based on all of the observed values for ∆Ep, the
reduction reactions are all one-electron processes (n = 1)
and are reversible or nearly so.[24]

Figure 6. Cyclic voltammograms of DMF solutions containing
0.754 m dpt ligand (–); 0.357 m complex 6 (– –); and 1.535 m
complex 7 (– · –), and 0.2  TBAP supporting electrolyte. Current
is normalized for concentration. Potential scan rate was 50 mV/s.
Inset: plots of the linearized current-time transients for the dpt li-
gand (�), complex 6 (�), complex 7 (�) resulting from applied po-
tential steps to E = –2.25 V, –2.03 V, and –1.95 V for dpt, 6, and
7, respectively.

The diffusion coefficients D of each of the species are
determined using potential-step chronoamperometry. The
Figure 6 inset shows the linearized current (i) transients that
are the result of applying potential steps to the mass-trans-
port-limited region of the first reduction wave for each
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Table 2. Electrochemical data for dpt and Pt(dpt) complexes.

dpt 6 7

E° [V][a] –2.00 –1.79 –1.81
∆Ep [mV][b] 66 80 78
E° [V][a] – 2.40 –2.19 –2.14
∆Ep [mV][b] 66 100 64
Ea [V][c] –2.62
∆E° [V][d] 0.40 0.40 0.33
D�105 [cm2/s][e] 2.87 1.88 1.55

[a] Formal potential measured as the average peak potential for the
reaction in V vs. SCE. [b] Differences in the cathodic and anodic
potentials in the cyclic voltammogram, measured at a potential
scan rate of 50 mV/s. [c] Irreversible reduction peak. [d] Difference
in formal potential of the first and second reduction reactions. [e]
Diffusion coefficient calculated from the slopes of the Cottrell plots
from chronoamperometry and analyzed using Equation (1).

molecule. The linearity of these plots indicates that each
of these reduction reactions are diffusion controlled. The
relationship between i and time (t) is described by the Cot-
trell equation (1).[24]

(1)

where n is the number of electrons in the reaction (n = 1,
based on analysis of the cyclic voltammograms); F is Fara-
day’s constant, A is the surface area of the working elec-
trode, and C is the concentration of the complex. These
data were therefore used to calculate D for each species
(Table 2). As expected, D decreases as the size of the redox
active species increases,[25] but not drastically because the
similarity in size for the structures.

Electronic Spectroscopy

Absorbance and emission spectra were recorded for all
compounds and the summarized spectroscopic data are col-
lected in Table 3. The absorbance spectra of 5–7 are very
similar, and reveal only negligible shifts of the observed
peaks. In each case the lowest energy absorption band is
broad and appears between 360 and 434 nm, and has an
extinction coefficient (ε) of ca. 1�104 –1 cm–1 at the peak
absorbance wavelength. This peak is assigned to the MLCT
[d(Pt) – π*(dpt)] transition-based on its shape and intensity,
although the extinction coefficient is higher than in related
Pt(thpy)complexes (ε = 2000–6000 –1 cm–1).[8b,10c] The LC
(π–π*) transition in compounds 6 and 7 is shifted to higher
energy (326 to 328 nm) relative to this transition in uncoor-
dinated dpt (340 nm). Coordination of the pyridyl ligands
(in 6 and 7) causes increased absorption at ca. 260 nm due
to pyridine-centered π–π* transition.

In thoroughly dearated solutions, excitation of all three
of the molecules at their MLCT maxima (λex = 414 nm)
gives rise to the emission spectra shown in Figure 7, which
contain two peaks centered at 470 nm and at 640 nm. The
latter of these is absent in the presence of oxygen. Structur-
ally related [Pt(thpy)] complexes typically exhibit lumines-
cence maxima around 550–570 nm in deaerated solutions.
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Table 3. Summary of absorbance data and luminescence data.

