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The first example of tetra(meso-aryl)porphyrin bearing isobornyl substituents was synthesized by tetrapyrrole
condensation from 4-hydroxy-3,5-diisobornylbenzaldehyde and pyrrole.
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Introduction

In recent years, much attention is paid to the synthesis
of hybrid antioxidants. In this respect the combination of
alkyl phenol units with porphyrin macrocycle is rather
promising.l*! Introduction of several sterically hindered
phenol fragments to the periphery of the porphyrin
macrocycle can lead to increased antioxidant activity, due
to inhibition activity of phenolic moieties in respect to free
radicals, and ability of the porphyrin itself to interact with
free radicals and oxygen.* It is known that isobornylphenols
possess membrane-protecting properties® and can be
used as bio- and technical antioxidants.”! Therefore, the
synthesis of porphyrin macrocycles with such substituents
is of interest for the synthesis of hybrid antioxidants. In
addition, isobornylphenols exhibit anti-inflammatory and
hemorheological activity,!'*!®] what allows to consider
isobornylphenolic fragment as a potential pharmacophore
group. In this regard, the introduction of these fragments to
the periphery of the porphyrin macrocycle is promising in
terms of obtaining new biologically active substances. Thus,
the synthesis of hybrid molecules, containing porphyrin
macrocycle and the fragments of terpenophenols, is of a
great interest.

Here we report on the synthesis of the first
tetra(meso-aryl)porphyrin  with isobornyl substituents
in the aromatic rings by tetrapyrrole condensation of
4-hydroxy-3,5-diisobornylbenzaldehyde = with  pyrrole
(Scheme 1).

Experimental

IR spectra were recorded on FT-IR spectrometer in tablets
with KBr. Electronic absorption spectra (U V-vis) were recorded on
a Shimadzu UV-1700 spectrophotometer in 10 mm quartz cuvettes
in dichloromethane. 'H and *C NMR spectra were recorded on a
Bruker Avance II NMR spectrometer (the operating frequency of
300 and 75 MHz, respectively) in CDCI, solutions. Mass spectra
were recorded on a MALDI instrument Bruker Ultraflex TOF/
TOF (matrix - dihydroxybenzoic acid). The reaction course was
monitored by TLC on Sorbfil plates. For column chromatography
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aluminum oxide 40/200 micron grade "pure" and silica gel 60/200
micron (Alfa Aesar) were used.

4-Hydroxy-3-{(1R,2S,48)-(1,7,7-trimethylbicyclo[2.2.1]
hept-2-y1}-5-{(1S,2R,4R)-(1,7,7-trimethylbicyclo[2.2.1 ] hept-2-yl}
benzaldehyde, 2. Cresol 1 4.2 g (11.03 mmol) was dissolved in
‘BuOH (210 ml) in the round-bottom flask under slight heating.
The mixture was cooled to ~ 40°C, and bromine (1.14 ml, 22.06
mmol) was dropped in small portions. The reaction mixture was
stirred at room temperature for 3 h and left overnight. The solvent
was evaporated, 45 ml of chloroform was added to dissolve the
residue, the solution was washed with saturated aq. Na,S,0, (3%25
ml), water (2x25 ml) and dried over anhydrous Na,SO,. The solvent
was evaporated and the aldehyde 2 was crystallized from petroleum
cther. Yield 1.96 g (45%). Colorless powder, m.p. 236-238°C
(decomp.). Found: C 82.01, H 9.86 %. C,,H, 0, (394.59) requires
C 82.18; H9.71 %. IR v cm™: 3397 (OH), 2951, 2876 (Me, CH,),
1670 (C=0). 'H NMR (CDCl,) 5, ppm: 0.81 (6H, s, C'*!H,), 0.85
(6H, s, C*?H,), 0.90 (6H, s, C**H,), 1.30-1.49, 1.53-1.74, 1.82-
2.04 (per 4H, all m, H>¥44, C>*H,, C°°H,), 2.27-2.41 (2H, m, H*?),
3.00 (2H, t, H**, J=8.6 Hz), 5.45 (1H, s, OH), 7.72 (2H, s, H'*'6),
9.84 (1H, s, CHO). ®C NMR (CDCl,) 8. ppm: 12.64 (C'*'?), 20.24
(C*), 21.33 (C8¥), 27.50 (C>), 34.07 (C*¥), 40.05 (C°F), 45.37
(C*), 46.07 (C*%),48.39 (C™"), 50.11 (C"1), 128.11 (C'*1¢), 128.60,
129.49 (C'1315),159.87 (C'?), 191.67 (CHO).

