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The synthesis of a cerium(1V) bisporphyrinate 1 b starting 
from (p-hydroxyphenyl)tris(p-toly1)porphyrin 2b is described. 
Derived from 2b by substitution of the phenolic OH group, 
the monofunctionalized tetraarylporphyrins 2c-f and their 
cerium(1V) sandwich complexes lc-f were synthesized. The 
complexes are characterized by UV/Vis, IR, and IH-NMR 
spectroscopy. IYF-NMR spectra of If show the presence of 
a vicinal and a transversal isomer due to the rigid square- 

antiprismatic coordination geometry of cerium(1V) bispor- 
phyrinates. Variable-temperature 'H- and "F-NMR spectra 
were recorded to investigate the rotational rigidity of the 
double-decker system. The spectra show that the vicinal and 
transversal isomers are stable up to 140"C, i.e. rotation of the 
two porphyrin macrocycles with respect to each other does 
not occur. 

Porphyrin sandwich complexes M(P)2['1 with tetravalent 
metal ions are known for several years. Since the prep- 
aration of the first porphyrin sandwich complex Ce- 
(TTP)2k41 l a  the synthesis of uranium and thorium['] as well 
as zirconium and hafnium bisporphyr ina te~[~~~I  has been re- 
ported. These sandwich systems can be regarded as struc- 
tural and spectroscopic models[*] of the special pair of bac- 
teriochlorophyll molecules in the reaction centre of bac- 
terial photosynthesi~[~]. 

All available crystal structures indicate a square antipris- 
matic coordination geometry of sandwich-like metal bispor- 
phyrinates[l0I in the solid state. In principle, metal bispor- 
phyrinates with the coordination number 8 could exist in 
solution as isomers with cubic or dodecahedra1 coordi- 
nation geometry as well o r  as mixtures of these isomers if 
there is freedom of motion of the two porphyrin ligands 
against each other. In order to distinguish between different 
kinds of isomers, it is necessary to choose porphyrin ligands 
which have lower symmetry than common tetraaryl- and 
octaalkylporphyrins which give a D4d symmetry to the re- 
spective metal bisporphyrinates M(P)2. NMR techniques 
should be useful to determine the conformation(s) of 
double-deckers in solution when the porphyrin ligands are 
monofunctionalized. If the square antiprismatic coordi- 
nation geometry is predominant in solution, there should 
be two isomers with C2 symmetry in monofunctionalized 
tetraarylporphyrins. In each isomer, the two monofunctio- 

nalized aryl groups are equivalent (C2 axis). This is exem- 
plified in Scheme 1. 

Additionally, variable-temperature N M R  measurements 
should allow investigation of the rotational rigidity of the 
double-decker system, i.e. whether rotation of the the two 
porphyrin macrocycles with respect to each other occurs. 

Here, the preparation of cerium sandwich complexes 
1 b-f of (p-hydroxyphenyl)tris(p-tolyl)porphyrin[' '1 2b and 
its derivatives 2c-f is performed by using well-known me- 
thods for the insertion of cerium into porphyrins with 
Ce(acac)3[121 in 1,2,4-trichlorobenzene (TCB) to obtain dia- 
magnetic sandwich complexes suitable for N MR investi- 
gations. 

Results and Discussion 

Cerium insertion with Ce(acac), in Li2(LiOTTP) [pre- 
pared in situ from H2(HOTTP) and n-butyllithium] yielded 
pure Ce(HOTTP)2 (lb) [eq. (I), P2- = (HOTTP)2p] after 
chromatographic workup. 