dpt 5 6 7

λabs [nm] 243 (5.5) 236 (16.6) 257 (18.9) 258 (21.4)
�103 ε 284 (7.6) 263 (15.1) 326 (28.9) 328 (27.0)
–1 cm–1 [a] 340 (36.3) 323 (26.9) 413 (12.7) 415 (12.4)

358[b] (24.4) 414 (12.7) 433[b] (10.5) 435[b] (10.2)
432[b] (11.1)

λem [nm][c] 390 470 470 470
kF (�106) [s–1][d] 19.3 0.91 1.1 0.24
kNR (�107) [s–1][e] 1.9 4.3 4.1 4.0
ΦF

[f] 0.44 0.023 0.027 0.006
λP [nm][c] 643, 704[j] 643, 704[j] 643, 704[j]

kISC (�107) [s–1][g] 4.4 4.2 4.0
kP (�102) [s–1][h] 2.9 4.5 7.0
kNR� (�105) [s–1][i] 1.4 1.5 2.3
ΦP

[f] 0.002 0.003 0.003

[a] Recorded in CH3CN solutions at room temperature. [b] Shoulder. [c] Measured in degassed CH3CN solution at room temperature.

[d] . [e] . [f] . [g] . [h] . [i] . [j] Shoulder.

These have been attributed to relaxation of a ligand cen-
tered excited state [with some d-orbital mixing, d(Pt)-
π*(C∧N)], and with quantum yields of 0.01–0.31.[9b–9e,10b]

In contrast, compounds 6 and 7 exhibit a higher energy
emission peak that is observed even in the presence of oxy-
gen, and with quantum yields (ΦF) of 0.027 and 0.006
respectively. The lower energy emission peak (in deaerated
solutions) has a lower quantum yield (ΦP = 0.003).

Figure 7. Emission spectra for compounds 12.6 µ 5 (–), 19.0 µ 6
(– –), and 7.2 µ 7 (–··–) in deaerated acetonitrile solutions follow-
ing excitation at λex = 414 nm. Spectra are normalized to concen-
tration using known extinction coefficient. Inset: absorption spec-
tra.

Time-resolved experiments were performed to determine
the emission lifetimes of the photoexcited complexes, and
these data indicate that the timescales for the higher and
lower energy radiative relaxations differ greatly. The higher
energy transitions have short lifetimes of 24 and 25 ns for 6
and 7, respectively, whereas the lower energy transitions are
relatively long lived (4.3–6.6 µs). This latter value is com-
parable to previously reported lifetimes for phosphores-
cence in Pt(thpy) complexes (0.7–19 µs).[9c,9d,10] On the ba-
sis of this, the differences lifetimes, and the quenching of
the second peak in the presence of O2,[27] we conclude that
the two emissive peaks in the spectra for complexes 6 and
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7 are fluorescence (high energy) and phosphorescence (low
energy) transitions.

Using the quantum yield and lifetimes, these data were
used to determine the rates of radiative decay for each of
the molecules; in Table 3, the rates of non-radiative decay
(kNR) are nearly the same for all of the Pt complexes. Values
for the higher energy fluorescence peak range from 0.240–
1.125�106 s–1, which are consistent with a fluorescent tran-
sition (kF).[26] Conversely, the much slower rates of radiative
decay for the lower energy transition (i.e. at 640 nm) of
complexes 6 and 7 is consistent with phosphorescence.
Using the rates of emission for the fluorescent and phos-
phorescent transitions (kF and kP), the rate of inter-system
crossing (kISC) was determined to be on the same timescale
as non-radiative relaxation (kNR). The similarity of these
data for the two Pt complexes implies that the aeg backbone
does not play a role in the photochemistry of these mole-
cules. Therefore, the Pt-containing pyridine dipeptide is a
fluorescent and phosphorescent complex that can be em-
ployed as an emissive label in synthetic peptides.

