Journal of Organometallic Chemistry 884 (2019) 36—43

journal homepage: www.elsevier.com/locate/jorganchem

Contents lists available at ScienceDirect

Journal of Organometallic Chemistry

Organo
metallic
Chemistry

Self-assembly of supramolecular coordination complexes based on
half-sandwich metal corner with tunable host cavities

Peng Li ?, Yi-Mei Xu ?, Wei Deng * ", Zi-Jian Yao * "~

Check for
updates

2 School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai, 201418, China
b Shanghai Key Laboratory of Molecular Catalysis and Innovative Material, State Key Laboratory of Coordination Chemistry, Nanjing University, Shanghai,

200433, China

ARTICLE INFO ABSTRACT

Article history:

Received 3 November 2018
Received in revised form

17 January 2019

Accepted 30 January 2019
Available online 1 February 2019

A dinuclear Ru(ll) complex with the Ru-Ru distance of 12.840(6) A was generated by dimeric metal
precursor [(p-cymene)RuCl,], with the ligand of 1,4-bis(dipyrromethan-5-yl)benzene. Two types of
supramolecular coordination Ru(Il) complexes, tetra-nuclear metallacycle (ring 2) and hexa-nuclear
metallacage (cage 3), have been synthesized stepwisely by the reactions of the dinuclear Ru(Il) com-
plex with bidentate bridge ligand of 4,4’-dipyridy and tridentate bridge ligand of 2,4,6-tris(pyridine-4-

yl)-1,3,5-traizine (TPT) under template-free condition. The supramolecular coordination complexes
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(SCCs) with large cavity can encapsulate one or two guests afforded two host-guest systems
(anthracene cring 2, pyrene C cage 3) smoothly. The two supramolecular coordination Ru(Il) complexes
and host-guest systems have been characterized by '"H NMR, '"H—'H COESY NMR, ESI-MS, and UV-vis.
The dinuclear Ru(Il) complex were further confirmed by single-crystal X-ray analysis.

© 2019 Published by Elsevier B.V.

1. Introduction

The design and preparation of supramolecular coordination
complexes (SCCs) has attracted widespread attention not only
because of their aesthetic appeal [1,2], but also their potential ap-
plications in various fields, such as containers for molecular flasks
[3], host-guest chemistry [4—6], drug delivery systems [7,8], sen-
sors [9—11], catalysis [12,13] and biomedical applications [14—16].
Coordination-driven self-assembly is an efficient synthetic method
providing access to SCCs with finite sizes and shapes. Different from
cyclodextrin and crown ether, the geometries of the coordination-
driven self-assembly complexes structure can be easily designed by
modify the predetermined acceptor clips and organic bridge li-
gands [17,18]. Owing to the good directionality and reversibility of
metal—ligand coordination interaction, a large quantity of two
dimensional (2D) metallacycles and three dimensional (3D) met-
allacages were reported in past decades [18—21], including
the fascinating structures of triangles [14,22,23], squares [24],
cubes [25], spheres [26,27], prisms [28,29], hexagons [30,31] and
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diamond-type shapes [32,33].

Among the various types of SCCs, the multicomponent self-
assembly complexes constructed from platinum (Pt) or palladium
(Pd) nodes have been extensively explored by Fujita group [34—36],
which have been used as hosts for aromatics through -7 stacking
interaction. When the aromatic molecules are encapsulated, the
physicochemical properties of guest were expected significantly
different from their free form. In contrast, two component supra-
molecular complexes with half-sandwich Ir(Ill) [37—39], Rh(III)
[40—43], Ru(ll) [44—47] fragments have also been designed and
used to host small organic molecules. In particular, Ru-based
compounds exhibit exciting application in biomedicine, repre-
sented by NAMI-A, KP1339, and RAPTA-C are progressing towards
clinical trials as potential anticancer drugs [48]. The favorable
biological activity has stimulated tremendous interesting to
construct Ru metallosupramolecular complexes. Since 2008, Bruno
[7,8,15,49,50] and other groups [51—53] have synthesized
numerous arene Ru-based coordination cages, which have been
used as a host for carry porphin [54] and other guest molecules to
cancers tissues to enhanced permeablility and retention effect (EPR
effect). According to the excellent studies, if the molecular and size
of the arene Ru-based coordination complexes are enough big, the
EPR effect would be effective enhanced [15]. Therefore, and all
components have been used to increase the molecular weight and
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size of the Ru-based supramolecular complexes upon functionali-
zation, including also the guest molecule.

