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Unexpected Intramolecular Cyclization of 2-(Perfluoroalkyl)tetraarylporphyrin
Radicals: Approaches for the Intramolecular Cyclization of

2-(Perfluoroalkyl)tetraarylporphyrin Radicals
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β-(Perfluoroalkyl)tetraarylporphyrin radicals, generated by
the reaction of I(CF2)nX (n = 2−5; X = I, Cl) with porphyrins
in the presence of Na2S2O4/NaHCO3 in DMSO/CH2Cl2 or
DMSO, undergo cyclizations at the ortho position of a neigh-

Introduction

The most widely used models for natural porphyrins are
the meso-tetraarylporphyrins[1] because they can be easily
prepared, usually in a single step, and, due to their inert-
ness, their aryl substituents do not interfere with reactions
performed at other sites, such as the pyrrolic position or
the central metal. Substitutions at the pyrrolic β-position of
simple tetraarylporphyrins are usually used for side-chain
extension,[2] redox-potential variation,[3] N�H tautomer-
ism, etc.[4] whilst maintaining the phenyl rings of the macro-
cycles intact. However, to the best of our knowledge, there
are two exceptions: intramolecular cyclizations of the pyr-
rolic unit and an ortho position of the vicinal phenyl moiety
occur in two different ways.

The demetalation of Cu and Ni complexes of β-formyl-
meso-tetraphenylporphyrins in strong acid, which results in
the formation of naphthoporphyrin derivatives containing
an additional fused ring, was the first example of these un-
usual cationic intramolecular cyclizations.[5] The first step
of the cyclization of β-formyl-meso-tetraarylporphyrins can
be seen as an electrophilic attack of the protonated carbonyl
carbon on the vicinal phenyl group. The resulting alcohol
undergoes protonation and loss of water to yield a stable,
delocalized carbocation, which disportionates by intermo-
lecular hydride transfer to give the cyclized ketones and the
reduced products (Scheme 1).
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bouring phenyl ring and/or adjacent pyrrolic unit to give
five-, six-, seven-, and eight-membered fused porphyrins.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Scheme 1

Another exception is the Bergman cyclization of (2,3-di-
ethynyl-5,10,15,20-tetraphenylporphyrin)NiII under ambi-
ent conditions in the presence of DDQ. A 1,4-didehydro-
benzene diradical is proposed to be the intermediate, which
then undergoes a tandem radical cyclization with the
neighboring meso-phenyl substituents, followed by dehydro-
genation, to afford highly conjugated macrocycles, piceno-
porphyrins (Scheme 2).[6]

We describe here a novel intramolecular cyclization of β-
(perfluoroalkyl)porphyrin radicals at the ortho position of
a neighbouring phenyl moiety as well as an adjacent pyr-
rolic unit to form five-, six-, seven-, and eight-membered
fluorinated fused porphyrins.

Results and Discussion

Our previous work[7] showed that heating (30�40 °C)
tetraarylporphyrins (TAP) with perfluoroalkyl iodides
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Scheme 2

(RFI) in DMSO/CH2Cl2 in the presence of Na2S2O4/
NaHCO3 (the so-called sulfinatodehalogenation method)[8]

for 14 h gives β-(perfluoroalkyl)tetraarylporphyrins. When
a mixture of porphyrin (1) and 1,3-diiodohexafluoropro-
pane (2) was heated at 55 °C for 22 h under the same con-
ditions in the hope of preparing β,β-(hexafluoropropane-
diyl)-linked diporphyrins, we quite unexpectedly found that
a mixture of 5,10,15-triaryl[2-benzohexafluoro(21,22,23)]-
cyclooctanoporphyrins (3) and 5,10,15,20-tetraaryl-2-hexa-
fluorocyclopentenylporphyrins (4) was obtained in 30%
yield along with a trace of the normal adduct 5,10,15,20-
tetraaryl-2-(iodohexafluoropropyl)porphyrins (5, 2%;
Scheme 3).

A longer reaction time (22 h) is necessary for the forma-
tion of 3 and 4, otherwise 5 is the major product (35%, 8 h).
The mixture of 3 and 4 could not completely separated by
normal column chromatography because of their very simi-
lar polarities. Fortunately, their zinc complexes were easily
prepared and separated by flash column chromatography
(3Zn, 43%; 4Zn, 35%). Demetalation of 3Zn and 4Zn with

Scheme 4. Metalation and demetalation reactions of 3 and 4
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Scheme 3. The reaction of tetraarylporphyrins with 1,3-diiodohexa-
fluoropropane

concentrated H2SO4 resulted in the isolation of pure 3 and
4 in 90% yield each (Scheme 4).

The structures of 3�5 were unambiguously assigned by
1H (1H-1H NOESY, DQCOSY, TOCOSY) and 19F NMR
spectroscopy, mass spectrometry, and elementary analysis.
Single crystals of 5,10,15-triphenyl[2-benzohexafluoro-
(22,23,24)]cyclooctanoporphyrin (3a) suitable for X-ray crys-
tallography were obtained as rectangular purple plates from
dichloromethane solutions into which petroleum ether was
allowed to slowly diffuse. The aerial and edge views of 3a
are presented in Figure 1.

Figure 1 shows that the meso-phenyl groups are twisted
due to the formation of an eight-membered ring. The tor-
sion angle made by the meso-phenyl ring C39�C44 is 78.8°,
whereas the meso-phenyl ring C33�C38 is almost orthog-
onal to the plane of the porphyrin macrocycle (the corre-
sponding torsion angle is 86.9°); the other two meso-phenyl
ring (C21�C26 and C27�C32) torsion angles are 54.62°
and 53.52°, respectively. This shows that the meso-phenyl
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Figure 1. Aerial and side views of the X-ray crystal structure of 3a

group C39�C44 rotates by about 25° during the course of
the cyclization to form the eight-membered ring. The por-
phyrin macrocycles of 3a show severe distortion due to the
eight-membered ring strain. Analysis of the relative posi-
tions of the β-carbon atoms relative to the standard least-
squares plane (C5�C10�C15�C20): the β-carbon atoms
C7, C8, C17, and C18 lie below the plane, while C2, C3,
C12, and C13 lie above the plane. Porphyrin 3a therefore
exists in a very nonplanar saddle conformation.

Single crystals of [2-(hexafluorocyclopentenyl)-
5,10,15,20-tetraphenylporphinato]zinc(ii) (4aZn) were ob-
tained by slow concentration of a solution in hexane/di-
chloromethane to yield rectangular purple plates. The aerial
and edge views of 4aZn are presented in Figure 2.

