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Abstract: The newly synthesized 5,10,15,20-tetra[3-(3-trifluoromethyl)phenoxy]
porphyrin, TTFMPP, has been characterized using mass spectroscopy, H-, **C- and *°F-
NMR, MALDI-TOF mass spectrometry, UV-Vis and fluorescence spectrophotometry, and
cyclic voltammetry. The NMR confirmed the structure of the compound and the mass
spectrum was in agreement with the proposed molecular formula. The UV-Vis absorption
spectrum of TTFMPP shows characteristic spectral patterns similar to those of tetraphenyl
porphryin, with a Soret band at 419 nm and four Q bands at 515, 550, 590, and 648 nm.
Protonation of the porphyrin with TFA resulted in the expected red shift of the Soret band.
Excitation at 419 nm gave an emission at 650 nm. The quantum yield of the porphyrin was
determined to be 0.08. Cyclic voltammetry was used to determine the oxidation and
reduction potentials of the new porphyrin. Two quasi-reversible one-electron reductions at
-1.00 and -1.32 V and a quasi-reversible oxidation at 1.20 V versus the silver/silver
chloride reference electrode with tetrabutylammonium tetrafluoroborate as the supporting
electrolyte in methylene chloride were observed.
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Introduction

Porphyrins are molecules that are being vigorously pursued in many areas of research [1-13]. It has
been shown that these molecules are of importance in many applications including, but not limited to,
sensors [1-7], optical memories [8-10], and photocatalysis [11-13]. Many of these applications take
advantage of the ability of porphyrins to undergo fast electron transfer. For example, electron transfers
have been shown to take place on a picosecond time scale in photosynthesis [14]. Also, of importance
to many of these applications is the region of the spectrum in which the molecules absorb. Porphyrins
are known to have intense absorptions exhibited by the high extinction coefficients of the Soret and Q-
bands of these molecules between 400 nm and 700 nm. The absorptions of porphyrins are somewhat
tunable by choice of substituents.

The focus of this research involves the synthesis of a new porphyrin with a trifluoromethylphenoxy
group substituted in the meso position. This electron withdrawing substituent should afford the
porphyrin different electronic properties than compounds previously synthesized. The synthesis of this
molecule and its characterizations are reported in this paper. The molecule has been structurally
characterized by mass spectrometry and NMR. The electronic structure and properties of the
chromophore have been investigated using electronic absorption spectroscopy, fluorescence
spectroscopy and cyclic voltammetry.

Results and Discussion
5,10,15,20-Tetra[3-(3-trifluoromethyl)-phenoxy] porphyrin, TTFMPP, was prepared from pyrrole
and 3-[3-(trifluoromethyl)phenoxy]benzaldehyde using a 50:50 mixture of propionic and octanoic

acids as the solvent (Scheme 1).

Scheme 1. Synthesis of 5,10,15,20-tetra[3-(3-trifluoromethyl)-phenoxy] porphyrin.
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This solvent system was found by Lindsey and coworkers to work better than the normal acetic
acid method used by Adler and many others in preparation of porphyrins [15,16]. Porphyrins are
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usually produced in low yields and TTFMPP was no exception. The overall yield of the reaction was
10%. The composition was verified by obtaining the exact mass using MALDI-TOF mass
spectrometry. The measured mass, 1254.2 a.m.u., was in excellent agreement with the calculated value
of 1255.3 a.m.u. The newly prepared TTFMPP was further characterized by H-, **C- and *F-NMR,
UV-Visible spectrophotometry and fluorescence spectroscopy.

Nuclear Magnetic Resonance Spectroscopy

The sample was analyzed using *H-, *C- and **F-NMR. A *C-'H correlation was done using a
heteronuclear chemical shift correlation experiment: XHCORRD.AUR. In addition, a heteronuclear
multiple bond correlation was done to locate the quarternary carbons of the compound. Nuclear
Overhauser Effect (NOE) results were consistent with the proposed structure.

'H-NMR studies of porphyrins reveal the aromatic nature of the porphyrin macrocycle. A
diamagnetic ring current deshields protons outside the macrocycle from the external magnetic field. -
pyrrole and meso protons are included in this category of protons. The macrocycle is made up of two
pyrrole units and two pyrrolenine units. The pyrrole units have an aromatic sextet of electrons. The
pyrrolenine units have only five pi electrons. To compensate for this shortage of pi electrons in the
pyrrolenine, an electron is pulled from the meso carbons. So, meso carbons have a tendency to be
electron deficient and thus the meso protons are shifted further downfield than the B-protons. The same
diamagnetic ring current that deshields the protons on the outside of the macrocycle shields the protons
on the inside of the macrocycle from the external magnetic field. Thus, the N-H protons are shifted
upfield, even farther than the tetramethylsilane (TMS) peak [17]. The numbering of the protons is
shown in Figure 1.

