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ABSTRACT: The synthesis of a series of Pt{x>-N,C,N’-[L]}X (X = CI, RC=C)
pincer complexes derived from purine and purine nucleosides is reported. In 1 A

these complexes, the 6-phenylpurine skeleton provides the N,C-cyclometalated 0.9 Phosphoresc@ /

fragment, whereas an amine, imine, or pyridine substituent of the phenyl ring = _’;tgi:fegra:t'o"nd de}gP

supplies the additional N'-coordination point to the pincer complex. The purine 5 ' | </W /Lp\ N /Nj
N,C-fragment has two coordination positions with the metal (N1 and N7), but = B0 / N

the formation of the platinum complexes is totally regioselective. Coordination é 0a 419 "\
through the N7 position leads to the thermodynamically favored [6.5]-Pt{x*- £ o |

N7,C,N’-[L]}X complexes. However, the coordination through the N1 positionis = 0. N A
preferred by the amino derivatives, leading to the isomeric kinetic [5.5]-Pt{x’- 01 A Bno o)T
N1,C,N’-[L]}X complexes. Extension of the reported methodology to complexes S S

having both pincer and acetylide ligands derived from nucleosides allows the
preparation of novel heteroleptic bis-nucleoside compounds that could be
regarded as organometallic models of Pt-induced interstrand cross-link.
Complexes having amine or pyridine arms are green phosphorescence emitters upon photoexcitation at low concentrations in
CH,Cl, solution and in poly(methyl methacrylate) (PMMA) films. They undergo self-quenching at high concentrations due to
molecular aggregation. The presence of intermolecular z—7 stacking and weak Pt---Pt interactions was also observed in the solid
state by X-ray diffraction analysis.

A (nm)

B INTRODUCTION be interesting scaffolds to build cyclometalated platinum(II)
(pincer) complexes. The idea was challenging, as purine
nucleobase derivatives are highly functionalized systems with
many positions prone to interact with the metal.

The coordination of DNA fragments to metals is of
fundamental importance in many bioinorganic processes.1
Most of the reported studies in this field focused on the . )
interaction of platinum complexes with DNA and nucleobases, Most of the rep or-ted tridentate cyclorr?etalat.ed P latlnurr.l(II_)
very likely because most of the current antitumor drugs for complexes are  derived fr(,)m symme/tn?al 11ga'nds. This is
clinical use are based on platinum complexes.z_5 The high remarkable, as unsyr?metncal N,CN'-p 1n§er ligands V\'rould
toxicity of these compounds due to concomitant DNA offer a great opportunity to tune the properties of the platinum
damage® keeps alive the interest for studies that combine Pt complex by combining the steric and electronic characteristics
and nucleobases to the development of new models of of the dqnor N and N atoms..In our: ap proach, the 6-
interaction. In this regard, platinum complexes bearing phenylpurine skeleton would provide the rigid framework to
. . ’ . . build unsymmetrical N,CH,N’-pro-ligands I (Figure 1) by
tridentate ligands have attracted particular interest, as they . / ; . .
can bind to and intercalate DNA,” trigger the formation of G- incorporation of the adequate N'-branches in the phenyl ring
3,9 . ’ . Pro-ligands I offer two possible coordination modes to the
quadruplexes,” cause interstrand cross-links (ICL), and ) . .
. . .10 . metal since both N1 and N7 can bind to form isomers II and
generate extensive conformational alterations.” The lumines- ) .
cent properties associated with many of these comPIexesu_14 III, respectively. Our previous results showed that cyclo-
have helped the study of interaction models''® and have also metalation reactions of 6-phenylpurine derivatives promoted

been used to investigate intracellular processes in vivo."” —
Our research group is a pioneer in the development of Received:  February 27, 2023 orgaric ety

methodologies to prepare cyclometalated transition metal Published: May 18, 2023

complexes [M = Ir(Ill), Rh(IIl), Os(IV)] derived from

nucleobases, nucleosides, and nucleotides."®™' In these

studies, purine derivatives were excellent substrates to carry

out cyclometalation reactions, and we reasoned that they could

© 2023 The Authors. Published b
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Figure 1. 6-Phenylpurine pro-ligands (I) and the isomeric unsym-
metrical N,C,N'-Pt(II) complexes (II and III).

by group 8 and group 9 metal complexes exclusively involve
the N1 atom of the nucleobase in the process of metallacycle
formation."”~*' However, the coordination of N7 to many
Pt(II) complexes is well known,” > whereas the participation
of N7 in C-metalations has also been reported.””

The donor monodentate ligand (X) that occupies the fourth
coordination position of isomers II and III will also be relevant
for the chemical and photophysical properties of the complexes
now reported. The trans effect of the cyclometalated carbon is
behind the lability of the Pt—Cl bond in Pt{x*-N,C,N’-[L]}CI
complexes, which will allow us to make further structural
modifications by incorporation of diverse alkynyl ligands. Here,
we describe the synthesis, reactivity, and the study of the
photophysical properties of a new class of Pt{x*-N,C,N’-[L]}X
(X = Cl, RC=C) complexes, derived from biomolecules:
purine nucleobases and nucleosides. The methodology
reported in this work is a step ahead in the design of a new
class of photoluminescent complexes built on biocompatible
moieties. Combination, in the metal coordination sphere, of a
pincer containing a purine nucleoside arm together with purine
nucleoside-substituted alkynyl ligands will allow us to
furthermore generate complexes that can be viewed as
organometallic interstrand cross-link models. In this context,

it should be mentioned that interstrand cross-link is one of the
most important pathways for DNA damage.'’

B RESULTS AND DISCUSSION

Scheme 1 summarizes the preparation of the N,CH,N’-pro-
ligands 2a—c. The synthesis of 2a and 2b was designed in a
stepwise manner using a common precursor, aldehyde 1. This
compound was generated through a Suzuki coupling between
6-chloro-9-ethylpurine and 3-formylboronic acid, using Pd-
(PPh;), as a catalyst precursor and K,COj; as a co-catalytic
base. Amine 2a was generated by reductive amination of 1,
with dimethylamine and NaBH,;CN, using Ti(OPr), as a
catalyst; while imine 2b was made by the reaction of 1 with p-
anisidine. In turn, pyridine derivative 2c was synthesized in one
step from 6-chloro-9-ethylpurine by Pd(PPh,),/K,CO;-medi-
ated Suzuki coupling with 3-(2-pyridynyl)phenylboronic acid
pinacol ester.

Pro-ligands 2a—c were subsequently used to prepare the
respective chlorido-complexes Pt{x>-N,C,N’-[L]}Cl: 3a—c.
The synthetic procedure involves the reaction of the salt
K,PtCl, with the organic molecules, in glacial acetic acid,
under reflux (Scheme 2).> Complexes 3a and 3b were
obtained as pure products in 56 and 46% isolated yields,
respectively, after chromatography of the reaction crude on
silica gel. In contrast, complex 3c was directly obtained (52%
yield) by precipitation from the reaction medium with
methanol and subsequent washing with methanol and diethyl
ether. The three compounds were characterized by NMR
spectroscopy and X-ray diffraction (XRD) analysis. The main
bond distances and angles are given in Table SI.

Figure 2 shows views of the molecules. The ligand
environment around the platinum(I) center adopts the
expected square-planar coordination, featuring a tridentate
k*-N,C,N’-ligand and a chloride anion trans to the metalated
carbon atom. The atoms of the 6-phenylpurine scaffold are
roughly coplanar in all cases. It should be pointed out that the

Scheme 1. Synthesis of Pro-ligands 2a—c
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Scheme 2. Synthesis of Complexes 3a—c
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purine arm coordinates the platinum atom by the N1 position
in 3a, while the coordination occurs through the N7 atom in
3b and 3c. In the first case, a five-membered heterometalla-
cycle is generated, resulting in a [5.5]-Pt{x*>-N,C,N’-[L]}Cl
bicycle derivative. By contrary, the N7 coordination gives rise
to a six-membered heterometallacycle, which affords a [6.5]-
Pt{x>-N,C,N’-[L]}Cl bicycle. The N—Pt—N’ angles of
complexes 3b and 3c are closer to the ideal value of 180°
(average 173(1)°) than in 3a (162.2(2)°) due to the strain
imposed by the five-membered ring in the latter. All complexes

show C9—Pt—Cl angles very close to 180° (average 176.8(5)°)
and similar Pt—N, Pt—C, and Pt—ClI bond distances, which are
in the range of those reported for related Pt{«x*-N,C,N-[L]}Cl
complexes.”*

Inspection of the packing within the crystals of complexes 3a
(Figure 3), 3b (Figure S1), and 3c (Figures 4 and S2) reveals
that the planes defined by the 6-phenylpurine scaffolds are
close to each other (less than 4 A) and arranged in an
approximately or totally parallel manner, which points to the
existence of intermolecular 7—n stacking interactions. The
asymmetric units contain four (two pairs in 3a) or two close
molecules (3c), which in the crystal generate stacks, with Pt---
Pt distances of 3.835—3.861 A for 3a and 4.279 A for 3¢;
indicating the existence of significant metal—metal interactions
(Figure 3).”® The asymmetric units of complex 3b contain only
one molecule (see the Supporting Information (SI)), and the
closest intermolecular Pt---Pt distance in the crystal is 6.750 A,
longer than 2 X ry,(Pt) = 4.6 A which rules out the
existence of significant metal—metal interactions in this case.

The study of the 'H NMR spectra was congruent with the
crystal structures. The coordination through the N7 position of
the purine ring in complexes 3b and 3¢ was confirmed by the
noticeable deshielding of the signals of purine H8, from 8.17
ppm in pro-ligands 2b and 2c to 9.29 (Jy_p = 11.2 Hz) and
9.37 ppm (Ju_pe = 142 Hz) for 3b and 3c, respectively.
However, in complex 3a, the signal coupled to the neighboring
platinum in the '"H NMR spectrum was that of purine H2
(9.40 ppm, Jy;_p, = 11.5 Hz), being also deshielded with regard
to that of pro-ligand 2a (8.98 ppm).

