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Supramolecular ruthenium complexes (ReyPs) with 4-pyridyl/phenyl porphyrins (PyPs) have been designed
and characterized spectroscopically. Ruthenidtimethyl sulfoxide (M@SO) complexes and their carbonyl
derivatives were used as precursors to synthesize adducts with Ru:PyP ratios of 1:1 and 1:2 (monomers), 2:1
(dimers), and 4:1 (tetramers). For example, treatment of mono-(pyridyl)porphyrin MPyP (5-(4-pyridyl)-10,15,-
20-triphenylporphyrin) withcis,facRuCh(Me,SO)(CO) yielded the 1:1 monomaeuis,cis,ciSRUCKL(Me;SO),-
(CO)(MPyP), while reaction withransRuCkL(Me,S0), or trans,cis,CisRuChL(CO)(Me,S0), (2:1 ratio) gave

the 1:2 monomerdrans,cis,cisRuCh(Me,S0),(MPyP), and trans,cis,CisRuChL(CO)(MPyP), respectively.
Synthesis of the dimers;i&-DPyP)Lis, cis,cisRuCh(Me,S0)(CO)L, and fransDPyP)[is,cis,cisRUCK(Me;SO),-

(CO)],, was accomplished by reaction of the bis-(pyridyl)porphyriais;DPyP (5,10-bis(4-pyridyl)-15,20-
diphenylporphyrin) andrans-DPyP (5,15-bis(4-pyridyl)-10,20-diphenylporphyrin), respectively, with an excess

of cis,facRuChL(Me,SO)%(CO). Similarly, treatment of 5,10,15,20-tetrakis(4-pyridyl)porphyrin (TPyP) with an
excess otis,facRuChL(Me,SO)(CO) yielded the symmetric tetramer, (TPy&3]cis,cisSRUCkL(Me;S0),(CO)]a.

IH NMR spectroscopy proved particularly useful for characterizing the-lRtPs. Coordination of Ru to the
4-pyridyl groups affected mainly the resonances of the pyridyl ring(s) of the PyPs, causing downfield shifts
(H2,6 signals from 0.3 to 0.9 ppm; H3,5 from 0.03 to 0.18 ppm). The pyrrole proton resonances were particularly
informative about the geometry of the porphyrin. Treatment of selecteePRB adducts with an excess of zinc
acetate produced the corresponding zinc compounds,ZR{PyPs, in good yield. Most of the RtPyPs and
Ru—Zn-PyPs are quite soluble in organic solvents like CH&id very robust in solution, where they remain
intact for weeks.?™H NMR and electronic absorption spectra provided evidence that only th R&PyPs with
residual M@SO units self-assemble spontaneously in solution. The observations are consistent with a self-assembly
mode process occuring between the oxygen atom of §8Bldigand of one molecule and the zinc of another
molecule.

more elaborate assemblies, such as three-dimensional cavities
and two- and three-dimensional polymeric metallomacrocyclic
'networks?

Supramolecular systems containing porphyrins and metal-
porphyrins are particularly attractive because these components
can introduce desirable photochemical and redox properties.
Large arrays of porphyrins have recently become available with

Introduction

The design and synthesis of complicated molecular systems
a significant goal of modern chemistryrequires molecular
components to achieve higher levels of organization. Metal lo
centers, which are endowed with a fundamental structural and
ordering role, have been used for several self-assembling
supramolecular adductsin particular, inorganic complexes can

easily provide 90 linkages. This unique capability has been
exploited for the construction of molecular-sized béxssch

as those based on square-planar or octahedral metal centers a

rodlike, essentially rigid, bridging components (e.g.'4,4
bipyridine)# Flexible bridging units can be used to construct
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the development of “building block” methodologiesExamples
can be found in the supramolecular systems for artificial

r{)}Jowotosynthes?aﬂnd light harvesting arrayand in the construc-

n of extendedr-systems as organic semiconductors, molec-
ular switches, and third-order nonlinear optical materigis3
Macrocyclic porphyrin oligomers with cavities suitable for
selective molecular recognitibhand homogeneous catalysSis
are also known. Moreover, macrocyclic arrays have been
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obtained by the self-assembly process of suitable metallopor-

phyrins bearing a pendant basic sité16

Inorganic Chemistry, Vol. 36, No. 24, 1995615

complexeg%27 shown to have a high affinity for N-donor
ligands such as PyP%. We describe here the design, synthesis,

The above areas are encompassed by the use of mixedand spectral characterization of a series of (ruthenium complex)

4-pyridyl/phenyl porphyrins (PyPs) as linkers for metal centers.

PyP adducts with the following Ru:PyP ratios: 1:1 and 1:2

PyPs can provide connections to as many as four metal center{monomers), 2:1 (dimers), and 4:1 (tetramers).

by coordination of the 4-pyridyl groups; depending on whether
these centers lie in another porphyrin or in a coordination

compound, very different ordered arrays can be constructed.

Moreover, metallopyridylporphyrins (NPyPs) can self-assemble
in solution into oligomeric speciés.

We recently described a series of oligomers of vertically
linked porphyrins with PyPs and ZRyPs coordinated to Ru-
(TPP)(CO)(EtOHY:2 and similar assemblies were reported soon
after by Imamura’s group? Only a few other examples of
porphyrins vertically linked through PyPs are knot#inAlso

Experimental Section

General Methods. Hydrated RuG was a loan from Johnson
Matthey. cis- andtransRuChL(Me;SO)?¢ and their carbonyl deriva-
tive” were prepared according to the literature procedures. All
reagents were analytical grade. YVis spectra were obtained on a
Jasco V-550 spectrophotometer. Excitation and fluorescence spectra
were recorded in CH@lon a Hitachi F-4500 instrument; porphyrin
concentration was, in all casesx510°¢ M. 'H and*C NMR spectra
were recorded at 400 and 100.5 MHz, respectively, on a JEOL EX400

the possibilities of PyPs as ligands in coordination complexes FT instrument. All spectra were run at room temperature. Proton peak

have been investigated only to a limited ext€né* Moreover,

positions are referenced to TMS, and assignments were made with the

many of the investigations involved species generated mainly aid of 2D COSY experiments. A pulse delafy&s was applied iR*C

either in solutiod* or on an electrode surfade. Therefore,

NMR spectra to allow for relaxation of carbonyl carbon atoms. Solid-

isolated complexes of PyPs, with well-defined spectroscopic and State infrared spectra were obtained as Nujol mulls between Csl
structural features, are needed for characterizing and under-Windows on a Perkin-Elmer 983G spectrometer. Elemental analyses

standing the nature of larger molecular arrays produced in this
growing field. Such initial characterizations have been recently

reported for MPyP complexes with square planar mefalge
are focusing on octahedral Rdimethyl sulfoxide (MgSO)
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were performed by Dr. E. Cebulec (Dipartimento Scienze Chimiche,
Universitadi Trieste).

