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Novel Synthetic Cycloketo-Tetraphenylporphyrins
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New tetraphenylporphyrins 2a and 2b have been synthe-
sized and characterized. Both compounds possess an etha-
none bridge that connects the porphyrin ring with one of the
phenyl groups at the periphery. Tetraphenylporphyrin 2a
also has a methyl group on the same phenyl ring, whereas
tetraphenylporphyrin 2b lacks this substituent. This small
difference results in 2a and 2b having markedly different
photophysical properties. In particular, 2a proved to be a

highly efficient sensitizer for singlet oxygen generation with
a quantum yield of 0.85. A reference compound 2c has also
been synthesized in which the porphyrin ring is connected
to one of the peripheral phenyl groups through just a keto
function. Thus, the effect of the size of the exocyclic ring on
conjugation and photophysical properties has been studied.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Many porphyrins and analogous structures are currently
under intense investigation as they exhibit remarkable prop-
erties that can be exploited in the fields of material science,
medicine, biochemistry or optoelectronics.['! With regard to
medical applications, the photodynamic therapy (PDT) of
tumours represents the most prominent and successful
transfer from basic to applied science in the porphyrin
field.”! Since the beginning of the 20th century, many scien-
tists have searched for substances able to take advantage of
light energy for several medical applications. Based on the
pioneering work of Tappeiner and Jesionek,*l modern PDT
has been developed and has flourished, especially since the
1970s (the work of Dougherty et al.).[*l The crucial point in
PDT is the utilization of an effective photosensitizer that is
able to accumulate in malignant tissue and cause the so-
called photodynamic effect. It comprises the absorption of
light of a specific wavelength leading to excitation of the
sensitizer to an electronically excited triplet state (T;) by
ISC from the excited singlet state (S;). In its T, state the
sensitizer molecule can undergo several reactions of which,
under normal physiological conditions, the most predomi-
nant is the Type II photoreaction. Thereby energy is trans-
ferred from the sensitizer to the triplet molecular oxygen
(30») to produce highly reactive singlet oxygen ('0,) which
is believed to be the most important cytotoxic species.l! Al-
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though a sensitizer’s biodistribution and its ability to target
tumours are pressing problems in PDT, a high singlet oxy-
gen quantum yield is still considered a fundamental require-
ment for successful treatment. Up to now many approaches
have been followed to develop highly effective photosensi-
tizers, but many of them lack outstanding photophysical
properties. Sensitizers that have formerly been used, most
of them porphyrins or porphyrinoids,® often suffer from
additional problems, for example, they have a long half-life
in patients’ skin or eyes leading to high light-sensitivity,
pain associated during PDT treatment or difficulties in syn-
thesis and/or purification.”! This led us to attempt to syn-
thesize simple, fully synthetically accessible compounds that
have a defined structure and furthermore are as effective as
possible in photobiophysical applications like PDT.

Choosing a Target

Based on the knowledge gained from studies on pyro-
pheophorbide a (1) and its derivatives we were looking
for characteristics to be incorporated into a synthetic por-
phyrin to form a potential photosensitizer which would
hopefully help in overcoming known disadvantages like un-
favourable stability and laborious preparation protocols. As
a consequence, a suitable system should have low symmetry,
an exocyclic ketone moiety connecting a meso substituent
with the proximate B-pyrrolic position on the macrocycle
and a preserved porphyrin structure without the formation
of a partially reduced system to grant higher stability. We
chose our recently developed monofunctionalized porphy-
rin building block,! being easily accessible and also easily
converted into the target 2a which fulfils the above-men-
tioned criteria. For comparative studies we furthermore
chose two reference systems: one simpler model bearing the
same exocycle, 2b, and a model with a six-membered exocy-
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HO,C
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2a:R'=tBu; R2=Me; n=1
20:R"=H;R?=H; n=1
2c:R'=H;R?=H:n=0

Scheme 1. Adoption of characteristics of 1 in the synthetic model 2a; porphyrins 2a—¢ are racemic mixtures as a result of atropisomerism.

cle, 2¢ (Scheme 1), in analogy to systems already reported
by Callot and co-workers.[']

Results and Discussion

Synthetic Access to 2a—c

As direct carboxylation of the zinc(II) complex of the
o-bromomethyl-substituted building block 3a through bro-

4
Bu (42, b)

3a:R'=Bu, R?=Me
3b:R'=R?=H

1. Cu(OAc),, CH,Cl,,
MeOH, r.t.,, 10 h; (6a, b)

Bu
2a. C202C|2, CHQClz,
rt.,2h;
2b. SnCI4, CHQC'Z, r.t.,
10 min;
3. TFA, H2304, r. t.,
30 min

1a. KCN, PEG400,
r.t., 24 h;
1b. HCVH,0, CH,Cl,;

2. CH3COOH, H,SO4,
95°C, 80 h

mine-lithium exchange or conversion into a Grignard rea-
gent was unsuccessful, we first replaced the bromide by
cyanide to give the corresponding cyanomethylzinc(II) por-
phyrin. The zinc(II) ion in the bromomethylporphyrin pre-
cursor 3a proved to be essential under the applied reaction
conditions (KCN, PEG 400) owing to better solubility and
the strong nitrile-zinc ion interaction increasing the local
cyanide concentration close to the substitution site. This in-
teraction is also believed to encourage oligomer formation

tBu

tBu

2a:R' = tBu, R? = Me
2b:R'=R2=H

Scheme 2. Synthesis of 2a and 2b; PEG 400: poly(ethylene glycol) 400; 2a and 2b are racemic mixtures.
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which makes the characterization of the cyanomethyl-
zinc(II) porphyrin rather tedious. Hence, it was directly de-
metallated to give the cyano-porphyrin 4a in excellent yield,
which was fully characterized. The acidic hydrolysis of ni-
trile 4a under forced conditions (acetic acid, sulfuric acid,
water, 95 °C, 80 h) led to the porphyrinethanoic acid 5a
(Scheme 2).

To prevent protonation in the next steps, the moderately
acid-stable copper(Il) complex 6a was prepared but not
purified and directly converted into its acid chloride which
was immediately subjected to a Friedel-Crafts acylation
protocol. Thus, the exocyclic ketone moiety was established.
Because partial loss of the copper(Il) ion was observed, it
was completely removed with a strongly acidic mixture con-
sisting of TFA and sulfuric acid. The free base keto-porphy-
rin 2a (Scheme 2) was obtained in an overall yield of 59%
(based on 5a) as a racemic mixture of two Cj-symmetrical
species. Because rotation around the C-C bond between the
porphyrin and annelated phenyl ring in 2a was no longer
possible, stable atropisomers possessing axial chirality were
generated.