2 Li,(P) 

-3 Li(acac), -Lit -e- 
(TCB, 2OO"Cj 

Ce(acac)j Ce(p)2 (1) 

But this compound is not suitable for detecting isomers 
by N M R  investigations. The OH proton signal (s, 6 = 5.07) 
of the coinpound does not show any splitting over the 
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R in A,B 

Scheme 1. A: vicinal, B: transversal isomer of the bis[5-(4-substi- 
tuted-pheny1)- 10,15,20-tris(p-tolyl)porphyrinato]cerium(IV) 
complexes. For the metal-free porphyrins, see Scheme 2. 
C2 in  A or B indicates the two-fold symmetry axes of 
the molecules 

l a  
lb 
l c  
Id 
le  

If  

c* 
R :  

CH3 
OH 
OMe 
OCOC H5 
OCOC6H4CH3 
OCOC6F5 

A Me 

R 

__.. c2 

.Me 

B Me 

S p e c i f i c a t i o n  of t h e  double-deckers la-1 

S h o r t  

formula 

Ce (TTP) 
Ce(HOTTP)2 
Ce(MeOTTP)Z 
Ce(BzOTTP)2 
Ce(TuOTTP)z 
Ce(PfOTTP)2 

whole range of temperatures between 233 and 373 K. The 
pyrrole signals (between 6 = 8.24 and 8.33, Table 1) are 
quite complex and not helpful to determine isomers. All the 
other aryl-H signals of the compound are broad at 323 K 
and collapse to one signal between 323 and 348 K. Similar 
observations have been made with Zr(TPP)Z['3]. At lower 
temperatures (between 233 and 298 K) signals of the tolyl 
groups and the hydroxyphenyl group can be distinguished, 
but signals of different tolyl or hydroxyphenyl groups are 
not seen. Hence aryl- and pyrrole-H atom signals are both 
not feasible to determine isomers at low temperature and 
not at all at high temperature. 

Scheme 2. Specification of the free porphyrins 
Me 

Me 

I I N o .  I R S h o r t  formula 

2a 
2b 
2 c  

2d 

2e  

2f 

CH3 
OH 
OMe 
OCOC H5 
OCOC6H4CH3 
OCOC6F5 

H2(TTP) 
H2 ( HOTTP ) 
H2(MeOTTP) 
H2 ( BzOTTP) 
H2(TuOTTP) 
H2(PfOTTP) 

The possibility remained that proton signals of func- 
tional groups attached to the two phenolic oxygen atoms in 
Ce(HOTTP), might display the presence of isomers like A 
and B. Simply replacing the H atom of H2(HOTTP) with 
methyl iodide (eq. 2) yielded the porphyrin H2(MeOTTP) 
(2c) which can be metallated according to eq. (1) [P2- = 

(MeOTTP)2-] to obtain the new double-decker Ce(Me- 
OTTP)2 (lc). Unfortunately, the proton signal of the OMe 
group of this compound appears as a singlet (6 = 4.10) 
between 233 and 373 K. 

NaOEt 
Me1 + HAHOTTP) > H1(MeOTTP) (2) 

- EtOH, - NaI 
(toluene, 40OC) 

Acylation of the phenolic hydroxyl group of H2(HOTTP) 
with acyl chlorides such as benzoyl chloride and p-toluyl 
chloride [eq. (3), R = C6H5CO and CH3C6H4CO] produced 
the porphyrins H2(BzOTTP) (2d) and H,(TuOTTP) (2e). 

H,(ROTTP) (3) 
PY 

~ [PyHICl 
(CHC13, room temp.) 

HZ(H0TTP) + RC1 

However, metal insertion into these porphyrins 
Under the reaction conditions (boiling TCB, basic medium) 
hydrolysis of the ester functions occured. In both cases the 
double-decker Ce(HOTTP)2 was obtained after workup. 

Therefore, Ce(HOTTP)2 was choosen as the starting 
compound for the acylation reaction [eq. (4), R = C6H5C0 
and CH3C6H4CO] although as a side reaction some demet- 
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allation occurs due to the sensitivity of cerium sandwich 
complexes towards acids. However, with this method, the 
new double-deckers Ce( BzOTTP)~ (1 d) and C~(TUOTTP)~ 
(le) were obtained. The 'H-NMR spectra of these com- 
pounds are both more helpful to demonstrate the presence 
of isomers because at temperatures below 273 K quite com- 
plex signals of the protons of the oxyphenyl group are ob- 
served. 

Pv 
> Ce(ROTTP)* (4) - J  

Ce(HOTTP)2 + RC1- 
- [PyHICl 

(CHC13, room temp.) 