The edge-on view of the macrocycle shows that the pyr-
role rings of 4aZn are alternately tilted up and down with
respect to the least-squares plane of the 24 atoms of the
porphyrin core; the macrocycle is distorted into a very non-
planar saddle conformation. The structure shows that the
Zn�N4 distance is longer than the other three Zn�N
bonds (i.e. Zn�N1, Zn�N2, Zn�N3); the difference in the
Zn�N distances, ∆(Zn�N), is 0.03�0.04 Å. As reported
previously,[10] the electronic effect of the β-substituents may
also contribute to the different Zn�N distances — the
strongly electron-withdrawing perfluoropropane group on
the pyrrolic β-positions forms a five-membered ring and
therefore decreases the electron density on N4; the weak-
ened Zn�N4 bond is longer than the other Zn�N bonds.
Figure 2 also shows the distortion between the perfluoro-
propane-containing five-membered ring (perfluoroalkyl
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part C21�C19) and the linked pyrrolic N4 ring: the di-
hedral angle between the two rings is about 14°.

To understand the reaction mechanism, some inhibition
experiments were carried out. Addition of an electron-
transfer scavenger — p-dinitrobenzene (20mol %) — or a
free-radical inhibitor — hydroquinone (20mol %) — to the
reaction mixture of 1a and 2 decreased the yield of the mix-
ture of 3a and 4a from 30% each to 15% and 10%, respec-
tively, at the same reaction temperature and time (55 °C,
22 h).

On the basis of these experiments it appears that, as with
RFI,[7] ICF2CF2CF2·may also be involved: 2 accepts one
electron from the radical anion of sulfur dioxide, which is
produced by decomposition of Na2S2O4, and then dis-
sociates to give iodide and ICF2CF2CF2

·, which then adds
to the β,β-double bond of porphyrins to form the normal
product 5. The formation of 5 rather than 2,3-dihydropor-
phyrin (chlorin) may be ascribed to the solvent effect of
DMSO[11] rather than to the rapid oxidation of unstable
chlorin by the weak oxidants 2 and DMSO, as previously
suggested in the case of RFI.[7] Thus, both 3 and 4 maintain
the original porphyrin conformations rather than the chlo-
rin structures.

It also seemed possible that 5 might be an intermediate
in the formation of 3 and 4. This is indeed the case. Thus,
heating 5 and Na2S2O4/NaHCO3 in DMSO/CH2Cl2 (1:2, v/
v) at 55 °C for 6 h gave 3 and 4 in 50% yield with complete
conversion of 5. Thus, radical A derived from 5 is appar-
ently the key species for constructing five- and eight-mem-
bered fused porphyrins (Scheme 5).
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Figure 2. Aerial and side views of the X-ray crystal structure of 4aZn

Scheme 5. A possible reaction mechanism for the formation of 3
and 4

While the intramolecular attack of radical A at the β,β-
double pyrrolic ring of porphyrin gives 5-endo,trig five-
membered porphyrins rather than the 4-exo,trig four-mem-
bered ones predicted by Baldwin’s rule,[12] a different intra-
molecular attack of radical A at the ortho position of the
neighbouring meso-phenyl group forms the corresponding
8-endo,trig eight-membered compound.
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Evidence that the ortho position of the meso-phenyl ring
is attacked by radical A comes not only from the X-ray
crystallographic data of 3a and its NMR spectra but also
from the fact that only 4 (10%) is produced if 2 is allowed
to react with tetrakis(2,6-dichlorophenyl)porphyrin (1d),
where all the ortho positions are occupied by chlorine
atoms, under similar conditions (Scheme 6).

Scheme 6. The reaction of 1d with 1,3-diiodohexafluoropropane
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An attempt to trap the radical A with normal olefins (i.e.

1-octene) under similar sulfinatodehalogenation conditions
met only with failure, 3 and 4 still being the sole products
(Scheme 7).

Scheme 7. The reaction of 5a with 1-octene

The driving force for the cyclization of radical A, like the
fluorinated terminal vinyl radicals [CH2�CH(CH2)m(CF2)n

(m � n � 4, 5, 6)] that have been intensively investigated
by Dolbier and co-workers,[13] comes most likely from the
combination of an electrophilic perfluorinated radical with
a nucleophilic porphyrinic alkene segment.[13b] Thus, the in-
tramolecular cyclization of radical A occurs so fast that
either dimerization of A or intermolecular addition of A to
alkenes cannot compete.

The above results obtained with 1,3-diiodohexafluorop-
ropane encouraged us to extend this approach to other α,ω-
chloroiodo- or -diiodoperfluoroalkanes. We found that 1,2-
diiodotetrafluoroethane does not react with tetraarylpor-
phyrins under similar conditions, even at higher tempera-
ture (100 °C). This is probably due to the instability of
ICF2CF2

·, which easily decomposes to CF2�CF2.
Like intermediate 5, 5,10,15,20-tetraaryl-2-(chlorote-

trafluoroethyl)porphyrins were synthesized in 38% yield by
the reaction of ClCF2CF2I with porphyrins in DMSO/
CH2Cl2 (1:2, v/v) in the presence of Na2S2O4/NaHCO3

(ClCF2CF2I/TPP/Na2S2O4/NaHCO3 � 5:1:7.5:7.5) at 55
°C for 6 h. Then, making use of the activation of the
carbon�chlorine bond of perfluoroalkyl chlorides in the
sulfinatodehalogenation system at higher temperature,[8e]

the intramolecular cyclization could be performed either
with the free base H2TPPCF2CF2Cl (6) or, much better,
with its zinc complexes (6Zn), in DMSO at 125 °C in the
presence of a large excess of Na2S2O4/NaHCO3 (reactant
ratio � 1:10:10) for 12 or 5 h, respectively (Scheme 8).

To our surprise only 5,10,15-triaryl[2-benzodifluoro
(21,22)]cycloheptenoporphyrins were obtained, which
means that the free radicals generated attack only at the
ortho position of an adjacent phenyl group, with elimin-
ation of two fluorine atoms, to form a new conjugated π-
system. The large red-shift of the Soret band (437 nm) and
the Q bands (540, 613, 672 nm) of 7a support this con-
clusion.
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Scheme 8. The reaction of tetraarylporphyrins with I(CF2)2Cl

Treatment of I(CF2)4I with tetraphenylporphyrin in
DMSO/CH2Cl2 in the presence of Na2S2O4/NaHCO3 (reac-
tant ratio � 1:1:3:3) at 55 °C for 22 h gave 5,10,15,20-tetra-
phenyloctafluorobenzoporphyrin in 30% yield in addition
to a trace of the normal product iodooctafluorobutylpor-
phyrin (8a, 2%; Scheme 9).

