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New dyads consisting of 5, 15-diphenylporphyrin and pyrene chromophores were synthesized through the Suzuki cou-
pling of halogenated porphyrins with pyreneboronic acid. Two different types of dyads were obtained: one with a di-
rect connection between the macrocycles, and the other with an ethene bridge in between them. The free bases as well
as the nickel and zinc complexes of these dyads were investigated using electron absorption and emission spectrosco-
py. A weak interaction was observed between the components in the ground state in the directly linked dyads, while a
stronger interaction was found in the ethene-bridged ones. In the excited state, energy flows from pyrene to porphyrin
chromophore in both types of dyad, but with different efficiencies depending on the metal complex or free base
porphyrin used as a component of the dyad. DFT calculations provide insights into the structural features and inter-
actions in these dyads. The obtained dyads may be of interest as potential photosensitizers and ratiometric lumines-
cent sensors based on their dual blue and red luminescence.
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Hoevie ouaowi, cocmosiue us xpomogopos 3, 15-ougenurnoppupuna u nupena, oviiu CUHMeEUPOBAHLL NYMEM CO-
OUHEeHUsl 2aNI02eHUPOBAHHBIX Nopdupunos no memody Cyzyku ¢ nupeH6opoHoeol Kuciomou. bviiu nonyuenvi dea
PA3TUYHBIX MUNA OUad. 00HA C NPAMOU C853bI0 MedHCOY MAKPOYUKIAMU, a OpYeast C IMEHOBbIM MOCHUKOM MeHCOY
Humu. C80600HbIE OCHOBAHUA, A MAKHCE KOMNAEKCHl HUKEIA U YUHKA 8 IMUX Ouaoax Ovliu UcCie008aHbl ¢ NOMOWBIO
INEKMPOHHOU AOCOPOYUOHHOU U IMUCCUOHHOU CREKMPOCKONUU. B HenocpedCcmeenHo Cea3aHHbiX ouadax Haoaooa-
JI0Cb craboe 83aumooelicmeaue Mexcoy KOMNOHeHMAamu, 8 mo 8pems Kax 8 ouaoax ¢ IMeHO8bIM MOCHUKOM ObLIO 06-
Hapysiceno boaee cunbhoe 3aumooeticmaue. B 6030yocoennom cocmosinuu snepeus nepedaemcs om nupena K nop-
Gupunosomy xpomoghopy 6 0boux munax ouao, Ho ¢ paznou dgpgexmugnocmoiro. Pacuemvt memooom DFT nosgonunu
HOMYUUMb NPeOCmagieHue 0 CMpYKMypHoIX 0COOEHHOCMAX U 0emansix e3aumooeticmauil 8 smux ouadax. Ilonyuen-
Hble Ouadbl MO2ym NpedCmasisams UHMepec 8 Kaiecmee NOMEeHYUAbHbIX POMOCEHCUDUTUIAMOPO8 U PAYUOMEMPU-
YeCKUX TIOMUHECYEHMHBIX CEHCOPO8, OCHOBAHHBIX HA UX 0BOUHOU CUMEll U KPACHOU JIOMUHECYEHYUU.

Ktouesie ciioBa: [Topdupunsl, mupen, nquaasl, peakims Cy3ykH, poToCeHCHOMIN3aTOPHI, (IIyOpecIeHINsI, CEHCOPBHI.
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Introduction

Aromatic macrocycles represent chromophores with
plane rigid geometry leading to good luminescent proper-
ties. Fused benzene aromatic hydrocarbons called as poly-
cyclic aromatic hydrocarbons (PAHs) absorb light in UV
range and emit it in blue visible range. Tetrapyrrolic
macrocycles with 187 aromatic system with absorption at
near UV and visible range emit in green and red. Combin-
ing tetrapyrroles and PAHs leads to nonsymmetric dyads
attracting an attention of researchers due to the fact that,
unlike single components, they acquire new or enhance
already existing useful properties.!"" ¥ Thus, the extinction
coefficient increases, while the absorption shifts to the red
region, which is crucial for the photodynamic therapy
(PDT) in order the absorption to fall within the tissue
transparency window.”! In some cases, the absorption ap-
proaches panchromatic, which is useful for dye sensitized
solar cells. The two-photon absorption cross-section in-
creases dramatically in the conjugated porphyrin dyads,
which is also used in PDT and optical diagnostics./*”
Among the new properties is the possibility of transferring
energy and/or an electron between the components of the
dyad in an excited state.'” Thus, combining porphyrins and
PAHs into the dyad, can lead to the new properties, rather
than sum of properties of components. Among these new
properties of the dyads are energy or electron transfer pro-
cesses.”"¥ These dyads are widely used as photosensitiz-
ers for photo therapy!'**” and also as sensors,*"** in
photovoltaics,>>" nonlinear photonics,”? up-
conversion,”** efc. A typical representative of PAH is
pyrene with 14w aromatic system. High affinity of pyrene
to carbon materials allowed to use them to attach to the
surface of carbon nanotubes, fullerenes and grapheme.”>*"!
Pyrene is widely used as valuable fluorescent probes be-
cause it possesses a high quantum yield and lifetime of
fluorescence.!*') Porphyrin attachment significantly modi-
fies electronic photonic and sensor properties of
pyrene.**! The sensor capabilities of the porphyrin-
pyrene dyad are significantly enhanced due to the ability to
use the ratio of the blue luminescence from the pyrene
fragment and the red luminescence from the porphyrin
chromophore.*"

Significant factor in the interaction of components of
the dyad is a place of attachment.'** Substituents at meso-
position have stronger influence on the tetrapyrrole m-
electron system. Various dyads were studied where PAH
fragments have been attached to the meso-position of
porphyrins, including pyrene, naphthalene, perylene,
coronene.**! However, direct attachment of aromatic frag-
ments to the porphyrin does not provide conjugation be-
tween chromophores due to their orthogonal mutual orien-
tation caused by sterical hindrances at meso-position. Sub-
sequent fusion of the PAN substituent with B-position can
solve the problem but the components lose their individual-
ity. Alternatively, the conjugation of the components of the
dyad can be achieved using appropriate unsaturated bridge.
Previously, we have developed methods for the synthesis
and investigated properties of porphyrin dyads connected
by various bridges such as 1,3-butadiene,'*” butenine!*”
and azine bridges.[48’49] In this work, dyads of the 5,15-
diphenylporphyrin and pyrene were obtained using both

Maxpoeemepoyuxnvt / Macroheterocycles 2025 18(1) 16-26

U. A. Gerasimova et al.

direct attachment and ethene bridging. meso-Ethene-
bridged porphyrin-pyrene dyads have not been previously
reported, but this type of linkage promises strong conjuga-
tion and a high degree of interaction between the
chromophores. For comparison, the same chromophores
were also linked directly without conjugation.

