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Two types of the novel porphyrin trimers linked by amines were synthesized by the Buchwald-Hartwig amination reac-
tion of zinc complex of 5-(4-bromophenyl)-B-octaalkylporphyrin with zinc 5, 15-di(4-aminophenyl)-10,20-dimesitylpor-
phyrin, and zinc 5,15-diaryl-B-octaalkylporphyrins, where aryl groups were functionalized with piperazine or diaza-
18-crown-6 ether. One type of trimers was bridged by one nitrogen atom of diphenylamine and another type of trimers
was linked through two different nitrogene atoms of the cyclic diamines. Each type of the trimers has required specific
catalyst composition varying in the ligands for catalytic palladium complex: BINAP and DavePhos correspondingly.
The highest 75 % yield was achieved for the piperazine linked trimer. UV-Vis spectroscopic investigations of the syn-
thesized compounds were carried out and showed that the observed spectra of the trimers consist of the spectra sum
of their porphyrin components. Thus the trimers have shown negligible interchromophore interaction in both ground
and excited states. The geometry of the trimer bridged by diphenylamine was optimized by molecular mechanics MM*
method showing angled structure with the distance between centers of the macrocycles of 16.86 A. The interaction of
the chromophores should be weak on such a distance, and there is no conjugation of electron systems of chromophores
due to the orthogonal orientation of the bridging benzene rings relative to the tetrapyrrole plane. These results of the
geometry calculations well correspond to the spectroscopic observations.

Keywords: Porphyrin trimer, oligoporphyrin, interchromophore interaction, aminoporphyrin, Buchwald-Hartwig
amination, cyclic diamine, diazacrown ether.
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Jea muna HOBbIX NOPOUPUHOBLIX MPUMEPOE C AMUHOBLIMU MOCHUKOGHIMU EPYNNAMU ObLIU CUHINE3UPOBAHbL
¢ nomowwlo peakyuu amuruposanusi byxeanvoa-Xapmeuea medcoy yunkoguvlmu Komniekcamu 5-(4-opomgpenun)-
B-oxmaanxkunnopgupuna u 35,15-0u(4-amunogpenun)-10,20-oumesumurnoppupuna u 5,15-0uapun-B-oxmaanxun-
nopUpUHOS, 8 KOMOPbIX ApUibHble PYNNbl QYHKYUOHATUSUPOBAHbL RUNEPASUHOM UL Ouasa-18-kpayn-6-s¢hupom.
Ooun mun mpumepos UCnonb3yem 6 Kauecmee Cesa3bl8auyeco MOCMUKA 00UH amom azoma OugeHuiamund, a opyaoul
MUN MPUMEPOS CBA3AH Yepe3 08ad PA3IULHbIX amMoOMd A30Md YUKAUYECKUX OUAMUHOG. J{isl NOTYUeHUs: KadHCO020 Muna
mpumepos mpebyemcs cneyupuyeckuti cocmag Kamaiuzamopd, Omiudaowe2ocs UCNOIb3YeMbIMU JUSAHOAMU OIS
Kamanumuyeckoeo nauiaouesoeo komniexca: BINAP u DavePhos, coomsemcmeenno. Haubonee svicokuii 6vixo0 75 %
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ObLI docmuzHym Olist mpumepd, Ces3aHHO20 NUNEPAZUHOBLIM MOCTMUKOM. Bbliu npogedenvl ucciedo8anus 21eKmpoH-
HOU CHEKMpPOCKONUU NO2LOWEHUSL CUHMEUPOBANHBIX COCOUHEHUL, KOMOopble NOKA3AIU, YO HAO00daemble CNeKmpbl
MPUMEPO8 COCMOSM U3 CYMMbl CNEKMPOE COCMABISIOUUX UX NOPDUPUHOBbIX KoMNoHenmos. Takum obpazom, 63aumo-
Oeticmesue mMexucoy XpomMopopamu 6 mpumepax HesHAYUMenbHO KaK 8 OCHOBHOM, MAK U 8 8030YHCOCHHOM COCMOSHUSIX.
Teomempust mpumepa, c633aHHO20 OUPDEHULAMUHOBLIM MOCTUKOM, ObLIA ONMUMUZUPOBAHA MEMOOOM MONEKYAPHOU
mexanuxu MM, u 6b110 nOKazano, 4mo cmpyKkmypa mpumepa yeioeadst ¢ pAcCmosHuem Mexicoy YeHmpami MAKpOYUKIL08
16,86 A. Bzaumooeiicmeue Xxpomoghopos na maxom paccmosHuy O0IACHo 6uimb craboe, u, Kpome mozo, Omcymcmeayem
COnpsidIceHUe INEKMPOHHBIX CUCTIEM XPOMODOPOS U3-3a OPMOSOHAILHOU OPUEHIMAYUY MOCIMUKOBLIX OEH30TbHBIX KOLeY
1O OMHOWEHUIO K MempanupporbHOll niockocmu. /lannule pe3yibmamol pacuemos 2eoMempull Xopouwo co2nacyromcs
¢ HabOOaeMbIMU NIEKMPOHHBIMU CREKMPAMU NOTOUJCHUSL.