The N1 coordination of the purine arm in 3a is in line with
our previous results in Ir(II[)-, Rh(II)-, and Os(IV)-
chemistry, which pointed out that only the N1 position of
the purine ring was involved in the cyclometalation reactions
of 6-phenylpurine derivatives, on complexes of these ions.'”!
To understand the difference in behavior between the pro-
ligands, we analyzed the equilibrium between the isomers
[5.5]-Pt{x*-N,C,N’-[L]}Cl and [6.5]-Pt{x*-N,C,N’-[L]}Cl by
density functional theory (DFT) calculations (B3LYP-D3/
def2-SVP) (Figures S7—S9). The first analysis of the computed
data revealed that the isomer [6.5]-Pt{x>-N,C,N’-[L]}Cl is
more stable than the [5.5]-Pt{sx>-N,C,N’-[L]}C], in all cases.
That is, the N7 coordination of the purine arm is

e
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Figure 2. Molecular structures of complexes 3a—c (30% displacement ellipsoids).
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Pt1

N8

Figure 3. View of two groups of four molecules found in the crystal of 3a (10% displacement ellipsoids), showing the approximate parallel
disposition of the planes defined by the 6- phenylpurlne scaffolds (separated by 3.3(3) A (Ptl--Pt2), 3.4(3) A (Pt3- Pt4), and 3.6(3) A (Pt2--
Pt3)). The shortest Pt--Pt distances are 3.835 A (Ptl--Pt2) and 3.861 A (Pt3--Pt4). The Pt2---Pt3 distance is 9.467 A. The asymmetric unit

(ASU) contains four molecules.

ASU

Pt2
N16

N16

.5—-0

Figure 4. View of the molecular arrangement of 3c in the crystal (10%
displacement ellipsoids), showing the approximate parallel disposition
of the planes defined by the 6-phenylpurine scaffolds [separated by
3.48(5) A (within the asymmetric unit) and 3.38(5) A (between
molecules of different asymmetric units)]. This approximate parallel
orientation is maintained along the entire crystal lattice. The shortest
Pt---Pt distances are 4.279 A (between the molecules of the
asymmetric unit) and S5.141 A (between molecules of different
asymmetric units). The asymmetric unit (ASU) contains two
molecules.
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thermodynamically favored over the coordination through N1
(between 9.01 and 10.38 kcal mol™). In consequence,
complex 3a must be regarded as the kinetic product of the
reaction of 2a with the platinum salt. A more detailed DFT
analysis showed that the transformation 3a into the more
stable isomer, [6.5]-Pt{x*-N,C,N’-[L]}Cl, 3d takes place in
two stages (Figure 5), via the three-coordinate intermediate I1
(dihedral angle Ca—Cb—Cc—Cd 49.70°). The first stage
involves the rupture of the N1—Pt bond via the transition state
TS1, whereas the formation of the N7—Pt bond occurs in the
second step through the transition state TS2. The activation
energies of both steps are 29.6 and 31.2 kcal mol ™},
respectively, considering acetic acid as the solvent. These
barriers increase up to 33.0 and 35.8 kcal mol™" in toluene.

Based on these studies, we first tested the isomerization 3a
to 3d in acetic acid, at 200 °C, in a sealed tube. Unfortunately,
complete decomposition to a black solid occurred. Thence, we
tried the process in toluene. To our delight, this time, the clean
and quantitative transformation of 3a into the more stable
species 3d took place after 120 h (Scheme 3). In agreement
with 3b and 3¢, the 'H NMR spectrum of 3d showed a clean
singlet at 8.99 ppm due to H2, while the signal corresponding
to H8 showed platinum satellites (*J("H—'"°Pt) = 10.5 Hz).
The formation of 3d was confirmed by XRD. Inspection of the
crystal packing did not reveal significant Pt---Pt interactions in
this case (Scheme 3 and Figure S3).

The chloride ligand of complexes 3a—d was further replaced
by acetylide ligands. Reaction with phenylacetylene, in the
presence of NaOH, at room temperature (rt), in methanol led
to acetylido derivatives 4a—d, which were isolated as yellow-
orange solids in 65—79% yields by precipitation in the reaction
media and subsequent washing with cold methanol and diethyl
ether (Scheme 4). Extension of this methodology to more
sensitive acetylide ligands was tested by the reaction of 3a—d
with freshly prepared 6-ethynyl-9-ethylpurine. In this case,
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Figure S. Energy profiles for the isomerization of 3a to 3d (B3LYP-D3/def2-SVP) in acetic acid (black) and toluene (blue). Relative energy values

at 298 K (kcal mol™).

Scheme 3. Isomerization of 3a to 3d and Molecular Structure of 3d (30% Displacement Ellipsoids)“
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“Only one of the two analogous molecules found in the asymmetric unit is shown.

complexes Sa—d were also obtained in high yields (65—80%)
as yellow solids (Scheme 4).

Acetylido derivatives were characterized by NMR and mass
spectrometry and, in the case of 4b, 4d, and Sa, by XRD
(Scheme 4 and Figures S4—S6). The C=C bond distances of
1.202(9), 1.190(5), and 1.20(2) A, respectively, compare well
with those reported for the compounds of this class previously
characterized by XRD.”” This fact is indicative of the lack of
significant z-back-bonding from the Pt atoms to the alkynyl
ligands.

To go a step ahead, we explored this methodology to
prepare both types of [5.5]- and [6.5]-Pt{x>-N,C,N’-[L]}X (X
= Cl, RC=C) pincer complexes in purine nucleosides as
ligand precursors (Scheme $). Pro-ligands 7a and 7b were
obtained in quantitative yields from aldehyde 6 (see the SI)
using the reaction conditions previously employed for the
preparation of 3a and 3b. However, the synthesis of the
respective chlorido compounds [5.5]-Pt{x*-N,C,N’-[L]}ClI
could not be achieved by the reaction of 7a and 7b with
K,PtCl,, in glacial acetic acid, under reflux, as these harsh
conditions caused the decomposition of the pro-ligands.
Chlorido derivatives 8a and 8b were successfully prepared by
refluxing 7a and 7b with [PtCl,(DMSO),] (DMSO
dimethyl sulfoxide) in toluene for 48 h, in 49 and 28% yields,
after chromatography on silica gel. Further, the reaction of 8a
and 8b with freshly prepared ethynylpurine nucleoside 9 (see

8236

SI) in a NaOH solution in methanol afforded heteroleptic bis-
nucleoside compounds 10a and 10b in 57 and 41% yields,
respectively. Complexes 10a and 10b join two purine
nucleosides in their structures through the alkynyl—Pt complex
and could be regarded as simple organometallic models of
interstrand cross-link (ICL) in oligonucleotides."

Photophysical Properties of Emissive Complexes. The
square-planar platinum(IT) d®-complexes are considered one of
the noble families of phosphorescent emitters."'~'**® This
fact, along with the novelty of the purine—pincer—platinum(II)
skeleton prompted us to study the absorption and emission
characteristics of the emissive compounds prepared, which
were those of the 3, 4, and S-types bearing an amine- or
pyridine arm (imine derivatives were not emissive).

The UV—vis spectra of complexes 3, 4, and § (107° M, in
dichloromethane (DCM), at room temperature) are depicted
in Figure 6, and the selected absorptions (assigned by time-
dependent density functional theory calculations (TD-DFT-
B3LYP-D3/def2-SVP) in dichloromethane) are shown in
Tables S3—S6. The frontier molecular orbitals of complexes
3—S are provided in Figures S10—S14. The lowest unoccupied
molecular orbitals (LUMOs) are very similar, mainly localized
on the cyclometalating (N,C) fragments of the pincer ligand.
For the chloride complexes 3a—d, the highest occupied
molecular orbitals (HOMOs) are composed of the Pt and
halide centers with some contribution of the phenyl moiety. In
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Scheme 4. Synthesis of the Alkynyl Derivatives 4a—d and Sa—d and Molecular Structures of Sa, 4b, and 4d (30% Displacement
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turn, the HOMOs of the acetylide derivatives 4a—d and Sa—d
are mainly formed by the contribution of the aryl acetylide
ligand and the Pt centers. All compounds display intense bands
in the region 270—330 nm, with extinction coefficients (&) of
about 10* dm*® mol™ cm™, which can be assigned to the
intraligand IL [7—7z*] transition of the pincer ligand, mixed
with metal to ligand charge transfer (MLCT) [dz(Pt) to
7*(N,C,N’)] transitions. In addition, moderately intense
absorption bands were observed at about 390—450 nm with
extinction coefficients on the order of 10°-~10* dm*® mol™
cm™!. In the case of the halide derivatives 3a—d, these
absorptions are ascribed to IL [7—7z*] mixed with MLCT
[dz(Pt) to #*(N,C,N’)] transitions. For acetylide complexes
4a—d and Sa—d, those lower energy absorptions are ascribed
to LLCT [x(phenylacetylide) to #*(N,C,N')] or [z(9-
ethylpurineacetylide) to #*(N,C,N’)] transitions. The very
weak bands at lower energy, about 470—550 nm, are attributed
to the direct population of the triplet 7—7z* state facilitated by
the high spin—orbit coupling associated with the Pt(II) ion.
There is a good agreement between the computed selected
transitions and the experimental absorption maxima.
Emissions take place upon photoexcitation and occur in the
green region of the spectrum (476—571 nm). Measurements
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were performed in doped poly(methyl methacrylate) films at 5
and 2 wt % (PMMAg, and PMMA,,) at 298 K and in
dichloromethane (CH,Cl,) and 2-methyltetrahydrofuran (2-
MeTHF) at 298 and at 77 K. Table 1 summarizes the main
features of the emissions, which occur from the respective T,
excited states as supported by the excellent agreement
observed between the maximum of the emission wavelengths
in CH,Cl, and the calculated values in the same solvent for the
differences in energy between the optimized triplet states T,
and the singlet states S, According to the spin density
distribution calculated for the T, states in their minimum
energy geometries (Table S8 and Figures S102—S110), the
emissions appear to have a mixed MLTC/LC/LLCT character
in all cases. Consistently, the bands are highly structured.
Amine kinetic isomers 3a, 4a, and Sa display moderated
quantum yields in PMMA;, (0.36—0.50). The values
significantly increase for the thermodynamic counterparts,
which lie in the range 0.70—0.48 and decrease in the sequence
3d > 4d > 5d. Two factors play in favor of the thermodynamic
isomers. A comparison of the molecular packing for 3a and 3d
reveals that the aggregation is higher in the kinetic isomers and
is known to favor self-quenching.”” In addition, increasing
emission efficiency with emitter stability is a common effect,
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Scheme §. Synthesis of Acetylido Complexes 10a and 10b
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Figure 6. UV—vis spectra of complexes 3a—d (left), 4a—d (center), and 5a—d (right) in CH,Cl, (107> M).
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Table 1. Selected Emission Data of Complexes 3, 4, and 5“”
medium lem(ca@ # medium Aem(ealc) ¢
complex (T/K) (nm) Aem (nm) 7 (us)? (%) complex (T/K) nm)* Aem (nm) 7 (us)? (%)
32 PMMAg, 539 530, 566 02 (42%), 40 36 2-MeTHF 480, 516, 550  20.3 (41.1%),
(298) (95.8%) (77) 13.3 (58.9%)
CH,Cl, 530, 562 10.1 62 4d PMMA 491 492, )521, 563 7.7 61
(298) (298) (sh
CH,CL, 520, 560, 696 127 (45.5%), CH,CL, 493, 524,562 11.0 (17.6%), 7
(77) (exc) 5.1 (54.5%) (298) (sh) 2.2 (82.4%)
2-MeTHF 533, 570 33 25 CH,CL, 489, 520, 559 21.3 (29.8%),
(298) (77) sh) 6.9 (70.2%)
2-MeTHF 479, 523, 559 115 2-MeTHF 488, 523, 559 16.5 (19.7%), 10
(77) (298) (sh) 10.0 (80.3%)
3¢ PMMA, 476 487,524,550 3.3 (14.1%), 28 2-MeTHF 478, 514, 550  36.8 (86.5%),
(298) (sh) 9.7 (85.9%) (77) 18.0 (13.5%)
CI({ZCI)Z 484, 516, 548 5.0 20 Sa Pl\(&M[;S% 524 48(4, )517, 556 6.0 50
298 298 sh
CH,Cl, 486, 526, 556,  15.4 (83.4%), CH,Cl, 482, 515,554 2.4 12
(77) 644 (exc) 36.0 (16.6%) (298) (sh)
2-MeTHF 486, 522, 556 7.3 20 CH,Cl, 482, 516, 555 23.5 (44.1%),
(298) (77) (sh) 10.4 (55.9%)
2-?/[e”)[‘HF 480, 506, 518,  24.9 (1(4.9%),) 2-?4eT)HF 488, 522,559 47 12
77 548 14.4 (85.1% 298
3d  PMMA,, 488 488, 521,558  10.5 70 2-MeTHF 476, 507, 546 19.5
(298) (77)
CH,CL, 487,521,559 119 16 Sc PMMAy, 477 487,524,568, 4.4 (16.1%), 50
(298) (298) 609 (exc) 12.1 (83.9%)
CH,Cl, 486, 524, 559 34.7 (53.5%), CH,Cl, 484, 520, 558 7.1 23
(77) 17.4 (46.5%) (298)
2-MeTHF 488,522,560  20.1 (90.4%), 35 CH,Cl, 488, 526, 608 27.6 (26.9%),
(298) 2.6 (9.6%) (77) (exc) 124 (73.1%)
z-Me)THF 479, 515,551 362 (9(3.0%)), Z-MeT)HF 486, 522, 558 6.4 15
(77 10.1 (7.0% (298
42 PMMAy, 545 529, 559 0.5 (1.7%), 5.1 22 2-MeTHE 480, 508, 518,  30.3 (5.6%),
(298) (98.3%) (77) 552 14.0 (94.4%)
CI(-IZCI)Z 530, 560 10.2 23 sd Pl\(/[MA)S% 447 484, 516, 553 7.8 48
298 298
CH,CL, 521,559, 688 46.0 (12.8%), CH,CL, 484, 517,555 11.7 (47.9%), s
(77) (exc) 15.1 (87.2%) (298) 3.3 (52.1%)
2-MeTHF 499, 531, 567 3.3 (89.8%), 6 CH,Cl, 482, 517, 555 32.0 (46.9%),
(298) (sh) 0.3 (10.2%) (77) (sh) 15.0 (53.1%)
2-MeTHF 480, 490, 518, 128 2-MeTHF 483, 517, 554 11.3 (23.1%), 9
(77) 556 (298) 4.1 (76.9%)
4c  PMMA,, 487 490, 524, 563 42 (26.0%), 26 2-MeTHF 478, 511, 548 53.3 (10.4%),
(298) (sh), 622 9.4 (74.0%) (77) (sh) 25.8 (89.6%)
—_— 48(;XC5)2 5 ss6 54 51 “Table 1 summarizes the data in Table S7. “Solutions 1 X 1075 M.
22 U ’ The most intense peak is in bold. (exc) A, excimer. “Computed
(298) p em !
CH,CL, 490, 526, 568 21.0 (82.3%), \ﬁ;es (SMD(CHZCIZ%-BaLYP-l})Is/defg-SVI;) gbltamed fro;'n thcel
(77) 11.5 (17.7%) ifterences in energy between the optimized triplet states 1 an
2-MeTHE 486, 520, 550 6.8 18 the singlet states S,. “Relative amplitudes (%) are given in parentheses
(298) B ' for biexponential decays. “Absolute quantum yield.