Experimental

General

Reactions were carried out under argon atmosphere using
commercially available reagents that were purchased and used as
received. Heating reaction vessels was performed with oil bath.
Silica gel 40/60 was used for column and flash chromatography.
Preparative thin layer chromatography (TLC) was performed
using glass plates coated with 5-40 pm silica gel (5 mm thick).
'H and "*C NMR spectra were recorded with a Bruker Avance III
600 MHz spectrometer at 303K in CDCIl;. Chemical shifts are
reported relative to signals of residual protons of solvents (CDCl;
— 7.26 ppm). The assignment of the resonances in the '"H NMR
spectra was achieved by the use of COSY and HSQC techniques.
The LDI-TOF mass-spectra were obtained on a Ultraflex-II mass
spectrometer (Bruker Daltonics) in a positive ion mode using
reflection mode (20 mV target voltage) without matrix. Electronic
absorption spectra were recorded with U-2900 (Hitachi) spectro-
photometer in quartz rectangular cells of 10 mm path length. The
photoluminescence spectra were recorded on the Fluorolog-3
spectrofluorometer (HORIBA Jobin Yvon S.A.S.). The excitation
source was a 450 W xenon lamp with Czerny-Turner double
monochromators; an R928 photomultiplier and an InGaAs near-
IR detector were used to detect the signals.

Synthesis

Pyrene-1-boronic acid was obtained from commercial
sources.

2,2"-Dipyrromethane was synthesized via a slightly modi-
fied procedure by Lindsey."” A suspension of paraformaldehyde
(0.375 g, 12.5 mmol) in pyrrole (43 mL, 0.62 mol) was placed in
a 100-mL flask equipped with a reflux condenser and argon was
bubbled through the mixture for 5 min. The mixture was then
stirred and heated to 60 °C. After that, the heating was removed
and TFA (0.1 mL, 1.3 mmol) was added dropwise via syringe.
The temperature rise about 10 °C was observed, the solution
turned yellow, and the paraformaldehyde was completely dis-
solved. Reaction mixture was then stirred for an hour without
heating and quenched by adding KOH pellets (0.5 g, 0.09 mmol)
and stirring for 10 min. Then the reaction mixture was passed
through a short silica pad and distilled in a Kugelrohr starting at
10 mmHg, to remove excess pyrrole, followed by distillation at
0.1 mmHg with gradually increasing bath temperature from 120
to 180 °C. The product was obtained as colorless crystals in a
yield of 1.33 g (73%), mp 75 °C. '"H NMR (600 MHz, CDCl,,
303 K) 8 ppm: 3.99 (2H, s, CH,), 6.07 (2H, m), 6.18 (2H, q, J =
2.9 Hz), 6.67 (2H, m), 7.84 (2H, br.s, NH).

5,15-Diphenylporphyrin (1) was synthesized by Mc Donald
[2+2] condensation of dipyrromethane and benzaldehyde with
slightly modified procedure of Therien.®") A 1 L flask filled with
argon and shielded from light with aluminum foil was charged
with dipyrromethane (0.59 g, 4 mmol), benzaldehyde (0.41 mL,
4 mmol), and 0.75 L of dry methylene chloride. The solution was
deoxygenated with argon bubbling for 10 min. Trifluoroacetic
acid (48 pL, 0.62 mmol) was added dropwise via syringe, and the
solution was stirred for 3 h at room temperature. Then the solu-
tion of DDQ (1.4 g, 5 mmol) in 10 mL THF was added to the
reaction mixture, which was further stirred for an hour. After that,
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the mixture was neutralized with 5 mL of triethylamine and con-
centrated in rotary evaporator to 50 mL, passed through a silica
pad and purified by column chromatography on silica gel column
(20x3 cm) with eluent CH,Cl,—C¢Hg 1:1. The product was obtained
as purple crystals in a yield of 0.59 g (63%). 'H NMR (600 MHz,
CDCl;, 303 K) 6 ppm: —3.07 (s, 2H, NH), 7.84 (6H, m, Ph), 8.31
(4H, m, Ph), 9.11 (4H, d, J=4.5 Hz, -H), 9.42 (4H, d, /=4.5 Hz, B-
H), 10.34 (2H, s, meso-H). UV-Vis (CH,Cl,) Apax (A) nm: 412
(1.00), 508 (0.035), 543 (0.006), 580 (0.014), 636 (0.003).

5-Bromo-10,20-diphenylporphyrin (2) was synthesized with
modified procedure of Liebeskind.!*” 5,15-Diphenylporphyrin (1)
(0.29 g, 0.63 mmol) was dissolved in a mixture of CH,Cl, and
MeOH (9:1, 150 mL) and NBS (0.11 g, 0.63 mmol) was added.
The reaction mixture was stirred at room temperature for 15 min
and then quenched with acetone (15 mL). The solvent was evapo-
rated and the residue was purified using gradient column chroma-
tography with a CH,Cly—hexane system (1:4 to 2:1). The yield of
2 was 0.28 g (81%). 'H NMR (600 MHz, CDCls, 303 K) & ppm: -
3.08 (s, 2H, NH), 7.8 (6H, m, Ph), 8.22 (4H, m, Ph), 8.97 (4H, d,
J=4.7 Hz, B-H), 9.31 (2H, d, J = 4.7 Hz, B-H), 9.75 2H, d, J =
4.7 Hz, B-H), 10.19 (I1H, s, meso-H). >C NMR (150 MHz,
CDCl;, 303 K) & ppm: 141.8, 135.2, 132.9, 132.6, 132.3, 128.5,
127.5,120.9, 106.1, 103.9. UV-Vis (CH,Cl,) Apax (Are) nm: 414
(1.00), 511 (0.052), 545 (0.017), 587 (0.017), 643 (0.012).

Zn(Il) 5-Bromo-10,20-diphenylporphyrin (4) was synthe-
sized according to Liebeskind.®? A solution of 5-bromo-10,20-
diphenylporphyrin (2) (0.33 g, 0.61 mmol) in chloroform (80 mL)
was added to a solution of zinc acetate (0.66 g, 3 mmol) in meth-
anol (40 mL), and refluxed for an hour. Then the reaction mixture
was allowed to cool and poured in water (0.2 L), extracted with
CH,Cl, (100 mL) and dried over sodium sulfate. The solution was
passed through a silica pad, and the solvent was evaporated,
yielding 0.31 g (83%) of the product. "H NMR (600 MHz, CDCl;,
303 K) & ppm: 7.80 (6H, m, Ph), 8.21 (4H, m, Ph), 9.04 (4H, d,
J=4.5 Hz, B-H), 9.35(2H, d, J = 4.5 Hz, B-H), 9.81(2H, d, J=4.5
Hz, B-H), 10.21 (1H, s, meso-H). UV-Vis (CH,Cly) Apax (Arer)
nm: 416 (1.00), 546 (0.04).

