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First Synthesis of meso-Chlorinated Tetrabenzoporphyrins
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meso-Chlorinated bicyclo[2.2.2]octadiene-fused porphyrins 2
(C1,TBCODPs; n = 1-4) have been synthesized by chlorina-
tion of the free base TBCODP-H, (1-H,) using N-chlorosuc-
cinimide (NCS). The chlorinated derivatives were easily sep-
arated by column chromatography on silica gel to give 2-H,
in good yields. This method for the chlorination of porphyrin
using NCS is mild, safe, and economic compared with the
established procedure for the meso-chlorination of porphy-
rins. We also discovered the unexpected meso-chlorination
of the porphyrin with dichlorodicyanobenzoquinone (DDQ)
by single-electron transfer. C1,TBCODPs 2 were converted
into tetrabenzoporphyrins (CL,TBPs) 3 in 100 % yields by
retro-Diels—Alder reaction. The derived compounds were
characterized by NMR spectroscopy, UV/Vis spectrophotom-

etry, cyclic voltammetry (CV), X-ray crystallography, and or-
ganic field-effect transistor (OFET) characteristics. The intro-
duction of chlorine at the meso positions of the TBPs drasti-
cally changed their electronic and structural properties. The
maxima of protonated CI,TBP-H, (3d-H,; /. = 494, 649,
and 707 nm) were redshifted by around 50-65 nm relative to
those of protonated TBP-H; (Agnax = 431, 605, and 660 nm).
The two Q-band maxima of the CI,TBP dication are similar
to those of a tetraacenaphthoporphyrin dication (Apn.x = 525,
646, and 702 nm), which has one of the most redshifted Q-
bands.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Tetrabenzoporphyrin (TBP) has a similar skeletal align-
ment as phthalocyanine, which is one of the most common
and useful dyes. TBP was first prepared from carboxymeth-
ylphthalide under harsh conditions (345-420°C) by
Linstead and Noble in 1937.[') Recently, TBP and phthalo-
cyanine derivatives have attracted considerable attention as
organic semi-conducting materials for field-effect transis-
tors (OFET),? near-IR dyes,! nonlinear optical materi-
als,” and as photosensitizers for photodynamic therapy
(PDT) of cancer tissues.’] Fine-tuning of the chemical and
physical properties of these dye stuffs is very important for
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their application. From this point of view, TBP derivatives
are thought to be more advantageous than phthalocyanines
because the electronic and structural properties of the por-
phyrin derivatives can be effectively modified by the intro-
duction of substituents at the meso positions.[®! The elec-
tronic effects of substituents are generally larger at the meso
positions than at the B positions due to a quite different
contribution of atomic orbitals of the meso atoms to the
HOMO and HOMO-1 of porphyrin.l”! The introduction of
meso substituents is only possible for TBP, although direct
meso substitutions of B-octasubstituted porphyrins, includ-
ing TBP, have been limited due to steric hindrance of the
B-functional groups.®] Moreover, TBP and their derivatives
are insoluble in almost all common solvents. Therefore, few
examples of the preparation of substituted TBPs, with the
exception of simple aryl groups, have been reported.l”) The
introduction of halogen atoms at the meso positions of
TBPs is thought to be very important, not only because
of the modification of their electronic states and structural
properties, but also because of their possible conversion
into various functionalized TBPs by nucleophilic and cou-
pling reactions.'”7 We have previously reported the simple
and clean synthesis of TBPs from quadruply bicyclo[2.2.2]-
octadiene-fused porphyrins (TBCODPs) as soluble precur-
sors of TBPs by a retro-Diels-Alder reaction!'' and applied
TBPs for fabrication of OFETs based on the solution pro-
cess.'?! In this paper, we report the first synthesis, proper-
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ties, and crystal structures of meso-chlorinated tetrabenzo-
porphyrins (Cl,TBPs) 3 by chlorination of the free base
TBCODP-H, (1-H,) using N-chlorosuccinimide (NCS) or
DDQ followed by a retro-Diels—Alder reaction.

Results and Discussion

Preparation of Chlorinated TBCODPs and TBPs

After the initial research by Nencki and Zaleski,!'?! the
chlorination of porphyrins was systematically studied by Fi-
scher and co-workers, although their structural assignments
were problematic due to the absence of reliable analytical
methods.'Y The chlorination of all B-substituted por-
phyrins required harsh reaction conditions. Bonnett et al.
reported that the reaction of octaethylporphyrin (OEP)
with concentrated HCI and H,O, in 0.5 m hydrochloric acid
gave various meso-chlorooctaethylporphyrins (Cl,OEPs).[5]
Gong and Dolphin reported the conversion of the meso-
tetranitrooctaethylporphyrin—zinc complex into CI;OEP-
Zn by treatment with hydrochloric acid.['®! However, these
established chlorination methods could not be applied to
the preparation of chlorinated TBCODPs because the bicy-
clo[2.2.2]octadiene functional groups are reactive under
harsh electrophilic conditions. On the other hand, sterically
unhindered porphyrins such as 5,15-diaryl- and 5,10,15-tri-
arylporphyrins readily undergo chlorination at the unsub-
stituted meso positions on treatment with PhICI,.['”]

During our investigation of the thermal behavior of
TBCODP-H, (1-H,) under various conditions, we detected
the unexpected formation of CI, TBPs 3 by MALDI-TOF
mass spectral analysis of the thermal decomposition of 1-
H, in o-dichlorobenzene at 120 °C in the presence of a large
excess of DDQ. The chlorination of TBCODP-H, (1-H,)
was expected to occur prior to the retro-Diels—Alder reac-
tion [Equation (1)] because TBP is poorly soluble even in
hot o-dichlorobenzene. We carried out the reaction of 1-
H, with 15 equiv. of DDQ in o-dichlorobenzene at a lower
temperature (80 °C) for 48 h. The tetrachloro derivative
(CI,TBCODP-H,, 2d-H,) was isolated as CI,TBCODP-Zn
(2d-Zn) in 28 % yield by chromatographic purification after
metallation with zinc acetate. When TBCODP-Zn (1-Zn)
was employed instead of 1-H,, a complex mixture was ob-
tained probably due to demetalation with hydrogen chloride
generated by the decomposition of DDQ.I'®! In fact, the
reaction mixture was strongly acidic at the end of reaction.

