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fAbstract: A new class of substituted porphyrins has been
developed in which a different number of cyclometalated
Pt" CANAN acetylides and polyethylene glycol (PEG) chains
are attached to the meso positions of the porphyrin core,
which are meant for photophysical, electrochemical, and in
vitro light-induced singlet oxygen ('0,) generation studies.
All of these Zn" porphyrin-Pt" CANAN acetylide conjugates
show moderate to high (®,=0.55 to 0.63) singlet oxygen
generation efficiency. The complexes are soluble in organic
solvents but, despite the PEG substituents, slowly aggregate

in aqueous solvent systems. These conjugates also exhibit
interesting photophysical properties, including near-com-
plete photoinduced energy transfer (PEnT) through the rigid
acetylenic bond(s) from the Pt" CANAN antenna units to the
Zn" porphyrin core, which shows sensitized luminescence, as
shown by quenching of Pt" CANAN-based luminescence.
Electrochemical measurements show a set of redox process-
es that are approximately the sum of what is observed for
the Pt" CANAN acetylide and Zn" porphyrin units. UV/Vis
spectroscopic properties are supported by DFT calculations.

Introduction

Porphyrins are interesting because of their unique photophysi-
cal and electrochemical properties" as well as their wide range
of applications. They are extensively used in various research
areas as diverse as three dimensional optical data-storage,”
dye-sensitized solar cells,” photodynamic therapy (PDT)," mul-
tiphoton imaging,” and photogeneration of '0, for a range of
biological applications,” and sensing.”’ Furthermore, their pho-
tophysical properties make them desirable components to be
incorporated in multinuclear assemblies in which they are co-
valently attached to energy- or electron-donors (or acceptors)
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for applications such as generating charge-separated excited
states and artificial molecular electronic devices.”

There are a number of Pt" NANAN,” Pt" NACAN,® pt'
CANAC,™ and Pt" CANANT-types of organoplatinum lumino-
phoric materials reported to date. These compounds exhibit in-
teresting photophysical behavior and are promising candidates
for cellular imaging studies'"® "> and photovoltaic applica-
tions."™2*) However, relatively little attention has been paid™*
to the attachment of such cyclometalated chromophoric units
to the periphery of a porphyrin core for making hybrid supra-
molecular systems, with the two different photoactive moieties
being fused together in a single skeleton by rigid conjugation.
It is expected that hybrid supramolecular systems of this
nature could show interesting photophysical behavior for
a range of applications, and the cyclometallated Pt" units from
this family are well known for their outstanding photophysical
properties and the applications which arise from them.!'*'?

Herein, we report the synthesis of a series of porphyrins
(Scheme 1) in which different numbers of Pt" CANAN acetylide
units and PEG chains are appended to the meso positions of
the porphyrin core. These combine two types of photoactive
unit (the Pt' CANAN unit and the Zn" porphyrin unit) in
a single covalently linked assembly. With a view to possible
biological applications (luminescence imaging, PDT) they have
been partly water-solubilized by incorporation of hydrophilic
PEG chains onto the meso phenyl substituents. We have also
synthesized a mononuclear Pt" CANAN complex as a reference
compound for photophysical and electrochemical studies. The
compounds show a range of interesting properties including
effective 'O, generation, photoinduced energy transfer from

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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the Pt" units to the Zn" porphyrin core, and solvent-dependent e
aggregation. The photophysical properties discussed herein

are supported by the theoretical calculations.
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Results and Discussion
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Synthesis and characterization

2)DDQ, RT, 3h
All of the porphyrin precursors, namely 1PH2 (Scheme 2),

2PH2 (Scheme 3), and 3PH2 (Scheme 4), bearing pendant

alkyne groups protected with TMS units, were synthesized by

the conventional acid catalyzed (BF;-OEt,) pyrrole-aldehyde
macrocyclization reaction (Lindsay’s technique) in CH.Cl,, fol-

lowed by oxidation with 2,3-dichloro-5,6-dicyano-1,4-benzoqui-

none (DDQ)." Upon varying the ratio of the aldehyde mixture Zn(0Ac)z
of PEG-ylated benzaldehyde 1 and TMS-alkynyl benzaldehyde, ot dn "
the mono-TMS-alkynyl derivative 1PH2 and tris(TMS-alkynyl)
derivative 3PH2 were predominantly obtained (Scheme 2
and Scheme 4, respectively). The di-substituted derivative,
2PH2 was prepared by [2+2]-MacDonald condensation of

dipyrromethane 2 and aldehyde 1 (Scheme 3). Irlt’ ,
The obtained porphyrins were purified by several rounds of P|‘/N\
column chromatography on Al,O; and SiO,. The Zn" complexes : e
of each isolated porphyrin, that is, nPZn (n=1-3), were T neowe

obtained by reaction with anhydrous Zn(OAc), in CHCl;/MeOH i
(10:1) under reflux. The porphyrin—platinum linked products,
P-Ptn, (where n=1-3) were synthesized by removal of the TMS

protecting groups of nP (n=1-3) with K,CO; to generate the  Scheme 3. Preparation of P-Pt2. R=(CH,CH,0);Me.
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Scheme 4. Preparation of P-Pt3. R=(CH,CH,0);Me.

terminal alkynes; this was followed by coupling with previous-
ly-prepared organoplatinum complex, Pt' CANANCI in the pres-
ence of NaOMe, as reported by Williams and co-workers
The final products were all purified by using a Sephadex
column to remove excess Pt" CANANCI and obtain the materi-
als in pure form. The result is a series of complexes in which
one, two, or three Pt" CANAN units are connected to the Zn"
porphyrin core by ethynylphenyl linkages to the meso posi-
tions, and three, two, or one aromatic groups are attached at
the remaining positions. NMR and mass spectroscopic analysis
support the proposed structures.

We also prepared the phenyl-substituted platinum complex
Ph-Pt, by reaction of Pt' CANANCI with phenylacetylene, as
a reference for photophysical studies. The crystals of Ph-Pt
suitable for X-ray crystallographic analysis were obtained from
CHCl;/hexane. The molecular structure of Ph-Pt shows the ex-
pected four-coordinate square-planar Pt' coordination geome-
try in which the phenyl group of the alkyne substituent is
nearly perpendicular to the Pt" CANAN mean plane (Figure 1).
Selected bond lengths and angles are given in Table 1. The
structure reveals the presence of two crystallographically inde-
pendent complex molecules in the asymmetric unit (Figure 1b)
with the shortest Pt1--Pt2 separation of 9.890 A, indicating no
metal-metal interaction in solid state.

Absorption spectra and solution aggregation

UV/Vis absorption spectra of all the compounds were carried
out in MeCN, and also in water/DMSO (97:3). The absorption
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Figure 1. a) The molecular structure of Ph-Pt from single crystal data; b) the
two independent complexes in the asymmetric unit. Ellipsoids are set at
509% probability.

Table 1. Selected Bond Lengths [A] and angles [°] for the crystal structure
of Ph-Pt.