Finally, the cerium bisporphyrinate Ce(PfOTTP)2 (If)  
was prepared [according to eq. (4) with pentafluorobenzoyl 
chloride, R = C6F5CO]. This compound has the advantage 
that not only 'H-NMR but also "F-NMR data can be dis- 
cussed which are more useful at higher temperatures than 
the 'H-NMR spectra (collapse of all aryl-H atom signals 
above 348 K). Taking into account that I9F nuclei are quite 
sensitive to their chemical sourroundings[' 51, I9F-NMR 
techniques should be a very powerful tool to detect isomers. 

Analytical and Spectral Characterization of the Cerium(1V) 
Complexes 

All new complexes gave correct microanalyses and mo- 
lecular ions (detected as doubly charged molecular ions) in 
the mass spectra. The individual porphyrin system in the 
double deckers can be identified by both IR and 'H-NMR 
spectra. The former show the characteristic C-H and skel- 
etal vibrations of the ligands and also the vibration of the 
individual functional group. The 'H-NMR signals of the 
double-deckers are given in Table 1. UV/Vis data of the new 
sandwich complexes do not differ from spectra which are 
known from the reference compound Ce(TTP),r41 and are 
presented in the Experimental Part. 

'H- and I9F-NMR Spectra of Ce(PfOTTP)* at Variable 
Temperatures 

In agreement with 'H-NMR spectra of cerium bistetraar- 
ylporphyrinate~[~I a splitting of orrho and meta proton sig- 
nals in a set of exo and endo signals (Figure 1 and Table 1) 
is found due to the diastereotopic property of these aryl 
protons. The proton signals of the oxyphenyl group and the 
tolyl group, respectively, are separated. The higher reso- 
lution of the aryl-H signals at lower temperature (Figure 1) 
is due to the decreasing mobility of the aryl 
The multiplets of the oxyphenyl signals (ortho signals: 6 = 
9.67 and 6.52, meta signals: 6 = 8.04 and 7.15) are quite 
complex [o- and m-H atoms of Zr(TPP)2 show doublets at 
low temperat~re['~I] and could be interpreted as a super- 
position of signals of two isomers although there is incom- 
plete separation of the *signals. 

The spectra taken at higher temperatures (Figure 2) show 
increasing mobility of the aryl groups, At 323 K the signals 
of the aryl protons are broad. Thus, no distinction can be 
made between tolyl and oxyphenyl signals. Free rotation of 
the aryl groups about the C-C bond to the meso-C atom 

of the porphyrin is indicated by the collapse of all aryl-H 
atom signals at 348 K and higher temperatures. 

The different pattern of the 19F resonance signals of the 
p-F atoms of the free porphyrin and the double-decker 
shows the presence of isomers in the latter case (Figure 3). 
Due to the C2 symmetry of the complexes (equivalence of 
the functionalized aryl group in each isomer) and the free 
rotation of the pentafluorobenzoyl groups about the ester 
bonds, only one set of o-, m-, and p-F atoms occurs in each 
isomer. If there would be only one isomer the same line- 
shape as observed with the free porphyrin should be ob- 
served. In agreement with this finding the signals of the o- 
and m-F atoms of the double-decker are difi-erent from 
those of the free porphyrin as well and more complex 
[H,(PfOTTP): o-F, 6 = -136.87 to -137.06 (m), m-F, 
-159.91 to -160.16 (m); Ce(PfOTTP)2: o-F, -136.88 to 
-137.08 (m), m-F, -159.90 to --160.15 (m)]["]. The shape 
of the signal caused by the p-F atom of the double-decker 
can be explained by a superposition of the p-F signals sep- 
arated with 4.4 Hz (0.016 ppm) of two double-decker iso- 
mers present in a 1 : 1 ratio. 

To simplify the interpretation of the I9FF-NMR spectra at 
various temperatures only the signal of the p-F atom in the 
pentafluorobenzoyl group is considered (Figure 4). The "F- 
NMR spectra of the double-decker indicate that the confor- 
mations of the isomers are quite stable up to 373 K and 
that rotation of the two porphyrin ligands with respect to 
each other does not occur up to 413 K (boiling point of 
C2D2C14). The broad signals between 373 and 413 K indi- 
cate an increasing movement of the two porphyrin macro- 
cycles with respect to each other but by no means free ro- 
tation of the ligands. After cooling down the solution from 
413 to 303 K a 19F-NMR spectrum was recorded with sig- 
nals of the same shape and intensity as obtained before 
heating at this temperature. Thus, isomerization to a mix- 
ture of different isomer distribution does not occur up to 
413 K. 

