Inorg. Chem.1998,37, 3675-3681 3675

Heterometallic Homo- and Heteroleptic Porphyrinate Dimers with a Rhodium—Thallium
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The synthesis and spectroscopic characterization of four heterometallic porphyrinate dimers containing+hodium
thallium metat-metal bonds are reported. The investigated compounds are represented by the formula (Porph)-
Rh—TI(PorpH), where Porph and Porpare OEP and/or TPP. UV/visible spectroscopy of the title complexes
confirms the presence of a strong-7 interaction between the macrocycles in each derivative. Withnd!3C

NMR data, we were able to distinguish two major NMR regions: e¢hdq between the metalmetal bonded
macrocycles, and thexqg outside the macrocycles, which are characteristic features of porphyrinic diffeFk.

NMR for the title complexes was performed, and the chemical shifts of the thallium nucleus are presented. For
the four complexes, the magnitudes of spapin coupling constants between thallium and rhodium nuclei have
been measured for the first time. Finally, reactions with selected substrates were studied in order to investigate
the reactivity as well as the polarity of the metahetal bond.

Introduction

literature. The only dimers known, to date, with a bond between
a transition and a nontransition metal are those with aIRh

Dimeric metalloporphyrins are assembled by using a diversity yondé The metaFmetal bond in those dimers exhibits
of links, such as formation of a bridge between two metals by ;_character and a directed polarization from rhodium to indium

a bridging ligand, a covalent bond at the porphyrin ligand
periphery resulting in a cofacial configuratiérand a direct
metal-metal bonc?

(formally Rh(l): — In(lll)). %> Continuing the effort to inves-
tigate the nature and properties of this kind of metaktal
bond, we report herein the synthesis and characterization of a

The last class has received considerable attention. A largenew series of heterometallic homo- and heteroleptic dimers that

number of porphyrin compounds that contain metaletal

contain RR-Tl bonds. The two porphyrin ligands used in this

multiple bonds have been investigated in terms of structure andwork are the octaethylporphyrin dianion (OEP and the

bonding3*d However, this is not the case for dimeric porphyrins
that possess metametal single bonds. In fact, the homome-
tallic dimers of R and IP are the only ones appearing in the
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tetraphenylporphyrin dianion (TPP. Each of these ligands
imparts different electronic as well as steric effects on the metal
center (due to their peripheral substituents), and it is possible
to modify indirectly the properties of the metahetal bond
formed.

Experimental Section

General Information. All chemicals were reagent grade and were
used without further purification, except as noted. Basic, type | alumina
was activated at 150C for a minimum of 24 h. THF and toluene
were distilled over sodium/benzophenone under an inert atmosphere.
Spectra for extinction coefficient measurements were recorded in
toluene (Merck spectral grade). Ethanol and the basic aqueous solution
(0.5 M) of NaBH, were degassed via three freezeimp—thaw cycles.
Manipulation of oxygen-sensitive compounds (reduced Rh(l) porphy-
rinic species with OEP or TPP) was carried out on a vacuum line under
an argon atmosphere using Schlenk tube techniques. All manipulations
of light-sensitive derivatives were carried out in the darkroom (metal
metal bonded dimers).
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Synthesis of [(Porph)M" Cl]. The complexes [(Porph)RICI] and acquisitions was at least-3 times the longest; time measured. The
[(Porph)TI"CI] were prepared according to literature methogis. values of the relaxation times were obtained from three parameter fits
Synthesis of [(Porph)RH]~. The reduction of [(Porph)RtCI] to the row daté*
(where Porph= OEP, TPP) was achieved by a slight modification of UV/Visible Instrumentation. Absorption spectra were collected
a previously published procedwt§(Porph)RA'CI] (0.04 mmol) was on a Perkin-Elmer Lambda 6 spectrophotometer or on a diode-array

dissolved under an argon atmosphere in 25 mL of oxygen-free ethanol.spectrometer adapted for our experiments with components from the
The solution was heated to 5, and a basic aqueous solution of ORIEL Co. Spectra for extinction coefficient measurements were
NaBH; (1.04 mmol) was slowly added. The solution was stirred recorded in toluene (5 10°° M solutions).

vigorously for 1 h. The formation of the rhodium(l) porphyrin was . .