To identify the chlorination mechanism, UV/Vis spec-
tral'!l of 1-H, were recorded in the presence and absence of
10 equiv. of DDQ (Figure 1). Quite a large redshift (24 nm)
of the Soret-band absorption was observed in the presence
of DDQ (410 nm). There were four obvious Q-band ab-
sorptions between 470 and 650 nm in the absence of DDQ,
and large unresolved Q-band absorptions were observed at
over 530 nm in the presence of DDQ. These facts clearly
indicate the formation of a complex between 1-H, and
DDQ. A possible reaction mechanism for this chlorination
reaction is illustrated in Scheme 1.
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1-H, 2a-Hy R'=CLR2=R3=R*=H
ad-2b-Hy: R'=R%2=Cl; R®=R*=H
opp-2b-H,: R'=R3®=Cl; RZ=R*=H
2¢c-Hy:R'=R?=R3®=Cl;R*=H
2d-H,: R'=R2=R%= R*=Cl|
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Figure 1. UV/Vis spectra of 1-H, in the presence (black line) and
absence (grey line) of 10 equivs. of DDQ.

Single-electron transfer from TBCODP-H, (1-H,) to
DDQ could occur to afford porphyrin cation radical 1-H, ™,
which should be more stable than usual B-octaalkylpor-
phyrin cation radicals such as OEP™ because 1-H,™* has no
hyperconjugative hydrogen atom. A chloride ion generated
by the decomposition of DDQ in solvent then attacks the
meso carbon atom of 1-H,™* to form a chlorinated por-
phyrin radical which would give CITBCODP-H, (2a-H,) on
further oxidation with DDQ followed by loss of a proton.
This chlorination cycle would then be repeated to give
Cl,TBCODP-H, (2d-H,).

Because we failed to improve the chlorination of 1 with
DDQ in spite of our efforts, other chlorination methods
were examined, and N-chlorosuccinimide (NCS) was found
to be suitable for use as the chlorinating reagent. TBCODP-
H, (1-H,) reacted with 1.1-4.4 equiv. of NCS in chloroform
under argon at 75 °C for 12-72 h. Fortunately, chlorinated
derivatives were easily separated by column chromatog-
raphy on silica gel (hexane/chloroform, 4:1; Ry values for
2a-H,, adj-2b-H,, opp-2b-H,, 2¢-H,, and 2d-H, were ap-
prox. 0.30, 0.40, 0.55, 0.75, and 0.80, respectively) to give
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Scheme 1. Possible reaction mechanism for the chlorination of 1-
H, with DDQ.

2-H, in acceptable combined yields of 55-70% (Table 1),
and no thermally decomposed products were detected. In
general, multiple chlorination of an aromatic ring with elec-
trophilic reagents is difficult because the introduced chlo-
rine atom deactivates the aromatic ring. However, oligo-
chlorination of 1-H, easily proceeded even with only
1.1 equiv. of NCS (Entry 1). In this case, the dichloro (adj-
2b-H, and opp-2b-H,; 11% combined yield) and trichloro
derivatives (2¢c-H,; trace) were obtained in addition to
CITBCODP-H, (2a-H,; 43% yield). Although we failed to
find the conditions for the preferential formation of the di-
and trichloro derivatives, the reaction with 4.4 equiv. of
NCS afforded tetrachloroporphyrin 2d-H, in a fair yield
(70%, Entry 4) in addition to the trichloroporphyrin 2¢-H,
(13%). In all cases opp-2b-H, was slightly favored over adj-
2b-H,. The zinc complexes Cl,TBCODP-Zn (2-Zn) were
readily prepared in quantitative yields by the conventional
method, and CI,TBCODP-M (M = H, and Zn) were con-
verted into pure Cl,TBP-M (3a-M, adj-3b-M, opp-3b-M,
3c¢-M, and 3d-M) in quantitative yields at 200 °C in vacuo
in 10 min [Equation (2)].

When similar conditions were applied to the chlorination
of the free-base OEP by using 4.4 equiv. of NCS, chlorina-
tion preferentially occurred at the ethyl groups. Only the
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Table 1. Chlorination of 1-H, with NCS in chloroform at reflux.

Entry Equiv. of NCS Yield [Yo]
2a-H, adji-2b-H, opp-2b-H, 2¢-H, 2d-H,

1 1.1 43 3 8 trace 0

2 22 18 32 33 5 trace

3 33 4 13 24 28 9

4 44 0 trace trace 13 70
[a] Isolated yield, by column chromatography.
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M =H, orZn M=H,orZn
2a-M: R'=Cl;R2=R3=R%=H 3a-M:R'=C;R2Z=R3=R4=H
adi-2b-M: R'=R2=Cl; R®=R%=H adi-3b-M:R'=R2=Cl; R®=R%=H
opp-2b-M: R"=R3=Cl;, RZ=R%*=H opp-3b-M: R"=R®=Cl; RZ=R*=H
2cM:R'=R?=R%=CIR*=H 3c-M:R'=R2=R%=C|;R*=H
2d-M:R'=R2=R%= R*=ClI 3d-M:R'"=R2=R%= R*=ClI ?2)

5-chloro (4a-H») and 5,15-dichloro derivatives (opp-4b-H>)
were isolated in small amounts (33 and 16%, respectively)
in addition to an intractable mixture of compounds multi-
chlorinated at the meso positions and on the ethyl substitu-
ents [Equation (3)].["]

R1
NCS (4.4 equiv.)
CHClj, refl.
R2
OEP-H
2 4a-H, R'=Cl R2=H
opp-4b-H,: R = R2 =Cl (3)

Electronic and Structural Properties of the C1, TBCODPs

In general, the absorption spectra of porphyrins are
known to be greatly affected not only by the electronic
properties of substituents but also by the deformation of
the porphyrin rings.®) Although the substituents of
TBCODP and OEP consist of only hydrocarbons, the elec-
tronic properties are quite different because TBCODPs
have no hyperconjugative hydrogen atom. Therefore, the en-
ergy gaps between two degenerate LUMOs and two of the
highest MOs in TBCODPs are larger than those in OEPs.
In fact, the Soret band absorption of TBCODP-H, (1-H,)
was 11 nm lower than that of OEP-H,.['!l The introduction
of chlorine atoms at the meso positions should distort the
5375
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porphyrin rings by steric repulsion with the B-substituents,
which leads to a redshift of the UV absorption bands, a
decrease of the macrocyclic ring current, and an increase of
the reactivity towards electrophilic reagents.l] The absorp-
tion spectra of Cl,TBCODP-H, (2-H,) are shown in Fig-
ure 1. The absorption maxima of Cl,TBCODP-H, are red-
shifted by around 10 nm per chlorine atom introduced.
These values are blueshifted by about 10 nm relative to
those of the corresponding CI,OEP.'>'® In the '"TH NMR
spectra, the NH absorption signal of CITBCODP-H, (2a-
H,; 6 = —4.10 ppm) appears 0.70 ppm lower than that of
TBCODP-H, (1-H,; 6 = -4.80 ppm), whereas that of
CIOEP-H, (4a-H,; 6 = -3.13 ppm) appears 0.60 ppm lower
than that of OEP-H, (6 = —3.74 ppm). These results clearly
suggest that the CI,TBCODPs are more planar than the
corresponding CI,OEPs in solution. The 'H NMR spectra
of CI,TBCODP-H, (2-H,) are shown in Figure2 and
clearly indicate that the anisotropic effect of the porphyrin
ring becomes weaker with increasing numbers of introduced
chlorine atoms. Although the B-fused BCOD group is con-
sidered to be smaller than ,B’-diethyl groups, the accumu-
lation of meso-chlorine substituents would bring about a
severe deformation of the porphyrin ring in TBCODP.
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Figure 2. NMR spectra of (a) 1-H,, (b) 2a-H,, (¢) adj-2b-H,, (d)
2¢-H,, and (e) 2d-H, in CDCls. Signals with an asterisk denote
solvent peaks.