KaloueBbie cioBa: Tpumep mnopdupuHa, onuronop@upuH, B3auMOICHCTBHE XPOMO(GOPOB, aMHHONOP(QHUPHH,
aMHHUpOBaHKe 110 byxBaib1y-XapTBury, HUKIMYECKUN IMaMUH, AUa3aKkpayH-3up.

Introduction

Multiporphyrins are of increasing interest due to their
special electronic properties arising from the interaction
of aromatic systems of the tetrapyrrole macrocycles. Such
interactions give rise to the new properties inherent in this
ensemble which are not the simple sum of components.
The nature of the interactions depends on a relative spatial
positioning, geometry, rigidity and type of the bridges
connecting porphyrinic cycles. Conjugation conductive
groups are of special interest. Expanded m-conjugation leads
to unusual electronic properties applicable in molecular
electronic devices,!" photon tunnels,! multispin molecules
with magnetic properties,[ devices for the information
storage,l) nonlinear optical (NLO) materials,®”’ and
accompanied to that increased long-wave absorbance is
important in sensitizers for photodynamic therapy (PDT)!'”
and solar cells.['!

Numerous oligoporphyrins with a large variety of
connecting fragments were reported.l'”? Among them just
a few types of relatively short linkers were explored. The
shorter distance between tetrapyrrole aromatic sytems
means the higher degree of their interaction. But the distance
is only one of the numerous parameters which can tune
the interchromophore interaction. Mutual arrangement,
angles between tetrapyrrole planes, nature of the bridges
linking porphyrins play an important role.!'™ The strongest
interaction was with w-conjugation conducting linkers. These
types of linkers are easy to insert via the well developed
catalytic cross-coupling methodology such as Heck, Suzuki,
and Sonogashira reactions.>'*191 Among them acetylene,
phenylene, and their combinations were frequently used as
linkers in oligoporphyrins. Acetylene groups were used as
the most effective conductors of m-conjugation.’+!5! The
very short distance and high conjugation lead to the strong
interaction which practically combine all porphyrins to the
united aromatic systems. The Sonogashira reaction of the
bromoporphyrin with the ethyne synton provides a simple
way to obtain oligoporphyrins linked with ethyne and also
with diarylethyne linker. The latter is considerably longer
and does not conduct conjugation due to the orthogonal
orientation of the benzene rings to porphyrin plane. Both
allow almost free rotation of the porphyrin units. The Suzuki
reaction is a simple way to synthesize oligoporphyrins with
phenylene linker which is also nonconjugated but more
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rigid than ethyne contained linkers. The above linkers are
linear holding porphyrins along one axis. Anthracene and
similar bridges were used for creating cofacial porphyrin
dimers resembling special pair. For modelling natural
photosynthesis interesting trimers combining cofacial and
linear collocation of porphyrin units were synthesized
by the Suzuki reaction.'” There were used two types
of nonconjugative binding: biphenylene, anthracene,
dibenzothiophene links for cofacial arrangement and direct
meso-meso linking of porphyrins and phenylene link for
linear layout. All these relatively short linkers have allowed
the rapid and efficient energy transfer in excited state despite
the lack of conjugation.’#!7181 The Heck and Stille reactions
allow to obtain angled and rigid oligoporphyrins with the
ethylene and diphenylethylene linkers.!'>!] Another type of
linking methodology via 1,2,3-triazole was performed by
catalytic 1,3-dipolar cycloaddition which is so called ‘click’
reaction.?” 1,4-Diphenyl-1,2,3-triazole group isarigid angled
linker providing effective electronic communication of the
porphyrin units in the excited state which was investigated
by femtosecond spectroscopy clearly demonstrating very
interesting coherent phenomenon.?!

