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Abstract: Porphyrins are of interest in many applications
that involve electron transfer and absorption of light,
such as solar energy and photodynamic cancer therapy.
The newly synthesized 5,10,15,20-tetrakis(3,4-dibenzy-
loxyphenyl)porphyrin, TDBOPP, was characterized using
'H NMR, ®C NMR, UV-vis and fluorescence spectroscopy
and MALDI-TOF/TOF high resolution mass spectrometry.
Standard 'H NMR and “C NMR experiments coupled
with nuclear Overhauser effect (NOE) experiments con-
firmed the structure of the compound. The expected
M+ and [M+H]* ions are observed in the MALDI-TOF/
TOF mass spectrum. The UV-vis absorption spectrum of
TDBOPP shows a Soret band at 424 nm and three Q bands
at 519 nm, 556 nm, and 650 nm with molar absorptivity
3.6x10°cm ™M, 1.6 x10* cm~'M ™', 1.0x10* cm~'M~! and
5.3x10% cm~!M "}, respectively. Excitation at 424 nm gives
emission at 650 nm. The quantum yield of the porphyrin
is 0.11.
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Introduction

To see the amazing diversity with which porphyrins are
useful, one only needs to look to nature. Scientist for
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years have tried to mimic the roles that porphyrins play
in nature to exploit their usefulness in applications such
as dye sensitized solar cells [1-7], photodynamic cancer
therapy [8, 9] and sensors of many kinds [10-19]. These
applications utilize the property of porphyrins to undergo
extraordinarily fast electron transfers. Two examples are
the use of chlorophyll in plants to absorb energy from
the sun and convert it to energy that can be used by the
plants in the process of photosynthesis. In photosynthe-
sis, electron transfer on the picosecond time scale has
been measured [20]. If we could mimic this property and
the efficiency with which it is carried out in nature in the
production of dye sensitized solar cells, our energy needs
would be met. Another example of porphyrins in nature is
found in hemoglobin, the oxygen transport protein which
binds oxygen in areas of our body where the partial pres-
sure of oxygen is high and carries it to places in our body
where the partial pressure of oxygen is low and releases it.
Upon release, it can be used in respiration. Basic research
in porphyrin chemistry is reported in this paper. The
synthesis, purification and characterization of the new
compound, 5,10,15,20-tetrakis(3,4-dibenzyloxyphenyl)
porphyrin (1), is described. Synthesis and characteriza-
tion of some of its metal complexes is currently underway
in our laboratories.

Results and discussion

Synthesis of porphyrin 1, abbreviated as TDBOPP, was
carried by the reaction of pyrrole and 3,4-dibenzyloxy-
benzaldehyde in propionic acid as the solvent (Scheme 1)
[21-23]. Porphyrins are usually produced in low yields
and the synthesis of TDBOPP was no exception. The
overall yield of the reaction was 31%. The composition
was verified by obtaining the exact masses for M+ and
[M+H]* using MALDI-TOF/TOF high resolution mass
spectrometry (Figure 1). TDBOPP was further charac-
terized by 'H NMR, ®C NMR, UV-vis and fluorescence
spectroscopy.
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Propionic acid
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Scheme1 Synthesis of 5,10,15,20-tetrakis(3,4-dibenzyloxyphenyl)porphyrin.
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Figure 1 MALDI-TOF/TOF HRMS in the molecular ion region.

NMR experiments

From analysis of Figure 2, it can be expected that in the
'H NMR spectrum of TDBOPP the hydrogens numbered
1, 2, 3, 6 and 13 will appear as singlets, the hydrogens
numbered as 4, 5, 7 and 10 will appear as doublets and
hydrogens numbered 8, 9, 11 and 12 will appear as tri-
plets. Due to the diamagnetic ring current experienced by
H, atoms, these protons show resonance at -2.80 ppm.
The remaining singlets were assigned using NOE experi-
mental data. When the resonance at 5.36 ppm is irradi-
ated, an enhancement is observed in the resonance at
7.54 ppm which indicates that these two protons are in
close proximity. This information coupled with the exper-
iment where the signal at 7.90 ppm is irradiated causing

an enhancement in the resonance at 7.54 ppm leads to the
confirmation that the singlet at 5.36 is H,,, the doublet
at 7.54 ppm is H,  and the peak at 7.90 ppm, resolved to
a singlet when heated to 305 K, can be assigned to H..
Additional NOE experiments gave the assignment of H,
and H.. Irradiation of the resonance at 5.49 ppm causes
an enhancement of the resonance at 7.70 ppm and hence
the singlet at 5.49 ppm is assigned to H, and the doublet
at 770 ppm is assigned to H..