Next, we tried to obtain single crystals of the chlorinated
porphyrins to determine their structures. The chlorinated
porphyrins (Cl,TBCODPs and Cl,,0EPs) were dissolved in
chloroform or pyridine, and then the solutions were placed
in methanol vapor. All the Cl,TBCODPs used were dia-
stereomeric mixtures based on the BCOD orientation. Sin-
gle crystals of only four Cl,TBCODPs (2a-H,-CHCls, opp-
2b-H,-CHCls, opp-2b-Zn-CsHsN, and 2d-Zn-2MeOH) were
obtained (see S1 of the Supporting Information). The crys-
tals of opp-2b-H,-CHCIl; were apparently clear and rhom-
bohedral. However, twin crystals were obtained, probably
because one angle of the cell is nearly perpendicular. Twin
treatment of the data did not improve the result.

In each crystal of 2a-H,-CHCI; and opp-2b-H,-CHCl;,
independent porphyrin molecules occupy the special inver-
sion positions, whereas the porphyrin molecule opp-2b-
5376
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Zn-CsH;sN is found in a normal position. Two crystallo-
graphically different porphyrin molecules occupy normal
positions in 2d-Zn-2MeOH. From the symmetry demand of
the inversion center, the porphyrin molecules in 2a-
H,-CHCI; and opp-2b-H,CHCI; have a waved out-of-plane
distortion (Figure 3). Similarly, a waved out-of-plane dis-
tortion is observed in opp-2b-Zn:CsHsN. On the other
hand, the two independent porphyrin molecules in 2d-
Zn-2MeOH showed a 1,3-alternate out-of-plane distortion,
which is commonly found in dodecasubstituted porphyrin—
zinc complexes.??! Although the crystal structural data of
meso-chlorinated TBCODPs and OEPs could not be com-
pared due to the lack of crystal data for meso-chlorinated
OEPs, interesting information was obtained. To our sur-
prise, the out-of-plane distortion in the mono-chlorinated
porphyrin (CITBCODP-H,; 2a-H,, opp-Cl,TBCODP-H,;
opp-2b-H,) is very small, and the largest deviations from
the mean plane of 24 porphyrin ring atoms are 0.050(3)
(N) and 0.042(4) A (B-C) in 2a-H, and 0.050(4) (N) and
0.076(7) A (B-C) in opp-2b-H,. These values are almost sim-
ilar to those of TBCODP-H, [1-H,; 0.069(3) A for N and
0.067(3) A for B-C].21 In the case of opp-2b-Zn-CsHsN, a
slightly larger distortion is observed, probably due to coor-
dination of a large pyridine ligand to the center zinc atom.
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Figure 3. View of the skeletal deviations of the 24 ring atoms from
the porphyrin mean plane. (a) 2a-H,-CHCIl;, two independent
molecules; solid and broken lines; (b) opp-2b-H,-CHCl;: two inde-
pendent molecules; solid and broken lines; (¢) opp-2b-Zn-CsH;sN;
(d) 2d-Zn-2MeOH: two independent molecules; solid and broken
lines.
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On the other hand, quite a large saddle distortion is ob-
served in 2d-Zn:2MeOH, and the largest deviation is
0.711(5) A for the B-C. These facts clearly indicate that the
introduction of one chlorine atom does not affect the plan-
arity of the quadruply BCOD-fused porphyrin plane. How-
ever, accumulation of chlorine atoms causes severe ring dis-
tortion by the buttressing effect. This effect may be one of
the reasons for the slightly preferred formation of opp-2b-
H, over adj-2b-H,.

The oxidation potentials of the Cl,TBCODP-zinc com-
plexes 2-Zn were determined by cyclic voltammetry (CV;
Table 2). As the number of chlorine atoms increases, the
difference between the first and second oxidation potentials
becomes smaller, and values of the second oxidation poten-
tials were reduced due to partial irreversibility. Interestingly,
the first oxidation potential of opp-2b-Zn was the highest
among those studied. This result is well rationalized by con-
sidering the conflicting effects of chlorine introduction: de-
formation of the porphyrin ring and electron-withdrawing
effects. The deformation of the porphyrin ring raises the
energy levels of the occupied molecular orbitals, whereas
the electron-withdrawing chlorine atom lowers the energy
levels. In 2d-Zn, the porphyrin deformation effect caused
by the introduction of three chlorine atoms exceeded the
electron-withdrawing effect.

Table 2. Oxidation potentials of Cl,TBCODP-Zn (2-Zn) in
CH,Cl,.

Porphyrin  E9X (D [V] P [V] n@-Er()[V]

1-Zn +0.437 +0.878 0441

2a-Zn +0.478 +0.783 0.305
adj-2b-Zn +0.490 +0.771 0.281
opp-2b-Zn +0.520 +0.759 0.239

2c-Zn +0.497 +0.723 0.226

2d-Zn +0.478 +0.660 0.182

[a] E [V] vs. Ag/Ag* (Fe/Fe* = +0.233 V), 0.1 M TBAP in CH,Cl,.

Electronic and Structural Properties of the CI, TBPs

The absorption spectra of Cl,TBPs 3 were recorded in
5% TFA/CHCI; because CI,TBPs 3 are insoluble in most
common organic solvents (Figure4). As the number of
chlorine atoms at the meso positions increased, the Soret
and Q bands of the CI, TBP dications were also redshifted
by the electron-withdrawing effect and the deformation of
the porphyrin ring. In particular, the absorption maxima of
protonated CI,TBP-H, (3d-H,; /..« = 494, 649, and
707 nm) were significantly redshifted by around 50-65 nm
relative to those of protonated TBP-H, (4.« = 431, 605,
and 660 nm).[*?1 The two Q-band maxima of the Cl,TBP
dication are similar to those of a tetraacenaphthoporphyrin
dication (A = 525, 646, and 702 nm),!>3! which has one
of the most redshifted Q-bands.
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Figure 4. UV/Vis spectra of C1,TBPs 3 in 5% TFA/CHCl;.