Among various linkers amino group is of special
interest as it is capable to coordinate metal cations, imparting
porphyrinic molecules additional bonding centers. It is
necessary to emphasize, that metalloporphyrins with amino
groups contain two opposite types of bonding centers:
electrophilic metallocenter and nucleophilic nitrogen center.
Such combination provides these molecules with ability
to self-assembly, and enriches design opportunities of
supramolecular ensembles, amplifies receptor properties.
Besides by means of amine groups as strong donor
substituents it is possible to influence electronic density of
porphyrin macrocycle and, consequently, photophysical
characteristics. meso-Diarylamino substituted porphyrins
were shown to be the best sensitizers for the dye-sensitized
solar cells.??! Among oligoporphyrins one of the highest
efficiencies were achieved with porphyrin dimers linked by
aminophenyl groups attached to 1,3,5-triazole heterocycle.*!
Earlier we have investigated synthesis of the bisporphyrins
linked by diphenylamine and various diamine linkers and
have showed their abilities for supramolecular assembly.
24 In the given work we have applied the earlier developed
approaches to a synthesis of new porphyrin trimers linked
with diphenylamine group and cyclic diamines.
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Experimental

Materials. 1,4-Dioxane was distilled and dried over so-
dium under atmosphere of Ar. CH,Cl, was distilled over CaH,,
CHCI, was distilled over P,O, and was freed of acids by stirring
over K ,CO,. Methanol was distilled over magnesium turnings.
The starting materials were generally used as received (Aldrich).
5-(4-Bromophenyl)-2,3,7,8,12,18-hexamethyl-13,17-di(n-pentyl)
porphyrin zinc(Il) (ZnPPhBr), 5,15-bis[4’-(1,4,10,13-tetraoxa-7,16-
diazacyclooctadec-7-yl)-phenyl)]-3,7,13,17-tetramethyl-2,8,12,18-
tetra(n-pentyl)porphyrin zinc(Il) ZnP(PhDiazal8C6),, 5,15-di(4-
aminophenyl)-10,20-dimesitylporphyrin (H,PMes (PhNH,),),*”! and
5-(4-aminophenyl)-10,15,20-trimesitylporphyrin H,PMes PhNH, >
were obtained as earlier reported.

Measurements. '"H (600 MHz) and “C (150 MHz) NMR
spectra were recorded on Bruker Avance 600 spectrometer at
room temperature and referenced to the residual protons of solvent
(CDCL,;: 3, 7.28 ppm). MALDI-TOF mass spectra were recorded
on an Ultraflex MALDI TOF Bruker Daltonics spectrometer with
dithranol matrix. UV-Visible spectra were recorded on a Cary-100
Varian spectrometer. All reactions were performed under argon at-
mosphere and monitored by TLC Macherey-Nagel Alugram SIL G/
UV254 silica gel 60 UV, (CH,CL,-MeOH). Column chromatog-
raphy was performed on silica gel Macherey-Nagel 60 0.04—0.063
(230400 mesh). Molecular mechanics MM* calculations were per-
formed by using HyperChem 7.51 program.?”!

Zinc(ll)  5,15-di(4-aminophenyl)-10,20-dimesitylporphyrin
ZnPMes (PhNH ), 5,15-Di(4-aminophenyl)-10,20-dimesitylpor-
phyrin H,PMes (PhNH,), (353 mg, 0.48 mmol) was dissolved in
dichloromethane (50 ml), Zn(OAc),-2H,0 (2.10 g, 9.6 mmol) was
added, and reaction mixture was stirred for 24 hrs at room tem-
perature. Then the solution was filtered and evaporated in vacuo,
and the residue was passed through silica gel column. The second
fraction was evaporated to give 0.341 mg (90 %) of the green-violet
crystals of ZnPMes,(PhNH,),. "H NMR (600 MHz, CDCI,, 298 K)
3, ppm: 8.85 (4H, d, J=4.35 Hz, B-H), 8.65 (4H, d, J=4.46 Hz,
B-H), 7.98 (4H, d, J=7.55 Hz, Ar-H), 7.41 (4H, s, Ar—H), 7.05 (4H,
d,J=7.78 Hz, Ar-H), 4.06 (4H, br s, NH,), 2.61 (6H, s, CH,), 1.86
(12H, s, CH,). UV-Vis (CH,CL) A nm (Ige): 424 (5.6), 551 (4.34),
593 (3.73). Mass spectrum (MALDI TOF) m/z: 790.28 [M]* for
[C5(1H42stn]