Indeed, some efforts to increase the molecular weight of guest
have paid, and several pyrenyl-functionalized compounds have
been used as guest moleculars to increase the molecular weight of
Ru-based supramolecular complexes [55—58]. The pyrenyl group
fits in the cavity of the Ru-based supramolecular complexes, while
the remaining part sits outside. The combined components mo-
lecular have big weight, but the outside part has blocked the pas-
sage for the transport of guest molecules, which decrease
application in drug delivery systems [59]. Thus, assembly of new
Ru-based supramolecular complexe, which can provide huge cav-
ities and permit two and more guests inside, is a more reasonable
idea [55]. Although an Ru-cornered prismatic cage capable of
encapsulating two molecules of coronene has been reported in
2010 [60], there are a few Ru-based supramolecular complexes
with relatively huge cavities permit two and more guests inside.

Herein, based on a dinuclear Ru(ll) complex with the
metal-metal distance of 12.840(6) A, two types of Ru(ll) supra-
molecular complexes, including a tetra-nuclear metallacycle (ring
2) and a hexa-nuclear metallacage (cage 3), were obtained via self-
assembly. The coordination-driven self-assembly complexes with
tunable host cavity can encapsulate one or two guests smoothly.
The two supramolecular coordination Ru(Il) complexes have been
characterized by 'H NMR, 'H—'H COESY NMR and ESI-MS. The
dinuclear Ru(Il) complex were further confirmed by single-crystal
X-ray analysis.

2. Results and discussion

The ligand of 1,4-bis(dipyrromethan-5-yl)benzene have been
synthesized following the method reported by Lee et al [61]. The
ligand readily formed the dinuclear arene Ru(Il) acceptor clip 1 in
moderate yield, by treating with 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ), NaH and [(p-cymene)RuCl;], under an at-
mosphere of nitrogen (Scheme 1). The formation of dinuclear Ru
fragment was indicated by the 'H NMR spectroscopy, >C NMR (ESI)
and further confirmed by single-crystal X-ray analysis.

Suitable single crystal of dinuclear complex 1 (Fig. 1) was ob-
tained by the slow diffusion of n-hexane into a saturated solution in
dichloromethane. The air and thermal stability of the Ru complex
can attribute to the two six-membered rings. The six-membered
ring Ru(1)—N(1)—C(4)—C(5)—C(6)—N(2) of the dinuclear complex
1 is almost planar with the dihedral angle of 1.8° between planes of
N(2)—Ru(1)—N(1) and C(4)—C(5)—C(5). The plane of the phenyl
group is not perpendicular to the plane of the six-membered ring
Ru(1)—N(1)—C(4)—C(5)—C(6)—N(2), the angle between these two
planes is 66.4°. Particularly, the Ru...Ru distance of the dinuclear
complex 1 is 12.840(6) A, which is approximately four times the
distance of m-7 stacking [62]. Such a typical parameter had stim-
ulated the interest to construct SCCs based on the dinuclear Ru
complex 1.

With the presence of silver triflate, treatment of bidentate

/NHHN\

i) DDQ, dry CH,Cl,/Toluene

i) NaH, [cymRuCl,],,
CH3OH/CH,CI,

\_NH HN—7

Dinuclear complex 1 (48%)

Scheme 1. Synthesis of the dinuclear Ru(Il) complex 1.

ligand of 4,4'-dipyridy or tridentate ligand of 2,4,6-tris(pyridine-4-
yl)-1,3,5-traizine (TPT) with dinuclear Ru complex 1 in CH30H
under a nitrogen atmosphere for 24 h led to the formation of self-
assembled Ru-based supramolecular metallacycle 2 or metalla-
cage 3, respectively (Scheme 2). The formation of metallacycle and
metallacage was characterized by 'H NMR spectra, 'H-'H COESY
NMR spectra and electrospray ionization mass (ESI-MS)
spectrometry.