The synthesis of l b  is done at about 500 K. Free rotation 
of the two porphyrin rings may occur at this elevated tem- 
perature. On cooling the reaction mixture, the two isomers 
corresponding to A and B (Scheme 1) will form in a 1:l  
molar ratio due to the very small energy difference which is 
to be expected for A and B. Thus, the observed 1:l ratio 
seems plausible. 

Conclusion 
Cerium sandwich complexes with monofunctionalized 

tetraarylporphyrins exist as a mixture of a vicinal and a 
transversal isomer with a quite stable square antiprismatic 
coordination geometry (Scheme 1). This is prooved for I f  
and assumed for lb-e. The square antiprismatic environ- 
ment of the metal minimizes the steric interactions of the 
two porphyrin ligands and prevents strong steric interac- 
tions between the meso-phenyl groups of the two tetraaryl- 
porphyrins as they would exist for example in tetraarylpor- 
phyrin sandwich complexes with cubic or dodecahedra1 co- 
ordination geometry. Unfortunately, due to the very similar 
chemical and physical properties of the isomers, it was not 
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Figure 1. Temperature dependence of the 'H-NMR spectra of Ce(PfOTTP), (CDCI,, 6 scale, int. TMS, 500 MHz) 

Table 1. 'H-NMR data of the cerium bisporphyrinates lb-f (6 values, int. TMS, 300 MHz, in CD2C1,, 298 K) 

Pyrrole H p-Tolyl groups p-Oxyphenyl groups p-Oxy substituents 
o-H 0'-H rn-H rn'-H CH3 o-H 0'-H rn-H m'-H 

I b  8.24-8.33 
rn 

m 

rn 

rn 

rn 

IC 8.21-8.35 

I d  8 22-8.42 

l e  8.29-8.35 

I f  8.22-8.39 

9.44 6.33 
r n r n  

9.45 6.34 
m r n  

9.45 6.33 
r n m  

9.46 6.34 
r n r n  

9.46 6.36 
r n r n  

7.94 
m 

7.95 
rn 

7.94 
rn 

7.96 
rn 

8.01 
m 

7.09 2.71 
m r n  

7.10 2.72 
m r n  

7.10 2.71 
m m  

7.12 2.72 
m r n  

7.13 2.72 
m r n  

9.44 
rn 

9.45 
rn 

9.65 
rn 

9.63 
m 

9.67 
m 

6.33 
rn 

6.34 
rn 

6.50 
m 

6.51 
m 

6.52 
m 

7.61 
rn 

7.65 
rn 

7.94 
m 

7.96 
rn 

8.04 
rn 

677 OH 507( s )  
m 

683  OCH3 4 lO(s) 
rn 

7 10 
rn 

7 12 
m 

7 15 

benzoyl 8 39 (rn, 2,6-H), 7 66 
(rn, 3,5-H), 7 75 (rn, 4H) 
p-toluyl 8 35 (rn, 2,6-H), 7 46 
(m, 3.5-H), 2 53 (s, CH3) 

m 

possible to separate the two isomers with column or thin 
layer chromatography. Attempts to solve this problem with 
HPLC techniques are in progress. 

Recently, the synthesis of monofunctionalized zirconium 
bisporphyrinate~['~I has been reported. Details are not 
given, but NMR investigations of these zirconium sandwich 
complexes show that rotation of the porphyrin ligands with 
respect to each other does not occur up to 423 K. In agree- 

ment with our findings the square antiprismatic coordi- 
nation geometry is quite stable in zirconium porphyrin 
sandwich complexes as well. 
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N M R  spectra, and Bayer AG for a gift of trichlorobenzene. 
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Figure 2. Temperature dependence of the ‘H-NMR spectra of 
Ce(PfOTTP)* (C2D2C14, 6 values, int. TMS, 300 MHz) 