Preparations. Except for TPyP, which was acquired from Aldrich
and used as received, 4-pyridyl/phenyl porphyfinsere prepared
according to the method described by Fleischer and Shachténin-
layer chromatography of the crude product showed it to be a mixture
of the six possible porphyrin isomers. The TLC was run in 98%
chloroform and 2% ethanol, and tl® values of the isomers were
(values from ref 17 are given in parentheses) as follows: TPP, 0.92
(0.88); MPyP, 0.83 (0.60)transDPyP, 0.68 (0.42)ris-DPyP, 0.40
(0.22); TrPyP, 0.19 (0.12). The&s of TPyP was too small to be
measured. TheR: values found here differ from those reported
previously’ using the same solvent system but were consistent in five
separate preparations of the crude porphyrins.

The isomers were separated using column chromatography. To
purify large amounts of MPyP it was easier to use two columns in
series: one large column to remove TPP, which constituted ap-
proximately 40% of the initial porphyrin mixture, and then a smaller
column to separate the other isomers. When the first column was new,
it was often possible to separate large amounts of MPyP directly, but
for purification of the other isomers a second column was always
necessary.

Column One. The column (6x 45 cm) was packed with 60 A
230-400 mesh silica gel (Merck), loaded Wi2 g ofcrude porphyrin,
and eluted with a 98:2 chloroform/ethanol mixture. In a typical run,
1.0 g of TPP and 0.8 g of a mixture of PyPs were recovered.

Column Two. Once the TPP (and sometimes also part of MPyP)
had been removed, it was possible to separate the remaining PyPs using
a smaller column (5 44 cm), packed and eluted as above. In atypical
separation, starting from 0.8 g of crude mixture from column 1, the
amounts of each isomer obtained were 0.61 g of MPyP, 0.06rgroé
DPyP, and 0.11 g otissDPyP. TrPyP was usually not recovered.
Sometimes the second column yielded a mixturérafs-DPyP, cis-
DPyP, and TrPyP, which were separated with a third, smaller column
(2.5 x 40 cm), packed as above and eluted with a 97:3 chloroform/
ethanol mixture. In a typical separation, starting from 0.4 g of mixture
from column 2, 0.12 g ofransDPyP and 0.13 g ofis-DPyP were
obtained.
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The identifications of the porphyrins were confirmed by comparing
their R values with those of the crude mixture, elemental analysis
(Supporting Information), anéH NMR spectroscopy.

Synthesis of the ComplexesWhen feasible, all reactions between
PyPs and Ru complexes were first monitoredtdyNMR spectroscopy
in CDCl; solution and then performed on a preparative scale. Unless
otherwise stated, reactions were quantitative (according to NMR) and
very selective. Typical isolated yields, calculated on the limiting
reagent, ranged from 55% to 75%.

Alessio et al.

trans,cis,CisRUCly(CO)z(Zn-MPyP), (5Zn). Yield from 100 mg
of 5(0.067 mmol) in 15 mL of CHGland a 2-fold excess of Zn(GH
COOy) in methanol: 71 mg (65%).

trans,cis,cisRuCl;(Me,SO)(CO)(MPyP), (6). Reaction time: 24
h. Yield of 6 from 47.7 mg oftrans RuChL(Me,SO)(CO) (0.10 mmol)
and a slight excess of MPyP in 20 mL of CHCI130 mg (72%).

(trans-DPyP)[cis,cis,CisRuCl;(Me;S0)(CO)]. (7). Reaction
time: 3 days. Yield of7 from 50 mg oftransDPyP (0.074 mmol)
and a slight excess ofis,facRuChL(Me;SO)x(CO) in 15 mL of

Unless otherwise stated below, the complexes were prepared CHCls: 130 mg (65%).

according to the following common procedure. A chloroform solution

(cis-DPyP)|[cis,cis,cisRuCl(Me,S0),(C0O)]. (8). Reaction time: 3

of the proper PyP (a suspension in the case of TPyP) was treated withdays. Yield of8 from 50 mg ofcis-DPyP (0.074 mmol) and a slight

a stoichiometric amount (1:1 adducts), with a slight deficiency (2:1
adducts), or with a slight excess (oligomers) of the proper Ru complex.

The solution was then allowed to react at ambient temperature. The

most appropriate reaction time, rangingrfr® h to 8 d,depended

mainly on the nature of the complex and was previously evaluated by
H NMR experiments. The products precipitated as noncrystalline,
purple solids after concentration of the solutions to less than half volume
(without heating) and addition of some diethyl ether. The products
were collected by filtration, washed with cold acetone and diethyl ether,

and vacuum dried. According to elemental analysis the products usually

contained either 0.5 or 1 crystallization molecule of CEHHC3ometimes,
when suggested by elemental analysis #1dNMR spectra, the raw
products were recrystallized from CHgliethyl ether in good yields.
Zinc(ll) was inserted into the ring of coordinated PyPs by reaction
at ambient temperature of a chloroform solution of the—RyP
complex with an excess of the zinc acetate dissolved in the minimum
amount of dimethyl sulfoxide (less than 2 mL) or methanol (in the
case of5). Average reaction time was 12 h, and reaction completion
was assessed by UV/vis spectroscébylhe product precipitated upon
addition of some diethyl ether and was washed thoroughly with
methanol (to remove unchanged zinc acetate) and then with diethyl
ether and vacuum dried.
Elemental analyses and spectroscopic details{\¥ and selected
IR and*C and'H NMR data) of Ru complexes described below are
reported in the Supporting Information.
cis, cis,CisRuCl;(Me;S0),(CO)(MPyP) (1). Reaction time: 8 days.
Yield of 1 from 75 mg of MPyP (0.12 mmol) and a stoichiometric
amount ofcis,facRuCh(Me,SO}(CO) in 10 mL of CHC): 69 mg
(65%).
cis,cis,CisRuCl,(MezS0),(CO)(Zn+-MPyP) (1Zn). Yield of 1Zn
from 70 mg ofl (0.06 mmol) in 15 mL of CHGJand a 2-fold excess
of Zn(CH;COQ), in DMSO: 70 mg (89%).
cis,facRuCly(Me,SO)3(MPyP) (2). Reaction time: 3 h. Yield from
50 mg of MPyP (0.08 mmol) and a stoichiometric amount of
cis-RuChL(Me,SO), in 10 mL of CHCE: 46 mg (58%).
cis,trans,cisRuCl;(Me,SO)(MPyP)(CO), (3). A mixture of 328
mg of MPyP (0.48 mmol) and 183.5 mg cif,trans,cisRuCh(Me;S0),-
(CO). (0.48 mmol) dissolved in 20 mL of CHEWas allowed to react
for 10 days at room temperature. The crude product precipitated from

the concentrated solution after addition of methanol and was collected

on a filter, washed with cold methanol and diethyl ether, and vacuum
dried. Yield: 410 mg. According to TLC anH NMR spectra, the
crude product contained relevant amounts tdns,cis,cisRuChb-
(MPyP)(CO), (see below) and unchanged MPyP. Chromatographic
purification on a 4.5x 60 cm column, packed with 60 A 23@00
mesh silica gel and eluted with a 97:3 dichloromethamethanol
mixture, yielded pure as the central band: 50 mg (11%).
trans,cis,cisRuCl,(Me,SO)(MPyP), (4). Reaction time: 4 h.
Yield of 4 from 19.5 mg oftranssRuCh(Me,S0), (0.04 mmol) and a
slight excess of MPyP in 10 mL of CHEI 40 mg (64%).
trans,cis,CisRUCl;(Me,SO)(Zn-MPyP), (42Zn). Yield of 4Zn from
70 mg of4 (0.04 mmol) in 30 mL of CHG and a 2-fold excess of
Zn(CH;COO) in DMSO: 65 mg (85%).
trans,cis,CisRuCl;(CO)(MPyP), (5). Reaction time: 3 days.
Yield from 57.6 mg oftrans,cis,cisRUCL(CO)(Me;S0), (0.15 mmol)
and a slight excess of MPyP in 20 mL of CHCI190 mg (85%).