Pt1-C15 1.970(9) C15-Pt1-N3 175.3(3)
Pt1-N3 2.008(7) C15-Pt1-C14 94.7(3)
Pt1-C14 2.012(9) N3-Pt1-C14 82.3(3)
Pt1-N2 2.132(7) C15-Pt1-N2 105.5(3)
Pt2—C39 1.965(8) N3-Pt1-N2 77.5(3)
Pt2—C40 1.967(9) C14-Pt1-N2 159.7(3)
Pt2—N6 2.016(7) C39-Pt2-C40 95.9(3)
Pt2—N5 2.098(7) C39-Pt2-N6 81.8(3)
C39-Pt2-N5 159.1(3)
C40-Pt2-N6 177.6(3)
C40-Pt2-N5 104.9(3)
N6-Pt2-N5 77.3(3)

bands situated from 244-350 nm for Ph-Pt can be ascribed to
intra-ligand m(L)—mx*(L) transitions; the weaker, lower-energy
transition at 412 nm can be ascribed to a dnt(Pt)—mt*(L) metal-
to-ligand ("MLCT) electronic transition. In case of P-Pt1, P-Pt2,
and P-Pt3 complexes, the absorptions at 276 and 310 nm in-
crease in intensity in proportion to the number of Pt" CANAN
units attached to the porphyrin core (Figure 2); this occurs in
both solvent systems. Furthermore, the Soret band is less in-
tense and broadened for all derivatives, P-Pt1, P-Pt2, and
P-Pt3, compared to their precursors 1P, 2P, and 3 P respective-
ly (Supporting Information, Figure S53). This effect is modest in
MeCN but clearly significant in water/DMSO (97:3), indicating

61(a) 21b)
'E .
O 7 — Ph.Pt
T i —P.PHH
E 3. 1 —P.Pt2
= | —P.Pt3
®

0- 0

300 500 700 300 500 700
Al nm Alnm

Figure 2. UV/Vis spectra of Ph-Pt, P-Pt1, P-Pt2, and P-Pt3 in a) MeCN and
b) 3% DMSO in water, respectively. In the latter case the onset of aggre-
gation broadens the peaks and makes measurements of the exctincion
coefficients unreliable.
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that aggregation of the platinum-appended complexes occurs
in the predominantly aqueous solvent. The extent of aggrega-
tion is maximum in case of P-Pt1, which contains the largest
number of PEG chains in the series. Figure 3 shows the UV/Vis
spectral changes of P-Pt1 in different water/DMSO solvent mix-

= 0 min

—100% 31(b)

— 50%
—209% 430 nm —2

] (a) 430 nm

—

44 —20%

£ —15%

© —10%
- — 8%
= 7%
% 2 —5
= %
w 465 nm : :;:
—1%

0 0
300 500 700 300 500 700
Alnm Alnm

Figure 3. UV/Vis spectral changes in P-Pt1: a) upon increasing the propor-
tion of water in the water/DMSO solvent mixture (% figures shown are %
DMSO in the water/DMSO mixture); and b) with time, in 3% DMSO in water.
Sample concentrations were 5 um in both cases.

tures with respect to time. It is clear that in predominantly
aqueous media the intensity of the Soret band at 430 nm
gradually decreases, with the concominant generation of
a shoulder near 465 nm as well as the generation of broad and
overlapping Q-bands, suggesting that J-type aggregation of
P-Pt1 occurs under these solvent conditions."™ As a control ex-
periment we examined Ph-Pt on its own and found that it
showed no significant aggregation effects in either MeCN or
DMSO/water at the concentration range used for these
experiments, with UV/Vis absorbance being linearly related to
concentration between 107 and 10™°m.

The occurrence of aggregation was also supported by SEM
studies on the nature and morphology of the aggregated spe-
cies formed by P-Pt1. As shown in Figure 4, deposition from
a DMSO-D,0 solvent mixture permits observation of nano-
metric spherical aggregates of 100-600 nm diameter which

Figure 4. SEM images of P-Pt1 indicating spherical aggregation of the mole-
cules in DMSO-D,0 solution. A magnified view is shown on the right.

supports the emergence of a new red-shifted shoulder on the
Soret band: we suggest that this is due to J-aggregation'
(Figure 2). The other compounds (P-Pt2 and P-Pt3) aggregate
relatively slowly compared to P-Pt1 and did not produce any
well-defined self-assembled structures that were visible by SEM
experiments. Finally, we note that a gradual red-shift of the
Soret band occurs from P-Pt1 to P-Pt3, which shows that
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increasing the number of alkynyl substituents reduces the
energy required for the m—x* electronic transition.

Luminescence properties

Luminescence spectra of the complexes were also measured in
both MeCN and water/DMSO (97:3). The reference compound
Ph-Pt in MeCN shows typical structured phosphorescence,
with maxima at 514 and 543 nm and a lifetime of 77 ns, char-
acteristic of luminescence from an *MLCT {dmt(Pt)—m*(L)} excit-
ed state (Figure 5a)."“¥ At 77 K, Ph-Pt shows a well-resolved

Intensity / a.u.

500 600 700 500 600 700

Al nm A/nm

Figure 5. Emission spectra of Ph-Pt, P-Pt1, P-Pt2, and P-Pt3 in a) MeCN and
b) 3% DMSO in water. The concentration of all the compounds in MeCN are
approximately 2x 107w and in 3% DMSO in water are ca. 5x10°m.

Aexe =420 nm in each case.

vibronically structured emission profile with peaks at 504, 542,
and 582 nm. The rigidochromic shift of ca. 400 cm™' of the
highest-energy component on freezing is in agreement with
a transition that contains some charge-transfer character; the
mild solvent dependence at room temperature, with 4., being
blue-shifted by 15 nm with increasing solvent polarity (Sup-
porting Information, Figure S54), is also consistent with this.
Luminescence spectra of P-Ptn in MeCN indicate that all
three complexes exhibit near-complete quenching of the lumi-
nescence from the peripheral Pt" CANAN units at room tem-
perature: only porphyrin-based luminescence was observed
upon excitation at 420 nm for all three complexes, with quan-
tum yield values slightly lower than those of the porphyrin
precursors nP (Figure 5 and Table 2). This quenching of the pe-
ripheral groups could arise in principle from either photoin-
duced electron- or energy-transfer between the components.
For electron-transfer, the available excited state energy from
the Pt" CANAN unit is 19800 cm™' (from the emission maxi-
mum at 77 K) which is 2.45 eV: this could be just sufficient to
generate a charge-separated state based on the redox poten-
tials of the component parts according to the Rehm-Weller
equation (see electrochemical data below). However, the oc-
currence of photoinduced energy transfer as the quenching
mechanism is unambiguously established from excitation spec-
tra, which clearly showed that the absorption features from
the Pt" units between 250 and 350 nm lead to sensitized Zn"
porphyrin-based luminescence. The quantum yield of the por-
phyrin-based emission decreased with the increasing number
of Pt" CANAN antenna groups (Table 2). Interestingly, the Pt'-
based emission features of P-Ptn reappeared at low intensity
in MeOH/EtOH frozen glasses at 77 K as a vibronic series cen-

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 2. Photophysical data for the compounds used in the present study.

Compound Do [N e[107° Lmol'ecm™] Aq [nm] o 7/ns @,

1P 4250 690" 602, 653 0.0187 - -
428" 250 - -

2P 4250 720 603, 655" 0.019 - -
428" 280 - -

3P 4250 740" 604, 656 0.020° - -
428" 290 - -

Ph-Pt 276, 3111 32,22 514,11 5430 0.07% 77 0.72
283:[b] 320[!:] _le] _

P-Pt1 426" 550" 603, 655 0.014 2 0.63
436[b] _lel 61 2,[b] 657[b] _lel

P-Pt2 428 5409 608, 658" 0.0107 2 0.59
437[b] _le] 619,[b] 664[b] _le]

P-Pt3 4330 530" 612, 662 0.006 2 0.55
441 [b] _le 623 [b] 670[b] _lel

[a] Measurements were carried out in CH;CN. [b] Measurements were carried out in 3% DMSO in water. [c] The molar extinction coefficient values are at

Soret bands. [d] Singlet oxygen measurements were carried out in CH,Cl,. [e] Extinction coefficients and fluorescence quantum yields were not measured

in water/DMSO due to aggregation (see main text).

