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Tetraaryl-substituted cerium(IV) double-decker porphyrin (

 

2D

 

), tetraaryl-substituted lanthanum(III) double-decker
porphyrin (

 

3D

 

), and diaryl-substituted lanthanum(III) triple-decker porphyrins (

 

4T•Me

 

 and 

 

4T•MeO

 

) were newly syn-
thesized and their porphyrin ring rotation rates were systematically estimated by means of a VT NMR spectroscopic
method.  In 

 

2D

 

 the coalescence temperature (

 

T

 

c

 

) for the porphyrin ring rotation was higher than 110 ˚C, whereas in 

 

3D

 

 it
appeared at ca. 0 ˚C.  In diaryl-substituted cerium(IV) double-decker porphyrin (

 

5D

 

) it appeared at 13 ˚C whereas in

 

4T•Me

 

 and 

 

4T•MeO

 

 they were lower than 

 

�

 

80 ˚C.  These results consistently support the view that the porphyrin ring
rotation rates in lanthanum(III)-based porphyrins are much faster than those in cerium(IV)-based porphyrins.  The differ-
ence is reasonably explained by the difference in the ion size between these two metal ions.  Since these sandwich-type
porphyrins can act as novel scaffolds for designing positive allosteric recognition systems, La(III) complexes which fea-
ture the faster porphyrin ring rotation should be useful to develop more efficient positive allosteric systems.

 

Positive and negative allosteric effects are seen throughout
nature where biological events must be efficiently regulated in
response to chemical or physical signals from the outside
world.  The biomimetic design of such allosteric systems is of
great significance in order to efficiently regulate the complex-
ation ability or the catalytic activity of artificial receptors ac-
cording to an allosteric manner.

 

1–10

 

  Furthermore, this method-
ology is very useful to amplify and convert weak chemical or
physical signals into other signals which are convenient for us
to read out and record.  It is known, however, that among them
design of a homotropic positive allosterism, in which the same
guest metals or molecules are bound autoacceleratively to the
host is extremely important but extremely difficult.

 

9

 

  We previ-
ously found that a porphyrin-based bis(porphyrinato)ceri-
um(IV) double-decker 

 

1D

 

 shows a unique homotropic positive
allosterism.

 

11

 

  In this system, the binding event of the first di-
carboxylic acid guest to a pair of pyridyl groups can suppress
the rotation of the two porphyrin planes without inducing a
plane inclination;

 

12

 

 the subsequent binding of the three dicar-
boxylic acid guests to the remaining three pairs of pyridyl
groups can then occur cooperatively.

 

11

 

  This novel recognition
system is now being extended to memory storage systems,

 

12,13

 

metal scavenging systems,

 

14,15

 

 sugar binding systems,

 

16

 

 etc.
However, the rotational rate of these porphyrin planes, which
plays a crucial role in the allosterism, frequently lies between
the NMR time-scale and the human time-scale

 

13,17

 

 and the
quantitative estimation has been very difficult.

To obtain an insight into a quantitative correlation between
the porphyrin ring rotational rate and 

 

meso

 

-substituents or

sandwiched metals, we newly synthesized tetraaryl-substituted
cerium(IV) double-decker porphyrin 

 

2D

 

, tetraaryl-substituted
lanthanum(III) double-decker porphyrin 

 

3D

 

, and diaryl-substi-
tuted lanthanum(III) triple-decker porphyrins 

 

4T•Me

 

 and

 

4T•MeO

 

 and compared their porphyrin ring rotational rates
with those of a known compound, diaryl-substituted ceri-
um(IV) double-decker porphyrin 

 

5D

 

 (Chart 1).

 

18

 

  We have
found that the rotational rate is deeply associated not only with

 

meso

 

-aryl substituents and sandwiched metals but also with a
protonation-deprotonation equilibrium in 

 

3D

 

.

 

Results and Discussion

 

It is known that Ce(IV) forms double-decker porphyrins
bearing 

 

meso

 

-aryl substituents such as 

 

2D

 

, 

 

2D

  

′′′′

 

,

 

 and 

 

5D

 

.