(29) Adler, A. D.; Longo, F. K.; Kampas, F.; Kim, J. Inorg. Nucl. Chem.
197Q 32, 2443.

excess oftis,facRuCh(Me,SO}(CO) in 15 mL of CHC}: 120 mg
(60%).

(TPyP)]cis,cis,cisRuCl;(Me,S0)z(CO)]4 (9). Reaction time: 4
days. Yield of9 from 71.6 mg of TPyP (0.12 mmol) partially dissolved
in 25 mL of CHC} and a slight excess afs,facRuCh(Me,SO)(CO)

(a deep purple clear solution was obtained within 2 h): 200 mg (77%).

(Zn-TPyP)[cis,cis,CisRUCl(MezS0),(CO)]4 (9Zn). Yield of 9Zn
from 100 mg of9 (0.046 mmol) in 20 mL of CHGland a 2-fold excess
of Zn(CH;COQOY), in DMSO: 63 mg (65%).

(Co-TPyP)[cis,cis,cisRuCl,(Me;S0),(CO)]4 (9Co). To a 100 mg
of 9 (0.046 mmol) dissolved in 15 mL of CHgI123 mg of Co(ChH-
COOQY) (0.13 mmol) dissolved in the minimum amount of MeOH was
added. The solution was heated at reflux for 5 h, i.e. until no further
change in its visible spectrum was observed. The product precipitated
upon concentration of the solution and addition of a few drops of diethyl
ether; it was filtered out, washed with cold methanol and diethyl ether,
and vacuum dried. Yield: 60 mg (62%).

(TPyP)[cis,facRuCl(CO)3]4 (10). Reaction time: 24 h. Yield of
10from 167.8 mg of TPyP (0.23 mmol) partially dissolved in 45 mL
of CHCl; and a slight excess ais,facRuChL(CO)(Me»SO) (no clear
solution was obtained in this case): 250 mg (65%).

[nBusN]A (TPyP)[trans-RuCl4(Me;SO)]4} (11). A 0.6 g sample
of [nBusN][transRuCL(Me,S0),] (0.93 mmol), dissolved in 10 mL
of CHCl;, was added to 48.2 mg of TPyP (0.078 mmol) partially
dissolved in 10 mL of CHGI The mixture was stirred overnight at
room temperature and then filtered over fine paper to remove unchanged
TPyP. The product precipitated from the concentrated solution (5 mL)
after addition of diethyl ether; it was filtered out, washed with cold
chloroform and diethyl ether, and vacuum dried at room temperature.
Yield: 0.12 g (49%).H NMR spectrum (DMSQd): 3.21, 1.62, 1.33,
0.94 ppm (BusN*); —12.8 ppm (v br, MgS0); —7.0 (br),—1.9 (br),

4.2 ppm (br) (TPyP).

[nBusN]{ (TPyP)[trans-RuCl4(CO)]4} (12). A procedure similar
to that for 11, but using pBusN][transRuCL(CO)(MeSO)] instead
of [nBusN][trans-RuCl(Me,S0),], was adopted. TPyP was partially
dissolved in a mixture of chloroform (10 mL) and acetone (10 mL) to
avoid formation of oil. Yield of12 from 52.3 mg (0.084 mmol) of
TPyP and 0.60 g (1 mmol) ohBusN][transRuCL(CO)(M&S0O)]: 70
mg (30%). (The relatively low yields af1 and12 can be attributed
to their high solubility in the reaction medium3H NMR spectrum
(DMSO-dg): 3.21, 1.62, 1.33, 0.94 ppmBusN*); —5.0 (br), 6.8 ppm
(br) (TPyP).

Results

Pyridylporphyrins. Peak integration together with COSY
spectra allowed us to assign unambiguously the pyridyl (H2,6
and H3,5), pyrrole (I4), and phenyl resonances, m-H, and
p-H) of each PyP (Table 1). The number of NMR signals for
the eight pyrrole protons proved to be particularly important in
distinguishing between thas andtransisomers of DPyP, since
the other resonances are only marginally differemans-DPyP
has two vertical planes of symmetry, and two doublets of the
same intensity (4H each) were observads-DPyP has only
one plane of symmetry, and two doublets plus two singlets of
the same intensity (2H each) were found. The electronic
absorption spectra of PyPs (CHJCAre characterized by a strong
Soret band at about 418 nm and four Q-bands of decreasing
intensities between 512 and 645 nm (Supporting Information).
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Table 1. *H Chemical Shifts of PyPs in CD&(ppm)

Inorganic Chemistry, Vol. 36, No. 24, 1995617

H2,6 (py) H32 H3,5 (py) o-Hb m-H + p-He NH
MPyP 9.03(2,m) 8.89(2,d),8.85(4,s),8.79 (2, d) 8.17(2,m) 821(6,m)  7.77(9, m»2.80 (2, )
transDPyP  9.04 (4,m)  8.90 (4, d), 8.80 (4, d) 8.16 (4, m) 820(4,m)  7.78(6, m)—2.84 (2, s)
cis-DPyP 9.04(4,m) 8.90(2,d),8.87(25s),884(25s),880(2,d 816(4,m 8214 m)  7.78(6, m2.84 (2, s)
TPyP 9.08(8,m) 8.87(8,5) 8.16 (8, m) —2.91(2, s)

apyrrole protons? Ortho protons of phenyl ringss Meta + para protons of phenyl rings.

Figure 1. Schematic drawing of the 1:1 RUMPyP adductd—3: (a)
1, X = CO, and2, X = Me,0; (b) 3.

opposite arrangement of ligands, CO would be expected to
induce theransMe,SO ligand to coordinate through oxygéh.
According to NMR measurements, CQGHolutions ofl did

not change appreciably over a period of 4 weeks.