monitored by UV/visible spectroscogy. After complete formation of ~ Results and Discussion

and the crude solid was sed directy for e next siep. which s he . S)ESIS. Several methods have been developed for the
nucleophilic attack of [(Porph)Rh]on a [(Porph)M' Cl] derivative and SyntheSl.S 20f singly bonde_da me etal (_:Ilmers, SL.jCh as
. o photolysid? and thermolysi¢2 which require (porphinato)-
the formation of the corresponding dimer. . . . . . !
rhodium hydride in an intermediate step. The synthesis of

Synthesis of (OEP)RR-TI(OEP). [(OEP)TI"CI] (0.04 mmol) was -
dissolved under an argon atmosphere in 30 mL of freshly distilled THF. (Porph)RR-TI(PorpH) [where (Porph)= OEP or TPP and

The solution was transferred to the solid residue of [(OEP)Rrand (Porph)= or = (PorpH)] was performed in an alternate way,
the mixture was stirred for 0.5 h at room temperature in the dark. The Via & two-step reaction, by omitting the formation of the
solution was evaporated, and the crude product was passed through afiydride. In this synthetic procedure, the direct nucleophilic
Al, 03 column (4x 2 cm, type | Basic), also in the dark. The porphyrin  attack of [(Porph)RH~ on [(Porph)TV'CI] gives rise to the
dimer was eluted with toluene as the eluent (yield 20%, based on formation of a rhodium-thallium single bond. The synthetic
[(OEP)RH'CI]). procedure followed was similar to that used for the (Porph)-
Synthesis of (TPP)RK-TI(OEP). [(OEP)TI"CI] (0.04 mmol) was Rh—In(PorpH) complexes. The following equation represents

dissolved under an argon atmosphere in 30 mL of freshly distilled THF. the general reaction scheme for the synthesis of this new family
The solution was added to the freshly prepared, solid [(TPP)Rh of complexes:

and the mixture was stirred for 0.5 h at room temperature in a dark
room. The solvent was evaporated, and the crude solid was chromato- I Il ~ inthe dark

graphed on an ADs column (4x 2 cm, type | Basic) in the dark. The  [(Porph)RH]"Na" + (Porph)TI"'CI I

porphyrinic dimer was eluted first with toluene as the eluent (yield

43%, based on [(TPP)RICI)). (Porph)RR-TI(PorpH)

Synthesis of (TPP)RR-TI(TPP). [(TPP)TI"CI] (0.04 mmol) was
dissolved under an argon atmosphere in 30 mL of freshly distilled THF. (Porph and Porph= OEP, TPP)

The solution was transferred to the solid residue of [(TPP)Rhand A combarison with the similar rhodiurindium derivatives
the mixture was stirred for 0.5 h at room temperature and in the absence P

of light. The solution was evaporated, and the crude product was shows a fe_W pecu“_am'es_ concerning the Syr_]thet'c_ process of
chromatographed on an A; column (6x 2 cm, type | Basic) inthe  these rhodiumthallium dimers. In the reaction mixture for
dark and with toluene as the eluent. The first fraction contained free the synthesis of (Porph)RITI(TPP) derivatives, an intermediate
base (TPP)kland a tetraphenylthallium porphyrin derivative which was ~ species is detected (Soret band at 460 nm in THF (under Ar)
formed during the reaction, as will be discussed later. The desired and 480 nm in toluene). The electronic spectrum is similar to
dimer was obtained in the second fraction of the eluate (yield 23%, that of [(TPP)Tl]j13 which leads to the suggestion that
based on [(TPP)RHKCI]). reduction of [(TPP) T CI] takes place during the reaction. This
Synthesis of (OEP)RR-TI(TPP). The reaction for the formation  reduction leads to the thallium(l) derivative, [(PorpH)I

of this dimer was similar to those described above. However, the f5(0wed by its demetalatiof This gives rise to the free base,
purification pf the_complex requir_ed two c_hromatographic s_eparations a well-known feature of the chemistry of TI(l) porphyrinates.
of the reaction mixture. In the first, a mixture of (TPR)Hith the Note that this reduction is observed only when thallium(lll) is

desired dimer was eluted with a mixture of solvents (toluene/hexane, dinated to tetranh | hvrin. A bl | i
1:1 v/v) as eluent. After evaporation of the solvent, this fraction was coordinated to tetrapnenyiporphyrin. A reasonable explanation

passed through an AD; column (7x 2 cm, type | Basic). Free base 1S the different reduction potential&y) of the two thallium

was eluted first with a mixture of toluene/hexane @32 v/v). complexes:

Analytically pure dimer (OEP)RRTI(TPP) was collected in the second Reduction of the rhodium(lll) derivative occurs under strictly

fraction with toluene as the eluent (yield 15%, based on [(OEP)Rh  anaerobic conditions and can be monitored by UV/visible

ci. spectroscopy. It is to be noted that, during the preparation of
NMR Instrumentation . Varian UNITYplus300-MHz and Varian the [(Porph)RH CI] derivatives, the [(Porph)RhCgH13] com-

VXR-500S 500-MHz spectrometers were used to mea$tir&’C, and plex is also formed. When traces of this organorhodium

205T| NMR spectra. The experiments were carried out on 10°° M complex are present with [(Porph)R&l], it is impossible to

CDCl; solutions. Thé3C and?%5Tl spectra were acquired with WALTZ
1H decoupling. Chemical shifts are reportedi@pm) using TMS as

an internal standard for thél and*3C spectra. The resonance signal . . A .
of TI" (NO5); obtained in RO solution was used as an external standard eIl @s their chromatographic purification requires absolute

for the 205T| spectra. The*C spin-lattice relaxation timesJ, for darkness. Purification follows different procedures, depending
(TPP)Rh-TI(OEP) were measured with proton decoupling using the ON Whether free base (TPR)lnd the thallium(l) tetraphen-
inversion recovery technigtfeat —30 and+30°C. At least 14 different ylporphyrin derivative are in the reaction mixture. Note also
7 values were used, and the waiting period between successivethat unreacted NaBHcould reduce [(TPP)TICI] as a side
reaction (in the second step) of the synthetic procedure.

extract, in pure analytical form, the desired dimer containing
the Rh=Tl bond. The synthesis of the metahetal dimers as

(7) Abraham, R. J.; Barnett, G. H.; Smith, K. M. Chem. Soc., Perkin
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(9) Ogoshi, H.; Setsune, J.; Omura, T.; YoshidaJZAm. Chem. Soc. (12) Wayland, B. B.; Newman, A. Rnorg. Chem.1981, 20, 3092.
1975 97, 6461. (13) Smith, K. M.; Lai, J. JTetrahedron Lett198Q 21, 433.
(10) Martin, M. L.; Martin, G. J.; Delpuech, J. Practical NMR (14) Kadish, K. M.; Tabard, A.; Zrineh, A.; Ferhat, M.; Guilard, IRorg.

SpectroscopyHeyden: London, 1980; Chapter 7. Chem.1987, 26, 2459.
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Table 1. ' H NMR Data for Complexes (Porph)RfTI(Porph) and (Porph)RhTI(Porph) and Their Monomeric Precursors [(PorpH)Kal] in
CDCl;

macrocycle
tetraphenylporphyri octaethylporphyrif
compound o-H (ex9 0'-H (end9 m-H (ex9 m'-H (end9g p-H H—pyr —CHz— —CHsz— H-meso
(OEP)Rh-TI(OEP)
thallium entity dm/16 t/24 s(b)/4
4.07/3.84 1.66 8.99
rhodium entity dm/16 t/24 s/4
4.16/3.86 1.77 8.72
(OEP)Rh-TI(TPP)
thallium entity d/a d/a ti4 t/4 t/4 s/8
7.11 9.07 7.42 8.19 7.79 8.30
rhodium entity m/16 /24 s/4
4.00/3.8 1.55 8.96
(TPP)Rh-TI(OEP)
thallium entity dm/16 t/24 s(b)/4
4.07/3.80 1.50 9.13
rhodium entity dr/4 dr/4 td/4 td/4 tt/4 s/8
7.28 8.95 7.47 8.19 7.79 8.13
(TPP)Rh-TI(TPP)
thallium entity d/4 d/4 t'4 t/4 t'4 s/8
7.17 8.82 7.40 7.93 7.84 8.33
rhodium entity d/4 d/4 t/4 t/4 t/4 s(br)/8
7.33 8.68 7.48 7.93 7.73 8.28
precursor o'-HP o''-HP m-H p-H H—pyr —CHx— —CHs H-meso
[(TPP)TI'CI] d/a d/i4 m/8 m/4 d/s
8.37 8.14 7.81 7.76 9.03
(64.7F
[(CEP)TI"CI] dm/16 t/12 d/4
4.18/4.16 1.98 10.33
(43.6¥
[(TPP)RH'CI] m/8 m/12 d/8
8.25 7.77 8.94
[(OEP)RH'CIJd m/16 t/12 sl/4
4.13 1.98 10.32

aTop line of each entry first gives multiplicity (s singlet, s(b)= singlet broad, d= doublet, m= multiplet, dt= doublets of triplets, td=
triplets of doublets, tt= triplet of triplets, and dn= doublet of multiplets), followed by number of protons. The second line gives chemical shift
values on the) scale.? Two signals because thallium is out of the porphyrin mean plaR®TI—H coupling in hertz4 Spectrum in @Ds.