COSY experiments were done to extract more infor-
mation about the assignments of the remaining hydro-
gens. In these experiments, coupling between the doublet
at 7.70 ppm and the triplet at 7.53 ppm was observed and
coupling between the triplet at 7.53 ppm and the triplet at
745 ppm was observed. These observations confirm the
assignment of these peaks, 7.53 ppm to H, and 7.45 ppm
to H,. Due to coupling between the doublet at 7.54 ppm
and the triplet at 740 ppm, the proton H,, is assigned to
the peak at 740 ppm. The remaining triplet at 7.35 ppm
corresponds to proton H,,. COSY experiments confirmed
the correlation between the resonances at 7.34 ppm and
774 ppm and that the resonance at 7.74 ppm is corre-
lated with the resonance at 7.90 ppm. Thus, the doublet
at 7.34 ppm corresponds to H, and the broad peak at
7.74 ppm belongs to H,. The remaining peak in the spec-
trum appeared as an imperfect doublet in the range of
8.80 ppm to 8.76 ppm. Since heating the sample to 315 K
resolved this peak into a singlet, this peak must be
assigned to H,. C NMR peaks were assigned from analy-
sis of the spectrum, from data obtained in the *C-'H cor-
relation and from data of a heteronuclear multiple bond
correlation.
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Figure 2 A numbering scheme for hydrogen and carbon atoms of 5,10,15,20-tetrakis-(3,4-dibenzyloxyphenyl)porphyrin.
The hydrogens and carbons are numbered in accordance with *H and ®C NMR assignments.

Electronic absorption spectra

The electronic absorption spectrum of TDBOPP is given
in Figure 3. There is an intense absorption at 424 nm for
the Soret band and the Q bands are observed at 519 nm,
556 nm, and 650 nm. A series of solutions of TDBOPP in
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Figure 3 Electronic absorption and fluorescence spectra for TDBOPP.

CHCI, were prepared at varying concentrations ranging
from 5.5x10°> M to 1.7 x 107 M. UV-vis spectra were taken
for each of the solutions. The purpose of these experi-
ments was to elucidate the molar absorptivities of the Soret
band and the Q bands and to determine if Beer’s law was
obeyed. The molar absorptivities for the Soret band and
the Q bands are high as expected. This porphyrin displays
a molar absorptivity of 3.6 x 10° cm~'mM~! for the Soret band
at 424 nm. The Q bands are observed at 519 nm, 556 nm,
and 650 nm with molar absorptivities of 1.6 x 10* cm M1,
1.0x10*cm~'M~!, and 5.3x 10° cm~!M "}, respectively.

Fluorescence measurements

Excitation at 424 nm gives an emission line at 650 nm.
The fluorescence quantum yield, ®, is 0.11 at room tem-
perature in chloroform, with an excitation wavelength of
515 nm, by a relative method using TPP in chloroform as
a standard having @, of 0.11 as reported in the literature
[24]. The fluorescence spectrum is given in Figure 3.
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Conclusions

The first report of the synthesis and characterization of
5,10,15,20-tetrakis(3,4-dibenzyloxyphenyl)porphyrin  is
presented. The absorption spectrum of TDBOPP shows
a characteristic spectral pattern similar to those of other
porphyrins. The fluorescence spectrum is also consist-
ent with what is observed with other porphyrins. The
expected M* and [M+H]* ions observed in the MALDI
mass spectrum are in excellent agreement with the given
structure. Analysis of 'H NMR and 2C NMR spectra confirm
the structure. This compound is being studied further for
usefulness in applications involving electron transfer.

Experimental

The reagents and solvents were purchased from Fisher Scientific.
Ultraviolet-visible (UV-vis) absorption spectrum for the porphyrin
was recorded on a Jasco V-530 spectrophotometer. The MALDI-TOF/
TOF high resolution mass spectrum was acquired on a AB Sciex
4800 MALDI TOF/TOF mass spectrometer equipped with a Nd: YAG
laser operating at 355 nm. The signal was averaged over 1600 scans,
at laser power of 4600. The sample was prepared as following: The
TDBOPP sample powder was dissolved in chloroform at 20 ug/mL
and the matrix solution was o-cyano-4-hydroxycinnamic acid at
7 mg/mL in 60/40 (v/v) acrylonitrile/water. The calibration peptide
mixture contained bradykinin, angiotensin and neurotensin ACTH in
water. For internal calibration, 10 uL of matrix, 10 uL of calibration
peptide mixture, and 2 uL of 20 ug/mL sample were mixed together
and 1 uL of the mixture was spotted on target. The '"H NMR (500 MHz)
spectrum and »C NMR (125 MHz) spectrum were recorded in CDCI, on
a Bruker AM 500 spectrometer at approximately 298 K. Fluorescence
spectrum was obtained using a JascoFP-6300 spectrofluorometer.