A less robust complexcis,facRuCh(Me,;SO)3(MPyP) @)
(Figure 1), was obtained by reaction between MPyP eird
RuCh(Me,SO). The reaction was-20 times faster than that
with cis,facRuChL(Me,SO)(CO) and involved the replacement
by MPyP of the O-bonded M8O in the ruthenium precursor.
The product was unambiguously characterized'HyNMR
(Table 2). The pattern of three peaks of equal intensity in the
region for S-bonded M&O was that expected for tac
geometry. ThéH NMR resonances of MPyP i are similar
to those found inl. Complex2 was unstable in chloroform
solution and slowly disproportionated¢s-RuCh(Me,SO), and
to two disubstituted isomers formulatedtesns,cis,CisRuChb-
(Me,S0),(MPyP), and, presumablyis,cis,cisRuCh(Me,S0),-
(MPyP). While the trans,cis,ciscomplex was easily and
selectively obtained by another route (see below),dbgis,-
cis isomer was never obtained with a purity higher than 50%:
Its 'H NMR spectrum is characterized by four equally intense
peaks in the region of S-bonded MO (4.02, 3.70, 3.40, and

Their fluorescence spectra, excited at Soret frequencies, show3.32 ppm) and by broad resonances for the two MPyP units.
two red-shifted emission peaks (a strong peak at about 647 nmThe broadness of aromatic resonances found in the pyridine
and a much weaker one at about 705 nm) which are the mirror analog, cis,cis,cisRUCKL(Me;SO)(py)., was unambiguously
images of their respective absorption bands and are typical of attributed to the relatively slow rotation of the pyridine rings

free-base porphyrin®. The spectral properties reported in
previous work are in general good agreement with our redults.
1:1 Ru—MPyP Adducts. MPyP formed 1:1 adducts on

about the Ru-N bond3? Such a fluxional process reasonably
accounts for the broad signals observed here.
Another stable compoundis,trans,cisRuCh(Me,SO)(MPyP)-

treatment with ruthenium complexes that can easily replace one(co), (3) (Figure 1), was obtained by reaction of MPyP with

ligand, such asis,facRuCh(Me,SO)(CO), cisRuCh(Me,SO),
andcis,trans,cisRuCh(Me,S0),(CO),.

Reaction of MPyP with a stoichiometric amount@$,fac
RuChk(Me,SO)(CO) yielded selectively and almost quantita-
tively cis,cis,CisSRUCL(Me,SO),(CO)(MPyP) () (Figure 1). The

cis,trans,cisRuChL(Me,S0),(CO),. A certain amount of the
disubstituted producttrans,cis,CisRUCL(CO)R(MPyP), (see
below) formed during the reaction and was eliminated by
column chromatography. The geometry ®fvas unambigu-
ously established spectroscopically: two IR CO stretching

product was unambiguously characterized by combined NMR pands, a single C&*C NMR resonance, and a singid NMR
and IR spectroscopy. The presence of bound CO was assessegbsonance for the two equivalent methyl groups of the non-

by IR and3C NMR spectroscopy (Supporting Information).
The 13C and 'H NMR Me,S0 signals of 1 (Table 2) are
consistent with ecis,cis,cisgeometry for the complex: The
expected fout3C NMR signals were found but, due to overlap
of two resonances, only three meth NMR signals in a 2:1:1

leaving MeSO (Table 2).

1:2 Ru—MPyP Adducts. MPyP andtranssRuCh(Me;S0),
(2:1 ratio) rapidly and selectively formed the disubstituted adduct
trans,cis,CisRuCh(Me>SO),(MPyP), (4) (Figure 2). The stoi-
chiometry and the geometry of the complex were unambiguously

ratio were observed. Coordination of Ru induced downfield established spectroscopically. The solid-state IR spectrum has

shifts of the MPyP H2,640.5 ppm) and H3,5~0.03 ppm)

a single Ru-Cl stretching band at 342 criy characteristic of

resonances but almost no shift for the pyrrole and phenyl mytually trans chiorides. ThetH NMR spectrum of4 (Table

resonances. Also the UWis and fluorescence spectra of

3) reflects the symmetry of the complex, with two equivalent

MPyP were only marginally affected by coordination to MpyP ligands and two equivalent V8O ligands. Moreover,
ruthenium. By analogy to the crystallographically characterized theo-H and them+p-H multiplets of MPyP are each separated

cis,cis,cisRUChL(Me;S0),(CO)(py) 2Z’° we propose that in CO

is transto Cl and the N-ligand isransto Me,SO because the
13C NMR signal of the carbonyl carbon ih (194.3 ppm) is
very close to that found inis,cis,CiSRUCKL(Me>S0),(CO)(py)
(194.0 ppm). Moreover, in the geometrical isomer with the

(30) Akins, D. L.; Zhu, H.-R.; Guo, CJ. Phys. Chem1996 100, 5420.

(31) (a) Shamim, A.; Worthington, P.; Hambright, P.Chem. Soc. Pak.
1981 3, 1. (b) Sari, M. A.; Battioni, J. P.; Dupr®.; Mansuy, D.; Le
Pecq, J. BBiochemistryl99Q 29, 4205. (c) Meng, G. G.; James, B.
R.; Skov, K. A.Can. J. Chem1994 72, 1894.

into two new multiplets (see Discussion). When the formation
of 4 was followed by NMR spectroscopy, a 1:1 intermediate
(from integration) characterized by a downfield H2,6 (10.00
ppm, downfield compared td) was observed in the first few
minutes of reaction. The corresponding resonances g8ble

two singlets at 3.40 and 3.56 ppm in a 2:1 intensity ratio, suggest
a mer geometry for this 1:1 intermediate.

(32) Alessio, E.; Calligaris, M.; Roppa, R.; Marzilli, L. G. Unpublished
results.
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Table 2. SelectedH Chemical Shifts of 1:1 ReMPyP Compoundd—3 in CDCl; (ppm)
H2,6 (py) Hp® H3,5 (py) o-HP
cis,cis, CiSRUCKL(Me,S0),(CO)(MPYP) (1) 9.46 (2, m) 8.91 (2, d), 8.85 (6, m) 8.24 (2, m) 8.20 (6, m)
cis,facRUCKL(Me,SO)s(MPYP) () 9.52 (2, m) 8.89 (2, d), 8.85 (4, B.77 (2, d) 8.20 (2, M) 8.20 (6, m)
cis,trans,cisRUCkL(Me,S0)(MPyP)(CO) (3) 9.29 (2, m) 8.94 (2, d) 8.86 (4, M)8.31 (2, d) 8.31 (2, m) 8.21 (6, m)

aPyrrole protons? Ortho protons of phenyl ringst Overlapping peaks! Unresolved multiplet.

Figure 2. Schematic drawing of the 1:2 RMPyP adductg—6: 4,
X =Y =Me0;5 X=Y =CO;6 X =Me0, Y =CO.

The complexrans,cis,cisRuCh(CO)(MPyP), (5) (Figure 2),
similar to4 but with two CO molecules in place of the Mg
ligands, was obtained by reactiontofins,cis,cisRuCh(CO),-
(Me,S0), with 2 equiv of MPyP. Combined IR anldC NMR
evidence confirmed thd has twotrans chlorides and twais
CO ligands (Supporting Information). TRE NMR signals of
the two equivalent MPyP units i are similar to those found
in 4 (Table 3), even though the resonance of H2,6 is less
downfield shifted (0.55 ppnvs 0.80 ppm in4). A similar
difference was found for the H2,6 signals in the pyridine
derivatives,trans,cis,cisRuCh(Me,S0),(py). (9.14 ppm) and
trans,cis,CisRUCL(CO)(py)2 (8.89 ppm)32 The reaction lead-
ing totrans,cis,CisRuCh(CO)(MPyP) was considerably slower
compared to that yieldingans,cis,CisRuCh(Me,S0),(MPyP),
and occurred in two well-separated steps. In fact, the mono-
subsituted intermediateans,cis,cisRuCh(CO)(Me,SO)(MPyP)
built up very rapidly, within minutes after mixing (residual
Me,SO signal at 2.97 ppm), while coordination of the second
MPyP moiety to form5 required several hours. Compléx
was obtained also as a minor product from the reaction of MPyP
with cis,trans,cisRuCh(Me;S0),(CO),.