Tetrakis{3-{(1R,2S,4S)-(1,7,7-trimethylbicyclo[2.2.1 ] hept-
2-y1)-5-{(1S,2R,4R)-(1,7,7-trimethylbicyclo[2.2.1 ] hept-2-yl}-4-
hydroxyphenyl}porphyrin, 3. Aldehyde 2 (1.8 g, 4.56 mmol) was
dissolved under slight heating in 20 ml of propionic acid, 0.32
ml (4.56 mmol) of pyrrole was added and the mixture was added
dropwise to 20 ml of boiling propionic acid. The solution was
refluxed for 0.5 h and cooled. The reaction mixture was left at
room temperature in air for 7 days. The precipitate was filtered,
washed with hexane and water, dried on air and purified by
column chromatography consecutively on Al,O, and SiO, (eluent
- chloroform). Purple crystalline powder was obtained. Yield
0.38 g (19%). UV-vis (CH,Cl,) A nm: 653.0, 595.5, 560.5, 522.5,
462.0, 424.5, 418.5. m/z (MALDI): 1768.265 [MH]", calculated
1768.236. '"H NMR (CDCl,) §,, ppm: -2.65 (2H, br s, NH), 0.92
(24H, br s, C'*'H,), 0.99/1.00/1.02* (24H, s, C>*H,), 1.18 (24H,
s, C*¥H,), 1.37-2.06 (48 H, m, H>***, C>*H,, C*°H,), 2.30-2.48
(8H, m, H*>%), 3.39 (8H, br t, H*?, J = ~8.0 Hz), 5.25/5.26* (4H,
s, OH), 8.08/8.09* (8H, s, H'*!%), 8.81/8.83/8.85/8.89* (8H, s,
HP). Asterisk (*) denotes the resolved signals of the individual
atropoisomers.
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Figure 1. '"H NMR spectrum of compound 3 in CDCI,.
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Results and Discussion

4-Hydroxy-3,5-diisobornylbenzaldehyde 2 was
received by oxidation of methyl group in compound 1 with
bromine in fert-butanol by the procedure described for the
synthesis of 4-hydroxy-3,5-di-tert-butylbenzaldehyde.!'
Tetrapyrrole condensation with the aldehyde 2 was carried
out by a procedure similar to the synthesis of tetra(meso-
phenyl)porphine — in boiling propionic acid at large dilution
with following slow oxidation by atmospheric oxygen.!"
The structure of the obtained porphyrin 3 was confirmed by
NMR, UV-vis and IR spectroscopy and mass spectrometry.
The mass spectrum of the compound contains peak with m/z
= 1768.265, corresponding to the protonated molecular ion
[MH"]. "H NMR spectrum of product 3 contains well resolved
signals of the proton of porphyrin macrocycle (the signals
corresponding to pyrrolic HP protons at 8.95-8.70 ppm and a
broadened singlet, corresponding to the protons of the inner
NH groups at -2.65 ppm), and the signals of protons in the
terpenophenol groups (the singlets, corresponding to H'*!6
protons at 8.08-8.09 ppm and to hydroxyl group protons at
5.23 ppm, as well as multiplets of terpene substituents in the
3.4-0.8 ppm region) (Figure 1).

The ratio of integrated intensities of signal belonging
to protons of the porphyrin macrocycle and terpenophenol
substituents corresponds to the expected for tetrasubstituted
macrocycle. The formation of the porphyrin macrocycle
was also confirmed by UV-vis spectroscopy: the electronic
absorption spectrum contains the Soret band and the bands
characteristic of the tetra-meso-substituted porphyrin
chromophore in the visible region.

Figure 2. Possible atropoisomers of the compound 3.
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It is known, that for meso-arylporphyrins, atropo-
isomerism is possible in the case of hindered rotation of the
aryl substituents.l'® Very likely, the similar atropoisomerism is
realized in the case of porphyrin 3, in which diisobornylphenol
substituents are quite large and create a difficulty in
rotation around the bonds C'5-C"°, Possible atropoisomers
(A-D) of the compound 3 are schematically shown in
Figure 2.

The presence of atropoisomers is confirmed by NMR
spectroscopy. In the 'TH NMR spectrum of compound 3 the
signals corresponding to pyrrolic HP protons of each of the
four atropoisomers are observed; a small splitting is seen
also for the signals of H'*, H'® and OH protons (Figure 1). In
addition, a broadening of the signals of the other protons could
also be due to small deviations of the spectral characteristics
of different atropoisomers.

Conclusion

Thus, in this paper we propose a simple method
for the synthesis of tetra(meso-aryl)porphyrin with
diisobornylphenol substituents on the basis of 4-hydroxy-
3,5-diisobornylbenzaldehyde by tetrapyrrole condensation.
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