Synthesis of 5,10,15,20-tetrakis(3,4-dibenzyloxyphenyl)
porphyrin

A mixture of pyrrole (1.60 g, 5.02 mmol), 3,4-dibenzyloxybenzalde-
hyde (0.36 g, 5.39 mmol) and 100 mL of propionic acid was stirred
and heated under reflux for 30 min, then cooled and treated with
an aqueous saturated solution of sodium carbonate until propi-
onic acid was neutralized. This mixture was then filtered and the
solid material collected. The crude porphyrin was purified by silica
gel column chromatography eluting with chloroform: Yield 0.56 g
(0.38 mmol, 31%); UV-vis (CHCL) [A, nm (e, cm~'M1)]: 424 (3.6 X10%),
519 (1.6 X 10%), 556 (1.0 x 10*), 650 (5.3 x 10%); 'H-NMR: & - 2.80 (s, NHl),
8.80 (s, Hz), 7.90 (s, HB), 774 (d, J=8 Hz, HQ), 734 (d, J=8 Hz, HS), 5.49
(s, H), 770 (d, J=8 Hz, H.), 753 (t, J=8 Hz, H,), 745 (t, ]=8 Hz, H),
754 (d, J=8 Hz, H,), 740 (t, J=8 Hz, H,), 735 (t, J=8 Hz, H,), 536 (s,
HB); BC-NMR: & 149.0 (C16), 146.8 (C17), 1374 (C15), 137.2 (C14), 135.5
(C18), 130.8 (C2), 128.7 (C8), 128.6 (C11), 128.4 (C4), 128.0 (C9), 1279
(C12), 127.6 (C10), 127.5 (C7), 122.4 (C3), 119.7 (C19), 113.1 (C5), 71.6 (C6),
71.5 (C13). MALDI-TOF MS. Calcd for C,  H,,N,0, (M*): m/z 1463.5893.
Found: m/z 1463.5939.

DE GRUYTER

Acknowledgments: We would like to gratefully acknowl-
edge the use of the Texas A & M Laboratory for Biological
Mass Spectrometry and the work of Dr. Doyong Kim who
collected high resolution mass spectral data for us. This
work was financially supported by the Research and Spe-
cial Projects Committee of the University of Montevallo
and the Undergraduate Research Program.

References

[1] Palomaki, P. K. B.; Civic, M. R.; Dinolfo, P. H. Photocurrent
enhancement by multilayered porphyrin sensitizers in a
photoelectrochemical cell. Appl. Mater. Interfaces 2013, 5,
7604-7612.

Hart, A. S.; Chandra, B.; Gobeze, H. B.; Sequeira, L. R.;

D’Sousa, F. Porphyrin-sensitized solar cells: effect of carboxyl

anchor group orientation on the cell performance. Appl. Mater.

Interfaces 2013, 5, 5314-5323.

[3] Mathew, S.; Yella, A.; Gao, P.; Humphry-Baker, R.;

Curchod, B. F. E.; Ashari-Astani, N.; Tavernelli, I.;

Rothlisberger, U.; Nazeeruddin, M. K.; Gratzel, M. Dye-sen-

sitized solar cells with 13% efficiency achieved through the

molecular engineering of porphyrin sensitizers. Nature Chem.

2014, 6, 242-247.

Mai, C.; Moehl, T.; Hsieh, C.; Décoppet, J.; Zakeeruddin, S. M.;

Grétzel, M.; Yeh, C. Porphyrin sensitizers bearing a pyridine-

type anchoring group for dye-sensitizers solar cells. App.

Mater. Interfaces 2015, 7, 14975-14982.

[5] Tan, C.;Yang, C.; Sheng, Y.; Amini, H.; Tsai, H. G. Spacer effects

of donor-p spacer-acceptor sensitizers on photophysical prop-

erties in dye-sensitized solar cells. J. Phys. Chem. C. 2016, 120,

21272-21284.

Hayashi, H.; Higashino, T.; Kinjo, Y.; Fujimori, Y.; Kurotobi, K.;

Chabera, P.; Sundstrom, V.; Isoda, S.; Imahori, H. Effects of

immersion solvent on photovoltaic and photophysical proper-

ties of porphyrin-sensitized solar cells. Appl. Mater. Interfaces

2015, 7, 18689-18696.

Takagi, S.; Eguchi, M.; Tryk, D. A.; Inoue, H. Light-harvesting

energy transfer and subsequent electron transfer of cationic

porphyrin complexes on clay surfaces. Langmuir 2006, 22,

1406-1408.