Ni(l) 5,15-Diphenylporphyrin (NiDPP) (5). 5,15-Diphenyl-
porphyrin (1) (0.3 g, 0.65 mmol) and Ni(OAc), (1.3 g, 7.7 mmol)
were dissolved in DMF (20 mL), and the solution was refluxed
for 12 h. After that the mixture was poured in water (0.4 L) and
extracted with CH,Cl, (100 mL), washed with water (3x100 mL)
and dried over Na,SO,. The solvent was evaporated, and the
product was further purified by column chromatography using
CH,Cl, as an eluent. The yield of the product (5) was 0.3 g
(90%). 'H NMR (600 MHz, CDCls, 303 K) & ppm: 7.75 (6H, m,
Ph), 8.09 (4H, m, Ph), 8.97 (4H, d, J= 4.5 Hz, -H), 9.22 (4H, d,
J = 4.5 Hz, B-H), 9.97 (2H, s, meso-H). UV-Vis (CH,Cly) Apax
(Are) nm: 403 (1.00), 519 (0.074), 551 (0.035).

Ni(Il) 5-Formyl-10,20-diphenylporphyrin (6) was obtained
via the Vilsmeier-Haack formylation reaction of Ni(II) 5,15-
diphenylporphyrin (5).%! Ni(II) 5,15-diphenylporphyrin (5) (50 mg,
0.096 mmoip) was dissolved in 1,2-dichloroethane (10 mL). Then,
3.5 mL of the Vilsmeier reagent, obtained from 2 mL (25.8 mmol) of
DMF and 2 mL (21.5 mmol) POCl;, was dropwise added to the
solution of 5 with rapid stirring. The reaction was stirred for 4 h
at 50 °C, then the reaction mixture was poured in water (50 mL)
and extracted with CH,Cl, (50 mL). The organic phase was
washed with water (3x30 mL), saturated solution of NaHCO;
(30 mL) and dried over Na,SO,. The solvent was evaporated in
vacuum and the residue was purified using column chromatog-
raphy in the CH,Cl,—petroleum ether (2:1) eluent. The product
was crystallized from petroleum ether, yielding 45 mg (86%) of
6. "H NMR (600 MHz, CDCls, 303 K) & ppm: 7.72 (6H, m, Ph),
7.97 (4H, m, Ph), 8.73 (2H, d, J=4.5 Hz, B-H), 8.89 (2H, d, J =
4.5 Hz, B-H), 9.01(2H, d, J = 4.5 Hz, B-H), 9.68 (1H, s, meso-H)
9.84 (2H, d, J=4.5 Hz, B-H), 12.10 (1H, s, CHO). UV-Vis
(CH,Cly) Apax (Are) nm: 423 (1.00), 551 (0.055), 582 (0.071),
599 (0.082).
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Ni(ll) 5-(2-iodoethenyl)-10,20-diphenylporphyrin (7) was
synthesized from Ni(Il) 5-formyl-10,20-diphenylporphyrin (6)
using slightly modified procedure*”? of the Takai reaction.**
CrCl, (300 mg, 2.44 mmol) was dried by heating at 180-200 °C
under vacuum 0.1 mmHg for 10 min, then the flask was allowed
to cool, filled with argon and dry deoxygenated THF (3 mL)
was added. The resulted slurry was stirred for 15 min. To another
flask containing Ni(II) 5-formyl-10,20-diphenylporphyrin (6) (50
mg, 0.091 mmol), 6 mL of dry THF was added, followed by CHI;
(220 mg, 0.56 mmol) and the mixture was stirred for 10 min, then
the solution was dropwise added to the CrCl, suspension over a
period of 10 min. The reaction mixture was then stirred at room
temperature for 3 h. The solution changed from purple to dark red
over time. The reaction mixture was subsequently passed through
a short silica plug using diethyl ether as an eluent. Then the sol-
vent was evaporated in vacuum, the residue was dissolved in
CH,Cl, (30 mL) and washed with water (3x30 mL) and dried
over Na,SO,4. Then the solvent was evaporated in vacuum, and
the residue was dissolved in minimum amount of diethyl ether
and treated with tetrabutylammonium fluoride (TBAF) (1 mL, 1
M in THF) to remove excess of CHI; for 15 min. Then, the solu-
tion was passed through a short silica plug using diethyl ether as
an eluent, the solvent was evaporated in vacuum, the residue dis-
solved in CH,Cl, (30 mL), washed with water (3x20 mL) and
dried over Na,SO,4. Then the solvent was evaporated in vacuum,
and the residue was subjected to column chromatography using
CH,Cly/petroleum ether (2:3) as an eluent, yielding 33 mg (54%)
of 7. '"H NMR (600 MHz, CDCl;) & ppm: 9.71 (1H, s, meso-H),
9.63 (1H, d, J = 14.68 Hz, I-CH=CH), 9.68 (2H, d, J = 4.95 Hz,
p-H), 9.06 (2H, d, J = 4.76 Hz, -H), 9.68 (2H, d, J = 4.95 Hz, f-
H), 8.85 (2H, d, J = 4.88 Hz, p-H), 8.82 (2H, d, J=4.70 Hz, -
H), 8.01 (4H, m, Ph), 7.74 (6H, m, Ph), 6.75 (1H, d, J = 14.68 Hz,
I-CH=CH). '*C NMR (150 MHz, CDCl;, 303 K) & ppm: 86.60,
104.88, 114.68, 118.68, 126.96, 127.85, 130.91, 132.35, 132.73,
133.70, 133.84, 140.56, 140.63, 142.22, 142.67, 143.89. UV-Vis
(CH,Cly) Apax (Arer) nm: 419 (1.00), 533 (0.088).