which has also been previously observed for N,C,N-pincer
emitters of osmium(IV) and iridium(III). The rise in stability
is ascribed to the approach of the pincer bite angles to the ideal
values corresponding to the coordination polyhedron of the
complex.”

The emission spectrum of 3a, in CH,Cl, at 298 K is
independent of the emitter concentration, in the range (1 X
1073)—(1 x 107%) M, and superimposable with that observed
in PMMA,, (Figure 7a). The lifetime increases from 0.8 to
11.9 ps, and the quantum yields from 0.05 to 0.60 as the
emitter concentration decreases. This is indicative of self-
quenching induced by ground-state aggregation.”’ Although
excimer emission is not observed in the 700 nm region,”” the
rate of emission decay (ky,, = 1/7) fits well to the modified
Stern—Volmer expression shown in eq 1, where k is the rate
constant for the excimer formation, [Pt] is the emitter
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concentration, and k, (=1/7,) is the rate of excited-state
decay at infinite dilution. A plot of k versus [Pt] (Figure S15)
provides values for the self-quenching rate constant k; and the
intrinsic lifetime 7, of 1.2 X 10° M~ s7' and 11.5 ps,
respectively.”> At 77 K, the excimer life rises. As a
consequence, at this temperature, the emission spectra of
solutions, more concentrated than 1 X 107° M, clearly show
the excimer broadband at about 700 nm, which increases its
intensity as the emitter concentration also increases (Figure
7b). An analogous behavior was observed for the phenyl-
acetylide derivative 4a, which displays k; and 7, values of 0.9 X
10° M~! 57" and 10.6 s, respectively (see Figure S16). These
values compare well with those reported for other emissive
platinum complexes.”"*****

ks = ko + kq[Pt] (1)
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Figure 7. (a) Emission spectra of 3a at 298 K in PMMAy, and in dichloromethane at concentrations between 1 X 107 and 1 X 107° M. (b)
Emission spectra of 3a at 77 K in dichloromethane at concentrations between 1 X 107 and 1 X 107 M.
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Figure 9. (a) Emission spectra of Sc at 298 K in PMMA,,, and in dichloromethane at concentrations between 1 X 107 and 1 X 107° M. (b)
Emission spectra of Sc at 77 K in dichloromethane at concentrations between 1 X 107> and 1 X 107™° M.

The solvent has a dramatic influence on the emission. For
example, 2-MeTHEF prevents self-quenching of 4a, as shown in
Figure S101, although changes in the relative intensity of the
structured band peaks are observed as a consequence of
variations in the emitter concentration. In addition, a
mitigation of the quantum yield in PMMA;y from 0.22 to a
constant value of about 0.06 also occurs. The effect can be
assigned to the different solvation abilities of the solvents and
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to a noticeable coordinating ability of the ether, which protects
the unsaturated monomers.

There are significant differences between 4a and its
thermodynamic isomer 4d in CH,Cl,. At 298 K, the structured
emission of the latter consists of two peaks of similar intensity
at 493 and 524 nm and a shoulder at 562 nm. As for 4a, this
shape is independent of the emitter concentration, in the range
(1 x 107%)—(1 x 107° M) (Figures S63—S66) and
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superimposable with that obtained in PMMA,, (Figures S62).
However, in contrast to 4a, the quantum yield for 4d is
constant in the concentration range and about ten times lower
than in PMMAg, (0.61 versus 0.07). Although the relative
intensity of the peaks of the emission changes at 77 K, an
excimer band is not observed. In this case, the significant
mitigation of the quantum yields in CH,Cl, appears to be due
to a notable increase of the nonradiative rate constant in
solution, which is an order of magnitude higher than that in
PMMAgy, (5.1 X 10* versus 52 X 10° s™! (1 x 1073 M)).

Acetylido derivatives with a pyridine substituent 4c and Sc
undergo self-quenching in the solid state (Figure 8).>° Thus,
the emission spectra in PMMA show an excimer broadband
centered around 640 nm, in addition to the structured pattern
of two peaks and a shoulder in the 490—570 nm region, which
is characteristic of this class of complexes. As expected, the
excimer emission significantly rises its intensity as the emitter
concentration increases, being the most intense band at 5 wt
%. The increase of the intensity of this band is accompanied by
a decrease of the quantum yield of the emission, which
diminishes from 0.26 to 0.15 for 4c and from 0.50 to 0.35 for
Sc when the emitter concentration in the film increases from 2
to S wt %.

The behavior of emitter Sc was also studied in solution, as a
function of its concentration, in the range (1 X 107°)—(1 X
107%) M, in CH,Cl,, at 298 and 77 K. Consistently with the
behavior in the PMMA film, Sc undergoes self-quenching in
the solvent at both temperatures (Figure 9). As the emitter
concentration rises, the intensity of the excimer broadband
around 640 nm increases at the expense of peaks between 480
and 560 nm of the structured emission. At 298 K, the values
obtained for the self-quenching rate constant k; and the
intrinsic lifetime 7, are 1.9 X 10° M™' s™' and 7.8 ps,
respectively.