 

19

 

La(III) can also form a similar double-decker structure with
porphyrins bearing four meso-aryl substituents, but four nitro-
gens in one porphyrin coordinate to La(III), whereas in another
porpyrin three nitrogen coordinates to La(III) but another ni-
trogen remains uncoordinated as NH.  One can thus compare
the influence of central metals between Ce(IV) and La(III) on
the porphyrin ring rotational rate, taking this uncoordinated
NH group into consideration.  On the other hand, La(III) tends
to form the 2:3 La(III)/porphyrin triple-decker with 

 

meso

 

-un-
substituted porphyrins (e.g., octaethylporphyrin).

 

20

 

  These
complicated situations make it difficult to directly estimate the
influence of 

 

meso

 

-substituents on the porphyrin rotational rate
between Ce(IV) and La(III) complexes.  It thus occurred to us
that if one can synthesize a Ce(IV) double-decker and La(III)
triple-decker from the same porphyrin, one may obtain an in-
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sight into the basic difference between Ce(IV) and La(III) and
that between double-decker and triple-decker structures.  With
this object in mind, we newly synthesized La(III)-based triple-
deckers 

 

4T•Me

 

 and 

 

4T•MeO

 

 in addition to Ce(IV)-based dou-
ble-decker 

 

5D

 

18

 

 from the same (for 

 

4T•Me

 

) or similar (for

 

4T•MeO

 

) diaryl-substituted porphyrins and compared their
dynamic spectral properties with those of more sterically-
crowded tetraaryl-substituted double-deckers 

 

2D

 

 and 

 

3D

 

.  We
have found on the basis of VT NMR measurements that the
porphyrin rotational rate is very different between La(III) com-
plexes and Ce(IV) complexes.

 

Synthesis of 4T•Me and 4T•MeO.    

 

The time course of
the reaction between [La(acac)

 

3

 

]•

 

n

 

H

 

2

 

O and 5,10-bis(

 

p

 

-meth-
oxyphenyl)porphyrin (

 

6M•MeO

 

) was monitored by GPC and
MALDI TOF MS.  The typical GPC chromatogram (after 1 h)
is shown in Fig. 1.  The measurements of MALDI TOF MS es-
tablished that they are assignable to 

 

6M•MeO

 

 (retention time

40.2 min: 

 

m

 

/

 

z

 

 522.60), La(III) double-decker (retention time
37.2 min: 

 

m

 

/

 

z

 

 1179.29), and La(III) triple-decker 

 

4T•MeO

 

 (re-
tention time 35.8 min: 

 

m

 

/

 

z

 

 1838.38).  The peak areas for each
peak are plotted against the reaction time in Fig. 2.  It is seen
from Fig. 2 that even through a considerable amount of

 

4T•MeO

 

 is already yielded, a significant amount of unreacted

 

6M•MeO

 

 still remains.  In contrast, the concentration of
La(III) double-decker is always low.  The results imply that the
formation of La(III) double-decker from 

 

6M•MeO

 

 is slow, but
once La(III) double-decker is yielded, the subsequent reaction
to 

 

4T•MeO

 

 readily takes place.  The similar time-dependence
was also observed for the reaction of [La(acac)

 

3

 

]•

 

n

 

H

 

2

 

O with

 

6M•Me

 

 to yield 

 

4T•Me

 

.  Presumably, the NH group remain-
ing in La(III) double-decker interacts with La(III) and the acti-
vated NH group facilitates the reaction with second La(III).
This energetic reaction course makes it difficult to isolate
La(III) double-decker porphyrins formed from less sterically-

 

Chart 1.
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crowded porphyrins.  In tetraaryl-substituted porphyrins, how-
ever, the energetically-favorable reaction with second La(III) is
suppressed by unfavorable steric crowding among aryl groups.
This balance governs the relative stability between double-
decker porphyrins and triple-decker porphyrins in the La(III)
complexes.