=——0min
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Figure 6. a) Emission spectral change of P-Pt1 in 3% DMSO in water with re-
spect to time. The concentration of P-Pt1 complex is 5x 107°M. A, =420 nm
during all the measurements. b) Emission spectra of P-Pt1, P-Pt2, and P-Pt3
in MeOH/EtOH (1:4, v/v) as a frozen glass at 77 K.

tered around 502, 537, and 575 nm, respectively, indicating
that EnT from Pt' CANAN antenna to porphyrin core is
incomplete (Figure 6). These features are weak compared to
the main porphyrin-centered emission; it may be that they are
present at RT but too weak to see, with the usual intensity
enhancement at low temperature making them just visible. In
this case, energy-transfer is not 100% efficient: we cannot
measure a lifetime for these weak features.

Using water/DMSO (97:3) as solvent, we could again see the
aggregation that is present from the UV/Vis spectra, with emis-
sion spectra changing with time after dissolution (Figure 6a;
Supporting Information, Figure S56). Gradual quenching of
fluorescence with time was apparent in every case: among all
these species P-Pt1 shows fast aggregation compared to the
others. For this reason we did not attempt to measure
luminescence quantum yield values in this solvent.

Singlet oxygen generation

The quantum yields for generation of singlet oxygen (®,) for
these complexes were determined according to previous re-
ports."” The quantum yield of 'O, generation by P-Ptn along
with that of the Ph-Pt reference were determined against the
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standard phenalenone in DCM (®,=0.95), by excitation at
355 nm with detection of phosphorescence from singlet
oxygen at 1270 nm. The experimental results revealed that the
highest efficiency of '0, generation is found for P-Pt1 (®,=
0.63) among the series, which is reasonably comparable with
other porphyrin-based systems reported recently.*9! All of
the photophysical data for the compounds are summarized in
Table 2.

Electrochemical properties

Cyclic voltammetry (CV) measurements on the complexes were
performed in dichloromethane (DCM) and dimethylformamide
(DMF) containing 0.1Mm tetra-n-butylammonium hexafluoro-
phosphate (TBAPF¢) as supporting electrolyte under an argon
atmosphere. The electrochemical data for all the references
and the complexes are summarized in Table 3. The com-
pounds, 1P, 2P, and 3P were measured under identical experi-

Table 3. Electrochemical data for the compounds used in present study.

Entity Frea V] Elea V] E'y V] B V] E, V]

1P —1.65,% —1.419 +0.81%@ +1.149 -

2P —1.62, —1.429 +0.799 +1.11@ -

3P —1.68% —1.389 +0.84% +1.11@ -

Ph-Pt - -1.77,@ +0.97,@ - -

P-Pt1 —1.82, —1.45@ +0.77,# +0.83@ +1.179
—1.48" —1.14" +1.01,” +1.12,”

P-Pt2 —1.79, —1.42,@ +0.78, +0.88% +1.209@
—1.45" —1.14" +0.99,” +1.12,”

P-Pt3 —1.71, —1.36, +0.79,® +0.949 +1.23¢@
—1.44" —1.121 +1.04,”

[a] Measurements were carried out in dry CH,Cl, or [b] dry DMF contain-
ing 0.1 M TBAPF; as the supporting electrolyte. Potentials are in V versus
the Ag°/Ag* couple (silver wire) recorded under the conditions of analy-
sis. The scan rate was 0.05 Vs~'. Under these conditions, the ferrocene/
ferrocenium couple occurred at +0.70 V in DMF and +0.50 V in CH,Cl,.

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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mental conditions to analyse the electrochemical results across
the series of complexes (Supporting Information, Figure S58a).

The CV of the mononuclear reference complex Ph-Pt re-
vealed completely irreversible behaviour at high positive/nega-
tive potentials (Table 3, Supporting Information, Figure S59a).
In contrast all of the porphyrin reference compounds (with no
Pt" CANAN substituents) showed two reversible one-electron
waves at positive potentials, associated with the porphyrin
core, and one or two irreversible reductions at negative poten-
tials. For the platinated complexes P-Ptn, we again see the fea-
tures associated with the Zn" porphyrin core, but additional
features on the outward sweep appeared at +0.77 V (P-Pt1),
+0.78V (P-Pt2), and +0.79V (P-Pt3) in DCM solution, which
correspond to the irreversible oxidation of the Pt' CANAN
group.

The electrochemical behaviour of P-Ptn in anhydrous DMF is
somewhat different: the first reductive process at ca. —1.14V
now becomes a reversible one electron reduction process,
which is equally intense for all three complexes (Figure 7),
whereas the subsequent reduction is associated with the mul-
tiple overlapping redox processes from both porphyrin and
the Pt" CANAN moieties. We can see that the peak current of
this reductive wave increases with the number of Pt' CANAN
units.

Current / pA

-15

15 0 "5 45 0
E/V vs. Ag/Ag*

Figure 7. a) Cyclic voltammograms of P-Pt1, P-Pt2, P-Pt3, and Ph-Pt; and
b) square-wave voltammograms of P-Pt1, P-Pt2, and P-Pt3. All measure-
ments were carried out in anhydrous DMF containing 0.1 m TBAPF; as the
supporting electrolyte under an Ar atmosphere. A platinum working and

counter electrode, and a silver quasi-reference electrode were used during

measurement. The scan rate was 0.05 Vs~

Furthermore, there is a slight positive shift of the reduction
potentials from P-Pt1 (—1.82V) to P-Pt3 (—1.71V) in both
DCM and DMF, indicating that P-Pt3 is the easiest to reduce
among this series. There is a similar slight positive shift of first
oxidation across the series, from +1.17V (P-Pt1) to +1.23V
(P-Pt3) in DCM. Thus, an increasing number of conjugated al-
kynyl substituents from P-Pt1 to P-Pt3 results in the porphyrin
core becoming slightly more electron-deficient, although the
effect is relatively small, presumably because the meso phenyl
substituents are orthogonal to the porphyrin plane which
limits electronic communication between the components.
Thus, the porphyrin and Pt" CANAN units can be considered to
be almost independent. The differential pulse voltammograms
for the complexes (Figure 7b) clearly show the steady increase
in current generated near reduction potential values of
—1.45 V with the incremental addition of Pt" CANAN moieties.
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For individual CVs, see the Information,

Figures S58-560.

Supporting

Theoretical studies

In an effort to gain more insight for structures and photophysi-
cal properties of P-Ptn, density functional theory (DFT) calcula-
tions were performed using the Gaussian 09 program suite.""”
All of the calculations were carried out with Becke’s three-pa-
rameter hybrid exchange functional (B3LYP);"® a basis set of 6-
31G* was employed for H, C, N, and O atoms, and for Zn" and
Pt" we used the LanL2DZ"® basis set. The structures of the
core porphyrin planes for P-Ptn were found to be nearly copla-
nar, and the Pt" CANAN unit is lying in perpendicular to the
meso-ethylphenyl bridge (Supporting Information, Figure S61).
The torsion angles between the porphyrin plane and Pt
CANAN unit are thus approximately 20° for all derivatives. The
bond lengths around Pt" center of P-Pt1 are also consistent
with the crystal structure of Ph-Pt (for example, Pt—C,yn,=
1969,  Pt—Nyyigne=2.048, Pt—Cppeny=1.992, Pt—N
2.221 A) with the bond to the anionic C donor being character-
istically shorter than the Pt—N bonds. For the other derivatives,
P-Pt2 and P-Pt3, the coordination geometry does not change
significantly upon increasing the number of Pt" CANAN units.