Scheme 9. The reaction of tetraarylporphyrins with 1,4-diiodooc-
tafluorobutane

Interestingly, when I(CF2)4Cl was used instead of
I(CF2)4I, the initally formed H2TPP(CF2)4Cl (10) reacted
under mild conditions with zinc, and could then be sulfina-
todehalogenated with Na2S2O4/NaHCO3 (reactant ratio �
1:10:10) in DMSO at 120�130 °C for 5 h and finally treated
with H2SO4 to afford β,β-(tetrafluorobenzo)porphyrins 11
(85%; Scheme 10).

In this reaction a small amount of [β-(octafluorocy-
clohexenyl)porphinato]zinc (9aZn) was also isolated and
converted into 11aZn after further treatment with Na2S2O4/
NaHCO3, which suggests that the sulfur dioxide radical
anion plays an important role in the fluorine elimination
step at higher temperature (Scheme 11).
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Scheme 10. The reaction of tetraarylporphyrins with I(CF2)4Cl

The structure of 11aZn was confirmed by an X-ray crys-
tal-structure analysis. Crystallization of [tetraphenyl-β,β-
(tetrafluorobenzo)porphinato]zinc (11aZn) was induced by
slow concentration of a solution in petroleum ether/di-
chloromethane to yield rectangular purple plates. The aerial
and edge views of 11aZn are presented in Figure 3.

The edge-on view of the macrocycle shows that the pyr-
role rings of 11aZn are alternately tilted up and down with
respect to the least-squares plane of the 24 atoms of the

Figure 3. Aerial and side views of the X-ray crystal structure of 11aZn
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Scheme 11. The formation of β,β-(tetrafluorobenzo)porphyrins

porphyrin core; the macrocycle is distorted into a very non-
planar saddle conformation. The angle between the least-
squares plane of the macrocycle and the tetrafluorobenzene
ring (C18�C24) is 18.88°, and that between the tetrafluoro-
benzene ring (C18�C24) and the pyrrolic N1 ring
(N1�C17�C18�C19�C20) is 4.59°. These values indicate
that the tetrafluorobenzene ring participates the macrocycle
π-conjugation. In addition, the UV/Vis absorption spec-
trum of 11aZn has a largely red-shifted Soret band
(439 nm) and Q-band (570 nm), thus confirming the in-
crease of π-conjugation in 11aZn. The structure shows that
Zn�N1 distance is longer than the other three Zn�N bond
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lengths as the tetrafluorobenzene ring on the pyrrolic N1
ring β-positions participates in the macrocycle π-conju-
gation, which results in a decrease of the electron density
on N1 and thus a weakening of the Zn�N1 bond. The
C18�C19�C21, C19�C21�C22, and C21�C22�C23
bond angles of the tetrafluorobenzene ring are approxi-
mately 119�120°, and therefore correspond to the bond
angles expected for standard bezene-ring sp2 carbon atoms.

Similar to 1,4-diiodooctafluorobutane, 1,5-diiodoper-
fluoropentane reacts with tetraarylporphyrins in DMSO/
CH2Cl2 in the presence of Na2S2O4/NaHCO3 (reactant ra-
tio � 1:1:3:3) at lower temperature (55 °C) to afford the
unexpected fluorinated chlorin 13 (15%), in addition to a
small amount of the normal, noncyclized product 12 (2%;
Scheme 12).

Scheme 12. The reaction of tetraarylporphyrins with 1,5-diiodode-
cafluoropentane

The structure of fluorinated chlorin 13 was established
by 1H NMR and UV/Vis spectroscopy (intense absorption
of the Q band at 665 nm), mass spectrometry, and high-
resolution mass spectrometry, although its 19F NMR spec-
trum is too complicated to be completely assigned.

All the above reactions of porphyrins with ω-chloro(or
-iodo)perfluoroalkyl iodides [X(CF2)nI; n � 2�5; X � Cl,
I] under sulfinatodehalogenation conditions give different
fluorinated fused porphyrins through a similar β-(per-
fluoroalkyl)porphyrin radical A, followed by its attack
either at the ortho position of the neighbouring phenyl ring
and/or adjacent pyrrolic unit, as suggested previously. The
formation of a five-, six-, seven-, or eight-membered fused
fluorinated porphyrin depends, apparently, on the chain
length of the β-(perfluoroalkyl)porphyrin radical A, i.e., the
chain length of X(CF2)nI, and consequently on the strain
of the ring formed. The products formed under normal sul-
finatodehalogenation conditions from the reactions with
fluorinated diiodides [I(CF2)nI; n � 3�5] are simple five-,
six-, or eight-membered fluorinated fused porphyrins, ex-
cept for chlorin 13, which is probably generated from (de-
cafluoropentyl)porphyrin after defluorination by sulfur di-

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org Eur. J. Org. Chem. 2005, 306�316312

oxide radical anion. When ω-chloroperfluoroalkyl iodides
[X(CF2)nI; n � 2, 4; X � Cl] were used, two extensive six-
and seven-membered π-conjugated fused prophyrins were
obtained from tetraarylperfluorocycloalkenyl porphyrins
after defluorination-aromatization under high-temperature
sulfinatodehalogenation conditions.

Conclusion

In conclusion, we have presented a new intramolecular
cyclization of β-(perfluoroalkyl)porphyrin radicals at the
ortho position of a neighbouring phenyl ring as well as an
adjacent pyrrolic unit to form five-, six-, seven-, or eight-
membered fluorinated porphyrins depending on the chain
length of X(CF2)nI (n � 2�5; X � Cl, I) and, therefore, the
strain strength of the rings formed by the sulfinatodehalog-
enation reaction of perfluoroalkyl iodides with porphyrins.