To further investigate the structure—property relationship
of 2a, we synthesized 2b and 2c¢ starting from the easily

1. pyrrole, 4-tert-butyl-

benzaldehyde,
CH,Cl,, BF3*OEt,,
r.t., 75 min;
MeOﬂ@
CHO 2. DDQ, CHyCl,,
rt,2h
7

{Bu

LiAIH4, THF,

accessible methyl 2-formylbenzoatel''! (7). Condensation
with 4-fert-butylbenzaldehyde and pyrrole under BF;—di-
ethyl ether catalysis furnished 8 directly in more than 17%
yield. The ester group of 8 was reduced to the alcohol 9
which was immediately treated with a solution of hydrogen
bromide in glacial acetic acid to give the bromomethylpor-
phyrin 3b (Scheme 3). This porphyrin resembles 3a but
lacks the o-methyl and one of the terz-butyl substituents.
Porphyrin 2b was then synthesized following exactly the
strategy described above for the synthesis of 2a. After this
procedure, 2b was isolated as a racemic mixture in 65%
yield (based on 5b). Again, as was observed for 2a, stable
atropisomers were generated as a result of hindered rotation
(Cy symmetry).

The second reference system, 2c¢, the Callot-like
model,['% was obtained by basic saponification of 8 using
powdered KOH in ethanol (12 h, reflux), giving the free
acid 5¢. Subsequently, porphyrin 2¢ was synthesized follow-
ing the same procedures as described above for the conver-
sion of 5a into 2a (Scheme 4). Thus, 2¢ was obtained via the
copper(II) porphyrin, the acid chloride and the corresponding
copper(Il) keto-porphyrin in a comparable yield (61 % based
on 5¢), as described by Callot and co-workers.!']

Bu
8:R'=CO,Me

r.t., 30 min
. p1=
HBr, H,0, E 9:R" = CH,OH

dioxane, r.t.

3b: R' = CH,Br

Scheme 3. Synthethis of bromomethylporphyrin 3b, the precursor of 2b (racemic mixture).

Scheme 4. Synthethis of the reference system 2c.
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1. KOH, EtOH, reflux,
12h; (5¢)

2. Cu(OAc),, CH,Cly,
MeOH, r.t., 10 h; (6¢)

3a. C,0,Cl,, CH,Cly,
rt,2h;

3b. SnCly, CH,Cly, 1. t,
10 min;

4. TFA, HySOy4, . t.,
30 min
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NMR Studies

The 'H NMR spectra of 2a and 2b show several charac-
teristic features of chiral C; symmetric compounds. The
diastereotopic protons of the ethano bridges connecting
one of the meso-phenyl rings to the porphyrin macrocycle
appear between ¢ = 4 and 6 ppm as two doublets with gemi-
nal couplings constants of 11.5 (2a) and 11.9 Hz (2b),
respectively. These can be used to monitor the thermal sta-
bility of the configurations of 2a and 2b towards inversion
processes of the seven-membered ring, potentially leading
to racemization. Temperature-dependent NMR spectra re-
corded in C,D,Cl,; covering a temperature range of 20—
110 °C for both 2a and 2b do not show even the beginning
of coalescence, proving the configurational stability at room
temperature and also at elevated temperatures. For 2a, the
protons of the substituted phenyl ring give rise to two sig-
nals at § = 7.35 and 7.68 ppm with a %J value of 1.7 Hz.
The resonances for the aromatic protons of the non-modi-
fied meso substituents appear in the region of 7-8.4 ppm.
Some of these signals are significantly broadened as a result
of rotational processes while others give well-defined dou-
blets. Owing to the unsymmetrical nature of 2a, the pyrrolic
protons give rise to a singlet at = 8.96 ppm for the proton
next to the annelated ring and to three pairs of doublets
between 8.63 and 8.89 ppm with geminal coupling con-
stants of around 4.7 Hz. The signals for the inner NH pro-
ton resonances appear at around —1.7 ppm, that is, in the
same region as those in 1, being significantly shifted down-
field by nearly 1 ppm relative to non-cyclized precursors. In
contrast, the Callot-like reference system 2¢ shows impor-
tant differences. Whereas the splitting of the resonances
arising from the pyrrolic protons is analogous, the signals
for the phenylic protons appear as two sharp sets of dou-
blets in a 1:1 ratio at around 7.7 and 8.0 ppm. Evidently,
rotation of the terz-butylphenyl rings is comparable to that
observed for other meso-tetraphenyl-substituted porphy-
rins,['?] resulting in three pseudo-AB spin systems. On the
NMR timescale, the upper and lower halves of the porphy-
rin system in 2¢ seem to be identical. From this it can be
concluded that the potential atropisomers in 2¢ are not
stable but interchange quickly. Furthermore the NH reso-
nance is found at —0.55 ppm, representing a huge downfield
shift of around 2.2 ppm relative to the non-cyclized precur-
sor 8. Thus, the phenyl ring bearing the keto linker affects
the electron density of the porphyrin macrocycle owing to

extensive conjugation (see the calculated structure models
in Figure 2).

Cyclic Voltammetry

All systems bearing exocyclic ketone moieties show
strong shifts of the half-wave potentials to positive poten-
tials in the cathodic region compared with a non-annelated
reference system 10, that is, 5%,10%,15%,20*tetra-tert-butyl-
52-methoxymethyl-5°-methyl-5,10,15,20-tetraphenylporphy-
rin.®! In Figure 1, the half-wave potentials for reference
compound 10, which is the direct precursor of 3a,[°! are
displayed as dashed lines. The exact potential values are
given in Table 1. Evidently, 2a is more difficult to reduce
than 2b or 2c. It is reasonable to assume that this is due to
the better conjugation of the modified phenyl ring with the
porphyrin and the keto functionality in 2¢ (see also Fig-
ure 2). In 2a, only the carbonyl group can interact with the
porphyrin which makes electron uptake more difficult. With
2b, an irreversible process is visible in the cathodic region,
whose origins are so far not understood. The potentials of
2a-2c in the anodic region resemble more or less those of
reference porphyrin 10.

Figure 1. Cyclic voltammetry of 2a—¢ (¢ = 1.0 X 103 M) in CH,Cl,
(nBuyNPF4 as the supporting electrolyte at ¢ = 0.1 M) at 25 °C;
gold disc electrode (0.07 cm?); counter electrode: platinum wire; ref-
erence electrode: Ag/AgCl (3 M NaCl); scan rate: v = 50 mVs';
Potentials are given versus ferrocene with E(Fc/Fc*) = +0.53 V as
the internal standard. The vertical dashed lines show the positions
of the half-wave potentials for a simple precursor porphyrin 10.

Figure 2. Calculated structures (at the PM3 level) of the cycloketo-porphyrins 2a—c.['3] Arrows and degree values represent the dihedral
angle between the C,,.,—C, bond of the porphyrin and the plane of the meso-phenyl substituent.
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Table 1. Half-wave potentials, E,,, of 2a—¢ and 10 in CH,Cl,. Po-
tentials are given versus ferrocene with E(Fc/Fc*) = +0.53 V as the
internal standard.