Conclusions

We have synthesized a pyridine-substituted artificial di-
peptide, and used the two ligands to form a [Pt(dpt)-
(py)2]1+ complex on the aeg scaffold. X-ray structural char-
acterization of a small molecule analog, together with ex-
tensive NMR spectroscopy, is used to determine the struc-
ture of the metallated dipeptide. The monometallic dipep-
tide complex has reversible reductive electrochemically, and
is both luminescent and fluorescent. Continuing efforts seek
to employ the Pt(dpt) dipeptide as a substitutionally inert
fluorescent tag in artificial peptide sequences.

Experimental Section
Chemicals: K2PtCl4 was purchased from Strem and 2-ethynylpyr-
idine was purchased from GFS Chemicals, Inc. (GFS). All other



Monometallic (Dipyridylthiophene)platin Dipeptide Complex

materials were purchased from either Sigma–Aldrich or VWR and
used as received unless otherwise noted. Dichloromethane and
tetrahydrofuran (thf) were dried on an activated alumina column.
For all experiments, ultrapure water was used (Labconco Water Pro
PS system, 18.2 MΩ).

Instrumentation and Analysis: Positive-ion electrospray mass spec-
trometry (ESI+) was performed at the Penn State Mass Spectrome-
try Facility using a Mariner mass spectrometer (Perseptive Biosys-
tems.) 1H, 13C, COSY, HMBC, and HMQC NMR spectra were
collected with a 400 MHz spectrometer (Bruker); variable-tempera-
ture spectra were collected on a 300-MHz spectrometer (Bruker).

The UV/Vis absorbance spectra were obtained with a double-beam
spectrophotometer (Varian, Cary 500) using a 1-cm quartz cuvette
in HPLC-grade acetonitrile. Steady-state emission experiments
were performed using a 1-cm quartz cuvette at room temperature
by a PTI Photon Technology Instruments using an 814 photomulti-
plier detection system. Lifetime measurements were monitored fol-
lowing excitation from a PTI Nitrogen laser GL-302 Dye Laser
with PBBO laser dye and a 50 µs collection time per point. Quan-
tum efficiency measurements were carried out in room temperature
in HPLC grade acetonitrile. Samples were measured in both aer-
ated and deaerated solutions following literature methods.[9c] Solu-
tions of deaerated Ru(bpy)3

2+ (Φ = 0.062) in acetonitrile and an-
thracene (Φ = 0.27) in ethanol were used as references.

Electrochemistry: All electrochemical measurements were obtained
using a CH Instruments potentiostat (Model 660) with a 0.31-cm
diameter glassy-carbon working and Pt wire counter electrodes
with a Ag/Ag+ reference electrode. Solutions were prepared from
distilled DMF containing 0.2  tetra-n-butylammonium perchlo-
rate (TBAP, recrystallized three times) supporting electrolyte. The
solutions were prepared, stored, and analyzed in an N2-saturated
environment. The redox potentials are based on cyclic voltammog-
rams and are reported relative to a ferrocene/ferrocenium (Cp2Fe/
Cp2Fe+) redox couple used as an internal reference.[24] Chronoam-
perometric measurements were corrected for background currents
by subtracting the current transients obtained from potential steps
of equal magnitude applied in solutions containing solely support-
ing electrolyte.

X-ray Crystallography: An orange rod-shaped crystal of the dpt
ligand and a yellow plate-shaped crystal of 6 were coated in para-
tone freezing oil, picked up with nylon loops and mounted in the
nitrogen cold stream of the diffractometer. X-ray intensity data
were measured at 126(2) K, cooled by a Rigaku-MSC X-Stream
2000 and at 298(2) K for the dpt ligand and 6, respectively. The
intensity data was collected with a Bruker SMART APEX CCD
area detector system equipped with a graphite monochromator and
a Mo-Kα fine-focus sealed tube (λ = 0.71073 Å) operated at 1600 W
power. Data reduction (including intensity integration, back-
ground, Lorentz and polarization corrections) was performed by
use of the Bruker software package. The structure was solved by
direct methods (SHELXS)[28] and refined by the full-matrix, least-
squares method based on F2 against all reflections (SHELXL).[29]

All non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were placed geometrically and were refined by use of the
riding model. Crystallographic data of dpt and 6 are listed in
Table 4.