5-(2-lodoethenyl)-10,20-diphenylporphyrin (8). Ni(I) 5-(2-
iodoethenyl)-10,20-diphenylporphyrin (7) (50 mg, 0.075 mmol) was
dissolved in 10%vv sulfuric acid in trifluoroacetic acid (10 mL).
The mixture was stirred at room temperature for 30 min and
poured in ice water (100 mL), extracted with CH,Cl, (50 mL) and
washed with water (2x20 mL), saturated NaHCO; (20 mL) and
dried over Na,SO,. The solvent was evaporated at reduced pres-
sure and the residue was purified by column chromatography on
silica gel, eluting with CH,Cl,/petroleum ether (3:2). The yield of
8 was 20 mg (44%). '"H NMR (600 MHz, CDCl;) & ppm: 7.83
(6H, m, Ph in Porphyrin), 8.25 (4H, m, Ph in Porphyrin), 7.19
(1H, d, J=15.72 Hz, C*H Ethenyl), 9.0 (4H, m, B-H in Porphyrin),
9.30 (2H, d, J = 3.83 Hz, B-H in Porphyrin), 9.44 (2H, d, J=4.22
Hz, B-H in Porphyrin), 9.96 (1H, d, J = 15.72 Hz, C'H Ethenyl),
10.19 (1H, s, meso-H in Porphyrin) UV-Vis (CH,Cly) Ay (Arel)
nm: 416 (1.00), 513 (0.043), 549 (0.024), 589 (0.019), 645
(0.011). LDI m/z: found 487.209, calc. for [M-I]" CsH,3Ny:
487.192.

Zn(1l) 5-(pyrene-1-yl)-10,20-diphenylporphyrin (11). Zn(1l)
5-bromo-10,20-diphenylporphyrin (4) (24 mg, 0.04 mmol),
pyrene-1-boronic acid (9) (15 mg, 0.06 mmol), Pd(dba), (1.1 mg,
0.0019 mmol), CyJohnPhos (1.4 mg, 0.004 mmol), Cs,CO;
(52 mg, 0.16 mmol) were loaded in the flask filled with argon,
then THF (8 mL) and water (0.3 mL) were added and stirred at 60 °C
for a day. Then the solvent was evaporated and the residue was
purified by column chromatography on silica gel, eluting with
CH,Cl,. The yield of 11 was 20.4 mg (71%). '"H NMR (600 MHz,
CDCl;, 303 K) 8 ppm: 7.43 (1H, d, J = 9.41 Hz, Pyrenyl), 7.67
(1H, d, J=9.41 Hz, Pyrenyl), 7.78 (6H, m, Ph in Porphyrin), 8.07
(2H, m, Pyrenyl), 8.27 (4H, m, Ph in Porphyrin), 8.34 (2H, m,
Pyrenyl), 8.43 (1H, d, /= 9.20 Hz, Pyrenyl), 8.54 (1H, d, /=7.56 Hz,
Pyrenyl), 8.65 (2H, d, J = 4.56 Hz, B-H in Porphyrin), 8.83 (1H,
d, J=17.56 Hz, Pyrenyl), 8.92 (2H, d, J=4.56 Hz, -H in Porphyrin),
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9.13 (2H, d, J=4.46 Hz, 3-H in Porphyrin), 9.46 (2H, d, J = 4.46
Hz, B-H in Porphyrin), 10.43 (1H, s, meso-H in Porphyrin). UV-
Vis (CHyCl) Apax (Arr) nm: 272 (0.700), 420 (1.00), 551
(0.427), 590 (0.008). LDI m/z: found 725.174, calc. for [M+H]"
C48H29N4Zn: 725.168.

5-(Pyrene-1-yl)-10,20-diphenylporphyrin (12). Zn(1l) 5-
(pyrene-1-y1)-10,20-diphenylporphyrin (11) (20 mg, 0.028 mmol)
was dissolved in choroform (5 mL) and TFA (0.02 mL) was add-
ed. The mixture was stirred at 50 °C for 10 min, then poured in
saturated NaHCOj; (40 mL), extracted with CH,Cl, (30 mL), the
extract was washed with saturated NaHCO; (40 mL) and dried
over Na,SO,. The solvent was evaporated at reduced pressure and
the residue was purified by column chromatography on silica gel,
eluting with CH,Cly/petroleum ether (1:1). The yield of 12 was 18
mg (99%). '"H NMR (600 MHz, CDCls, 303 K) & ppm: —2.74 (s,
2H, NH), 7.43 (1H, d, J=9.37 Hz, Pyrenyl), 7.69 (1H, d, J=9.52
Hz, Pyrenyl), 7.78 (6H, m, Ph in Porphyrin), 8.00 (2H, m,
Pyrenyl), 8.27 (4H, m, Ph in Porphyrin), 8.36 (2H, m, Pyrenyl),
8.43 (1H, d, J = 9.14 Hz, Pyrenyl), 8.54 (3H, m, 3-H in Porphyrin
and H in Pyrenyl), 8.82 (3H, m, B-H in Porphyrin and H in
Pyrenyl), 9.10 (2H, d, J = 4.54 Hz, B-H in Porphyrin), 9.40 (2H,
d, J = 454 Hz, B-H in Porphyrin), 10.3 (1H, s, meso-H in
Porphyrin). >C NMR (150 MHz, CDCl;, 303 K) & ppm: 105.19,
118.20, 119.79, 122.69, 124.10, 124.64, 125.31, 125.58, 126.30,
126.82, 127.25, 127.64, 127.71, 127.72, 128.05, 130.83, 131.47,
131.78, 132.68, 133.57, 134.65, 134.68, 137.36, 141.66. UV-Vis
(CH,Cly) Apax (Arer) nm: 413 (1.00), 541 (0.043). LDI m/z: found
663.263, calc. for [M+H]" C4H3/N,: 663.254.