Compound E R [V]  ERedIV]  EOXV]  EC[V]
2a -1.23 -0.95 +1.02 +1.25
2b -1.20 -0.84 +1.10 +1.35
2c -1.01 -0.63 +1.07 +1.38
10 -1.53 -1.19 +1.02 +1.38

PM3 Calculations

PM3-minimized structures!!3! of the keto-porphyrins 2a—
2¢ are shown in Figure 2. As can clearly be seen, all com-
pounds are non-planar with various degrees of deviation
from planarity. The ortho substituent on the opposite site
of the ketone-bearing addend gives rise to sterically un-
favourable interactions with the closest B-pyrrolic hydrogen
atom. As an indication of the strength of these hindrances,
we calculated the dihedral angle between the C,.so—C,
bond and the plane of the meso-phenyl substituent. For 2b
and 2¢, which carry a hydrogen atom in this ortho position,
the interactions are, as expected, smaller than in 2a. The
dihedral angle is rather small in 2¢, about 15°, but increases
to 46° in 2b. Because of the C, bridge in 2b, the phenyl ring
is not forced into the porphyrin plane and therefore the
phenyl ring is more tilted than is usually observed in tet-
raphenylporphyrins. With the large methyl group of 2a, the
steric hindrance becomes very pronounced and the dihedral
angle rises to 55°, although it is not as large as one would

expect. It seems that the non-planarity of the porphyrins
2a—c is modulated by two opposing effects: 1) the steric hin-
drance of the ortho groups, which increases the strain, and
2) the length of the bridge that tilts the phenyl ring with
respect to the porphyrin plane.

Interestingly, comparison of the frontier orbitals of por-
phyrins 2a—c clearly shows that in 2¢ the six-membered keto
ring is part of the porphyrin’s m system (Figure 3). This is
not possible for 2a and 2b because the CH, unit does not
support conjugation. Nevertheless, for all keto systems a
pronounced participation of the keto group as well as of
the substituted phenyl ring is visible, which explains the red
shift of the absorption bands of all the keto-porphyrins
when compared with unmodified tetraphenylporphyrins
such as the precursors 3a or 8.

Photophysical Properties

The UV/Vis absorption spectra of 2a, 2b and 2¢ in DMF
are presented in Figure 4, and the corresponding data are
given in Table 2. The shapes of the absorption spectra are
similar to those of metal-free porphyrins, consisting of a
Soret band located in the blue region and the split Q-bands.
The absorption spectrum of 2b looks like that of 2a, with
minor differences (within 1-2 nm) in the positions of the
absorption bands. The Soret band of 2¢ is bathochromically
shifted by 1100 and 1200 cm™' (13.5 and 15.5 nm) relative
to its position in the spectra of 2a and 2b, respectively. Sim-

Figure 3. Top line: calculated shapes (Materials Studio®!'3l) of the HOMOs of compounds 2a—c. Bottom line: calculated shapes (Materials

Studio®'3) of the LUMOs of compounds 2a—c.
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Table 2. Absorption and fluorescence bands of 2a—¢ in DMF.

Compound Soret [nm] Qi [nm] Qu [nm] Qi [nm] Ja® [nm)] Stokes shift [cm™!]
2a 441.5 543.5 588.0 689.0 708.5 400
(22650) (18400) (17000) (14500) (14100)
2b 439.5 542.0 586.5 687.5 701.0 290
(22750 (18450) (17050) (14550) (14260)
2c 464.0 577.0 641.0 744.5 778.0 580
(21550) (17330) (15600) (13430) (12850)

[a] Values in parentheses are given in cm!. [b] Maximum of the fluorescence spectrum at excitation wavelength /... = 532 nm.

ilar spectral shifts were also observed for the Q-bands (see
Table 2). This result is not surprising if one takes into ac-
count the extended m-electron system of 2¢ (see Figure 3
and the discussion above). Moreover, the fact that the Soret
and Q-bands of 2¢ have practically identical bathochromic
shifts indicates that the extension of the m-electron system
results in similar perturbations of the first and higher ex-
cited singlet states of this compound.

1.0
FR—F:]
veeer 2b
0.8+ --- 2c

o
[o)]
1

o
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I

Absorbance, a.u.

0.2

0.0+
300

400 500 600 700 Anm 800

Figure 4. Steady-state absorption spectra of 2a (solid), 2b (dots)
and 2¢ (dashed) in DMF.

The steady-state fluorescence spectra of the compounds
under investigation were recorded using an excitation wave-
length of 532 nm (Figure 5). The maximum of the fluores-
cence spectrum of 2a lies at 708.5 nm, whereas it was ob-
served at 701 nm for 2b, but the shapes and bandwidths of
both spectra are similar. The Stokes shift between the max-
ima of the lowest energetic absorption and the fluorescence
band is higher for 2a than for 2b (400 and 290 cm ™!, respec-
tively; see Table 2).

The maximum of the emission spectrum of 2¢ is red-
shifted by 70 nm (1250 cm™!) with respect to that of 2a (Fig-
ure 4 and Table 2) and this value correlates well with that
of the absorption spectra. Moreover, the shape of the fluo-
rescence spectrum of 2c is slightly broader than the fluores-
cence spectra of 2a and 2b (FWHM = 1450 cm™! for 2c,
and 1210 and 1230 cm™! for 2a and 2b, respectively). The
fluorescence quantum yield (@) for all three compounds is
low, but for 2¢ it is practically twice that of 2a and 2b (0.05
and 0.03, see Table 3).

As was mentioned above, photosensitized singlet oxygen
generation is one of the important parameters used to de-
termine whether a photosensitizer is suitable for PDT. It is
1080
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Figure 5. Fluorescence spectra of 2a (black line), 2b (dots) and 2¢
(dashed) in DMF; Aoy = 532 nm.

Table 3. Quantum yields for the fluorescence (@y), intersystem
crossing S;—T (P1sc) and photosensitized singlet oxygen (@,) of
2a, 2b and 2¢ in DMF.

Compound Dy Disc D

2a 0.03 = 0.005 0.88+=0.05 0.85x0.05
2b 0.03 = 0.005 0.75+0.05 0.65+0.05
2¢ 0.05 = 0.005 0.23+0.05 0.22+0.05

well-known that singlet oxygen ('O,, 'A,) is generated by
energy transfer from the excited triplet state of a sensitizer
molecule to molecular oxygen in its triplet ground state
(*0y, *Z,). Since the 'O, state lies 0.98 eV above the triplet
ground state, the energy difference between T; and S, of a
sensitizer should be above or around this value to allow the
generation of singlet oxygen.l'*!] This prerequisite holds
for 5,10,15,20-tetraphenylporphyrins with a triplet energy
Er of around 1.59 eV and phthalocyanines with an Ey
value of around 1.2 eV.['®]

The singlet oxygen quantum yields, @,, of 2a, 2b and 2¢
were determined by steady-state measurement of the
photosensitized singlet oxygen luminescence around
1270 nm.l'7-181 For 2a the singlet oxygen quantum yield has
an extremely high value of 0.85, whereas for 2b and 2c¢ it
was determined to be 0.65 and 0.22, respectively. Compar-
ing the corresponding values for singlet oxygen generation
and the intersystem crossing (ISC) quantum yield, @;s¢ (de-
termined by picosecond transient-absorption spectroscopy),
the efficiency of energy transfer T; — 30, could be esti-
mated to be close to 1 for 2a and 2¢ and 0.9 for 2b (see
Table 3). The low values for ISC and photosensitized singlet
oxygen generation of 2¢ could be explained by the decrease

Eur. J. Org. Chem. 2007, 1075-1084
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in the HOMO-LUMO gap and a more extended vi-
brational structure, thus increasing the probability of the
first excited singlet state decaying directly to the ground
state.