The frontier molecular orbitals of P-Ptn obtained from time-
dependent DFT (B3LYP) were examined (Figure 8; Supporting
Information, Figure S62-564, Tables S2-S4). For P-Pt1, it is
noted that the absorption bands are dominated by the typical
porphyrin-based MO interactions (that is, presence of a Soret
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Figure 8. Molecular orbital energy level diagram and selected density maps
of frontier orbitals of P-Pt1 (For details, see the Supporting Information).

and Q-bands); hence the spectral feature is interpreted by
Gouterman'’s four-orbital model. The HOMO and HOMO—1 are
composed of the porphyrin-based m orbitals with a,;, and a,,
symmetries, respectively, along with the contribution of the
C=C alkynyl side group. The LUMO-+1 and LUMO+2 are
dominant by the degenerate e, symmetric orbitals. In the
LUMO, the main electron density is delocalized on the Pt'
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CANAN unit, which is closely lying with the degenerated
LUMO+1 and LUMO+2. The lowest energy HOMO-LUMO
transition can be considered as an intramolecular charge
transfer (ICT), which is less contributed to the actual spectrum
(Supporting Information, Figure S66-568).

Similar to P-Pt1, the MO distributions for P-Pt2 and P-Pt3
could be understood by integration of the additional MOs of
the Pt" (CANAN) unit lying between the pairs of four orbitals of
the porphyrin  (HOMO/HOMO—1 and LUMO + [m]/LUMO +
[m+1]; where m=2 and 3, respectively) given in the Support-
ing Information, Figure S62 and S63, respectively. The energies
of HOMOs for P-Pt2 and P-Pt3 are destabilized by increasing
the number of Pt'" CANAN units due to the m-extension
through the C=C alkynyl bridges. Therefore, the HOMO-LUMO
gap (AE, eV) are systematically decreased upon installing the
Pt" units, which is in agreement of the slight redshift of the
absorption bands (Supporting Information, Figure S65).

Conclusion

We have synthesized a series of new porphyrins that combine
a Zn" tetraphenylporphyrin core and one, two, or three
pendant cyclometalated Pt" CANAN units which are attached
through the meso positions. Water solubility is assisted by the
presence of PEG groups, although this was not completely suc-
cessful in making the complexes water-soluble, as aggregation
occurred in water/DMSO mixtures; unfortunately this prevent-
ed use of the complexes as cell imaging agents. The effect of
incremental addition of Pt" CANAN groups is reflected in their
electrochemical and spectroscopic behavior. In all cases the
characteristic phosphorescence of the Pt' CANAN groups is
quenched by efficient energy-transfer to the Zn" porphyrin
core which has a lower-energy emissive excited state. All these
Zn" porphyrin-Pt" CANAN acetylides are effective photosensi-
tizers for singlet oxygen generation. Such porphyrin-based
architectures, with improved solubility, could also offer
significant possibilities for bio-imaging.

Experimental Section
Materials

All reagents and starting materials were purchased from Aldrich
Chemical Co. and were used as received. 3,5-bis(9-methoxy-1,4,7-
trioxanonyl)phenylaldehyde was synthesized using the previously
reported procedure.*®? All anhydrous solvents were acquired
from Aldrich Chemical Co. and used without further purification.
All reactions were carried out under an argon atmosphere unless
noted otherwise. Chromatographic separations were performed by
means of column chromatography by using 100-200 mesh silica
gel obtained from Merck. Final separation of the compounds was
performed by a long sephadex-LH20 column using CHCl; as
eluent.

Instruments

'H (500 MHz) and C (125 MHz) NMR spectra were recorded using
a Bruker DPX-500 spectrometer in CDCl; or CD;0D at 298 K using
either residual solvent signals or tetramethylsilane as internal
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standards. ESI-MS were recorded using a Micromass LCT instru-
ment. MALDI-TOF mass spectra were recorded using a Bruker Mi-
croflex 2 LRF 20 spectrometer with dithranol (1,8,9-trihydroxyan-
thracene) as a matrix. UV/Vis spectra were recorded using a Varian
Cary 50 spectrophotometer at 298 K (solvent as given in Table 2).
Luminescence spectra were measured on a Jobin Yvon Fluoromax
4 fluorimeter. Emission lifetime values were measured using the
time-correlated single photon counting (TCSPC) technique with an
Edinburgh Instruments “Mini 1" spectrometer, equipped with
a 410 nm pulsed diode laser as an excitation source and a Hama-
matsu H577303 photomultiplier tube (PMT) detector. The lifetimes
were calculated from the measured data using the supplied soft-
ware. Voltammetric measurements were carried out with an
Autolab PGSTAT-100 electrochemical workstation with Pt working/
counter electrodes, and an Ag wire pseudo-reference electrode, in
dichloromethane (DCM) that contained 0.1 m TBAPF, as base elec-
trolyte, under an Ar atmosphere. Ferrocene (Fc) was added as an
internal reference. Potentials are reported versus the Ag%Ag*
couple. The concentration of all compounds analyzed was 107*m
in solvents used.

X-ray crystal structure determination

Single crystals of Ph-Pt grew as orange needles by slow evapora-
tion from CHCl; in the presence of diethyl ether. The data were col-
lected using a Bruker SMART-APEX2 CCD diffractometer using
graphite-monochromated Mo-Ka radiation (1=0.71073 A) from
a sealed-tube source. The data were collected at 293 K. Details of
crystal data, data collection, and structure refinement are listed in
the Supporting Information (Tables S4, S5, S6, and S7, respectively).
After integration of the raw data, and before merging, an empirical
absorption correction was applied (SADABS)?" based on compari-
son of multiple symmetry-equivalent measurements. The structures
were solved by direct methods and refined by full-matrix least
squares on weighted F? values with anisotropic displacement pa-
rameters for the non-hydrogen using the SHELX suite of pro-
grams.?? Structure analysis was aided by use of the WinGX** pro-
gram. Neutral atom scattering factors and values used to calculate
the linear absorption coefficient are from the International Tables
for X-ray Crystallography (1992).24 CCDC 1424398 contains the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre.

SEM experiment

Scanning electron microscopy was carried out using a Hitachi S-
4800 FE-SEM at an accelerating voltage of 5kV on the samples
cast on silicon substrates. Samples for SEM measurements were
prepared by injecting a 0.5 mgmL™" solution of the compounds in
dimethylsulfoxide (10 pL) into water (0.5 mL). An aliquot of sample
was dropped from a Pasteur pipette onto a clean silicon substrate
and dried in vacuo prior to coating. Samples were coated with
platinum (ca. 5 nm) using a Hitachi S-1050 vacuum coater.

Theoretical calculations

All calculations were carried out using the Gaussian09 program
package.'"”! The 6-31G* basis set was employed for all atoms
except Pt, which was described by the Stuttgart small-core relativ-
istic effective-core potential, LanL2DZ with its accompanying basis
set."” The Becke three-parameter hybrid exchange functional and
the Lee-Yang-Parr correlation functional (B3LYP) were employed
for all DFT calculations."® The PEG chains were replaced by OMe
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groups and the propyl groups on CANAN ligand are replaced by
Me groups to minimize the computational cost of time during geo-
metrical optimization. Based on the optimized geometries in the
gas phase, the TD-DFT calculations at the same level was employed
to study the nature of transitions in the absorption spectra.

Synthesis of porphyrins

The key porphyrin precursors were synthesized by mixing pyrrole,
and two different aldehydes in an appropriate ratio in anhydrous
CH,Cl,.

