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Al complexes of a capped porphyrin were newly synthesized with methyl, carboxylate. and phenoxide groups as 
axial ligands on the opposite side of the cap. (CapP)Al complexes undergo the exchange of the carboxylate or phenoxide 
group with carboxylfc acid or phenol, respecfivety, much more slowly than the corresponding (TPP)AI complexes. 

The reactions and coordination properties of metalbporphyrfns have attracted much attention in relation to their 

biological role such as hemoglobin, cytochrome P-450, and chlorophyll’). In this connection, most studies have been 

canfed out on iron, manganese, magnesium, and zinc porphyrins. On the other hand, aluminum porphyrins have not been 

paid much attention until recently. Buchler and coworkers prepared some aluminum complexes of octaethylporphyrin’), but 

the reactions examined were rather limited. More recently, we have developed a number of novel, interesting reactions of 

aluminum complexes of tetraphenylporphyrin and some other porphyrins. Examples are the stereoselectrve fonatbn of 

(pomhyrinato)aluminum enolates from ketone&, carbon dioxide fixation with aluminum porphyrins4)5)6)7), and ring- 

opening reactions of epoxfdes and lactones*). These reactions take place at the fifth, axial ligand-aluminum (X-AI) bond, but 

in some cases the coordination of the substrate or another ligand to the vacant, sixth coordination site has been indicated to 

play an important role. 

Such a frans effect has been observed, for exarr@e, in the coordination of dioxygen molecule on iron porphyrins). 

On the other hand, in the reactions of aluminum porphyrins as cited above, the reacting group (X-AI) is not coordinating but 

is bound to the metal by a valence bond, and the dissociation as observed for coordinating ligand is not likely to occur in 

nonpolar media. Thus the effect of the additional coordinating ligand on the reaction of metalloporphyrins is expected to be 

understood more clearly for aluminum porphyrins 

In the present study, aluminum complexes of a ‘capped’ porphyrinlO) were synthesrzed to prevent the sixth 

coordination, with methyl, carboxylate, and phenoxkfe axial groups. The coordination behavior of the complexes with l- 

methylimidazole, and the exchange reactions of the axial groups with carboxylic acids or phenols were investigated. The re- 

activity was compared with that of the complex of tetraphenylporphyrin without cap” ). 

Results and DIscussIons 

1. Formatlon of alumlnum complexes of capped porphyrin 

Quantitative formation of the aluminum complex of a capped porphyrin with axial methyl group, (CapP)AIMe 2 was 

found to take place when an excess amount of Me3AI was added to (CapP)Hp 1 in CH2C1212). (CapP)AIMe 2 could be 

obtained by removing the excess Me3AI in vacuum. In ‘H NMR spectrum (Fii.l), the protons of (CapP)Auare strongly 
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Scheme 1 (CapP)AlOC(= 0)R’ 
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Figure 1. ‘H NMR spectrum of the reaction mixture between (CapP)H2 I and MesAI (I:$ atter evaporating the volatile 

materials and dissolved in CDCla. 
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Table 1. Selected 1 H NMR Data of (CapP)AIX and corresponding (TPP)AIX in C6Ds (in ppm) 

porphyrin ligand X B-pyrrole capping benzene axial ligands 

2 (CapP) CH3- 9.37, 9.24 6.03 -6.27 

5a (CapP) CHsCOO- 9.40, 9.32 6.00 -0.66 

51 (CapP) (pMeO)PhCOO- 9.40,9.33 6.01 6.00, 5.63, 2 97 

7a (CapP) (P-tBu-4-MeO)PhO- 9.38,9.32 6.00 3.13, -0.49 

(TPP) CH3- 9.36 -5.78 

8a (T”V CH3COO- 9.35 -0.47 

81 (TPP) (p-MeO)PhCOO- 9.35 5.99,5.88, 2.93 

9a VW (2~tBu-4MeO)PhO- 9.34 3 17, -0.40 

Figure 2. Possible structures for (CapP)AIX (2-tBull-McO)PhO- 9a 

(2,4-di-tBu)PhO- 9b 

shielded by the porphyrin ring current and show 

their signal in a higher magnetic field, at 6 -7.45 (E). The relative sfgnal intensity of (CapP)Atf&to 6-pyrrole (A) is 318, 

showing the quantitative formation of (CapP)AIMe 2.The signals of 8-pyrrole protons (A) are two singlets of which the 

signal intensities corresponding to 4H, respectively, and the signal due to ‘capping’ benzene (C) is a singlet with intensity 

corresponding to 2H. Thus, no side reaction such as cleavage or reduction of the ester linkage of the ligand was 

confirmed to occur, which would have resulted in a more complicated spectrum. 