Trimer ZnPMes (PhNH) -(ZnPPh),. Pd(dba), (3.16 mg,
5.4-10° mmol, 10 mol %), (+)BINAP (6.91 mg, 5.69-10° mmol,
20 mol %) and NaO'Bu (7.5 mg, 7.8-102 mmol) were placed in
a dried, resealable 10 ml round-bottom flask with magnetic stirrer,
which was backfilled with argon. Then ZnPMes (PhNH,), (21 mg,
0.027 mmol) and ZnPPhBr (42 mg, 0.056 mmol) were dissolved in
dioxane (1 ml) added to the flask, and the flask was sealed and heat-
ed to reflux with stirring for 24 hrs. The reaction mixture was then
cooled to room temperature, taken up in dichloromethane (10 mL),
filtered, and concentrated in vacuo. The crude product was purified
by column chromatography on silica gel using elution by dichlo-
romethane/petroleum ether 3:2 with 1-2 % MeOH and 0.1-0.2 %
aqueous ammonia. The first fraction contained starting unreacted
ZnPPhBr and the second fraction contained 12 mg (21 %) of the
major compound ZnPMes (PhNH), -(ZnPPh), have isolated as a red
solid. 'H NMR (600 MHz, CDCIl,, 298 K) &, ppm: 10.04 (4H, s,
10,20-H), 9.76 (2H, s, 15-H), 9.15 (4H, d, /=4.59 Hz, B-H), 8.89
(4H, d, J=4.59 Hz, B-H), 8.30 (4H, d, J=8.17 Hz, Ar-H), 8.05 (4H,
d, J=8.11 Hz, Ar-H), 7.78 (4H, d, J=8.17 Hz, Ar-H), 7.74 (4H, d,
J=8.11 Hz, Ar-H), 7.34 (4H, s, Mes-H), 3.92 (8H, t, J=7.69 Hz,
13,17-CH(CH,),CH,),3.57(12H,s,3,7-CH,),3.56(12H,s,2,8-CH,),
271 (12H,s, 12,18-CH,),2.29-2.24 (8H, m, 13,17-CH,CH,CH,CH,CH,),
1.93 (6H, s, CH,), 1.79-1.74 (8H, m, 13,17- CHCHCHCHCH)
1.60-1.57 (8H m, 13,17-CH,CH,CH,CH,CH,), 1.54 (24H, s,
CH,), 1.02 (6H, t, J=7.20 Hz, 13,17-CH,CH,CH,CH,CH,). “C
NMR (150 MHz, CDCl,, 298 K) 6. ppm: 150.56, 149.93, 148.19,
147.95, 147.61, 147.14, 141.29, 138.38, 138.13, 136.05, 135.67,
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134.13, 132.45, 130.71, 127.68, 117.53, 115.45, 97.21, 96.45,
32.94,32.39,29.70, 26.50, 22.79,21.67, 15.77, 14.16, 12.18, 11.63.
UV-Vis (CH,CL) A nm (Ige): 406 (5.18), 424 (4.8), 536 (4.00), 570
(4.02). Mass spectrum (MALDI TOF) m/z: 2137.09 [M+3H]" for
(€5 H 3N, Zn, ]

