
Tetrahedtvn Letters, Vol. 35, No. 21. pp. 3565-3568, 1994 
Elsevier Science Ltd 

Printed in Great Britain 
oo40-4039/94 $7.00+0.00 

004@4039(94)EO588-0 

Synthesis and Nonplanar Macrocyclic Characters 
of Hexa-, Octa-, and Decaphenylporphyrins 

Jun Takeda* and Mitauo Sato 

Biophysics Division, Fdty of Pharmaceutical Sciences, Teikyo University 

Sagamiko, Kanagawa 199-01, Japan 

Abstmct: Pcupltyrins bearing six, eighs and ten phenyl gfoups me synlhesizad using mixed -on of benzalddlyde with 
pyrrole and di@enylpyrmle and tbeii tmnplanar macmcyclic charaders aredeanomratedbyW-visibkmdNMR_. 

As part of study concerning the conformation-reactivity relationship of porphyrins, we have recently 

developed the chemistry of highly substituted 2.3,5.7,8,10,12,13,1S,l7,18,20-dodecaphenylpo~hy~n 

(DPP).l.2 When phenyl groups am introduced to the eight p-pyrrole carbon positions of planar 5,10,15,2@ 

tetraphenylporphyrin (TPP) or to the four meso-carbon positions of planar 2.3,7,8,12,13.17,18- 

octaphenylporphyrin (OPP),3 the resulting porphyrin macrocycle of DPP adopts so-called “saddle type” 

conformation with the four pyrrole rings tilted up and down the mean porphyrin plane.12 

TPP OPP DPP 

Clearly, such nonplanar distortion of DPP macrocycle is caused by the steric overcrowding of peripheral 

phenyl groups. The partial introduction of phenyl groups to the f3-positions of TPP would give porphyrin 

macrocycles with varying conformations and degrees of nonplanarity. Herein we report the synthesis of such 

types of four new porphyrins, 2,3,5,10,15,20-hexaphenylporphyrin (HPP), 2,3,5,7,8,10,15,20- 

octaphenylporphyrin (cis-OPP), 2,3,5,10,12,13.15,20-octaphenylporphyrin (rrans-OPP), and 2,3,5,7,8,10, 

12,13,15,2Odecaphenylporphyrin (DecPP). With a series of seven, in total, phenyl-substituted porphyrins, 
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UV-visible and NMR spectroscopic properties are found to vary systematically with the number of phenyl 

substituents and to show correlation with degrees of macrocyclic nonplanarity. 

Scheme I 

yield, n 

‘2 7” I 

TPP 1.8 1. BFs.EtzO 
HPP 6.9 
tmnr-OPP 1.3 
Cl80 P P 8.5 

2. DDQ 
in toluane 

DecPP 5.7 
DPP 1.9 

total yield 26.1 

The four new porphyrins were directly synthesized by the method of mixed condensation. Typically, 

benzaldehyde (1 equiv), pyrrole (0.5 equiv), and 3.4-diphenylpyrrole (0.5 equiv) were dissolved in 

dichloromethaue followed by addition of a catalytic amount of BF3.Et20. and the solution was stirred under Ar 

for 3 h. The porphyrinogens resulted were oxidized to porphyrin macrocycles with 2,3-dichloro-5,6- 

dicyanobenxoquinone in mfluxing toluene for 1 h. 5 This procedute would give a s&s&ally produced mixture 

of TPP, HPP, truns-OPP. cis-OPP, DecPP, and DPP in the ratio of 1:4:2:4:&l. respectively, if the 

condensation reactivity of pyrrole would be the same as that of 3,4dipenylpyrrole. The TLC of the crude 

mixture on silica geYCHC13 showed the six expected porphyrins roughly in the theoretical ratio with Rp values 

decreasing with the number of phenyl substituents. For preparative purpose, each porphyrin was separated by 

using the usual column chromatography.6 The isolated yields after recrystallization are given in Scheme I. The 

structures of the new porphyrins were determined by FAB MS and 1H NMR spectroscopy: HPP and DecPP 

were readily identified by FAB MS and two isomers of trarrs-OPP and cis-OPP were distinguished by lH 