As shown in Fig. 2, in comparison with complex 1, the 'TH NMR
signals of b- and c-pyrrole protons (Hp, Hc) are slightly shifted,
while the signal of a-pyrrole protons (H;) is dramatically changed.
Because of the coordination interaction between N and Ru atoms,
the signals of a- and §-pyridyl protons (H,, Hp) shifted upfield as
compared of that of in free ligand of L1 and L2. The aromatic pro-
tons of p-cymene moieties (Hp-cymene) in dinuclear complex 1 is one
set of multiplet at 5.33 ppm, but the aromatic protons in the 2 and 3
are observed as two doublets (5.87, 6.27 ppm for 2, 5.91, 6.34 ppm
for 3). Furthermore, the '"H NMR spectrum of complex 1 showed a
singlet peak at 7.44 ppm assigned by the phenyl protons (Hpy) have
split into two singlets at 6.69 (Hpp1), 7.35 (Hph2) ppm of ring 2 and
6.64 (Hpn1), 7.38 ppm (Hppy) of cage 3, respectively. The significant
changes were also supported by 'H—'"H COESY NMR spectra. The
TH—"H COESY NMR spectra of ring 2 (Fig. 3, left) and cage 3 (Fig. 3,
right) clearly show nuclear overhauser effects between the phenyl
protons of Hpy1 and Hppo. The noticeable shift can be ascribed to the
hindered rotation of the phenyl bridging ligand, which indicating
the rigidity of the SCCs structure in solution [63].

In order to further confirm the formation of the two SCCs,
electrospray ionization mass spectrometry (ESI-MS) were recoded.
The electrospray ionization mass spectrometry spectra of the ring 2
showed a characteristic dicationic peak at m/z 494.12 correspond-
ing to the fragment which lost two triflate anion ([Ma—2CF3S03]*1)
(Fig. 4, left). The ESI-MS of cage 3 showed characteristic peak at m/z
519.62 corresponding to loss six triflate anion ([Ms—3CF3S03]>*)
(Fig. 4, right). The peaks are good in agreement with the calculated
theoretical distributions.

With the SCCs in hand, we next explored the ability of encap-
sulate electron-rich guests into the cavity of ring 2 and cage 3 to
generate the inclusion complexes. To a CH30H solution of the SCCs
was taken in a reaction vial, electron-rich guest (3 mol eq.) was
added, anthracene for ring 2 and pyrene for cage 3, respectively
(Scheme 3). After stirred at room temperature for two hours, the
solution was concentrated under vacuum to remove solvent, and
the residue was washed with diethyl ether to get rid of the excess of
guests. The formation of the two inclusion complexes were
confirmed by 'H NMR spectra, mass spectrometry and UV-visible
spectroscopic analysis.

As shown in Fig. 5, due to the guest of anthracene into the cavity,
the signals in '"H NMR spectra were all shifted slightly between ring
2 and Gjcring 2 (Scheme 3). In comparison with the'H NMR
spectrum of ring 2, the signal of 8-pyridyl protons (Hg) were shifted
upfield in the "H NMR spectrum of G; Cring 2, while the "H NMR
signals of b-pyrrole (Hp) and phenyl protons (Hpp) were shifted
downfield. Moreover, the single peak at 8.45ppm (Hq) of free
anthracene split into a doublet at 8.35 ppm in Gjcring 2, which
indicating the protons of Hq in guest have been influenced by the a-
pyridyl protons (H,) of host.

Similarly, for inclusion complex of GyCcage 3, the 'H NMR
signals of a- and @-pyridyl protons (H,, Hp) were shifted upfield, the
signals associated with pyrrole (H,, Hp, Hc) and phenyl protons
(Hpn) were shifted downfield (Fig. 6). The signals of pyrene (Ho, Hp,
Hg) in the inclusion complex were shifted upfield clearly compared
to the free pyrene. The change of the chemical shift indicated the
guest of pyrene had been encapsulated into the cavity of cage 3. As
observed previously, due to the localization at the periphery of the
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Fig. 1. X-ray crystal structures of dinuclear Ru(Il) complex 1. All hydrogen atoms are omitted for clarity. Selected bond length (A) and angles (°): Ru-Ru, 12.8403(6); Ru(1)-N(2),
2.080(3); Ru(1)-N(1), 2.084(2); Ru(1)-CI(1), 2.4191(8); N(2)-Ru(1)-N(1), 86.64(10); N(2)-Ru(1)-CI(1), 85.85(7); N(1)-Ru(1)-Cl(1), 83.84(7); C(9)-N(2)-Ru(1), 124.7(2); C(1)-N(1)-
Ru(1), 124.57(19); C(4)-N(1)-Ru(1), 129.0(2); C(6)-N(2)-Ru(1), 129.0(2); C(6)-C(5)-C(4), 126.3(3).