We attempted to obtain single crystals of the chlorinated
TBPs. Although the solubility of chlorinated TBPs is usu-
ally poor, Cl,TBP-zinc complexes (3-Zn) are moderately
soluble in coordinating solvents such as pyridine and THF.
Therefore, the zinc complexes were dissolved in pyridine,
and then the solutions were placed in a vapor of methanol
or 2-propanol. Single crystals of CITBP-Zn (3a-Zn) and
Cl4,TBP-Zn (3d-Zn) (3a-Zn-3/2CsHsN from CsHsN/
MeOH, 3a-Zn-3/2CsHsN from CsH;sN/i-CsH,OH, 3d-Zn-
3/2CsHsN-1/2MeOH, and 3d-Zn-5/4CsHsN-3/4i-CsH,OH)
were obtained (see S2 of the Supporting Information).

In the cases of the 3d-Zn crystals, non-coordinated sol-
vent molecules such as pyridine, 2-propanol, and/or meth-
anol were not properly modeled. Therefore, the structures
were refined without these solvents by the PLATON
Squeeze technique.?¥ Two crystallographically independent
porphyrin molecules were found in the crystals of 3a-Zn-
3/2CsHsN from CsHsN/MeOH, 3a-Zn-3/2CsHsN from
CsHsN/i-C3;H,OH, and  3d-Zn-3/2CsH;sN-1/2MeOH,
whereas the 3d-Zn-5/4CsHsN-3/4i-C3H,OH crystal con-
tained four independent porphyrin molecules. All the por-
phyrin molecules occupied normal positions. The deviations
from the porphyrin mean planes are illustrated in Figure 5.
All the monochlorinated TBP molecules show a slightly
ruffled out-of-plane distortion (Figure 5a,b), whereas
CI4TBP-Zn molecules adopt ruffled and saddle out-of-
plane conformations depending on the mode of stacking.
ORTEP diagrams viewed perpendicular to the axis of
stacked pairs of Cl;TBP-Zn molecules in these crystals are
illustrated in Figure 6. Two independent Cl;TBP-Zn mole-
cules in the crystal of P1 completely eclipse each other, and
two molecules of pyridine are coordinated from the outside
of this stacking pair (Figure 6a). An interesting stacking
diagram is observed in the case of the 3d-Zn-5/4CsHsN-
3/4i-C3H,0OH crystal (P2,/c). The independent molecules A
and B are stacked in such a way that they are completely
eclipsed, similarly to the PI crystal, and exhibit a large 1,3-
alternate out-of-plane distortion (Figure 5d and Figure 6b).
On the other hand, one of the benzene rings of molecule D
is situated above the center zinc atom of molecule C, and
the rotating angle of these porphyrin molecules is approxi-
mately 17.7° (Figure 6¢). Moreover, these molecules show
intermediate out-of-plane distortion of ruffling and sad-
5377
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dling, although the ruffling is slightly greater than the sad-
dling (Figure 5d, grey lines), and this saddled deviation is
much smaller than that in molecules A and B. The mole-
cules C and D are more loosely packed than molecules A
and B because the overall thermal factors of molecules C
and D are larger than those of molecules A and B (compare
the thermal ellipsoids in Figure 6b and c). This means that
CI4,TBP-Zn can easily adopt both out-of-plane distortions
depending on the surrounding environment. In all cases, the
out-of-plane distortions are larger than those of the corre-
sponding Cl,TBCODP-Zn molecules (see Figure 3), which

2.0 -

Figure 5. View of the skeletal deviations of the 40 ring atoms of
TBPs from the porphyrin mean plane. (a) 3a-Zn-3/2CsHsN from
CsHsN/MeOH, two independent molecules; solid and broken lines;
(b) 3a-Zn-3/2CsHsN from CsHsN/i-C;H,OH: two independent
molecules; solid and broken lines; (¢) 3d-Zn-3/2CsHsN-1/2MeOH:
two independent molecules; solid and broken lines; (d) 3d-Zn-
5/4CsHsN-3/4i-C3H,OH: two pairs of independent stacked mole-
cules; black solid (molecule A), black broken (molecule B), grey
solid (molecule C), and grey broken lines (molecule D).

is easily rationalized by the steric effect of B,-BCOD or
B,B-benzene fusion towards the meso position. The dis-
tances between the y-carbon atoms (2' and 2* positions)
with no substituent at the meso position are in the range
5.5-5.7 A in TBPs 3 and 6.1-6.3 A in TBCODPs 2, respec-
tively. These distances are elongated as a result of chlorine
substitution at the meso positions.

Next we made FET devices from the CI, TBP-H,s 3a-
H, and 3d-H, by the solution-based fabrication process. A
chloroform solution of CI,TBCODPs 2 was spin-coated
onto a heavily n-doped silicon wafer as substrate, and
amorphous films of 3 were obtained. Then the films ob-
tained were heated at 180 °C for 10 min to give thin films
of CI,TBPs 3. After the source and drain gold electrodes
had been fabricated, the device performance of CI, TBPs 3
was measured. Only the device made from 3a-H, showed
FET characteristics: g = 2.1 X10*ecm?V-'s™!, V, = 16V,
and I,,/I,;; = 102. No FET performance was recorded with
the device made from Cl,;TBP-Zn, which might be related
to the flexible distorting nature of the porphyrin ring of
CI4,TBP-Zn because good OFET materials such as penta-
cene, TBP, and rubrene have rigid © systems irrespective of
the flat or distorted nature of their © planes.[>]

Conclusions

We have succeeded in the preparation of meso-chlori-
nated benzoporphyrins (CI, TBPs) 3 by meso-chlorination
of BCOD-fused porphyrin 1 with NCS followed by a ther-
mal retro-Diels—Alder reaction. We also observed the unex-
pected meso-chlorination of the porphyrin with DDQ. We
have clearly shown that the meso positions of quadruply
BCOD-fused porphyrins (TBCODPs) are reactive and the
BCOD moieties are robust towards electrophilic reactions.
Moreover, the meso positions are less hindered than in
TBPs. Therefore, this method, which involves the use of
TBCODPs as precursors of TBPs, opens a new route to
the preparation of variously meso-functionalized TBPs. The
introduction of chlorine at the meso positions of TBP sig-
nificantly changes the electronic and structural properties.
The OFET device based on the solution process using
CITBCODP-H, (2a-H,) showed moderate performance as
a FET.