Trimer ZnP(PhPip) -(Zn,PPh),. ZnP(PhPip), (37.8 mg,
0.037 mmol), ZnPPhBr (55 mg, 0.073 mmol), Pd(dba), (3.3 mg,
0.01 mmol (5.64-10-° mmol, 8 mol %)), DavePhos (4.6 mg), NaO'Bu
(9.8 mg) and dioxane (1 ml) were placed in a dried, resealable
round-bottom flask with magnetic stirrer, which was backfilled
with argon, sealed and heated to reflux with stirring for 24 hrs.
The reaction mixture was then cooled to room temperature, filtered
and the solvent was evaporated in vacuo. The crude product was
purified by column chromatography on silica gel with gradient
cluent dichloromethane/methanol 100:0.5+100:2. Yield: 65.5 mg
(75 %). 'H NMR (600 MHz, CDCI,, 298 K) 3, ppm: 10.19-10.11
(8H, m, 10,15,20-H), 7.95 (8H, d, /=8.01 Hz, H-Ar), 7.28 (8H, d,
J=8.01 Hz, H-Ar),4.02 (8H,m, 13,17-CH,(CH,),CH,), 3.96 (8H, m,
2,8,12,18-CH (CH,),CH,), 3.49 (24H, s, 2,8,12,18-CH,), 3.04 (8H,
s,CH,),2.84 (8H,s,CH,), 2.57 (12H,s, 3,7-CH,), 2.55 (12H, s, 3,7-
CH,), 2.23-2.17 (16H, m, 2,8,12,18,13,17-CH,CH,CH,CH,CH,),
1.77-1.69 (16H, m, 2,8,12,18,13,17-CH,CH,CH,CH,CH,), 1.60—
1.52 (16H, m, 2,8,12,18,13,17-CH,CH,CH ,CH,CH,), 1.01-0.95
(24H, m, 2,8,12,18,13,17-CH,CH,CH,CH,CH ). UV-Vis (CH,Cl,)
A nm (Ige): 407 (4.77), 536 (3.54), 571 (3.45). Mass spectrum
(MALDI TOF) m/z: 2372.20 [M]" for [C ,,H N, Zn]".

Trimer ZnP(PhDiazal8C6) -(ZnPPh),. ZnP(PhDiazal8C6),
(15.5 mg, 0.011 mmol), ZnPPhBr (17 mg, 0.022 mmol), Pd(dba),
(1.03mg, 1.8-10*mmol, 8 mol %), DavePhos (1.4 mg, 3.6-10* mmol,
16 mol %), NaO'Bu (2.96 mg, 0.031 mmol) and dioxane (0.5 ml)
were placed in a dried, resealable round-bottom flask with mag-
netic stirrer, which was backfilled with argon, sealed and heated
to reflux with stirring for 24 hrs. The reaction mixture was then
cooled to room temperature, filtered and the solvent was evapo-
rated in vacuo. The crude product was purified by column chro-
matography on silica gel with gradient eluent dichloromethane/
methanol 100:0.5+100:2. Yield: 8.1 mg (27 %). 'H NMR (600
MHz, CDCl,, 298 K) 3, ppm: 10.13-9.91 (8H, m, 10,15,20-H),
7.79 (8H, m, H-Ar), 6.91 (8H, m, H-Ar), 3.98 (16H, m, 2,8,12,
18,13,17-CH(CH,),CH,), 3.86 (16H, m, (CH,N),), 3.73 (32H, m,
(CH,0),,), 3.59 (12H, s, 3,7-CH,), 3.52 (12H, s, 2,8-CH,), 2.60
(12H, s, 2,8,12,18-CH,), 2.55 (12H, s, 13,17-CH,), 2.44 (8H, m,
13,17-CH,CH,CH,CH,CH,), 2.26 (8H, m, 2,8,12,18-CH,CH,CH,
CH,CH,), 1.74 (16H, m, 2,8,12,18-13,17-CH,CH,CH,CH,CH,),
1,55 (16H, m, 2,8,12,18-13,17-CH,CH,CH,CH ,CH,), 0.98 (12H, t,
J=7.32 Hz, 13,17-CH,CH,CH,CH,CH ), 0.98 (12H, t, J=7.32 Hz,
2,8,12,18,13,17- CHCHCHCHCH) UV-Vis (CHCL) A nm
(1ge): 406 (5.59), 536 (4.44), 571 (4.35). Mass spectrum (MALDI
TOF) m/z: 2778.46 [M+3H,0]" for [C, ,H, N, O, Zn ]".