(CapP)Al carboxylates 5a - 51 and phenoxkfes 7a, 7b were formed by the treatment of (CapP)AIMe 2 with water 

followed by the corresponding carboxylic acids or phenols (Scheme 1). ‘H NMR data of the (CapP)Al complexes and the 

corresponding tetraphenylporphynato(TPP) aluminum complexes are summarized in Table 1. 

As for (CapP)Ai complexes, the axial ligands are expected to exist on the opposfte side of the capped face of the 

porphyrin. In fact, only one set of signals were observed for every (CapP)Al complex in ‘H NMR spectra, even in the 

case of 2 (Fig.1) of which the axial ligand is methyl group, suggesting that the ligands exist in one side of the porphyrin 

plane. (pMeO-)PhCOO- or (21Bu4MeO)PhO- group IS loo bulky to be in the cavrty of the cap, so these axial ligands of 

51 and 7a should exist in frans to the cap. The chemrcal shifts of the 8-pyrrole protons of (CapP)Al complexes with 

drfferent axial ligands 2. 5, and 7 resemble each other, and the signals of the capping benzene protons are also observed 

to be almost the same. These facts suggest that the axial ligands of 2, 5, 7 are on the same side of the porphyrin plane, 

frans to the cap (Fig. 2). 

The chemical shifts of the axial ligands in (CapP)Al carboxylates 5 and (CapP)Al phenoxkfes 7 are very srmilar to 
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those for the signals of the corresponding (tetraphenylporphirinato)Al complexes ((TPP)AI complexes) 8 and 9, 

respectively; for instance, 8 -0.66 for (CapP)AICC(=O)CJ&Sa and 8 -0.47 for (TPP)AIOC(=O)CJ&8a; 6 -0.49 for 

(CapP)AlO(2-t&4MeO)Ph 7a and d -0.40 for (TPP)AfO(2-tBU-4-MeO)Ph 9a. The capping structure of the ligand with 

ester groups is considered to have rx) essential effect on the Al atom of the (CapP)Al complexes. 

2. nAf NMR apectroscoplc study 

It has been known that the signals of *‘Al NMR are observed in different regions of chemical shifts depending on 

the coordination number of the Al atom13). Berm er al. studied the 27Al NMR of 50 aluminum compounds and their 

adducts with base, and found an experimental rule that 4-coordinated Al shows its signal between 180 and 125 ppm 

(relative to Al(NO3)3 in E$O); for instance 8 153 for (Me3Al)2 and 8 182 for Me3AfTHF. On the other hand, Al of 8 

coordination such as Al(acac)3 shows the signal at 6 0. Five compounds such as (Me2AfO(CH2)20Me)2 and (Et2AIOCH2- 

2-H&sN)2 are observed to show their signals in a range of 8 105-121 in toluened813b)-t3d). On the other hand, AfCl3. 

(THF)2 shows its signal at 8 83.0 in CH2Cl2TTHF 13a). Koester ef al. reported another exarrtpte, 

Cl2AlOXOqlCl)OXOAlCl2 (X=B(Ph)OB(Ph)), in which central Al atom is 5coordinated by four 0 atoms and one Cl atom, 

showing its 27Al NMR signal at 6 43 in toluened814). Koestefs complex is unique in the respect that the central Al atom 

is tetragonal pyramidal in the structure determined by the X-ray diffraction analysis. These examples show that the 

chemical shifts in 27Al NMR do not always correspond to the coordination number of the aluminum atom, but aluminum 

complexes of similar structures show their signals in a similar region. 