Experiment Section

General: 1H NMR: 1H-1H NOESY, DQCOSY, TOCOSY) spectra
were recorded with a Bruker AM-300 (300 MHz) and INOVA 600
(600 MHz) NMR spectrometer. 19F NMR spectra were recorded
with a Bruker AM-300 (282 MHz) spectrometer. Chemical shifts
are reported in ppm relative to TMS as an internal standard (δ �

0 ppm) for 1H NMR spectra and CFCl3 as an external standard
(negative for upfield) for 19F NMR spectra. The solvent for NMR
measurements was CDCl3 (Aldrich). Mass and high-resolution
mass spectra were recorded with a Hewlett�Packard HP-5989A
spectrometer and a Finnigan MAT-8483 mass spectrometer. UV/
Vis spectra were measured with a Varian Cary 100 spectrophoto-
meter. All solvents and chemicals were reagent grade, purchased
commericially, and used without further purification. Flash
chromatography was performed using 300�400 mesh silica gel.
Porphyrins H2TPP (1a), H2T(p-Cl)PP (1b), H2T(p-CH3)PP (1c),
and H2T(o,o-Cl2)PP (1d) were prepared by literature methods.[14,15]

Porphyrins 10a, 10b, and 10aZn were prepared by a different litera-
ture method.[7]

General Procedure for the Preparation of Porphyrins 3 and 4: The
porphyrin (0.4 mmol) was dissolved in a mixture of DMSO/CH2Cl2
(1:2, v/v; 30 mL) and then ICF2CF2CF2I (0.4 mmol), Na2S2O4

(1.2 mmol), and NaHCO3 (1.2 mmol) were added in this order. The
mixture was stirred at 55 °C under argon for 22 h and the course
of the reaction was monitored by TLC. After addition of 60 mL of
CH2Cl2, the mixture was washed with water three times. The or-
ganic layer was dried with anhydrous Na2SO4 and then concen-
trated to dryness. The crude products were purified by column
chromatography, using petroleum ether/dichloromethane (5:2 v/v)
as eluent. The first dark-purple band was isolated and washed with
CH2Cl2 to give a mixture of 3 and 4 (isolated yields: 3a � 4a: 30%;
3b � 4b: 26%; 3c � 4c: 15%). The second weak dark-purple band
was also isolated and washed with CH2Cl2 to give 5,10,15,20-tetra-
aryl-β-(iodohexafluoropropyl)porphyrin (5) in 2% isolated yield.
The third red-purple band was the unconsumed starting material 1.

β-(Iodohexafluoropropyl)-5,10,15,20-Tetraphenylporphyrin (5a): 1H
NMR (300 MHz, CDCl3): δ � �2.58 (s, 2 H, N�H), 7.65�7.82
(m, 12 H, Ph-H), 8.11�8.26 (m, 8 H, Ph-H), 8.69�8.91 (m, 6 H,
β-H), 9.05 (s, 1 H, β-H) ppm. 19F NMR (282 MHz, CDCl3): δ �

�56.04 (s, 2 F, CF2I), �96.56 (s, 2 F, �CF2CF2CF2I), �109.27 (s,
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2 F, �CF2CF2I) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) �

654 (1), 598 (0.55), 557 (0.70), 521 (1.98), 422 (42.80) nm. MS (EI):
m/z � 891 [M� � 1]. HRMS (FT-MS) calcd. for C47H29F6IN4·H�:
891.1439; found 891.1414.

Metal Insertion into 3 and 4: The mixture of 3 amd 4 (30 mg) was
dissolved in 30 mL of CH2Cl2 and treated with methanolic
Zn(OAc)2·2H2O (50 mg in 30 mL methanol). The mixture was
heated at reflux for 1 h. Silica gel (0.5 g) was added to the reaction
mixture. The solvent was evaporated and the residue subjected to
flash chromatography [silica gel, petroleum ether/dichloromethane
(2:1)] to yield two fractions. The first, red-blue band afforded
{5,10,15-triaryl[2-benzohexafluoro(22,23,24)]cyclooctano-
porphinato}zinc(ii) (3Zn; isolated yield: 40�50%) and the second,
blue band yielded [5,10,15,20-tetraaryl-2-(hexafluorocyclopentenyl)-
porphinato]zinc(ii) (4Zn; isolated yield: 40�50%).

3aZn: 1H NMR (300 MHz, CDCl3): δ � 7.27�7.82 (m, 12 H, Ph-
H), 7.92�8.37 (m, 7 H, Ph-H), 8.51 (d, J � 5.1 Hz, 1 H, β-H),
8.83�8.93 (m, 4 H, β-H), 9.43 (s, 1 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �92.67 (d, J � 270.7 Hz, 1 F, β-CF2),
�100.99 (d, J � 256.6 Hz, 1 F, β-CF2), �112.85 (d, J � 265.1 Hz,
1 F, Ph�CF2), �118.84 (d, J � 256.6 Hz, 1 F, Ph�CF2), �130.30
(s, 2 F) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 594 (1.0),
555 (2.19), 425 (56.31) nm. MS (EI): m/z � 825 [M� � 1].
C47H26F6N4Zn·1.5H2O (851.15): calcd. C 66.27, H 3.40, N 6.58;
found C 66.19, H 3.70, N 6.26.

3bZn: 1H NMR (300 MHz, CDCl3): δ � 7.56�7.82 (m, 8 H, Ph-
H), 7.94�8.30 (m, 7 H, Ph-H), 8.55 (d, J � 4.8 Hz, 1 H, β-H),
8.83�8.99 (m, 5 H, β-H), 9.42 (s, 1 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �92.40 (d, J � 267.9 Hz, 1 F, β-CF2),
�101.80 (d, J � 256.6 Hz, 1 F, β-CF2), �112.80 (d, J � 265.1 Hz,
1 F, Ph�CF2), �118.68 (d, J � 256.6 Hz, 1 F, Ph�CF2), �130.16
(s, 2 F) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 596 (1.0),
556 (2.08), 426 (51.94) nm. MS (EI): m/z � 960 [M� � 1]. HRMS
(FT-MS) calcd. for C47H22Cl4F6N4Zn·H�: 960.9848; found
960.9867.

3cZn: 1H NMR (300 MHz, CDCl3): δ � 2.72 (m, 12 H, CH3),
7.53�7.61 (m, 8 H, Ph-H), 7.90�8.24 (m, 7 H, Ph-H), 8.52�8.95
(m, 6 H, β-H), 9.45 (s, 1 H, β-H) ppm. 19F NMR (282 MHz,
CDCl3): δ � �92.73 (d, J � 267.9 Hz, 1 F, β-CF2), �100.81 (d,
J � 253.8 Hz, 1 F, β-CF2), �112.65 (d, J � 259.4 Hz, 1 F,
Ph�CF2), �118.83 (d, J � 251.0 Hz, 1 F, Ph�CF2), �130.17 (s, 2
F) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 598 (1.0), 557
(1.71), 427 (45.93) nm. MS (ESI): m/z � 881.2 [M� � 1]. HRMS
(ESI) calcd. for C51H34F6N4Zn·H�: 881.2058; found 881.2052.