4.4 Hz 
4 -0.5 -146.7 -146.8 

A h  

-T 

-147.1 -147.2 

I 
-149.7 -149.8 -145.9 -146.0 

Figure 4. 19F resonance signal of the p-F atom in Ce(PfOTTP)2 (be- 
tween 233 and 313 K, in CDC13, between 333 and 413 K in C2D2Cl,, 

6 scale, int. CFCI,, 282 MHz) 

Figure 3. I9F resonance signals of the p-F atoms of the free porphyrin 
2f (I) and the double-decker If (11) (CDCI,, 6 scale, int. CFCI,, 282 

MHz, 303 K) 
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Experimental 
MS: Varian MAT 311 A with data system SS 100 MS (direct 

insertion, ion source 150"C, field-ion desorption). - IR: Perkin 
Elmer 397, KBr pellets. - UVlVis: Hewlett Packard HP 8451 A 
and Bruins Omega 10. ~ 'H  NMR: Bruker WM 300 (300 MHz), 
Bruker AM 500 (500 MHz). - "F NMR: Bruker AMX 300 (282 
MHz). - Elemental analyses: Mr. F. Roth, microanalytical labora- 
tory of the Institut fur Organische Chemie der Technischen Hoch- 
schule Darmstadt or Analytische Laboratorien Malissa & Reuter, 
51 766 Engelskirchen. 

The following chemicals were purchased from the companies 
indicated in parentheses: [DI]chloroform, [D2]dichlorornethane, 
[D,]tetrachloroethane, n-butyllithium (1.6 moll1 in n-hexane), 4- 
hydroxybenzaldehyde, 4-methylbenzaldehyde, silica gel for thin- 
layer chromatography type 60 G (Merck); benzoyl chloride, p-tol- 
uoyl chloride, pentafluorobenzoyl chloride (Fluka); alumina type 
W 200 super I, silica gel type 63-200 60 (Woelm ICN Biomed- 
icals). 1,2,4-trichlorobenzene (TCB) was a gift of Bayer AG, Lever- 
kusen, and dried by passing it through an alumina column (basic, 
super I). p-(Hydroxyphenyl)tris@-t~lyl)porphyrin[~] and Ce(acac), 
H20[181 (from CeCI,, Johnson-Matthey) were prepared by literature 
methods. All solvents were distilled prior to use. 

Protocol 1 
5- (4-Methoxyphenyl) -10,15,20-rris(4-methylphenyl)porphyrin, 

H,(MeOTTP) (2c): To a solution of 170 mg (0.25 mmol) of 
H2(HOTTP) and 200 mg (2.9 mmol) of NaOEt in 120 ml of toluene 
was added 2 ml(32 mmol) of methyl iodide. After stirring the solu- 
tion at 40°C for 6 h, the solvent was evaporated in vacuo. The 
residue was chromatographed with chloroform on an alumina col- 
umn (I, basic, 8 X 2.5 cm). Evaporation of the first red fraction 
yielded 136 nig (80%) of H2(MeOTTP). - MS, mlz (oh): 686 (100) 
[M+]. - UVlVis (CHZCl2): h,,, (Ig E) = 419.6 nm ( 5 . 5 3 ,  517.1 
(4.09), 553.2 (3.85). 592.5 (3.59), 648.0 (3.58). - IR (KBr), 5 most 
intense bands: 3 = 800 cm-I, 1250 (OCH?), 965, 735, 3320 (NH). 

CH3), 4.08 (s, 3H, OCH3), 7.27 (d, J = 8 Hz, 2H, oxyphenyl 3,5- 

2,6-H), 8.13 (m, 2 H, oxyphenyl 2,6-H), 8.85 (m, 8 H, pyrrole H). 