Finally, acis-disubstituted complex with nonequivalent MPyP
units, trans, cis,CisRuCh(Me,S0)(CO)(MPyP} (6) (Figure 2),
was obtained by reaction tfans-RuCh(Me,SO)(CO) with 2
equiv of MPyP. The porphyrin replaced the )© transto
CO and one of the two M&0O’s transto each other. I6 the
pyridyl signals of the two inequivalent porphyrins are well

the number of residual M80 ligands. While the molar
absorption coefficient per porphyria/fMPyP) of the Soret band

of trans,cis,CisRuCL(CO)(MPyPY), is substantially unchanged
compared to MPyPs/MPyP is~40% lower fortrans,cis,cis
RuCh(CO)(MeS0O)(MPyP) andtrans,cis,cisRuCh(Me,S0),-
(MPyP). A similar behavior was observed in the emission
spectra, where the intensity of the main fluorescence band at
647 nm greatly decreased frdmans,cis,CisRUCL(COR(MPyP)

to trans,cis,CisRuCh(Me,SO),(MPyP).

Dimers. The selectivity of the reaction afs,facRuCh(Me,-
SOX)(CO) with MPyP and the stability of the 1:1 addwis,-
cis,cisRuUChL(Me;S0),(CO)(MPyP) () prompted us to consider
this precursor as the one most suited for the synthesis of stable
compounds of higher nuclearityrans DPyP selectively added
2 equiv ofcis,facRuCh(Me,SO)(CO). The!H NMR spectrum
of the dimeric productttans DPyP)kis,cis,cisRuCh(Me,S0),-
(CO)): (7) (Figure 3, Table 4) confirmed that the two ruthenium
units are equivalent, each bearing two sulfoxides and having
the expecteatis,cis,cisgeometry. The resonances of the two
ruthenium units are very similar to thoseof For example, as
in 1, the four expected methyl resonances 7ofvere well
resolved in thé3C NMR spectrum, but two overlapped in the
IH NMR spectrum. The pyrrole resonances (two doublets
accounting for 4 protons each) indicate that7rthe trans
symmetry of the porphyrin was maintained with the two
complexes rotating rapidly enough on the NMR time scale so
as not to break the two mirror planes.

Similarly, (cissDPyP)fis,cis,cisRuChL(Me,S0),(CO)], (8)
(Figure 4), an isomer of, was obtained by reaction afs-
DPyP with 2 equiv of cis,facRuCh(Me,SOx(CO). The
spectrum oB (Table 4) is remarkably similar to that @fexcept
for the pyrrole resonances, which consist of two doublets and
two singlets (even though coordination to ruthenium induced
partial overlap), characteristic of the symmetry c$-DPyP.
Since thecis, cis,cisRuChL(Me,S0),(CO) moiety is chiral, meso
(CA)2 and diastereoisomericCC and AA) forms of 7 and 8
undoubtedly exist with potentially different NMR signals.
However, at the field used, tHél and13C NMR signals were
not distinct for the two forms.

Tetramers. Tetramers bearing four equivalent units of either
Ru(ll) or Ru(lll) complexes were easily obtained by reaction
of TPyP with an excess of the ruthenium precursor. For
example, reaction withis,facRuCh(Me,SO)(CO) selectively
yielded (TPyP)is,cis,cisRuChL(Me,SO),(CO)l4 (9) (Figure 5).
Complex9 is remarkably more soluble in chloroform than TPyP.
Even though® must exist as a mixture of stereoisomers (with
C or A Ru units), it has a particularly simple NMR spectrum

resolved, whereas the signals of the phenyl rings overlap (Table(Table 4), indicating that all four Ru units have the expected

3). The H2,6 and H3,5 signals of each porphyrin unit have

cis,cis,ciggeometry. The presence of stereoisomers induces only

been related by means of a COSY spectrum. When the above? slight broadening of the resonances, suggesting that the units

reaction was followed byH NMR spectroscopy, two mono-
substituted intermediates were observed, one with MiPyhs
to CO (resonance at 3.46 ppm for the two equivalen;30e
ligands) and the other with MPyRans to Me;SO (equally
intense resonances at 2.89 and 3.54 ppm for the residy&/e
and MeS0O, respectively).

The intensities of the electronic absorption and emission
spectra of theis disubstituted complexes seem to depend on

are not close enough to have an effect on the shifts.

The tetramer (TPyPg|s,facRuCL(CO);]4 (10), obtained by
reaction withcis,facRuCh(CO)(Me,SO), proved instead to be
almost insoluble in most organic solvents. Two rather soluble
tetraanionic Ru(lll) compoundsiBusN]4{ (TPyP)trans RuCl-
(MezS0)]4} (11) and pBusN]{ (TPyP)fransRUCL(CO)4} (12)

(33) Brown, M. F.; Cook, B. R.; Sloan, T. lhorg. Chem1975 14, 1273.
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Table 3. SelectedH Chemical Shifts of 1:2 RtMPyP Productgl—6 (an

Inorganic Chemistry, Vol. 36, No. 24, 1995619

d5Zn) in CDCl; (ppm)

o-H mH+p-H mH+p-H
H2,6 (py) Hz2 H3,5 (py) o-H (15p (10, 20¥ (15 (10, 20¥

trans,cis,cis 9.83 (4, m) 8.84 (4, d), 8.80 (4,d), 8.30 (4, m) 8.19 (4, nh) 8.05(8, my 7.76 (6, m) 7.54 (12, my
RuChL(Me;SO),(MPyP), (4) 8.77 (4,d), 8.72 (4, d)

trans,cis,cis 9.58 (4, m) 8.85 (16, m) 8.45 (4, m) 8.21 (4,'/mB.15(8, my 7.76 (6, m) 7.68 (12, my
RUCL(CO)(MPyP), (5)

trans,cis,cis 9.57 (4, m) 8.94 (16, m) 8.45 (4, m) 8.20 (4,/mB.14 (8, my 7.76 (6, m) 7.67 (12, my
RUuCkL(CO)(Zn-MPyP), (5Zn)

trans,cis,cis 9.85 (2, m), 8.84 (16, m) 8.42(2,m), 8.19(4,m) 8.12(8, my 7.76 (6, m) 7.64 (12, my
RuChL(Me;S0)(CO)(MPyP} (6) 9.40 (2, my 8.32(2, my

2 Pyrrole protons® Ortho protons of phenyl ring at position 150rtho protons of phenyl rings at positions 10 and 28leta + para protons

of phenyl ring at position 15 Meta + para protons of phenyl rings at po

Figure 3. Schematic drawing of tilansDPyP)[is,cis,cisRuCk-
(Me:S0)(CO)L. (7).