4aZn: 1H NMR (300 MHz, CDCl3): δ � 7.70�7.85 (m, 12 H, Ph-
H), 8.17�8.21 (m, 8 H, Ph-H), 8.82 (AB, J � 5.1 Hz, 4 H, β-H),
8.904 (s, 2 H, β-H) ppm. 13C NMR (75 MHz, CDCl3): δ � 121.89,
122.36, 126.08, 126.78, 127.85, 128.50, 132.49, 133.34, 134.35,
134.45, 134.69, 141.05, 141.88, 150.96, 152.22, 152.51 ppm. 19F
NMR (282 MHz, CDCl3): δ � �100.60 (s, 4 F, �CCF2), �123.85
(s, 2 F, �CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative inten-
sity) � 600 (1.0), 557 (1.25), 427 (35.39) nm. MS (EI): m/z � 825
[M� � 1]. C47H26F6N4Zn·1.5H2O (851.15): calcd. C 66.27, H 3.40,
N 6.58; found C 66.19, H 3.78, N, 6.26.

4bZn: 1H NMR (300 MHz, CDCl3): δ � 7.70�7.78 (m, 8 H, Ph-
H), 8.09�8.11 (m, 8 H, Ph-H), 8.82 (AB, J � 4.9, 4 H, β-H), 8.90
(s, 2 H, β-H) ppm. 19F NMR (282 MHz, CDCl3): δ � �100.04 (s,
4 F, �CCF2), �123.60 (s, 2 F, �CF2CF2) ppm. UV/Vis (CH2Cl2):
λmax (relative intensity) � 598 (1.0), 558 (1.29), 427 (34.53) nm. MS
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(EI): m/z � 960 [M� � 1]. C47H22Cl4F6N4Zn·H2O (977.99): calcd.
C 57.67, H 2.45, N 5.73; found C 57.65, H 2.62, N 5.48.

4cZn: 1H NMR (300 MHz, CDCl3): δ � 2.72 (s, 12 H, CH3),
7.50�7.58 (m, 8 H, Ph-H), 8.04~8.08 (m, 8 H, Ph-H), 8.78�8.89
(m, 6 H, β-H) ppm. 19F NMR (282 MHz, CDCl3): δ � �100.45
(s, 4 F, �CCF2), �123.15 (s, 2 F, �CF2CF2) ppm. UV/Vis
(CH2Cl2): λmax (relative intensity) � 601 (1.0), 558 (1.20), 428
(26.25) nm. MS (ESI): m/z � 881.2 [M� � 1]. HRMS (ESI) calcd.
for C51H34F6N4Zn·H�: 881.2071; found 881.2052.

Demetalation of 3Zn and 4Zn: A sample of 3Zn or 4Zn (30 mg)
was dissolved in 50 mL of CH2Cl2 and treated with concentrated
sulfuric acid (0.5 mL) over 3 min. The organic layer was washed
with water (3 � 50 mL) and then dried with anhydrous sodium
sulfate. The solvent was evaporated and the residue subjected to
flash chromatography [silica gel, petroleum ether/dichloromethane
(1:1)] to give 3 or 4 (isolated yield: 90% in each case).

3a: 1H NMR (600 MHz, CDCl3): δ � �2.49 (s, 2 H, N�H), 7.62
(d, J � 7.8 Hz, 1 H, Ph-H),[16] 7.68�7.83 (m, 10 H, Ph-H), 7.89 (t,
J � 7.8 Hz, 1 H, Ph-H), 7.97 (d, J � 5.4 Hz, 1 H, Ph-H), 8.04�8.11
(m, 3 H, Ph-H), 8.30�8.36 (m, 3 H, Ph-H), 8.49 (AB, J � 2.4 Hz,
1 H, β-H),[16] 8.72 (AB, J � 2.1 Hz, 1 H, β-H), 8.76 (AB, J �

2.4 Hz, 1 H, β-H), 8.78 (AB, J � 2.1 Hz, 1 H, β-H), 8.84 (AB, J �

4.8 Hz, 1 H, β-H), 8.86 (AB, J � 5.4 Hz, 1 H, β-H), 9.25 (s, 1 H,
β-H) ppm. 19F NMR (282 MHz, CDCl3): δ � �93.07 (d, J �

267.9 Hz, 1 F, β-CF2), �100.49 (d, J � 256.6 Hz, 1 F, β-CF2),
�113.05 (d, J � 256.6 Hz, 1 F, Ph�CF2), �118.64 (d, J �

256.6 Hz, 1 F, Ph�CF2), �130.61 (s, 2 F) ppm. UV/Vis (CH2Cl2):
λmax (relative intensity) � 656 (1.0), 599 (0.66), 559 (0.95), 521
(2.11), 423 (48.55) nm. MS (EI): m/z � 763 [M� � 1]. HRMS (FT-
MS) calcd. for C47H28F6N4·H�: 763.2278; found 763.2291.

3b: 1H NMR (600 MHz, CDCl3): δ � �2.59 (s, 2 H, N�H), 7.55
(d, J � 8.4 Hz, 1 H, Ph-H),[16] 7.69�7.79 (m, 7 H, Ph-H), 7.89 (d,
J � 6 Hz, 1 H, Ph-H), 7.95�8.00 (m, 2 H, Ph-H), 8.09 (s, 1 H, Ph-
H), 8.20�8.26 (m, 3 H, Ph-H), 8.52 (AB, J � 4.2 Hz, 1 H, β-H),[16]

8.71 (AB, J � 4.8 Hz, 1 H, β-H), 8.75 (AB, J � 4.8 Hz, 1 H, β-H),
8.78 (AB, J � 5.4 Hz, 1 H, β-H), 8.83 (AB, J � 4.8 Hz, 1 H, β-
H), 8.86 (AB, J � 4.8 Hz, 1 H, β-H), 9.22 (s, 1 H, β-H) ppm. 19F
NMR (282 MHz, CDCl3): δ � �92.78 (d, J � 267.9 Hz, 1 F, β-
CF2), �101.34 (d, J � 259.4 Hz, 1 F, β-CF2), �113.01 (d, J �

267.9 Hz, 1 F, Ph�CF2), �118.5 (d, J � 267.9 Hz, 1 F, Ph�CF2),
�130.49 (s, 2 F) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) �

655 (1.0), 600 (0.66), 558 (1.00), 523 (2.40), 424 (62.20) nm. MS
(EI): m/z � 899 [M� � 1]. HRMS (MALDI) calcd. for
C47H29Cl4F6N4·H�: 899.0710; found 899.0732.

4a: 1H NMR (300 MHz, CDCl3): δ � �2.68 (s, 2 H, N�H),
7.73�7.87 (m, 12 H, Ph-H), 8.19�8.25 (m, 8 H, Ph-H), 8.73 (s, 2
H, β-H), 8.87 (AB, J � 4.8 Hz, 4 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �101.71 (s, 4 F, �CCF2), �123.55 (s, 2 F,
�CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 662
(1.0), 605 (0.35), 526 (1.24), 425 (29.06) nm. MS (ESI): m/z � 763
[M� � 1]. HRMS (FT-MS) calcd. for C47H28F6N4·H�: 763.2287;
found 763.2291.