Conclusions

In this contribution we have presented the synthesis and
characterization of the new keto-porphyrins 2a and 2b. To
understand their photochemical and photophysical behav-
iour we also prepared the reference compound 2¢ which
resembles the well-known Callot-type keto-porphyrin sys-
tems. Interestingly, keto-porphyrin 2a showed a remarkably
high efficiency in the generation of singlet oxygen, having a
quantum yield of @, = 0.85. The absorption of 2a at
689 nm is interesting and is more red-shifted than is typi-
cally observed with unsubstituted tetraphenylporphyrins,
although not red-shifted as much as hoped for. The synthe-
sis of these porphyrins with modified substitution patterns
is currently being explored in an attempt to gain access to
higher substituted systems. Owing to their potential appli-
cation as sensitizers for singlet oxygen, the synthesis of
water-soluble derivatives of 2a deserves particular attention.

Experimental Section

General Remarks: All reactions were performed under nitrogen
using distilled solvents. Dichloromethane was distilled from Li-
AlH,, methanol from Mg and pyrrole from CaH,. Other chemicals
were purchased from Sigma-Aldrich, Acros Organics and Merck
and used without further purification. Flash column chromatog-
raphy (FC): silica gel 60 (ICN, 230-400 mesh). Thin-layer
chromatography (TLC): silica gel 60 F,s, on aluminium foil
(Merck), visualization with UV light. Eluents for FC and TLC were
distilled from K,COj3. Mass spectrometry (MS): Micromass Zab-
spec, FAB+ mode, 3-nitrobenzyl alcohol as matrix. NMR spec-
troscopy: JEOL EX 400, JEOL JNM 400, Bruker Avance 300,
Bruker Avance 400; chemical shifts given in ppm; deuteriated sol-
vent: CDClI; (also as internal standard: 8'H = 7.24 ppm; §'3C =
77.0 ppm) unless otherwise stated; all spectra were recorded at
room temperature. IR spectroscopy: ASI React IR 1000, Analytical
Services Inc. UV/Vis spectroscopy: Shimadzu UV-3102 PC UV/Vis/
NIR Scanning Spectrophotometer. Elemental Analysis (EA): CE
Instruments EA 1110 CHNS. Cyclic voltammetry measurements
were performed on an Autolab Instrument with PGSTAT 30 in a
three electrode arrangement (Deutsche Metrohm GmbH & Co.
KG); measuring electrode: gold disc electrode (0.07 cm?); counter
electrode: Pt wire; reference electrode: Ag/AgCl (3 M NaCl); vol-
tammograms were recorded at 25 °C in solution (solvent CH,Cl,)
at sample concentrations of ¢ = 1.0 X 103 M with the addition of
nBuyNPF¢ as electrolyte at ¢ = 0.1 M and scan rates of v =
50 mVs~!. Potentials are given versus ferrocene with E(Fc/Fc*) =
+0.53 V as the internal standard. Absorption and steady-state fluo-
rescence spectroscopy: The ground-state absorption spectra were
recorded using a commercial Shimadzu UV-2501PC spectropho-
tometer at room temperature. Steady-state fluorescence spectra
were measured in 1 cm X 1 cm quartz cells using a combination of
a cw-Xenon lamp (XBO 150) and a monochromator (Lot-Oriel,
bandwidth 10 nm) for excitation and a polychromator with a co-
oled CCD matrix as a detector system (Lot-Oriel, Instaspec 1V).[']
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To obtain fluorescence quantum yields, a solution of H,TPP in
DMF was used as standard (@ = 0.11).2% Picosecond transient
absorption spectroscopy (ps-TAS): To measure transient absorp-
tion spectra and determine the ISC quantum yield, a white light
continuum was generated as a test beam in a cell containing D,O/
H,O using intense 25 ps pulses from a Nd**:YAG laser (PL 2143A,
Ekspla) at 1064 nm. Before passing through the sample, the contin-
uum radiation was split to obtain a reference spectrum. The trans-
mitted as well as the reference beams were focused into two optical
fibers and were recorded simultaneously at different traces on a
CCD matrix (Lot-Oriel, Instaspec 1V). Tunable radiation from an
OPO/OPG (Ekspla PG 401/SH, tuning range 200-2300 nm),
pumped by the third harmonic of the same laser, was used as an
excitation beam. The mechanical delay line allowed the measure-
ment of light-induced changes of the absorption spectrum at dif-
ferent delays of up to 15 ns after excitation. The optical density of
all samples was 1.0 at the maximum of absorption Q-band. The
analysis of experimental data was performed using the compensa-
tion method.?!l Photosensitized steady-state singlet oxygen lumi-
nescence was measured at 1270 nm. A cw Yb:YAG laser (Versad-
isk, ELS) equipped with a frequency doubling unit was used to
excite the samples at 515 nm. The set up for detection of the lumi-
nescence signal has been reported previously.'”) To calculate the
singlet oxygen quantum yield, @, H,TPP in DMF was used as the
reference (@, = 0.652%).

54,104,154,204-Tetra-tert-butyl-52-cyanomethyl-5°-methyl-
5,10,15,20-tetraphenylporphyrin (4a): Porphyrin system 3al%!
(209 mg, 0.207 mmol) and powdered KCN (546 mg, 8.93 mmol)
were mixed with poly(ethylene glycol) 400 (PEG400) (25 mL).
While stirring this mixture at room temperature for 24 h, the pink
suspension turned into a deep green-violet solution. Upon addition
of water, the product was extracted with CH,Cl, and the combined
organic layers were repeatedly washed with water to remove resid-
ual cyanide. Then 6 M aqueous HCI was added and the mixture
was vigorously shaken for 5 min. After separation of the layers, the
organic layer was washed with 2 m HCI, water, a saturated aqueous
solution of NaHCOj; and again with water. The solution was dried
with MgSO, and the solvents evaporated to dryness. Flash
chromatography (silica, eluent: CHCls/hexanes = 2:1) gave 4a as a
violet powder. Yield: 176 mg (95% based on 3a). 'H NMR
(400 MHz): 0 = -2.68 (s, 2 H, NH), 1.60 (s, 27 H, tert-butyl-H),
1.62 (s, 9 H, tert-butyl-H), 1.92 (s, 3 H, CH3), 3.23 (s, 2 H, CH,),
7.61 (d, %J = 1.5Hz, 1 H, Ar-H), 7.75 (m, 6 H, Ar-H), 7.80 (d, *J
=1.5Hz 1 H, Ar-H), 8.14 (m, 6 H, Ar-H), 8.59 (d, 3J = 4.7 Hz, 2
H, B-pyrr.-H), 8.87 (m, 6 H, B-pyrr.-H) ppm. '3C NMR
(100.5 MHz): 6 = 21.9, 23.3, 31.6, 31.7, 34.9, 35.0, 114, 118.1,
120.3, 120.9, 122.2, 123.6, 126.3, 131.4, 134.5, 137.9, 138.8, 139.1,
140.0, 150.6, 152.2 ppm. MS: m/z (%) = 893 (100) [M + H]*". IR
(ATR): v = 3316, 2961, 2903, 2868, 1559, 1505, 1475, 1397, 1363,
1266, 1220, 1189, 1150, 1108, 1023, 965, 849, 803, 737, 714 cm ™.
UV/Vis (CH,Cly): 4 (e/mem™) = 420 (257200), 517 (10360), 552
(4920), 593 (2910), 648 (2160) nm. Cg3HgsNs0.5CHCI; (951.92):
caled. C 84.81, H 7.34, N 7.85; found C 79.90, H 7.44, N 6.78.