164772147 716 7 11

Results and Discussion

The synthesis of porphyrin trimers bridged by amino
group was performed via palladium catalyzed Buchwald-
Hartwig amination reaction between p-aminophenyl and
p-bromophenyl meso-substituted porphyrin components
where amino group replaces bromine atom thus linking
two porphyrins together through nitrogen atom of amino
group. Recently we have reported on the synthesis of
bisporphyrins®¥ bridged by the tertiary diarylalkylamine
group formed via two sequential couplings of two
bromophenylporphyrin  molecules with the primary
alkylamine. In the current work two primary arylamino
groups of the bis(aminophenyl)porphyrin have reacted with
two bromophenylporphyrin molecules to give a trimer with
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a secondary diarylamine bridging group. In principle such
trimers can be synthesized via two alternative ways (Figure
1): 1) interaction of one bis(aminophenyl)porphyrin building
block with two mono(bromophenyl)porphyrin blocks; 2)
reaction of one bis(bromophenyl)porphyrin building block
with two mono(aminophenyl)porphyrin blocks. The choice
was determined by the ease of the precursors synthesis.
Both symmetrical 5,15-functionalized porphyrins are
casily available by the [2+2] Mc-Donald condensation
of dipyrromethane with substituted benzaldehyde. The
hardest is the synthesis of unsymmetrical monosubstituted
porphyrin. Synthesis of the mono(aminophenyl)porphyrin
via mixed condensation has given low yield with hardly
separable byproducts (Supporting Information, Figure
1S) whereas the synthesis of meso-mono(bromophenyl)
porphyrin was developed®?! by the directional way with
high yield through condensation of the arylaldehyde with
B-octaalkyl substituted «c-biladieneP” obtained from
the corresponding [-substituted 2-formylpyrrole and
dipyrromethane (Supporting Information, Figure 2S).

Thus 5,15-bis(aminophenyl)porphyrin was synthesized
as follows: [2+2] Mc-Donald condensation of meso-
mesityldipyrromethanel®!  with of p-nitrobenzaldehyde
has given 5,15-bis(p-nitrophenyl)porphyrin.  Mesityl
substitution was used as sterically hindered mesityl
groups were shown to inhibit side reactions of scrambling
in a synthesis of unsymmetrically meso substituted
porphyrins.?? Then without isolation nitrophenylporphyrin
was reduced with SnCL-2H,O/HCl in chloroform/acetic
acid following treatment with aqueous ammonia to give
H,PMes (PhNH,),* with 25 % yield over two stages
accordingly. It is known that free base porphyrins are not
convenient for homogeneous transition metal catalyzed
reactions as they can coordinate catalytic metal ions
removing them from the catalytic cycle thus inhibiting the
reaction. Therefore the free base porphyrins were converted
to their zinc complexes by reaction with an excess zinc
acetate monohydrate in boiling chloroform for two hours
(Supporting Information, Figure 1S). 5-(4-Bromophenyl)-
2,3,7,8,12,18-hexamethyl-13,17-di(n-pentyl)porphyrin
(ZnPPhBr) was prepared (Supporting Information, Figure
2S) as we have earlier reported.*’ Obtained porphyrins are
convenient due to their good solubility in nonpolar solvents
provided by [-alkyl substituents in bromoporphyrin and

1. P. Beletskaya et al.

mesityl groups in aminoporphyrins. Different substitution
in the tetrapyrrole cores of the porphyrin building blocks is
helpful to discriminate porphyrin units in a trimer. Besides,
such heterogeneity is useful for the subsequent investigation
of processes of energy transfer between tetrapyrrolic
macrocycles.

The coupling reaction between aminophenylpor-
phyrin and bromophenylporphyrin was carried out with
a palladium catalyst formed from 10 mol % Pd(dba), in
a combination with 20 mol % of a diphosphine ligand
(+)-2,2’-bis(diphenylphosphino)-1,1°-binaphthyl ((rac)-BI-
NAP) with 1.4 eq. of NaO’Bu as a base in a boiling dioxane
under argon during 24 hrs. The choice of catalyst and condi-
tions was based on the results of our previous work of amina-
tion of bromophenylporphyrins with various amines. 242533341
The reaction between 5,15-bis(4-aminophenyl)porphyrin
ZnPMes,(PhNH,), and 2 equivalents of 5-(4-bromophe-
nyl)porphyrin ZnPPhBr has led to arylation of both amino
groups yielding 21 % of porphyrin trimer ZnPMes,(PhNH),-
(ZnPPh), (Figure 2).