In the solid state, the complexes formed are quite stable in of the shielding is more pronounced for the ortho protons. The
air and/or daylight, while in solution they are extremely sensitive methylene protons of the octaethylporphyrin (OEP) entities in
to light and decompose to the corresponding five-coordinate the dimers were found to be anisochronous, as they exhibited
precursors. They are very soluble in many solvents, such astwo separate multiplets (Table 1). The pyrrolic protons of the
CH.Cl,, PhCH;, and GHs, and quite soluble in THF, DMF, TPP macrocycle and the meso protons of the OEP ring resonated
and diethyl ether. at higher field than in the corresponding monomers. Each group

Nuclear Magnetic Resonance SpectroscopyH NMR. of protons gave rise to a single line, but the difference in the
All complexes exhibit!H NMR features characteristic for ~ chemical shifts is larger for the pyrrolic protons.
diamagnetic compounds. The proton resonances for the com- Such shielding effects of the pyrrolic and meso protons have
plexes and their corresponding monomeric precursors werebeen also observed in the (Porph)Rh(Porph) serie§?°c
assigned to individual hydrogen atoms on the basis of the Shielding and deshielding is also observed in (PorphiIH;!4
interpretation of the DQFCOSY and NOESY spectra (Table and (Porph)T+M(L) ,!**¢and is consistent with-character of
1). These metatmetal bonded dimers with cofacial porphinato the metat-metal bond as well as with the electron-donating or
rings have two well-defined regions that must be considered in -withdrawing ability of the [(Porph)Rh~ unit. If we compare
the proton assignments. The region between the two macro-the chemical shifts of the thallium complexes with those of the
cycles is calledendqg while the region above one and under (Porph)RR-In(Porph¥°<series, we observe that the differences
the other macrocycle isxq see Figure 1. are found mainly for the protons near the centers of magnetic

It was found that the phenyl protons of the tetraphenylpor- anisotropy. For example, theesaprotons of the (OEP)TI unit
phyrin (TPP) entities exhibit five separate resonance signals. are more shielded\¢ 1.36) than the corresponding protons in
Due to the ring current formed between two macrocycles, the the indium seriesAo6 1.10). The small difference suggests that
ortho (@) and meta 1fY) protons in theendo region are the presence of the second macrocycle is the main center of
deshielded and resonate at lower field than the corresponding
protons of the monomeric precursors. The deshielding of the (15) (a) Guilard, R.; Mitaine, P.; Moise, C.; Lecomte, C.; Boukhris, A.;

o' protons is greater than that of the protons. On the qther Swistak, (c::h Tai%g% gé; Iéigc;m(%ﬁ,G%.i;la%rgll_ogh rf‘.e-hL.;A KagésrﬂétK.
hand'. the orth.od).and meta i) protons '.” thee}.(o region m:;lqgrbgérd, 2m Mitai’ne,’P.; SWistak, C, R’ich'érd, P.;’Leléomte, C
experience shielding and resonate at higher field than the  kagish, K. M.Inorg. Chem1988 27, 697. (c) Guilard, R.; Tabard,
corresponding protons of the monomeric precursors. The effect A.; Zrineh, A.; Ferhat, MJ. Organomet. Cheni.99Q 389, 315.
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exo | | region

exo | | region

1 = ortho endo protons
2 = meta endo protons
3 = para protons
5=CHj

7 = methinic protons

Daphnomili et al.

endo
region

1' = ortho exo protons
2' = mela exo protons
4 = pyrrolic protons

6 =CH,

Figure 1. Four combinations of porphyrin rings containing a-RHA bond, their NMR regions, and the different kind of protons.

_f_'_/ a4
J‘ | T
T Riaasasase T ARAazesasaracazarasy Raxas: T T Riaszacase Saaas
9.2 g.a a.8 8.6 8.4 8.2 8.0 7.8 7.8 7.4 ppm

Tl

T T

RAAAasasaiassaitasss Lassanatss
7.8 7.6 7.4 ppm

T T T T T T T T T T e
9.4 3.2 8.0 8.8 8.6 8.4 8.2

Figure 2. *H NMR spectra of (OEP)RRTI(TPP) in CDC} (a) and
pyridine ds (b); only the aromatic region is shown.