54,10%,15%,20*-Tetra-tert-butyl-5°-methyl-5,10,15,20-tetraphenylpor-
phyrin-5%-ethanoic Acid (5a): Porphyrin 4a (176 mg, 197 umol) was
dissolved in glacial acetic acid (15 mL). Then conc. H,SO4 (15 mL)
and water (5 mL) were added to the green solution and the reaction
mixture was stirred at 95 °C for 80 h. Afterwards, the green solu-
tion was poured onto crushed ice and left stirring until the crude
product precipitated completely. The precipitate was then filtered
off, taken up in CH,Cl, and washed with water several times. After
drying over MgSQO,, the violet solution was concentrated and flash
chromatography (silica, eluent: CH,Cl,/ethyl acetate = 9:1) fur-
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nished 5a as a violet powder. Yield: 147 mg (82% based on 4a). 'H
NMR (400 MHz): 6 = -2.73 (s, 2 H, NH), 1.54 (s, 27 H, tert-butyl-
H), 1.59 (s, 9 H, fert-butyl-H), 1.81 (s, 3 H, Ar-CH3), 3.24 (s, 2 H,
CH,), 7.49 (s, 2 H, Ar-H), 7.67 (m, 6 H, Ar-H), 8.08 (m, 6 H, Ar-
H), 8.59 (d, 3J = 4.1 Hz, 2 H, B-pyrr.-H), 8.77 (d, 3 = 4.1 Hz, 2 H,
B-pyrr.-H), 8.83 (s, 4 H, B-pyrr.-H) ppm. '3*C NMR (100.5 MHz): §
=23.2, 31.5, 31.6, 34.7, 34.8, 115.1, 116.3, 119.9, 123.5, 123.9,
124.0, 125.2, 134.5, 135.1, 139.0, 139.4, 150.3, 150.5, 151.2,
176.2 ppm. MS: m/z (%) = 910 (100) [M]*. IR (ATR): ¥ 3431, 3107,
2961, 2898, 2866, 1713, 1632, 1557, 1504, 1472, 1396, 1363, 1267,
1184, 1108, 1023, 967, 849, 802, 738 cm™!. UV/Vis (CH,Cl,):
A (e tem™) = 420 (313600), 516 (13400), 551 (7300), 592 (4700),
647 (3400) nm. Cyg3HegN4O5-H,0 (929.24): caled. C 81.43, H 7.38,
N 6.03; found C 81.39, H 7.34, N 5.88.

54,104,154,204-Tetra-tert-butyl-3,5%-ethano-5%-methyl-3'-oxo-
5,10,15,20-tetraphenylporphyrin (2a): Porphyrinacetic acid 5a
(100 mg, 110 pmol) was dissolved in CH,Cl, (30 mL) containing
some drops of glacial acetic acid. Then Cu(OAc), dihydrate
(380 mg, 1.1 mmol) dissolved in MeOH (3 mL) was added and the
reaction mixture was stirred for 10 h at room temperature. After
evaporation of the solvents the crude mixture was taken up in
DMF and poured onto a mixture of crushed ice and acetic acid
whereupon the copper(Il) complex precipitated. After filtration,
washing with water and redissolving in CH,Cl,, drying over
MgSO, and evaporation of the solvent furnished the copper com-
plex 6a as a cherry-red powder. The compound was used as such
without further purification and dissolved in CH,Cl, (50 mL).
Then oxalyl chloride (2 mL) was added and the reaction mixture
was stirred at room temperature for 90 min. Afterwards the re-
sulting acid chloride was dried under high vacuum before it was
redissolved in CH,Cl, (30 mL) and SnCl, (1 mL, 2.23 g,
8.54 mmol) was then added. The brown-red solution thereupon im-
mediately turned dark green. After 10 min the reaction was
quenched by careful addition of a saturated aqueous solution of
NaHCOs;. Extraction with CH,Cl,, washing with water, drying
over MgSO, and removal of the solvent yielded the copper(Il) com-
plex of 2a as a mixture with the free base 2a. Demetallation was
obtained by dissolving the obtained mixture in TFA (10 mL) and
subsequent addition of concentrated sulfuric acid (2 mL). The now
orange-red solution was stirred for 30 min at room temperature
before water was added. Extraction with CH,Cl,, washing with
water, a saturated aqueous solution of NaHCO; and again with
water gave a greenish solution which was dried with MgSO,. A
final flash chromatography (silica, eluent: CH,Cly/hexanes = 1:2)
gave a dark green powder. Yield: 58 mg (59% based on 5a). 'H
NMR (400 MHz): § = -1.62 (s, 2 H, NH), 1.17 (s, 3 H, Ar-CHj),
1.50 (s, 9 H, tert-butyl-H), 1.58 (s, 18 H, tert-butyl-H), 1.59 (s, 9
H, tert-butyl-H), 4.11 (d, 2J = 11.3 Hz, 2 H, CH,), 5.49 (d, 2J =
11.7Hz, 2 H, CH>), 7.35 (d, */ = 1.7 Hz, 1 H, ArH), 7.68 (d, *J =
1.7Hz, 1 H, ArH), 7.69-8.32 (several m, 12 H, ArH), 8.63 (d, 3J
= 4.9 Hz, 2 H, B-pyrr.-H), 8.67 (d, 3J = 4.9 Hz, 2 H, B-pyrr.-H),
8.74 (d, 3J = 49 Hz, 2 H, B-pyrr.-H), 8.79 (m, 4 H, B-pyrr.-H), 8.89
(d, 3J = 49 Hz, 2 H, B-pyrr.-H), 8.96 (s, 1 H, B-pyrr.-H) ppm. 13C
NMR (100.5 MHz): 6 = 22.5, 31.4, 31.6, 34.7, 34.8, 34.9, 53.7,
114.0, 119.0, 122.0, 123.8, 123.9, 124.0, 124.2, 124.6, 125.8, 126.1,
128.3, 134.3, 134.7, 136.1, 137.7, 138.1, 138.5, 138.6, 142.1, 150.8,
150.9, 151.2, 152.3, 192.4 ppm. MS: m/z (%) = 893 (100) [M]*. IR
(ATR): v = 3316, 3029, 2957, 2903, 2868, 1683, 1606, 1552, 1498,
1475, 1393, 1363, 1351, 1262, 1239, 1197, 1154, 1108, 1019, 984,
965, 869, 850, 799, 718 cm!. UV/Vis (CH,Cly): 4 (e/mtem™) =
442 (223000), 543 (11300), 587 (9000), 626 (4100), 689 (9000) nm.
Cg3HeaN4O-H,0 (929.24): caled. C 81.43, H 7.38, N 6.03; found C
81.26, H 7.54, N 5.74.
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10%,154,204-Tri-tert-butyl-5*-methoxycarbonyl-5,10,15,20-tetraphen-
ylporphyrin (8): Methyl 2-formylbenzoate (7)!'!l (1.64 g, 10 mmol)
was dissolved in CHCI; (1 L) and 4-zert-butylbenzaldehyde
(5.0 mL, 30 mmol) as well as pyrrole (2.8 mL, 40 mmol) were
added. Upon addition of BFs-diethyl ether (0.5 mL) the colourless
solution slowly turned dark purple. After 75 min, DDQ (4.5 g,
20 mmol)) was added and the reaction mixture was stirred for a
further 2 h at room temperature. The crude product was obtained
after removal of the solvent and precleaning by filtration through
a silica plug using CH,Cl, as eluent. Final purification was
achieved by flash chromatography (silica, eluent: hexanes/CH,Cl,
= 3:2), furnishing a purple powder. Yield: 1.46 g (17.4% based on
7). '"H NMR (400 MHz): 6 = -2.67 (s, 2 H, NH), 1.61 (s, 18 H,
tert-butyl-H), 1.62 (s, 9 H, tert-butyl-H), 2.72 (s, 3 H, OCH3), 7.76
(m, 7 H, Ar-H), 7.82 (dd, 3J = 7.3 Hz, *J = 1.7 Hz, 1 H, Ar-H),
7.86 (dt, 3J = 7.8 Hz, *J = 1.5 Hz, 1 H, Ar-H), 8.15 (m, 6 H, Ar-
H), 8.40 (dd, 3J = 7.7 Hz, *J = 1.6 Hz, Ar-H), 8.66 (d, 3J = 4.8 Hz,
2 H, B-pyrr.-H) 8.87 (d, 3J = 4.8 Hz, 2 H, B-pyrr.-H), 8.89 (s, 4 H,
B-pyrr.-H) ppm. 3C NMR (100.5 MHz): 6 = 31.6, 34.8, 51.5, 118.7,
120.2, 120.3, 123.6, 128.3, 129.6, 129.7, 134.2, 134.5, 136.1, 139.2,
139.2, 142.7, 150.5, 168.2 ppm. MS: m/z (%) = 841 (100) [M]*. IR:
v = 3319, 3028, 2961, 2902, 2867, 1735, 1720, 1473, 1398, 1362,
1349, 1291, 1257, 1108, 1084, 968, 801, 734 cm™!. UV/Vis: . (¢f
M lem™) = 419 (267400), 516 (9900), 552 (5600), 592 (3200), 649
(2400) nm. CsgHs6N40,°0.5H,0 (850.10): caled. C 81.95, H 6.76,
N 6.59; found C 81.81, H 6.86, N 6.43.