Protocol 2: General procedure of the acylation of H,(HOTTP) 
(2b) with benzoyl chloride, 4-methylbenzoyl chloride, and penta- 
fluorobenzoyl chloride, respectively. - To a solution of 50 mg of 
H,(HOTTP) in a mixture of 50 ml of chloroform and 5 ml of pyri- 
dine was added dropwise a solution of 1 ml of the appropriate acyl 
chloride in 5 ml of chloroform. After stirring for 2 h at 20°C, the 
solution was hydrolyzed with 50 rnl of 0.1 N KOH and washed 
with water. The solvent was evaporated in vacuo and the residue 
chromatographed on an alumina column (11, neutral 7 X 2.5 cm) 
with chloroform. The first violet fraction contained the product. 
Evaporation of the solvent in vacuo and recrystallization from 
methanol yielded the following three (acy1oxy)porphyrins 2d-f as 
dark violet powders: 

5- /4- Benzoyloxyphenyl) -I  0, I5,20-tris (4-methylphenyl)porphyrin, 
H2(BzOTTP) (2d): Yield 42 mg (73%). - MS, mlz ('XI): 776 (100) 
[M+]. - UVlVis (CH2CI,): A,,, (lg E)  = 418.7 nm (5 .55) ,  516.2 
(4.13), 551.7 (3.83), 591.0 (3.59), 646.9 (3.55). - IR (KBr), 7 most 
intense bands and NH vibration: 0 = 800 cm-', 980, 1200, 1260, 

-2.77 (s, 2H, NH), 2.70 (s, 9H, tolyl CHI), 7.59 (m. 8H,  tolyl 3 5  
H and benzoyl 3,5-H), 7.62 (d, J = 8 Hz, 2H, oxyphenyl 3,5-H), 
7.71 (m, l H ,  benzoyl 4-H), 8.10 (d, J = 8 Hz, 6H, tolyl 2,6-H), 
8.26 (d, J = 8 Hz, 2H, oxyphenyl 2,6-H), 8.39 (d, J = 8 Hz, 2H, 
benzoyl 2,6-H), 8.87 (m, 8H, pyrrole H). 

- 'H NMR (CDC13): 6 = -2.76 (s, 2H, NH), 2.69 (s, 9H, tolyl 

H), 7 .54(d ,J=  8 Hz, 6H, tolyl3,5-H), 8 .09(d ,J=  ~ H z ,  6H, tolyl 

1170, 710, 1740 (C=O), 3320 (NH). - ' H  NMR (CDC13): 6 = 

5-[4-  (4-Methylhenzoyloxy)phenyl]-lO,lS,20-tris(4-methyl- 
phenyl)porphyrin, H2(TuOTTP) (2e): Yield 38 mg (65%). - MS, m/z 
(YO): 790 (100) [M+]. - UVNis (CH,C12): A,,, (Ig E) = 419 nm 

(KBr), 7 most intense bands and NH Vibration: 0 = 1200 cm-', 
(5.60), 516.2 (4.17), 551.4 (3.88), 591 (3.64), 647.2 (3.59). - IR 

800, 1170, 1180, 1270, 1740 (C=O), 1070, 3320 (NH). - IH NMR 
(CDCI?): 6 = -2.77 (s, 2H, NH), 2.51 (s ,  3H, toluoyl CH3), 2.71 
(s, 9H, tolyl CHX), 7.41 (d, J = 8 Hz, 2 H ,  toluoyl 3,5-H), 7.56 (d, 
J = 8 Hz, 6H,  tolyl 3,5-H), 7.62 (d, J = 8 Hz, 2H, oxyphenyl 3, 
5-H), 8.10 (d, J = 8 Hz, 6H, tolyl 2,6-H), 8.26 (d, J = 8 Hz, 2H, 
toluoyl 2,6-H), 8.28 (d, J = 8 Hz, 2H, oxyphenyl 2,6-H), 8.87 (m, 
8H, pyrrole H). 