J

magnetic anisotropy. These differences can reflect a change
of the distance between the two macrocycles, which is expected
due to the larger displacement of thallium from the mean

porphyrin plane compared to that of indium. Such differences
are observed in monomeric complexes of indibAd® and
thallium??

As reported in the literature!® TI—H couplings were
observed between TI(IIl) and thmesoor pyrrolic protons of
the porphyrin macrocycle. The magnitude of the coupling was
dependent on the porphyrin electron density and on the nature
of the axial ligand. The interaction between thesoor pyrrolic
protons and the Tl is stronger when the group bound to the TI
possesses some electron-withdrawing ability. Thus, in the series
of (Porph)THR derivatives, where R is an electron-donating
group, no THH couplings were observéd. In the [(Porph)-
Rh—TI(Porph)] series, the (OEP)RITI(OEP) is the only
complex in which themesoprotons of the Tl entity exhibit a
0.5-Hz coupling with the thallium. The absence of or a very
small coupling may be correlated with the polarization of the
Rh—Tlbond. In the (OEP)RRTI(OEP) dimer, the [(Porph)Rpr
acts as an electron donor to the Tl atom, influencing the scalar
spin—spin interaction of the Tl with thenesoand pyrrolic
protons.

13C NMR. 13C NMR spectra were measured for all Rl
derivatives and the monomeric precursors. Assignments of
signals derived from all proton-bearing carbons of the-Rh
dimers were made by analyzing the HETCOR spectra and are
given in Table 2. The signals derived from the quaternary
carbons were assigned by comparison WHB{*H} spectra of
the corresponding monomeric precursors (Table 2). For all
dimers, except, of course, the (OEP)RH(OEP) derivative,
two signals were observed for both the ortho and the meta
phenyl carbons. These were assigned'tcand nf-endoand
o- and m-exocarbons on the basis of their correlation with
corresponding proton resonances.

(16) Lecomte, C.; Protas, J.; Cocolios, P.; Guilard,ARta Crystallogr.
Sect. B198Q 36, 2769.

(17) (a) Henrick, K.; Matthews, R. W.; Tasker, P. lorg. Chem.1977,
16, 3293. (b) Brady, F.; Henrick, K.; Matthews, R. \d/.Organomet.
Chem.1981, 210, 281. (c) Senge, M. O.; Senge, K. R.; Regli, K. J,;
Smith K. M. J. Chem. Soc., Dalton Tran$993 3519.

(18) Janson, T. R.; Katz, J. J. IRhe Porphyrins Dolphin, D., Ed;
Academic Press: New York 1978; Vol. IV, Chapter 1 and references
therein.
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Table 2. 13C NMR Chemical Shifts for Complexes (Porph)}RFl(Porph) and (Porph)RATI(PorpH)?2

carbon (TPP)RR TI(OEP) (OEP)RR-TI(OEP) (OEP)RR-TI(TPP) (TPP)RK-TI(TPP)
Ca 145.5/150.2 139.4 142.9/148.7 146.2/148.8
Coneny! 138.2 140.0 141.5/142.2
Co_endo 134.0 134.7 134.6/135.2
Coexo 135.1 135.8 134.9/135.5
GCo 130.0/142.0 1455 139.6/129.7 130.7/130.2
Co 127.0 126.9 127.1/127.3
Crn-exo 126.3 126.2 126.5/126.2
Crnendo 126.1 125.9 126.3/126.1
meso 120.7/97.5 98.14 96 98.3/119.9 120.7/121.0
—CHs 19.8 19.9/19.8 20.1
—CH,— 17.9 18.3/18.4 18.0

aWhen a column has two values separated by “/”, the first value is for the Rh entity, while the second is for the Tl entity.

Table 3. 13C Spin Lattice Relaxation Timed;, for
(TPP)Rh-TI(OEP) in CDC}

Table 4. 205TI NMR Chemical Shifts and%TI—1%Rh Coupling
Constants for Complexes (Porph)}Rhl(Porph) and
(Porph)RR-TI(PorpH) and?°5TI NMR Chemical Shifts for the

NT, (S)a

Precursors

carbon o (ppm) —30°C +30°C complex 20574 2057 _103Rpp

TPP
o-endo 133.8 0.28+ 0.02 0.42+ 0.04 (TPP)RRA-TI(OEP) 204 5100
0-ex0 134.9 0.28+ 0.02 0.37+ 0.03 (OEP)RR-TI(OEP) 222 5249
pyrrolic 129.8 0.19+ 0.01 0.28+ 0.02 (CEP)RR-TI(TPP) 190 5255
p- 126.7 0.20+ 0.03 0.30+ 0.02 (TPP)RR-TI(TPP) 176 5319
m-exo 126.3 0.29+ 0.02 0.38+ 0.03 T 2829
m-endo 126.1 0.25t 0.02 0.37+ 0.03 [(OEP)TH CI)