10%,154,20*-Tri-tert-butyl-52-hydroxymethyl-5,10,15,20-tetraphen-
ylporphyrin (9): Porphyrin ester 8 (300 mg) was dissolved in CH,Cl,
(50 mL) and a saturated solution of Zn(OAc), dihydrate in meth-
anol (5 mL) was added. The reaction mixture was then stirred at
room temperature until TLC control showed completion. Addition
of water, extraction with CH,Cl,, repeated washing with water, dry-
ing over MgSO, and evaporation of the solvent yielded the purple
zinc(IT) complex of 8 almost quantitatively. This sample was taken
up in THF (50 mL) and an excess of LiAlH, was added. After
30 min of stirring at room temperature, methanol was carefully
added to destroy residual LiAlH4. Upon addition of 6 M HCI, ex-
traction with CH,Cl,, repeated washing with water, a saturated
aqueous solution of NaHCO; and again with water, a dark purple
solution was obtained which was dried with MgSO,. Evaporation
of the solvent furnished the crude desired benzylic alcohol 9. Flash
chromatography (silica, eluent: hexanes/CH,Cl, = 3:5) yielded pure
9 in 87% yield based on 8. 'H NMR (400 MHz): § = -2.71 (s, 2
H, NH), 1.21 (t, 3J = 5.6 Hz, 1 H, OH), 1.60 (s, 18 H, tert-butyl-
H), 1.61 (s, 9 H, tert-butyl-H), 4.31 (d, 3J = 5.2 Hz, 2 H, CH,),
7.64 (dt, 3J = 7.6 Hz, *J = 0.9 Hz, 1 H, Ar-H), 7.75 (m, 6 H, Ar-
H), 7.81 (t, 3J = 7.6 Hz, 1 H, Ar-H), 7.89 (d, 3J = 7.7 Hz, 1 H, Ar-
H), 8.13 (br. m, 7 H, Ar-H), 8.66 (d, 3J = 4.7 Hz, 2 H, B-pyrr.-H),
8.88 (m, 6 H, B-pyrr.-H) ppm. '3C NMR (100.5 MHz): 6 = 31.7,
34.9, 63.8, 116.5, 120.4, 120.7, 123.6, 125.7, 126.9, 128.8, 131.2,
131.5, 134.1, 134.4, 138.9, 139.2, 140.3, 142.3, 150.5 ppm. MS: m/z
(%) = 813 (100) [M]". IR: ¥ = 3410, 3028, 2960, 2903, 2866, 1809,
1606, 1559, 1505, 1473, 1396, 1362, 1348, 1266, 1193, 1153, 1108,
1023, 993, 981, 967, 881, 849, 801 cm!. UV/Vis: L (e/m'em™) =
420 (285200), 517 (10400), 552 (5200), 591 (3100), 646 (2000) nm.
Cs57Hs6N40-0.5H,0 (822.09): caled. C 83.28, H 6.99, N 6.81; found
C 83.43, H 6.99, N 6.82.

52-Bromomethyl-104,154,204-tri-tert-butyl-5,10,15,20-tetraphen-
ylporphyrin (3b): Porphyrin 9 (252 mg) was dissolved in CH,Cl,
(50 mL) and an excess of HBr (5.4 M in glacial acetic acid, 10 mL)
was added whereupon the purple solution turned dark green imme-
diately. After 3 h water was added and the phases were separated.
Repeated washing with water, neutralization with a saturated aque-
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ous solution of NaHCOj3, washing with water, drying over MgSOy,
and evaporation of the solvent yielded a mixture of the desired
product and an acetoxymethylporphyrin. Separation was achieved
by flash chromatography (silica, eluent: hexanes/CH,Cl, = 1:2),
yielding 101 mg of a violet powder (37% yield based on 9). 'H
NMR (400 MHz): 6 = -2.59 (s, 2 H, NH), 1.65 (s, 27 H, tert-butyl-
H), 4.31 (s, 2 H, CH,), 7.64 (dt, 3J = 7.6 Hz, */ = 1.4 Hz, 1 H, Ar-
H), 7.80 (br. m, 7 H, Ar-H), 7.92 (dd, 3J = 8.1 Hz, *J = 1.0 Hz, 1
H, Ar-H), 8.13 (dd, 3J = 7.6 Hz, *J = 1.0 Hz, 1 H, Ar-H), 8.21 (m,
6 H, Ar-H), 8.73 (d, 3J = 4.7 Hz, 2 H, B-pyrr.-H), 8.97 (m, 6 H, B-
pyrr.-H) ppm. 3C NMR (100.5 MHz): § = 31.6, 31.8, 34.9, 115.7,
120.4, 120.8, 123.6, 126.5, 129.1, 129.7, 131.4, 134.5, 139.0, 139.2,
139.3, 141.6, 150.5 ppm. MS: m/z (%) = 876 (100) [M]*, 795 (40)
[M - Br]*. IR: ¥ = 3318, 3028, 2962, 2867, 2360, 1474, 1396, 1363,
1349, 1267, 1220, 1108, 1023, 967, 801, 736 cm™'. UV/Vis:
A (el 'em™) = 420 (303800), 515 (12100), 551 (6000), 590 (3800),
646 (3200) nm. Cs;HssN,Br-CH,Cl, (960.91): C 75.19, H 6.15, N
6.10; found C 75.01, H 6.11, N 5.99.