4b: 1H NMR (300 MHz, CDCl3): δ � �2.78 (s, 2 H, N�H),
7.73�7.79 (m, 8 H, Ph-H), 8.10�8.15 (m, 8 H, Ph-H), 8.72 (s, 2
H, β-H), 8.88 (AB, J � 5.1, 4 H, β-H) ppm. 19F NMR (282 MHz,
CDCl3): δ � �101.21 (s, 4 F, �CCF2), �123.36 (s, 2 F, �CF2CF2)
ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 662 (1.0), 604
(0.28), 526 (1.21), 425 (30.32) nm. MS (EI): m/z � 899 [M� � 1].
HRMS (FT-MS) calcd. for C47H24Cl4F6N4·H�: 899.0738; found
899.0732.
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Synthesis of 4d: Porphyrin 1d (0.4 mmol) was dissolved in a mixture
of DMSO and CH2Cl2 (1:2, v/v; 30 mL), and then ICF2CF2CF2I
(0.4 mmol), Na2S2O4 (1.2 mmol), and NaHCO3 (1.2 mmol) were
added in this order. The mixture was stirred at 55 °C under argon
for 22 h and the course of the reaction was monitored by TLC.
After addition of 60 mL of CH2Cl2, the mixture was washed with
water three times. The organic layer was dried with anhydrous
Na2SO4 and concentrated to dryness. The crude products were
purified by column chromatography, using petroleum ether/di-
chloromethane (3:1) as eluent. The first, dark-purple band was iso-
lated and washed with CH2Cl2 to give 4d (isolated yield: 10%). The
second, weak, dark-purple band contained 5d, and the third, red-
purple band contained the unconsumed starting material 1d. Por-
phyrins 5d and 1d could not be completely separated by column
chromatography because of their very similar polarities. 1H NMR
(300 MHz, CDCl3): δ � �2.48 (s, 2 H, N-H), 7.70�7.84 (m, 12 H,
Ph-H), 8.56 (s, 2 H, β-H), 8.71�8.75 (m, 4 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �103.28 (s, 4 F, �CCF2), �121.19 (s, 2 F,
�CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 656
(1.0), 599 (0.75), 523 (2.19), 424 (43.81) nm. MS (MALDI): m/z �

1035 [M� � 1]. C47H20Cl8F6N4·H2O (1051.92): calcd. C 53.66, H
2.16, N 5.32; found C 53.49, H 2.37, N 4.83.

General Procedure for the Preparation of Porphyrins 6 and Metal-
ated Porphyrins 6Zn: The porphyrin (0.6 mmol) was dissolved in a
mixture of DMSO and CH2Cl2 (1:2, v/v; 150 mL), and then
ClCF2CF2I (3.0 mmol), Na2S2O4 (4.5 mmol), and NaHCO3

(4.5 mmol) were added in that order. The mixture was stirred at 55
°C under argon for 6 h and the course of the reaction was moni-
tored by TLC. After addition of 100 mL of CH2Cl2, the mixture
was washed with water three times. The organic layer was dried
with anhydrous Na2SO4 and concentrated to dryness. The crude
products were purified by column chromatography, using petro-
leum ether/dichloromethane (3:1) as eluent. The red-purple band
and the dark-purple band were isolated and washed with CH2Cl2.
The red-purple band was unconsumed starting material. The dark-
purple band was further purified by flash chromatography
[300�400 mesh silica gel, petroleum ether/dichloromethane (5:1)]
to yield 6 as a light-purple solid (yield: 35%). Metal insertion into
the porphyrin was similar to that described above for the prep-
aration of 3Zn and 4Zn.

Porphyrin 6a: 1H NMR (300 MHz, CDCl3): δ � �2.60 (s, 2 H,
N�H), 7.69�7.79 (m, 12 H, Ph-H), 8.14�8.25 (m, 8 H, Ph-H),
8.68�8.91 (m, 6 H, β-H), 9.08 (s, 1 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �66.53 (s, 2 F, �CF2Cl), �94.65 (s, 2 F,
�CF2CF2Cl) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) �

655 (1.6), 598 (1.0), 521 (3.4), 422 (77.2) nm. MS (EI): m/z � 748
[M� � 1]. C46H29F4N4·0.5H2O (722.24): calcd. C 72.87, H 3.96, N
7.39; found C 73.07, H 4.15, N 7.28.

Porphyrin 6b: 1H NMR (300 MHz, CDCl3): δ � �2.60 (s, 2 H,
N�H), 7.66�7.81 (m, 12 H, Ph-H), 8.05�8.17 (m, 8 H, Ph-H),
8.68�8.91 (m, 6 H, β-H), 9.06 (s, 1 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �66.53 (s, 2 F, �CF2Cl), �94.65 (s, 2 F,
�CF2CF2Cl) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) �

655 (1.5), 598 (1.0), 521 (3.5), 422 (73.7) nm. MS (ESI): m/z �

886 [M� � 1]. HRMS (MALDI) calcd. for C46H25Cl5F4N4·H�:
885.0547; found 885.0531.

6aZn: 1H NMR (300 MHz, CDCl3): δ � 7.60�7.91 (m, 12 H, Ph-
H), 8.11�8.22 (m, 8 H, Ph-H), 8.64�8.92 (m, 6 H, β-H), 9.34 (s,
1 H, β-H) ppm. 19F NMR (282 MHz, CDCl3): δ � �65.85 (s, 2 F,
�CF2Cl), �93.49 (s, 2 F, �CF2CF2Cl) ppm. UV/Vis (CH2Cl2):
λmax (relative intensity) � 593 (1.0), 553 (1.9), 423 (46.7) nm. MS
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(ESI): m/z � 811 [M� � 1]. HRMS (MALDI) calcd. for
C46H27ClF4N4Zn·H�: 811.1208; found 811.1225.

General Procedure for the Preparation of 7Zn: The porphyrin 6Zn
(0.1 mmol) was dissolved in 20 mL of DMSO and then Na2S2O4

(1.0 mmol) and NaHCO3 (1.0 mmol) were added in that order. The
mixture was stirred at 125 °C under argon for 5 h and the course
of the reaction was monitored by TLC. After addition of 40 mL of
CH2Cl2, the mixture was washed with water three times. The or-
ganic layer was dried with anhydrous Na2SO4 and the solvents were
evaporated to dryness. The crude products were purified by flash
chromatography [300�400 mesh silica gel, petroleum ether/di-
chloromethane (1:1)] to yield 7Zn as a light-purple solid (yield:
86%).