/ \ -

AgOTf, 24 h
N7 | Z
X I AN
NN
Dinuclear complex 1
=
|
N

i) AOTf, 1 h, ii) 50 °C, 24 h

Scheme 2. Self-assembly of ring 2 and cage 3.

SSCs, the signals of the p-cymene protons were not obvious influ-
ence by the presence of guests inside to the cavity [64].

The formation of the two inclusion complexes were supported by
the electrospray ionization mass spectrometry spectrum. The ESI-
MS spectrum of Gjcring 2 show a signal at m/z 1225.72, corre-
sponding to loss two triflate anions: ([M2+anthracer1e72CF3503]2+)
(Fig. 7, left). And a charged state at m/z 955.20 in the ESI-MS spec-
trum of the G,ccage 3, which corresponding to loss four triflate
anions: ([M3+2pyrene—4CF3S0s]*") (Fig. 7, right).

In order to further confirm the formation of inclusion complexes
of G; cring 2 and G, C cage 3, the UV-visible spectroscopic analysis

were recorded. The UV-visible absorption spectra of the all SCCs
(Fig. 8) have shown a band at around 295 nm, which matched with
a ligand-localized or intraligand 7-7* transition, as well as broad
low-energy bands related to metal-to-ligand charge transfer
(MLCT) transitions [62]. In addition, as compared to the absorption
of the empty metallacycle, the inclusion complex of G;cring 2
showed two new absorption peaks at 355 nm and 375 nm assigned
to the guest of anthracene, indicating the guest had been encap-
sulated into the metallacycle. Likewise, in the inclusion complex of
G, Ccage 3, two obvious additional absorption peaks at 320 nm and
333 nm consistent with the spectra of free pyrene, which associated
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Fig. 3. The "TH—"H COESY NMR spectra of ring 2 (left) and cage 3 (right).

with the pyrene within the cavity of cage 3.

3. Conclusions

In conclusion, a dinuclear Ru complex with the Ru-Ru distance

of 12.840(6) A had been designed. Based on the dinuclear

complex, two types of supramolecular coordination Ru(Il) com-

tunable host cavity can encapsulate one or two electron-rich planar
guests smoothly through - stacking interactions. The above ev-
idence strong suggested the formation of the inclusion complexes.
The biological applications of the SCCs carry the drug molecules to
tissues and cells are underway in our laboratory.

Ru

plexes, including a tetra-nuclear metallacycle (ring 2) and a hexa-
nuclear metallacage (cage 3), had been synthesized by self-

assembly under template-free condition. Unlike the most

ported SCCs, the two Ru-based supramolecular complexes with

The ligands of 1,4-bis(dipyrromethan-5-yl)benzene and 2,4,6-
re- tris(pyridine-4-yl)-1,3,5-traizine (TPT) have been synthesized
following the reported procedures [61,65]. All manipulations were

4. Experimental section
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Scheme 3. Synthesis of G; cring 2 and G, ccage 3.

performed under an atmosphere of nitrogen using standard
Schlenk techniques. The solvents were all dried and distilled from
calcium hydride. Other chemicals were used as commercial prod-
ucts without further purification. 'TH NMR (500 MHz), '3C NMR
(125MHz) and 'H—"H COSY NMR spectra were recorded with a
Bruker DMX-500 spectrometer. Mass spectra were recorded on a
Waters API Quattro Micro triple-quadrupole mass spectrometer in
the positive ion mode. UV/Visible absorption spectra were recorded
using a UV 765 spectrophotometer with quartz cuvettes of 1 cm
path length.

Synthesis of dinuclear complex 1: To a solution of 1,4-bis-
(dipyrromethan-5-yl)-benzene (0.1 mmol, 36.6 mg) in dry CHCl,
was added a solution of DDQ (0.22 mmol, 50.0 mg) in dry toluene
drop by drop under ice bath. The mixture was stirred at 0°C for
10 min, and then allowed to warm to room temperature for 2 h. The
solvent was removed under reduced pressure, and the resulting red
solid was removed to a Schlenk flask. NaH (0.22 mmol, 5.28 mg)
and [p-Cymene RuCl;], (0.1 mmol, 61.2 mg) were added, and the
mixture was stirred in dry CH,Cl,/CH30H for 8 h under a nitrogen
atmosphere at room temperature. The mixture was filtered and