B CONCLUSIONS

We describe an efficient methodology to prepare a new class of
pincer complexes, with structures [5.5]- and [6.5]-Pt{x’-
N,C,N'-[L]}X (X = Cl, RC=C), built on 6-phenyl purines.
The nucleobase skeleton provides an N,C-cyclometalated
fragment, which was additionally functionalized with an
amine, imine, or pyridine arm to afford the N,C,N’-pincer
structure. The reactions were totally regioselective. Although
the formation of [5.5]-bicycle compounds, bearing the purine
bonded by N1, is kinetically favored for the amine arm, the
[6.5]-bicycle isomers resulting from the N7 coordination of the
purine are more stable in all of the cases. The combination of
purine nucleoside pincer ligands with ethynylpurine nucleo-
sides has furthermore allowed the preparation of novel
heteroleptic bis-nucleoside compounds, which may be viewed
as organometallic models of Pt-induced interstrand cross-link.
The pincer compounds Pt{x*-N,C,N’-[L]}X (X = Cl, RC=C)
[Pt(NACAN')L] are square-planar complexes having the
monodentate X ligand trans to the cyclometalated phenyl
ring. In the solid state, noncovalent interactions between
adjacent molecules have been observed by XRD. The
complexes bearing an amine or pyridine arm are phosphor-
escent green emitters upon photoexcitation, displaying high
quantum yields in PMMA and dichloromethane at low
concentrations. At high concentrations, they undergo self-
quenching favored by molecular aggregation of monomers
through aromatic 7— interactions that are reinforced by weak
platinum—platinum interactions.
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B EXPERIMENTAL SECTION

General Methods. Unless stated otherwise, all of the reactions
were carried out under an Ar atmosphere using anhydrous solvents.
The reaction work-ups were performed in air. Commercially available
reagents were used as received without further purification. 6-Chloro-
9-ethylpurine,*® 3-(2-pyridynyl)phenylboronic acid pinacol ester,”” 6-
ethynyl-9-ethylpurine,” and PtCL,(DMSO),*® were prepared accord-
ing to reported protocols. 'H and “C{'H} NMR spectra were
recorded at ambient temperature in CDCl; or CD,Cl, on Bruker 500
or 300 MHz spectrometers. Chemical shifts are expressed in ppm and
are referenced to residual solvent peaks. Through the experimental
part, in the NMR spectra, the numbering of the purine ring system has
been used to denote the positions C2 (H2) and C8 (H8) of the
nucleobase. Fourier transform infrared (FT-IR) spectra (attenuated
total reflection (ATR)) were recorded with solid or films (by slow
evaporating CHCl, solutions of the compounds) on a Bruker Alpha
spectrometer. Electrospray ionization-high-resolution mass spectrom-
etry (ESI-HRMS) was performed on an Agilent 6500 accurate mass
spectrometer with a Q-TOF analyzer. UV—visible spectra were
registered on an Evolution 600 spectrophotometer. Steady-state
photoluminescence spectra were recorded with either a Jobin-Yvon
Horiba Fluorolog FL-3-11 Tau 3 spectrometer (PMMA films) or with
a PicoQuant FluoTime 300 spectrometer (CH,Cl, and 2-MeTHF
solutions). Lifetime measurements were performed at the maximum
emission wavelength of the complexes either on a Jobin-Yvon Horiba
Fluorolog FL-3-11 Tau 3 spectrometer (PMMA films) or a
PicoQuant FluoTime 300 spectrometer (CH,Cl, and 2-MeTHF
solutions). Data were fitted to either monoexponential or
biexponential functions. Quantum yields were measured using the
Hamamatsu Absolute PL Quantum Yield Measurement System
C11347-11.

Computational Details. All calculations were performed at the
DFT level using the B3LYP functional as implemented in
Gaussian09** supplemented with the Grimme’s dispersion correction
D3* and the def2-SVP basis set.*” All minima were verified to have
no negative frequencies. The geometries were fully optimized in vacuo
and in the appropriate solvent using the continuum SMD model.*

X-ray Diffraction Analyses. Crystals of 3a-0.5(CHCL), 3b, 3¢
0.5(CH,Cl,), 3d, 4b, 4d, and 5a were analyzed by X-ray diffraction. A
selection of crystal, measurement, and refinement data is given in
Tables SI and S2. Diffraction data were collected on an Oxford
Diffraction Xcalibur Onyx Nova single-crystal diffractometer with Cu
Ka radiation. Empirical absorption corrections were applied using the
SCALE3 ABSPACK algorithm as implemented in CrysAlisPro
RED.* The structures were solved with SIR-97.* Isotropic and full
matrix anisotropic least-squares refinements were carried out using
SHELXL.* All non-H atoms were refined anisotropically. H atoms
were set in calculated positions and were refined riding on their parent
atoms. The CH, and CH; groups of the fragment CH,N(CH,), of Sa
were disordered over two positions with a 54:46 occupancy ratio,
requiring restraints on its thermal parameters. The structure of 4d was
refined as a 2-component inversion twin. The high-resolution
reflections 8 3 4, 8 2 3, and 5 21 2 were left out from the refinement
of 3b since their intensities were likely affected by some unresolved
twinning, resulting in high S values. The low-resolution reflections 33
2 and 1 7 13 were left out from the refinement of 3d since their
intensities were likely affected by the beamstop, resulting in high S
values. The WINGX program system®” was used throughout the
structure determinations. The molecular plots were made with
MERCURY. "

Synthesis of 1. 3-Formylphenylboronic acid (1.69 g, 8.7 mmol),
Pd(PPh,), (388 mg, 0.34 mmol), and K,CO; (1.20 g, 8.7 mmol)
were added to a solution of 6-chloro-9-ethylpurine (1.22 g, 6.7 mmol)
in 60 mL of toluene/ethanol (9:1). The mixture was refluxed under
argon for 24 h. The solvent was removed under reduced pressure, and
the crude residue was purified by flash SiO, chromatography
(hexane/ethyl acetate, 1:1 to ethyl acetate) to yield 1 (white solid)
(1.61 g, 95%). 'H NMR (300 MHz, CDClL), § (ppm): 10.2 (s, 1H,
CHO), 933 (t, 1H, CHyp), 912 (dt, 1H, CH,p), 9.06 (s, 1H,
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CH2), 8.19 (s, 1H, CHS), 8.07 (dt, 1H, CH,,...), 7.74 (t, ] = 7.5 Hz,
1H, CH,,,,.), 441 (q, 2H, J = 6.7 Hz, CH,), 1.62 (t, 3H, ] = 6.7 Hz,
CH;). C NMR (75 MHz, CDCly), § (ppm): 192.4 (CHO), 153.2
(Cquaternary)y 1525 (C2), 1492 (Cyuarernary), 1444 (C8), 137.0
(Cquatemary)l 135.7 (Carom)l 1324 (Carom)l 131.5 (Cquatemary)l 130.7
(Carom), 129.6 (Cyrom), 392 (CH,), 15.6 (CH;). IR (cm™): v 3104,
2919, 1711, 1576. ESI-HRMS m/z: calced for C,,H;;N,O [M + H]*
253.1083; found 253.1082.

Synthesis of 2a. HNMe,-HCl (679 mg, 8.32 mmol), Ti(O'Pr),
(2.4 mL, 7.93 mmol), and Et;N (2.5 mL) were added to a solution of
1 (1.00 g, 3.96 mmol) in 100 mL of ethanol, and the mixture was
stirred at room temperature overnight. Then, NaBH;CN (374 mg,
5.94 mmol) was added, and the solution was stirred at room
temperature for 24 h. The reaction mixture was quenched with water
and extracted with DCM. The organic layers were dried over Na,SO,,
and the solvent was evaporated under reduced pressure to yield 2a
(colorless oil) (1.09 g, 98%). "H NMR (300 MHz, CDCL), & (ppm):
8.98 (s, 1H, CH2), 8.65—8.61 (m, 2H, CH,,,), 8.10 (s, 1H, CHS),
7.52—7.44 (m, 2H, CH,,,), 4.32 (q, ] = 7.3 Hz, 2H, CH,), 3.54 (s,
2H, NCH,), 2.25 (s, 6H, N(CH,),), 1.53 (t, J = 7.3 Hz, 3H, CH,).
C NMR (75 MHz, CDCL), § (ppm): 154.8 (Cyutemay)s 152.3
(Cquatemary)i 152.3 (CZ), 143.9 (CS), 139.2 (Cquatemary)i 135.8
(Couermnr)s 1318 (Coram), 1312 (Cormteman)s 1304 (Cropy), 1289
(Carom)l 128.7 (Cquaternary)l 64.3 (NCHZ)I 453 (N(CH3)2); 39.0
(CH,), 15.6 (CH,). IR (cm™): 2923, 2852, 1572, 1498. ESI-HRMS
m/z: caled for C ¢H,oNg [M + H]* 282.1713, found 282.1718.

Synthesis of 2b. p-Anisidine (244 mg, 1.98 mmol) and MgSO,
(10% w/w) were added to a solution of 1 (500 mg, 1.98 mmol) in 10
mL of DCM. The mixture was stirred at room temperature for 24 h.
Then, MgSO, was filtered off, and the solvent was removed under
reduced pressure to yield 2b (white solid) (687.5 mg, 97%, EtOH).
'"H NMR (300 MHz, CDCL;), § (ppm): 9.19 (t, ] = 1.7 Hz, 1H,
CH,om), 9.06 (s, 1H, CH2), 8.93 (dt, ] = 7.8, 1.5 Hz, 1H, CH,,),
8.66 (s, 1H, CH=N), 8.19 (m, 1H, CH,,,,), 8.17 (s, 1H, CH8), 7.68
(t, ] = 7.8 Hz, 1H, CH,), 729 (d, ] = 8.9 Hz, 2H, CH,,,,), 6.95 (d,
] = 89 Hz, 2H, CH,,,), 440 (q, ] = 7.3, 2H, CH,), 3.85 (s, 3H,
CH,), 1.62 (t, J = 7.3, 3H, CH,). *C NMR (75 MHz, CDCL,), §
(Ppm) 1585 (Cquatemary)l 1582 (CH:N)J 1542 (Cquatema )l 1526
(Cquaternary)s 152.5 (C2), 145.0 (Cyuptermary)y 1442 (C8), 1372
(Cqusermnr)s 1365 (Coirmay)s 1325 (Copgm), 1315 (Coptemany);
130.9 (Coom), 130.0 (Corom)y 1293 (Coom)y 122.5 (Corom), 114.5
(Carom), 55.6 (OCH;), 39.2 (CH,), 15.6 (CH,). IR (film) v (em™):
2923, 1618, 1572, 1498, 1235. ESI-HRMS m/z: caled for
C, H,N;O1 [M + HJ*, 358.1662; found 358.1660.

Synthesis of 2c. To a solution of 6-chloro-9-ethylpurine (174 mg,
0.95 mmol) in 15 mL of a mixture of toluene and ethanol (9:1) were
added 3-(2-pyridynyl)phenylboronic acid pinacol ester (348 mg, 1.23
mmol), Pd(PPh;), (79 mg, 0.07 mmol), and K,CO; (246 mg, 1.8
mmol). The mixture was refluxed under argon for 24 h. The solvent
was removed under reduced pressure, and the residue was purified by
flash SiO, chromatography (hexane/ethyl acetate, 1:1 to ethyl
acetate) to yield 2c (white solid) (155 mg, 54%). '"H NMR (300
MHz, CDCLy), § (ppm): 9.39 (br s, 1H, CH,,,,), 9.04 (s, 1H, CH2),
8.89 (d, ] = 6.8 Hz, 1H, CH,,), 8.74 (d, ] = 44 Hz, 1H, CH,,,),
8.23 (d, J = 6.6 Hz, 1H, CH,,,.,), 8.16 (s, 1H, CHS), 7.92 (d, ] = 8.93
Hz, 1H, CH,,...), 7.80 (td, J = 7.7 and 1.7 Hz, 1H, CH,,,..), 7.68 (t, ]
= 7.8 Hz, 1H, CH,,on), 7.29—7.25 (m, 1H, CH,,.), 437 (q, ] = 7.3
Hz, 2H, CH,), 1.59 (t, ] = 7.3 Hz, 3H, CH;). *C NMR (75 MHz,
CDCL), & (ppm): 157.0 (Cyuptemary)s 1544 (Cougtemary)s 1525
(Couatemary)y 152.3 (C2), 149.5 (Cprom), 144.0 (C8), 1395 (C),
137.1 (Carom)) 136.3 (C uatemary)) 132.1 (Cquatemary)r 130.6 (CHarom)r
129.5 (CHpom), 129.3 3CHmm), 1282 (CHom), 1224 (CH,om),
121.0 (CH,,,.), 39.0 (CH,), 15.4 (CH,). IR (film) v (cm™): 2982,
1565, 131S. ESI-HRMS m/z: caled for C;gH (N, [M + HJ,
302.1400; found 302.1400.