In Fig. 3 and in Fig. 4 are shown *’ Al NMR spectra of (CapP)AIOC(-O)(p-MeO)Ph 51 and (CapP)AIO(Z-tBu-4- 

MeO)Ph 78, and the spedra of the corresponding (TPP)Af complexes 81 and 98, respectively. The two carboxylate 

complexes, 51 (6 13) and 81 (6 14) show similar spectra independent of the porphyrin ligancf. A similar observation is 

A 
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Figure 3. *‘Al NMR spectra of (CapP)AJOC(=O)(p- 
MeO)Ph 51 (A) and (TPP)AlOC(-O)(p-MeO)Ph 81 
(B) in C6&y‘khm? (104.65 MHz). 
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Figure 4. *‘Al NMR spectra of (CapP)AlO(P-tBu- 
4-MeO)Ph 7a (A) and (TPP)AlO(2-tBu-4-MeO)Ph 

9a (B) in CgD6itoluene (77 26 MHz). 
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made for the spectra of the two phenoxides, 7a (6 14) 

and 9a (6 14). It is strongly suggested that between 

(CapP)Al complexes and (TPP)Al complexes, m great 

difference in their mode of ligand coordination may exist. 

(TPP)AIOMe has been reported to show its signal at 6 20 

ppm in CDC1315). 

Fig. 5 shows 27Al NMR spedra of (CapP)AIO(B 

tBu-4-MeO)Ph 7a and the corresponding TPP complexes 

9a, in C6D6 containing 5% 1 -methylimidazole (1 -Melm). 

(TPP) complex 98 shows the signal at 6 -14 ppm and 
I I I 1 

150 100 50 0 -50 -100 
apparently forms Gcoordination complexes with the GlPPm 
ligation of 1-Melm. In contrast, essentially rx) change was 

observed upon addition of I-Melm in the case of (CapP) 
Figure 5. 27Al NMR spectra of (CapP)Al0(2-tBu-4-MeO)Ph 

complex 78. 1H NMR and UV-Vis spectra also exhibited 7a ( (A), 104.05MHz ) and 

no changes when 1 -Melm was added to the solution of 78 (TPP)Al0(2-t&r-4-MeO)Ph 9a ( (B), 77.26MHz ) in 

in CaDa. In the case of (TPP) complex 9a, ‘H NMR C6D6itoluene m 5% 1 -B. 

spectra show distinct shift for the tBu proton from 6 -0.40 

to 6 -0.51 with the addition of 1-Melm to the solution in C6D6. (TPP)AIOMe added by 1-Melm in CDC13 has been 

reported to show the signal in 27 Al NMR at 6 -11 ppm15)ls). Coordination of 1-Melm to (TPP)AIOMe has been also indi- 

cated by our earlier study of 1H NMR and UV-VIS spectroscopy4). From the results mentioned above, the coordination of 

1-Melm to the Al atom of (CapP) complex 78 was not detected, in contrast to TPP complex 17), Similar observations were 

made in the mixing of 1-Melm to (CapP)AlOC(=O)CH3 5a or (TPP)AIOC(=O)CHs 6a, respectively. ‘H and 27Al NMR 

showed Ihe coordination of 1 -Melm to 6a in CDCl3 , but in the case of 5a no coordination. These facts also indicate that 

the axial ligands of (CapP)Al carboxylate or phenoxide exist on the opposite side of the cap. 

3. Exchange of axial llgands of (CapP)Al complexes 

When a carboxylic acid was added to the solution of (CapP)AIOC(= O)CH3 5a, a slow reaction was observed to 

form another carboxylate 5b-51. and resulted in an equilibrium mixture ( eq. 1 ). 

(CapP)AI-X + YH a (CapP)AI-Y + XH (1) 

‘H NMR spectra of the reaction mixture showed the decrease of (CapP)AIOC(=O)CH3 5a (6 -0.66) and propionic 

acid 4b (6 2.15 for CH2), and corresponding formation of (CapP)AIOC(=O)CH2CH3 5b (6 -0.41 for CH2) and acetic acid 

48 (6 1.75 for CH3). The total amount of 5a and 5b was quantitative with respect to the initial amount of 5e, and no side 

reaction was observed by ‘H NMR during the readion. As seen in Fig.6, the reaction of 5a with 4b with the initial molar 

ratio of 5a!4b = 3.0 or 0.33 attained to the equilibrium within about 2 hours. The observed equilibrium constant K. 

[5b],[4a]&aM4b],, where [5b]_ is the concentration of 5b at the equilibrium, etc., was calculated to be 0.71 under 

these conditions. 