A) Synthesis of porphyrins by Lindsey’s method: The mixed por-
phyrin precursors 1PH2 and 3PH2 were synthesized by following
standard Lindsey technique.™ Typically this was carried out by
taking freshly distilled pyrrole (0.278 mL, 4 mmol), 3,5-bis(9-me-
thoxy-1,4,7-trioxanonyl)phenylaldehyde (1.291 g, 3 mmol), and 4-
[(Trimethylsilyl)ethynyllbenzaldehyde (0.2023 g, 1 mmol) in a clean
and dry 1 L three-necked round-bottomed flask under an argon at-
mosphere. anhydrous DCM (700 mL) was added to this and
purged with argon for ca. 30 min at room temperature with con-
stant stirring. Thereafter, a catalytic amount of BF;-OEt, was added
to this and stirred the reaction mixture vigorously overnight at RT.
The red color generates very slowly, which darkens after 2-3 h.
DDQ (1.816 g, 8 mmol) was added gradually to this deep red solu-
tion and stirred for another 3 h at RT followed by the addition of
triethylamine (2 mL) to neutralize the dark reaction mixture. Evapo-
ration of the reaction mixture under reduced pressure and purifi-
caion by flash column chromatography using CH,Cl, as eluent af-
forded various types of mixed porphyrins in moderate to good
yield. Generally, multiple rounds of column chromatographic sepa-
rations are required to purify each different porphyrins. From this
method the bis-derivatives contains both cis and trans isomers,
which are almost inseparable, and thus to make the trans
derivative (2PH2) we used directional synthesis by using 4-[(tri-
methylsilyl)ethynyllphenyl-dipyrrole as precursor.

Typically, this was carried out by following the same procedure as
described above but taking 4-[(trimethylsilyl)ethynyllphenyl
dipyrromethane (0.636 g, 2 mmol) and 3,5-bis(9-methoxy-1,4,7-tri-
oxanonyl)phenylaldehyde (0.861 g, 2 mmol) to obtain exclusively
the trans product.

1PH2: Yield ca. 20%; 'H NMR (500 MHz, CDCl;, 298 K, TMS): 0=
—2.85 (s, 2H), 0.38 (s, 9H), 3.31 (s, 18H), 3.48-3.50 (m, 12H), 3.61-
3.63 (m, 12H), 3.68-3.70 (m, 12H), 3.76-3.78 (m, 12H), 3.92-3.95
(m, 12H), 429-4.31 (m, 12H), 6.94-6.95 (m, 3H), 7.40 (d, J=2.2 Hz,
6H), 7.88 (d, J=8.2Hz, 2H), 8.16 (d, J=82Hz, 2H), 879 (d, J=
4.8 Hz, 2H), 8.91 (s, 4H), 8.92 ppm (d, J=4.8 Hz, 2H); *C NMR spec-
tra (125 MHz, CDCl,, 298 K, TMS): =0.1, 59.0, 67.8, 69.8, 70.6, 70.7,
70.9, 71.9, 95.5, 101.4, 105.1, 114.7, 119.2, 119.8, 119.9, 122.6, 130.4,
131.2, 134.4, 142.5, 143.8, 158.0 ppm; MALDI-TOF-MS: m/z calcd for
Co;H;5,N,0,,Si: 1684.0; found: 1683.9 (100%).

2PH2: Yield ca. 25%; 'H NMR (500 MHz, CDCl;, 298 K, TMS): 6 =
—2.84 (s, 2H), 0.39 (s, 18H), 3.31 (s, 12H), 3.48-3.50 (m, 8H), 3.61-
3.63 (m, 8H), 3.68-3.70 (m, 8H), 3.76-3.78 (m, 8H), 3.92-3.94 (m,
8H), 4.29-4.31 (m, 8H), 6.94 (t, J=2.2 Hz, 2H), 7.40 (d, J=2.2 Hz,
4H), 7.88 (d, /=8.2Hz, 4H), 8.16 (d, J=82Hz 4H), 88 (d, J=
47 Hz, 4H), 894ppm (d, J=47Hz, 4H); “CNMR spectra
(125 MHz, CDCl;, 298 K, TMS): 6=0.1, 59.0, 67.8, 69.8, 70.6, 70.7,
70.9, 71.9, 95.6, 101.4, 105.0, 114.7, 119.3, 120.0, 122.6, 130.4, 134.4,
1424, 1438, 158.0ppm; MALDI-TOF-MS: m/z «calcd for
CarHi0aN,0,65i,: 1455.9; found: 1455.6 (100%).

3PH2: Yield ca. 18%; 'H NMR (500 MHz, CDCl;, 298 K, TMS): 6 =
—2.84 (s, 2H), 0.38 (s, 27H), 3.31 (s, 6H), 3.48-3.50 (m, 4H), 3.61-
3.63 (m, 4H), 3.67-3.69 (m, 4H), 3.75-3.77 (m, 4H), 3.92-3.93 (m,
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4H), 4.28-4.30 (m, 4H), 6.94 (t, J=2.2Hz, 1H), 7.39 (d, J=2.2 Hz,
2H), 7.87 (dd, J=8.3Hz, J=2.2Hz, 6H), 8.15 (dd, J/=8.2Hz, J=
1.3 Hz, 6H), 8.80 (d, J=4.8Hz, 2H), 8.81 (s, 4H), 8.94 ppm (d, J=
4.7 Hz, 2H); ®C NMR spectra (125 MHz, CDCl,, 298 K, TMS): 0 =0.1,
59.0, 67.8, 69.8, 70.6, 70.7, 70.9, 71.9, 95.6, 101.4, 105.0, 114.7, 119.5,
120.2, 122.7, 1304, 131.0, 134.4, 142.3, 143.7, 158.0 ppm; MALDI-
TOF-MS: m/z calcd for C,3Hg,N,OgSis: 1227.7; found: 1227.6 (100 %).

B) Synthesis of zinc(ll) porphyrins: Typically this was carried out
by taking 0.1 mmol solution of the free base porphyrins (0.1684 g
for 1PH2, 0.1456 g for 2PH2, and 0.1227 g for 3PH2) in 200 mL
CHCI; and MeOH (10:1 v/v) and Zn(OAc), (0.1835g, 1 mmol) in
a clean dry two-necked round-bottomed flask. The mixtures were
then refluxed for 4 h at 80°C with constant stirring. The solvents
were removed under reduced pressure and the products were ex-
tracted with CH,Cl, and washed with water, dried over MgSO,, fil-
tered, and concentrated to near-dryness. The residue was then pu-
rified by column chromatography on Al,O; using CH,Cl,/MeOH;
99:1 as eluent to afford corresponding Zn" porphyrins (1PZn,
2PZn, and 3PZn) in good yield.

1PZn: Yield ca. 95%; 'H NMR (500 MHz, CDCl;, 298 K, TMS): 6 =
0.38 (s, 9H), 2.92 (s, 18H), 3.07-3.09 (m, 12H), 3.26-3.29 (m, 12H),
3.50-3.53 (m, 12H), 3.63-3.66 (m, 12H), 3.83-3.87 (m, 12H), 4.24-
4.28 (m, 12H), 6.88 (t, J=2.1 Hz, 2H), 6.90 (t, J=2.1 Hz, 3H), 7.41-
7.42 (m, 6H), 7.87 (d, J=8.1 Hz, 2H), 8.16 (d, J=8.1 Hz, 2H), 8.85
(d, J=4.6Hz, 2H), 8.96 (s, 4H), 8.98 ppm (d, J=4.6Hz, 2H);
BCNMR spectra (125 MHz, CDCl;, 298 K, TMS): 6 =0.1, 58.5, 67.8,
69.8, 70.1, 70.4, 70.7, 71.3, 95.2, 101.3, 105.2, 114.7, 119.8, 120.6,
122.1, 130.1, 131.4, 131.8, 131.9, 134.3, 143.4, 144.6, 149.6, 149.7,
149.8, 1499, 157.7 ppm; MALDI-TOF-MS: m/z calcd for
CoH50N,0,,5i1Zn: 1747.4; found: 1747.1 (100%).