Figure 6. ORTEP diagrams (at the 50% probability level) viewed perpendicular to the stacked pairs: (a) in the P1 crystal, (b) molecules
A and B in P2,/c, and (c) molecules C and D in P2,/c. Solvent and hydrogen atoms have been omitted for clarity.
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Experimental Section

General: Melting points were measured with a Yanaco MP-S; or
M500-D melting-point apparatus. 'H and *C NMR spectra were
recorded with a JEOL JNM-AL 400, JNM-EX 400, or Varian
VXR-500 spectrometer by using tetramethylsilane as the internal
standard. UV spectra were recorded with a JASCO V-630 spectro-
photometer. IR spectra were recorded with a Hitachi 270-30 or
JASCO FT/IR-430 spectrometer by using KBr disks. FAB and DI-
EI mass spectra were recorded with a JEOL JMS-700 instrument.
MALDI-TOF mass spectra were recorded with a Voyager DE Pro
(Applied Biosystems) or Autoflex I (Bruker Daltonics) instrument.
Elemental analyses were performed with a Yanaco MT-5 elemental
analyzer. All solvents and chemicals were of reagent-grade quality,
obtained commercially, and used without further purification, ex-
cept as noted. Dry dichloromethane and THF were purchased from
Kanto Chemical Co. Toluene, hexane, triethylamine, pyridine,
DBU, and chloroform were distilled from calcium hydride and then
stored over appropriate molecular sieves. Solvents for chromatog-
raphy were purified by distillation. For spectral measurements,
spectral grades of toluene and chloroform were purchased from
Nacalai Tesque Co. Thin-layer (TLC) and column chromatography
were performed with Art. 5554 (Merck KGaA) and Silica Gel 60N
(Kanto Chemical Co.), respectively. TBCODP-H, (1-H,) was pre-
pared according to a literature procedure.['!]

Typical Procedure for the Synthesis of meso-Chlorinated Porphyrins
(Table 1, Entry4): A mixture of N-chlorosuccinimide (56 mg,
0.44 mmol) and TBCODP-H, (1-H,; 62 mg, 0.10 mmol) in chloro-
form (15 mL) was refluxed under Ar. After 72 h, the mixture was
cooled and washed successively with an aqueous saturated
NaHCOs; solution, water (3X), and brine. The organic layer was
dried with anhydrous Na,SO, and concentrated. The residual solid
was purified by column chromatography on silica gel (chloroform/
hexane, 7:3) to give a maroon powder, which was then triturated
with aqueous MeOH to give pure CI,TBCODP-H, (2d-H,,
53.2 mg, 70%). The analytical samples were obtained by trituration
or recrystallization from a mixed solvent of CHCIl;/CH,CIl,/EtOH/
MeOH/H,0.

5-Chloro-21,24,7!,74,121,124,17',17*tetrahydro-2',24,71,74,121,124,
17',174-tetraethano-21H,23 H-tetrabenzo|b,g,/,q]porphine
(CITBCODP-H,; 2a-H;): Maroon powder (mixture of isomers);
m.p. >200 °C (decomp.). '"H NMR (CDCls, 500 MHz, 25 °C): 6 =
10.31 (m, 2 H, 10-, 20-H), 10.22 (s, 1 H, 15-H), 7.13 (m, 8 H, olefin-
H), 6.39 (m, 2 H, bridgehead-H), 5.74 (m, 6 H, bridgehead-H),
2.21 (m, 8 H, axial-CH>), 1.94 (m, 8 H, equatorial-CH,), —4.21 (br.
s, 2 H, NH) ppm. 13C NMR (CDCls, 100 MHz, 25 °C): 6 = 27.19,
27.23,27.25, 27.84, 36.18, 36.33, 36.38, 39.88, 96.94, 97.49, 136.01,
136.68, 137.50, 147.95, 148.92, 149.92, 151.43 (typical signals) ppm.
MS (MALDI-TOF): m/z = 656 [M]*. UV/Vis (CHCI3): Ay [log(e/
Mlem™)] = 397 [5.16], 502 [4.23], 534 [3.64], 573 [3.79], 625 [3.02]
nm. Cy4H37CINg1/2H,0 (666.27): caled. C 79.32, H 5.75, N 8.41;
found C 79.38, H 5.68, N 8.29.

5,10-Dichloro-2',24,7',74,121,124,17!,17*-tetrahydro-2',24,7',74,121,
124,17',17*-tetraethano-21H,23 H-tetrabenzo|b,g,l,q|porphine (adj-
C1,TBCODP-H;; adj-2b-H;): Maroon powder (mixture of iso-
mers); m.p. >200 °C (decomp.). '"H NMR (CDCl;, 500 MHz,
25°C): ¢ = 10.05 (s, 2 H), 7.07 (m, 8 H, olefin-H), 6.47 (m, 2 H,
bridgehead-H), 6.30 (m, 2 H, bridgehead-H), 5.64 (m, 4 H, bridge-
head-H), 2.18 (m, 8 H, axial-CH,), 1.94 (m, 8 H, equatorial-CH,),
-3.98 (br. s, 2 H, NH) ppm. '3C NMR (CDCl;, 100 MHz, 25 °C):
0 = 26.20, 27.02, 27.09, 27.09, 27.18, 27.71, 27.83, 29.70, 35.91,
36.07, 36.16, 39.39, 97.16, 135.82, 136.52, 136.64, 136.73, 137.36,
145.79, 147.33 (typical signals) ppm. MS (MALDI-TOF): m/z 690
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[M]*. UV/Vis (CHCLy): Amax [log(e/Mm'em )] = 412 [5.19], 511
[4.36], 587 [4.00], 639 [3.74] nm. C,44H4C1,N,-H,0-1/2CHCl,
(751.40): caled. C 69.47, H 5.04, N 7.28; found C 69.05, H 5.05, N
6.94.

5,15-Dichloro-2',24,71,74,121,124,17',17*-tetrahydro-21,24,71,74,121,
124,17',17*-tetraethano-21H,23 H-tetrabenzo|b,g,/,g|porphine (opp-
C1,TBCODP-H,; opp-2b-H;): Maroon powder (mixture of iso-
mers); m.p. >200 °C (decomp.). "H NMR (CDCl;, 500 MHz,
25°C): 0 = 10.23 (s, 2 H, 10-, 20-H), 7.12 (m, 8 H, olefin-H), 6.31
(m, 4 H, bridgehead-H), 5.73 (m, 4 H, bridgehead-H), 2.00 (m, 8
H, axial-CH,), 1.89 (m, 8 H, equatorial-CH,), -3.54 (br. s, 2 H,
NH) ppm. '3C NMR (CDCl;, 100 MHz, 25 °C): § = 20.89, 27.17,
36.15, 39.55, 135.86, 137.37, 147.91, 152.18 (typical signals) ppm.
MS (MALDI-TOF): m/z = 690 [M]*. UV/Vis (CHCl): . [log (e
M 'em )] = 409 [5.17], 511 [4.34], 542 [4.02], 584 [3.99], 636 [3.69]
nm. CyyH34CLLN4-H,0 (709.71): caled. C 74.46, H 5.40, N 7.89;
found C 74.34, H 5.28, N 7.60.