In Table 2 are listed the equilibrium constants of axial ligand exchange observed for (CapP)Al carboxylate and 

phenoxide complexes. Large K valuels in the reaction of benzoic acid 4e with (Cap)AIOC(=O)CHs 5a may be due to the 
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Figure 6. Reaction of (CapP)AIOC(=O)CHa 6a with 

propionic acid 4b at mom temperature in C6Ds. Mole 

fractions of 5a. The initial ratio of 5a I4b was 3.0 (0) and 

0.33 (A), respectively. The initial concentration of 5a was 4.0 

x lo.3 mol.dm-3. The molar fractions of 58 and 5b were 

determined based on their ‘H NMR signals at 6 -0.66 (CJ& 

of 5a) and 6 -0.41 (C&of 5b), respectively. 

large difference of the acidity between benzofc acid and 

acetic acid. 

In the reaction of benzoic acid 48 with 

(CapP)AIOC(=O)CHa 6a, the reverse reaction in their 

equilibrium may be neglected in the inttial stage. The 

reaction (5a& __) 5eda) was observed to be a 

second-order process ( eq. 2 ) 

RI = kl KWW (2) 

where Rf is the reaction rate, and the rate constant kt 

was detennined to be 1.9 x 10-l rnorf dm3sec-1 at 

25%. 

The rate of the reaction between (CapP)Al0(2- 

tSu-4MeO)Ph 7a and 2.4-di-t-butylphenol6b was 

determined in a reaction carried out at 6o’C. 16 equiva- 

tents of 6b was added to the mixture of 7a (initial 

concentration was 6.2 x 104 mol.dm-3) and 2-t-butyl-4- 

methoxypherol6a (4.4 eq. to 7a) in CsDe at 6O’C. The 

mixture attained to their equilibrium in the molar ratio of 

7a/6b/7b/6a = 0.3/l 5.3/O 715.1. In such an exchange 

reaction in which the reverse reaction may not be 

neglected from its initial stage (K-l), the rate of the 

reaction R2 is given by Mckay’s equation la) (es. 3) 

R2 = - In (1 -F)lt . [ A.B/(A+B)] ( 3 ) 

where F is [7a]t/[7a],, [7a]t is the concentration of 78 at time 1, [7al_ is that at the equilibrium, A is [_ra] + Isa], and B is [7b] 

+ [6b]. In the equilibrium the rate of the reaction 7a + 6b P 7b + 6a is defined by eq.4. 

R2= k2Val,[6bl, (4) 

and k2 was determined from (eq.3) and (eq. 4) to be 0.2 moT1~dm3sec1. 

We have already reported the reactions of (TPP)AI alkoxkfe with alcohol, (TPP)AI carboxylate with CarboXylic 

Table 2. Equilibrium constants K in the exchange reaction of (CapP)Al X with YH (eq.l)a) 

(CapP)Al X 5a 5a 5a 5a 51 
X CH3COO- CH3COO- CH3COO- CH3COO- (p-MeO)PhCOC- (P-tBu-4-Mz&PhO- 

YH 4b 4c 46 4e 4c 
Y CHaCH$OO- t&CH$OO- tBuCOO- PhCOO- tBuCH$OO- (2-4-di-tB$hO- 

K 0.71 1.79 0.94 6.16 0.96 0 69 

a) The reactions were carried out in CsDs at room temperature (ca. 23-C). The initial concentration 

of (CapP)AIX was 4.0 x 10-a mofdm3. 
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acid’), and (TPP)AI enolate with ketone3). In the 

case of (CapP)Al complexes, the sixth coordination 

site of the Al metal (frans position to the axial 

ligand ) is protected by the capping structure. 

Therefore, in the substitution reactions of the axial 

ligands. carboxylic acids or phenols are considered 

to attack the Al atom from the opposite side of the 

‘cap’, or the same side of the axial ligands. 