2PZn: Yield ca. 92%; 'H NMR (500 MHz, CDCl;, 298 K, TMS): 6 =
0.38 (s, 18H), 2.82 (s, 12H), 2.98-2.99 (m, 8H), 3.18-3.20 (m, 8H),
3.45-3.47 (m, 8H), 3.59-3.60 (m, 8H), 3.79-3.81 (m, 8H), 4.21-4.23
(m, 8H), 6.86 (s, 2H), 7.41 (d, J=2.1 Hz, 4H), 7.87 (d, J=8.1 Hz, 4H),
8.15 (d, J=8.1 Hz, 4H), 8.86 (d, /=4.6 Hz, 4H), 8.99 ppm (d, J=
4.6 Hz, 4H); *C NMR spectra (125 MHz, CDCl,, 298 K, TMS): 6 =0.1,
58.5, 67.9, 69.9, 70.1, 70.5, 70.7, 71.3, 953, 101.5, 105.2, 114.8,
120.1, 120.9, 122.3, 130.2, 131.6, 132.2, 134.3, 143.4, 144.6, 149.8,
157.8 ppm; MALDI-TOF-MS: m/z calcd for CgH0oN,046Si,ZN:
1519.2; found: 1519.9 (100 %).

3PZn: Yield ca. 95%; 'H NMR (500 MHz, CDCl;, 298 K, TMS): 6 =
0.39 (s, 27H), 2.65 (s, 6H), 2.79-2.81 (m, 4H), 3.02-3.04 (m, 4H),
3.36-3.38 (m, 4H), 3.52-3.54 (m, 4H), 3.74-3.76 (m, 4H), 4.18-4.20
(m, 4H), 6.83 (t, J=2.2 Hz, TH), 7.41 (d, J=2.2 Hz, 2H), 7.87 (dd, /=
8.2Hz, J=1.5Hz, 6H), 8.16 (dd, J=8.2Hz, J/=1.4Hz, 6H), 8.88 (d,
J=4.6Hz, 2H), 8.90 (s, 4H), 8.99 ppm (d, J=4.6 Hz, 2H); *C NMR
spectra (125 MHz, CDCl,;, 298 K, TMS): 6=0.1, 58.4, 67.9, 69.8, 69.9,
704, 70.7, 71.1, 95.4, 101.6, 105.2, 114.8, 120.3, 121.1, 122.3, 130.2,
131.8, 132.3, 134.3, 143.3, 144.5, 149.8, 149.9, 150.0,157.8 ppm;
MALDI-TOF-MS: m/z calcd for C,3HgN,OgSizZn: 1291.1; found:
1291.7 (100 %).

C) Desilylation of zinc(ll) porphyrins: K,CO; (83 mg, 0.6 mmol)
was added to a solution of 0.1 mmol of each of the Zn" porphyrins
(0.1747 g for 1PZn, 0.1519 g for 2PZn, and 0.1291 g of 3PZn) in
200 mL anhydrous CHCl; and MeOH (3:1). The mixtures were
stirred overnight at room temperature. The solvents were then re-
moved under reduced pressure and the products extracted with
CH,Cl, and washed with 10% NaHCO,; solution. The organic frac-
tions were dried over MgSO,, filtered and concentrated to near-
dryness. Finally, the individual residues were purified by flash
column chromatography, Al,O; (Brockmann type Ill) (CH,Cl,/MeOH,
99:1) to afford 1P, 2P, and 3P, respectively.
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1P: Yield ca. 90%; 'H NMR (500 MHz, CDCl,, 298 K, TMS): 0 =2.91
(s, 12H), 2.93 (s, 6H), 3.05-3.07 (m, 8H), 3.08-3.10 (m, 4H), 3.24-
3.26 (m, 8H), 3.27-3.29 (m, 5H), 3.46-3.48 (m, 8H), 3.49-3.51 (m,
4H), 3.59-3.61 (m, 8H), 3.62-3.64 (m, 4H), 3.80-3.82 (m, 8H), 3.83-
3.85 (m, 4H), 4.22-4.23 (m, 8H), 4.24-4.26 (m, 4H), 6.86 (t, /=
2.2 Hz, 2H), 6.89 (t, J=2.2Hz, 1H), 7.40-7.41 (m, 6H), 7.86 (d, J=
8.1 Hz, 2H), 8.17 (d, J=8.2 Hz, 2H), 8.86 (d, J=4.6 Hz, 2H), 8.96 (s,
4H), 8.98 ppm (d, J=4.6 Hz, 2H); *C NMR spectra (125 MHz, CDCl,,
298 K, TMS): 6=58.5, 67.7, 69.7, 69.8, 70.0, 70.1, 70.3, 70.4, 70.6,
70.7, 71.3, 71.4, 78.1, 83.7, 101.2, 114.7, 119.6, 120.6, 121.1, 130.2,
131.4, 131.8, 131.9, 134.3, 143.7, 144.7, 149.6, 149.7, 149.8, 149.9,
157.7 ppm; MALDI-TOF-MS: m/z calcd for CggH,1,N40,,Zn: 1675.2;
found: 1675.9 (100 %).

2P: Yield ca. 87%; '"H NMR (500 MHz, CDCl,, 298 K, TMS): 6 =2.85
(s, 12H), 3.02 (t, J=4.6 Hz, 8H), 3.22 (t, J/=4.4 Hz, 8H), 3.29 (s, 2H),
3.50 (t, J=4.7 Hz, 8H), 3.63 (t, J=4.4Hz, 8H), 3.84 (t, J=4.4Hz,
8H), 4.25 (t, J=4.3 Hz, 8H), 6.88 (s, 2H), 7.43 (s, 4H), 7.87 (d, J=
75Hz, 4H), 8.16 (d, J=7.5Hz, 4H), 887 (d, J=44Hz, 4H),
8.99 ppm (d, J=4.4Hz, 4H); “CNMR spectra (125 MHz, CDCl,,
298 K, TMS): 6 =58.6, 67.9, 69.9, 70.1, 70.5, 70.8, 71.4, 78.1, 83.8,
101.6, 114.8, 120.0, 120.9, 121.3, 130.3, 131.6, 132.2, 134.4, 1436,
1445, 149.8, 149.9, 157.8 ppm; MALDI-TOF-MS: m/z calcd for
CreHeaN,0,6Zn: 1374.9; found: 1374.7 (100%).

3P: Yield ca. 88%; 'H NMR (500 MHz, CDCl,, 298 K, TMS): 0 =2.64
(s, 6H), 2.78 (t, J=5.0 Hz, 4H), 3.00 (t, J=4.7 Hz, 4H), 3.27 (s, TH),
3.28 (s, 2H), 3.32 (t, J=5.0 Hz, 4H), 3.48 (t, J=5.0 Hz, 4H), 3.71 (t,
J=47 Hz, 4H), 416 (t, J=4.5 Hz, 4H), 6.82 (t, J=2.2 Hz, 1H), 7.41
(d, J=1.9 Hz, 2H), 7.85-7.87 (m, 6H), 8.17(d, J=7.8 Hz, 6H), 8.89 (d,
J=4.6Hz, 2H), 8.91 (s, 4H), 9.01 ppm (d, J=4.6 Hz, 2H); *C NMR
spectra (125 MHz, CDCl,, 298 K, TMS): 0=58.3, 67.8, 69.7, 69.8,
70.3, 70.6, 71.0, 78.1, 83.7, 101.5, 114.8, 120.1, 121.1, 121.3, 130.3,
1317, 131.8, 132.3, 1343, 1435, 1444, 149.7, 149.8, 1499,
150.0,157.8 ppm; MALDI-TOF-MS: m/z calcd for CgHsgN,OgZn:
1074.5; found: 1074.3 (100%).