5,10,15-Trichloro-21,24,71,74,121,124,17',17%-tetrahydro-21,24,7',74,
121,124,171,174-tetraethano-21H,23 H-tetrabenzo|b,g,l,q|porphine
(CI;TBCODP-H,; 2¢-H,): Purple powder (mixture of isomers);
m.p. >200 °C (decomp.). '"H NMR (CDCls, 500 MHz, 25 °C): 6 =
9.89 (s, 1 H, 20-H), 7.07 (m, 8 H, olefin-H), 6.32 (m, 4 H, bridge-
head-H), 6.20 (m, 2 H, bridgehead-H), 5.58 (m, 2 H, bridgehead-
H), 2.17 (m, 8 H, axial-CH,), 1.81 (m, 8 H, equatorial-CH,), —-3.38
(br. s, 2 H, NH) ppm. *C NMR (CDCl;, 100 MHz, 25°C): 6§ =
26.03, 26.12, 27.01, 27.22, 29.71, 35.97, 36.15, 39.55, 136.53, 137.19
(typical signals; other signals were not observed at 25°C) ppm.
MS (MALDI-TOF): m/z = 725 [M]*. UV/Vis (CHCl): A [log (e
M lem )] = 422 [5.55], 523 [4.61], 559 [4.09], 603 [4.11], 660 [3.86]
nm. CyyH;35CI3N,4-2H,0-CH;0H (792.24): caled. C 68.05, H 5.46,
N 7.05; found C 67.81, H 5.20, N 7.33.

5,10,15,20-Tetrachloro-2',24,71,74,121,124,17',174-tetrahydro-
21,24.71,74,121,124,17',17*-tetraethano-21 H,23 H-tetrabenzo| b,g,l,q|-
porphine (Cl;TBCODP-H,; 2d-H,): Purple powder (mixture of iso-
mers); m.p. >200 °C (decomp.). '"H NMR (CDCls, 400 MHz,
25°C): 0 = 6.80 (m, 8 H, olefin-H), 6.08 (m, 8 H, bridgehead-H),
2.07 (m, 8 H, axial-CH,), 1.82 (m, 8 H, equatorial-CH,), -2.80 (br.
s, 2 H, NH) ppm. 13C NMR (CDCl;, 100 MHz, 25 °C): 6 = 25.91,
25.99, 26.04, 26.11, 29.71, 39.05, 114.78, 136.23, 136.30 (typical
signals; other signals were not observed at 25°C) ppm. UV/Vis
(CHCI3): Amax [log(eimtem )] = 434 [5.89], 537 [4.84], 577 [4.64],
621 [4.42], 683 [4.41] nm. MS (MALDI-TOF): m/z = 760 [M]".
Cy4H34CLyN,-5/2CHCl; (1059.04): caled. C 51.03, H 3.36, N 5.12;
found C 51.38, H 3.02, N 4.96.

Typical Procedure for the Synthesis of the meso-Chlorinated Por-
phyrin—-Zinc Complexes 2-Zn: A solution of 2d-H, (76 mg,
0.10 mmol) and Zn(OAc)-2H,O (0.10 mg, 0.54 mmol) in CHCl;/
MeOH (9:1) was stirred at room temp. for 1 h. The solution was
washed with water (3X) and brine. The organic layer was dried
with anhydrous Na,SO, and concentrated. The residual solid was
purified by short column chromatography on silica gel (chloro-
form) to give a maroon powder, which was then triturated with
aqueous MeOH to give pure CI;TBCODP-Zn (2d-Zn; 75.9 mg,
93%).

(5-Chloro-21,24,71,74,121,124,17',174-tetrahydro-21,24,71,74,121,
124,17',17*-tetraethanotetrabenzo|b,g,l,q|porphyrinato)zinc(II)
(CITBCODP-Zn; 2a-Zn): Purple powder (mixture of isomers);
m.p. >200 °C (decomp.). '"H NMR (CDCls, 500 MHz, 25 °C): § =
10.35 (s, 2 H, 10-, 15-H), 10.32 (s, 1 H, 20-H), 7.14 (m, 8 H, olefin-
H), 6.47 (m, 2 H, bridgehead-H), 5.75 (m, 6 H, bridgehead-H),
2.23 (m, 8 H, axial-CH,), 1.95 (m, 8 H, equatorial-CH,) ppm. 13C
NMR (CDCl;, 100 MHz, 25°C): ¢ = 27.23, 27.35, 27.95, 36.21,
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36.46, 40.57, 97.88, 98.37, 136.13, 136.18, 136.85, 141.34, 142.47,
143.32, 149.35, 149.41, 150.25, 150.33, 151.99, 152.03 (typical sig-
nals) ppm. MS (MALDI-TOF): m/z = 718 [M]*. UV/Vis (CHCls):
Amax [log(e/M~Tecm™1)] = 409 [5.44], 535 [4.24], 573 [3.84] nm.
Cy4H35C14N,Zn-CH30H (751.69): caled. C 71.81, H 5.22, N 7.44;
found C 72.02, H 5.20, N 7.17.

(5,10-Dichloro-2',24,71,74,121,124,17',17*-tetrahydro-2!,24,7',74,121,
124,17',174-tetraethanotetrabenzo|b,g,/,g|porphyrinato)zinc(Il) (adj-
Cl,TBCODP-Zn; adj-2b-Zn): Purple powder (mixture of isomers);
m.p. >200 °C (decomp.). 'H NMR (CDCls, 500 MHz, 25 °C): 6 =
10.15 (s, 2 H, 15-, 20-H), 7.11 (m, 8 H, olefin-H), 6.55 (m, 2 H,
bridgehead-H), 6.38 (m, 2 H, bridgehead-H), 5.69 (m, 4 H, bridge-
head-H), 2.35 (m, 8 H, axial-CH,), 2.01 (m, 8 H, equatorial-CH,)
ppm. 13C NMR (CDCls, 100 MHz, 25 °C): 6 = 26.28, 27.12, 27.12,
27.22,27.83, 27.95, 29.71, 36.13, 36.42, 39.95, 40.75, 98.01, 136.05,
136.75, 136.98, 137.63, 142.31, 143.55, 149.99, 150.65, 151.32,
152.32 (typical signals) ppm. MS (MALDI-TOF): m/z = 752
[M]*. UV/Vis (CHCI3): Amax [log(e/Mtem™)] = 419 [5.24], 546
[4.03], 589 [3.56] nm. C44H3,ClLN,Zn-3/2CH;0H (801.65): caled.
C 68.04, H 5.02, N 6.98; found C 68.22, H 5.00, N 6.51.