(nBuyN = n-tetrabutylammonium), were obtained similarly by
reaction with pBusN][transRuClL(Me,S0),] and [nBusN]-
[transRuCL(CO)(M&S0)], respectively. The DMSQ@ H
NMR spectrum ofl1 has, besides the resonances of the cation,
a very broad peak for M&O (—12.8 ppm) and three broad
resonances<7.0,—1.9, and 4.2 ppm) ascribable to TPyP in a
symmetric environment. Théd NMR spectrum ofl2is similar

to that of11, except for the absence of the M® resonance
and a general downfield shift of the three MPyP signals of about
2 ppm.

Insertion of Metal lons and Self-Assembly Processesln
principle, two complementary approaches can be pursued for
the incorporation of metal ions into the porphyrin unit(s) of the
above compounds, i.e. synthesis of meRyPs followed by
reaction with the Ru precursors or insertion of the metal ion
into the isolated RtPyP complex. We found the second
method was definitely superior; treatment of selected-RyP
adducts with an excess of zinc acetate in chloroform/DMSO or
chloroform/methanol solution yielded the corresponding zinc
compounds in good yield. Similarly, €b was inserted into
the tetramer (TPyPg|s,cis,CisRuCh(Me>S0),(CO)]4 (9), lead-
ing to good yields 0BCo. The insertion of metal ions into the
porphyrin core led to a general slight decrease in the solubility
of the complexes in chloroform (see also below). Insertion of
zinc altered the visible absorption spectra of the complexes, i.e.

sitions 10 and 20Peaks related to each other in the COSY spectrum.

two Q-bands instead of four and a general red shift of the Soret
band (5-6 nm); these changes are similar to those found upon
metalation of free porphyrin®. Insertion changed the general
shape of the emission spectra of the complexes, characterized
now by a main fluorescence band at about 605 nm, accompanied
by a shoulder at about 645 nnief = 420-430 nm)?20c
Fluorescence intensity was also reduceddib—40% relative

to the zinc-free complexes.

We found that irtis,cis,cisRuCh(Me>S0),(CO)(MPyP) (),
trans,cis,CisRuCh(Me>SO),(MPyP), (4), and (TPyP)is,cis,-
CisRUCh(Me,S0),(CO)4 (9) insertion of zinc into the PyP core
induced a self-assembly process in solution. Experimental
evidence came from the following measurements (all in
chloroform):

(1) *H NMR Spectra. As expected, the spectra ois,cis,-
CisRUChL(Me;S0O),(CO)(ZrrMPyP) (LZn) and trans,cis,cis
RuCh(Me,S0),(Zn-MPyP), (4Zn) lacked the NH signals.
However, all resonances, particularly those of the;®8@kand
pyridyl protons, were shifted considerably upfield and broadened
compared to those of the corresponding precursor. This was
remarkably more pronounced4Zn than in1Zn. For example,
in a 2.5 mM CDC} solution ofcis,cis,cisRuCh(Me;S0),(CO)-
(Zn-MPyP) the two MeSO ligands gave four slightly broadened
resonances between 2.97 and 2.74 ppm (Figure 6), while in an
equimolar solution ofrans,cis,cisRuCh(Me;SO),(Zn-MPyP)
the two equivalent MgO ligands gave a very broad signal at
0.7 ppm. Similar evidence for self-assembly was found in the
aromatic region. The pyridyl and pyrrole resonancesais,-
cis,CisRUCh(Me,0),(Zn-MPyP), were broadened and shifted
upfield, while the pyridyl resonances only @f,cis,cisRuCh-
(MexS0),(CO)(ZrrMPyP) were affected and to a lesser degree
than for4zn (Figure 7). Moreover, théH NMR spectra of
both compounds were strongly dependent upon temperature and
concentration: Both an increase in the temperature and a
decrease in the complex concentration induced a general
downfield shift and sharpening of all resonances, particularly
the MeSO and pyridyl H2,6 signals (Figure 6). (Note: The
spectral changes with temperature were reversible in the range
examined.) Similar results were obtained by addition of a
competitive solvent such as GDD: The spectra of bothis,-
cis,CisRUCh(Me,SO),(CO)(ZnrMPyP) andrans,cis,cisRuCk-
(MexS0),(Zn-MPyP), became very similar to those ci§,cis,cis
RuCh(Me,S0),(CO)(MPyP) andrans,cis,cisRuCh(Me,S0),-
(MPyPY), respectively, upon increasing the amount of added
CDs0D (Figure 7). Unlikecis,cis,cisRuChL(Me,;SO),(CO)(Zr
MPyP) andtrans,cis,CisRuCh(Me,S0),(Zn-MPyP), the tet-
ramer (ZnTPyP)kis,cis,cisRuCL(Me>S0),(CO)]s (9Zn) was
almost insoluble in CDGlI (solubility ~10~4 M). However,
addition of a few microliters of CEDD completely dissolved
the complex, which then had &H NMR spectrum very similar
to that of (TPyP){is,cis,cisRuChL(Me,S0),(CO)]s. The dis-
solution 0of9Zn is consistent with methanol binding to Zn, since
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Table 4. SelectedH Chemical Shifts of Dimer§ and8 and Tetramer® and 10 in CDCl; (ppm)
H2,6 (py) H5® H3.5 (py)
(trans-DPyP)kis,cis,CisRUCL(Me,S0),(CO)]. (7) 9.47 (4, m) 8.92 (4, d), 8.86 (4, d) 8.23 (4, m)
(cis-DPyP)[is,cis,CisRUCL(Me;S0O),(CO)L. (8) 9.49 (4, m) 8.88 (8, m) 8.24 (4, m)
(TPyP)[is,cis,cisRUCKL(Me;S0),(CO)4 (9) 9.52 (8, m) 8.94 (8, s) 8.22 (8, m)
(TPyP)[is,facRuCkL(CO)]4 (10)° 9.41 (8, m) 9.03 (8, s) 8.44 (8, m)

apyrrole protons? CD,Cl, solution.

CICH_,GI:'

Figure 4. Schematic drawing oft{s-DPyP)[is,cis,CisRuCh(Me;SO),-
(CO)L (8).
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Figure 5. Schematic drawing of (TPyRjk,cis,CisRUCL(Me,SO).-
(CO)L (9).
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Figure 6. Effect of dilution (left) and temperature (right) on thid
NMR Me,SO signals of cis,cis,cisRuCh(Me;S0),(CO)(Zrr MPyP)
(1Zn). Left: T = 25°C; [1Zn] = 2.50 mM (a), 1.25 mM (b), 0.62
mM (c). Right: [LZn] = 2.50 mM, T = 25°C (a), 35°C (b), 45°C
(c).

€ was essentially constant from 10to 5 x 10~ M and then
steadily increased for lower concentrations. This behavior has
been reported previously for self-assembling porphyrin sys-
tems® No concentration-dependent shifts in the position of
the absorption maxima were observed. Therefore, the hypo-
thetical interaction of Zn with dissociated PyPs, which would
involve a bathochromic shift of the Soret ba¥¥d;an be ruled
out.