evaporated to give the crude products which were further purified
by silica gel column chromatography (CH,Cly: CH30H =50: 1) to
afford pure product of dinuclear complex 1 as a red solid. Yield: 48%
(46.8 mg). 'H NMR (500 MHz, CDCl3) 6 (ppm) 8.04 (s, 4H, pyrro-
le—H,), 7.44 (s, 4H, Ph—H), 6.66 (d, ] = 4.0 Hz, 4H, pyrrole—Hj), 6.52
(d, J=3.5Hz, 4H, pyrrole—H.), 5.36—5.31 (m, 8H, p-cymene—H),
2.50—2.43 (m, 2H, CH(CHs);), 2.25 (s, 6H, Ph—CH3), 111 (d,
J=7.0Hz, 16H, CHs). >C NMR (125 MHz, CDCl3) & 155.12 (s, 4C),
145.90 (s, 2C), 138.24 (s, 2C), 135.18 (s, 2C), 132.60 (s, 2C), 131.08 (s,
4(),128.72 (s, 2C),118.63 (s, 4C), 117.33 (s, 2C), 108.46 (s, 2C), 107.22
(s, 2C), 85.08 (s, 4C), 84.66 (s, 4C), 30.74 (s, 2C), 22.23 (s, 4C), 18.72
(s, 2C). Elemental analysis calcd (%) for C44H44CloN4Ru;: C 58.60, H
4,92, N 6.21; found: C 58.69, H 4.90, N 6.26.

Synthesis of ring 2: In a Schlenk flask, a mixture of the dinuclear
complex 1 (0.05 mmol, 48.8 mg), AgCF3S03 (0.15 mmol, 38.5 mg)
and ligand of 4,4’-dipyridy (0.06 mmol, 9.37 mg) was stirred in
15 mL of CHCly/CH30H (1:1) for 8 h under a nitrogen atmosphere
in the dark at room temperature. The mixture was filtered, and the
solvent was removed under reduced pressure. The crude product
was dissolved in CH3OH, and then diethyl ether was added,
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precipitated, and collected by filtration to afford a red brown solid.
Yield: 80% (51.4 mg). '"H NMR (500 MHz, CDs0D) § (ppm) 8.60 (s,
8H, pyrrole—H,), 8.40 (d, J=6.5Hz, 8H, dipyridy—H,), 7.72 (d,
J=6.5Hz, 8H, dipyridy—Hyg), 7.34 (s, 4H, Ph—H), 6.67 (d, J= 5.0 Hz,
8H, pyrrole—Hp; 4H, Ph—H), 6.48 (d, J=4.0Hz, 8H, pyrrole—H,),
6.27 (d, J=6.0Hz, 8H, p-cymene—H), 5.87 (d, J=6.5Hz, 8H, p-
cymene—H), 2.45—2.40 (m, 4H, CH(CHz),), 1.77 (s, 12H, Ph—CHs),
0.99 (d, J:7.0 Hz, 24H, CH3). ESI-MS: calcd for C110H104FsN1206.
RusS; [M>—2CF3505]%*: 1136.69, found: 1136.69.

Synthesis of cage 3: A mixture of the dinuclear complex 1
(0.06 mmol, 58.6 mg) and AgCF3SO3; (0.20 mmol, 51.38 mg) was
stirred in 15 mL of CH,Cl,/CH30H (1:1) for 4 h in the dark at room
temperature. AgCl was filtered off, and the solvent was removed
under reduced pressure. The residue and TPT (0.05 mmol, 15.6 mg)
was added to a Schlenk flask, and the mixture was stirred in 15 mL
of CH30H for 24hat 60°C under a nitrogen atmosphere. The
mixture was filtered, and the solvent was evaporated to 2 mL under
reduced pressure. Then, diethyl ether was added, precipitated, and