4. Relative reactivity of alumlnum 

comptexes of capped porphyrin and 

tetraphenylporphyrin 

Further information about the exchange 

reaction of the axial ligands of Al porphyrins was 

obtained from the study of the relative reactivity 

between (CapP)Al complexes and (TPP)AI 

complexes. (eq.5) 

To a mixture of (CapP)AtOC(= O)CH3 5a 

and (TPP)AICC(= O)CH3 8a in CeD6 was added a 

CsD6 solution of benzoic acid 4e (5a : 8a : 4e = 1: 

Figure 7. Reaction of the mixture of (CapP)AJOC(=O)CHs 5a (0) 

and (TPP)AlOC(=O)CH3 8a (A) with benzoic acid 4e at room 

temperature in CsDs. The ratio of W4e was l/1/7, and the 

initial concentration of 5a was 4.0 x 10m3 motdmJ. The molar 

fractions of 5a and 5b were determined based on their ‘H NMR 

signals at 6 -0.66 (C&of 5a) and 6 -0.47 (C&of 8a), respectively. 

1: 7) at room temperature, and this mixture was subjected to the 1H NMR analysis. Frg. 7 shows the mole fraction of 5a (d 

-0.66 for -C&J in all of the (CapP)Al complexes, and the mole fraction of 8a (d -0.47 for -C&J in all of the (TPP)AI 

complexes in the reaction mrxture. As shown in Frg. 7, 8a decreases rapidly to form (TPP)AtOC(= 0)Ph 8e, but 

(CapP)AIOC(=O)CHa 5a and (CapP)AIOC(=O)Ph Se attained to their equilibrium after about 2 hours. The reaction of t- 

butylacetic acid 4c with the mixture of (CapP)AlOC(=O)(pMeO)Ph 51 and (TPP)AlOC(=O)(p-MeO)Ph 81 proceeded in a 

similar fashion. The reaction of 2,4di-t-butyl-phenoI6b with the mixture of (CapP)Al0(2-tBu-4-MeO)Ph 7a and the 

corresponding (TPP)AI complex Sa gave similar results. (TPP)AI complexes attained to equrlibrium within 5 minutes in 

each reaction. On the other hand, the (CapP)Al complexes came to their equilibrium in about 2 hours. 

Relative reactivity of (CapP)Al complexes and (TPP)Al complexes in such exchange reactions of axial ligands 

was determined by the combination of NMR saturation transfer method “) and the reaction kinetics. Figure 8 shows the 

‘H NMR spectra of the reaction mixture in whrch 2,4di+butylphenol 6b (5.7pmol) was added to the mixture of 

(CapP)AlO(2-tBu-4-MeO)Ph 7a (initial amount was 0.8 umol). (TPP)AlO(2-t&l-4-UeO)Ph 9a (0 9umol) and 2-t-butyl-4- 

methoxyphenol6a (4.4umol) in CsDs ( 0.6 ml ) at 60’C. The equilibrium mixture of 78, (CapP)AlO(2,4di+butyl)Ph 7b, 9a, 

(TPP)AlO(2,4-di-tBu)Ph 9b. 6a, and 6b in a molar ratio of 7aL’b/Sa/9b/6a/6b = 47/53/48/65/450/593 was obtained after 24 
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Figure 8. ‘W NMR spectra of the equil~rjum mixture of 7a, 

fb, 9a, 9b, 6a, and 6b in a ratio of 47l53148l65 14501593 in 

c&e at 60X, without irradiation (A ), with irradiation to 

saturate the signal (J) at d 3.67 (B ). Con~nlration of the 

total (CapP)Al complexes was 1.3 x 10J mol+dm*3. 

H H 
9 L 

K 

6a 6b 

hours. When the pratons of the&$? - group of the 2- 

t-butyl-4-methoxy-phenol8a at 6 3.67 ppm (J) was 

saturated with irradiation at 60 ‘C, the signaf of the 

MO- protons of (TPP)complex 9a (F) decreased in 

intensity to 28Ob (Fig. 8B) compared with the intensity 

without irradiation ( Fig. 8A ). in contrast, the signal of 

j&O- group of (CapP)complex 7a (B) remained 

without any change. These results mean that the 

reaction between (TPP)AI phenoxide Qa and 
phenol 8a in the equilibrium system occurs in a 

time scale comparable to the spin lattice relaxation time 

Tt of the protons of Mep- group of $a. 

The apparent rate constant kabs of the exchange reaction is given by eq. 6, 

I’ / I L 1 / (l+ kobsTt) (6) 

where I’ and I are signal intensities with and without saturation transfer, respectively. The Tt for the protons of j&O- 

group of 9a in this system at 60 ‘C was observed to be B.lsec, so kohs was calculated to be 0.8 sect. The rate constant 

ks of the second order reaction between 9a and 6a can be obtained from eq. 7, 

R3 = kobs [9a] = k3 Isa] isa] (7) 

where Rs is the rate of this reaction. Since [sa] at the equilibrium was 6.0 x 10-8 mol~dm-3, kg was determined fo be ca. 1 

x lo2 mort.dm3. set”‘. 