Two other trimers were synthesized from porphyrin
functionalized with cyclic amines such as piperazine
and diaza-18-crown-6 ether. Reaction of one equivalent
ZnP(PhPip), (bispiperazine substituted zinc porphyrin) with
two equivalents of ZnPPhBr in presence of monophosphine
ligand 2-(dicyclohexylphosphino)-2’-(&,N-dimethylamino)
biphenyl (DavePhos) has led to the formation of trimer
ZnP(PhPip) -(ZnPPh), where three porphyrin fragments are
linked with two piperazine bridges (Figure 3) in an excellent
75 % yield. This is more than twice higher compared to
the yield of the corresponding dimer earlier obtained from
the monopiperidine substituted porphyrin.** The trimer
with diazacrown ether as linker was considerably harder to
obtain compared to the analogous dimer.?¥ Interaction of
the porphyrin with two diaza-18-crown-6 ether fragments
ZnP(PhDiazal8C6), and bromoporphyrin ZnPPhBr has
given the trimer ZnP(PhDiazal8C6),-(ZnPPh), in 27 % yield
which is almost three times lower than for the piperidine
linker (Figure 4).

The structure of the porphyrin trimer ZnPMes,(PhNH),-
(ZnPPh), was confirmed by 'H NMR. Resonances of protons
at B- and meso-positions of the tetrapyrrole macrocycle
and benzene rings of the ZnPMes,(PhNH),-(ZnPPh), were
shifted downfield due to the mutual deshielding interaction

@—Br + HzNﬁNHZ ﬂ» @—H H
®;NH2 + Br—@—sr _fPdl Q}H s

= Porphyrin components

Figure 1. Schemes of synthesis of porphyrin trimers from amino and bromo porphyrin building blocks.
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H,C CH;
C5H11 CH3
2 O Br +
CsHiy CHs
H,C CH;
ZnPPhBr
Pd(dba), 10 mol%| dioxane ZnPMes,(PhNH,),

BINAP 20 mol% | 24 hrs
1.4 eq. NaO'Bu

v

H;C CH3

CsHyy CHs HiC
)0 =
CsHy CH3 HaC

T

H;C CHs

ZnPMes,(PhNH), - (ZnPPh),
21%

Figure 2. Synthesis of the porphyrin trimer.

H,C CHj
CsHi1 CHj;
HN + O Br
CsHi1 CHj3
HsC CHs
ZnP(PhPip), ZnPPhBr
Pd(dba), /DavePhos 8/16 mol% | dioxane, 100 ‘C,24h
NaO'Bu
H,C CHs
CsHyq CHs
O )
CsH1 CHs
H3C CHs

ZnP(PhPip),-(ZnPPh), 75%

Figure 3. Synthesis of the porphyrin trimer linked by piperazine.
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ZnP(PhDiaza18C6),

Pd(dba), /DavePhos 8/16 mol%

NaOBu

1. P. Beletskaya et al.

HsC CH5
CsHyy CHs
O Br
HsC CH;
ZnPPhBr

dioxane, 100 °C, 24 h

ZnP(PhDiaza18C8),-(ZnPPh),

Figure 4. Synthesis of the porphyrin trimer linked by diazacrown ether.

of the porphyrin aromatic systems for A6=0.3 (0.24), 0.24
(0.14), 0.15-0.69 ppm correspondingly (Support, Table 1S).
But phenyl protons at B-position (Support, Figure 3S) were
slightly upshifted due to the donor effect of nitrogen atom
(instead of bromine). Thus the phenyl protons resulted from
bromo component were discriminated shifting in opposite
directions. The methyl groups of mesityl substituents were
upshifted for 0.68 and 0.32 ppm. The proton shifts in both
dimers were not so unambiguous. Shifting of B-protons of
dimers was insignificant (~0.1 ppm). Shifts of B-protons of
amino bridged dimer (ZnPMes,Ph) NH were downfield and
dimer without amino group (ZnPMes.Ph), had an upshift.
But the shifts of the protons of bridging benzene rings of
amino component were considerable and downfield for
all compounds. The oligomers linked by cyclic diamines
contained one type of B-alkylsubsituted tetrapyrrole rings.
The meso-protons of the oligomers were shifted downfield
whereas phenyl protons were not shifted unidirectionally
(Support, Table 2). The CH, protons of the cyclic diamines
were shifted upfield for the piperazine bridged trimer and
downfield for diazacrown ether bridged oligomers.