(5,15-Dichloro-2!,24,7!,74,121,124 17, 17-tetrahydro-2',24,7', 74,121,
124,17',174-tetraethanotetrabenzo|b,g,/,g|porphyrinato)zinc(Il) (opp-
CL,TBCODP-Zn; opp-2b-Zn): Purple powder (mixture of isomers);
m.p. >200 °C (decomp.). 'H NMR (CDClL, 500 MHz, 25 °C): § =
10.24 (s, 2 H, 10-, 20-H), 7.12 (m, 8 H, olefin-H), 6.43 (m, 4 H,
bridgehead-H), 5.73 (m, 4 H, bridgehead-H), 2.03 (m, 8 H, axial-
CH,), 1.90 (m, 8 H, equatorial-CH,) ppm. 3*C NMR (CDCl;,
100 MHz, 25 °C): 6 = 27.16, 27.27, 29.71, 36.14, 40.51, 98.76,
136.01, 137.68, 141.42, 142.31, 149.71, 152.49 (typical signals) ppm.
MS (MALDI-TOF): miz = 752 [M]*. UV/Vis (CHCL): Zuax [l0g (¢/
M-lem-1)] = 417 [5.25], 546 [4.00], 583 [3.42] nm.
C44H34C1LN4Zn-H,0O-CH;0OH (804.15): caled. C 67.13, H 5.01, N
6.96; found C 67.53, H 4.67, N 6.77.

(5,10,15-Trichloro-21,24,71,74,12',124,17',174-tetrahydro-2',24,7',74,
12',124,171,17*-tetraethanotetrabenzo|b,g,/,g|porphyrinato)zinc(II)
(CI;TBCODP-Zn; 2¢-Zn): Purple powder (mixture of isomers);
m.p. >200 °C (decomp.). '"H NMR (CDCl;, 500 MHz, 25 °C): 6 =
10.00 (s, 1 H, 20-H), 7.07 (m, 8 H, olefin-H), 6.43 (m, 4 H, bridge-
head-H), 6.30 (m, 2 H, bridgehead-H), 5.63 (m, 2 H, bridgehead-
H), 2.13 (m, 8 H, axial-CH,), 1.92 (m, 8 H, equatorial-CH,) ppm.
13C NMR (CDCls, 100 MHz, 25 °C): § = 25.61, 26.22, 26.31, 26.39,
27.13, 27.26, 27.26, 27.37, 29.71, 36.09, 36.20, 39.71, 39.79, 39.91,
39.96, 40.04, 40.45, 40.54, 40.61, 97.87, 114.17, 135.90, 135.95,
136.09, 136.13, 136.78, 136.81, 136.85, 137.47, 137.65, 140.59,
141.09, 141.45, 142.25, 142.52, 142.76, 149.82, 150.90, 152.03 (typi-
cal signals) ppm. MS (MALDI-TOF): m/z = 786 [M]*. UV/Vis
(CHCI3): Amax [log(e/Mtem™1)] = 430 [5.54], 558 [4.48] nm.
C44H33C13N,Zn-4CH30H (913.68): caled. C 62.82, H 5.38, N 6.11;
found C 62.74, H 5.14, N 6.26.

(5,10,15,20-Tetrachloro-2',24,71,74,121,124,17',17*-tetrahydro-
21,24.71,74,121,124,17',174-tetraethanotetrabenzo|b,g,/,g|porphyr-
inato)zinc(Il) (CIL,TBCODP-Zn; 2d-Zn): Purple powder (mixture
of isomers); m.p. >200 °C (decomp.). 'H NMR (CDCls, 400 MHz,
25°C): 0 = 6.85-7.15 (m, 8 H, olefin-H), 6.39 (m, 8 H, bridgehead-
H), 1.73-2.50 (m, 16 H, CH,) ppm. '3C NMR (CDCl;, 100 MHz,
25°C): 0 = 25.98, 29.71, 39.74, 39.81, 136.67, 151.11 (typical sig-
nals; other signals were not observed at 25 °C) ppm. UV/Vis
(CHCL): Apax [log(emtem™)] = 442 [5.43], 576 [4.34], 621 [3.95]
nm. MS (MALDI-TOF): m/z = 820 [M]". Cy4H3,C14N4Zn-2H,0
(860.02): caled. C 61.45, H 4.22, N 6.51; found C 61.51, H 4.26, N
6.50.
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5-Chloro-21H,23 H-tetrabenzo|b,g,l,q|porphine (CITBP-H,; 3a-H,):
Green powder; m.p. >200 °C. MS (MALDI-TOF): m/z = 545
[M]*. UV/Vis (1% TFA/CHCIl3): Ay, (relative intensity) = 455
(100), 612 (4.2), 666 (25.2) nm. C34H,;CIN, (545.05): caled. C
79.33, H 3.88, N 10.28; found C 78.94, H 3.99, N 10.10.

5,10-Dichloro-21H,23 H-tetrabenzo|b,g,l,q|porphine (adj-Cl,TBP-
H,; adj-3b-H,): Green powder; m.p. >200 °C. MS (MALDI-TOF):
mlz = 578 [M]*. UV/Vis (1% TFA/CHCl3): Ay, (relative intensity)
=442 (43.4), 460 (100), 663 (8.8) nm. C36H»yCl,N, (579.49): calcd.
C 74.62, H 3.48, N 9.67; found C 75.03, H 3.33, N 9.44.

5,15-Dichloro-21H,23 H-tetrabenzo|b,g,/,q|porphine (opp-Cl,TBP-
H,; opp-3b-H,): Green powder; m.p. >200 °C. MS (MALDI-TOF):
mlz = 578 [M]*. UV/Vis (1% TFA/CHCI3): Amax [log(e/mem )]
= 425 [4.67], 451 [5.49], 595 [4.10], 641 [4.71] nm. CssH,,CLLN,
(579.49): caled. C 74.62, H 3.48, N 9.67; found C 74.64, H 3.67, N
9.50.

5,10,15-Trichloro-21H,23 H-tetrabenzo|b,g,/,q]porphine (Cl;TBP-
Hj; 3¢-H,): Green powder; m.p. >200 °C. MS (MALDI-TOF): m/z
= 612 [M]*. UV/Vis (1% TFA/CHCly): /., (relative intensity) =
461 (77.0), 472 (100), 616 (4.5), 678 (6.5) nm. C36HoCI3N,
(613.94): caled. C 70.43, H 3.12, N 9.13; found C 70.00, H 2.97, N
9.43.

5,10,15,20-Tetrachloro-21H,23 H-tetrabenzo|b,g,/,q|porphine
(CITBP-H;; 3d-H,): Green powder; m.p. >200 °C. MS (MALDI-
TOF): m/z = 646 [M]*. UV/Vis (1% TFA/CHCls): Ay (relative
intensity) = 464 (12.6), 494 (100), 649 (4.4), 707 (5.4) nm.
C36H sCI4N, (648.38): caled. C 66.69, H 2.80, N 8.64; found C
66.81, H 2.46, N 8.77.