On the other hand, Tt for the.bj,eO- protons (ET) of (CapP)Al phenoxide 7a was 2.5 sec. being not much different 
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from that for 9a. Therefore, the exchange between 7a and phenol 6e is considered to be so sbw (kobsTt $11) that effective 

saturation transfer was not observed, in contrast to the TPP complex. 

Thus, the rate constant for (CapP)Al complex was about 1 I500 fold compared with that for (TPP)AI c0mpleX in 

the exchange of the axial phenoxkfe ligand. 

The approach of the phenol, for instance, to the central metal of the (CapP)AlX is considered to prcceed from 

the same direction of the axial ligand on the porphyrin plane. The exchange of the axial ligand of the (TPP)AI complex is 

considered to take place on one face of the porphyrin plane similarly to the (CapP)Al complex. Carboxylic acid or phenol 

approaches to the Al metal from the same direction of the axial ligand to form another catixylate or phenoxide. 

(Cap P) 

X +YH y +XH (8) 

VW 

X +YH Y +XH (9) 

Carboxylic acrd or phenol (YH) may coordinate to the Al of the TPP complex from the opposite side of the axial 

ligand to form a G-coordinated complex. For example, when benzoic acid (1Oeq.) was added to the solution of (TPP)AICI 

fn CD%, the signal of the 27Al NMR shifted from 6 102.6 to 6 14, indicating the coordination of benzoic acid to (TPP)AICI 

20). The higher reactivity of the (TPP) Al complex in the exchange of the axial ligand may be interpreted in terms of such 

6coordinated intermediate. B-coordinated TPP complex is considered to undergo the ligand substitution reaction much 

faster than the 5coordinated Al complex, since HY which coordinate to the backside of the axial ligand may enhance the 

reactivity of AI-X group of (TPP)AIX, which reacts with another HY molecule that approaches the metal from the same 

direction of Al-X. Higher reactivities of 6coordinated (TPP)AI complexes in the reactions with CO2 have been suggested 

in our earlier studies4)“). In the case of (CapP)AIX, the enhancement of the reactivity by the coordination of HY from the 

back side of the axial ligand is not possible. 
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Materials 

Exwrl~ 

Capped porphyrin ((CapP)Hp, 1) was synthesized following the procedure of Baldwin et ZJ/.‘~~). 
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Tetraphenylporphyrin ((TPP)H2) was synthesized by Adler’s procedure 21). Commercially available Me3AI was purified by 

distillation under reduced pressure of Np, and stored under a Np atmosphere as a toluene solution. CH2Cl2 and CD@ 

were distilled over CaH2. Toluene and CeDe were distilled over Na benzophenone ketyl. 1-Methylimkfazole (1-Melm) was 

distilled over CaH2 under reduced pressure, and stored under N2 atmosphere. Phenols were recrystallized from hexane. 

Other organic materials were used as received. 

Measurement ‘H NMR spectra were measured in 5mm tubes sealed in a Np atmosphere, with JEOL Type JNM 

GSX-270 spectrometer operating at 270.05 MHz at room temperature (ca. 23’C) or in the pre-heated probe set at the 

desired temperature. Chemical shiis were determined with respect to CeHs (6 7.40) or CHCl3 (6 7.28). Relaxation time 

Tf’s were determined by the standard inversion-recovery sequence (180*-t -90’ pulse). 27Al NMR spectra were obtained 

by JEOL Type JNM GX-400 spectrometer or JNM GSX-270 spectrometer operating at 100.45MHz and 70.28MHz, 

respectively, with a multi-nuclei tunable probe for IOmm tubes, at room temperature. Samples were dissolved in 3ml of 

CsDfloluene (1:2) in 1 Omm tubes, unless otherwise noted ([ C ] = 1 x 1 Oe2 mol.dm-3). 1.5 M solution of AI(N03)3.9H20 in 

D20 was used as an external standard for chemical shifts. Typical parameters for measurement were as follows (GSX- 

270): Frequency of measurement was 30000H2, i.e ., 6200 5 6230 in ppm, 45’ pulse, dead time and delay time (before 

sampling free induction decay signal (FID)) were 100 psec, respectively, and the relaxation delay between pulses was 0.2 

sec. 1800 to 20000 FlDs were collected by 16K data points, one time zero filling was done to obtain 1.8 Hz resolution. 