104,154,20*-Tri-tert-butyl-52-cyanomethyl-5,10,15,20-tetraphenyl-
porphyrin (4b): Bromomethylporphyrin 3b (101 mg) was dissolved
in CH,Cl, (25 mL) and a saturated solution of Zn(OAc), dihydrate
in methanol (3 mL) was added. The reaction mixture was then
stirred at room temperature until TLC control showed completion.
Addition of water, extraction with CH,Cl,, repeated washing with
water, drying over MgSO, and evaporation of the solvent yielded
the purple zinc(II) complex of 3b quantitatively. The zinc(II) com-
plex thus obtained (108 mg, 115 umol) and powdered KCN
(375 mg, 5.75 mmol) were mixed with poly(ethylene glycol) 400
(PEG400) (25 mL). While stirring this mixture at room temperature
for 24 h, the pink suspension turned into a deep green-violet solu-
tion. Upon addition of water, the product was extracted with
CH,Cl, and the combined organic layers were repeatedly washed
with water to remove residual cyanide. Then 6 M aqueous HCI was
added and the mixture was vigorously shaken for 5 min. After sepa-
ration of the layers, the organic layer was washed with 2 m HCI,
water, a saturated aqueous solution of NaHCO; and again water.
The solution was dried with MgSO, and the solvents evaporated
to dryness. FC (silica, eluent: CH,Cl,/hexanes = 2:1) gave 4b as a
violet powder. Yield: 90 mg (110 pmol, 95% based on 3a). 'H
NMR (400 MHz): 6 = -2.63 (s, 2 H, NH), 1.64 (s, 27 H, tert-butyl-
H), 3.42 (s, 2 H, CH,), 7.73 (dt, 3J = 7.6 Hz, *J = 1.2 Hz, 1 H, Ar-
H), 7.78 (br. m, 7 H, Ar-H), 7.87 (dt, 3J = 7.6 Hz, *J = 1.4 Hz, 1
H, Ar-H), 7.98 (d, 3J = 7.8 Hz, 1 H, Ar-H), 8.18 (br. m, 6 H, Ar-
H), 8.66 (d, 3J = 4.8 Hz, 2 H, B-pyrr.-H), 8.95 (s, 4 H, B-pyrr.-H),
8.96 (d, 3J = 4.8 Hz, 2 H, B-pyrr.-H) ppm. *C NMR (100.5 MHz):
0 =228, 31.6,34.9, 114.9, 117.8, 120.6, 121.1, 123.6, 126.6, 127.5,
129.3, 132.0, 134.3, 134.4, 138.8, 139.0, 141.3, 150.6 ppm. MS: m/z
(%) = 823 (100) [M + HJ*. IR: ¥ = 3315, 2962, 2903, 2866, 1558,
1510, 1476, 1397, 1363, 1268, 1220, 1187, 1150, 1109, 1025, 965,
849, 803, 738, 715cm . UV/Vis: A (e/m'em ™) = 420 (256300),
516 (9530), 552 (4930), 591 (2850), 647 (2100) nm. CsgHssNsH,O
(840.11): caled. C 82.92, H 6.84, N 8.34; found C 82.67, H 6.79, N
8.19.

104,154,204-Tri-tert-butyl-5,10,15,20-tetraphenylporphyrin-52-
ethanoic Acid (Sb): Porphyrin 4b (90 mg, 110 pmol) was dissolved
in glacial acetic acid (10 mL). Then concentrated H,SO,4 (10 mL)
and water (3 mL) were added and the reaction mixture was stirred
at 95 °C for 80 h. Afterwards, the green solution was poured onto
crushed ice and stirred until the crude product had completely pre-
cipitated. The precipitate was then filtered off, taken up in CH,Cl,
and washed with water several times. After drying over MgSQy, the
violet solution was concentrated and flash chromatography (silica,
eluent: CH,Cl,/ethyl acetate = 9:1) furnished 5b as a violet powder.
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Yield: 79 mg (85% based on 4b). '"H NMR (400 MHz): 6 = -2.74
(s, 2 H, NH), 1.54 (s, 18 H, tert-butyl-H), 1.61 (s, 9 H, tert-butyl-
H), 3.35 (s, 2 H, CH,), 7.54-7.71 (m's, 7 H, Ar-H), 7.75 (d, 3J =
8.6 Hz, 2 H, Ar-H), 8.03 (m, 1 H, Ar-H), 8.06 (d, *J = 8.6 Hz, 4
H, Ar-H), 8.11 (d, 3J = 7.0 Hz, 1 H, Ar-H), 8.15 (d, 3J = 8.1 Hz,
1 H, Ar-H), 8.60 (d, 3J = 4.8 Hz, 2 H, B-pyrr.-H), 8.79 (d, 3J =
4.8 Hz, 2 H, B-pyrr.-H), 8.83 (d, 3J = 4.7 Hz, 2 H, B-pyrr.-H), 8.86
(d, 3J = 4.7 Hz, 2 H, B-pyrr.-H) ppm. '3C NMR (100.5 MHz): § =
25.6, 31.6, 31.7, 34.7, 39.0, 116.7, 120.3, 120.6, 123.6, 125.5, 128.6,
129.3, 131.3, 134.4, 135.4, 139.0, 139.2, 141.9, 150.4, 150.5,
175.3 ppm. MS: m/z (%) = 841 (100) [M]*. IR: ¥ = 3320, 3028,
2962, 2867, 1691, 1598, 1475, 1398, 1350, 1297, 985, 802, 721 cm™ 1.
UV/Vis: Z (e/m ' em™) = 420 (257400), 517 (9200), 552 (4900), 592
(3000), 648 (2200) nm. CsgHs6N4O,-H>O (870.12): caled. C 79.42,
H 6.89, N 6.39; found C 79.20, H 6.75, N 6.14.