Ni(ll) 5-(pyrene-1-yl)-10,20-diphenylporphyrin (13). 5-
(Pyrene-1-yl)-10,20-diphenylporphyrin  (12) (18 mg, 0.027
mmol), and Ni(OAc), 4H,0 (94 mg, 0.53 mmol) were stirred in
DMF (2 mL) at 150 °C for an hour. Then the mixture was poured
in water (50 mL), extracted with CH,Cl, (30 mL), washed with
water (2x20 mL) and dried over Na,SO,4. Then the solvent was
evaporated and the residue was purified by column chromatog-
raphy on silica gel, eluting with CH,Cly/petroleum ether (1:1).
The yield of 13 was 19 mg (97%). 'H NMR (600 MHz, CDCls,
303 K) 6 ppm: 7.31 (1H, d, J=9.41 Hz, in Pyrenyl), 7.78 (7H, m,
Ph in porphyrin and H in Pyrenyl), 8.10 (6H, m, Ph in porphyrin
and H in Pyrenyl), 8.32 (2H, m, in Pyrenyl), 8.37 (1H, d, J=9.12
Hz, in Pyrenyl), 8.49 (3H, m, B-H in porphyrin and H in Pyrenyl),
8.68 (1H, d, J=7.70 Hz, in Pyrenyl), 8.73 (2H, d, /= 4.87 Hz, 3-
H in porphyrin), 8.94 (2H, d, J= 4.87 Hz, 3-H in porphyrin), 9.20
(2H, d, J = 4.76 Hz, B-H in porphyrin), 9.92 (1H, s, meso-H in
porphyrin). *C NMR (150 MHz, CDCl,, 303 K) & ppm: 104.96,
114.07, 117.30, 118.85, 122.91, 124.14, 124.59, 125.29, 125.53,
126.26, 126.86, 126.94, 127.59, 127.62, 127.75, 128.02, 130.83,
131.43, 131.69, 131.93, 132.21, 132.32, 132.38, 132.61, 132.98,
133.77, 135.86, 140.96, 142.88, 142.92, 142.98, 143.38 UV-Vis
(CH,CL) Amax (Arer) nm: 242 (0.395), 274 (0.215), 340 (0.142),
409 (1.00), 521 (0.088), 550 (0.028). LDI m/z: found 719.187,
calc. for [M+H]" Cy4sH,oN,Ni: 719.174.

Ni(l) 5-(2-(pyrene-1-yl)ethenyl)-10,20-diphenylporphyrin (14).
Ni(Il) 5-(2-iodoethenyl)-10,20-diphenylporphyrin (7) (10 mg,
0.015 mmol), pyrene-1-boronic acid (9) (16 mg, 0.065 mmol),
PdClLdppf (2 mg, 0.0027 mmol), K;PO, (20 mg, 0.094 mmol)
were loaded in the flask filled with argon, then 1,4-dioxane (1
mL) and water (0.2 mL) were added and stirred at 40 °C for an 1
h. Then the mixture was poured in water (30 mL), extracted with
CH,Cl, (2x20 mL), washed with water (2x20 mL) and dried over
Na,SO,4. Then the solvent was evaporated and the residue was
purified by column chromatography on silica gel, eluting with
CH,Cly/petroleum ether (1:2). The yield of 14 was 7.5 mg (68%).
"H NMR (600 MHz, CDCl;, 303 K) & ppm: 7.74 (6H, m, Ph in
Porphyrin), 7.98 (1H, d, J = 15.60 Hz, CH Ethenyl), 8.00 (1H, t, J
= 7.57 Hz, Pyrenyl), 8.01 (5H, m, Ph in Porphyrin and H in
Pyrenyl), 8.17 (3H, m, Pyrenyl), 8.23 (1H, d, J=7.76 Hz, Pyrenyl),
8.40 (2H, m, Pyrenyl), 8.84 (2H, d, J=4.72 Hz, 3-H in Porphyrin),

Maxpoeemepoyuxnvt / Macroheterocycles 2025 18(1) 16-26

U. A. Gerasimova et al.

8.87 (1H, d, J=7.93 Hz, Pyrenyl), 8.91 (2H, d, /=4.88 Hz, 3-H in
Porphyrin), 9.1 (2H, d, J = 4.72 Hz, -H in Porphyrin), 9.60 (2H,
d, J = 4.88 Hz, B-H in Porphyrin), 9.63 (1H, d, J = 15.60 Hz, C'H
Ethenyl), 9.73 (1H, s, meso-H in Porphyrin). *C NMR (150
MHz, CDCl;, 303 K) & ppm: 104.52, 115.57, 118.60, 122.96,
123.47, 124.99, 125.24, 125.33, 125.51, 126.12, 126.98, 128.34,
130.47, 131.45, 131.59, 132.22, 132.65, 132.68, 133.71, 140.74,
141.50, 142.02, 142.12, 142.44, 142.68. UV-Vis (CH,Cly) Amax
(Ar) nm: 226 (5.4), 427 (1.00), 535 (0.128), 583(0.099). LDI
m/z: found 745.206, calc. for [M+H]" CsoH;N,Ni: 745.190.

5-(2-(Pyrene-1-yl)ethenyl)-10,20-diphenylporphyrin  (15).
5-(2-Iodoethenyl)-10,20-diphenylporphyrin (8) (10 mg, 0.016
mmol), pyrene-1-boronic acid (9) (10 mg, 0.04 mmol), K;PO, (9
mg, 0.042 mmol) were loaded in the flask filled with argon, then
1,4-dioxane (4 mL) and water (0.8 mL) were added and stirred at
room temperature for 5 min. Then PdCl,dppf (2.4 mg, 0.0032
mmol) was added and the mixture was stirred for 8 h at room
temperature. Then the mixture was poured in water (30 mL), ex-
tracted with CH,Cl, (2x20 mL), washed with water (2x20 mL)
and dried over Na,SO,. Then the solvent was evaporated and the
residue was purified by column chromatography on silica gel,
eluting with CH,Cl,/petroleum ether (3:2). The yield of 15 was
8.6 mg (79%). '"H NMR (600 MHz, CDCls, 303 K) & ppm: -2.65
(s, 2H, NH), 7.83 (6H, m, Ph in Porphyrin), 8.00 (1H, t, J = 7.54
Hz, Pyrenyl), 8.0 (4H, m, C*H Ethenyl and H in Pyrenyl), 8.27
(1H, d, J = 7.54 Hz, Pyrenyl), 8.30 (4H, m, Ph in Porphyrin), 8.47
(2H, m, Pyrenyl), 8.63 (1H, d, J = 9.44 Hz, Pyrenyl), 8.98 (1H, d,
J=17.91 Hz, Pyrenyl), 9.0 (4H, m, 3-H in Porphyrin), 9.32 (2H, d,
J =4.48 Hz, B-H in Porphyrin), 9.72 (2H, d, / =4.67 Hz, 3-H in
Porphyrin), 10.9 (1H, d, J = 15.78 Hz, C'H Ethenyl), 10.17 (1H,
s, meso-H in Porphyrin). *C NMR (150 MHz, CDCl;, 303 K) &
ppm: 104.88, 117.81, 119.99, 123.18, 123.84, 125.05, 125.27,
125.32, 125.43, 125.54, 126.15, 126.86, 127.58, 127.71, 127.78,
128.15, 129.01, 131.05, 131.49, 131.63, 132.48, 132.59, 134.68,
141.11, 141.88. UV-Vis (CH,Cly) Amax (Arr) nm: 242 (0.33),
275(0.196), 348 (0.227), 418 (1.00), 516 (0.078), 566 (0.091),
656 (0.035).