 

Rotational Rates of Ce(IV) Double-Decker Porphyrin
5D vs. La(III) Triple-Decker Porphyrins 4T•Me and
4T•MeO.    

 

The absorption spectrum of 

 

4T•MeO

 

 is compared
with that of 

 

6M•MeO

 

 in Fig. 3.  The most distinct differences
between these two spectra are a shift of the Soret band to short-
er wavelength (410 nm for 

 

6M•MeO

 

 and 396 nm for

 

4T•MeO

 

) and a broadening effect of the Q bands observed for

 

4T•MeO

 

.  Similar phenomena were also observed for other
La(III) double- and triple-deckers and were attributed to a
face-to-face-type interaction of porphyrin 

 

π

 

-systems.

 

20,21

 

However, the blue shift of the Soret band for 

 

4T•MeO

 

 is
smaller than that for 

 

5D

 

 (384 nm) consisting of the same por-
phyrin skeletons.

 

18

 

  The difference could suggest that the por-
phyrin-porphyrin distance in 

 

4T•MeO

 

 is somewhat longer

than that in 

 

5D

 

.
For VT 

 

1

 

H NMR spectra of double- and triple-decker por-
phyrins, one may expect two coalescence temperatures (

 

T

 

c

 

)
arising from two different molecular motions, that is, the rota-
tion of 

 

meso

 

-aryl groups and that of porphyrin planes.  The VT

 

1

 

H NMR spectra for 

 

4T•MeO

 

 are shown in Fig. 4.  The signals
were assigned with assistance of 2D-COSY and NOESY spec-
troscopies.  The 

 

p

 

-MeO groups (and also 

 

p

 

-Me groups in

 

4T•Me

 

) were introduced in order to simplify the peak splitting
pattern in phenyl proton region.  Owing to this molecular de-
sign, three pairs of different 

 

o

 

- and 

 

m

 

-phenyl proton peaks ap-
pear separately at 

 

�

 

40 ˚C: in the order of the chemical shift
(from high to low magnetic field) they are assigned to 

 

exo

 

 

 

o

 

-
and 

 

m

 

-phenyl protons in the outer porphyrins (peaks a and b,
respectively), 

 

endo

 

 

 

o

 

- and 

 

m

 

-phenyl protons in the outer por-
phyrins (peaks c and h, respectively), and 

 

o

 

- and 

 

m

 

-phenyl pro-
tons in the inner porphyrin (peaks k and j, respectively).  The
consistent trend that the o-phenyl proton peaks appear at high-
er magnetic field than the m-phenyl proton peaks is explained
in terms of the larger shielding effect of the porphyrin π-sys-
tems on the o-phenyl protons.  The fact that peaks a and b ap-
pear at a particularly high magnetic field is associated with the
out-warped planes of the outer porphyrins:19–21 in this charac-
teristic porphyrin structure, the o- and m-phenyl protons reside
on the porphyrin-based shielding region.

With the increase in the measurement temperature, peaks a
and h and peaks b and c gradually coalesce and apparently dis-
appear at 60 ˚C.  Such a finding shows that the Tc for the rota-
tion of the p-methoxyphenyl substituents in the outer porphy-
rins exists at 60 ˚C.  According to the Gutowsky and Holm
equation,22 this Tc corresponds to the interconversion rate (kc)
of 830 s�1.  The p-methoxyphenyl substituents in the inner
porphyrin should have a rotational rate different from that in
the outer porphyrins.  However, it cannot be estimated from the
VT 1H NMR spectra because of their symmetrical structure.
Similar results were also obtained by the VT 1H NMR spectra
(400 MHz) of 4T•Me (the spectra are not shown herein): the o-
and m-phenyl proton peaks in the outer porphyrins coalesce at
60 ˚C, which corresponds to kc � 840 s�1.

The rotation of the porphyrin planes can be monitored by a

Fig. 1. GPC chromatogram after 1 h for the reaction mix-
ture of [La(acac)3]•nH2O and 6M•MeO: for details of the
reaction conditions see Experimental.