Synthesis of 3a. Compound 2a (213 mg, 0.756 mmol) was added
to a suspension of K,PtCl, (314 mg, 0.756 mmol) in 15 mL of AcOH.
The mixture was refluxed under argon for 3 days. The solvent was
removed under reduced pressure, and the residue was purified by flash
SiO, chromatography (DCM/ethyl acetate 1:1 to 1:9) to yield 3a
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(bright yellow solid) (215 mg, 56%). '"H NMR (500 MHz, CDCL), 5
(ppm): 9.40 (s, J("H="°Pt) = 11.5 Hz, 1H, CH2), 8.16 (m, 1H,
CH,.om), 8.14 (s, 1H, CHS8), 7.12 (t, ] = 7.6 Hz, 1H, CH,,,...), 6.99 (d,
J = 7.0 Hz, 1H, CH,,,), 437 (q, ] = 7.3 Hz, 2H, CH,), 4.25 (s,
J('H=""Pt) = 17.0 Hz, 2H, NCH,), 3.25 (s, J(H=""Pt) = 15.8 Hz,
6H, N(CH,)), 1.60 (t, ] = 7.4 Hz, 3H, CH;). *C NMR (126 MHz,
CDCly), & (ppm): 165.7 (C—Pt), 157.0 (Cyuyeemary), 1543 (C2),
1525 (Couutemary)y 1459 (C8), 1434 (Couernary)s 1384 (Copermay),
129.2 (Cyuatemary)s 127.7 (Curom)s 125.1 (Corom)s 123.2 (Cprom), 779
(NCH,), 542 (N(CH,;),), 39.2 (CH,), 152 (CH;). IR (film) v
(ecm™): 2928, 1747, 1577, 1499, 1457. ESI-HRMS m/z: calcd for
C¢H sN¢Pt, [M—Cl]*, 475.1206; found 475.1209.

Synthesis of 3b. As for 3a, from K,PtCl, (232 mg, 0.56 mmol) in
15 mL of AcOH and 2b (200 mg, 0.56 mmol). The solvent was
removed under reduced pressure, and the residue was purified by flash
SiO, chromatography (DCM/ethyl acetate, 2:8) to yield 3b (bright
yellow solid) (151 mg, 46%). 'H NMR (300 MHz, CD,CL), &
(ppm): 929 (s, J('"H='"Pt) = 11.2 Hz, 1H, CHS), 8.99 (s, 1H,
CH2), 8.54 (dd, ] = 7.9, 1.2 Hz, 1H, CH,,..), 8.33 (s, J('H=""Pt) =
58.6 Hz, 1H, CH=N), 7.65 (dd, ] = 6.7, 1.3 Hz, 1H, CH,,,,,,), 745
(d, ] = 8.8 Hz, 2H, CH,,,,), 7.37 (t, ] = 8.2 Hz, 1H, CH,,,,,), 6.96 (d,
] = 8.8 Hz, 2H, CH,,.), 4.39 (q, ] = 7.4 Hz, 2H, CH,), 3.87 (s, 3H,
OCH,;), 1.58 (t, ] = 7.5 Hz, 3H, CH,). *C NMR (75 MHz, CD,CL,),
& (ppm): 178.1 (C=N), 159.8 (C—Pt), 155.3 (Cyuuternary)s 154.0
(€2), 1507 (Couermary)s 1500 (Coppermay); 147:9 (Couatermary)s 145.8
(CS)) 142.9 (Cquatemary)i 132.5 (Carom)i 130.1 Camm ] 128.7
(Cautermay)y 1260 (Corom), 1243 (Corom)y 1217 (Copternay), 1136
(Corom), 56.1 (OCH,), 41.2 (CH,), 15.3 (CH,). IR (Alm) v (cm™):
2965, 1607, 1507. ESI-HRMS m/z: caled for C, HjN;OPt, [M—
Cl]*, 551.1155; found 551.1158.

Synthesis of 3c. As for 3a, from K,PtCl, (276 mg, 0.66 mmol) in
15 mL of AcOH and 2c (200 mg, 0.66 mmol). The mixture was
refluxed under argon for 4 days. The product precipitated after
cooling. The solid was filtered and washed with cold MeOH and
diethyl ether to yield 3c (bright yellow solid) (183 mg, 52%). 'H
NMR (500 MHz, CD,CL,), § (ppm): 9.62 (d, ] = 5.9 Hz, J("H—'"Pt)
=15.9 Hz, 1H, CH,,.), 9.37 (s, J(H=""Pt) = 14.2 Hz, 1H, CHS),
8.98 (s, 1H, CH2), 8.61 (d, J = 10.0 Hz, 1H, CH,,,,.), 7.92 (t, ] = 10.0
Hz, 1H, CH,.), 7.77 (d, ] = 8.3 Hz, 1H, CH,,,,,), 7.71 (d, ] = 7.7
Hz, 1H, CH,,.), 7.36 (t, ] = 6.2 Hz, 1H, CH,,,,,), 7.25 (t, ] = 6.6 Hz,
1H, CH,,on), 445 (q, ] = 7.4 Hz, 2H, CH,), 1.64 (t, ] = 7.4 Hz, 3H,
CH;). ®C NMR (126 MHz, CD,CL,), § (ppm): 166.6 (Cgutemary)s
156.1 (C=Pt), 154.2 (C2), 150.9 (Cpom), 150.7 (Cyuaternary)s 146.9
(Coustermary)s 1464 (Coputemmary) 1462 (C8), 1394 (Cyrom), 1293
(Cquaternary)i 128.5 (Carom)! 127.4 (Carom)! 124.6 (Carom)) 1232
(Carom)y 1219 (Cquatemary)s 1194 (Cguatermary)s 41.1 (CH,), 18.5
(CH;). IR (film) v %cm_fgz 2963, 1607, 1581. ESI-HRMS m/z: calcd
for C,gH,NPt, [M — Cl]*, 495.0893; found, 495.0883.

Synthesis of 3d. A solution of 3a (200 mg, 0.39 mmol) in S mL of
dry toluene was heated in a sealed tube at 200 °C for 5 days. After the
removal of the solvent under vacuum, the crude product was purified
by flash SiO, chromatography (DCM/ethyl acetate, 2:8) to yield 3d
(yellow solid, 197 mg, 99%). "H NMR (500 MHz, CD,Cl,), § (ppm):
9.14 (s, J("H-""°Pt) = 10.5 Hz, 1H, CHS), 8.99 (s, 1H, CH2), 8.42—
8.39 (m, 1H, CH,,,.), 7.25—=7.21 (m, 2H, CH,,,.), 437 (q, ] = 7.3
Hz, 2H, CH,), 4.05 (s, J('H='"Pt) = 19.7 Hz, 2H, CH,N), 3.10 (s,
J(*H-"Pt) = 16.2 Hz, 6H, N(CH,),), 1.57 (t, ] = 7.3 Hz, 3H, CH,).
3C NMR (126 MHz, CD,Cl,), § (ppm): 156.6 (C—Pt), 154.3 (C2),
1506 (Cquaternary)l 150.3 (Cquaternary)l 1456 (Cg)l 141.5 (Cquatemary)l
129.2 (Cypatemary)s 1249 (Corom), 1243 (Corom), 1240 (Cpro), 1217
(Cquaternary)s 76.1 (CH,N), 54.2 (N(CH;),), 40.9 (CH,), 15.5 (CH3).
IR (film) v (cm™): 2899, 1605, 1411, 1202. ESI-HRMS m/z: calcd
for C,¢H;gNsPt, [M — CI]¥, 475.1206; found 475.1198.

Synthesis 4a. A mixture of phenylacetylene (15 mg, 0.15 mmol)
and NaOH (6.0 mg, 0.15 mmol) in S mL of MeOH was stirred for 30
min at rt. Then, 3a (50 mg, 0.1 mmol) was added to the reaction
mixture and further stirred for 24 h. After filtration, the resulting solid
was washed with cold methanol and diethyl ether to yield 4a (bright
yellow solid) (43 mg, 76%). '"H NMR (500 MHz, CD,Cl,), 6 (ppm):
9.54 (s, JCH=""°Pt) = 13.9 Hz, 1H, CH2), 8.25 (dd, J = 6.1, 2.4 Hz,
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1H, CH,,,..), 8.16, (s, 1H, CHS8), 7.43—7.40 (m, 2H, CH,,,..), 7.27—
7.22 (m, 2H, CH,,,,), 7.16—=7.10 (m, 3H, CH,,,,), 441—4.27 (m,
4H, CH, and CH,N), 3.36 (s, J('(H=""Pt) = 21.4 Hz, 6H, N(CHj,),),
1.57 (t, J = 7.3 Hz, 3H, CH;). 3C NMR (126 MHz, CD,Cl,), §
(ppm): 177.2 (C—Pt), 168.5 (C—Pt), 157.7 (C2), 152.9 (Cqutemary)s
147.0 (Cquaternary)l 146.7 (CS)I 141.4 (Cquatemary)l 1365 (Cquatemary)z
131.9 (Curom), 129:5 (Cyuternary)s 128:5 (Carom), 127.9 (Cirom), 1254
(Carom)l 125.2 (Carom)l 123.9 (Carom)l 123.7 (Cquaternary)y 110.5
(Cquatemary)l 80.8 (CHZN)r 56.3 (N(CHS)Z)) 39.8 (CHZ)) 15.6
(CH;). IR (film) v (ecm™): 2926, 2355, 2080, 1602, 1575. ESI-
HRMS m/z: caled for C,,H,,NsPt, [M + H]*, §77.1676; found
577.1681.