OEP aValue of chemical shiftsy (ppm).° Coupling constant (Hz).
CH, 19.6 0.29+ 0.01 0.51+ 0.02
CHs 17.6 1.25% 0.03 2.8+0.1

aNis the number of directly attached protons to an individual carbon.
Presenting the data as tNeT; product accounts for the different number
of protons of the methine, methylene, and methyl groups and allows
direct comparison of relaxation.

In contrast to the monomeric TI(IIl) precursors, t€ NMR
spectra of the dimers did not exhibit aZ—TI scalar coupling.

i
This is probably due to the electron donor ability of the Rh(l), WM«

which is directly attached to the TI(IIl) and, consequently, could “sgq 450 400 350 500 230 208 180 100 53 & ppm
disturb its electron density. Figure 3. 205TI NMR spectrum of (OEP)RRTI(OEP) in CDC}.

13C spin-lattice relaxation timesTy, for (TPP)RR-TI(OEP)
as a representative example, were measured at a magnetic fieléhrge chemical shift range is due to a dominance of the
strength of 11.7 T (125.7 MHZ3C) at —30 and 30°C. The paramagnetic term in the nuclear screening constant. Also, the
data provide information on the dynamic behavior of the range of the scalar spirspin couplings is large. For example,
molecule on the NMR time scale. THg times (Table 3) of one-bond?%5TI-13C couplings can be as large as 10 000 Hz,
all carbons increased with temperature. For the (TPP)Rh entity, while a six-bond coupling of 66 Hz has been observed between
the T, value for thepyrrolic carbon is within the experimental  205T| and!H in certain organothallium compouné.Although
error equal to thd; value of thepara carbon. TheT; values the%°Co nucleus has a total chemical shift range of 18 000 ppm
of both setsortho andmetacarbons were also the same within  and would, thus, appear to be more sensitive to chemical shift
experimental errors, but they were higher than those of the effects thar?5Tl, the chemical shift in compounds in which
pyrrolic and para carbons. This fact demonstrates that the Co and Tl are in similar environments suggests #3il has a
phenyl ring undergoes an internal reorientation about its 2-fold larger effective chemical shift range.
symmetry axis. The relaxation of the methylene and methyl  The 295TI NMR data for the (Porph)RATI(PorpH) dimers
carbons of the (OEP)TI entity is faster than that of the TPP and their precursors are given in Table 4. The precursors exhibit
carbons and is indicative of overall higher internal mobility of greater deshielding of th&®STl nuclei and resonate at much
the ethyl fragment compared to that of the phenyl ring. Similar lower field than the dimer&. This is probably due to the dative
behavior has been observed in comparable dimeric metallopor-character of the RRTI bond, although the role of the structural
phyrins® differences between the monomers and dimers cannot be

205TI NMR. Thallium possesséstwo stable isotopeg?3TI excluded?? All 205T| spectra were measured with broadband
and?%sTl; both have nuclear spitf,. As the natural abundance proton decoupling (Figure 3). Therefore, the observed doublets
of the 295T| (70.5%) is higher than that of th@3TI (29.5%), (5100-5300 Hz) have been attributed to #&T1—193Rh spin-
we have measured the NMR spectra of the former isotope. Thespin coupling, as natural abundance of tH&h (spinl/,) is
chemical shift of th&®STl nucleus extends over 7000 ppm. The 100%23 This is the first time that FRh spin-spin couplings

(19) Coutsolelos, A. G.; Cheng, B.; Munro, O.; Zajicek, J.; Scheidt, W. R.
Manuscript in preparation.

(20) Hinton, J. F.; Metz, K. R. INMR of Newly Accessible Nucléiaszlo,
P., Ed.; Academic Press: New York, 1983; Vol. 2, Chapter 14.

(21) Coutsolelos, A. G.; Daphnomili, Dnorg. Chem.1997, 36, 4614.

(22) Glaser, J.; Hendrikson, \J. Am. Chem. S0d.981, 103 6642.