7aZn: 1H NMR (300 MHz, CDCl3): δ � 7.44�8.02 (m, 16 H, Ph-
H), 8.49 (t, J � 8.1 Hz, 2 H), 8.68 (d, J � 6.9 Hz, 1 H), 8.85�9.10
(m, 6 H), 9.29 (s, 1 H, β-H) ppm. 19F NMR (282 MHz, CDCl3):
δ � �130.18 (d, J � 16.6 Hz, 1 F, �CF), �141.09 (d, J � 16.9, 1
F, �CF) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 621
(1.0), 574 (1.4), 444 (21.7) nm. MS (MALDI): m/z � 736.1 [M�].
HRMS (MALDI) calcd. for C46H26F2N4Zn·H�: 737.1038; found
737.1156.

7bZn: 1H NMR (300 MHz, CDCl3): δ � 7.63�7.92 (m, 12 H, Ph-
H), 8.34�9.25 (m, 10 H) ppm. 19F NMR (282 MHz, CDCl3): δ �

�127.99 (d, J � 16.9 Hz, 1 F, �CF), �140.02 (d, J � 14.1 Hz, 1
F, �CF) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 621
(1.0), 576 (1.2), 446 (21) nm. MS (ESI): m/z � 873 [M� � 1].
HRMS (MALDI) calcd. for C46H22Cl4F2N4Zn·H�: 872.9959,
found 872.9931. C46H22N4F2Cl4Zn·3H2O (926.02): calcd. C 59.66,
H 3.04, N 6.05; found C 60.13, H 2.62, N 5.69.

The procedure for the demetalation of 7Zn to give 7 is the same as
that for preparing 3 and 4.

Porphyrin 7a: 1H NMR (300 MHz, CDCl3): δ � �2.25 (s, 2 H,
N�H), 7.63�7.88 (m, 16 H, Ph-H), 8.57 (t, J � 8.4 Hz, 2 H),
8.75�9.20 (m, 9 H) ppm. 19F NMR (282 MHz, CDCl3): δ �

�130.31 (d, J � 17.5 Hz, 1 F, �CF), �140.56 (d, J � 19.5 Hz, 1
F, �CF) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 672
(1.9), 613 (1.0), 540 (3.3), 437 (77.2) nm. MS (ESI): m/z � 675 [M�

� 1]. C48H24Cl4F4N4·H2O (890.08): calcd. C 64.71, H 2.92, N 6.29;
found C 64.78, H 2.77, N 6.16.

Porphyrin 7b: 1H NMR (300 MHz, CDCl3): δ � �2.34 (s, 2 H,
N�H), 7.53�7.93 (m, 12 H, Ph-H), 8.45�8.59 (m, 3 H), 8.77 (AB,
J � 4.8 Hz, 2 H), 8.92�9.21 (m, 5 H) ppm. 19F NMR (282 MHz,
CDCl3): δ � �127.96 (d, J � 16.6 Hz, 1 F, �CF), �140.26 (d, J �

18.3 Hz, 1 F, �CF) ppm. UV/Vis (CH2Cl2): λmax (relative inten-
sity) � 672 (1.6), 614 (1.0), 582 (1.4), 541 (3.0), 441 (40.1) nm. MS
(ESI): m/z � 811 [M� � 1]. HRMS (MALDI) calcd. for
C46H25Cl4F2N4·H�: 811.0820; found 811.0796.

The procedure for the preparation of 8a and 9a was similar to that
for the preparation of 4d.

8a: 1H NMR (300 MHz, CDCl3): δ � �2.59 (s, 2 H, N�H),
7.28�7.85 (m, 12 H, Ph-H), 8.12�8.27 (m, 8 H, Ph-H), 8.69�8.79
(m, 4 H, β-H), 8.87�8.93 (m, 2 H, β-H), 9.06 (s, 1 H, β-H) ppm.
19F NMR (282 MHz, CDCl3): δ � �58.17 (s, 2 F, �CF2I), �97.49
(s, 2 F, �CCF2), �112.35 (s, 2 F, �CF2CF2I), �117.13 (s, 2 F,
�CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 657
(1.9), 603 (1.0), 560 (1.1), 522 (3.2), 424 (77.1) nm. MS (ESI): m/
z � 940 [M� � 1]. C48H29F8IN4 (940.13): calcd. C 61.29, H 3.11,
N 5.96; found C 61.60, H 3.33, N 5.67.
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9a: 1H NMR (300 MHz, CDCl3): δ � �2.12 (s, 2 H, N�H),
7.76�7.79 (m, 12 H, Ph-H), 8.19�8.26 (m, 8 H, Ph-H), 8.56 (s, 2
H, β-H), 8.75 (AB, J � 4.8 Hz, 4 H, β-H) ppm. 19F NMR
(282 MHz, CDCl3): δ � �95.58 (s, 4 F, �CCF2), �133.76 (s, 4 F,
�CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative intensity) � 695
(4.5), 642 (1.2), 581 (1.0), 538 (3.4), 439 (73.7) nm. MS (EI): m/z �

813 [M� � 1]. HRMS (FTMS) calcd. C48H29F8N4·H�: 813.2270;
found 813.2259.

The general procedure for the preparation of 11Zn was similar to
that for the preparation of 7Zn.

11aZn: 1H NMR (300 MHz, CDCl3): δ � 7.64�7.80 (m, 12 H, Ph-
H), 8.11�8.24 (m, 8 H, Ph-H), 8.68�8.81 (m, 6 H, β-H) ppm. 19F
NMR (282 MHz, CDCl3): δ � �94.60 (s, 4 F, �CCF2), �133.80
(s, 4 F, �CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative inten-
sity) � 621 (1.5), 568 (1.0), 436 (29.3) nm. MS (ESI): m/z � 798
[M� � 1]. C48H26F4N4Zn (798.14): calcd. C 72.05, H 3.28, N 7.00;
found C 70.34, H 3.68, N 6.78.

11bZn: 1H NMR (300 MHz, CDCl3): δ � 7.75�7.80 (m, 8 H, Ph-
H), 8.13�8.16 (m, 8 H, Ph-H), 8.79�8.85 (m, 6 H, β-H) ppm. 19F
NMR (282 MHz, CDCl3): δ � �128.79 (d, J � 17.2 Hz, 2 F, �

CF), �155.44 (d, J � 18 Hz, 2 F, �CF) ppm. UV/Vis (CH2Cl2):
λmax (relative intensity) � 569 (1.0), 440 (23.1) nm. MS (ESI):
m/z � 935 [M� � 1]. C48H22Cl4F4N4Zn·3H2O (988.01): calcd. C
58.30, H 2.83, N 5.66; found C 58.06, H 2.44, N 5.36.