Figure 1. Structure of TTFMPP with protons numbered for NMR analysis.
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The diamagnetic ring current of this porphyrin deshields the B-pyrrole protons of this porphyrin,
thus, we expect to find the signal for this proton downfield of most of the other protons. Also, it is
expected that it will appear as a singlet with integral of eight protons. Three singlets appear in the
spectrum downfield: H, at 9.04 ppm, H3 at 8.03 ppm, and H; at 7.66 ppm. The integration of these
peaks gives eight, four and four protons, respectively. Thus, the B-proton, Hy, of this porphyrin is
given the assignment of 9.04 ppm. The singlet at 8.03 ppm is assigned to Hzand the one at 7.66 ppm is
assigned to H;. These assignments are consistent with the NOE data. The remaining singlet is at -2.71
ppm. Due to the shielding experienced by the N-H proton, Hy, it was expected that it would be shifted
far upfield and thus it was assigned to this peak. The integration of this peak is two protons, which is
consistent with this assignment.

This structure contains four chemically nonequivalent sets of protons which should each appear as a
doublet in the spectrum. Indeed, such doublets are observed at 8.14, 7.58, 7.51, and 7.44 ppm and are
assigned to protons H4, Hs, Hip and Hsg, respectively. According to the NOE data, there are through
space interactions of the proton at 8.14 ppm with the protons exhibiting peaks at 9.04 ppm and 7.86
ppm consistent with assignment to Hy. The peak at 7.51 is assigned to Hip. This assignment is in
agreement with NOE experiments which show that the proton with chemical shift of 7.51 ppm
interacts with the protons that exhibit chemical shifts of 8.03 ppm (Hs) and 9.04 ppm (H,). The
remaining two doublets at 7.44 ppm and 7.58 ppm are assigned to Hg and Hg, respectively. Hg is
expected to be farther downfield due to the nearby electronegative oxygen atom.

One triplet is observed in the spectrum at 7.86 ppm, and is assigned to Hs. There is a dd observed at
7.54 ppm which is assigned to Hy. The integration of each of the peaks in this spectrum confirms these
assignments. A summary of the *H-NMR for the chemical shifts and multiplicities are given in Table
1. In Table 2, the assignments of the irradiated protons and the corresponding enhancements of the
protons are listed for the NOE experiment.

Table 1. Chemical shifts and multiplicities of protons on TTFMPP in chloroform-d.

Chloroform-d
Multiplicity | Chemical Shift

(ppm)
H; S -2.71
H, S 9.04
Hs s 8.03
H, d 8.14
Hs t 7.86
He d 7.58
H-; S 7.66
Hg d 7.44
Ho dd 7.54
Hao d 7.51
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Table 2. "H-NMR Nuclear Overhauser Effect experimental data.

Proton Irradiated (3, ppm) # of enhanced Hydrogen ppm % enhancement
Hs 8.03 1.6
H, 8.14 14
H, (9.04)
H; 7.66 0.7
H.o 7.51 0.3
H, 9.04 0.9
H, (8.14)
Hs 7.86 1.2
H, 9.04 0.9
H; (8.03) H; 7.66 1.0
Ho 7.51 0.5
H; (7.66) Hs 8.03 1.0

13C-NMR peaks were assigned from the corresponding spectrum, from data obtained in the **C-'H
correlation and from data of a heteronuclear multiple bond correlation. The *3C assignments are given
in Table 3. The expected splitting due to the fluorine atoms in the molecules was observed. A single
peak in the **F-NMR spectrum was expected and was observed at -62.08 ppm for the CFs,

Table 3. Summary of **C-NMR assignments.

Carbon Peak (ppm) Carbon Peak (ppm)
Main data used in assigning peak Main data used in assigning peak
C-H, 131.16 (*3C at 318K) C-Hy 121.89 (*C-'H correlation)
C-H, 125.71 (**C-'H correlation) CF, 124.40 (*C)
C-H, 130.69 (**C-'H correlation) C-CF; 132.62 (q) (**C)
C-Hs 128.28 (*C-'H correlation) Meso C 119.25 (HMBC)
C-Hs 118.84 (**C-'H correlation) C-meso C 144.07 (*C)
C-H;, 11557 (d) (**C-'H correlation) |Hs-C-C™-C-Hj 155.06 (HMBC)
C-Hsg 119.98 (d) (**C-'H correlation) | H,-C-C*-C- 158.02 (HMBC)
C-Hq 130.51 (**C-*H correlation) Hio