D) Synthesis of the CANANNPr ligand: The CANANNH ligand was
prepared by following the previously reported method.” Then the
CANANNPr ligand was prepared by the standard substitution
method.'*  2-Phenyl-6-(1H-pyrazol-3-yl)pyridine (1.1g, 5 mmol)
and NaH (60 % by weight dispersed in mineral oil), (0.24 g, 6 mmol)
was taken in a 250 mL two-necked round-bottomed flask, which
was evacuated and back-filled with Ar several times. Anhydrous
THF (100 mL) was added to this and stirred for 1 h at RT. Propyl
bromide (0.91 mL, 10 mmol) was injected slowly to this reaction
mixture and heated at 70°C with constant stirring for overnight.
White solids were filtered off under vacuum. The brown solvent
mixture was evaporated under reduced pressure and the crude
product was purified by silica gel column chromatography using
hexane/diethyl ether (2:1) as the eluent to give 1.4g of the
colorless semisolid materials.

CANANNPY: Yield ca. 87%; 'H NMR (400 MHz, CDCl,, 298 K, TMS):
0=0.98 (t, J=7.4Hz, 3H), 1.97 (sextet, J=7.3 Hz, 2H), 417 (t, J=
7.2 Hz, 2H), 7.10 (d, J=2.3 Hz, 1H), 7.45-7.47 (m, 2H), 7.52 (t, J=
7.6 Hz, 2H), 7.67 (dd, J=7.8 Hz, J=0.8Hz, 1H), 7.79 (t, J=7.8 Hz,
1H), 7.97 (dd, /=7.8 Hz, J/=0.8 Hz, 1H), 8.16 ppm (dd, J=7.1 Hz,
J=1.4Hz, 2H); *C NMR spectra (100 MHz, CDCl,, 298 K, TMS): 6 =
11.2, 23.9, 54.2, 104.5, 118.2, 118.8, 127.0, 128.6, 128.9, 130.5, 137.2,
139.5, 152.0, 152.3, 156.6 ppm; ESI-MS: m/z calcd for C;;H,;N;:
263.3; found: 264.2 (100 %).

E) Synthesis of the Pt(CANAN)CI complex: In a 100 mL two-
necked clean and dry round-bottomed flask, CANANNPr ligand
(0.5267 g, 2 mmol) and K,PtCl, (0.7887 g, 1.9 mmol) was added
under an argon atmosphere. Then degassed HOAc (50 mL) was
added to this reaction mixture and heated at 110-115°C for 2 days
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with vigorous stirring. The progress of the reaction was monitored
by taking small aliquots and treating them with H,0. The appear-
ance of a red color indicated the presence of unreacted K,PtCl,.
After 2 days, the starting Pt" salt was completely consumed and
the mixture was allowed to cool to 0°C. The resulting bright
yellow crystalline complex was filtered off and washed with H,0O
and Et,0 to give 1.35 g of the crude Pt" complex as a bright yellow
solid mass. The crude product was then purified by column
chromatography using silica gel with 100% DCM as eluent.

Yield ca. 78%; "H NMR (500 MHz, CDCl,, 298 K, TMS): 6 =0.98 (t, J=
7.4 Hz, 3H), 1.99 (sextet, J=7.3 Hz, 2H), 4.59 (t, J=7.2 Hz, 2H), 6.64
(d, J=2.6Hz, 1H), 7.05 (td, J=7.5Hz, J=1.2Hz, 1H), 7.18 (td, J=
7.5Hz, J=14Hz, 1H), 7.23 (dd, /=7.8 Hz, J=1.0 Hz, 1H), 7.27 (dd,
J=7.6 Hz, J=1.4Hz, 1H), 7.34 (d, /=82 Hz, J=1.0Hz 1H), 7.53 (d,
J=2.6Hz, 1H), 7.71 (t, J=7.9 Hz, 1H), 7.79 ppm (dd, J=7.7 Hz, J=
0.9 Hz, 1H); *CNMR spectra (125 MHz, CDCl;, 298 K, TMS): 0=
10.9, 24.3, 544, 105.0, 115.8, 116.3, 124.0, 124.1,130.7, 132.4, 133.9,
138.4, 138.8, 145.8, 150.7, 152.6, 166.5 ppm; ESI-MS: m/z calcd for
CiHiNsCIPt: 492.9; found: 498.1 (M-Cl+MeCN)* (100%) and
(M-CI)* (25 %).

F) Synthesis of the Ph-Pt complex: All of the final Pt" complexes
were synthesized by following the methods reported earlier, where
the corresponding acetylides were prepared by deprotonation
with 5% NaOMe solution in MeOH followed by the addition of
cyclometallated Pt"(CANANNPK)CI complex precursor.

In a 250 mL round-bottomed flask, phenyl acetylene (0.022 mL,
0.2 mmol) was added under an argon atmosphere. Anhydrous
methanol (30 mL) was added to this. NaOMe (0.5m, 3 mL) was
added to this solution and stirred for 3 h at room temperature
under inert atmosphere. Pt'(CANAN)CI complex (0.1182g,
0.24 mmol) dissolved in CHCl; (20 mL) was added to the phenyl
acetylide solution and the solution was stirred for 1 day at 60°C in
the dark. After removing the solvent under reduced pressure and
aqueous extraction with 250 mL DCM, the crude mixture was puri-
fied by column chromatography on SiO, using dichloromethane as
eluent.

Ph-Pt: Yield ca. 45%; 'H NMR (500 MHz, CDCl,;, 298 K, TMS): 6=
0.89 (t, J=7.3Hz, 3H), 1.99 (sextet, J/=7.3Hz, 2H), 459 (t, J=
7.2 Hz, 2H), 6.54 (d, J=2.6 Hz, 1H), 6.99 (td, J=7.4Hz, J=1.2 Hz,
1H), 7.09-7.15 (m, 2H), 7.18 (dd, J=7.7 Hz, J/=0.7 Hz, 1H), 7.23-
7.29 (m, 3H), 7.33 (d, J=8.1Hz, 1H), 7.40 (d, J/=2.6 Hz, 1H), 7.46
(dd, J=8.2Hz, J=1.2 Hz, 2H), 7.60 (t, J/=7.9 Hz, 1H), 8.04 ppm (dd,
J=7.6Hz, J=0.8 Hz, 1H); ®*C NMR spectra (125 MHz, CDCl;, 298 K,
TMS): 6=10.9, 24.3, 54.4, 105.0, 115.8, 116.3, 124.0, 124.1,130.7,
132.4, 133.9, 138.4, 138.8, 145.8, 150.7, 152.6, 166.5 ppm; ESI-MS:
m/z calcd for C,5H,,N5Pt: 558.5; found: 559.1 (M+H)" (100%) and
279.2 (M)**(45%).

G) Synthesis of the porphyrin-Pt" conjugate, P-Pt1: In a 250 mL
round-bottomed flask, 1P (0.0419 g, 0.025 mmol) was added. This
was evaculated and back-filled with argon several times. Anhy-
drous methanol (10 mL) was added to this. NaOMe (0.5m, 1 mL)
was added to this and stirred for 3 h at room temperature under
inert atmosphere. Pt'(CANAN)CI (0.0148 g, 0.03 mmol) dissolved in
CHCl; (20 mL) and MeOH (10 mL) was added to the porphyrin ace-
tylide solution and the solution was stirred for 1 day at 60°C in
dark. After removing the solvent under reduced pressure and
aqueous extraction with DCM (150 mL) the crude mixture was puri-
fied by column chromatography on SiO, using dichloromethane-
methanol (95:5 v/v) as eluent. A second chromatography using
silica gel is necessary for further purification.