9aZn: A small amout of 9aZn (6%) was isolated from the same
reaction mixture. 1H NMR (300 MHz, CDCl3): δ � 7.64�7.80 (m,
12 H, Ph-H), 8.11�8.24 (m, 8 H, Ph-H), 8.68�8.81 (m, 6 H, β-H)
ppm.19F NMR (282 MHz, CDCl3): δ � �94.60 (s, 4 F, �CCF2),
�133.80 (s, 4 F, �CF2CF2) ppm. UV/Vis (CH2Cl2): λmax (relative
intensity) � 621 (1.5), 568 (1.0), 436 (29.3) nm. MS (ESI): m/z �

875 [M� � 1]. HRMS (MALDI) calcd. for C48H26F8N4Zn·H�:
875.1375; found 875.1394.

The demetalation of 11Zn to give 11 was similar to that for the
preparation of 7.

Porphyrin 11a: 1H NMR (300 MHz, CDCl3): δ � �2.36 (s, 2 H),
7.81 (s, 12 H, Ph-H), 8.27 (m, 4 H, Ph-H), 8.35 (m, 4 H, Ph-H),
8.62 (s, 2 H, β-H), 8.75 (d, J � 5.1 Hz, 2 H), 8.91 (d, J � 5.1 Hz,
2 H) ppm. 19F NMR (282 MHz, CDCl3): δ � �131.38 (m, 2 F, �

CF), �156.95 (m, 2 F, �CF) ppm. UV/Vis (CH2Cl2): λmax (relative
intensity) � 677 (1.0), 614 (1.4), 535 (4.4), 439 (84.9) nm. MS (EI):
m/z � 736 [M� � 1]. C48H24F4N4 (732.19): calcd. C 78.25, H 3.83,
N 7.60; found C 77.92, H 4.24, N 7.16.

Porphyrin 11b: 1H NMR (300 MHz, CDCl3): δ � �2.44 (s, 2 H),
7.81 (d, J � 6 Hz, 8 H, Ph-H), 8.17�8.28 (m, 8 H, Ph-H), 8.61 (s,
2 H), 8.74 (d, J � 4.8 Hz, 2 H, β-H), 8.86 (d, J � 5.1 Hz, 2 H, β-
H) ppm. 19F NMR (282 MHz, CDCl3): δ � �130.69 (d, J �

21.4 Hz, 2 F, �CF), �155.68 (d, J � 16.9 Hz, 2 F, �CF) ppm.
UV/Vis (CH2Cl2): λmax (relative intensity) � 681 (1.0), 614 (2.2),
536 (11.9), 441 (26.5) nm. MS (ESI): m/z � 873 [M� � 1].
C48H24Cl4F4N4·H2O (890.08): calcd. C 64.71, H 2.92, N 6.29;
found C 64.78, H 2.77, N 6.16.

The procedure for the preparation of 12 and 13 was similar to that
for preparing 4d.

Porphyrin 12b: 1H NMR (300 MHz, CDCl3): δ � �2.66 (s, 2 H,
N�H), 7.65�7.82 (m, 8 H, Ph-H), 8.03�8.19 (m, 8 H, Ph-H),
8.68�9.05 (m, 7 H, β-H) ppm. 19F NMR (282 MHz, CDCl3): δ �

�58.65 (s, 2 F), �97.08 (s, 2 F), �113.36 (s, 2 F), �118.16 (s, 2
F), �120.42 (s, 2 F) ppm. UV/Vis (CH2Cl2): λmax (relative inten-
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sity) � 654 (1.3), 597 (1.0), 550 (1.3), 519 (3.7), 420 (64.3) nm. MS
(MALDI): m/z � 1126.7 [M� � 1]. HRMS (MALDI) calcd. for
C49H25N4F10Cl4I·H�: 1126.9816; found 1126.9791.

Porphyrin 13a: 1H NMR (300 MHz, CDCl3): δ � �1.92 (s, 2 H,
N�H), 6.49 (d, J � 27 Hz, 1 H, CH), 7.57�7.81 (m, 12 H),
7.86�8.07 (m, 6 H), 8.26�8.38 (m, 4 H), 8.44�8.64 (m, 4 H) ppm.
UV/Vis (CH2Cl2): λmax (relative intensity) � 665 (2.8), 609 (1.0),
562 (1.6), 437 (20.3), 423 (28.6) nm. MS (EI): m/z � 845 [M� �

1]. HRMS (MALDI) calcd. for C49H29N4F9·H�: 845.2334; found
845.2321.

Porphyrin 13b: 1H NMR (300 MHz, CDCl3): δ � �1.56 (s, 2 H,
N�H), 6.44 (d, J � 26 Hz, 1 H, CH), 7.59�8.05 (m, 18 H),
8.22�8.49 (m, 6 H), 8.62�8.67 (m, 2 H) ppm. UV/Vis (CH2Cl2):
λmax (relative intensity) � 665 (2.6), 610 (1.0), 563 (1.6), 530 (1.9),
420 (27.7) nm. MS (EI): m/z � 982 [M� � 1]. HRMS (MALDI)
calcd. for C49H25N4F9Cl4·H�: 981.0762; found 981.0762.

X-ray Crystallographic Studies: Crystals for the X-ray analyses were
obtained as described above. The crystals were mounted on glass
fibers or sealed in thin-walled glass capillaries. The X-ray intensity
data for 3a, 4aZn, and 11aZn were collected with a SMART APEX
diffractometer employing Mo-Kα radiation (λ � 0.71073 Å) and
using the ω-2θ scan technique. The intensity data were corrected
for Lorentz and polarization effects. Refinement was by full-matrix
least-squares techniques based on F to minimize the quantity
Σw(|Fo| � |Fc|)2 with w � 1/σ2(F). Non-hydrogen atoms were refined
anisotropically, and hydrogen atoms were refined isotropically.
Crystal data and data collection parameters are summarized in
Table 1. CCDC-244097 (3a), -244098 (4aZn), and -244099 (11aZn)
contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge at www.ccdc.cam.ac.uk/
data—request/cif [or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax:
� 44-1223-336-033; E-mail: deposit@ccdc.cam.ac.uk].

Supporting Information (see also footnote on the first page of this
article): 1H and 19F NMR, mass, and UV/Vis spectra of all new
compounds and 1H NMR (1H-1H NMR, DQCOSY, TOCOSY)
spectra of 3a.
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