In contrastfrans,cis,cisSRUCKL(CO)(Zn-MPyP) (5Zn), which
lacks the MeS0 ligands, has atH NMR spectrum very similar

methanol does not dissolve these compounds but can be used© that of5 (Table 3) with all sharp resonanc¥s.Insertion of

in place of diethyl ether, to precipitate them from chloroform
solution.

(2) UV—Vis Absorption Spectra. The molar extinction
coefficients €) of the Soret band dfis,cis,CisRuChL(Me,S0),-
(CO)(ZrMPyP),trans,cis,cisRuCh(Me»S0),(Zn-MPyP), and
(Zn-TPyP)is,cis,cisRUCKL(Me;S0),(CO)]s were strongly con-
centration dependent. In generalgradually increased with

Zn?* did not shift the pyridyl signals, but the pyrrole resonances
were slightly downfield shifted (0.1 ppm). Moreover, both the
NMR and UV-vis spectra 06Zn showed no dependence upon
concentration or temperature.

Discussion
Our aim was to gain a good understanding of the spectro-

decreasing concentration; the effect was observed at differentscopic characteristics of relevant RByP compounds before

ranges of concentration. In particularof cis,cis,cisRuCkL-
(MexS0),(CO)(ZrrMPyP) remained constant for concentrations
in the range 5x 1077—3 x 10°% M and then decreased by
~60% from 3x 1076 to 10°° M (higher concentrations could
not be investigated). Theof the disubstituted complexans,-
cis,cisRuCh(Me,S0),(Zn-MPyP), was essentially constant in
the range 10'—2 x 107% M and then started to decrease, even
though concentrations higher thanx4 10~ M could not be
investigated. For (ZTPyP)kis,cis,ciSRUCL(Me;S0),(CO)]4

undertaking the synthesis of more complicated supramolecular
arrays, such as molecular squares of PyPs held together by
ruthenium complexes!H NMR spectroscopy proved particu-
larly useful for characterizing the RtPyP complexes described
above. Coordination to Ru affected mainly the resonances of
the pyridyl ring(s) of PyPs, causing downfield shifts (H2,6
signals from 0.3 to 0.9 ppm, H3,5 from 0.03 to 0.18 ppm). The
resonances of the protons on the phenyl rings, when present,
were not particularly influenced by coordination, exceptis
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Figure 7. Effect of the addition of CBOD on the'H NMR MPyP signals otis,cis,CisRuCh(Me,S0),(CO)(ZrMPyP) (1Zn) (left) andtrans,-
cis,CisRUChL(Me,S0),(Zn-MPyP), (4Zn) (right). Left: [1Zn] = 2.50 mM (a),+ 2 uL of CD30OD (b), + 4 uL of CDsOD (c), + 8 uL of CD;OD
(d). Right: 4Zn] = 2.50 mM (a),+ 8 uL of CDzOD (b), + 16 uL of CDzOD (c), + 64 uL of CD3;OD (d).

disubstituted complexes (see below). The resonances of the He6
pyrrole protons were particularly informative about the geometry
of the porphyrin, while the MgO signals, when present, gave
information about the coordination environment. Spectroscopic
data (IR,**C NMR) involving the carbonyl and chloride ligands [T T T T
provided further evidence for the unambiguous assignment of 0.0 95 9.0 85 B0 7.5
the product geometry. In general, the bVis and fluorescence

spectra of the complexes were similar to those of the corre- (10.20)@
a
(15)

HB H3,5

sponding unbound PyPs, suggesting that coordination to Ru does
not significantly affect the electronic properties of the porphyrin
ring. This was not true for theis-disubstituted complettans,- O (5]
cis,cisRuCh(Me,S0),(MPyP), and, to a minor extentrans,- o) & e
cis,cisRuCh(Me,S0)(CO)(MPyP), where the reducedMPyP
of the Soret band and the decreased intensity of the emission

band suggest some electronic coupling between thecigo 0
porphyring®* A more detailed investigation of the photophysical
properties of such complexes is the subject of an ongoing
collaboration.

In particular, one NMR feature of th@s-disubstituted MPyP
species is worth discussing in more detail. In fheNMR o
spectrum of, for examplérans,cis,CisRuCh(Me,SO),(MPyP),
there are two sets of multiplets for the phenyl protons ¢-kl. Figure 8. Downfield region of the HH COSY spectrum ofrans,-
and m+p-H) of the twocis MPyP ligands. The two sets are  CiS:CISRUCE(MESO),(MPYP) (4).
identified by the relative intensities and by crosspeaks in the dictory data, presented without comment, have been reported
COSY spectrum (Figure 8). The two multiplets of the minor for MPyPs coordinated to adjacent sites in square planar
set, which integrate for 4 and 6 protons, respectively, are almostcenters”® For example, a splitting of the phenyl resonances,
unshifted compared to MPyP; these are assigneo-tband an NMR pattern similar to that found here, was observed in
m+p-H of the phenyl ringtrans to the pyridyl ring (position the tetramers [Pt(MPYTE{OTf), (MPyTP = 5-(4-pyridyl)-10,-

15). The signals of the major set, which integrate for 8 and 12 15,20-tritolylporphyrin; OTf= triflate) and [Pt(ZAMPyP)]-
protons, respectively, and are shifted upfield by about 0.2 ppm, (OTf),. However, the opposite, i.e. upfield shift of the
are assigned to the two phenyl rings to the pyridyl ring resonances of the phenyl ring at the 15-position, was reported
(positions 10 and 20). The upfield shift is probably caused by for the similar tetramer [Pt(MPyTHR)BF4)2, and apparently no
the rotation of MPyP about the Rypyridyl axis, which brings splitting of the phenyl resonances occurred in the dinoéss

the phenyl rings at the 10,20-positions into the shielding cone Pt(MPyP)Cl, and cis-Pt(MPyTP}Cl,.2425

of the adjacent porphyrin ring. The relatively small extent of  We also found NMR evidence that the Rdn-PyP com-

the upfield shift suggests that the two porphyrins rotate freely plexes bearing residual M80 units, such asis,cis,cisRuCh-

and that the average time spent in the orientations inducing (Me;SO),(CO)(ZnrMPyP), trans,cis,CisRuCh(Me,SO),(Zn:--
mutual shielding is rather short. A very similar NMR pattern MPyP), and (ZnTPyP)kis,cis,cisRuChL(Me,S0),(CO)], self-

was found also in the analogsans,cis,cisRUCL(COL(MPyP) assemble spontaneously in solution. Since the effect does not
and trans,cis,CisRuCh(Me,S0O)(CO)(MPyP), but not in the occurr intrans,cis,CisRuCh(CO)(Zn-MPyP), we believe that
other complexes bearing a single porphyrin. We believe that the oxygen atom of a M&0 ligand of one molecule and the
the pattern is quite characteristic of two mutualiy pyridylpor- zinc of another molecule interact. Accordingly, the intermo-
phyrins in free rotation about the metglyridyl axis. Contra- lecular interaction brings the M80 of one molecule into the




5622 Inorganic Chemistry, Vol. 36, No. 24, 1997

Ar

E SO
AN
Ar CH’
N
e
d
CHS
S

Figure 9. Schematic drawing of the self-assembling process.

shielding cone of the porphyrin ring of another molecule,
inducing an upfield shift of all resonances in the NMR spectrum
(Figure 9). However, the relatively small upfield shift of pB®

Alessio et al.

between boronic acid and a diol, was neeé#fedThe self-
assembling process of #MyPs bearing peripheral RiMe,SO
complexes represents a new category.