Fig. 2. Time cource of the reaction between [La(acac)3]•
nH2O and 6M•MeO.

Fig. 3. Absorption spectra of 4T•MeO (3.3�10�5 mol
dm�3) and 6M•MeO (3.3�10�5 mol dm�3) in dichlo-
romethane at 25 ˚C.
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change in the β-pyrrole proton peaks.17,18  As seen in Fig. 4,
however, the splitting patterns for the β-pyrrole protons in both
outer porphyrins and inner porphyrin are very simple, aver-
aged ones, which are scarcely changed at �40–110 ˚C.  The
results support the view that the rotational rate of the porphy-
rins is faster than the 1H NMR (400 MHz) time-scale.  Expect-
ing the peak splitting of the β-pyrrole proton peaks, we repeat-

ed the measurements using a 600 MHz 1H NMR apparatus at
�80–20 ˚C but could not find any significant difference in the
spectral pattern (the spectra are not shown herein).  Similarly,
no peak splitting of the β-pyrrole protons was recognized for
4T•Me at �80–110 ˚C.  One can regard, therefore, that the Tc
values are still lower than �80 ˚C (Table 1).  It is known that in
tetraaryl-substituted Ce(IV) double-decker porphyrins the por-

Fig. 4. VT 1H NMR 400 MHz spectra of 4T•MeO (1.5 mmol dm�3) in CD2Cl2 (�40–25 ˚C) or CDCl2CDCl2 (40–110 ˚C) (The
lines connect the spin-coupled signals).

Table 1. Rotation of Meso-Aryl Groups and Porphyrin Rings

Tc (NMR, kc)

Porphyrins Solventsa) Rotation of meso-aryl groupsb) Rotation of porphyrin rings
2D A 60 ˚C (600 MHz, 1170 s�1) > 110 ˚C (600 MHz)
2D′′′′c) A 60 ˚C (400 MHz, 760 s�1) > 150 ˚C (400 MHz)
3D B peaks not identified ca. 0 ˚C (600 MHz)
3D� C ca. 25 ˚C (600 MHz, 840 s�1) 25 ˚C (600 MHz, 110 s�1)
5Dd) D data not shown 13 ˚C (270 MHz, 80 s�1)
4T•Me A 60 ˚C (400 MHz, 840 s�1) < �80 ˚C (600 MHz)
4T•MeO A 60 ˚C (400 MHz, 830 s�1) < �80 ˚C (600 MHz)

a) A: CD2Cl2 (�80–25 ˚C), (CDCl2)2 (25–110 ˚C), DMSO-d6 (90–150 ˚C), B: CDCl3, C: CDCl3–Pyridine-d5 (1 :1 v/v)), D: Tolu-
ene-d6.  b) From the coalescence of o-proton in aryl groups(pyridine groups for 2D, 2D′′′′, and 3D).  c) Data from Ref. 21.  d) Data
from Ref. 22.
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phyrin do rotate but the rate is much slower than the 1H NMR
time-scale.12,13,17,18  One may thus expect that in sterically less-
crowded diaryl-substituted Ce(IV) double-decker porphyrins
the rotational rate becomes closer to the 1H NMR time-scale.
In fact, Aida et al.18 proposed the Tc � 13 ˚C (270 MHz, kc �
80 s�1) for the porphyrin ring rotation of 5D (Table 1).  Since
triple-decker porphyrins should be sterically more crowded
than double-decker porphyrins, the facile porphyrin ring rota-
tion in 4T•Me and 4T•MeO can be ascribed to the nature of
sandwiched La(III) ions.  Such results suggest that the porphy-
rin-porphyrin distance in La(III) triple-decker porphyrins is
longer than that in Ce(IV) double-decker porphyrins.23  This
trend is consistent with the finding that the shift of the Soret
band is smaller in La(III) triple-decker porphyrins than in
Ce(IV) double-decker porphyrins (vide supra).