Synthesis of 4b. As for 4a, from phenylacetylene (13 mg, 0.13
mmol), NaOH (5.1 mg, 0.13 mmol), and 3b (50 mg, 0.09 mmol).
Complex 4b was obtained as a bright yellow solid (40 mg, 72%). 'H
NMR (500 MHz, CD,Cl,), § (ppm): 9.32 (s, J('H—""Pt) = 13.4 Hz,
1H, CHS), 8.96 (s, 1H, CH2), 8.60 (dd, ] = 7.9, 13 Hz, 1H, CH,,,,..),
8.48 (s, J("H=""Pt) = 53.0 Hz, 1H, CH=N), 7.72 (dd, ] = 7.3, 1.0
Hz, 1H, CH,,,,.), 7.68 (d, ] = 8.8 Hz, 2H, CH,,,), 7.38 (t, ] = 7.5 Hz,
1H, CH,..), 7.22-7.19 (m, 4H, CH,,), 7.16=7.12 (m, 1H,
CH,om), 6.95 (d, J = 8.8 Hz, 2H, CH,,,,,), 435 (q, ] = 7.4 Hz, 2H,
CH,), 3.85 (s, 3H, OCH,), 1.55 (t, J = 7.3 Hz, 3H, CH,). *C NMR
(126 MHz, CD,CL,), § (ppm): 179.4 (C=N), 171.2 (C—Pt), 159.8
(C=Pt), 1572 (Couaternary)s 1539 (C2), 150.6 (Cyuptermary)s 149.9
(Cquaternary)l 148.1 (CS), 144.8 (Cquatemary)l 131.8 (Carom)) 131.7
(Carom)s 130.7 (Cguaternary)y 1294 (Cirom)sy 129.0 (Couaternary)s 1285
(Carom)J 126.1 (Carom)l 125.9 (C uatemary)! 128.7 (Carom)y 124.5
(Carom)r 122.0 (Cquatemary)) 113.5 Carom)) 108.5 (Cquaternary)l 561
(OCH,), 41.0 (CH,), 15.1 (CH,). IR (film) v (ecm™): 2922, 2095,
1603, 1503, 1247. ESI-HRMS m/z: caled for C,0H,,N;OPt, [M +
HJ*, 653.1625; found, 653.1621.

Synthesis of 4c. As for 4b, from phenylacetylene (12 mg, 0.13
mmol), NaOH (5.1 mg, 0.13 mmol), and 3¢ (40 mg, 0.08 mmol).
Complex 4c was obtained as a bright orange solid (35 mg, 78%). 'H
NMR (500 MHz, CD,ClL), § (ppm): 9.93 (dd, ] = 62 Hz,
J(*H-"Pt) = 23.5 Hz, 1H, CH,,,.,), 9.36 (s, J('H=""Pt) = 13.5 Hz,
1H, CHS), 9.04 (s, 1H, CH2), 8.78 (d, ] = 7.8, 1H, CH,.,), 7.95—
791 (m, 1H, CH,,o.n), 7-83 (d, J = 7.2 Hz, 2H, CH,,,,,), 7.55 (dd, ] =
8.1, 1.4 Hz, 2H, CH,,.,), 742 (t, ] = 7.7 Hz, 1H, CH,,,.,), 7.32 (, ] =
6.2 Hz, 1H, CH,,,), 7.24—7.20 (m, 2H, CH,,,,.,), 445 (q, ] = 7.4 Hz,
2H, CH,), 1.63 (t, ] = 7.3 Hz, 3H, CH;). >*C NMR (126 MHz,
CD,Cl,), 8 (ppm): 168.7 (C—Pt), 167.0 (C—Pt), 158.2 (Cqustemary)s
154.6 (Crom), 154.2 (C2), 150.6 (Cquaternary)s 148.7 (Cuaternary)s 148.5
(CS), 1399 (Camm)i 1319 (Carom)l 1314 (Cquatemary)! 12’90 (Carom)l
1287 (Curom)s 1280 (Cuom), 1271 (Cyugternary)s 1264 (Copaternary)s
126.0 (Carom)! 124.9 (Carom)J 123.7 (Carom)! 122.0 (Cquatemary); 119.7
(Catom)s 106.6 (Cyuatermary), 409 (CH,), 154 (CH,). IR (film) v
(cm™): 2086, 1605, 1480. ESI-HRMS m/z: caled for C,qH, N Pt,
[M + HJ, 597.1363; found, 597.1345.

Synthesis of 4d. As for 4b, from phenylacetylene (11 mg, 0.10
mmol), NaOH (3 mg, 0.10 mmol), and 3d (35 mg, 0.08 mmol).
Complex 4d was obtained as a yellow solid, (21 mg, 53%). '"H NMR
(500 MHz, CD,ClL,), § (ppm): 9.16 (s, J('H-"Pt) = 15.3 Hz, 1H,
CHS), 9.03 (s, 1H, CH2), 8.54 (d, ] = 6.4 Hz, 1H, CH,,,,), 7.45—
741 (m, 2H, CH,,,..), 7.35—7.24 (m, 4H, CH,,.,.), 7.20—7.14 (m,
1H, CH,,...), 440 (q, J = 7.3 Hz, 2H, CH,), 4.16 (s, J(H=""Pt) =
19.0 Hz, 2H, NCH,), 3.30 (s, J(*H—'°Pt) = 20.8 Hz, 6H, N(CH,),),
1.59 (t, J = 7.3 Hz, 3H, CH;). ®*C NMR (126 MHz, CD,Cl,), §
(ppm): 164.7 (C—Pt), 158.7 (C—Pt), 154.2 (C2), 152.2 (Cqutemary)s
1506 (Cquaternary)! 147.9 (CS)I 131.8 (Carom)l 131.4 (Cquatemary)/ 129.2
(Cquaternary)ﬁ 128.6 (Carom)ﬁ 125.8 (Cquaternary)! 125.7 (Carom)ﬁ 124.4
(Carom)l 123.4 (Carom)l 121.9 (C uaternary)/ 105.2 (Cquatemary)l 78.1
(NCH,), 560 (N(CH,),), 40.7 (CH,), 15.5 (CH,). IR (flm) v
(em™): 2915, 2088, 1600, 1440, 1200. ESI-HRMS m/z: calcd for
C,,H,,N(Pt, [M + H]*, 577.1676; found, 577.1679.

Synthesis of 5a. As for 4a, from 9-ethyl-6-ethynylpurine (25 mg,
0.15 mmol), NaOH (5.9 mg, 0.15 mmol), and 3a (50 mg, 0.1 mmol).
Complex 5a was obtained as a bright yellow solid (41 mg, 65%). 'H
NMR (500 MHz, CDCL), § (ppm): 9.74 (s, J(‘"H=""Pt) = 12.7 Hg,
1H, CH2), 8.84 (s, 1H, CH2’), 828 (dd, J = 7.7, 1.5 Hz, 1H,
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CH,,om), 8.14 (s, 1H, CHS), 8.04 (s, 1H, CHS'), 7.18—7.10 (m, 2H,
CH,om), 443—4.28 (m, 6H, 2CH, and NCH,), 3.46 (s, J('H-"°Pt)
=20.4 Hz, 6H, N(CHj;),), 1.60—1.54 (m, 6H, 2CHj,). *C NMR (126
MHz, CDCL;), § (ppm): 176.0 (C—Pt), 168.1 (C—Pt), 157.9 (C2),
155.6 (Coutemany)y 1527 (C2'), 1524 (Copmrmar)s 150.7 (Copernay)s
1464 (Cguatemary)s 145.9 (C8), 145.4 (Cyustemary)y 142.9 (C8'), 141.4
(Cquatemary)l 135.0 (Cquaternary)! 129.8 (Cquatemary ’ 127.8 (Carom)y 124.9
(Carom)s 1241 (Ciom), 1064 (Cyupiemary), 804 (NCH,), 563
(N(CH,),), 39.4 (CH,), 38.9 (CH5, 15.6 (CH;), 15.4 (CH;). IR
(film) v (cm™): 2936, 2078, 1603, 1560, 1208. ESI-HRMS m/z:
caled for C,gH,¢NgPt, [M + HJ*, 647.195S; found, 647.1951.

Synthesis of 5b. As for 4a, from 9-ethyl-6-ethynylpurine (22 mg,
0.13 mmol), NaOH (5.1 mg, 0.13 mmol), and 3b (50 mg, 0.09
mmol). Complex Sb was obtained as a bright orange solid (49 mg,
79%). 'H NMR (500 MHz, CD,CL), § (ppm): 10.5 (s, 1H,
J('H-""Pt) = 12.7 Hz, C8), 8.83 (s, 1H, C2), 8.66 (s, 1H, C2'), 8.48
(dd, 1H, J = 7.9, 1.2 Hz, CH,,..), 8.42 (s, 1H, J("H-'"Pt) = 53.4 Hz,
CH=N), 7.72 (d, 2H, J = 8.7 Hz, CH,,,,,,), 7.71 (s, 1H, C8’), 7.66
(dd, 1H, J = 7.3 and 1.2 Hz, CH,,,,.), 7.35 (t, 1H, J] = 7.6 Hz,
CH,,om), 6.94 (d, 2H, J = 8.9 Hz, CH,,,...), 445 (q, 2H, ] = 7.4 Hz,
CH,), 4.15 (q, 2H, ] = 7.3 Hz, CH,), 3.84 (s, 3H, CHj;), 1.52 (t, 3H, J
= 7.4 Hz, CH;), 1.49 (t, 3H, ] = 7.3 Hz, CH;). *C NMR (126 MHz,
CD,CL), § (ppm): 179.2 (C=N), 169.6 (C—Pt), 159.8 (C—Pt),
156.4 (Cyuaermay)y 1534 (C2), 152.7 (C2), 150.8, (C8), 150.6
(Couaternary)r 1506 (Cuaternary)s 149-8 (Couaternary)y 1452 (Couaternary)s
1449 (Cquatemary)l 1446 (Cquatemary)l 1428 (CS), 1356 (Cquatemary)l
131.6 (Cyrom)s 130.8 (Coutemary)y 1293 (Corom), 126.1 (Copo), 124.8
(Carom)l 122.0 (Cquaternary)l 113.6 (Carom)l 104.9 (Cquaternary)l 56.1
(OCH,), 40.8 (CH,), 39.3 (CH,), 15.6 (CHS), 15.5 (CH,). IR (film)
v (em™): 3012, 2079, 1602, 1572, 1208. ESI-HRMS m/z: calcd for
C3H,6NyOPt, [M + H]*, 723.1904; found, 723.1882.