Master, A.; Malamas, A.; Solanki, R.; Clausen, D. M.; Eiseman,

J. L.; Gupta, A. S. A cell-targeted photodynamic nanomedicine

strategy for head and neck cancers. Mol. Pharmaceutics B

2013, 10, 1988-1997.

[9] Lu, K.; Chunbai, H.; Guo, N.; Chan, C.; Ni, K.; Weichselbaum, R.

R.; Lin, W. Chlorin-based nanoscale metal-organic framework

systemically rejects colorectal cancers via synergistic photody-

namic therapy and checkpoint blockade immunotherapy. J. Am.

Chem. Soc. 2016, 138, 12502-12510.

Wolfbeis, 0. S. Fiber-optic chemical sensors and biosensors.

Anal. Chem. 2006, 78, 3859-3874.

[11] Ozoemena, K. Anodic oxidation and amperometric sensing of
hydrazine at a glassy carbon electrode modified with cobalt (II)
phthalocyanine-cobalt(ll) tetraphenylporphyrin (CoPc(CoTPP),)
supramolecular complex. Sensors 2006, 6, 874—891.

2

[4

[6

[7

[8

[10]



DE GRUYTER

[12]

[13]

[14]

[15]

[16]

[17]

(18]

lkeda, O.; Yoshinaga, K.; Lei. J. Nitric oxide detection with
glassy carbon electrodes coated with charge-different polymer
films. Sensors 2005, 5, 161-170.

Gupta, V. K.; Prasad, R.; Kumar, A. Magnesium-tetraazaporphy-

rin incorporated PVC matrix as a new material for fabrication
of Mg?* selective potentiometric sensor. Talanta 2004, 63,
1027-1033.

Prasad, R.; Gupta, V. K.; Kumar, A. Metallo-tetraazaporphyrin
based anion sensors: regulation of sensor characteristics
through central metal ion coordination. Anal. Chim. Acta 2004,
508, 61-70.

Zhang, Y.; Yang, R. H.; Liu, F.; Li, K. Fluorescent sensor for imi-
dazole derivatives based on monomer-dimer equilibrium of a
zinc porphyrin complex in a polymeric film. Anal. Chem. 2004,
76,7336-7345.

Gupta, V. K.; Chauhan, D. K.; Sanini, V. K.; Agarwal, S.; Antoni-
jevic, M. M.; Lang, H. A porphyrin based potentiometric sensor
for Zn?* determination. Sensors 2003, 3, 223-235.

Gupta, V. K.; Chandra, S.; Chauhan, D. K.; Mangla, R. Mem-
branes of 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrina-
tocobalt (TMOPP-Co)(l) as MoO, ?-selective sensors. Sensors
2002, 2, 164-173.

Gupta, V. K.; Kumar, A.; Mangla, R. Protoporphyrin IX dimethyl
ester as active material in PVC matrix membranes for the fabri-

[19]

[20]

[21]

[22]

[23]

[24]

C.P. Tidwell et al.: Synthesis of TDBOPP =— 83

cation of Zinc(ll) selective sensor. Sens. Actuators B 2001, 76,
617-623.

Furusho, Y.; Kimura, T.; Mizuno, Y.; Aida, T. Chirality-memory
molecule: a D2-symmetric fully substituted porphyrin as a
conceptually new chirality sensor. J. Am. Chem. Soc. 1997, 119,
5267-5268.

Frazen, S.; Boxer, S. G.; McLendon, G. Manipulation of elec-
tron-transfer reaction rates with applied electric fields: applica-
tion of long distance charge recombination in photosynthetic
reaction centers. In Advances in Chemistry Series 228; Bolton,
J. R.; Mataga, N., Ed; American Chemical Society: Washington,
DC, 1991, pp 155-162.

Ojadi, E. C. A,; Linschitz, H.; Gouterman, M.; Walter, R. I.; Lind-
sey, J. S.; Wagner, R. W.; Droupadi, P. R.; Wang, W. Sequential
protonation of meso[p-(dimethylamino)phenyl]porphyrins:
charge-transfer excited states producing hyperporphyrins.
J.Phys. Chem. 1993, 97, 13192-13197.

Adler, A. D.; Longo, R. R.; Finarelli, ). D.; Goldmacher, J.; Assour,
J.; Korsakoff, L. A simplified synthesis for meso-tetraphenylpor-
phyrine. J. Org. Chem. 1967, 32, 476.

Kim, J. B.; Adler, A. D.; Longo, F. R. In The Porphyrins; Dolphin,
D., Ed.; Academic Press: New York, 1978, Vol. 1, pp 85-100.
Gouterman M.; Khalil G. E. Porphyrin free base phosphorescen-
cence. J. Mol. Spectrosc. 1974, 53, 88-92.