Rotational Rates of Ce(IV) Double-Decker Porphyrin 2D
vs. La(III) Double-Decker Porphyrin 3D.     We previously
examined the VT 1H NMR spectra of tetraaryl(one 4-pyridyl
and three p-methoxyphenyl)-substituted Ce(IV) double-decker
porphyrin 2D′′′′.17  Although the Tc for the aryl substituents were
recognized at 60 ˚C (400 MHz, kc � 760 s�1), the β-pyrrole
proton peaks were finely split and unaffected up to 150 ˚C.21

The results indicate that the rate of the porphyrin ring rotation
is much slower than the 1H NMR time-scale.  The VT 1H NMR
spectra of 2D bearing two 4-pyridyl and two p-methoxyphenyl
substituents are shown in Fig. 5.  The Tc for the rotation of the
meso-aryl substituents was recognized at 60 ˚C (600 MHz 1H
NMR), but the coalescence of the β-pyrrole proton peaks was

not observed up to 110 ˚C (600 MHz 1H NMR).  One can re-
confirm from such results that the porphyrin rings in 2D and
2D′′′′ rotate at rates much slower than the 1H NMR time-
scale.11,12,17,18

Here, we compare the rotational rate of porphyrin rings be-
tween 2D and 3D in order to obtain an insight into the differ-
ence between Ce(IV) and La(III).  To do this experiment quan-
titatively one has to estimate the dissociation state of 3D.  As
shown in Fig. 6, the absorption maximum of the Soret band of

Fig. 5. VT 1H NMR (600 MHz) spectra of 2D (1.0 mmol dm�3) in CD2Cl2 (�40–25 ˚C) or CDCl2CDCl2 (40–110 ˚C).

Fig. 6. Absorption spectra of 3D and 7 (1.0�10�5 mol
dm�3) at 25 ˚C.
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3D (in chloroform) shifts to shorter wavelength (417 nm) from
that of 5,15-bis(p-methoxyphenyl)-10,20-di(4-pyridyl) por-
phyrin 7 (421 nm).  Addition of pyridine induced a further shift
of the absorption maximum to 415 nm and an increase in the
extinction coefficient.  These changes are attributed to dissoci-
ation of the NH group in 3D to the N� group in 3D�.  In Fig. 7
the absorbance at 415 nm is plotted against the concentration
of added pyridine.  It is seen from Fig. 7 that the spectral
change is saturated above 40 vol% pyridine.  Furthermore,
3D� has two Q bands at 563 nm and 614 nm whereas 3D only
displays a peak at 563 nm.  Similar behavior is observed for
protonated forms of bis(porphyrinato)lanthanum(III).21 There-
fore the Q band observed above 600 nm is typical for the anion
in the porphyrin rings.  We thus collected the spectral data for
3D� in a mixed solvent of chloroform:pyridine � 1:1 (v/v).

The VT 1H NMR spectra of 3D and 3D� are shown in Fig.
8.  One can readily notice that the spectra for 3D� are much
simpler, reflecting the more symmetrical structure of 3D� rela-
tive to that of 3D.  It is also seen from Fig. 8 that in 3D� there
are only two inequivalent β-pyrrole protons as in a structural-
ly-equivalent Ce(IV) double-decker porphyrin 2D, whereas in
3D there are four inequivalent protons.  Obviously, this in-
equivalence in 3D is due to the NH group being present only in
one porphyrin ring.  One may conclude, therefore, that al-
though prototropy can take place among four nitrogens in two
porphyrins, the exchange rate is slower than the 1H NMR time-
scale.  The concerned β-pyrrole proton peaks for 3D� are
broadened with the temperature drop and decoalesce at 25 ˚C
(Fig. 8B).  The Tc for the β-pyrrole proton peaks in 3D could
not be estimated precisely because of the complexity of the 1H
NMR spectra.  Figure 8A shows, however, that above 5 ˚C four
inequivalent β-pyrrole proton peaks can separately be recog-
nized.  This means that the Tc exists below 5 ˚C (at ca. 0 ˚C).
The difference supports the view that the porphyrin rings in
monoprotonated 3D rotate much faster than symmetrical,
deprotonated 3D�.  Although the rotation of the meso-aryl sub-
stituents cannot be evaluated precisely because of the com-
plexity and the serious overlap with other peaks, the Tc is ap-
proximately estimated to be ca. 25 ˚C from the spectral shape
change.