Zn(ll) 5-(2-(pyrene-1-yl)ethenyl)-10,20-diphenylporphyrin
(16). 5-(2-(Pyrene-1-yl)ethenyl)-10,20-diphenylporphyrin (15)
(8.6 mg, 0.012 mmol) was dissolved in chloroform (3.5 mL).
Then the solution of Zn(OAc),2H,0 (24 mg, 0.11 mmoms) in
methanol (1.5 mL) was added and the mixture was heated to re-
flux for an 1 h. Then the mixture was poured in water (10 mL),
extracted with CH,Cl, (15 mL), washed with water (10 mL) and
dried over Na,SO,. Then the mixture was passed through a silica
plug and the solvent was evaporated yielding 5.8 mg (62%) of 16.
'H NMR (600 MHz, CDCl;, 303 K) & ppm: 7.82 (6H, m, Ph in
Porphyrin), 8.00 (1H, t, J=7.67 Hz, Pyrenyl), 8.1 (2H, m,
Pyrenyl), 8.16 (2H, m, Pyrenyl), 8.20 (1H, d, J=7.75 Hz, Pyrenyl),
8.29 (4H, m, Ph in Porphyrin), 8.41 (2H, m, C*H Ethenyl and H in
Pyrenyl), 8.60 (1H, d, J = 9.37 Hz, Pyrenyl), 8.94 (1H, d, J = 7.85
Hz, Pyrenyl), 9.1 (4H, m, $-H in Porphyrin), 9.36 (2H, d, J=4.41
Hz, B-H in Porphyrin), 9.79 (2H, d, J = 4.59 Hz, B-H in
Porphyrin), 9.96 (1H, d, J = 15.60 Hz, C'H Ethenyl), 10.18 (1H,
s, meso-H in Porphyrin). UV-Vis (CH,Cl,y) Apax (Ae) nm: 243
(0.861), 275 (0.523), 422 (1.00), 552 (0.090), 600 (0.074). LDI
m/z: found 751.193, calc. for [M+H]" CsoH;/N,Zn: 751.184.

Quantum-chemical calculations

Quantum-chemical calculations of geometry and electronic
structure were made with the software package Gaussian 09WE
using density functional theory (DFT) method with the hybrid
correlation-exchange functional B3LYP. A full-electron 6-
31G(d,p) basis set was used for the geometry optimizations, elec-
trons of nickel and palladium atoms were rendered by the basis
set with an effective potential for internal electrons LaNL2DZ.
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The molecules were calculated in the dichloromethane solution
using the polarized continuum (PCM) model. TD-DFT calcula-
tion of the electronic transitions were performed using WB97XD
functional with DGDZVP basis set using the ground state geome-
try, calculated with B3LYP/6-31G(d,p).

Results and Discussion
Synthesis

In order to create a dyad with potential conjugation
between components, catalytic cross-coupling reactions are
the method of choice, and among them the Suzuki reaction
is one of the most efficient. The nucleopilic substrate of the
coupling was 1-pyreneboronic acid. Electrophilic partner
was halogenated porphyrin. Porphyrin component for prepara-
tion of dyads was chosen to be 5,15-diphenylporphyrin (1)
due to its free meso positions available for attachment of
another component. To directly attach pyrene to porphyrin,
the latter was brominated at meso-position with NBS in
CHCI3/MeOH. However, it should be noted that the bro-
mination proceeds with low selectivity and a mixture of 5-
bromo-10,20-diphenylporphyrin (2) along with 5,15-
dibromo-10,20-diphenylporphyrin (3) was obtained even
when using an excess of porphyrin (Scheme 1). Column
chromatography was used to separate the mixture, although
the low solubility of these compounds, especially the
dibromo compound, complicates the process. The resulting
5-bromo-10,20-diphenylporphyrin (2) was then metalated
with zinc acetate to give Zn(II) 5-bromo-10,20-
diphenylporphyrin (4). Zinc complex is better to use than
free base porphyrin in metal-catalyzed reactions. This is
because the metal-free porphyrin acts as a ligand that can
coordinate with the catalytic metal, and thus remove it
from its active state.

Alternatively, the components of the dyad were
linked via an ethene bridge. In this case, the electrophilic
substrate used for the formation of the dyad was 5-(2-
iodoethenyl)-10,20-diphenylporphyrin. This compound was
prepared from  5,15-diphenylporphyrin  using the
Vilsmeier-Haack formylation followed by the Takai reac-
tion (Scheme 1). Formylation of porphyrins is typically
carried out with Ni(II), Cu(IT) or Pd(IT) complexes, as these
are known to be robust and stable, remaining intact under
the acidic conditions in the reaction. Nickel complexes
were chosen because they were found to be most efficient
for the subsequent Takai reaction. Ni(II) 5,15-diphenyl-
porphyrin (5) was prepared by refluxing 5,15-diphenyl-
porphyrin (1) with nickel acetate in DMF. Formylation was
performed using the Vilsmeier-reagent POCl;/DMF in 1,2-
dichloroethane at 50 °C. The resulting Ni(I) 5-formyl-10,20-
diphenylporphyrin (6) was obtained in 86% yield, and trans-
formed to the Ni(Il) 5-(2-iodoethenyl)-10,20-diphenyl-
porphyrin (7) during the Takai reaction with CrCl,/CHI; in
64% yield. In order to obtain other metal complexes as
well as free base dyad, the nickel complex of the porphyrin
precursor 7 was demetalated with trifluoroacetic acid in
sulfuric acid yielding free base 5-(2-iodoethenyl)-10,20-
diphenylporphyrin (8) with 57% yield.

Having in hand all the precursors, the Suzuki coupling
of the halogenated porphyrins with 1-pyreneboronic acid
(9) was elaborated. The porphyrin substrates often yielded
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Scheme 1. Synthesis of the halogenated porphyrin substrates.

unsatisfactory results under standard cross-coupling condi-
tions. This is due to the fact that porphyrins are unique
substrates that require specialized synthetic techniques.
Standard techniques have been developed for simple ben-
zene substrates, but when applied to porphyrins, which
differ significantly in their structure, they can lead to unsat-
isfactory results."® The specific conditions needed to be
developed for each porphyrin substrate type. For the cou-
pling or Zn(II) 5-bromo-10,20-diphenylporphyrin (4) with
9 various palladium catalysts (Pd(PPhs),, Pddba,/XPhos,
Pddba,/CyJohnPhos) were tested. The reaction conditions
were optimized as follows: Cs,CO; as a base in THF or
1,4-dioxane with addition of 4%vv H,O at 60 °C for 24 h.
The Pd(PPhs), led to extensive palladium black formation
accompanied with side reaction of the hydrodebromination of
the substrate 4 leading to the Zn(II) 5,15-diphenylporphyrin
(10) as a major product. XPhos ligand performed far better
than PPhs;, however, the conversion was low after 24 h,
yielding 28% (by NMR) of the product 11. CyJohnPhos
was proved to be the most efficient, providing 71% isolat-
ed yield of the dyad 11 in these conditions (Scheme 2).
Zinc can be easily removed from porphyrin, and the corre-
sponding demetalation of the dyad was achieved in mild
conditions with 0.4 %vv trifluoroacetic acid in chloroform
solution for 10 min at 60 °C with 99% yield. The free base
dyad 12 was then metalated with nickel acetate in refluxing
DMF for 1 h to give the dyad 13 with 99% yield. Thus,
three directly linked porphyrin — pyrene dyads 11-13 were
obtained.