CCDC-689631 (for dpt) and -689632 (for 6) contain the supple-
mentary crystallographic data. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Synthesis: Caution: Perchlorate salts are potentially explosive and
should be handled with care.
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Table 4. Crystal data and structure refinement for dpt and
Pt(dpt)(4-pic)2 (6).

dpt Pt(dpt)(4-pic)2 (6)

Empirical formula C14H10N2S C26H23N4PtS
Fw 238.30 702.08
T [K] 126(2) 298(2)
λ [Å] 0.71073 0.71073
Crystal system orthorhombic triclinic
Space group P2(1)2(1)2(1) P1̄
Crystal size [mm] 0.49�0.12�0.10 0.18�0.15�0.06
a [Å] 5.809 9.7243
b [Å] 14.321 11.9387
c [Å] 14.321 12.7757
α [deg] 90 68.238
β [deg] 90 83.007
γ [deg] 90 83.833
V [Å3] 1184.4 1364.1
Z 4 2
ρcalc [g cm–3] 1.336 1.709
µ [mm–1] 0.249 5.351
Final R1 (obsd. data)[a] 0.0353 0.0508
Final wR2 (all data)[b] 0.0845 0.1337

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [b] wR2 = [Σ[w(Fo
2 – Fc

2)2]/Σ[w(Fo
2)2]]1/2,

where w = 1/σ2(Fo
2) + (aP)2 + bP, P = (Fo

2 + 2Fc
2)/3.

N-tert-Butoxycarbonyl-1,2-diaminoethane (boc-en),[30] ethyl N-[(2-
Boc-amino)ethyl]glycinate (Boc-aeg-OEt),[31] 2,5-bis(2-pyridyl)-
thiophene (dpt),[32] and diiodo(cycloocta-1,5-diene)platinum(II)[33]

were synthesized as previously reported.

Ethyl {N-[2-(tert-Butoxycarbonylamino)ethyl]-N-[2-(4-pyridyl)-
acetyl]amino}acetate [Boc-(py-aeg)-OEt]: Using a procedure
adapted from the literature,[34] a suspension of 4-pyridylacetic acid
hydrochloride (0.83 g, 4.8 mmol), dicyclohexylcarbodiamide
(DCC) (0.898 g, 4.4 mmol), and 4-(dimethylamino)pyridine
(DMAP) (0.053 g, 0.44 mmol) in 50 mL of dry dichloromethane
was stirred for 15 min at 0 °C. To this was added N-methylmorph-
oline (NMM) (1.07 mL, 17.4 mmol), and the mixture stirred for an
additional 15 min. The reaction solution was then added to Boc-
aeg-OEt (1.07 g, 4.4 mmol) in dry dichloromethane (75 mL), and
the solution stirred for 48 h at room temperature. Following extrac-
tion with water (3�50 mL), the dichloromethane layer was dried
with sodium sulfate, filtered, and reduced in volume to 10 mL. The
product was purified on silica using a gradient (ethyl acetate to
10% methanol in ethyl acetate); collected fractions were dried un-
der vacuum to give 0.9431 g of a yellow oil (59% yield). 1H NMR
(400 MHz, CDCl3): δ = 1.24 (t, 3 H), 1.39 (d, 9 H), 3.23 (dd, 2 H),
3.47 (dd, 2 H), 3.72 (s, 2 H), 3.98 (s, 2 H), 4.17 (dt, 2 H), 7.16 (m,
2 H), 8.50 (dd, 2 H) ppm.