10,15,20- Tris (4-methylphenyl) -5-(4- (2,3,4,5,6-pentafluoro- 
benzoylosy)phenyl]porphyrin, H,(PfOTTP) (20: Yield 29 mg 
(45%). ~ MS, mlz (%); 866 (100) [M+]. - UVNis (CH2Cl2): h,,, 
(Ig E) = 418.3 nm (5.62), 515.5 (4.19). 551.1 (3.88), 590.9 (3.65), 
646.2 (3.60). - 1R (KBr), 7 most intense bands and NH vibration: 
F = 1210 cm-', 800,1500, 1330,970,1755 (C=O), 740,3320 (NH). 
- 'H NMR (CDC13): 6 = -2.78 (s, 2H, NH), 2.71 (s ,  9 H ,  tolyl 
CH3), 7.56 (d, J = 8 Hz, 6H, tolyl 3,5-H), 7.65 (d, J = 8 Hz, 2H, 
oxyphenyl 3,5-H), 8.10 (d, J = 8 Hz, 6H,  tolyl2,6-H), 8.28 (d, J = 
8 Hz, 2H, oxyphenyl2,6-H), 8.86 (m, 8 H, pyrrole H). - I'F-NMR 
(CDCI?): 6 = -136.97 (m, 2 F, 2.6-F), -147.18 (tt, IF, 4-F), 
- 160.05 (in, 2F, 33-F). 

Protocol 3 

Bis(5- (4-hydroxyphenyl) - I  0,15,20-tris (4-methylpheny1)porphyr- 
inato]cerium(IV), Ce(HOTTP)* ( lb):  2.4 mmol of nBuLi in 1.5 ml 
of hexane was added to a solution of 336 mg (0.5 mmol) of 
H,(HOTTP) in 60 ml of TCB under a stream of nitrogen. The 
solution was stirred for 10 min at room temp. After adding 1.14 g 
of Ce(acac)i . H20 (2.5 nimol), the solution was heated to reflux 
for 4 h. After cooling and removal of the TCB in vacuo the residue 
was treated with 15 ml of CHC13 and filtered.The filtrate was chro- 
matographed on an alumina column (111, neutral, 3.5 X 10 cm). 
The first reddish-brown fraction was eluted with CHC13 and con- 
tained unreacted H2(HOTTP). A second brown fraction was eluted 
with CHCI,/MeOH (95:5) and contained the double decker Ce- 
(HOTTP)2. After evaporation of the solvent and recrystallization 
from chloroform/toluene (1 : l )  220 mg (60%) of the product was 
obtained as a blue-violet powder. - MS, mlz (%): 810 (16) [I4"Ce- 
(HOTTP)+], 672 (100) [H,(HOTTP)+]. - UVlVis (CH2Cl2): A,,, 
(Ig E) = 398.1 nm (5.36), 489.5 (4.18), 542.7 (4.03), 630.8 (3.57). - 
IR (KBr), 6 most intense bands and OH vibration: 0 = 1660 cm-', 
1640, 800, 980, 1440, 1230, 3350-3550 (OH). - C94H68CeN802. 
5 H 2 0  (1571.8): calcd. C 71.83, H 5.00, N 7.13; found C 71.18, H 
5.13, N 7.13. 

Protocol 4 

Bis(5- (4-niethoxyphenyl) - I  0,15,20-tris(4-methylphenyl)porphyr- 
inuto]cer(IV), Ce(MeOTTP), (lc): After the addition of 1.6 mmol 
of nBuLi in 1 ml of n-hexane and then 400 mg (0.88 mmol) of 
Ce(acac)3 HzO to a solution of 120 mg (0.17 mmol) of H2(Me- 
OTTP) in 60 ml of TCB, the mixture was heated to reflux for 5 h. 
After filtration and evaporation of the solvent in vacuo. the residue 
was chromatographed on an alumina column (I, neutral, 8 X 2.5 
cm). The first violet fraction [H2(MeOTTP)] was eluted with tolu- 
ene, the second brown fraction with chloroform. The latter yielded 
48 mg (36%)) of Ce(MeOTTP), after evaporation of the solvent. - 
MS, m/z (%): 754 (23) [M"], 686 (100) [H,(MeOTTP)+]. - UV/ 
Vis (CH2CIz): h,,, (Ig E )  = 398.1 nm (5.43), 487.0 (4.27), 543.2 
(4.12), 630.3 (3.57). - IR (KBr), 6 most intense bands: 3 = 795 
cm-', 980, 1240 (OCH3), 1170, 1320, 1510. - C06H72CeN802 
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(1509.8): calcd. C 7637. H 4.81, N 7.42; found C 76.10, H 4.88, 
N 7.34. 