The Suzuki coupling of Ni(II) 5-(2-iodoethenyl)-
10,20-diphenylporphyrin (7) with 1-pyreneboronic acid (9)
was also optimized, as the iodo-ethenylporphyrin is a com-
pletely different electrophilic substrate with a higher activi-
ty towards oxidative addition to the palladium. A number
of catalysts was tested, including those used in the synthe-
sis of the directly linked dyad 11. However, the results
were not satisfactory. It was reported that PdCl,dppf was
successfully used in the Suzuki reaction of N-(2-
iodoethenyl)benzamido derivatives in the synthesis of
Alatamide.’” We found that this catalyst was also efficient
in coupling of the corresponding 2-iodoethenyl porphyrin
substrate 7. Coupling of 7 with 9 proceeded with K;PO, as
a base in dioxane/H,O 5:1 at 40 °C for an hour, yielding
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68% of the nickel dyad 14. The dyad linked by ethene
bridge is not so robust due to the presence of relatively
reactive ethene double bond. An attempt to remove the
nickel from the dyad under harsh conditions with sulfuric
acid resulted in its destruction. Therefore, the demetalation
was performed on the precursor 7, and the free base dyad
15 was obtained using the Suzuki reaction from the corre-
sponding free base iodo-ethenylporphyrin 8. The Suzuki
coupling of 8 with 9 was carried out at room temperature,
and it took 8 hours to complete the reaction giving the cor-
responding dyad 15 with 79% yield. Then zinc complex of
the dyad 16 was obtained by reaction of 15 with zinc ace-
tate yielding the dyad 16 in 62% yield. Thus, three ethene
linked porphyrin — pyrene dyads 14-16 were obtained.

NMR spectra

In the NMR spectra of the dyads characteristic signals
of 5,15-diphenylporphyrin and pyrene units were clearly
observed, but the resonances of protons are shifted com-
pared to that of the precursors. All protons of pyrene are
nonequivalent and appear as separate multiplets in the 'H
NMR spectra. In the spectra of ethene-bridged dyads there
are two doublets of protons of the double bond of the
bridge at 8.4 and 10 ppm. Resonances of both protons are
significantly shifted downfield due to the influence of both
neighboring aromatic fragments. The CH=CH bridge pro-
tons have a large J° coupling constant of ca. 16 Hz, charac-
teristic of ftrans-ethene protons. Therefore, the E-confi-
guration of the double bond was determined in the ethene-
bridged dyads.

U. A. Gerasimova et al.

Properties of electronic absorption and luminescence
spectra

UV-Vis absorption spectra of the dyads 11-16 contain
absorption bands originated from both pyrene and porphyrin
components (Figure 1). The shape and position of the pyrene
bands in some dyads have changed significantly. The maxi-
ma of the porphyrin bands are bathochromically shifted rela-
tively to that in the precursor porphyrins (Table 1). It can be
clearly seen in detail on the overlay of the spectra of nickel
complexes and their precursors (Figure 2a). Additionally, all
bands are broader, and bands in the ethene bridged dyads 14-
16 are shifted and broaden to a greater extent than those in
the directly linked components 11-13. The large spectral
change can be clearly seen at the overlay of the spectra of
ethene bridged dyads 15, 16 and its porphyrin components:
meso-vinyl-diphenyl porphyrin DPPCHCH, and its zinc
complex ZnDPPCHCH, (Figure 2b). The reason for the
bathochromic shift in the absorption bands of porphyrins is
the influence of the pyrene chromophore. This influence is
weaker in directly bridged dyads and stronger in ethene-
bridged dyads. Comparing the spectra of these dyads with
those of meso-vinyl porphyrins, we can conclude that the
influence of the pyrene unit is significantly stronger than that
of the ethene bridge. This points out on considerable interac-
tions of components in the ethene bridged dyads.

All the dyads exhibited luminescence when irradiated
at wavelengths corresponding to the absorption of both the
pyrene and porphyrin components. The type of the lumines-
cence, observed in solution at room temperature is fluores-
cence, as determined by the fast decay rate. The lumines-
cence of the nickel dyads 13 and 14 is very weak in intensi-
ty, however, the dyad 14 exhibited relatively strong blue
emission from the pyrene unit.

Ph
Pddba,
CyJohnPhos_
C52003
THF/H,0
60 °C, 24h
Ph 4
11 (M = Zn) 719 10 23%
CF4COOH/CHC, C ( % ’
. 12 (M = 2H) 99%
Ni(OAc), C
DMF 13 (M = Ni) 97%
P @
B(OH), CQ
“ PdCl,dppf /
KsPO,
dioxane/H,O
° 25-40 °C
1-8 h Bh
7 (M =Ni) 14 (M = Ni) 68%
8 (M=2H) Zn(OAc), 15 (M =2H) 79%
CHCI,/CH30H

16 (M = Zn) 62%

Scheme 2. Synthesis of the dyads of 5,15-diphenylporphyrin with pyrene.
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Table 1. UV-Vis absorption spectra data.

Absorption bands, Ay, nm?

Compound
Soret band Q-bands
DPP (1) 412 508, 543, 580, 636
NiDPP (5) 403 519, 551
ZnDPP (10) 414 548, 591
NiDPPCHCHI (7) 419 533
DPPCHCH, 413 511, 547, 588, 644
ZnDPPCHCH, 414 545, 583
11 420 551, 590
12 413 541
13 409 521, 550
14 427 535, 583
15 418 516, 566, 656
16 422 552, 600
2 recorded in CH,Cl, at concentration 10° M;
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Figure 1. Normalized UV-Vis spectra of the dyads in CH,Cl, at
concentration of 10> M.
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Figure 2. a) Normalized UV-Vis spectra of the nickel dyads 13, 14 and their starting components 5, 7, 9; b) Normalized UV-Vis spectra of
the ethene linked dyads 15, 16 and their meso-vinyl porphyrin components DPPCHCH,, ZnDPPCHCH,.
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Figure 3. a) Normalized fluorescence spectra of zinc dyads 11, 16 and its precursor 10, excitation at 420 nm (10), 425 nm (11), 405 nm (16);
b) Fluorescence spectra of the dyad 15 at two different excitation wavelengths and its precursor pyrene-boronic acid (9).
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Table 2. Luminescence parameters of dyads 11-16.