The porphyrin ring rotational mode of 3D� may be com-

pared with that of a structurally-equivalent 2D as a basis for
the discussion on the difference between Ce(IV) and La(III).
We previously investigated 2D′′′′, from which we obtained Tc �
60 ˚C for the meso-aryl substituents rotation and Tc > 150 ˚C
for the porphyrin rings rotation.  We obtained the similar coa-
lescence temperatures for 2D (see Table 1).  The Tc values for
the meso-aryl substituents rotation and the porphyrin rings ro-
tation in 3D� are ca. 25 ˚C and 25 ˚C, respectively: the differ-
ence establishes, here again, that the porphyrin rings in La(III)
double-deckers can rotate faster than those in Ce(IV) double-
deckers.

Conclusions

The foregoing results consistently indicate that regardless of
either double-deckers or triple-deckers, the porphyrin rings ro-
tation of La(III) complexes is much faster than that of Ce(IV)
complexes, whereas the meso-aryl substituents rotation is not
much different between Ce(IV) and La(III) complexes.  The
difference in the porphyrin rings rotation is reasonably ex-
plained by the difference in the ionic radii between Ce(IV) (97
pm) and La(III) (118 pm) for the coordination number of 8.
The novel finding suggests that as a scaffold for designing pos-
itive allosteric systems, La(III) complexes should be superior
to Ce(IV) complexes because the energy gap between the first
guest binding (which suppresses the porphyrin rings rotation)
and the subsequent guest bindings (to preorganized binding
sites) should be larger in La(III) complexes than in Ce(IV)Fig. 7. Plot of A415 of 3D vs. pyridine vol%.

Fig. 8. VT 1H NMR (600 MHz) spectra of (A) 3D (1.0
mmol dm�3) in CDCl3 and (B) 3D� (1.0 mmol dm�3) in
CDCl3:pyridine-d5 � 1:1 (v/v) (s; solvent).
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complexes.  The design of new positive allosteric systems us-
ing La(III) double- and triple-decker porphyrins is currently
continued in this laboratory.

Experimental

General.    All starting materials and solvents were purchased
from Tokyo Kasei Organic Chemicals or Wako Organic Chemicals
and were used as supplied.  1H NMR spectra were recorded either
on a Jasco JEOL GSX-400 (400 MHz) or a Brucker DRX 600
(600 MHz) spectrometer.  Chemical shifts are reported in ppm
downfield from tetramethylsilane as an internal standard.  Mass
spectral data were obtained using a JEOL JMS HX110A high-res-
olution magnetic sector FAB mass spectrometer.  UV/vis spectra
were recorded with a Shimadzu UV-2500 PC spectrophotometer.
HPLC analysis was performed on a Shimadzu HPLC LC-9A with
a TOSOH TSKgel G3000HHR (7.8 � 30 (mmID � cm)) column.

Synthesis.    Syntheses and identifications of 2D,11 2D′′′′,17

6M•Me, 6M•MeO,24 and 711 have been reported previously.  Lan-
thanum(III) porphyrin complexes were synthesised from corre-
sponding free base porphyrins according to the method of Buchler
and co-workers.20  Although we have tried to confirm the purity of
3D, 4T•Me, and 4T•MeO by the elemental analysis several times,
there are some disagreements between the experimental and theo-
retical values.  This problem was also observed in previous re-
ports.19,20  The purity of compounds used here were confirmed by
TLC, HPLC, HRMS-FAB, and NMR as well as by the elemental
analysis.