P-Pt1: Yield ca. 60%; "H NMR (500 MHz, CDCl;, 298 K, TMS): 6 =1.12
(t, J=7.3 Hz, 3H), 2.23 (sextet, J=7.3 Hz, 2H), 2.94-2.96 (m, 18H),
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3.11-3.15 (m, 12H), 3.29-3.34 (m, 12H), 3.53-3.57 (m, 12H), 3.66—
3.69 (m, 12H), 3.86-3.89 (m, 12H), 4.26-4.29 (m, 12H), 4.84 (t, /=
7.3 Hz, 2H), 6.64 (d, J=2.5 Hz, 1H), 6.89-6.92 (m, 3H), 7.09 (td, /=
74Hz, J=10Hz 1H), 7.26-7.29 (m, 2H), 7.36 (dd, J=7.7 Hz, J=
1.1 Hz, 1H), 7.41 (s, 1H), 7.43-7.44 (m, 6H), 7.54 (d, J=2.5Hz, 1H),
7.68 (t, J=8.0Hz, 1H), 7.86 (d, J=8.0 Hz, 2H), 8.09 (d, J=8.0 Hz,
2H), 8.28 (dd, /=7.6 Hz, J=1.0 Hz, 1H), 8.96-8.98 (m, 4H), 8.99 (d,
J=46Hz, 2H), 9.02ppm (d, J=4.6Hz, 2H); CNMR spectra
(125 MHz, CDCl;, 298 K, TMS): 6 =11.2, 24.6, 55.6, 58.6, 67.9, 69.9,
70.2, 70.5, 70.6, 70.8, 71.5, 101.4, 102.4, 105.3, 106.9, 114.7, 115.6,
116.4, 120.3, 120.5, 121.6, 123.7, 124.4, 128.0, 129.8, 131.3, 131.8,
132.0, 134.3, 137.9, 139.3, 1394, 139.6, 144.9, 146.3, 149.8, 150.2,
150.7, 154.3, 157.8, 165.4 ppm; MALDI-TOF-MS: m/z calcd for
CrosHizsN,0,,ZNPt: 2131.6; found: 2131.1 (1009%).

Synthesis of the porphyrin-Pt" conjugate, P-Pt2: In a 250 mL
round-bottomed flask, bis(phenylacetylene)porphyrin (0.1031 g,
0.075 mmol) was added. This was evacuated and back-filled with
argon several times. Anhydrous methanol (30 mL) was added to
this. Then NaOMe (0.5m, 3 mL) was added to the reaction mixture
and stirred for 3 h at room temperature under an inert atmos-
phere. Thereafter P'CANNNPr (0.111 g, 0.225 mmol) dissolved in
CHCl; (30 mL) and MeOH (20 mL) was added to the porphyrin ace-
tylide solution and the solution was stirred for 2 days at 60°C in
dark. After removing the solvent under reduced pressure and
aqueous extraction with DCM (250 mL), the crude mixture was
purified by column chromatography on SiO, using DCM-MeOH
mixture (97:4 v/v) as eluent. A second purification by silica gel
chromatography may be necessary.

P-Pt2: Yield ca. 58%; 'H NMR (500 MHz, CDCl,, 298 K, TMS): 0 = 1.11
(t, J=7.3 Hz, 6H), 2.21 (sextet, J=7.3 Hz, 4H), 2.85 (s, 12H), 2.99-
3.02 (m, 8H), 3.19-3.21 (m, 8H), 3.44-3.46 (m, 8H), 3.59-3.61 (m,
8H), 3.80-3.82 (m, 8H), 4.23-4.25 (m, 8H), 4.82 (t, J=7.3 Hz, 4H),
6.59 (d, J=2.5Hz, 2H), 6.87 (t, J=2.2Hz, 2H), 7.07 (td, J=7.4 Hz,
J=1.1Hz, 2H), 7.21-7.27 (m, 4H), 733 (dd, J/=7.8 Hz, J=1.0 Hz,
2H), 7.36 (dd, J=7.7Hz, J=1.0Hz, 2H), 7.44 (d, J=2.2 Hz, 4H),
7.50 (d, J=2.4Hz, 2H), 7.62 (t, J=7.9Hz, 2H), 7.86 (d, J=8.1 Hz,
4H), 8.12 (d, J=8.1Hz, 4H), 8.26 (dd, J=7.6 Hz, J=1.0 Hz, 2H),
9.00 (d, J=4.6 Hz, 4H), 9.03 ppm (d, J=4.6 Hz, 4H); *C NMR spec-
tra (125 MHz, CDCl;, 298 K, TMS): =112, 24.6, 55.5, 58.6, 67.9,
69.9, 70.1, 70.5, 70.7, 71.4, 101.4, 102.6, 105.3, 106.8, 114.8, 115.6,
116.3, 120.5, 121.3, 123.7, 124.4, 128.1, 129.8, 131.2, 131.5, 131.8,
132.2, 134.4, 137.9, 139.2, 139.6, 144.9, 146.3, 149.7, 149.9, 150.3,
150.6, 154.2, 157.8, 165.3 ppm; MALDI-TOF-MS: m/z calcd for
Ci10H114N;0046ZNPt,: 2287.7; found: 2287.1 (100 %).

Synthesis of the porphyrin-Pt" conjugate, P-Pt3: By following the
same synthetic route applied before, P-Pt3 was prepared. Typically
this was carried out by taking 3P (0.10745g, 0.1 mmol) in
a 250 mL three-necked round-bottomed flask. This was evaculated
and back-filled by argon several times. Anhydrous CHCl; (30 mL)
and methanol (20 mL) was added to it and stirred vigorously to
dissolve the solid mass completely. Then NaOMe (0.5m, 10 mL)
was added and stirred for 4 h at room temperature under an inert
atmosphere. Finally, Pt"(CANN)CI complex (0.2464 g, 0.5 mmol) dis-
solved in CHCl; (30 mL) and methanol (20 mL) was added to the
porphyrin acetylide solution and the stirred for 2 days at 60°C in
the dark. After removing the solvent under reduced pressure and
aqueous extraction with DCM (500 mL), the crude mixture was
purified by column chromatography on Al,O; (Brockmann lll) using
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6.44 (d, J=25Hz, 1H), 6.51 (d, J/=2.5Hz, 2H), 6.87 (t, J=2.2 Hz,
1H), 6.99-7.05 (m, 3H), 7.10 (d, J=7.7Hz, 1H), 7.16 (d, J=7.7 Hz,
2H), 7.18-7.25 (m, 4H), 7.27-7.33 (m, 5H), 7.38 (d, J=2.5Hz, 1H),
740 (d, J=2.2Hz, 2H), 7.44 (d, J=2.5Hz, 2H), 7.51 (t, J/=8.0 Hz,
1H), 7.57 (t, J=8.0 Hz, 2H), 7.82 (dd, J=8.0 Hz, J=1.3 Hz, 6H), 8.09
(dd, J=8.0 Hz, J=1.3 Hz, 6H), 8.22 (td, J/=7.7 Hz, J=1.0 Hz, 3H),
8.93-8.99 ppm (m, 8H); "*CNMR spectra (125 MHz, CDCl;, 298 K,
TMS): 6=11.0, 24.4, 554, 58.7, 67.7, 69.7, 70.2, 70.4, 70.6, 71.5,
101.0, 102.2, 105.2, 106.8, 114.7, 115.6, 116.2, 119.8, 120.8, 123.6,
124.3, 127.6, 129.5, 131.1, 131.4, 131.8, 134.4, 137.7, 139.2, 139.9,
145.2, 146.3, 149.6, 149.9, 150.0, 150.5, 154.1, 157.6, 165.0 ppm;
MALDI-TOF-MS: m/z calcd for Ci;5H,0;N;305ZnPt;: 2443.7; found:
2443.6 (100 %).
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