Compound hex', NM A’ NIM
10 420 595, 646
11 425 599, 649
13 410 667, 687
14 418 650, 713
15 410 673
16 405 648

Sexcitation wavelength; "maximum of emission wavelength

The fluorescent spectra of the directly linked zinc dy-
ad 11 almost repeats that of the zinc porphyrin 10 with
slightly bathochromically shifted maximum, while the band
of the ethene linked zinc dyad 16 is considerably broaden
(Figure 3a) in parallel to the corresponding broadening of
the absorption bands. The fluorescence bands fairly corre-
spond to the long wavelength absorption bands with the
Stokes shift (Table 2). Excitation of both the zinc dyads 11
and 16 at the pyrene absorption wavelengths of 315-320 nm
led to the major blue pyrene emission and minor red
porphyrin emission. Excitation of the free base dyad 15 at
the pyrene absorption band at 275 nm led to the dual blue
pyrene and red porphyrin emission of almost equal intensity
(Figure 3b). The porphyrin emission emerged probably due
to the partial energy transfer, with a low degree of transfer
in zinc dyads and a higher degree of transfer in free base
and nickel dyads.

Thus, the porphyrin-pyrene dyads can produce emis-
sion from both chromophores. When the dyad is irradiated
with UV light, blue light is emitted from the pyrene unit
and red light from the porphyrin unit, which is due to the
partial energy transfer from the excited pyrene to the por-
phyrin fragment in the dyad. An efficiency of the transfer is
lower in the metal complexes in general, but the nickel
dyad 13 represents exclusion. The presence of emission
from both chromophores, as well as the ability to excite
different fragments selectively, opens up possibilities for
using these molecules in ratiometric sensors.

U. A. Gerasimova et al.

DFT studies of the dyads

Optimization of the geometry of the molecules 11-16
was performed by the B3LYP functional and 6-31G(d,p)
basis set for light atoms and LanL.2DZ for Ni, Zn. The struc-
tural characteristics of the dyads are similar for metal com-
plexes and free bases. All direct dyads 11-13 feature almost
orthogonally oriented porphyrin and pyrene fragments with
no 7m-conjugation with each other (Figure 4). The dihedral
angle between the C-C bond linking two fragments in 13 is
about 85°. This leads to the lack of n-conjugation between
the two parts of the molecule, and consequently, to their low
level of interaction in the ground state. Contrary to the direct
dyads, all the ethene-bridges dyads 14-16 feature a tendency
towards a more coplanar arrangement of the fragments. The
dihedral angle between the porphyrin and ethene bridge in 14
is 39°, which allows appreciable m-orbitals overlap between
porphyrin and bridge leading to their n-electron conjugation.
Such a conjugation leads to the interaction of the
chromophores in the ground state, which can be responsible
for the appreciable change in their optical spectral properties.
TD-DEFT calculations of the electronic transitions using the
WB97XD functional and the DGDZVP basis set have re-
vealed that the ethene bridged dyad 14 contains a second
Soret band component that is bathochromically shifted by 25
nm (Figure 5). Both components overlap and form a broad
intense absorption band with a half width of 50 nm in the
blue range of the visible spectrum. The Q-band has been sig-
nificantly broadened and has gained much higher intensity in
the green-orange range, compared to that of the precursor 5.
The oscillator strength (f) of the Q-band at 533 nm was 0.005
in the spectrum of 5, but it has 80-fold increased to 0.16 in
the spectrum of 14. In addition, a new band at 354 nm has
emerged, corresponding to transitions between molecular
orbitals spanning all units: pyrene, porphyrin, and ethene
bridge. Therefore, TD-DFT calculations confirm that the
intense and broad absorption spectrum of the ethene-bridged
dyad results from strong intrechromophore interactions. The
difference in the interaction between the components of the
two types of dyads can be clearly seen in the plot of the fron-
tier molecular orbitals (FMOs) (Figure 6). In dyad 13, four
Gouterman FMOs are retained, and two pyrene FMOs lie
below and above. In dyad 14, the HOMO and LUMO are
centered on both chromophores and the ethene bridge. The
original pyrene FMOs also contain some porphyrin-centered
components.

o) @ Ni
@ [
o

“j 14

0oz z

Figure 4. Geometry of the dyad 13 and 14 optimized by the DFT (B3LYP/6-31G(d,p)). Hydrogen atoms are omitted for clarity.
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Figure 5. Absorption spectra of the dyad 14 and its precursor 5 calculated with TD-DFT (WB97XD/DGDZVP). Vertical blue lines corre-
spond to the energy of transitions and their oscillator strength (f).
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In conclusion, new 5,15-diphenylporphyrin-pyrene
dyads were obtained. The dyads differ in the way of linking
components: directly bonded and ethene bridged. The dyads
were obtained in the form of free bases as well as nickel
and zinc complexes. The absorption and fluorescence spec-
tra as well as DFT calculations showed a lack of conjuga-
tion between the chromophores in the directly attached dy-
ads due to the mutual almost orthogonal orientation of the
porphyrin ring and the pyrene fragment. However, efficient
interchromophore communication was observed in the
ethene linked dyads, as was deducted from their optical
spectral properties and confirmed by the DFT calculations.
The irradiation of free base and zinc dyads resulted in
strong fluorescence. The dyads feature red and blue emis-
sion regions which ratio depends on their structure and irra-
diation wavelength. The free base porphyrin-pyrene dyad
features efficient excited energy transfer from the pyrene to
the porphyrin unit, resulted in strong red porphyrin emis-
sion, while the zinc complexes possess strong green pyrene
emission. Nickel complexes showed a very weak red lumi-
nescence and a strong blue luminescence from the pyrene
chromophore in the ethene-bridged dyad, but weak blue
emission in the direct dyad. Therefore, the excited pyrene
chromophore was not completely quenched by the nickel
porphyrinate component The obtained dyads could be of
interest as potential photosensitizers and ratiometric lumi-
nescent sensors based on their tunable dual blue and red
luminescence.
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