Synthesis of 5¢c. As for 4a, from 9-ethyl-6-ethynylpurine (12 mg,
0.13 mmol), NaOH (5.1 mg, 0.13 mmol), and 3c (40 mg, 0.08
mmol). Complex Sc was obtained as a bright orange solid (35 mg,
78%). '"H NMR (500 MHz, CD,CL,), § (ppm): 10.6 (s, J("H-'"°Pt)
= 14.8 Hz, 1H, CHS), 9.86 (d, ] = 6.3 Hz, J("H—"°Pt) = 24.6 Hz, 1H,
CH,,...), 8.97 (s, 1H, CH2), 8.81 (s, 1H, CH2’), 8.73 (d, ] = 7.4 Hz,
1H, CH,,.), 8.01 (s, 1H, CHS8’), 7.92 (t, ] = 7.4 Hz, 1H, CH,,,,.),
7.80 (d, ] = 9.8 Hz, 2H, CH,,,.), 740 (t, ] = 7.4, 1H, CH,,,...), 7.24
(t, ] = 7.4 Hz, 1H, CH,,o), 461 (q, ] = 7.1 Hz, 2H, CH,), 432 (q, ]
=7.6 Hz, 2H, CH,), 1.73 (,] = 7.1 Hz, 3H, CH,), 1.58 (t, ] = 7.4 Hz,
3H, CH;). 3C NMR (126 MHz, CD,CL), § (ppm): 170.1 (C—Pt),
160.3 (C,om), 156.8 (C—Pt), 153.8 (C2), 153.8 (C2), 153.1, (C8),
151.2 (Cquaternary)l 151.0 (Cquaternary)) 150.2 (Cquaternary)J 1456
(Cquaternary)l 1543 (Cquaternary)! 1450 (Cquaternary)! 1433 (CS), 1360
(Cquatermary)r 1312 (Cooom)s 129.7 (Couaternary)s 126.5 (Corom), 1252
(Carom)l 1224 (Carom)l 105.4 (Cquaternary)J 413 (CHZ)I 39.8 (CHZ)I
16.1 (CH,), 15.9 (CH;). IR (film) v (em™): 2964, 2366, 2086, 1563.
ESI-HRMS m/z: caled for C,,H,,NgPt, [M + H]*, 667.1642; found,
667.1623.

Synthesis of 5d. As for 4a, from 9-ethyl-6-ethynylpurine (15.2 mg,
0.09 mmol), NaOH (3.5 mg, 0.09 mmol), and 3d (30 mg, 0.06
mmol). Complex 5d was obtained as a yellow solid (25.8 mg, 68%).
"H NMR (500 MHz, CD,CL,), § (ppm): 10.4 (s, J('H-"Pt) = 13.3
Hz, 1H, CHS), 8.99 (s, 1H, CH2), 8.88 (s, 1H, CH,’), 8.53 (dd, ] =
6.6, 2.6 Hz, 1H, CH,,..,), 8.01 (s, 1H, CHS8’), 7.33—7.24 (m, 2H,
CH,.om), 4.55 (q, ] = 7.3 Hz, 2H, CH,), 4.36 (q, ] = 7.3 Hz, 2H,
CH,), 4.17 (s, J(H='Pt) = 18.6 Hz, 2H, NCH,), 3.39 (s,
J(*H=""Pt) = 20.1 Hz, 6H, N(CH,),), 1.70 (t, ] = 7.3 Hz, 3H, CH,),
1.62 (t, ] = 7.3 Hz, 3H, CH;). *C NMR (126 MHz, CD,CL,), §
(ppm): 163.7 (C—Pt), 158.2 (C—Pt), 154.0 (C2), 153.2 (C2), 152.4
(Cquaternary)r 1511 (Cquaternary)’ 1506 (Cquaternary)’ 149.8 (CS), 1459
(Cquaternary)s 145:6 (Couaternary)s 1432 (C8), 136.6 (Cyuaternary)s 1317
(Cquatemary)! 124.8 (Carom)! 123.4 (Carom)! 123.3 (Carom ) 121.9
(Cousemmary) 1022 (Copntemay), 7.8 (NCH,), 563 (N(CHL),), 40.6
(CH,), 39.4 (CH,), 15.7 (CH;). IR (film) v (cm™): 2927, 2083,
1604, 1572, 1210. ESI-HRMS m/z: calcd for C,sH,(NoPt, [M + H]*,
647.1955; found, 647.1931.

Synthesis of 7a. HNMe, HCl (106 mg, 1.30 mmol), Ti(O'Pr),
(0.40 mL, 1.24 mmol), and Et;N (0.40 mL) were added to a solution
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of aldehyde 6 (300 mg, 0.62 mmol) in 20 mL of ethanol. The mixture
was stirred at rt for 24 h. Next, NaBH;CN (59 mg, 0.93 mmol) was
added, and the mixture was stirred at rt for an additional 24 h. The
reaction mixture was quenched with water and extracted with DCM.
The organic layers were dried over Na,SO,, and the solvent was
evaporated under reduced pressure to yield 7a (colorless oil) (315
mg, 99%). 'H NMR (300 MHz, CDCl,), 6 (ppm): 8.98 (s, 1H,
CH2), 8.72—8.68 (m, 1H, CH,_,,,), 8.62 (br s, 1H, CH,_,,..), 8.34 (s,
1H, CHS), 7.57—7.52 (m, 2H, CH,,,,,,), 7.24—7.14 (m, SH, CH,,.,,.),
629 (d, J = 2.4 Hz, 1H, CH,,omeric), 5-39 (dd, J = 6.4, 2.5 Hz, 1H,
CH), 5.00 (dd, J = 6.0, 2.5 Hz, 1H, CH), 4.58 (br s, 1H, CH), 4.47
(d, J = 39 Hz, 2H, PhCH,0), 3.75 —-3.56 (m, 4H, CH,N,
OCH,CH), 2.33 (s, 6H, N(CHs;),), 1.65 (s, 3H, CH;), 1.42 (s, 3H,
CH,). ®C NMR (75 MHz, CDCL), § (ppm): 154.9 (Cutemary);
152.5 (C2), 151.9 (Cyutemary)s 143.2 (C8), 138.6 (Cyuatemary)s 137.1
(Cunermary)s 1358 (Copermny)s 1321 (Conom), 1318 (Cpatnay), 1305
(Carom) 1293 (Cirom); 128.9 (Cirom), 128.5 (Corom), 1281 (Cyrom),
127.8 (Cyrom)s 114.3 (Cyuatemary)s 921 (CH,pomenc)) 864 (CH), 85.1
(CH), 82.2 (CH), 73.7 ?PhCHzo), 70.4 (CH,N), 64.2 (OCH,CH),
45.2 (N(CH3)(amina))s 27-3 (CH3), 25.5 (CHy). IR (film) v (em™):
2928, 1747, 1577, 1221. ESI-HRMS m/z: calcd for C,oHy,N;O,, [M
+ HJ, 516.2605; found, 516.2610.

Synthesis of 7b. p-Anisidine (49 mg, 0.40 mmol) was added to a
solution of aldehyde 6 (194 mg, 0.40 mmol) in 10 mL of DCM that
contains MgSO, (10% w/w). The mixture was stirred at room
temperature for 24 h. Then, MgSO, was filtered off, and the solvent
was removed under reduced pressure to yield 7b as a white solid (237
mg, 100%). '"H NMR (300 MHz, CDCL), § (ppm): 9.15 (t, ] = 2.0
Hz, 1H, CH,,,.), 9.02 (s, 1H, CH2), 8.89 (dt, ] = 8.1, 1.4 Hz, 1H,
CH,,om), 8.66 (s, 1H, CH=N), 8.38 (s, 1H, CHS8), 8.18 (dt, ] = 7.6,
1.4 Hz, 1H, CH,,,.), 7.67 (t,] = 7.8 Hz, 1H, CH,,,,.), 7.30 (d, ] = 8.3
Hz, 2H, CH,,,.), 7.24—7.13 (m, SH, CH,,...), 6.95 (d, ] = 8.7 Hz,
2H, CH,,...), 6.31 (d, J = 2.3 Hz, 1H, CH,,omenic), 541 (dd, J = 6.1,
2.8 Hz, 1H, CH), 5.01 (dd, ] = 6.1, 2.7 Hz, 1H, CH), 4.60 (br s, 1H,
CH), 447 (d, ] = 3.0 Hz, 2H, PhCH,0), 3.85 (s, 3H, OCH,), 3.74
and 3.65 (dd, J = 10.0, 3.4 Hz, 2H, OCH,CH), 1.66 (s, 3H, CH,),
1.43 (s, 3H, CH,). °C NMR (75 MHz, CDCL,), § (ppm): 158.5
(Cquatemary)l 158.2 (C=N)1 154.1 (Cquatemary)! 1526 (CZ)’ 1521
(Cquatemary)l 145.0 (Cquatemary)l 143.3 (C8), 137.1 (Cquaternary)l 137.1
(Cquatemary)l 136.3 (C uaternary)! 132.5 (Camm)i 131.8 (Cquatemary)) 130.9
(Carom)l 130.0 (Caromﬂ 129.3 (Carom)i 128.5 (Carom)) 1281 (Carom)l
127'8 (Carom)l 122'5 (Carom)) 114'5 (Carom)’ 114'3 (Cquatemary)) 92'3
(CH, omesic), 86.5 (CH), 85.2 (CH), 82.2 (CH), 73.7 (PhCH,0),
70.4 (OCH,CH), 55.6 (OCH,), 27.4 (CH;), 25.5 (CH;). IR (film) v
(ecm™): 2953, 2836, 1748, 1241, 1221. ESI-HRMS m/z: calcd for
C3,Hy,NGO;, [M + H]*, §92.2554; found, 592.2547.