collected by filtration to afford a red brown solid. Yield: 68%
(57.6 mg). "TH NMR (500 MHz, CD30D) ¢ (ppm) 8.68 (s, 12H, pyrro-
le—H,), 8.61 (d, J=5.5Hz, 12H, dipyridy—H,), 8.51 (d, J=5.0Hz,
12H, dipyridy—Hjg), 7.38 (s, 6H, Ph—H), 6.73 (d, J=3.5Hz, 12H,
pyrrole—Hy), 6.64 (s, 6H, Ph—H), 6.52 (d, J=3.0Hz, 12H, pyrro-
le—H.), 6.34 (d, J=5.5Hz, 12H, p-cymene—H), 5.92 (d, ] =6.0 Hz,
12H, p-cymene—H), 2.51-2.45 (m, 6H, CH(CHz)), 1.77 (s, 18H,
Ph—CHs3), 1.04 (d, J=7.0Hz, 36H, CHs3). ESI-MS: calcd for
C171H155F9N2409RU553 [M3—3CF3503]3+Z 1188.52, found: 1188.52.
Synthesis of Gy Cring 2: To a solution of the ring 2 (0.005 mmol,
12.8 mg) and anthracene (0.015 mmol, 2.7 mg) in CH30H was taken
in a reaction vial, and stirred for 2 hat room temperature. The
solvent removed under reduced pressure, washed with diethyl
ether to get rid of the excess of guests to afford a red brown solid.
Yield: 96% (13.1 mg). '"H NMR (500 MHz, CD30D) é (ppm) 8.61 (s,
8H, pyrrole—H;), 8.41 (d, J=6.5Hz, 8H, dipyridy—H,), 8.35 (d,
J=11.0 Hz, 2H, anthracene—Hy), 7.98—7.93 (m, 4H, anthracene—H,),
7.69 (s, 8H, dipyridy—Hjg), 7.44 (d, J=6.0 Hz, 4H, anthracene—Hj),
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Fig. 7. Calculated (blue) and experimental (red) ESI-MS spectra of the G; cring 2 (left) and G, C cage 3 (right). (For interpretation of the references to colour in this figure legend, the

reader is referred to the Web version of this article.)

1.4 — Ring 2
] — Gqcring 2

124 —— Cage 3
—— G2ccage 3

Absorbance

0 T ' T

— anthracene
— pyrene

05 }W/\
300 350
T T T 1

2.0

o

400

400
Wavelength (nm)

Fig. 8. UV absorption of the ring 2,

7.36 (s, 4H, Ph—H), 6.69 (s, 8H, pyrrole—Hp; 4H, Ph—H), 6.50 (d,
J=4.0Hz, 8H, pyrrole—H;), 6.27 (d, J= 6.0 Hz, 8H, p-cymene—H),
5.87 (d, J=6.0 Hz, 8H, p-cymene—H), 2.43 (m, 4H, CH(CH3),), 1.78
(s, 12H, Ph—CHs), 1.01 (d, J= 7.0 Hz, 24H, CHs). ESI-MS: calcd for
C124H104F6N1206RU4SZ [M2+anthracene—2CF3503]2+: 1225.72,
found: 1225.72.

Synthesis of Gy C cage 3: To a solution of the cage 3 (0.005 mmol,
21.2 mg) and pyrene (0.015 mmol, 3.0 mg) in CH30H was taken in a
reaction vial, and stirred for 2 h at room temperature. The solvent
removed under reduced pressure, washed with diethyl ether to get
rid of the excess of guests to afford a red brown solid. Yield: 98%

500 600

cage 3, Gy C ring 2 and G,Ccage 3 (the inset showing the spectra of G; and G,) in CH30H at room temperature. (c=1.0 x 107> M).

(22.7 mg). 'H NMR (500 MHz, CD30D) 6 (ppm) 8.68 (s, 12H, pyr-
role—Hy), 8.58 (d, ] = 6.0 Hz, 12H, dipyridy—H,), 8.38 (d, ] = 6.0 Hz,
12H, dipyridy—Hg), 7.93 (d, J=6.5Hz, 8H, pyrene—H,), 7.79—-7.75
(m, 4H, pyrene—H); 8H, pyrene—Hy), 7.40 (s, 6H, Ph—H), 6.75 (d,
J=3.5Hz, 12H, pyrrole—Hyp), 6.67 (s, 6H, Ph—H), 6.55 (d, J=3.5 Hz,
12H, pyrrole—H.), 6.33 (d, J= 6.0 Hz, 12H, p-cymene—H), 5.90 (d,
J=6.0Hz, 12H, p-cymene—H), 248 (m, J=13.7, 6.4Hz, 6H,
CH(CH3),), 1.75 (s, 18H, Ph—CH3), 1.04 (d, J = 7.0 Hz, 36H, CH3). ESI-
MS: calcd for C202H175F12N24012RU654 [M3+2pyrene—4CF3503]4+:
955.20, found: 955.20.
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