Our study reveals two unprecedented features. First, the two
reactive centers belong to the same molecule, which is neverthe-
less a coordination compound,; this allows the introduction of a
second metal center, in this case ruthenium, into the supramo-
lecular array. Second, a new kind of noncovalent interaction
is used, which takes advantage of the residual basicity of the
oxygen atom of S-bonded sulfoxide ligands. Even though this
particular interaction might not be strong enough for producing
stable aggregates, such aggregates could be achieved by
changing the nature of the basic site in the peripheral metal
moiety.

Conclusions and Future Prospects

The reactivity of the PyPs with the RiMe,SO precursors
closely reflects that already observed by us with simpler N-donor
ligands. In other words, the number and the fixed stereochem-
ical relationship of the coordination sites of these Ru precursors
are predictable. This chemistry was successfully exploited for

resonances and their broadening suggest that the interaction igontrolling the geometric configuration of supramolecular-Ru

not particularly strong and rather labile. Consistent with this PyP assemblies. Moreover, most of the above complexes are
hypothesis, the extent of aggregation in CPGblution is quite soluble in organic solvents such as Cg@lso when PyPs
diminished, not only by an increase in temperature or a decreaseare metalated) and are very robust in solution, where they remain
in concentration, but also by addition of a coordinating solvent intact for weeks. To our knowledge, they represent the first
such as methanol, which can successfully compete for Zn with example of systematic and rational approach to the synthesis

the oxygen atom of Mg8O. Combined UV-vis and*H NMR
evidence suggested that, in chlorofomis,cis,cisRuCh(Me,S0),-
(CO)(ZrrMPyP) andtrans,cis,cisRuCh(Me,S0),(Zn-MPyP),
self-assemble above 1®OM. The self-assembling process of
(Zn-TPyP)Lis,cis,cisRuCh(Me,0),(CO)], starts at concentra-
tions lower than 107 M, and hence, this tetramer is barely
soluble in chloroform. However, it can be dissolved by addition
of small amounts of methanol, which presumably binds to Zn

of isolated and well-characterized octahedral complexes of
pyridylporphyrins. Compared to previous examples which
mainly had peripheral square planar Pt(ll) and Pe{RyP
moieties?*25the two additional coordinated “spectator” ligands

in octahedral complexes might prove advantageous for a series
of reasons. These ligands might allow the following: better
fine-tuning of the properties of the metal; greater solubility in
organic solvents; useful extra spectroscopic handles for the

and disrupts the supramolecular array. The NMR spectra of characterization; additional avenues for assembling more ex-

bothcis,cis,cisRuCh(Me;SO),(CO)(ZnrMPyP) andtrans,cis,-
CissRUCh(Me»S0),(Zn-MPyP), show that the upfield shift of

tended structures.
As a logical extension of the synthetic results obtained by us

the MPyP resonances is roughly proportional to the distance of with MPyP, reaction of theis-coordinating ruthenium precur-

the protons from Ru; i.e., it is maximum for H2,6 and then

sors, i.etransRuChL(Me,S0), and its carbonyl derivatives, with

gradually decreases for protons further removed. This observa-equimolar amounts dfis or trans-DPyP might be expected to

tion suggests that bound MPyP enters head-on into the shieldingyield 2 + 2 or 4+ 4 molecular squares, respectively, similar
cone of another unit, as schematically depicted in Figure 9, andto those reported by Lehn with square planar Pt(ll) and Pd(ll)
therefore assemblies with face-to-face porphyrins are not likely complexeg* Some of the new complexes are indeed good

to play a major role.

models for the basic components of such supramolecular

The interaction between the oxygen atom of S-bonded assemblies. Theis-disubstituted MPyP speciggns,cis,cis

sulfoxide and a metal species is not completely without

RuCh(Me;S0),(MPyPY), trans,cis,cisRUCL(CO)(MPyP), and

precedent; we have observed it in solution between oligomerstrans,cis,cisRuCh(Me,SO)(CO)(MPyP}) can be viewed as the

of zinc porphyrins and inert ReMe,SO complexes? Previous
reports concerned Rtsulfoxide complexes in the solid stéte.
However, this interaction might not occur when #88 is bound

corners of 4+ 4 or 2+ 2 molecular squares. Theans-dimer
(trans-DPyP)Lis,cis,cisRUCK(Me>S0),(CO)]. is a model for
the side of a 4+ 4 square. On the other hand, tbis-dimer

to other metal ions; in fact, no significant difference was reported (CisDPyP)kis,cis,cisRUCk(Me;SO)(CO)L is a good model

between théH NMR CDCl; spectra otis-Pt(MeS0)(MPyP)-

Cl, and its zinc derivativeis-Pt(MeS0)(Zn-MPyP)Cb.25
Previous examples of porphyrin self-assembly involved

pyridine—metal coordination. In most cases, both the pyridine

ligand and the metal acceptor atom inside the porphyrin

belonged to a single moleculéd16.17put there are very recent

reports in which these moieties are located in separate mol-

ecules®®3 |n this case either two contemporaneous pyridine
metal interactions occurrétior another interaction, such as that

(34) Jaswal, J. S.; Yapp, D. T. T.; Rettig, S. J.; James, B. R.; Skov, K. A.
J. Chem. Soc., Dalton Tran$992 1528.

(35) Hunter, C. A,; Hyde, R. KAngew. Chem., Int. Ed. Engl996 35,
1936.

(36) Sarson, L. D.; Ueda, K.; Takeuchi, M.; Shinkai,Ghem. Commun.
1996 619.

Abbreviations: Tetraphenylporphyrin (TPP); 5-(4-pyridyl)-10,15,20-
triphenylporphyrin (MPyP); 5,10-bis(4-pyridyl)-15,20-diphenylpor-
phyrin (cis-DPyP); 5,15-bis(4-pyridyl)-10,20-diphenylporphyriras
DPyP); 5,10,15-tris(4-pyridyl)-20-phenylporphyrin (TrPyP) and
5,10,15,20-tetra(4-pyridyl)porphyrin (TPyP).

According to elemental analysi8&Zn has some methanol of crystal-
lization. TheH NMR spectrum of5Zn in CDCl; confirmed the
presence of CEDH (sharp doublet at 3.14 ppm coupled with a well-
resolved quartet at 0.51 ppm in a 3:1 intensity ratio). Its resonances
are remarkably shifted upfield compared to those ofsCGH in a
CDCls solution of comparable concentration (sharp doublet at 3.49
ppm and quartet at 0.94 ppm). This is ascribable to the very labile
binding of methanol to Zn, which brings the molecule inside the
anisotropic shielding cone of the porphyrin.

@7

(38)
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for the other corner of 2+ 2 molecular squares. The shown previously for the M&0O—Zn cas€'® the donor/acceptor

inequivalence of the phenyl resonancescis-disubstituted properties of the other ligands.

MPyYP species as described above might allow us to distinguish
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