(23) Mann, B. E. INNMR of Newly Accessible Nucldiaszlo, P., Ed.;
Academic Press: New York, 1983; Vol. 2, Chapter 11.
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Table 5. UV/Visible Data for Complexes (Porph)R{TI(Porph) and (Porph)RhTI(PorpH) and Comparison with Their Precursbrs

compound B-bands Q-bands solvent
(OEP)RR-TI(OEP) 341 368 408 506 563 618 642 toluene
(4.6) (4.9) (4.7) (4.0) (3.5) (3.3) (sh)
(TPP)Rh-TI(OEP) 342 402 528 569 617 toluene
(4.2) (4.7) (3.2) (2.9) (sh)
(TPP)RR-TI(TPP) 333 366 408 524 602 648 toluene
(4.1) (4.1) (4.7) (3.4) (3.2) (3.2)
(OEP)Rh-TI(TPP) 33 382 401 514 567(sh) 614 646 toluene
4.1 (4.0) (4.6) (3.4) (3.1) (3.1)
[(OEP)RH'CI]-2H,0 285 339 403 520 554 CHgl
(4.17) (4.26) (5.12) (4.12) (4.40)
[(OEP)TICI] 350sh 418 498 545 582 toluene
(5.3) (3.3) (4.1) (4.0
[(TPP)RH'CI] 421 534 567 CHCl,
(5.0 (4.1) (3.7)
[(TPP)TI'CI] 434 520 566 608 toluene
(5.5) (3.5) (4.1) (4.0)
aFor each entry, the top line givés(nm) and the second line lag(M~ cm™?).
have been observed. The magnitudes of these coupling
constants are among the highest reported for thalldT|— (TPP)RN-TI(OEP) (OEP)Rh-TI(TPP)

P) = 320324 3)(TI—H) = 37502° and*J(TI—C) = 597626 and,
to our knowledge, the largest between thallium and another g
metal?’ )
Electronic Absorption Data. Electronic spectroscopy proved x5
very useful during the synthesis of these dimers. The progress
of the action of the reduced species [(PorpH)Rn [(Porph)- s T P a— oo 5 600  nm
TIMCI] is conveniently followed with UV/visible spectroscopy.
The UV/visible data for all complexes are presented in Table
5. Each dimer shows an electronic absorption spectrum that is (TPP)RN-TI(TPP)
characteristic of complexes possessing a metatal bond-
A characteristic feature of the single metal bonded complexes .,
is the appearance of more than one absorption band in the Soref<
region due to ther— * transition of each porphyrinic entity.
The formation of the dimers causes a blue shift of the highest
intensity (Soret) band compared to the monomeric precursors. . ; - . ‘ -
This band for the homoleptic OEP derivative is more blue- 400 600 nm 400 600  nm
shifted than the heteroleptic dimers, while the Soret band of Figure 4. UV/visible data for all the complexes (Porph)Rii(Porph)
the homoleptic TPP derivative is red-shifted. The shift of the and (Porph)RkTI(PorpH), where Porph, Porph= OEP or TPP, in
Soret band for all the complexes is related to thex toluene.
interactions of the two ring® with (OEP)RR-TI(OEP) present- axu(npz) — ey(*). Also characteristic for the dimers are new
ing the strongest interaction (Figure 4). The same sequence isabsorption bands appearing at longer wavelendths 00 nm)
observed for the (Porph)RHn(PorpH) complexes? but the compared to the monomeric precursors. Similar low-energy
Soret band displays larger shifts than the (Porph)RKPorpH) bands are also found in dimers with higher bond offer.
homoleptic derivatives. The differences ipax Of the Soret Reactivity. Figure 5 describes the chemical reactivity of the
bands between the two series are related to the two nontransition(Porph)RR-TI(PorpH) complexes toward selected reagents. The
metals. Substitution of In by the more electronegative Tl Rh—TI bond exhibits thermal stability in contrast to other singly
influences mainly the splitting of the HOMGS. Further, due bonded dimerd® Prolonged heating at 383 K did not cause
to the different displacement of the two nontransition metals any dissociation of the complexes. This suggests that the
from the porphyrin mean plane, the distance of the two homolysis enthalpy is higher than that of the homometallic Rh
porphyrin rings in each series is expected to be different and dimers3? although an exact value is not available. The thermal
larger in the Tl series. Compared to the (Porph)Ri(PorpH) stability is also supported by the reactivity toward 4CH
derivatives® the bands in the blue region (36830 nm) of Reaction occurs only at high temperature (T, and the
the corresponding (Porph)RiTI(PorpH) complexes are blue-  exclusive products are (Porph)REH; and (Porph)T+I. The
shifted by up to 10 nm. Similar bands have been observed for progress of the reaction was followed by UV/visible spectros-
the porphyrin complexes of the type (Porph'(L), (M = copy, monitoring the appearance of the characteristic Soret bands
In, Tl)*Sthat have been attributed to the metal-to-ring transition of the corresponding monomers. The polar character (formally
Rh(I):—TI(1l1)) of the Rh—TI metak-metal bond has also been