NMR.7 

UV-visible spectral properties of the new porphyrins a= compared with those of TPP, OPP and DPP in 

Table I. The phenyl substituents have large effect on the UV-visible spectra, gradually red-shifting the Soret and 

Q bands in the order of TPP c OPP < HPP c trcuzs-OPP c cis-OPP e DecPP < DPP. It is very tempting to 

suppose that the red-shift is a direct result of nonplanar macrocyclic distortion that is caused by steric repulsion 

of the adjacent meso- and j3-phenyl groups. k3a This suggestion is supported by comparing the absorption 

maxima of three isomers of octaphenylporphyrins (OPP CC trans-OPP < cis-OPP). In OPP, there is no phenyl 

Table I UV-visible and tH NMR spectral data for phenyl substituted porphyrins. 

UV-visib1e.a &&un ‘H NMRb 

Porphvrin Sotet Qv(l,O) Qv(O,O) Qd LO) Qx(o.01 Wppm 
TPP 417 514 548 590 645 -2.78 

HPP 423 519 554 595 652 -2.47 

tmrrs-OPP 433 528 567 597 676 -2.05 

cis-OPP 437 534 577 616 676 -1.85 

DecPP 456 547 587 644 702 -1.30 

DPP 468 564 617 722 -1.0 

OPP 423 515 551 583 635 -3.03c 
a W-visible specoa were recorded in dichhomebane. b *H NMR spectra were xrmrded in -13 at 27 “C. c 
Chemical shift of p-impmpylphenyl de4ivatives.3 
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groups at tbe meso-position. thus no steric repulsion with the planar macrocyclic structure retained. hence no 

rtd-shift in the absorption maxima By contrast, pans-OPP and cis-OPP have four sets of the adjacent meso- 

and pphenyl groups wbieh skrically induce maclrocyclic dktorlion with umsiderable ted-shifts in the absorption 

maxima. In cis-OPP, the steric interaction continues over seven phenyl groups (buttresing effect), causing 

stronger distortion and lager nd-shift in compakm with fmr~0PP. 

The tH NMR spectra also dcmonstmte the nonplanar distortion of the macrocycles. It has been well known 

that the internal pyrrole NH protons are strongly deshielded by the ring current effect of porphyrin macrocycle. 

The NH protons of planar TPP and OPP were observed at -2.78 and -3.03 ppm, respectively. On the other 

hand, the NH protons of nonplnar DPP were less deshielded and obseved at -1.0 ppm. This is due to the 

reduction of the porphyrin ring curmnt caused by distortion of the macrocycle. The NH resonances of the four 

new porphyrins are observed in the intermediate region and the chemical shifts are well correlated with UV- 

visible data (Figure 1). Evidently, the degree of macrocyclic nonplanarity is in-d with the number of 

phenyl substituents. 

1 

Figure 1 

Correlation of the Q 40.0) band 

fresuemy (vQ~O,Oj~~ti 

chemical shift of the internal pyrrole 

NH protons &-t) for a series of 
phenyl substituted porphyrins. 

X-ray diffraction studies have shown that the macrocycle of DPP is highly distorted to saddle-shaped 

confortnation.3b~gAlthough X-ray structures are not known, the four new porphyrins may adopt conformations 

different from that of DPP because of different number and distribution of phenyl substituents. For example, 

“chair-shaped” or “boat-shaped” conformation is expected for trans-OPP. In sum, the conformations of 

macrocycles and degrees of nonplanar distortion in phenyl substituted porphyrins vary over a wide range 

depending upon the number and positions of the phenyl groups introduced. Needless to say, the fina proof 

must await study by X-ray diffraction. 

chair-shaped boat-shaped 

Further studies on the electrochemical redox pqerties. acid-base properties, and metal incorporation rates 

of the four new porphyrins anz now underway, details of which will be reported elsewhere. 
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