Synthesis of 8a. A solution of 7a (201 mg, 0.39 mmol) in 35 mL
of dry toluene was bubbled with argon. Then, PtCl,(DMSO), (173
mg, 0.39 mmol) was added, and the mixture was refluxed under argon
for 4 days. The solvent was removed under reduced pressure, and the
residue was purified by flash SiO, chromatography (CHCl;/ethyl
acetate, 4:6) to yield 8a (brilliant yellow solid) (134 mg, 49%). 'H
NMR (500 MHz, CD,Cl,), § (ppm): 9.35 (s, J(H—""°Pt) = 13.2 Hz,
1H, CH2), 8.38 (s, 1H, CHS), 8.20 (d, ] = 7.9 Hz, 1H, CH,..),
7.26—7.15 (m, 6H, CH,,,..), 7.06 (d, ] = 7.6 Hz, 1H, CH,,,,,), 6.24
(d, J = 1.8 Hz, 1H, CH,pomenic), 5-35 (dd, J = 5.8, 2.8 Hz, 1H, CH),
4.98 (dd, ] = 6.1, 2.4 Hz, 1H, CH), 4.58 (br s, 1H, CH), 444 (d,] =
3.4 Hz, 2H, PhCH,0), 4.25 (s, J("H=""Pt) = 22.0 Hz, 2H, NCH,),
3.73 and 3.62 (dd, J = 10.3, 2.6 Hz, 2H, OCH,CH), 3.22 (d, ] = 5.6
Hz, J('H-'"Pt) = 20.4 Hz, 6H, N(CH,),), 1.62 (s, 3H, CH,), 1.40
(s, 3H, CH;). 3C NMR (126 MHz, CD,Cl,), § (ppm): 166.5 (C—
Pt), 158.0 (Cyuaternary)y 1548 (C2), 152.6 (Cquaternary), 146.1 (C8),
144.5 (Cquatemary)l 139.0 (Cquaternary)) 137.8 (Cquaternary)! 130.4
(Cquaternary)J 128.9 (Carom)J 128.5 (Carom)J 128.4 (Carom)y 1283
(Carom)l 126.0 (Carom)) 123.8 (Carom)f 114.6 (Cquaternary)z 92.8
(CH,omenc), 872 (CH), 85.6 (CH), 82.7 (CH), 78.6 (PhCH,0),
74.0 (NCH,), 71.0 (OCH,CH), 54.7 (N(CH,),), 27.5 (CHs), 25.6
(CH,). IR (film) v (cm™): 2926, 1602, 1575. ESI-HRMS m/z: caled
for C,yH;,N;O,Pt, [M—Cl]*, 709.2099; found, 709.2090.
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Synthesis of 8b. As for 8a, from 7a (189 mg, 0.32 mmol) in 32 mL
of dry toluene and PtClL,(DMSO), (141 mg, 0.32 mmol). The
mixture was refluxed under argon for S days. The solvent was
removed under reduced pressure, and the residue was purified by flash
SiO, chromatography (CHCly/ethyl acetate, 2:8) to yield 8b as a
yellow solid (66 mg, 28%). 'H NMR (300 MHz, CDCL,), § (ppm):
9.55 (s, JC(H=""°Pt) = 12.3 Hz, 1H, CHS), 9.02 (s, 1H, CH2), 8.58
(dd, J = 7.9, 1.6 Hz, J('H-""°Pt) = 11.8 Hz, 1H, CH,,,,.), 8.34 (s,
J(*H='Pt) = 58.0 Hz, 1H, CH=N), 7.65 (dd, ] = 7.6, 1.7 Hz, 1H,
CH,.om), 747 (d, J = 8.9 Hz, 2H, CH,,,.), 7.38 (t, ] = 7.8 Hz, 1H,
CH,om), 7.02—6.84 (m, 7H, CH,,,), 6.32 (d, ] = 1.9 Hz, 1H,
CH,pomeric), 540 (dd, J = 5.9, 1.8 Hz, 1H, CH), 4.90 (d, ] = 6.3 Hz,
1H, CH), 4.71 (br s, 1H, CH), 4.57 and 4.32 (d, ] = 11.7 Hz, 2H,
PhCH,0), 3.86 (s, 3H, OCH,), 3.78—3.59 (m, 2H, OCH,CH), 1.64
(s, 3H, CH;), 1.44 (s, 3H, CH;). *C NMR (75 MHz, CDCL), 6
(ppm): 177.4 (C=N), 159.3 (C—Pt), 155.0 (Cqqaternary)s 153.7 (C2),
150.2 (Cyuaternary)r 1492 (Couatemary)s 1474 (Couaternary)y 144.7 (C8),
1425 (Cquatemary)l 1368 (Cquatemary)l 1320 (Carom)l 1297 (Carom)l
128.5 (Cyuatemary)s 128.0 (Corom), 127.7 (Corom), 127.6 (Cprom), 125.4
(Carom)l 123.8 (Carom)l 121.6 (Cquaternary)l 113.9 (Cquaternary)r 113.5
(Carom), 94.8 (CH,pomeric), 87.7 (CH), 85.0 (CH), 82.6 (CH), 73.3
(PhCH,0), 704 (OCH,CH), $5.6 (OCH,), 27.2 (CH,), 25.5
(CH;). IR (film) v (cm™): 2953, 2836, 1748, 1241, 1221. ESI-
HRMS m/z: caled for C3,H;,N;O:Pt, [M — Cl]*, 785.2048; found,
785.2025.

Synthesis of 10a. Freshly prepared 9 (34 mg, 0.08 mmol) was
added to a solution of 4 mg (0.08 mmol) of NaOH in 3 mL of
MeOH, and the mixture was stirred at rt for 30 min. Then, 8a (30 mg,
0.04 mmol) was added, and the reaction mixture was stirred at rt for
24 h. The solvent was removed under reduced pressure, and the
residue was purified by flash SiO, chromatography (CHCl,/ethyl
acetate, 1:9) to yield 10a as an orange solid (27 mg, 57%). "H NMR
(500 MHz, CD,CL,), § (ppm): 9.54 (s, J(H=""Pt) = 9.8 Hz, 1H,
CH2), 8.72 (s, 1H, CH2'), 8.37 (s, 1H, CHS8), 8.27 (d, ] = 7.2 Hz,
1H, CH,,,..), 8.24 (s, 1H, CHS8'), 7.35—7.14 (m, 12H, CH,,,,), 6.23
(d) ] =24 HZ: lH) CHanomeric)) 6.21 (d) ] =24 HZ} lHl CHanomeric)l
5.37-5.33 (m, 2H, 2CH), 5.01 (dd, J = 5.7, 2.1 Hz, 1H, CH), 4.96
(dd, J = 5.7, 2.3 Hz, 1H, CH), 4.58 (br s, 1H, CH), 4.53—4.51 (br s,
1H, CH), 4.49 (d, ] = 9.2 Hz, 2H, PhCH,0), 443 (d, ] = 3.4 Hz, 2H,
PhCH,0), 4.38 (br s, 2H, NCH,), 3.74—3.69 (m, 2H, OCH,CH),
3.63—3.59 (m, 2H, OCH,CH), 3.43 (d, J = 6.0 Hz, J('H-"%Pt) =
13.2 Hz, 6H, N(CH,),), 1.63 (s, 3H, CH,;), 1.62 (s, 3H, CH;), 1.39
(s, 3H, CH;) and 1.38 (s, 3H, CH;). 3*C NMR (126 MHz, CD,Cl,),
5 (ppm): 1764 (C—Pt), 138.5 (C—Pt), 157.7 (C2), 156.0
(Cquaternary)s 153.1 (C2), 152.3 (Copaternary)s 1508 (Cuaternary)s 1472
(Cquaternary)y 1459 (C8), 145.7 (Cyupeernary)y 1427 (C8), 141.6
(Cauaternary)s 1382 (Caternary)s 137.7 (Cauaternary)s 135.7 (Copaternary)s
130.8 (Couatermary)s 1289 (2Cqom)y 128.5 (Corom)y 1284 (2C.0m),
128'3 (2Carom)’ 125‘5 (Carom)) 124’6 (Carom)l 114‘5 (Zcquatemary))
106.9 (Cguatemary)s 93.0 and 92.0 (CH,pomenic); 87-2 and 86.7 (CH),
85.7 and 85.4 (CH), 82.7 (2CH), 80.8 (NCH,), 74.0 (2PhCH,0),
71.0 and 70.9 (CH,), 56.7 (N(CH,);), 27.5, 27.4, 25.7, and 25.6
(CH,). IR (film) v (cm™): 2074, 1574, 1479. ESI-HRMS m/z: calcd
for C5,H,NyOgPt, [M + H]*, 1115.3741; found, 1115.3737.

Synthesis of 10b. As for 10a, from a solution of 4 mg (0.09 mmol)
of NaOH in 3 mL of MeOH, 35 mg (0.09 mmol) of 9, and 35 mg
(0.04 mmol) of 8b. Purification of the crude product by SiO, flash
chromatography (CHCl,/ethyl acetate, 5:95 and 1% MeOH) yielded
10b (orange solid) (21 mg, 41%). 'H NMR (500 MHz, CD,Cl,), §
(ppm): 9.96 (s, J(H-'°Pt) = 12.2 Hz, 1H, CHS), 9.00 (s, 1H,
CH2), 875 (br s, 1H, CH,,,), 874 (s, 1H, CH2'), 8.61 (s,
J(*H-"Pt) = 54.7 Hz, 1H, CH=N), 8.26 (s, 1H, CHS8'), 7.79—7.75
(m, 3H, CH,,,,), 7.43 (t,] = 7.3 Hz, 1H, CH,,,.), 7.30—7.22 (m, 5H,
CH,om), 6.99—6.87 (m, 7H, CH,,,.), 6.35 (d, ] = 2.0 Hz, 1H,
CHanomeric)l 6.22 (d) ] =20 HZJ IHI CHanomeric)l 5.52 (dl ] =55 HZ)
1H, CH), 5.37 (dd, J = 7.1, 2.7 Hz, 1H, CH), 5.01 (dd, J = 6.0, 2.0
Hz, 2H, 2CH), 4.60 (br s, 1H, CH), 4.56—4.52 (m, 1H, CH), 4.51—
4.29 (m, 4H, PhCH,0), 3.80 (s, 3H, OCH,), 3.79 (dd, J = 10.6, 3.0
Hz, 1H, OCH,CH), 3.71 (dd, J = 10.6, 3.0 Hz, 1H, OCH,CH), 3.63
(dd, J = 10.6, 3.9 Hz, 1H, OCH,CH), 3.47 (dd, ] = 10.6, 3.9 Hz, 1H,
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OCH,CH), 1.63 (s, 6H, CH;), 1.44 (s, 3H, CH,) and 1.40 (s, 3H,
CH;). *C NMR (126 MHz, CD,CL), § (ppm): 179.7 (C=N),
170.6 (C—Pt), 159.8 (C—Pt), 157.2 (Cquatemary)y 154.0 (C2), 1532
(C2), 150.9 (Cyustemary)s 150-5 (Couatemnary)s 1494 (Couaternary)s 148.5
(C8), 145.5 (Couuernary)s 1449 (Couaeernary)y 142.7 (C8), 138.1

(Cquatemary)! 137.7 (Cquatemary)ﬁ 1359 (Cquatemary)! 132.0 (Carom)r
131.0 (Cguatemary)s 129.1 (Corom); 129.0 (Cyrom), 128.5 (Cprorn), 128.4
(Carom) 1283 (Corom), 128.1 (Cypaemary)s 128.1 (Coom), 127.8
(Carom)y 1260 (Cyrom), 125.0 (Cyrom)y 1223 (Cguptemary)y 1146
(Cquatemary)l 1141 (Cquatemary)l 1139 (Carom)l 1055 (Cquatemary)l 950
and 92.0 (CH,,omeric), 88.5 and 86.6 (CH), 86.0 and 85.3 (CH), 83.3
and 82.7 (CH), 74.0 and 73.4 (PhCH,0), 70.9 and 70.7 (OCH,CH),
56.0 (OCH;), 27.5 and 27.4 (CH,), 25.7 (2CH;). IR (film) v
(cm_l): 2927, 2083, 1604, 1572. ESI-HRMS m/z: caled for
Cs6Hy,NyOPt, [M + H]*, 1192.3705; found, 1192.3701.
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