Bis[5,15-bis(4-methoxyphenyl)-10,20-bis(4-pyridyl)porphy-
rinato]lanthanum(III) (3D).    To a stirred solution of 5,15-bis(4-
methoxyphenyl)-10,20-bis(4-pyridyl)porphyrin (7) (100 mg,
0.148 mmol) in 1,2,4-trichlorobenzene (15 ml) was added
[La(acac)3]•nH2O (193 mg, ca. 3 eqiv).  The mixture was heated at
reflux temperature for 48 h under nitrogen atmosphere.  After
cooling to room temperature the solvent was removed in vacuo.
The residue was purified by column chromatography [silica, chlo-
roform–methanol � 10:1 (v/v)] and size exclusion chromatogra-
phy [Bio-beads SX-1, chloroform] to yield 3D as a purple solid
(20 mg, 13%).  1H NMR (�40 ˚C, CDCl3-pyridine-d5 � 1:1 (v/v),
600 MHz)  δ 4.06 (s, 12H), 7.01 (d, 4H), 7.04 (d, 4H), 7.09 (d,
4H), 7.75 (d, 4H), 8.28 (d, 4H), 8.34 (d, 4H), 8.40 (d, 4H), 8.40 (d,
4H), 8.50 (d, 4H), 8.60 (d, 4H), 9.17 (d, 4H), 9.23 (d, 4H), 9.31 (d,
4H); FAB HRMS (magic bullet) m/z 1489.4075  ([M � H]� re-
quires 1489.4081); Calcd for C88H61LaN12O4•2H2O: C, 68.48; H,
4.38; N, 10.89%.  Found: C, 68.52; H, 4.60; N, 9.87%; Rf (TLC
(silica, CHCl3)) 0.15.

Tris[5,15-bis(4-methoxyphenyl)porphyrinato]dilantha-
num(III) (4T•MeO).    To a stirred solution of 5,15-bis(4-meth-
oxyphenyl)porphyrin (6M•MeO) (50 mg, 0.096 mmol) in 1,2,4-
trichlorobenzene (10 mL) was added [La(acac)3]•nH2O (93 mg,
ca. 3 equiv).  The mixture was heated at reflux temperature for 28
h under nitrogen atmosphere.  After cooling to room temperature
the solvent was removed in vacuo.  The residue was purified by
column chromatography [silica, benzene–dichloromethane � 1:2
(v/v)] and size exclusion chromatography [Bio-beads SX-1, ben-
zene] to yield 4T•MeO as a brown solid (31 mg, 55%).  1H NMR
(�40 ˚C, CD2Cl2, 600 MHz) δ 4.11 (s, 12H), 4.50 (s, 6H), 6.29 (d,
4H), 6.77 (d, 4H), 7.71 (d, 4H), 7.82 (d, 8H), 7.93 (d, 4H), 8.21 (d,
8H), 8.47 (s�2, 6H), 8.85 (m, 8H), 8.93 (d, 4H), 9.00 (d, 4H);
FAB HRMS m/z (magic bullet) 1839.3525 ([M � H]� requires
1839.3903); Calcd for C102H72La2N12O6•C6H6: C, 67.74; H, 4.10;
N, 8.77%.  Found: C, 66.08; H, 4.37; N, 8.10%; Rf (TLC (silica,

CHCl3)) 0.19.
Tris[5,15-bis(4-methylphenyl)porphyrinato]dilantha-

num(III) (4T•Me).    This compound was synthesized in a similar
manner to 4T•MeO.  Yield (25 mg, 42%).  1H NMR (�40 ˚C,
CD2Cl2, 600 MHz) δ 2.71 (s, 12H), 3.12 (s, 6H), 6.23 (d, 4H),
7.04 (d, 4H), 7.81 (d, 8H), 7.98 (d, 4H), 8.21 (m, 12H), 8.49 (s,
4H), 8.50 (s, 2H), 8.84 (m, 8H), 8.94 (d, 4H), 9.01 (d, 4H); FAB
HRMS (magic bullet) m/z 1743.3585  ([M � H]� requires
1743.4208); Calcd for C102H72La2N12•0.5CHCl3: C, 69.97; H,
4.64; N, 8.55%; Found: C, 69.85; H, 5.24; N, 7.94%; Rf (TLC (sil-
ica, CHCl3)) 0.17.
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