ABS

(OEP)Rh-TI(OEP)

(gg) \'\/AVaEe:. ?-;PBaIlEJEV'nSJ-DOFBgaS?]m;t-SChCelg%%ngéZ 177. confirmed clearly by the action o§4 and CHl, as in the case
2263 Lee A G Chasie (A197e0 1os ' of Rh—In derivative€® (see also Figure 5).

(27) (a) Wilson, W. L.; Rudolph, R. W.; Lohr, L. L.; Taylor, R. C.; Pyykko,
P.Inorg. Chem1986 25, 1535. (b) Sheldrick, G. M.; Yesinowski, J. (29) (a) Collman, J. P.; Garner, J. M.; Woo, L. K.Am. Chem. So4984
P.J. Chem. Soc., Dalton Tran&975 870. 106, 3500. (b) Collman, J. P.; Prodolliet, J. W.; Leidner, CJRAM.
(28) (a) Shelnutt, J. AJ. Phys. Chenil984 88, 4988. (b) Shelnutt, J. A;; Chem. Soc1986 108 2916.
Ortiz, V. J. Phys. Chem1985 89, 4733. (c) Zgierki, M. Z.Chem (30) Wayland, B. B.; Coffin, V. L.; Farnos, M. Dnorg. Chem 1988 27,
Phys. Lett.1986 124, 53. 2745.
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Figure 5. Overall reactivity of the title derivatives.
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Figure 6. UV/visible spectra for (OEP)RRTI(TPP) in pure pyridine.

As has been previously mentioned, all the (Porph)yRh
(PorpH) complexes are soluble in solvents of various polarity.
Their UV/visible spectra show no significant differences except
for small, expected shifts idmax due to solvent. However, a
neat pyridine solution results in dramatic changes in the UV/
visible spectrum (compare Figure 6 with Figure 5, upper left).
Removal of the pyridine under vacuum and in the dark and
dissolution of the solid in CECl;, results in the reappearance
of the initial electronic spectrum. This behavior seems con-
sistent with weak coordination of pyridine to one or both metals.
However, titration of a CHCl, solution of the complex with
pyridine (millimoles mole of dimer/millimoles mole of pyridine
9:1-1:2000) does not show any significant change in UV/visible
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pyridine. The metal site of the possible pyridine binding is not
obvious; neither the®Rh nor the very large Tl ion is expected

to have a high affinity for an additional ligand in these metal
metal bonded systems. These interesting features observed by
UV/isible spectroscopy and the questions raised thus prompted
us to measuréH NMR spectra of these dimers in pyridinle-

The proton spectrum of, for example, (TPPYRH(OEP)
(Figure 2b) shows that the species in pyridine solution is still
diamagnetic, since all resonance signals occur in the range of
0—10 ppm. Also, the dimeric nature of the complex is retained,
since we observeendo and exo resonances for the phenyl
protons. This is different from the case of [(Porph)Rh]
complexesc3! where bond cleavage is seen. However, the
proton signals undergo significant chemical shifts, suggesting
a real change in the displacement of the metal center(s) effected
by pyridine. The differences in the proton chemical shifts are
more pronounced for the (TPP)Rh unit. All protons are
downfield deshielded, withpyrrolic, o'-endg and m'-endo
protons (which are very close to the center of the magnetic
anisotropy) experiencing the largest deshielding. This fact
suggests that those protons experience a different chemical
environment caused by the coordination of pyridine to rhodium
and a change in its position with respect to the porphinato core.
Again, evaporation of pyridinds and dissolution of the solid
in CDCl; gives the initial'H NMR spectrum of the dimer.

The photochemical properties of the (Porph)yRi(PorpH)
complexes are extremely complicated in comparison to those
of the similar (Porph)RkIn(PorpH) derivativess® and several
points concerning their behavior are still under investigation.

Summary

The family of complexes containing a single metaietal
bond has been expanded by the species described herein. As
synthetic limitations are overcome, the entire range of metal-
loporphyrins will undoubtedly exhibit similar chemistry.
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spectra. The spectroscopic differences are observed only in pure 8, 950.