{N-[2-(tert-Butoxycarbonylamino)ethyl]-N-[2-(4-pyridyl)acetyl]-
amino}acetic Acid (2): This synthesis was adapted from a published
procedure.[35] Boc-(py-aeg)-OEt (1.82 g, 5.0 mmol) was suspended
in thf (13 mL) and cooled to 0 °C. 1  NaOH (8 mL) was added,
and the solution was stirred overnight and warmed to room tem-
perature. The reaction mixture was subsequently filtered, 25 mL of
water was added, and the solution extracted with dichloromethane
(2�25 mL). After adjusting the pH of the aqueous solution to 2.0
with 1  aqueous HCl, the solvent was removed under vacuum
to yield a yellow-white powder. The solid was dissolved in 10 mL
methanol, filtered, and the solvent removed under vacuum yielding
1.09 g (64.8%) of yellow foam. 1H NMR (400 MHz, [D3]MeOH):
δ = 1.25 (d, 9 H), 3.10 (dd, 2 H), 3.38 (m, 2 H), 3.94 (s, 2 H), 4.16
(s, 2 H), 7.88 (dd, 1 H), 8.20 (d, 1 H), 8.59 (d, 1 H), 8.67 (t, 1 H)
ppm.
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Ethyl {N-(2-Aminoethyl)-N-[2-(4-pyridyl)acetyl]amino}acetate: This
synthesis was modified based on a literature procedure;[36] briefly,
Boc-(py-aeg)-OEt (0.88 g, 2.4 mmol) was stirred for 1 h at 0 °C in
a mixture of methanol (10 mL), water (10 mL), and concentrated
aqueous HCl (10 mL). After removing the solvent under vacuum,
the remaining yellow residue was dissolved in dichloromethane
(20 mL) and extracted with water (3�15 mL). The aqueous layer
was reduced under vacuum to give 0.482 g of yellow foam (75.4%
yield). 1H NMR (400 MHz, [D3]MeOH): δ = 1.26 (m, 3 H), 3.19
(t, 2 H), 3.79 (t, 2 H), 4.20 (s, 2 H), 4.46 (m, 2 H), 8.09 (dd, 2 H),
8.82 (m, 2 H) ppm.

Boc-(py-aeg)2-OEt (4): A suspension of 2 (1.67 g, 4.9 mmol), o-
benzotriazolyl-N,N,N�,N�-tetramethyl-uronium hexafluorophos-
phate (HBTU) (1.10 g, 2.9 mmol), and N-hydroxybenzotriazole
(HOBt) (0.44 g, 2.9 mmol) in 50 mL of dry dichloromethane was
stirred for 15 min at 0 °C. To this was added diisopropylethylamine
(DIPEA) (2.02 mL, 11.6 mmol), and the mixture was stirred for an
additional 15 min. This mixture was added to a solution of 3
(0.77 g, 2.9 mmol) in dry dichloromethane (75 mL) and stirred for
72 h at room temperature. The solution was extracted with water
(3�50 mL) and dried with sodium sulfate. The volume of the solu-
tion was reduced to 10 mL, and the remaining solution chromato-
graphed on silica using a gradient (ethyl acetate to 50% methanol
in ethyl acetate). The column progress was monitored by thin-layer
chromatography in ethyl acetate/methanol (50:50), collecting the
second major band (Rf = 0.5). The resulting solution was dried
under vacuum yielding a yellow oil 0.590 g (34.8% yield). (ESI +)
calculated: [M + H]+ = 585.3, [M + Na]+ = 607.3; found
[M + H]+ = 585.2, [M + Na]+ = 607.3. 1H NMR (400 MHz,
[D]CDCl3): δ = 1.15 (dt, 3 H), 1.34 (s, 9 H), 3.1–3.5 (m, 10 H),
3.6–3.78 (m, 4 H), 3.97 (d, 2 H), 4.10 (dd, 2 H), 7.09 (m, 4 H), 8.38
(m, 4 H) ppm.