Electronic absorption spectra of 5,10,15,20-tetra[3-(3-trifluoromethyl)-phenoxy] porphyrin

The electronic absorption spectrum for TTFMPP is given in Figure 2 and is similar to that of all
porphyrins. There is an intense absorption at 419 nm, the Soret band and Q bands are observed at 515,
550, 590, and 648 nm. A series of solutions were prepared of varying concentrations of TTFMPP in
CHClIs. The concentrations ranged from 2.7 x 107 to 1.6 x 10°M. UV-vis spectra were taken for each
of the solutions. The purpose of these experiments was to elucidate the extinction coefficient of the
Soret band for the porphyrin as well as the different Q bands and to determine if Beer’s Law was
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obeyed. Some compounds at high concentrations tend to aggregate and changes in the extinction
coefficient are observed [18]. No systematic shifts in peak positions were observed and the extinction
coefficients for the Soret band and the Q bands are very high. This porphyrin displays an extinction
coefficient of 3 x 10° cm™M™ for the Soret band at 419 nm. Four Q bands are observed at 515, 550,
590, and 648 nm with extinction coefficients given as 1 x 10* cm™M™, 6 x 10°cm™M™, 5 x 10° cm™M’
! and 7 x 10° cm™M™, respectively.

To investigate this porphyrin further, it was protonated using trifluoroacetic acid and the electronic
absorption spectrum obtained. The formation of the dication results in a red shift in the Soret band the
magnitude of which has been shown to increase with increasing electron withdrawing nature of meso
substituents[19]. This shift is due to an increase in the conjugation of the molecule and hence a
decrease in the energy required for the = > 7 transition. The spectrum of the dication is given in
Figure 2.

Figure 2. Electronic Absorption spectrum of TTFMPP and the dication. Inset:
Fluorescence spectrum of TTFMPP.
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Fluorescence Measurements

Excitation at 419 nm of TTFMPP gave an emission line at 650 nm. The fluorescence quantum
yield, ®g, was determined to be 0.08 at room temperature for chloroform solutions of TTFMPP by a
relative method using TPP in CHCI3 as a standard having ®¢=0.11 as reported in the literature [20].
The fluorescence spectrum is given in Figure 2.
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Cyclic Voltammetry of 5,10,15,20-Tetra[3-(3-trifluoromethyl)phenoxy] Porphyrin

Substitution of the meso positions with an electron withdrawing group is expected to shift the
reduction and oxidation potentials. The potentials are a significant attribute affecting the electron
transfer and thus the usefulness of the porphyrin in many applications. Therefore, it is important to
characterize the electrochemical behavior of this chromophore. Many studies have been carried out to
study the oxidation and reduction of porphyrins. Often, these studies are used for comparison with new
chromophores. The reduction of TTFMPP was measured in CH,Cl, with 0.1M tetrabutylammonium
tetrafluoroborate as the supporting electrolyte. Two successive, quasi-reversible one electron
reductions were observed at —1.00 V and -1.32 V versus the Ag/AgCl electrode. To compare,
literature values for tetraphenyl porphyrin were reported in CH,CIl, with tetrabutylammonium
hexafluorophosphate as the supporting electrolyte to be —1.11 V and -1.52 V versus the Ag/AgCI
electrode [21]. As expected, with the addition of the electron withdrawing group, the reduction
potentials are not as low as those for TPP without the electron withdrawing groups. The addition of the
electron withdrawing groups facilitates the reduction of the porphyrin. It is also expected to make the
porphyrin harder to oxidize. This was observed as the oxidation potential of TTFMPP was found to be
1.20 V versus the Ag/AgCI electrode. The corresponding oxidation of TPP was reported in the
literature to be 1.03 V versus the Ag/AgCI electrode [21]. Trends observed in the oxidation and
reduction potentials are consistent with the nature of the porphyrin. That is, the electron withdrawing
group in TTFMPP enhanced reduction and inhibits oxidation.

Conclusions

In summary, we present the first report of the synthesis and characterization of 5,10,15,20-tetra[3-
(3-trifluoromethyl)phenoxy] porphyrin. The absorption spectrum of TTFMPP showed a characteristic
spectral pattern similar to those of other porphyrins. The trends in oxidation and reduction of this
compound expected with introduction of electron withdrawing groups in the meso position were
observed. The result of the exact mass analysis was in agreement with the proposed formulation and
the 'H-, *C- and °*F-NMR confirmed the structure. This compound and its metal complexes are being
studied further for usefulness in applications involving electron transfer.