Protocol 5: General procedure of the acylation of Ce(HOTTP)2 
( I  b) with henzoyl chloride, 4-methylbenzoyl chloride, and penta- 
fluorobenzoyl chloride, respectively. - A solution of 1 ml of the 
acyl chloride in 5 ml of chl.oroform was added dropwise to a solu- 
tion ot. 100 mg (67 p o l )  of Ce(HOTTP)2 in 20 ml of chloroform 
and 10 ml of pyridine. After stirring for 2 h, the solution was 
poured into 50 nil of 0.1 EJ KOH. The organic layer was washed 
with 20 ml of water, dried, and the solvent distilled off in vacuo. 
Column chromatography (alumina, IT, neutral, 7 x 2.5 cm) with 
CHC13 as eluent yiclded a brown fraction containing the douhle- 
decker followed by a violet fraction containing the free porphyrin. 
In the case of I f  preparative thin layer chromatography (silica gel 
plates, 20 X 20 cm, 1.25 mm) with toluenddichloromethane (95:5) 
yielded the double-decker as the first fraction followed by a violet 
fraction containing the free porphyrin. Evaporation of the solvent 
and recrystallization from toluene/methanol ( 1  :4) yielded the fol- 
lowing double-deckers 1 d-f as brown-violet powders. 

Bis { 5-(4- (berizo)ylo.~-y)phlniyl/-lO, 1.5,20-tris (4-metliyllihen.yl)por- 
ph~~rinato\iceriumiI Vj, c e ( l 3 ~ 0 T T P ) ~  (Id): Yicld 38 mg (33%). - 
MS, m/z  ('XI): 844 (8) [M'+l, 776 [H2(BzOTTP)+] (100). - UV/Vis 
(CH2CI2): A,,,;,, (Ig E) = 397.2 nni (5.39), 489.5 (4.17), 542.6 (4.04), 
631.1 (3.50). - IR (KBr), 7 most intense bands: 5 = 800 em-' ,  
980, 1200, 1260, 1170, 710, 1740 (C=O). - Clo8H,6CeN,04 
(1690.0): calcd. C 76.76, H 4.53, N 6.63; found C 76.80, H 4.69, 
N 6.73. 

Bis {5-[4- (metli~~lhenroylo.~~v)phenylJ-lO. 15,20-tris( 4-metlzyl- 
p l~cnyl )porpl i~~r i ,~nto~cer iuni ( IV) ,  Ce(TuOTTP)? ( le ) :  Yield 43 mg 

- UV/Vis (CH2CI2): h,,;,, l(Ig E) = 397.7 nm (5.41), 487.5 (4.19), 
542.5 (4.06), 630.1 (3.51). -- IR (KBr), 7 most intense bands: t = 

800 cm-' ,  980, 1200, 1170, 1180, 1270, 1740 (C=O). - 
C110H80CeN804 (1718.0): calcd. C 76.90, H 4.69, N 6.52; found C 
76.71, H 4.83, N 6.47. 

Bis { I  0, I5,20- tris (4-rnetliylphenyl) -5- [4-  (pen tujluorohenzoyl- 
osy)phr~nylJporplz~~~inato~ci~rii~nz(I V ) .  Ce(PfOTTP)2 (If): Yield 24 
nig (16%). - MS. m/z (?A,): 934 (86) [M'+], (100) 934 
[H>(PfOTTP)+]. - UV/Vi!j (CH,C12): A,,;,, (Ig E )  = 397.7 nm 
(5.30), 488.0 (4.09), 542.5 (3.97) 630.1 (3.45). - IR (KBr), 6 most 
intense bands: 3 = 1230 c1*i--l, 1490, 985, 800, 1325, 1740 (C=O). 
- "F NMR (CDCI):  6 = -136.95 (m, 2F, 2,6-F), -147.25 (m, 
1 F. 4-F), - 160.03 (in, 2F, 33-F). - C1,,8H66CeFIONR04 (1869.9): 
calcd. C 69.37, H 3.56, N 5.99; found C 69.20. H 3.80. N 5.74. 

(37%). - MS, ndz (74): 858 (25) [M'+], 790 (100) [H~(TLIOTTP)+]. 
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