Such prolonged dead time and delay time before sampling FlDs were chosen according to the kind advice at Tohoku 

university, to prevent the background signals without distorting the signal shapes13@. 

To a solution of (CapP)H2 1 (42rrxg 0.04mmol) in dry CH2CI2 (4ml) was added a solution of Me3AI (0.2mmol) in 

toluene (lml) at room temperature in a Ng atmosphere. The greenish purple solution was evaporated in vacuum after 3 

hours, to obtain 2 as a red solid. ‘H NMR (CDCl3): 6 9.02 (s, 4H, 6pynole), 8.91 (s, 4H. f3-pyrrole), 7.88 (dd, J = 7 and 2 

Hz, 4H, meso-Ph). 7.81 (dt, 2 and 8 Hz. 4H, meso-Ph), 7.56 (d, 8 Hz, 4H, meso-Ph), 7.40 (1. 7 Hz, 4H, meso-Ph), 5.41 

(s. 2H, ‘capping’ benzene), 4.642 (m, 12H, CH2CH2), 4.0-3.9 (m, 4H, CH2CH2), - 7.45 (s, 3H. AI-CH3). 

a ) (CapP)H2 1 (Smg, 0.009mmol) was dissolved in dry CH2Cl2 (lml) and a solution of Me3AI (0.045mmol) in toluene 

(0.2ml) was added in a N2 atmosphere After 2 hours, acetic acid (lml) was added, and the red solution thus obtained 

was washed with water four times. The organic phase was dried (Na2S04), and evaporated to give a red sol”, which was 

indtcated to be a mixture of (CapP)AIOH 3 and (CapP)AIOC(= O)CH3 5e by ‘H NMR. This solid was again dissolved in 

acetic acid (2ml). reacted at 50-C for 2 hours, and the reaction mixture was evaporated to dryness. Then dry toluene was 

added to dissolve the solid, and volatile materials were evaporated in vacuum. This procedure was repeated 3 times to 

exclude trace amount of acetic acid to give 7.7 mg of a red powder (0.007mrW 76%). ‘H NMR (CsD6): 6 9.40 (s. 4H, 6 

pyrrole), 9.32 (s. 4H, 5pyrrole), 8.19 (d, 4H meso-phenyl), 7.7-7.2 (m, 12H meso-phenyl), 6.00 ( s, 2H, ‘capping’ 

benzene), 4.32 (m, 4H, CH2CH2), 4.10 (m. 4H, CH2CH2), 3.81 (m. 4H. CH2CH2). 3.62 (m, 4H, CH2CH2). -0.66 (s, 3H, 

AIOC(= O)CH3). 27Al NMR (CDCl3): 6 13.5. Anal. for the product obtained by reclystallizatron from CH2Cl2/AcOH: Found: 
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C, 65.87; H, 3.96; N 4.65: calcd. for (CapP)AIOC(= O)CH3~2CH3COOH: C, 65.81; H, 3.98; N 4.51 %. 

b ) (CapP)Hg 1 (64mg, 0.06mmol) was reacted wfih Me3AI (0.4mmol) in CH2Cl2 (8ml) at room temperature for 2 

hours, and 10 ml of H20 containing 10% methanol was added. After 1 h of vigorous stirring of the mixture, CH2Cl2 and 

methanol was evaporated, and a pink solid was filtered from the water layer, and the solid thus obtained was dried and- 

washed by CH2Cl2 to give a red solution. The solution was evaporated to dryness, then the residual solid was dissolved 

in dry toluene, and the solution was evaporated in vacuum to exclude trace of water if any, to obtain a red solid which is 

considered to be (CapP)AIOH 3 by ‘H NMR in CDCl3; signal at 6 -1.81 assigned to Al-OHwhich diminished when D20 

was added22). To 36mg (0.0035mmol) of this solid was added 2.5ml of acetic acid, and the heterogeneous system was 

heated at 60X. The mixture became homogeneous, and after 1 hour of reaction at that temperature the red solution was 

evaporated to dryness, and 2.5ml of acetic acid was again added to the residue, and reaction was continued at 6O’C for 

additional 13 hours. Evaporation of the reaction mixture and subsequent azetropic distillation with toluene gave a red 

soltd. ‘H NMR analysis showed that the product was identical with the product of method a). 