104,154,20*-Tri-tert-butyl-3,5%-ethano-3'-ox0-5,10,15,20-tetraphen-
ylporphyrin (2b): Porphyrin 2b was prepared following the pro-
cedure described above for the synthesis of 2a. Starting materials:
5b (79 mg, 94 pmol) and Cu(OAc), dihydrate (325 mg, 0.94 mmol).
Amounts of solvents, other reagents and catalysts as well as the
purification protocol were exactly the same. Yield: 50 mg as a dark
green powder (61 pmol, 65% based on 5b). '"H NMR (400 MHz):
0 =-1.70 (s, 2 H, NH), 1.59 (s, 9 H, tert-butyl-H), 1.60 (s, 9 H,
tert-butyl-H), 1.61 (s, 9 H, tert-butyl-H), 4.20 (d, 2J = 11.8 Hz, 1
H, CH,), 5.59 (d, 2J = 11.8 Hz, 1 H, CH>), 7.19 (dd, 3J = 7.5 Hz,
47 = 1.1 Hz, 1 H, Ar-H), 7.54 (m, 2 H, Ar-H), 7.81 (br. m, 7 H,
Ar-H), 8.00 (d, 3/ = 7.0 Hz, 1 H, Ar-H), 8.19 (d, 3/ = 7.3 Hz, 1 H,
Ar-H), 8.31 (br. s, 2 H, Ar-H), 8.71 (d, 3/ = 4.7 Hz, 1 H, B-pyrr.-
H), 8.76 (d, 3J = 4.7 Hz, 1 H, B-pyrr.-H), 8.82 (d, 3J = 4.8 Hz, 1
H, B-pyrr.-H), 8.84 (d, 3J = 4.8 Hz, 1 H, B-pyrr.-H), 8.90 (d, 3J =
4.9 Hz, 1 H, B-pyrr.-H), 9.09 (d, 3J = 4.9 Hz, 1 H, B-pyrr.-H), 9.16
(s, 1 H, B-pyrr.-H) ppm. '*C NMR (100.5 MHz): 31.6, 34.9, 52.6,
115.8, 119.5, 121.9, 123.8, 125.3, 126.9, 127.2, 127.9, 129.9, 134.2,
138.1, 138.3, 138.5, 141.0, 141.3, 150.7, 150.8, 151.0, 191.5 ppm.
MS: miz (%) = 823 (100) [M]*. IR (ATR): ¥ = 3320, 3030, 2961,
2903, 2868, 1725, 1679, 1552, 1502, 1471, 1397, 1363, 1266, 1197,
1158, 1108, 1073, 1023, 984, 965, 911, 849, 802, 729 cm~'. UV/Vis:
A (e/m~tem™!) = 438 (182000), 540 (8200), 584 (7100), 686
(5000) nm. CsgHs4N4,O-H,O (841.09): caled. C 82.82, H 6.71, N
6.66; found C 82.53, H 6.68, N 6.42.

104,154,20%-Tri-tert-butyl-5,10,15,20-tetraphenylporphyrin-52-
methanoic Acid (5c): Porphyrin 8 (300 mg, 357 pmol) was dissolved
in a mixture of THF (10 mL), water (10 mL) and ethanol (100 mL)
containing 5 wt.-% of powdered KOH. The mixture was then
stirred under reflux for 12 h. After addition of water the precipi-
tated porphyrinmethanoic acid derivative was collected by fil-
tration, washed with water and taken up in CH,Cl,. Neutralization
with 2 M HCI, washing with water and drying with MgSO, gave
the crude product which was purified by FC (silica, first elution:
CH,Cl,, second elution: EtOAc). Yield: 277 mg (335 pmol, 94%
based on 8). 'H NMR (300 MHz, CDCly/[Dg]THF): § = -2.72 (s,
2 H, NH), 1.56 (s, 27 H, tert-butyl-H), 7.68-7.76 (m, 8 H, Ar-H),
8.08-8.11 (m, 7 H, Ar-H), 8.31 (m, 1 H, Ar-H), 8.61 (d, 3*J = 4.7 Hz,
2 H, B-pyrr.-H), 8.77-8.81 (m, 6 H, B-pyrr.-H) ppm. 1*C NMR
(100.5 MHz): 6 = 31.6, 34.8, 119.1, 119.9, 120.0, 123.5, 128.1,
129.3, 129.8, 130.8, 134.4, 134.6, 135.9, 139.1, 139.3, 142.6, 150.3,
168.7 ppm. MS: m/z (%) = 827 (100) [M]*. IR: ¥ = 3316, 3030,
2961, 2868, 1691, 1598, 1471, 1397, 1351, 1297, 984, 799, 721 cm .
UV/Vis: /. (eivtem™t) = 420 (265300), 517 (10000), 552 (5100),
592 (3100), 648 (2500) nm. Cs;Hs4N,0,°1.5H,0 (854.09): caled. C
80.16, H 6.73, N 6.56; found C 80.41, H 6.62, N 6.37.

104,154,20*-Tri-tert-butyl-3,5*-methano-3'-o0x0-5,10,15,20-tetra-
phenylporphyrin (2¢): Porphyrin 2¢ was prepared following de-
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scribed above for the synthesis of 2a. Starting materials: 5¢
(100 mg, 121 pmol) and Cu(OAc), dihydrate (418 mg, 1.21 mmol).
Amounts of solvents, other reagents and catalysts as well as the
purification protocol were exactly the same. Yield: 60 mg as a dark
green powder (74 pmol, 61% based on 5¢). '"H NMR (400 MHz):
0 =-0.55 (s, 2 H, NH), 1.56 (s, 9 H, tert-butyl-H), 1.58 (s, 18 H,
tert-butyl-H), 7.44 (t, 3J = 7.3 Hz, 1 H, Ar-H), 7.72 (m, 7 H, Ar-
H), 8.00 (m, 6 H, Ar-H), 8.29 (d, 3J = 7.9 Hz, 1 H, Ar-H), 8.47
(dd, 3J = 7.7Hz, *J = 1.1 Hz, 1 H, Ar-H), 8.50 (d, 3J = 4.8 Hz, 1
H, B-pyrr.-H), 8.56 (m, 2 H, B-pyrr.-H), 8.62 (m, 2 H, B-pyrr.-H),
9.24 (m, 2 H, B-pyrr.-H) ppm. '3C NMR (100.5 MHz): 6 = 31.7,
349, 110.5, 118.2, 121.0, 123.2, 123.9, 126.3, 127.4, 129.3, 133.2,
134.1, 134.4, 134.5, 136.5, 137.5, 138.0, 138.3, 151.0, 151.1,
192.0 ppm. MS: m/z (%) = 809 (100) [M]*. IR: ¥ = 3300, 3065,
3030, 2961, 2903, 2868, 2247, 1725, 1648, 1590, 1556, 1525, 1505,
1463, 1397, 1363, 1293, 1279, 1216, 1197, 1162, 1108, 1023, 984,
965, 911, 849, 802, 730 cm™!. UV/Vis: 4 (e/Mm'ecm™) = 332 (24900),
395 (35500), 465 (99500), 533 (3000), 579 (5000), 644 (7700), 745
(9300) nm. Cs5;Hs,N4O-H,O (845.08): caled. C 81.01, H 6.68, N
6.63; found C 80.85, H 6.61, N 6.40.
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