The electronic spectra of the trimer ZnPMes (PhNH),-
(ZnPPh), have revealed the splitting of the Soret band to two
components with A =424 nm and A, =406 nm (Table 1).
Their intensity ratio is 2:1 which corresponds to the ratio of
the two different types of the porphyrin components (one
central and two peripheral), and the positions of the Soret
bands are also the same as in starting porphyrin building
blocks ZnPMes,(PhNH,), and ZnPPhBr. Thus the observed
spectra of the trimer could be just a simple sum of the spectra
of two types of porphyrin components. The difference in the
positions of the adsorption bands results from the different
substitution of the tetrapyrrole macrocycles: one has -alkyl
substituents and 3 free meso-positions, and another has free
B-positions and meso-mesityl substituents.
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27%

Table 1. Electronic spectra of the porphyrin substrates and coupling
products.

Ao nm (lge)
Compound Soret
band Q bands

503(4.21), 537(3.92),
H,PPhBr 4045.29)  571(3.88). 624(3.57)
ZnPPhBr 406(5.56)  536(3.98), 572(3.95)
ZnPMes (PhNH.), 424(5.6)  551(4.34), 593(3.73)
ZnPMes (PhNH) (ZnPPh), jggg‘g) 536(4.00), 570(4.02)
ZnP(PhPip), 413(5.02) 542(3.87), 574(3.6)
ZnP(PhPip)-(ZnPPh),  407(4.77) 536(3.54), 571(3.45)
ZnP(PhDiazal8C6),  418(4.57) 545(3.43), 577(3.01)

ZnP(PhDiazal8C6),-(ZnPPh), 408(4.74)
ZnP(PhDiazal8C6) -ZnPPh  406(5.59)

537(3.59), 571(3.45)
536(4.44), 571(4.35)

It is known that the splitting of the Soret band in the
multiporphyrins can be a consequence of the excitation
coupling™3¢! and reported as characteristic for meso-meso
linked porphyrins.?**”1 The geometry of the trimer was
optimized by molecular mechanics MM" method (Figure 5).
The distance between centers of the macrocycles is 16.86
A. The interaction of the chromophores is weak on such
distance, and there is no conjugation of electron systems
of chromophores due to the orthogonal orientation of the
bridging benzene rings relatively tetrapyrrole plane. Based
on the optimized geometry the calculated value (made by
point-dipole approximation)®®®! of the splitting for the trimer
(~ 6 nm) turned out to be three times less than difference
between centers of the Soret bands of the trimer porphyrin
components (18 nm). But the conformational freedom of the
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Figure 5. Calculated structure (geometry optimized by molecular
mechanics MM method) of ZnPMes (PhNH),-(ZnPPh),.

trimer could lead to the decreased exciton coupling in the
other conformers and broad shape of the two overlapping
Soret bands probably didn’t allow to reveal the possible
splitting.

The distances between centers of the macrocycles in
the trimers bridged by piperazine and diazacrown ether are
considerably larger. Besides these bridges are even more
conformationally flexible. Thus the splitting of the Soret
band in these cases should be completely negligible.

Conclusions

The novel porphyrin trimer compounds were syn-
thesized by Buchwald-Hartwig amination reaction. Yields
of the reaction are highly dependent on the substrates.
The higher 75 % yield was achieved for piperazine linked
trimer. UV-Vis spectroscopic investigations did not reveal
interchromophore interaction between porphyrin compo-
nents in both types of the synthesized porphyrin trimers
which can be explained by the conformational freedom of
the linkers allowing the variety of relative positions of the
monomer components in the trimer. Obtained trimers are
interesting as they are linked by the groups capable to co-
ordination with metal cations with the possible formation of
the supramolecular assemblies. Especially cyclic piperazine
and diazacrown ether linkers are strong chelating ligands.
The coordination of metal cations with the trimers could
lead to the changes of the mutual position of the porphyrin
components and correspondingly to the changes of their
electronic communication giving possibilities to control
the photophysical properties of the porphyrin trimers. The
investigation of the supramolecular coordination of the
trimers and their photophysical properties is on the way and
will be reported in upcoming publications.
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