~CaoP)AIOC(=O)fo-Me)Ph S 

To the solution of the red solid obtained by the reaction of (CapP)AIMe 2 and water (153mg, corresponding to 

0.014mmol of 3) in dry CH2Cl2 (5ml) p-methoxybenzoic acid 4f(O.O14mmol) in toluene (0.95ml) was added at 35’C in a 

N2 atmosphere. After 14 hours, volatile materials were evaporated in vacuum, then the solid was dissolved in the mixture 

of CH2Cl2 (5ml) and toluene (2ml). The mixture was heated at 45’C for 10 hours, then evaporated to dryness to obtain 51 

as a red solid. ‘H NMR (CsDs): 69 40 (s, 4H), 9.33 (s, 4H), 8.10(d, 4H), 7.73 (I, 4H), 7.3-7.1 (m, 8H), 6.01(s, 2H, 

‘capping’ benzene), 6.00 (d, 9Hz. 2H. m-Ph of the benzoate), 5.62 (d, 9Hz, 2H. o-Ph of the benzoate), 4.51 (m, 4H), 4.30 

(m, 4H), 3.82 (m, 4H), 3.61 (m, 4H), 2.97 (s, 3H, CH30-). 27Al NMR (CsDfloluene, 104.05 MHz): 6 13.3, the line width at 

the l/2 height (w1/2): 60Hz. 

Ph 7a 

To a solution of the red solid obtained by the reaction of (CapP)AIMe 2 and water (3mg, 0.003mmol as 3) in dry 

CH2CI2 (lml) was added a solution of 2-t-butyl-4-methoxyphhenol6a (0.006mmol) in CH2Cl2 (lml) at room temperature. 

After 2 hours the reaction mixture was evaporated to dryness, then 3ml of toluene was added to dissolve the solids, and 

again evaporated in vacuum to exclude trace amount of H20 generated in the reaction, to leave a red solid, which was 

found to be a 1 :l mixture of 7a and 2-t-butyl-4-methoxypheW6a by ‘H NMR. This mixture was used for further reaction, 

‘H NMR (C6Ds) assigned to 7a: 6 3.13 (s, 3H. OMe), -0 49 (s, 9H, tBu). 27Al NMR (CsDdtoluene, 70.26 MHz): 6 14.2 

(w1/2=100Hz) 

fTPP)AIOCf=O)fo-MeO)Ph 61 

To a stirred solution of (TPP)H2 (64.3mg, O.llmmol) in dry CH2Cl2 (7ml) was added Me3AI (0.1 lmmol) in toluene 

(068ml) at room temperature. After 2 hours, p-methoxybenzoic acid 41 (166mg, 0.1 lmmol) was added and stirring was 

continued overnight. Evaporation of the reaction mrxture gave 81 as a purple powder23). ‘H NMR (CeDs): 6 9.35 (s, 8H), 

6.33 (d, 6H), 7.69, (m, 12H). 5.99 (d, 9Hz, 2H, o-Ph of benzoate), 5.66 (d, 9Hz, 2H, m-Ph of benzoate). 2.93 (s. 3H, OMe) 

27Al NMR (CsDdtoluene, 104.05MHz): 6 14 2 (w1/2=100Hz). 

(TPP)AlOfW3u-4-~h 9a 

To a stirred solution of (TPP)H2 (62.4mg, O.lOmmol) in dry CH2Cl2 (2ml) was added MesAI (O.lOmmol) in toluene 
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(0.62ml) at rOOm temperature. After 2 hours, 2-tert-butyl-4-methoxyphanol6a (18.4mg. O.lOmrrd) in toluene (0.6ml) was 

added and stirring was continued overnight. Evaporation of the reaction mixture gave 9a as a purple powderq. ‘f-f NMR 

(ctjD6): 6 3.17 (S, 3H, @de), -0.40 (S, 9H, Wu). 27Al NMR (C6D8ilOkleIl& 70.26MHz): 6 14.3 (w1/2=1OOHz). 
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