(5-Chlorotetrabenzo|b,g,/,q|porphyrinato)zinc(Il) (CITBP-Zn; 3a-
Zn): Green powder; m.p. >200 °C. '"H NMR (5% CsDsN/CDCl;,
500 MHz, 25°C): 6 = 10.53 (s, 2 H, 10-, 20-H), 10.35 (s, 1 H, 15-
H), 10.22 (m, 2 H, Ar-H), 9.54 (m, 2 H, Ar-H), 9.38 (m, 4 H, Ar-
H), 8.17 (m, 8 H, Ar-H) ppm. MS (MALDI-TOF): m/z = 606
[M]*. UV/Vis (CHCI3): Apax [log(e/Mtem )] = 440.5 [5.50], 415
[4.56], 588 [4.02], 633 [4.86] nm. C34HoCIN,;Zn-H,0 (626.45):
caled. C 69.02, H 3.38, N 8.94; found C 68.88, H 3.49, N 8.85.

(5,10-Dichlorotetrabenzo|b,g,/,q|porphyrinato)zinc(Il) (adj-Cl,TBP—
Zn; adj-3b-Zn): Green powder; m.p. >200 °C. 'H NMR (5%
CsDsN/CDCls, 500 MHz, 25°C): 6 = 10.40 (s, 2 H, 15-, 20-H),
10.35 (m, 2 H, Ar-H), 10.14 (m, 2 H, Ar-H), 9.48 (m, 2 H, Ar-H),
9.31 (m, 2 H, Ar-H), 8.15 (m, 8 H, Ar-H) ppm. MS (MALDI-
TOF): m/z = 640 [M]*. UV/Vis (CHCL3): Amay [log(e/Mem )] =
451 [5.49], 425 [4.67], 599 [4.10], 641 [4.71] nm.
C36H 3CLLN,Zn-CH30H (673.92): caled. C 65.84, H 3.29, N 8.30;
found C 66.01, H 3.34, N 8.08.

(5,15-Dichlorotetrabenzo|b,g,l,q]porphyrinato)zinc(Il) (opp-
CL,TBP-Zn; opp-3b-Zn): Green powder; m.p. >200 °C. '"H NMR
(5% CsDsN/CDCl;, 500 MHz, 25 °C): 6 = 10.64 (s, 2 H, 10-, 20-
H), 10.19 (m, 4 H, Ar-H), 9.53 (m, 4 H, Ar-H), 8.16 (m, 8 H, Ar-
H) ppm. MS (MALDI-TOF): m/z = 640 [M]*. UV/Vis (CHCly):
Jmax [log (e Tem™)] = 449 [5.40], 422 [4.55], 596 [4.12], 640 [4.66],
729 [3.90] nm. C36H;3ClLN4Zn-H,O (660.90): caled. C 65.43, H
3.05, N 10.73; found C 65.58, H 3.04, N 10.78.

(5,10,15-Trichlorotetrabenzol|b,g,/,q|porphyrinato)zinc(1l) (CI;TBP—
Zn; 3c-Zn): Green powder; m.p. >200 °C. '"H NMR (5% CsDsN/
CDCl;, 500 MHz, 25 °C): 0 = 10.36 (s, 1 H, 20-H), 10.21 (m, 2 H,
Ar-H), 10.17 (m, 2 H, Ar-H), 10.02 (m, 2 H, Ar-H), 9.40 (m, 2 H,
Ar-H), 8.10 (m, 4 H, Ar-H), 8.03 (m, 4 H, Ar-H) ppm. UV/Vis
(CHCL3): Apmax [log(e/mem )] = 464 [5.66], 610 [4.42], 653 [4.77]
nm. MS (MALDI-TOF): m/z = 674 [M]*. C3sH;;CIsN4Zn-H,O
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(695.34): caled. C 62.18, H 2.75, N 8.06; found C 62.24, H 3.11, N
7.89.

(5,10,15,20-Tetrachlorotetrabenzo|b,g,/,q|porphyrinato)zinc(II)
(C1,TBP-Zn; 3d-Zn): Green powder; m.p. >200 °C. '"H NMR (5%
C;sDsN/CDCls, 400 MHz, 25°C): 6 = 10.11 (m, 8 H, Ar-H), 8.03
(m, 8 H, Ar-H) ppm. UV/Vis (CHCl5): Ay [log(e/M'cm )] = 483
[5.52], 630 [4.35], 678 [4.60] nm. MS (MALDI-TOF): m/z = 708
[M]*. C36H,6CI4N,4Zn-CH;0H (742.81): caled. C 59.75, H 2.71, N
7.53; found C 59.79, H 3.16, N 7.52.

5-Chloro-2,3,7,8,12,13,17,18-tetraethyl-21 H,23 H-porphine (CIOEP-
H,; 4a-H,): Red-brown powder; m.p. >200 °C. 'H NMR (CDCl;,
400 MHz, 25°C): 0 = 10.09 (s, 2 H, 10-, 20-H), 9.88 (s, 1 H, 15-
H), 4.21 (q, J = 7.02 Hz, 2 H), 4.06 (m, 12 H, CH,), 1.88 (m, 24
H, CHj3), -3.13 (br. s, 2 H, NH) ppm. '3C NMR (1% TFA/CDCl;,
100 MHz, 25°C): 6 = 16.46, 17.20, 17.30, 17.32, 19.67, 19.83,
19.92, 20.85, 98.55, 112.92, 141.37, 142.72, 142.91, 144.33 ppm.
MS (MALDI-TOF): m/z = 569 [M]*. UV/Vis (CHCl3): Ay [log(e/
M em)] = 408 [5.28], 507 [4.21], 541 [3.79], 579 [3.81], 629 [3.31]
nm. C3Hy5CINgCH,Cl, (654.17): caled. C 67.93, H 7.24, N 8.56;
found C 68.20, H 6.85, N 8.60.

5,15-Dichloro-2,3,7,8,12,13,17,18-tetraethyl-21 H,23 H-porphine
(opp-CLLOEP-H,; opp-4b-H,): Purple powder; m.p. >200 °C. 'H
NMR (CDCls, 400 MHz, 25 °C): 6 = 10.01 (s, 2 H, 10-, 20-H), 4.13
(m, 16 H, CH,), 1.85 (m, 24 H, CH;) 2.20 (br. s, 2 H, NH) ppm.
13C NMR (CDCls, 100 MHz, 25 °C): § = 16.90, 18.43, 19.75, 22.60,
97.45, 111.25, 140.61, 142.16, 144.08, 145.31 ppm. MS (MALDI-
TOF): m/z = 603 [M]*. UV/Vis (CHCL3): Jmayx [log(e/M'em )] =
415 [5.22], 515 [4.17], 550 [3.65], 588 [3.72], 642 [2.93] nm.
C36H44C1, N, 1/2CH;0H (619.20): caled. C 70.74, H 7.48, N 9.04;
found C 71.10, H 7.13, N 9.40.

Supporting Information (see footnote on the first page of this arti-

cle): Crystallographic summaries of Cl,TBCODPs 2 and CIl,, TBPs
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