Bis(acetonitrile)(2,5�dipyridylthiophene)platinum(II) Perchlorate
[Pt(dpt)(ACN)2]ClO4 (5): Complex 5 was prepared using a slightly
modified literature method;[18] silver perchlorate (186 mg,
0.89 mmol) was added to a suspension of diiodo(cycloocta-1,5-
diene)platinum(II) (250 mg, 0.45 mmol) in acetone (5 mL). The
mixture was stirred until the solution was clear and colorless; AgI
precipitated and was centrifuged. The solution was then decanted
and added to a solution of dpt (100 mg, 0.42 mmol) in acetonitrile
(5 mL) and the reaction mixture refluxed for 24 h. The resulting
precipitate was collected by centrifugation, washed with diethyl
ether and dried under vacuum. The crude product was further puri-
fied using silica column chromatography by eluting with acetoni-
trile/water: saturated potassium nitrate (5:4:1) and the second band
(monitored by thin layer chromatography) was collected and like
fractions combined. The resulting product was reduced under vac-
uum yielding 136.6 mg (53% yield) of the yellow Pt complex. (ESI
+) calculated: (M+ no ACN) = 432.01, (M+ + ACN) = 473.04;
found (M+ no ACN) = 432.2, (M+ + ACN) = 473.2. 1H NMR
(400 MHz, [D6]DMSO): δ = 7.37 (t, 1 H), 7.42 (t, 1 H), 7.63 (s, 1
H), 7.82 (d, 1 H), 7.88 (t, 1 H), 8.03–8.18 (m 2 H), 8.53 (d, 2 H)
ppm.

[Pt(dpt)(4-pic)2]NO3 (6): Complex 6 was prepared by reacting com-
plex 5 (138 mg, 0.23 mmol) with 4-picoline (44 µL, 0.45 mmol) in
acetonitrile (5 mL) at room temperature for 3 d. Addition of diethyl
ether precipitated the crude PtII complex, which was further puri-
fied using silica column chromatography by eluting with acetoni-
trile/water: saturated potassium nitrate (5:4:1). The second band
(monitored by thin layer chromatography) was collected and like
fractions combined. The resulting product was isolated by slow
evaporation of the solution, yielding 93.6 mg (61% yield) of crys-
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talline product. (HR ESI+) Calculated: [M+] = 617.1270; found
[M+] = 617.1281. 1H NMR (400 MHz, [D6]DMSO): δ = 2.44 (d, 2
H), 6.81 (s, 1 H), 7.12 (t, 1 H), 7.29 (t, 1 H), 7.50 (d, 3 H), 7.58 (d,
2 H), 7.77 (m, 3 H), 8.04 (t, 1 H), 8.52 (d, 1 H), 8.88 (t, 4 H) ppm.
Further confirmation of purity and identity were accomplished
with COSY, HMQC and HMBC NMR as described below.

[Pt(dpt)(py-aeg)2] Dipeptide (7): Complex 7 was prepared by re-
acting 209 mg complex 5 (0.34 mmol) with complex 4 (192 mg,
0.33 mmol) in acetonitrile (5 mL) and stirring at room temperature
for 3 d. The resulting complex was precipitated by addition of di-
ethyl ether to give the crude PtII complex which was purified by
silica column chromotagraphy using acetonitrile/water/saturated
potassium nitrate (5:4:1) as the mobile phase. The second band
(monitored by thin-layer chromatography) was collected and like
fractions combined. Resulting product was isolated by extraction
with dichloromethane (3�20 mL). This solution was dried with
sodium sulfate and volume reduced under vacuum. The resulting
yellow precipitate was isolated by dissolving in acetonitrile and pre-
cipitation with diethyl ether solution yielding 170 mg (44.5% yield).
(ESI+) Calculated: [M+] = 1061.3; found [M+] = 1016.2. 1H NMR
(400 MHz, [D6]DMSO): δ = 7.13 (m, 1 H), 7.27 (m, 1 H), 7.47–
7.54 (m, 4 H), 7.75 (m, 2 H), 7.78–7.89 (m, 2 H), 8.03 (t, 1 H), 8.54
(d, 1 H), 8.83–8.94 (m, 4 H) ppm. Further confirmation of purity
and identity were accomplished with COSY and HMQC NMR
(see Supporting Information).

Supporting Information (see also the footnote on the first page of
this article): Example NMR spectra, including 1H, 13C, COSY,
HMBC, and HMQC spectra as well as ESI-TOF mass spectromet-
ric spectra and time-resolved emission spectra.
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