Experimental
General

Pyrrole, 3-[3-(trifluoromethyl)phenoxy]benzaldehyde, propionic acid and octanoic acid used in the
synthesis of TTFMPP were purchased from Aldrich Chemical Company and used as received.
Solvents used for synthesis or NMR measurements were used as received. Spectroscopic grade
chloroform and anhydrous methylene chloride were obtained from Aldrich Chemical Company and
was used for electronic absorption experiments and cyclic voltammetry. Tetrabutylammonium
tetrafluoroborate was purchased from Fisher Scientific Company and used as received. Ultraviolet-
visible (UV-vis) absorption spectra for the base TTFMPP were recorded on a Hewlett Packard 8451A
spectrophotometer. UV-Vis absorption spectra for the metallated TTFMPP complexes were recorded



Molecules 2007, 12 1396

on a Jasco V-530. Matrix assisted laser desorption ionization time of flight mass spectroscopic analysis
was carried out on a VG Auto Spec instrument. All nuclear magnetic resonance (NMR) spectra for the
base TTFMPP were recorded on a Bruker AM360 or Bruker AM500 spectrometer at approximately
298K. The Nuclear Overhauser Effect experiments were carried out at 313K on the Bruker AM500
spectrometer with CDCl; as the solvent. The chemical shifts are reported in parts per million (8) with
respect to an internal reference peak of residual undeuterated solvent (that is, 7.24 ppm for CHCI; in
CDClI3) or TMS. Fluorescence spectra were obtained using a Jasco FP-6300 spectrofluorimeter. Cyclic
voltammograms (CVs) were recorded using a computer linked EG&G Princeton Applied Research
Potentiostat VersaStat Il equipped with Power Suite 2.35.2 Electrochemical software. The CVs were
obtained in a cell with a glassy carbon working electrode, a platinum wire counter electrode, and a
saturated Ag/AgCl in KCI as the reference electrode. The measurements were taken in a nitrogen
enriched atmosphere. The porphyrin solution was 1.3 x 10° M in a 0.1 M solution of tetrabutyl-
ammonium tetrafluoroborate in methylene chloride. Potentials are reported versus a Ag/AgCl electrode
and not corrected for liquid junction potentials. Deaeration of the solution was achieved by passing a
stream of nitrogen through the solution.

Synthesis of 5,10,15,20-tetra[3-(3-trifluoromethyl)phenoxy] porphyrin

A single necked 250 mL round bottomed flask fitted with a reflux condenser was charged with
octanoic acid (60 mL) and propionic acid (60 mL). To this solvent mixture, 3-[3-(trifluoro-
methyl)phenoxy]benzaldehyde (2.66 g, 0.010 mol) was added. This mixture was heated with stirring.
When the 3-[3-(trifluoromethyl)phenoxy]benzaldehyde was dissolved the solution was colorless. To
this solution, pyrrole (0.678 g, 0.010 mol) was added, giving an amber colored solution. This was
brought to reflux, and kept at this temperature for 60 minutes. This solution was allowed to cool for 30
minutes and the electronic absorption spectrum was measured. After cooling, the solution was added to
a 500 mL separatory funnel followed by chloroform (120 mL) and 1M NaHCO3 (120 mL). The
mixture was gently rotated until the acids were neutralized. The solution was then left in the funnel
overnight to allow complete separation of the two layers. The bottom layer containing the crude
porphyrin was collected, evaporated to dryness and purified using column chromatography (dry silica
gel, 70-230 mesh, eluent: 13:1 mixture of chloroform and methanol) to give 2.96 g (2.4x10°° moles) of
pure compound. The overall reaction yield was 10%. UV (CHCls) [, nm (g, cm™*M™)]: 419
(1.31x10°), 515 (7.5x10%), 550 (3.25x10%), 590 (2.61x10°); *H-NMR (500.13 MHz): 9.04 (s, 8H, H.),
8.14 (d, 4H, Hy), 8.03 (s, 4H, H3), 7.86 (t, 4H, Hs), 7.66 (s, 4H, Hy), 7.58 (d, 4H, Hg), 7.54 (dd, 4H,
Ho), 7.51 (d, 4H, Hag), 7.44 (d, 4H, Hg), -2.71 (s, 2H, NH;) *C-NMR: 158.02, 155.06, 146.59 (broad),
144.07, 132.64 (q, 2Jcr = 33 Hz), 131.16 (broad), 130.69, 13.51, 128.28, 125.71, 124.40 (CF3, \Jcr=273
Hz), 121.89, 119.98 (*Jcr = 3.4Hz), 119.25, 118.84, 115.57 (*Jcr = 3.0 Hz); *F-NMR (338.86 MHz,
CDClg): -62.08 ppm, (s, CF3); MALDI-TOF Mass Spectroscopy: calculated for C7,HsoN4F1204:
1255.3 a.m.u.; observed: 1254.2 a.m.u.
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